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Preface

Worldwide, soybean seed proteins represent a major source of amino acids for human
and animal nutrition. Soybean seeds are an important and economical source of
protein in the diet of many developed and developing countries. Soy is a complete
protein and soy-foods are rich in vitamins and minerals.

Soybean protein provides all the essential amino acids in the amounts needed for
human health.

Recent research suggests that soy may also lower risk of prostate, colon and breast
cancers as well as osteoporosis and other bone health problems and alleviate hot
flashes associated with menopause. This volume is expected to be useful for student,
researchers and public who are interested in soybean.

Hany A. El-Shemy, Ph.D.

Professor, Director of Biotechnology Labs, FARP,
Biochemistry and Molecular Biology,
Biochemistry Department,

Faculty of Agriculture,

Cairo University, Giza

Egypt






Nutritional Value of Soybean Meal

Teresa Banaszkiewicz
Siedlce University, Natural Faculty,
Poland

1. Introduction

Protein feeds in the European Union (EU) cover only 25% demand for protein, what oblige
the particular members to import feeds with a high protein content, where the main place
have soybean meal. The share of this feed in total quantity of feeds utilization in EU is about
9%. Yearly consumption of soybean meal in EU is about 32mln ton, from what 5.6% it falls
on Poland (Rynek Pasz, 2010). Poland, as another countries, is importer of protein feeds,
mainly soybean meal. The utilization of high protein feeds in Poland in the season
2010/2011 is estimated on about 3.5mlIn ton (Rynek Pasz, 2010), from what in country is
produced about 1.6mln ton, in this about 1.2mlIn ton of rapeseed meal,180thou. ton legume
seeds and 18thou. ton of fish meal (Rynek Pasz, 2010). Remaining part of feeds must be
imported. Import of high protein feeds estimated on about 2.5mln ton, from this about 2min
ton this is soybean meal, which in the most (1.4mln ton) is imported from the Argentine
(Rynek Pasz, 2010).To 2003 year, import of animal meals to Poland was evaluated on about
300thou. ton, which were covered about 30-40% demand of protein need to production
mixtures for poultry and pigs. In results of prohibition applying the animal meals import
decreased to 70thou. ton (Rynek Pasz, 2010).

Feed 2006/2007 | 2007/2008 | 2008/2009 200.9 /2010 1 2010/ 201.1
(estimated) | (prognosis)
Soybean meal 1852 1969 1679 1810 1970
Rapeseed meal 540 512 624 861 840
Sunflower meal 207 140 310 502 400
Legume seeds 168 224 195 227 240
Animal meals 23 26 29 30 30

Percentage of

o 66.8 69.7 60.5 52.6 55.5
soybean meal, %

Table 1. Utilization of high protein feeds in Poland, thou. ton (Rynek Pasz, 2010)

In Poland does not write down deficit of protein for ruminant generally, however in feeding
of non ruminant animals care, similarly in another countries of UE, this deficit is defined on
about 1mln ton (Prusiniski, 2008). This deficit of protein is covered by soybean meal
(Judziniski, 2007). In results of prohibition applying the animal meals, the consumption of
soybean meal increased. Till to 2000 year, Poland imported about 900thou. ton of soybean



2 Soybean and Nutrition

meal annually, but after prohibition of import and applying the animal meals in animal
nutrition import of soybean meal increased to 1.3mln ton, and after 2006 year to about 2min
ton (Rynek Pasz, 2010). Lately in Poland also waste of another of vegetable high protein
fodders increased: rapeseed meal to 840thou. ton, legume seeds to 240thou. ton ,whereas the
quantity of animal meals decreased to 31thou. ton. Soybean meal is the basic component of
fodder mixtures for poultry, in which make up about 70% high protein fodders. Participate
of soybean meal in mixtures for particular of animal species shape as follow: the laying hens
-20-25%; broiler chickens-25-35%; pigs-10-20% and cows efficiency above 7thou. liters -15%
(Brzoska, 2009; Brzoska et al., 2009).This broadly utilization of soybean meal and soybean
products be connected mainly with high content of proteins and its amino acid composition.
In this description the information relating nutritional value of soybean and soybean meals
for animals were introduced. Also the attention on possibility replacement the part of
soybean meal by rape products (rape meal and rape cakes) was turned.

2. Production and nutritional value of soybean

The soybean (Glycine max) is grown as a commercial crop in over 35 countries as the major
oilseed (Smith & Huyser, 1987). The fruit of soybean is simple or take the shape of crescent
pod, length about 3-7cm, including 1 or 2seeds which mass of 1000 seeds take out 115-280g.
On the fodder designed the seeds in mass about 180-200g.Unripe seeds are green , and
mature have from light-yellow by green to brown colour. In practice are used seeds of
different cultivars, what influence on colour and form of seeds. The soybean seeds of
modern cultivars have spherical shape, and the yellow and green colour is the most
desirable (Sikorski, 2007).The soybean products are use in food industry on whole world.
The soybean seeds contain high quantity of protein and its amino acid composition is
approximate to composition of animal proteins, therefore is often used as replacement
component of meat protein. Soybean seeds are used in oil industry. About 90% of soybean
seeds make up cotyledons and 8% there are hulls. In the cotyledons are accumulated
proteins and fats , the main components of seeds. In the cotyledons also are accumulated
carbohydrates and anti-nutritional factors. In result of separation of this components or their
extraction were obtained different soybean products used in people and animals feeding.

2.1 Production of soybean seeds and meal

The world production of the soybean seeds in 2009/2010 season carried out about 260.6mlIn
ton ( Rynek rzepaku, 2010) and the same importance producers of seeds and soybean meal
are USA, Brazil , Argentine as well as China, which produced about 87% total quantity of
soybean seeds. The main exporters of the soybean seeds are USA (about 44 %), Brazil (about
33%) and Argentine (about 11%) and main importer are China (about 38%).

On direct consumption is appropriate about 10% of harvest and about 90% of soybean
seeds is use as feeds for animals. The production of soybean meal on world is amount over
160mIn ton (Rynek Rzepaku,2010) and main exporters are Argentine -about 37%, Brazil-
about 29% and USA- about 8%.

The soybean seeds are subjected of different processing (Berk, 1992), so the oil industry
supplies many kinds of by-products (cakes, expellers, oilseed meal), which are used in
animal nutrition. After preliminary processes of type the cleaning ,smashing, dehulling ,
conditioning , flaking, boiling or toasting of soybean seeds, the oil is extracted from seeds by
mechanical method or by solvent extraction. Most of all wide spread is solvent extraction.
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In results of this process the raw oil and defatted flakes are obtained. In order to elimination
of anti-nutritional substances the flakes subjected on high temperature (toasted) and the
soybean meal is obtained. To the obtained flakes, sometimes the hulls are added back and
obtained soybean meals contained different quantity of protein and fiber. When the hulls
does not add, the high protein products are obtained ,which used mainly in poultry
nutrition. The other meals containing more or less of hulls application are used in nutrition
of another animals (Van Eys et al.2004).

Country/Region Production, mln ton

United States of America 94.8
Brazil 68,0
Argentina 545
China 14.5
India 9.1

Paraguay 6.7

Other 13.00
Total 260.6

Table 2. Production of soybean seeds (Rynek rzepaku, 2010)

Raw oil obtained in results of fat separation is the most important product, but quantitative
most of all, the soybean meal from raw or dehulled and extracted solvent is obtained.
Considerably less the soybean meal is obtained by the mechanical press. Before processing
of raw soybean seeds are dehulled and obtained by-products contained protein which
composition of amino acids are similar to animal protein. About 46% of soybean by-
products are appropriate to poultry, 32% to swine, about 9% to dairy and beef cattle
respectively. Remaining part is use in nutrition of pets and aquaculture.

2.2 Chemical composition and nutritional value of seeds and soybean meal

Nutrients content in soybean products are the basic element to optimization diets and
estimation of total quantity nutrients give to animals. Knowledge about composition of
feeds let to forecast animal performance results. Soybean meal is the best vegetable protein
source considering on quantity as well its quality. From among legume seeds, the soybean
seeds content the most of crude protein and the best of amino acid composition. Content of
crude fiber (about 6%) is lower in comparison to another vegetable high protein feeds.

2.2.1 Basal nutrients

Soybean seeds contain to 40% of crude protein and about 20% of fat, and soybean meal
characterized higher content of crude protein- about 40-49%. Soybean meal standardized on
44 and 49% of protein there is on the feed market . The protein of soybean contains the
considerable quantity of lysine (6.2g/16gN), but value of protein is limited by methionine
and cystine content (2.9g/16gN). With regard on high protein content, the soybean meal is
mainly use in poultry and pigs nutrition. In mixtures for poultry content of soybean meal
can approximate to 40%.

Generally soybean seeds content 5,6-11.5% of water, ranges for crude protein is from 32
to 43,6%, for fat from 15.5 to 24.7%, for crude ash from 4.5 to 6.4%, for neutral detergent fiber
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(NDF) from 10 to14,9%, acid detergent fiber (ADF) from 9 to 11,1%, carbohydrates content
from 31.7 to 31.85% on a dry matter basis (Ensminger et al., 1990; NRC, 1998; Poultry
Feeding Standards,2005).

Nutrient So;g/bee;nDsl\e; ds 44 %Sg}lf,)ean 129(3021 CP, SBM(B;SS SZ(}; TR
°0 % of DM | % of DM )%

Crude protein 37.08 43.8-49.9 52.8-56.3 44.40
Crude ash 4.86 5.6-7.2 5.2-9.1 6.65
Crude fat 18.38 0.55-3.0 1.0-3.3 2.18
Crude fiber 5.12 43-7.2 3.1-4.1 6.75
NDF 12.98 12.3-18.9 7.4-12.2 15.51
ADF 7.22 8.9-11.9 5.2-6.7 9.5

N-free-extractive 24.00 34.3 33.2 31.82
Starch 4.66 5.51 5.46 6.3

Table 3. Basic nutrients in soybean seeds and products (Van Eys et al.2004;
ENV/JM/MONO (2001)15)

The soybean contain very little of starch (4.66-7%) and quite a lot of hemicellulose and
pectins. Protein of soybean products characterized much quantity of lysine, tryptophane,
isoleucine, valine and threonine however sulphuric amino acids are less than in protein of
rape products (Ensminger et al. 1990; NRC, 1998; Poultry Feeding Standards,2005). Content
of essential amino acids of soybean products shown in table 4.

. . Soybean seeds, Soybian meal SBM, g/ .16g.N
mino acids % of DM 44%CP, (Banaszkiewicz,
% of DM 2000)
Arginine 2.45-3.1 3.49-3.78 6.79
Cystine 0.45-0.67 0.66-0.75 1.57
Histidine 1.0-1.22 1.21-1.32 2.58
Isoleucine 1.76-1.98 2.15-2.78 424
Leucine 2.2-4.0 3.66-3.92 8.21
Lysine 2.5-2.66 2.99-3.22 6.49
Methionine 0.5-0.67 0.6-0.69 1.50
Phenylalanine 1.6-2.08 2.35-3.0 493
Threonine 1.4-1.89 1.89-2.03 3.99
Tryptophan 0.51-2.44 0.66-0.75 1.05
Valine 1.5-2.44 2.24-2.67 5.22

Table 4. Content of essential amino acids of soybean products, [ENV/JM/MONO (2001)15]

Nutritive value of soybean protein is limited by sulphur amino acids and tryptophane.
Soybean is characterized the highest digestibility of protein, lysine and methionine. The
amino acids content in soybean protein are good supplemented of grain protein and
covered requirement of animals.
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Amino acids Soybean meal Canola meal Sunflower meal
Crude protein 82 79 ;8
Arginine 88 89 80
Lysine 85 81 90
Methionine 83 86 73
Threonine 76 80 90
Cysteine 75 77

Table 5. Apparent ileal digestibility coefficients of amino acids,% ( Ravindran et al. 2005)

According Banaszkiewicz (2000) the nutritive value of soybean protein obtained by chemical
methods was lower than rape cakes.

Specification SBM
Chemical Score(CS) - related to total egg 53
protein
CS- related to egg albumin 42
Essential Amino Acids Index (EAAI) - related 81
to total egg protein
EAAI- related to egg protein 80
Limiting amino acids- related to total egg Met, Cys, Trp
protein
Limiting amino acids- related to egg albumin Met, Cys, Trp

Table 6. Nutritive value of soybean meal protein (Banaszkiewicz, 2000)

The mean value of protein of rape cakes obtained by CS index was adequately 60 and 57
and by EAAI- 81 and 82.

Lipid fraction of the soybean seeds contain about 99%of triglycerides, in which content of
polyunsaturated fatty acids (linoleic and linolenic) and unsaturated - oleic acid is high. In
the lipid fraction of soybean seeds the fatty acids content about 80%, from what about 50%
it is the linoleic acid. The range in fatty acid composition in soybean seeds and oil shown in
table 6.

Fatty acids Soybean seeds% of DM Soybean o0il %
Palmitic 1.44-2.31 7-12
Stearic 0.54-0.91 2-5
Oleic 3.15-8.82 19-34
Linoleic 6.48-11.6 48-60
Linolenic 0.72-2.16 2-10
Arachidic 0.04-0.7 <1.0

Table 7. Fatty acid composition of soybean seeds and oil (ENV/JM/MONO (2001)15)

The concentration of mineral components in the soybean seeds depend on different factors
and the most of all on origin, conditions of tillage, variety and technological process. The
soybean products contain the considerable quantities of phosphorus. In the region of
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intensive animal production the phosphorus content in the fecal excretion is limiting. The
phosphorus content in the feeds influence on the its excretion.

Mineral Soybean meal SBM
components Soybean seeds Mechanical Solvent extracted | Banaszkiewicz(20
extracted (cakes) 44% CP 00)

Ca 2.62 2.96 3.12 271
P 5.70 6.64 6.37 5.14
Mg 2.80 2.84 272 227
K 15.93 20.28 19.85 6.66
Na 0.29 0.33 0.18 0.30

Table 8. Content of minerals in seeds and soybean products, g/kg (Van Eys et al.2004)

The content of vitamins in soybean seeds and products shown in table 9. Soybean full fat
contain 31 mg/kg of vitamin E ,soybean meals only about 3mg/kg and soybean expeller
6.6mg/kg. The big differences between soybean full fat and another soybean products
occurs.

Vitamins Soybean meal Soybean meal Soybean Soybean
solvent dehulled solvent expeller full-fat

E, (mg/kg) 3.0 3.3 6.6 31.0
Thiamin, (mg/kg) 1.7 1.7 1.7 6.6
Riboflavin, (mg/kg) 3.0 2.6 4.4 2.64
Pantothenic acid, 13.3 13.2 13.8 15.6
(mg/kg)

Biotin, (pg/kg) 320 320 320 286
Folic acid, (pg/kg) 450 700 450 3542
Niacin, (mg/kg) 59.8 20.9 36.7 22.0

Table 9. Content of vitamin in seeds and soybean products
(http:/ /www.soymeal.org/sbmcomposition.html)

Content of metabolizable energy in soybean seeds for poultry is about 15 MJ/kg DM and
for pigs about 17M]J/kg DM. The metabolizable energy content for poultry in the soybean
meal is about 9M]/kg DM and for pigs about 13M]/kgDM. Jiang (2003) collected soybean
meal samples and appreciated the ME value of these soybean meals no relationship were
found between the ME and crude protein or crude fat, but ME content was lower for
higher crude fiber.

2.2.2 Anti-nutritional factors in soybean
Protease inhibitors

The nutritive value of soybean is limiting mainly by trypsin and chymotrypsin inhibitors,
pectins and the protein about immunology activity. The most important there are the
trypsin inhibitors - the Kunitz inhibitors and the Bowman-Birk inhibitors ( Winiarska -
Mieczan,2007). In animal cause they lowering the nitrogen retention, decreasing of
performance results and increasing of metabolic nitrogen excretion.
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Protease inhibitors ( the Kunitz inhibitor and Bowman -Birk inhibitor) are active against
trypsin and chymotrypsin (Liener, 1994). These inhibitors interfere with the digestion of
proteins resulting in decreased animal growth. Activity of trypsin inhibitor range from 100
to 184 TUI/ mg of protein (Kakade et al. 1972). The limit of activity for soy products is to 0.4
urease units. Thacker & Kirkwood (1990) report a range for trypsin inhibitors of 21.1 to 31.1
mg/g. The activity of these inhibitors in soybean products may be decrease by toasted or
heated processes. The right warming up of soybean and its products eliminate above 90% of
antitrypsin activity. The animals of several species differently react on trypsin inhibitors in
feeds. Goslings and chickens are more sensitive on the present trypsin inhibitors than
piglets and calves. There are a new cultivars of soybean in which the level of trypsin
inhibitors were reduced to 10mg/kg of seeds (Kulasek et al. 1995). Chickens fed diets
containing soybean seeds, where TIA level was low, characterized of better growth, and
heating these seeds increased its growth yet, what was probably resulting of further
decreasing TIA and inactivation of lectins and immunogenic proteins.

Lectins

Lectins (hemaglutinins) are proteins that bind to carbohydrates. In raw soybean can
decrease growth and cause increase mortality rate in animals. The level of the lectins in
soybean can vary from 37 to 323 HU /mg of protein (Kakade et al.1972). In soybean meal
content of lectins joining carbohydrates carried out since 0.2 to 3.1g/kg and there are mainly
agglutinating lectins (Fasina et al 2003; Maenz et al.1999). This strong influence of lectins
practically disappearance after autoclaving.

Phytoestrogenes

Soybean contain a isoflavones. This compounds have got biochemical activity, including
estrogenic, anti-estrogenic and hypocholesterolemic effects. Total isoflavones content ranged
from 160.8 to 284.2 mg/100g (Hoeck et al.2000). The isoflavones in soybean and soy
products have three types: daidzein, genistein and glycitein in three isomers and three
forms. Totally, there are 12 isomers of isoflavones in soybean. The concentrations of total
daidzein , genistein and glicitein carried out of 20.2-206 mg, 31.5-268 mg and 10.9-107 mg
per 100g raw seed respectively (Douglas, 1996;Wang & Murphy, 1994). These compounds
have been implicated in reproduction in animals fed diets containing large amounts of
soybean meal (Schutt, 1976). On negative influence of izoflavones on broilers show results
obtained by Payne et al.(2001), but a little of quantity of this components in feed for chickens
have beneficial anti-carcinogenic effects (Messina & Barnes, 1991). The isoflavones content
is greatly influenced by many factors. The soybean products are mainly source of
isoflavones which executing important consideration in prevention of neoplasmic diseases
and reduced the risk diseases of circulation tract (Radzikowski,2004). The interest of role
and utilization of isoflavones increase in animal production, because was proved the
influence on immunological tract and improvement of performance results and quality of
trait (Payne et al.2001; Kerley & Allee,2003).Lee et al. (2003) show the total content of
isoflavones in Korean soybean cultivars range from 110 to 330mg/100g of feeds.

Stachyose and raffinose

The stachyose and raffinose are low molecular weight carbohydrates. These compounds are
present in toasted soybean meal, as well as in raw soybean seeds (Padgette et al.1996).The
raffinose content of soybean seeds ranges from 0.1 to 0.9g/100g on fresh weight basis and
stachiose is from 1.4 to 4.1g/100g (Douglas, 1996; Hymowitz et al.1972).
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Phytates

Phytic acid chelates calcium, magnesium, potassium ,iron and zinc rendering them
unavailable to non ruminant animals. A lot of phytates in diets decrease availability of this
minerals, mainly calcium, phosphorus and zinc. The phytates decrease also activity of
enzymes ( pepsin, trypsin and amylase) as well as availability of protein , amino acids ,
starch and energy ( Sebastian et al.1998;Ravindran et al.2000). Phytates influence on
decrease of feed consumption by chickens as well as their growth ( Shan& Davis,1994).
Liener (2000) estimated that two-thirds of the phosphorus in soybean is bound as phytate
and unless freed is mostly unavailable to animals. Phytic acid is present in soybean and
most soybean products at level 1-1.5g/100g of the dry matter.

Allergens

The allergenic effect is attributed to the globulin fraction of soybean proteins. In the soybean
seeds the globulins comprise about 85% (80-90%) of total protein (Shinbasaki et al.1980).The
most important allergens of soybean are GLY 1 and GLY1B - glicynine and beta-
conglicynine (Swiderska- Kielbik et al. 2005). Soybeans contain several antigenic proteins
which can stimulate the immune system sensitive of calves, pigs and human
(Pedersen,1988). These proteins are not sensitive on temperature. The denaturation of beta-
konglicinine needs of temperature about 75°C. Allergens were ascertained also in lecitine of
soybean, which is described as occupational allergens at the bakers. The allergic activity
can also show tryptase inhibitor present in soybeans. According Moroz & Yong (1980) the
heating increase allergenic proprieties of soybean. Now appeared reports on small
quantities of soy protein in meat of chickens fed diets contained 25% of soybean seeds
(Swiderska- Kielbik et al. 2005).

Pectins

They are very important anti-nutritional substances (Pusztai, 1991). They components
belong to sensitive substances on high temperature. They answer for agglutination in
alimentary tract and mitosis. The thermal processing is little effective to this soy antigens.

Micotoxins

Most mikotoxins in soybean products there is the ochratoxins (mushrums products of
Aspergillus ochraceous or Penicyllium varrucosum) and zearalenon as product of Fusarium
graminearum. They come into being during storage in bad conditions ( high moisture and
temperature >20°C). These products show estrogenic activity which can cause disturbance
in reproduction. The particular sensibility on zearalenon is observed at pigs. The level of
these substances over 1 ppm caused problems in reproduction. The afla-micotoxins in
soybean products occur rather seldom.

Oligosaccharides

Oligosaccharides are substances can cause of flatulent problems, decrease of digestibility of
nutrients and hypertrophy of intestines (Salgado et al.2002). They can also influence on
quantity of microorganisms in intestines (Rubio et al. 1998). The reaction of animals on anti-
nutritional substances in soybean depend on animal species and age. The adult ruminants
are not sensitive on these substances , whereas the decrease of growth of chickens , pigs,
calves and rats were observed, when raw soybean was given. In the feeding of this animals
should been used of heated and toasted products. The level of TIA in this products should
not exceed 10 mg/kg. Reaction of hens and adult of pigs on raw soybean seeds is less,



Nutritional Value of Soybean Meal 9

therefore in mixtures for this animals can use a little quantity raw soybean products without
fear decrease of this performance.

Soybean seeds Soybean meal

Specification (Hanssen,2003; 44%CP ) Soybean meal
Peisker,2001) | (Lianssen 2003;
Peisker,2001)

. . o 50-60g/kg[Coon et al.,1990;
Oligosaccharides, % 14 15 Kocher et al. ,2002]
Stachiose, % 4-4.5 4.5-5
Rafinose, % 0.8-1 1-1.2

1-8mg/ g [Peisker,2001]

45-60 4-8 10.7mg/ g[Douglas et al.,1999]
30.3mg/ g[Douglas et al., 1999]
0.22-3.1g/kg chelated of sugar,

Trypsin inhibitor,mg/g CP
Chymotrypsin inhibitor

Lectins, ppm 50-200 50-200 in it0.01-0.87aglutinin[Maenz
et al., 1999;Fasina et al.,2003]

Saponins, % 0.5 0.6 600mg/kg[Peisker,2001]

Glicynina mg/g 150-200 40-70 -

Beta konglicynina,mg/g 50-100 10-40 -

8.9g/kg[Glencrossé&Carter,200
Phytic phosphorus, % 0.6 0.6 7]11.2mg/kg[Refstieetal., 1999]
19.9mg/kg[Glencross,2004]

Table 10. Content of anti-nutritional substances in soybean

2.3 Technological processes improved nutritional value of seeds and soybean
products

Raw soybean seeds as well as the soybean products contain many anti-nutrient factors,
which decrease their nutritional value and conduct to depression of animals performance
and worsening of this health (Liener,1994). Adequate heat processing inactivate these factors.
The soybean requires the processing in aim to elimination of anti-nutrient factors
particularly in non ruminants feeding. Before of purchase the soybean meal should to be
testing , if it was toasted (Van Eys et al.2004) . During to heat of soybean seeds (100-105°C)
follow the changes in protein structure and decomposition of trypsin inhibitors. In result of
this process the availability of lysine, methionine and cystine increase. Under the heat the
trypsin inhibitors are inactivating. The effectiveness of these process depend on temperature
and time of working , moisture of seeds as well as the degree of their crumbling. The use of
too high temperature cause decrease of protein and some amino acids availability,
especially lysine. The measured heating of seeds prevent of decomposition protein in
rumen of ruminants, while too strong heating decrease of this utilization also at ruminants.
Use of optimal temperature and time of its working can increase of digestibility and
availability of protein and amino acids.

The results in table 11 shows that the digestibility of amino acids ( lysine, methionine and
threonine) increased as the result of autoclaving at 121°C for 0-18 minutes. This
improvement in digestibility was the result of the destruction of anti-nutritional factors by
the heat treatment.
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Autoglave time Lysine Methionine Threonine
(minutes)
0 73 65 64
9 78 70 68
18 87 86 82

Table 11. Effect of autoclaved of raw soybean seeds on digestibility of amino acids in
chickens, % (Anderson-Haferman et al., 1992)

The excessive hot processing can decrease content digestibility and availability of amino
acids. It regards mainly lysine, which can bind in non available products with
carbohydrates.

All;(l%?;;i;ﬁ;)a t Lysine Cystine Methionine Threonine
Digestibility coefficients, %

0 91 82 86 84
20 78 69 86 86
40 69 62 83 84

Concentration of amino acids , %

0 3.27 0.70 0.71 1.89
20 2.95 0.66 0.71 1.92
40 2.76 0.63 0.71 1.87

Concentration of available amino acids, %

0 2.98 0.57 0.61 1.59
20 2.30 0.46 0.61 1.65
40 1.90 0.39 0.59 1.50

Table 12. Effect of autoclaved of soybean meal on digestibility, concentration and available
of amino acids ,% (Dudley-Cash n.d.; Parsons et al., 1992)

The data show on reduction in concentration of lysine and cystine as a results of autoclaved
for up to 40 minutes. There was little or no effect this process on methionine and threonine.
Under heated soybeans have reduced amino acid digestibility, which reduces growth
performance. In the result of processes with high temperature the reduction in protein
quality was observed.

The anti-nutrient substances such protease inhibitors, lectins, pectins, urease,
lipooxygenases and anti-vitamin substances are decomposed in high temperature or in
fermentation processes (Liener,2000). In soybean the anti-nutrients sensitive substances
there are trypsin inhibitors, pectins and goitrogenes substances(Liener, 2000).Some
substances no destruction in use of temperature: faintly digested of carbohydrates, saponins,
estrogens, cyjanogens and phytates (Liener,2000). The utilization of soybean products by
animals depend at remainder of anti-nutritive substances. Protein dissolvent is correlated
with gain of poultry and pigs (Araba & Dale, 1990).

Protein dissolvent in raw of soybean seeds and soybean products subjected of strong
heating should to be about 90%. With protein dissolvent below 72% the decrease of animal
performance was observed. These meals are necessary thermal prepared. The urease index
does not change much in the first minutes of heating and next suddenly decrease. The
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soybean protein quality for ruminants depend from quickly of destruction in rumen and
intestine digestibility.

Autoclaved120° | Body gain of Feed efficiency PDI(protein Urease index
C (minutes) chickens, g kg/kg dissolvent), % ( change pH)

0 450a 1.79 86.0 0.03

5 445a 1.87 76.3 0.02

10 424a 1.83 74.0 0

20 393b 1.89 65.4 0

40 3léc 2.04 48.1 0

80 219d 2.55 40.8 0

Table 13. Effect of autoclaved on performance, protein dissolvent and urease activity (Araba
and Dale,1990)

Product PDL % TryPs%n inhibitor Pectins Antigens,

activity, mg/g mg/g mg/g

Soybean flour non toasted 90 23.9 7.3 610

Soybean flour slightly 70 19.8 45 570

toasted

Soybean flour toasted 20 3.1 0.05 125

Concentrate of soybean 6 25 <0.0001 <0.02

extracted

Table 14. Concentration of anti-nutritional factors in soybean products subjected to
technological processes (Huisman & Tolman,1992)

Soybean meal

Soybean meal

Soybean meal

Species mechanical solvent- extracted | solvent- extracted
extracted 44%CP 48%CP

Pigs :
- digestible energy ,kcal/kg 3394 3446 3776
- metabolizable energy, 2986 3210 3299
kcal/kg
- net energy, kcal/kg 1903 1955 1992
Poultry:
-apparent metabolizable 2179 2208 2464
energy for hens, kcal/kg
- apparent metabolizable 1929 1973 2147
energy for chickens, kcal/kg
Ruminants:
- net energy for cows,kcal/kg 1706 1748 1826
- net energy for beef
cattle kcal /kg 1838 1847 1993

Table 15. Energy value of soybean meal obtained different technologies (Van Eys et al.2004)
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In before rumen soybean meals are strong destruction and making up of source protein for
microorganisms, but the part of protein which no destruction is nonsufficient for
ruminants with high production. Energy value of soybean products depends on technique
processes, which influence on chemical composition, digestibility and availability of
nutrients.

The most suitable methods for protection of soybean proteins before destruction in rumen is
thermal processing. The soybean products are sensitive on oxygenation, because contains
the high of unsaturated fatty acids, mainly linoleic . The fatty acids composition is very
important trait of fats from nutritional consideration. Lately in soybean oil the level of
palmitic, stearic and oleic acids increased and linoleic and linolenic decreased.

2.4 Another high protein feeds as part of substitute of soybean meal

The withdrawal the animal meals from mixtures improved the microbiological quality of
mixtures ( the decrease of the Salmonella occurrence for poultry),but it simultaneously yet
more worsened the balance of protein in the animals feeding, increase of prices of high
protein feeds and demand on soybean meal. Soybean meal is the dominating protein feed
in poultry feeding. As soybeans are only grown in North and South America, most countries
have to import it. About choice of soybean meal to mixtures decide the high protein and
amino acids content and accessibility big consignment of homogenous nutritional value of
its feed. Increase price of soybean meal and deficiency protein source coerce to look for
alternative source of protein. According Swiecicki et al. (2007) is possibility of partial
replacement of imported soybean meal using of protein from domestic sources ( rape
products and legume seeds).

Lately in Poland increased area of rapeseed cultivation from 550 to 750th.ha. This is bound
up with program the component to fuel production. In 2010 in Poland the rapeseed crops
nursed about 2.72mlIn.ton what supply about 0.5mlIn ton of protein. The polish cultivars and
foreign registration in Poland are crossbreeding cultivars, non GMO. The Polish cultivars
contain 2-3 time less of glucosinolates then foreign.

Lately in Poland was processed about 1.6mln ton of rape seeds and obtained about
700thou.ton of rapeseed meal. On the feed market increase supply rape cakes products
which remaining after extraction of oil from rapeseed without chemical process. This is
connected for extraction of oil, mainly to produced of bio-components by ecological
methods (Nystrom et.al.1996). Lately rape cake production increased, as different
technologies of processing rapeseed oil are preferred as more environment friendly. Low
glucosinolate rape products are appropriate alternatives to soybean meal as a vegetable
protein source in broiler diet. The rape meal contain abort 35% of protein, and about 2-3%
of fat. In dependent on efficiency of press to extraction of oil the rape cakes contains 28-32%
of protein and from 9 to 16% of fat.

Banaszkiewicz (2000) published that rapeseed is characterized by high protein (21-22%), fat
(above 40%), total phosphorus (6-8gkg?) and gross energy content (26-27M]kg?1). About
75% of total phosphorus is the phytate form. Rapeseed contains about 8% crude fiber and
20% N-free extracts. The non-starch polysaccharides in rapeseed oil meal contain up to 35%
dry matter. Total non-starch polysaccharides in rapeseed products contains about 200g
(Knudsen ,1997) and have negative effect on nutrients digestibility, mainly crude fat and
amino acids. Amino acid composition of rapeseed protein is beneficial:6g Lys; 2g Met; 4.6g
Thr and 1.2g/16g N of Trp (Banaszkiewicz,2000).
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Specification SBM Rape seeds RSM Rape cakes

Dry matter, % 92 93 92.5 92.37
Crude ash,% 6.5 53 7.2 5.57
Crude protein, % 44 22.5 36.5 28.82
Crude fat,% 1.9 42 24 25.98
Crude fibre, % 6.7 8.2 6.7 8.49
NDF, % 14.5 245 295 25.3
ADF, % 9.5 20.5 225 19.7
N-free-extracts, % 15.5 155 33.9 23,51
Lysine,g/100gCP 6.3 6.0 5.5 6.11
Methionine+ Cystine,g/100gCP 3.1 4.6 43 3.97
Threonine,g/100gCP 3.7 45 4.2 4.72
Tryptophan,g/100gCP 1.2 1.2 1.2 1.45
Ca, g/kg 3.2 34 6.3 59
P, g/kg 5.8 7.3 11.2 8.35
Mg, g/kg 25 2.8 4.6 3.26
Na, g/kg 0.4 0.2 0.4 0.16
Metabolizable energy, MJ/kg:

pigs 13 19 11 15
poultry 9 16 8 13.5
ruminants 11.5 17 9 14.3

Table 16. Comparison of chemical composition and energy value soybean meal and rape
products (Krasucki & Grela, 2004; Strzetelski, 2006, Banaszkiewicz ,2000)

The digestibility of some amino acids in rape meal is less than that of soybean meal
(Jondreville et al.2000). Digestibility of rapeseed and rape cake proteins for poultry is 70%
and 76% respectively (European Table of Energy Values, 1986) and of rapeseed meal protein
- 80% (Pastuszewska et al.,1987). Digestibility of rapeseed and rape cake fat is 90-98%
(European Table of Energy Values, 1986). Fat digestibility stated by Banaszkiewicz (1995)
was about 60-70%. Digestibility of N-free extracts ranges from 37 to 68% (Smulikowska et
al., 1997) and 22-32% (European Table of Energy Values, 1986).

Amino acids Soybean meal Rapeseed meal
Protein 88.4 73.6
Lysine 90.5 70.7
Threonine 86.8 73.2
Methionine 93.0 86.0
Cystine 87.4 77.7
Tryptophan 89.4 74.8
Arginine 94.6 83.9

Table 17. True intestine digestibility of protein and amino acids,% (Jondreville et al.2000)

The rapeseeds products are limited by the nutritionally unfavorable substances such as
glucosinolates, sinapin, tannin, phytate (Ciska & Koztowska, 1998), but also by high content
of dietary fiber and non starch polysaccharides (Kocher et al.2000).Rape products are
characterized by low available energy and phytate phosphorus of about 25% (Nwokolo &
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Bragg,1980). A study by Kocher et al. (2001) showed that rape meal (CM) can replace SBM in
broiler diets even at high inclusion levels without any loss in performance, but according
Bell (1993) the level of indigestible carbohydrates increased compared with soybean meal.
The fiber is restrictive component to digestibility of protein, fat, absorption amino acids and
fatty acids.

Nutrient Soybean seeds Soybean hulls Rape seeds Rape hulls
Dry matter 92.0 91.0 91.5 87.5
Crude ash 5.5 51 4.2 4.0
Crude protein 428 121 225 14.2
Crude fat 18.8 21 40.1 9.9
Acid Detergent Fiber 10.0 50.0 16.8 47.7

Table 18. Chemical composition of soybean and rape seeds and its hulls,% ( Banaszkiewicz,
2000; Ensminger et al.,1990)

Soybean hulls contain about 12% of crude protein and rapeseed hulls about 14%. In the hulls
are high of acid detergent fiber (ADF), about 50% in soybean hulls and 47.7% in rapeseed
hulls compared to 10% in soybean seeds and 16.8%in rape seeds. Obtained of tree-000 of
cultivars in Poland is advanced.

The nutritive value of rapeseed feeds may be improved by enzyme addition (Lesson &
Caston, 1996; Kocher et al., 2001). Addition of carbohydrates to the basal wheat-rapeseed
diet, may influence the nutritive value of rapeseed meal, but an inclusion of rapeseed meal
to replace SBM, and an addition of Roxazyme G or Ronozyme VP to canola meal diets did
not significantly affect broiler performance, but the mortality in birds fed canola meal diet
was significantly reduced compared with the mortality in birds fed soybean meal (Kocher et
al., 2001).

Dietary Group Body weight | Feed intake |Feed conversion |Mortality
treatment g/bird g/bird (FCR)g/g gain %
Soybean meal Control 1979 3520 1.779 4.1a
Canola meal Control 1987 3525 1.779 1.2b
Canola meal Enzyme A 2017 3579 1.775 2.9a
Canola meal Enzyme B 2024 3603 1.781 2.8a

a,b. - means in rows followed by different letters are significantly different (p< 0.05)

Table 19. Growth performance and mortality of broiler chickens fed soybean and canola
diets (Kocher et al. 2001)

Further improvement of nutritive value of diets can be obtained by the combined
introduction of enzymes. Wu et al. (2004) reported that the combined addition of phytase
and xylanase to wheat-based diets significantly increased the value of AME. Banaszkiewicz
et al. (2009) reported that the rape cake from Kaszub cultivar supplemented with enzyme
could partially replace soybean meal in wheat-based diets without any detrimental effects
on chickens performance.

Supplementation with enzyme preparations can degrade dietary fiber and improve
digestibility of crude fat and protein (Mikulski et al., 2000). Banaszkiewicz et al. (2009)
reported that the simultaneous application of phytase and xylanase to wheat-soybean -rape
diets significantly increased digestibility of crude protein, fat, fiber and N-free extracts.
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e Groups
Specification (SBM) | (RCXY) (R(}; FYT) [ROXY+EYT)| oM
Body weight at 1 day, g 40 40 41 40,5 1.92
Body weight at 21 day, g 672 692 679 672 9.92
Body weight gain 1-21days, g 631 649 633 628 11.27
Feed/gain ratio, kg/kg 1-21 day 1.55a 1.59a 1.67b 1.62ab 0,02
a,b. - means in columns followed by different letters are significantly different (p< 0.05)
SEM- pooled standard error of mean
Table 20. Body weight gain and feed efficiency of broilers (Banaszkiewicz et al.2009)
Digestibility, %
Groups Crud'e Crude fat |Crude fiber N-free Frude
protein extracts phosphorus
(SBM) 88.20a 87.43a 18.06¢ 82.4a 57.93a
(RCXY) 87.92ab 71.24b 42.76a 79.15b 54.18a
(RCFYT) 85.82¢ 65.89¢ 37.67b 76.48¢ 50.10a
(RC XY+FYT) 86.30bc 67.24c 46.58a 79.49b 55.91a
SEM 0.37 2.28 2.90 0.63 1.25

a,b. - means in columns followed by different letters are significantly different (p< 0.05)
SEM- pooled standard error of mean

Table 21. Apparent digestibility of nutrients in experimental diets ( Banaszkiewicz et al.2009)

Digestibility of protein in the control group (soybean meal) was about 88% and for diets
containing rape cakes was significant higher and ranged from 85.8 to 87.9%. The highest
digestibility of fat for control -soybean group was found- about 87%, when for groups
contained rape cakes was from about 66 to 71%. Partial replacement of soybean meal with
rape cakes supplemented with an enzyme preparations containing phytase or xylanase
individually or in combination had not statistical effect on digestibility of crude
phosphorus (Banaszkiewicz et al.,2009). The rape cakes with regard on high protein and
fat may be good substitution of imported soybean meal particularly in mixtures where
animal products (meat - bone meal and fats) were applied. Use of rape cakes on fodder
aims maybe limited import of soybean even about 30-40% i.e. (about 500-600 thou. ton ) a
year (Strzetelski 2006).

3. Conclusion

The soybean meal characterized the highest content of protein and amino acids and its good
point are big consignments on homogenous nutritional value. In the regard of big quantity
of soybean meal in mixtures the small difference in nutritional value in this feed may have
influence on balance of nutrients in diets and animal performance. Rapeseed may be one
alternative to soybeans. If 25% of soybean meal in mixtures for poultry was replace by
rapeseed meal the quantity of imported soybean meal may decrease of about 0.18-0.2mIn
ton. On the ground of investigations conducting with rape cakes were ascertained that rape
cakes can replace about 15-20% of soybean meal, but efficiency of rape product will be at
about 15-20% worse. The lower intestine digestibility of amino acids for rape cakes (70-75%)
than for soybean meal (90-92%) is this cause. The rape products can completely replace
soybean meal in fattening pigs and cows. It is possibility of replacing soybean meal by
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domestic feeds in mixtures for poultry, mainly for broiler chickens at level of 300 thou. ton,
in mixtures for pigs -180 thou. ton and for cattle 20 thou. ton. In general domestic high
protein feeds can replace about 500 thou. ton of soybean meal what make about 25% of
imported soybean meal. In connection with low utilization of fat from rape cake, the
investigations relating of its utilization should be conducted. One ought to limit of
variability in chemical composition and nutritive value of rape cake. In the regard of
increasing interest of rape cultivation one should expand a system of small oil mill. These
ought decrease cost of transportation of materials and products and influence of higher
utilization of rape cake in animal nutrition. In Poland obtained about 3mln ton of
rapeseeds. If the take cognizance of that from 100kg of rapeseeds are obtained the 40kg oil
and 60kg rape meal or rape cakes, it is possible to production of about 1.8 mln ton of feeds
with high protein content and about 0.6 mIn ton of crude protein.
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1. Introduction

Soybean (Glycine max, L.) has been part of Southeast Asia culture for almost 2 millennia.
However, only in the second half of the 19th century has it started being used in the Western
world coinciding with the Chinese migration to the USA. Today, USA, South America,
especially Brazil, and Northwestern Europe, account for almost 90% of the world total
soybean production. At first, the nutrition value of soybean was attributed to its high
quality protein content thus attracting considerable interest for its use in human diet.
Nowadays, it is known that soybeans are a rich source of phytochemicals, and many of
those compounds have important beneficial effects on human and animal health.

Among the important phytochemicals in soybeans for human health, phytoestrogens,
mainly, isoflavones (genistein and daidzein) and lignans, are the most widely studied.
Nevertheless, saponins and phytosterols have also been the subject of research on soybeans.
This chapter will discuss these phytochemicals compounds, their chemical structures, and
their relationship with the major biological functions, scientifically proved, and their health
benefits.

2. Phytoestrogens

Phytoestrogens are non-steroidal compounds found in plants. They demonstrate estrogenic
and/or antiestrogenic activity and constitute a diverse group of compounds that have
similar chemical structures and biological activity of estrogens.

The phytoestrogens can be divided into four main classes: isoflavonoids, flavonoids,
coumestrol and lignans. Nearly all food vegetables have phytoestrogens although the
amount and concentration of the compounds vary significantly. Some vegetables are high in
phytoestrogens content such as flaxseed, which are a rich source of lignans; soybeans and
chickpeas have high concentrations of isoflavones. Lignans can also be found in cereals,
vegetables, and fruits (Kuhnle et al., 2009), whereas isoflavone-containing foods, may be
specially related and limited to grains and soy products such as tofu, soy beverages, soy
flour, and soy flakes among others products, due to its high consumption. Discussions about
the chemical structure and major properties such as the main biological functions will focus
particularly on this type of phytoestrogen.

2.1 Chemical structure and properties of phytoestrogens

Phytoestrogens are intrinsic plant compounds and their contents depend on a number of
factors including the cultivar, place of production, planting or harvesting season, or growth-
related factors.
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Among the phytoestrogens, isoflavones are found mostly in plants, especially in the
glycosides forms and are biologically inactive. Soybeans are a main source of
phytoestrogens in the human diet. Flavonoids are widely distributed throughout the plant
kingdom and are found in many vegetables, grains, herbs, and green tea. As for the
coumestrol, its only sources are alfalfa sprouts and a variety of bean seeds. Chemical
structures of the four classes of phytoestrogens are shown in Figure 1.

Isoflavonoid Flavonoid

0

Lignan Coumestrol

Fig. 1. Chemical structure of the major classes of phytoestrogens.

The contents of isoflavones in soybean and soy products have been extensively analyzed
and studied. Those studies have demonstrated that the concentration and composition of
isoflavones vary considerably, which can be explained by environmental and geographical
conditions as well as by the level of industrial transformation. Daidzein, genistein, and
glycitein are the most abundant isoflavones found in soy.

Isoflavones are naturally occurring compounds in foods as glycosides conjugated highly
polar conjugated or non-conjugated form. For example, the textured soy protein and tofu
have high contents of conjugated isoflavones such as daidzein and genistein, while
fermented soy products such as miso, have approximately 90% of the isoflavones in non-
conjugated form, mainly daidzein and genistein (Coward et al., 1993). Those chemical
structures and their similarity with equol and estradiol (human estrogen) can be seen in
Figure 2.

When ingested, phytoestrogens are metabolized by intestinal bacteria to equol (Cassidy,
1996; Setcehll et al., 1984). The metabolism of phytoestrogens in humans is probably
facilitated and modulated by bacterial colonies; therefore, the colonic ecology might be
associated with increased efficiency in conversion of dietary soy isoflavones to their
bioactive form (Teas et al.,, 2009). After absorption, isoflavones undergo enterohepatic
circulation and are primarily conjugated with glucuronic acid in the liver and then excreted
in urine.

Numerous studies have shown that a number of factors influence the bioavailability of soy
isoflavones. Xu et al. (1994) evaluated the bioavailability of daidzein and genistein from
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soymilk and observed that daidzein was more bioavailable in adult women. The efficiency
of absorption of soymilk isoflavones varies from 13% to 35% depending on individual gut
microflora (Xu et al., 1995). Lampe et al., (1998) suggested that dietary fiber and other
compounds in a diet rich in fibers might promote the growth and/or activity of bacterial
colonies favorable to the conversion of daidzein to one of its catabolic products, equol, for a
further absorption in the colon. Fermentation can reduce the isoflavones content in food
products but increasing its bioavailability (Hutchins et al., 1995). Recently, it has been
demonstrated in postmenopausal Japanese women that the bioavailability of isoflavones in
fermented soy products rich in aglycones is much greater compared to the consumption of
glucoside-rich non-fermented soybeans (Okabe et al., 2011).

Fig. 2. Chemical structure of the major isoflavones found in soy and their similarity to equol
and estradiol.

2.2 Mechanisms of action and biological functions

In recent years, it has been demonstrated that the phytoestrogens have multiple mechanisms
of action. Such growing scientific evidence suggests that isoflavones are responsible for
many of health benefits, which include the prevention and treatment of cardiovascular
diseases, cancer, osteoporosis, and also for the relief of unpleasant pre- and post-menstrual
symptoms.

2.2.1 Reduction in risk of coronary heart diseases

Coronary heart diseases are the leading cause of death especially in industrialized countries.
High levels of total and LDL cholesterol are considered risk factors for these diseases. In
humans, the consumption of 25g of soy protein per day may reduce the levels of total and
LDL cholesterol

Preliminary results suggest that isoflavones, such as estrogens, may produce a
cardioprotector effect directly on blood vessel walls and on other processes involved in the
etiology of coronary heart diseases although the results are sometimes incompatible. Soy
isoflavones act as potent antioxidants able to reduce the oxidation of LDL cholesterol and to
induce vascular reactivity. The presence of modified LDL cholesterol in the blood vessel
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walls contribute to the formation of atherosclerotic plaques and, according to studies in
humans, soy isoflavones improve endothelial function and arterial relaxation.

Nagarajan (2010) suggested that soy isoflavones may inhibit the effect of endothelial cell
activation associated to chronicle diseases such as atherosclerosis by blocking the activation
of inflammatory cells and the adhesion to the vascular endothelium. This author concluded
that the atherosclerotic protection of soy isoflavones is mediated through the regulation of
monocyte activation (Figure 3). Another mechanism associated with soy isoflavones
regarding cardiovascular health has been demonstrated by the reduction of vascular
contraction through inhibition of the RhoA/Rho-kinase signaling pathway, which has a
major role in muscle contraction (Seok et al., 2008).
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Fig. 3. (I) Inflammatory process associated with atherosclerosis. (II) Soy/isoflavone diet
blocks endothelial and monocytes activation (Adapted from Nagarajan, 2010).

A prospective study carried out in Japan showed that the high consumption of isoflavones
was associated with reduced risk of cerebral and myocardial infarctions in women, mainly
in postmenopausal women, suggesting that the consumption of dietary isoflavones may be
beneficial for the prevention of cardiovascular diseases (Kokubo et al., 2007).

Isoflavones may have inhibitory effects on the adipose tissue that could help prevent
obesity-associated diseases by improving the plasma lipid profile. Nevertheless, in vivo
studies, especially in humans, have demonstrated that the mechanisms of action of soy
isoflavones seem to be dependent upon interactions between some other factors, such as the
presence of soy protein and intestinal bacteria (Jrgaard & Jensen, 2008).

Cardiovascular health benefits of soy isoflavones are controversial. It has been suggested
that a genistein supplemented diet (Villa et al., 2009) improves the glycemic and vascular
reactivity indexes in postmenopausal women compared to the control. Nonetheless,
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discrepancies in clinical studies may be associated with the differences in intestinal bacterial
flora of subjects and, therefore, with the bioavailability of soy isoflavones metabolites,
differences in dose-response effects, duration of isoflavones supplementation, and the
limited number and metabolic status of subjects included in supplementation trials (Siow &
Mann, 2010)

2.2.2 Anticancer effects

Most of the evidences of the phytoestrogens effects on humans are epidemiological and are
based on the differences in the consumption of soy products in different areas of the world,
considering soy products as the major source of isoflavones. A recent publication of a meta-
analysis of a prospective study suggested that the consumption of isoflavones is associated
with a reduced risk of breast cancer incidence in Asian populations (Dong & Qin, 2011).
Accordingly, anticancer effects of soy isoflavones have been reported on prostate and colon
cancer. The mechanisms that define the anticancer effects of isoflavones have also been
reported in several studies that suggest various cellular pathways of the functional role as
an anticancer agent.

Studies have demonstrated that isoflavones prevent the growth of a variety of cells
including those that are not hormone-dependent, these effects are based on the capacity of
isoflavones to inhibit the activity of enzymes that control cell growth. Recently, it has been
proved that dietary genistein may reduce breast cancer progression via transcriptional
regulation of Rho GTPases and PAK (Martinez-Montemayor et al., 2010). Genistein acts as
an inhibitor of the tyrosine-kinase activity, essential enzyme in the biological control of cell
growth and differentiation.

Another mechanism proposed for the anticancer activity of isoflavones was demonstrated
by the inhibition of angiogenesis. Guo et al. (2007) found that soy isoflavones may inhibit
prostate tumor angiogenesis through the suppression of vascular endothelial growth factor
signaling pathways between tumor cells and vascular endothelial cells. Similar results were
found by Su et al., (2005) in human bladder cancer cells lines. These authors demonstrated
that isoflavones did not exhibit toxicity to normal bladder cells due to their angiogenic
inhibitor effects.

In prostate cancer cell lines has been observed that genistein significantly decreased reactive
oxygen species levels and induce the expression of antioxidant enzymes such as manganese,
superoxide dismutase and catalase through AMP-activated protein kinase (AMPK)
activation and increase PTEN expression (phosphatase and tensin homolog deleted from
chromosome 10) (Park et al., 2010).

Based on in vitro studies, it has been proposed that isoflavones antagonize tumor cell growth
in different cell lines by inhibiting cell cycle and inducing apoptosis. Studies have showed
that isoflavones act in the activation of apoptotic pathways. Isoflavones may to induce the
formation of Smad-DNA complexes and phosphorylation of Smad2 and Smad3 indicating
increased TGF-P1 signaling, which has been associated with proapoptotic and antimitotic
activities inducing the death of tumor cells (Davis et al., 2008; Yu et al., 2005).

2.2.3 Pre- and post- menopausal effects
Experimental and epidemiological evidences support the hypothesis that phytoestrogens
have estrogenic and antiestrogenic effects in women. The biological effect varies according
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to the woman’s biological phase. Hence in premenopausal women, the phytoestrogens act
as antiestrogens when the estrogen levels are high, and they act as estrogen in
postmenopausal women when the estrogen levels are low (Messina, 2000).

2.2.3.1 Premenopause

Studies of controlled intervention in premenopausal women suggest that phytoestrogens
diet may produce estrogenic effects (Cassidy et al., 1994, 1995). The interest in soy’s
hormonal effects on premenopausal women is based on potential antiestrogenic benefits
evidenced in hormone-dependent cancers, such as breast cancer. Hence, frequent assays
measure the plasma concentration of reproductive hormones and the menstrual cycle. A
reduced risk of breast cancer is associated to a longer menstrual cycle, reduced estrogens,
increase in sex hormone-binding globulin, and increase urinary excretion ratio of 2- to 16a-
hidroxy estrogens (Kurzer, 2002). In a randomized study with 40 premenopausal women
was demonstrated that a soy diet slightly increased menstrual cycle length by 1.8+0.7 days
and significantly increased urinary isoflavonoid excretion compared to women fed a control
diet (Brown et al., 2002). In similar study, Hooper et al. (2009) found that the consumption
of isoflavone-rich soy products significantly reduced concentrations of FSH and LH
hormones that regulate the development, growth, puberty maturation, and reproduction
processes in premenopausal women. Menstrual cycle length was increased by 1.05 days.

A recently published study, carried out in 73,223 premenopausal Chinese women
demonstrated that the consumption of soy protein or isoflavones was inversely associated
with the risk of breast cancer, and the association was highly statistically significant (P for
trend < 0.001)). Women who frequently consume a high amount of soy foods during
adolescence and adulthood had a very low risk of developing breast cancer (Lee et al., 2009).
A daily intake of soy textured protein containing 45mg of isoflavones alters the menstrual
cycle in healthy premenopausal women by prolonging its length, especially in the follicular
phase. This effect was not observed with soy protein free of isoflavones, supporting the
evidence that soy phytoestrogens act as an endocrine regulator. Similar effects of
phytoestrogens on the menstrual cycle have been reported in other studies; nonetheless
Phipps et al (1993) reported an increase in the length of the luteal phase. This result is not so
easy to explain since changes in the luteal phase length are associated almost exclusively
with changes in the follicular phase. The luteal phase is extremely constant and difficult to
modify (Ferin et al., 1993).

2.2.3.2 Postmenopause

Epidemiological and clinical data indicate that postmenopausal estrogen therapy provides
protection against cardiovascular diseases, reduces osteoporosis, improves the cognitive
function, and relieves the menopausal symptoms related to the major loss of ovarian
estrogen (Col et al., 1997). Alternative sources of exogenous estrogen have been extensively
investigated due to a possible increased risk of breast cancer associated with hormonal
replacement therapy (Brechkwoldt et al., 1995). Various studies have focused on verifying
the potential of soy isoflavones as a source of exogenous estrogen.

During menopause, the ovarian production of estrogens decreases. A reduction of estrogen
levels in the blood leads a series of characteristic symptoms of menopause, such as hot
flashes, insomnia, excessive sweating, headaches, mood swings, nervous tension, irritability,
depression and vaginal dryness and pain. A group of 145 postmenopausal women was fed a
diet rich in phytoestrogens (soy and flaxseed) and a control diet for 12 weeks. The subgroup
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of women fed a phytoestrogen diet presented a significant lower incidence of hot flashes
and vaginal dryness and an increase in the serial phytoestrogen concentrations (Brzezinski
etal., 1997).

A study involving 51 perimenopausal women who were fed a rich diet supplemented with
isoflavones presented menopausal symptoms relief, reduction in the blood pressure, and
improvements in the lipoprotein profile (Washburn et al., 1999). Similarly, a double-blind
study involving 40 women who received daily doses of 100mg of isoflavones reported a
decrease in menopausal symptoms and in the plasma levels of total and LDL cholesterol,
which are risk factors for cardiovascular diseases (Han et al., 2002). Similar results were
found in a study involving 58 postmenopausal women who consumed 45g of soy flour or
45g of wheat flour. Those who consumed the soy flour presented a significant reduction of
hot flash (Warren et al., 2002).

2.2.4 Osteoporosis

By the time a woman reaches menopause, her bone density (peak bone density is reached at
approximately 30 years of age) decreases rapidly along with a reduction in estrogen in the
plasma. If the estrogen replacement treatment starts before the onset of menopause, it is
possible to prevent bone density loss as well as the risk of cardiovascular diseases in
postmenopausal women. However, estrogen hormone replacement can also cause an
increase in the risk of endometrial and breast cancer.

The possibility that soy phytoestrogens may offer a natural alternative to the conventional
hormone therapy for the prevention of bone loss has fostered research in animals and
humans. Animal studies have used ovariectomized rats, although this is not an ideal model
that simulates the influence of ovarian hormones on the reproductive physiology and bone
loss in postmenopausal women; the findings are encouraging in terms of the protective
effects of phytoestrogens. The consumption of soy isoflavone has demonstrated a
significantly decreased in the number of osteoclasts and an inhibition of bone resorption
after ovariectomy in this type of animals (Uchida et al., 2010). Analogously, it has been
observed in ovariectomized rats, a reduction of urinary excretion levels of
deoxypyridinoline, a specific biomarker of bone resorption, after the consumption of
isoflavones with supplemental calcium (Breitman et al.,, 2003). Another study in rats
demonstrated that genistein and moderate physical exercises prevented body weight gain
and bone loss (Wu et al., 2004).

Epidemiologic studies have showed a lower incidence of osteoporosis in populations
consuming diets high in soy, such as Asians, when compared to western populations. Hip
fracture is 50-60% less frequent among Asian compared to western women although this
benefit gradually disappears as Asians adapt a western lifestyle (Adlercreutz & Mazur,
1997; Roos et al., 1991, as cited in Lagari & Levis, 2010).

3. Saponins

In addition to the usual investigations on isoflavones as one of the main soy bioactive
compounds, there has been a growing interest for investigating the functionality of soy
saponins and their health benefits.

Saponins (from the Latin “sapo”) constitute a vast group of glycosides that form foamy
solutions in water exhibiting hemolytic and toxic effects in fish and invertebrates (Oleszek,
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2000; Tsukamoto & Yoshiki, 2006). They are the major active constituents of many roots and
corks that have been used by primitive people as a soap substitute (Fieser & Fieser, 1959).
Saponins are usually located in the seed, hulls, leaves, stems, and roots of plants (Carlson,
2009), and many of those compounds occur naturally even within a single vegetable species.
Among the legumes, soy is one the main sources of saponins in the human diet (Lin &
Wang, 2004).

Saponins have an antifungal activity and a major role in defenses against predators in
plants. This function has been traditionally associated with an anti-nutritional factor in
foods containing saponins, besides having limited their application due to their bitter taste.
However, recent studies have demonstrated the role of these compounds in the prevention
and control of chronic degenerative diseases.

3.1 Chemical structure and properties of saponins

Saponins are compounds that have amphiphilic structure, i.e. having polar and non-polar
fractions. The polar fraction is represented by one or more hydrophilic sugars chains linked
to hydrophobic aglycon, triterpen or steroidal called sapogenin.

Sapogenins are composed of carbon atoms in the form of fused rings. The sugars are in the
form of oligosaccharides, linear or branched chains, although monosaccharides can also
occur, such as the case of glucose and galactose. Both polar and non-polar groups are
responsible for the beneficial biological effects.

The structure of saponins from different plant sources varies depending on the types and
amount of sugars as well as the composition of the steroid ring (Rao & Sung, 1995). In
vegetables, steroidal saponins are mainly found in monocotyledons, and triterpene saponins
are predominately present in dicotyledons such as leguminous plants, in which soy is
considered as one of their major food sources (Gtiglii-Ustiindag & Mazza, 2007). Galactose,
arabinose, rhamnose, glucose, glucuronic acid, and fructose are the most common sugars in
saponin structures, and five sapogenins have been identified in soybeans (Figure 4). Soy
saponins are usually classified into three groups: A, B, and E (Lin & Wang, 2004) suggesting
that saponins group E are formed from group B saponins during extraction and analysis
when the 22-hydroxyl group is oxidized to a ketone (Berhow et al., 2006).

As in most vegetables, the concentration of soy saponins depends on many factors,
including the cultivar, age, physiological stage, geographical location, processing, and
storage. Similarly, there are qualitative and quantitative variation also exists between plant
parts (Oleszek, 2000).

The contents of saponins in soybeans can vary among the different genotypes. In a study
conducted in the USA, 21 lines of soybean grown in five different environments were
evaluated. The contents of saponins found were between 2209 and 5830 pg.g1 among the
different lines and locations (MacDonald et al., 2005). The saponin content in the grain
varies, and the highest amount is found in the hypocotyl, where there is a 4-fold
accumulation compared to that of cotyledon and pod shell (Shimoyamada et al., 1990).
Saponins are thermal sensitive, and several studies have evaluated the characteristics and
stability of saponins in a number of soy products. During processing and storage of
soybeans, chemical modification of saponins can occur resulting in a change in the total
content, composition, and properties/biological activity and properties, which may or may
not be desirable (Giiglii-Ustiindag & Mazza, 2007).
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The cooking process of legumes as soybean reduces the amount of saponins by 7-53% (Shi et
al., 2004). Soy-based foods have different amounts of saponins; usually low values
compared to those of raw soybeans. Soybean flour, soy protein isolate, lecithin, and tofu
present reduced content of saponins, 50, 25, 73, and 37%, respectively, compared to that of
the whole soybeans (Fenwick & Oakenfull, 1981). Soy-based foods obtained by ethanol
processes, such as concentrated proteins, for example, present low content of saponins due
to their solubility in alcohol (Murphy et al., 2008).
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Fig. 4. Structures of five types of sapogenins identified in soybeans (Adapted from de Lin &
Wang, 2004).

3.2 Mecahisms of action and biological functions

Due to recent advances in analysis and purification techniques of saponins, several studies
have evaluated the functionality of these compounds influenced by the genetic
polymorphism of their different structures (Tsukamoto & Yoshiki, 2006). Hence, saponins
have been reported to possess a wide range of biological activities (Giiglii-Ustiindag and
Mazza, 2007), mainly anticancer, antioxidant, hypocholesterolemic, and antiviral effects.

3.2.1 Anticancer and antioxidant effects

The biological oxidation caused by reactive oxygen species (ROSs) and free radicals is
involved in biological processes such as aging and degenerative diseases such as cancer. The
etiology and pathogenesis of cancer are multifactorial and involve multiple steps that
culminate into complex disarray of cell signaling.

Today, there are no clinical studies evaluating the activity of saponins as an anticancer or
antioxidant agent, and even considering the scanty experimental research in animals,
information is still insufficient to provide pertinent conclusions. Most studies in the
literature are limited to in vitro analysis with cell lines of colon, liver, and breast cancer, and
several mechanisms of action are proposed, among which include direct cytotoxicity,
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induction of apoptosis, antiestrogenic activity, inhibition of tumor cell metastasis,
antimutagenic activity effect, bile acid binding action, and normalization of carcinogen-
induced cell proliferation (Kang et al., 2010). Saponins (such as diosgenin, Figure 5) have
been demonstrated to target multiple cellular and molecular pathways in their functional
role as cancer chemopreventive agents.
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Fig. 5. Schematic representation of plausible mechanism of action(s) of diosgenin (saponin)
at the cellular level as a cancer chemopreventive agent (Adapted from Raju & Mehta, 2009)

Soy saponins help preventing the development and reducing the number of tumors in rats
(Konoshima & Takasaki, 2000). More recently, the effect of soy saponins on human colon
cancer cells was evaluated leading to the conclusion that these compounds may be effective
in preventing colon cancer by affecting cell morphology, cell growth, and cell proliferation
enzymes. In this study, the saponins affected the cell growth in two different ways; by
increasing the alkaline phosphatase activity while reducing protein kinase C activity to
induce cell differentiation, or by inducing type II autophagic death (Tsai et al., 2010).

The antioxidant activity of saponins is also related to their capacity to bind to cholesterol
and prevent cholesterol oxidation. Group B saponins, abundant in soy, linked with 2, 3-
dihydro-2,5-dihydroxy-6-methyl-4H-pyran-4-one (DDMP) group, are responsible for
preventing lipid peroxidation or degeneration of DNA and protecting proteins from free
radical attack (Ruiz et al., 1996; Shi et al., 2004; Yoshiki et al., 1994).

In addition to preventing cholesterol oxidation by the action of free radicals, group A and B
saponins have antioxidant effects on rat liver microsome through the inhibition of lipid
peroxidation (Nishida et al., 1993). Recently, a group of researchers isolated type I soy
saponins, one of the main groups occurring in soybeans, showing that it presents a free
radical scavenging activity comparable to that of a-tocopherol inhibiting lipid peroxidation.
In this study was also demonstrated that the treatment with soy saponins increases the
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superoxide dismutase and catalase activity, essential for the control of free radicals (Lee et
al,, 2010). Similarly, mice fed a soy extract rich in saponins exhibited a better profile of the
antioxidants system with significant increase of superoxide dismutase, glutathione
peroxidase, and glutathione S-transferase activities (Yang et al., 2011).

Saponins may have a synergistic antioxidative effect in the presence of hydrogen donors
such as phenol compounds. Iron and copper ions generate hydroxyl radicals through the
Fenton reaction to facilitate biological oxidation. Saponins may also have a preventive
antioxidant that prevents active oxygen from being generated during the chelation of these
metal ions (Tsukamoto and Yoshiki, 2006).

3.2.2 Hypocholesterolemic effects

The amphiphilic nature of saponins can explain the hypocholesterolemic activity of these
compounds. This activity has been attributed to saponins for years (Sautier et al., 1979;
Sidhu & Oakenfull, 1986), and, in general, is associated with their ability to interfere with
cholesterol absorption through possible mechanisms of action such as the formation of
insoluble complexes with cholesterol, affectation micelle formation, interference with bile
acid metabolism, and/or the perturbation the unstirred water layer or brush border
membrane characteristics of enterocytes due to their detergent-like properties (Cohn et al.,
2010).

Afrose et al. (2010) demonstrated the hypocholesterolemic effects of saponins in laying hens
suggesting that the reductions in the levels of serum and egg cholesterol are caused by the
suppression of cholesterol synthesis and the promotion of cholesterol catabolism in the liver.
In another study, Zhao et al, (2008) proved these effects in hamsters fed a diet
supplemented with saponins, but they attributed the results to the substantial increase in
fecal cholesterol loss and not to the reduction of cholesterol absorption or synthesis.

3.2.3 Antiviral effects

A glycoside saponin, glycyrrhizin, found in some roots, exhibited suppressive effects on the
replication in vitro of HIV (Ito et al., 1988). Due to its structural similarity to soy saponins,
several studies have investigated the antiviral effects of this compound on soybeans.
Soybean saponins have been evaluated for their antiviral activity against in vitro HIV
demonstrating that group B soy saponin inhibits HIV-induced cytopathic effects and virus-
specific antigen expressions (Nakashima et al., 1989). The antiviral functions of soy
saponins was also demonstrated in the herpes simplex virus type 1 (Hayashi et al., 1997;
Ikeda et al., 2005).

Group B saponins with arabinose as the second sugar has an inhibitory effect on human
cytomegalovirus (HCMV), influenza A virus, and human immunodeficiency virus type
1. The antivirus effect of soy saponins is not limited to inhibit cell permeability and
protein synthesis but also exhibit virus inactivation activity (Tsukamoto and Yoshiki,
2006).

4. Phytosterols

Phytosterols are compounds found in plants that have important functions, especially in the
structure of cell membranes and in cellulose biosynthesis. Studies have suggested that due
to structural and functional analogy of phytosterols and phytostanols with cholesterol, they
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have properties to compete for incorporation into micelles inhibiting cholesterol absorption
in the intestine and enhancing its elimination in the feces.

Phytosterols, also called plant sterols, are found naturally in plants (Schneider et al., 2009;
Harrabi, 2008) in small quantities. Their hypocholesterolemic properties come from their
structural similarity to cholesterol (Kaloustian et al., 2008).

Since the 1950s, beneficial effects of plant sterols have been observed due to decreases in the
plasma cholesterol levels and a significant reduction in the incidence of atherosclerosis in
chick fed a soybean diet; therefore, it is possible that some soy sterols interfere with
cholesterol absorption in the intestine (Peterson et al., 1952). Since that time, there have been
studies in animals and humans demonstrating the effects of these compounds on the
reduction of plasma cholesterol.

4.1 Chemical structure and properties of phytosterols

Phytosterols are steroid alcohols derived from plants with resemblance to cholesterol, the
predominant sterol found in animals, and also are similar in functions to cholesterol,
especially in terms of structure and functions of cell membranes. These compounds are
members of the triterpen family and, unlike cholesterol, include a methyl or ethyl group at
carbon 24 (AbuMweis & Jones, 2008; Palou et al., 2005, Piironen et al., 2000).

Phytostanols are formed from the saturation of the double bond at carbon-5, and they do not
occur very frequently in nature. The term plant sterols is usually used to refer to
phytosterols and phytostanols. A phytosterol can be converted to its similar phytostanol by
enzyme activity in plants, in vivo, or by industrial hydrogenation.

More than 200 phytosterols have been identified in the plant kingdom, and many are found
in edible foodstuffs (Bradford & Awad, 2007). Their nomenclature is rather confusing due to
the partial approval of international norms defined by the International Union of Pure and
Applied Chemistry (IUPAC) and the International Union of Biochemistry (IUB) (Moreau et
al., 2002).

The most common and widely studied phytosterols are sitosterol or p-sitosterol
estigmasterol and campesterol. Other relevant phytosterols that can be found in plants in
minor amounts are brassicasterol, AS-avenasterol, sitostanol and campestanol (Fernandes &
Cabral, 2007). Figure 6 shows the chemical structures of the common phytosterols and
phytostanols and their similarity to animal cholesterol.

In addition to the free form, phytosterols can be found as conjugated or esterified
compounds, in which the 3p-hidroxyl group is esterified to fatty acids, glycosides, or
phenolic compounds with different chemical, technological, and nutritional properties
(Figure 7). The occurrence of these classes varies between the foods and parts of these foods
(Palou et al., 2005; Piironen & Lampi, 2004). Vegetable oils are, in general, rich in free
phytosterols and their fatty acid esters (Piironen & Lampi, 2004) although there is a great
variability in the contents of free and esterified phytosterols in many types of oils and fats
(Phillips et al., 2002). Nuts also contain high amounts of phytosterols (Piironen & Lampi,
2004). Due to the wide variety of soy-based food products for human consumption, it is
considered an important dietary source of phytosterol, and it can contribute significantly to
the consumption of those products. A study involving 510 soybean cultivars showed that
the content of phytosterols ranged from 202 and 843 pg.g-1. The highest amounts are found
in soybeans with high lipid content. p-sitosterol, campesterol, and estigmasterol were the
main phytosterols found in the grain at the proportions of 43-67%, 17-34%, and 10-30%,
respectively (Yamaya et al., 2007). Germinated soybeans have higher levels of phytosterols,
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finding that has been corroborated recently in a study involving soybeans with 7 days of
germination with phytosterol contents of 1004 and 1987 pg.g?; the predominant phytosterol

found was P-sitosterol (Shi et al., 2010).

Soy germ is rich in phytosterols. Therefore, the soybean oil produced is an important source
of these compounds in countries where it is highly consumed. Studies cited by Piironen et
al.,, (2000) indicated that the contents of phytosterols in raw soybean oil vary between 2,290
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and 4,490 pg.g! and between 2,210 and 3,280 pg.g?! in refined soybean oil. This type of oil
showed lower loss of phytosterols in a continuous frying system compared with corn and
sunflower oils (Winkler et al., 2007).

4.2 Mechanisms of action and biological functions

The intake of free phytosterols, especially {-sitosterol and the esterified sources, has
demonstrated properties of reducing serum cholesterol in animals and humans studies.
According to the World Health Organization criteria, this biological function is fairly
convincing, but further studies are necessary to demonstrate that this reduction is associated
to the prevention of cardiovascular diseases. Other biological activities have also been
attributed to the action of phytosterols such as antioxidant activity, cancer prevention, and
immune system improvement. Nevertheless, those studies are considered insufficient to
corroborate these hypotheses (de Jong et al., 2008).

4.2.1 Hypocholesterolemic effects

The functions of phytosterol in plants are similar to those of cholesterol in animals. They
have an important role in the structure of the vegetable cell membranes acting as regulators
of membrane fluidity and permeability by affecting the proteins associated to membranes
(Alignan et al., 2009; Piironen et al., 2000; Roche et al., 2008). In addition to this structural
function, phytosterols also act as precursors of a group of factors related to the growth of the
plant. They act in the biosynthesis of cellulose and as substrates for secondary vegetable
products such as alkaloids, cardenolides, and saponins (Palou et al., 2005; Peng et al., 2002;
Piironen et al., 2000; Read & Bacic, 2002;). Phytosterols can also act as biogenetic precursors
of a number of metabolites including plant steroid hormones, such as brassinosteroids and
are involved in embryogenesis (Alignan et al., 2009; Breinholder et al., 2002; Schaller, 2003).
Scientific evidences demonstrate that phytosterols interfere in the reduction of cholesterol
absorption stimulating a subsequent synthesis of the endogenous cholesterol. This leads a
reduction in the plasma cholesterol levels and an increase elimination of cholesterol in the
feces. The way by which phytosterols reduce cholesterol absorption has not been defined
yet; however, there are evidences that indicate that the phytosterols compete with
cholesterol for the micelles of absorption in the intestine.

Studies have demonstrated serum cholesterol-lowering effect of phytosterols when
consumed at levels of 1.5-2 g per day (Piironen & Lampi, 2004). An increase in the rate of
endogenous cholesterol synthesis caused by the action of phytosterols leads to an increase
LDL-receptor activity in the liver and an increase of the number of LDL receptors in order to
capture the cholesterol from these lipoproteins for the bile acid synthesis thus increasing
elimination of LDL from circulation. Finally, the levels of LDL cholesterol, and therefore,
total cholesterol in humans decrease without affecting the levels of HDL cholesterol and
triglycerides (Palou et al., 2005).

The contents of phytosterols in soy and its products are relatively too low to cause relevant
effects in the reduction of cholesterol levels, which has attracted the interest of industries in
the development and improvement of soy-based products.

A clinical study on the consumption of a soy drink enriched with 2.6 g of phytosterol was
conducted in 50 subjects (19 men and 31 women) for eight weeks, aged between 19 and 65
years with moderate hypercholesterolemia. The study found that the regular consumption of
200 ml of soy drink enriched with plant sterols reduces significantly the level of LDL
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cholesterol by approximately 0.29 mmol.L! or 7% compared to baseline. The reduction in the
levels of total, LDL and non-HDL cholesterol were significant greater than in the placebo
group. Nevertheless, HDL cholesterol and triglycerides were not affected by the consumption
of the drink, which was sensorally accepted by the subjects (Weidner et al., 2008).

Accordingly, many studies have demonstrated and corroborated the effectiveness of
phytosterols enriching various foods; margarine (AbuMweis et al., 2008), juices (Devaraj et
al., 2003), milk (Plana et al., 2008; Hansel et al., 2007), and yogurt (Plat et al.,, 2009),
evaluating cholesterol-lowering effect when consumed in the recommended dose.

Recently, a meta-analysis of 84 clinical trials was conducted evaluating the effect of the
enrichment of foods with phytosterols on subjects with hypercholesterolemia. The combined
results of all studies grouped indicated that the reductions in the levels of LDL cholesterol
were of 0.34 mmol.L-1 or 8.8% compared with control, for a mean daily dose of 215 g
phytosterol. This study evaluated the impacts of subject baseline characteristics of the
grouped studies through regression analysis suggesting that groups higher baseline LDL
cholesterol resulted in greater absolute LDL cholesterol reductions, which could indicate the
effectiveness of those foods in subjects with hypercholesterolemia (Demonty et al., 2009).
Figure 8 shows the dose/response relationship in the reduction of LDL cholesterol levels in
the grouped studies.
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Soy-based products have high potential for phytosterols enrichment. Soy is considered a
very important food due to its countless benefits, and its phytosterols and high quality
protein can produce a synergic effect, which also has proved to reduce the levels of LDL and
total cholesterol.

4.2.2 Antioxidant effects

Some studies suggest the hypothesis that phytosterols have antioxidant activity and may
help the prevention of certain types of cancer (Awad et al., 2001; Normén & Andersson,
2004; Wang et al.,, 2002). Nonetheless, the information available is still insufficient to
corroborate those findings.

In a study in mice was founded that phytosterols modulated and reduced the growth of
tumors in ovariectomized female athymic (Ju et al., 2004). On the other hand, oxidant effects
of phytosterols on biomarkers, such as DNA or lipid peroxidation, were not found in clinical
studies (de Jong et al., 2008). The discrepancies between the results are frequently found in
the literature.

Emerging evidence supports the inhibitory actions of phytosterols on lung, stomach,
ovarian and breast cancer, through multiple mechanisms of action, including inhibition of
carcinogen production, cancer-cell growth, angiogenesis, invasion, metastasis and
apoptosis. Phytosterol consumption may also increase the activity of antioxidant enzymes
and thereby reduce oxidative stress (Woyengo et al. , 2009).

5. Conclusions

Soy is considered a rich source of proteins and lipids and contains other bioactive
compounds such as isoflavones, saponins, and phytosterols. Such diversity in compounds
makes it difficult to attribute an exclusive beneficial biological function to a single
compound after consuming soy-based food products. For example, cholesterol-lowering
effects are associated to the consumption of soy protein, but are also associated to
phytosterols, isoflavones, and even saponins. Highlight the synergistic multicomponent
effects of soy on biological functions would be a recommendation for further studies, as well
as studies of the mechanism of action and new biomarkers for to prove the effectiveness of
soy bioactive compounds in preventing and treating several symptoms and/or pathologies.
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1. Introduction

Since the 1960s, soy protein products have been used as nutritional and functional food
ingredients in several food categories available to the consumer. Currently the food industry
has incorporated soy protein, either as flours, textured, concentrates or protein isolates in the
manufacture of numerous products (infant formulas, bakery products, dairy and meat)
because it is a good quality protein, low cost and good functionality (Singh et al., 2008).

Cereal foods are an important source of energy in the diet of a large part of the world
population. However, the protein quality of grain is low compared to that of animal origin.
The nutritional benefits of adding legumes protein to grain are well known (Gomez, 1985;
Messina, 1999).

Cereals have gained value, not only because they are the most important starch source in the
diet and their content of other nutrients is not negligible, but also because a wide variety of
products novel and convenient can be obtained from them. These last characteristics are
ones of the most important for modern consumers. Cereal food industry has demonstrated
their speed in exploiting these changes in food consumption model, and the large variety of
cereals products existing nowadays is eloquent. Regarding nutritional aspects, soybean
could be used in cereal based products in order to improve nutritional quality of these types
of foods (Gonzalez, 2009).

It has been shown (Pérez et al., 2008) that until 12% replacement of corn grits by soybean
grits a good extrudate texture is maintained. This mixture have nutritional benefits, since
the protein content and quality are superior to those of a traditional "snack", because the
addition of soy cannot only increase the protein level of corn extrudate (10% vs. 7%), but
also improves the profile of amino acids by the known effect of complementation between
the proteins of cereals and legumes, allowing maize chemical score increased from approx.
46% to 76.5% (without taking into account the digestibility).

Moreover, soybean flour is a rich source of iron, zinc and calcium (Liener, 1972), so it could
when it is added improve the content of these minerals when added to foods formulated
with other components. However, the bioavailability of iron is markedly reduced, not only
because of the effect of the same protein (Lynch et al.,, 1994), but also for its high content of
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phytates (inositol hexa-phosphate) (Cook et al., 1981; Hallberg & Rossander, 1982; Hurrell et
al.,, 1992). Phytates also exert an inhibitory effect on zinc (Fairweather-Tait, 1992; Lonnerdal
et al., 1988) and calcium absorption (Greger, 1988).

Some authors have observed that phytate can be degraded by the extrusion process to a
different extent depending on process conditions (Ummadi et al., 1995; Abd El-Hady &
Habiba, 2003), releasing phosphates and inositol pentaphosphate and other compounds
with less content of phosphorus. In fact, forms of inositol phosphates with 6 and 5
phosphates groups are responsible for the inhibitory action on mineral absorption
(Sandberg et al., 1989). Few papers study the mineral bioavailability from extruded products
in humans. Fairweather-Tait et al., (1989) showed that Fe and Zn retention from extruded
mixtures made with bran and flour and consumed with milk did not differ from that of the
product, used in the same way, but not extruded.

Furthermore, the effect of inhibitors can be minimized by the addition of adequate
absorption enhancers such as ascorbic acid, citric acid and Na;EDTA (South & Miller,
1998).

Besides that, micronutrient fortification is becoming an almost generalized practice;
however in most cases nutrient bioavailability is ignored. One of the most important points
in iron-fortification is the selection of an appropriate iron compound (Pizarro et al., 2002).
Soluble compounds, despite their low cost and high iron bioavailability, could induce
organoleptic changes in the food vehicle. In comparison, insoluble compounds are more
stable and do not create adverse effects in foods, but they have a lower rate of absorption
(Hurrell, 1997).

The use of soybean in food formulation and development of nutritionally improved corn:
soybean based food are presented.

The objective of this work was to analyze the effects of the addition of different mineral
sources and several absorption enhancers on physicochemical properties and mineral
availability of corn-soybean expanded product fortified with minerals.

2. Materials and methods

2.1 Soybean grits

A commercial sample of “Don Mario 4.400” soybean variety was selected to obtain the
soybean grits. The beans were previously treated to inactivate lipoxygenase, by immersing
them in boiling water during two minutes and soon after cooling them with tap water.
Treated beans were dried in an oven at 50 °C until they reached 9 to 10 % of moisture. The
grains were dehulled and ground using an air classifier and a roll mill (Vario Miag
Germany), avoiding the production of fine particles. Final grits particle size was between
420-250 pum, less than 1% of particle size being below 250 um. Moisture content, crude
protein, petroleum ether extract and ash content were determined by AOAC methods
(1995). The composition in dry base was: protein: 374.0 g/kg, lipids: 155 g/kg, ash: 51.5
g/kg, and moisture: 77 g/kg.

2.2 Corn grits

A grits sample taken from a hard red corn (Zea mays) (supplied by Litex S.H, Santa Fe), with
a particle size between 1190-420 um was used in the experiments. The composition in dry
base was: protein: 70 g/kg, lipids: 3.8 g/kg, ash: 2.4 g/kg, and moisture: 122 g/kg.
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2.3 Corn: Soybean blend

The grits mixture corn:soy (88:12) was selected as adequate to improve protein value
without impairing sensory attributes of the expanded product (Fritz et al., 2006). The
composition in dry base was: protein: 106 g/kg, lipids: 22.6 g/kg, ash: 8.5 g/kg, and
moisture: 125.7 g/kg.

2.4 Mineral sources

Mineral sources used were: ferrous bisglycinate (Ferrochel, Albion Lab donated by
Parmalat, Argentina), ferric sodium EDTA -FeNaEDTA- (Sigma) and ferrous sulfate
(Cicarelli). The zinc and calcium salts (ZnSO4 and CaCOs) were from Cicarelli. In all cases,
analytical grade reagents were used.

2.5 Absorption enhancers
Ascorbic Acid, Sodium Citrate and Na,EDTA from Cicarelli were evaluated as enhancers of
mineral absorption. In all cases, analytical grade reagents were used.

2.6 Extrusion experiments

The corn: soybean blends were conditioned to the extrusion moisture level, 2 hours before
each run. The other ingredients (mineral sources and enhancers) were added to the water of
hydration.

Sample Code
Corn: Soy (88:12) (blank) CS

CS+ Ascorbic acid AA
CS+FeSOs4 FS
CS+FeSO,+ Ascorbic acid FS+AA
CS+ Sodium Citrate Citr

CS+ Na,EDTA EDTA
CS+Na;EDTA+FeSO, FS+EDTA
CS+ Ferrous Bisglicinate FB
CS+FeNaEDTA FE

CS+ FB+ Ascorbic acid FB+AA
CS+FeNaEDTA+ Ascorbic acid FE+AA
CS+FB+ Sodium Citrate FB+Citr
CS+FB+NaEDTA FB+EDTA
CS+FeNaEDTA+Citrate FE+Citr
CS+FeSO,4+ZnSO4 FS+Zn
CS+CaCO3+ZnSO4 Ca+Zn
CS+CaCO;3+FeSOy FS+Ca
CS+FeS0,4+ZnS0O4+CaCOs M
CS+FeS0,+7ZnS0O4+CaCOs+Citrate M+Citr
CS+ FeSO4+ZnSO4+CaCOs+NaEDTA M+EDTA
CS+CaCOs+Citrate Ca+Citr

Table 1. Samples and codes.
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Fortification was made in order to have: 40 mg/kg, 30 mg/kg, and 1400 mg/kg for Fe, Zn
and Ca, respectively. This level of iron is usually used in fortification of corn meal. The level
of zinc was selected in order to have a molar ratio Fe: Zn not greater than 2:1 and the
calcium level, so that the contribution to be approximately 400 mg/1000 kcal.

For enhancers, the amounts were as follows: Na,EDTA: 266 mg/kg (BS); Citrate Sodium:
10.53 g/kg (BS) and ascorbic acid: 1 g/kg (BS), corresponding to Fe molar ratios: AA: (1:8),
Fe: citrate: (1:50) and Fe: EDTA: (1:1).

21 different mixtures were prepared, including the blank sample (corn/soybean alone),
whose codes are shown in Table 1.

Each mixture was prepared using a Brabender planetary mixer P-600 L (Germany) at a
rotation speed of 60 rpm, 2 h before extrusion.

The extrusion process was carried out according to Pérez et al., (2008), with a Brabender 20
DN single screw extruder, using the following conditions: 4:1 compression ratio screw,
3/20-mm (diameter/length) die and screw speed of 150 rpm, temperature 170°C and
moisture 14%. The feeding rate of the extruder was at full capacity. While the extruder
feeding section was maintained cool by circulating water through the jacketed device, the
metering and die sections were both kept at the same temperature by using the heat control
device of the extruder. The extruded samples (obtained in duplicate) were air-dried in an
oven at 50 °C until moisture content of 6%. This moisture level is adequate for texture
evaluation (Gonzélez et al., 2004). Each dried sample was divided in several portions and
kept in polypropylene bag hermetically sealed until their evaluation.

2.7 Extrusion response evaluation

Samples were obtained as soon as the stationary condition was reached, torque and mass
output being simultaneously measured. The latter values were used to determine the
specific mechanical energy consumption (SMEC) (Gonzélez et al., 2002; Gonzélez et al.,
2006), using the following formula: SMEC (J g?) = k. T. N. Q-1, where k is: 61.6 103, T is
torque in Brabender units (BU); N is screw rpm and Q (g/min) is the mass output, referred
to feeding moisture level. The value of k takes into account unit conversion and constants.

2.8 Product response evaluation

2.8.1 Expanded samples

Diameters were measured with a Vernier caliper on ten pieces of sample and radial
expansion (E) was determined as the ratio E = D. d1, where D is the extrudate diameter
(average of ten determinations) and d is the die diameter. Extrudate specific volume (SV)
was obtained by calculating the volume/d.b. weight ratio (cm3.g1), corresponding to an
extrudate piece of about 15 cm long. This procedure was applied to ten pieces and the
average is reported.

Product texture was evaluated by a trained panel (three judges), according to Fritz et al.,
(2006). The score given to each sample was obtained by consensus among the judges. A
hardness scale from 1 to 9 point was used (from soft to hard). In order to have the two scale
extremes (1 and 9) two additional samples were obtained by extruding corn:soybean blend
88:12, at 185 °C -14% moisture and at 155 °C -18% moisture. The first is the softer one and the
second the hardest one.

The compressive strength was measured on extruded pieces of 6 cm in length, using an
Instron Universal Testing Machine (model 4411, Norwood, Massachusetts, USA), with a
load cell of 4,905 N and a compression speed of 10 mm/min according to Park et al. (1993).
Each determination was performed in quintuplicate.
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2.8.2 Precooked flours

For obtaining the precooked flours, an amount (150 g) representative of each extrudate
sample was first ground with a laboratory hammer mill (Retsch-Muhle- Germany) using a 2
mm sieve, and then with a Ciclotec mill (UD Corp Boulder Colorado-USA) using a 1 mm
sieve.

2.8.2.1 Total soluble solids

Total soluble solids from extrudates were determined by the method of Anderson et al.,
(1969) modified by Gonzalez et al., (2002).

2.8.2.2 Determination of mineral dialyzability (DFe%, DZn%, DCa%)

All measurements were performed using the precooked flour. A modification of the
widespread in vitro Miller et al., (1981) method, according to Wolfgor et al., (2002) was
followed. The samples were prepared to 3% protein concentration (W/W) using distilled
water at 70°C. Aliquots (25 g) of homogenized samples were adjusted to pH 2.0 with 6 N
HCI and after addition of 0.8 mL pepsin digestion mixture (16% pepsin (Sigma P-7000)
solution in 0.1 N HCI), were incubated at 37°C during 2 h in a shaking water bath. At the
end of pepsin digestion, dialysis bags containing 20 mL 0.19 M PIPES (piperazine-N,N’-
bis[2-ethane-sulfonic acid] disodium salt) buffer (Sigma P-3768) were placed in each flask
and were incubated for 50 min in a shaking water bath at 37°C. Pancreatin-bile mixture (6.25
mL of 2.5% bile (Sigma B-8631), 0.4% pancreatin (Sigma P-1750) solution in 0.1N NaHCO3)
was then added to each flask and the incubation continued for another 2 h. Then, bag
contents were weighed and analyzed for its mineral content by flame atomic absorption
spectroscopy (AAS). Assessment of minerals in precooked flour samples was made by AAS
after dry ashing (AOAC, 1995).

Mineral dialyzability was calculated from the amount of each dialyzed mineral expressed as
a percentage of the total amount present in each sample.

Dialyzable Mineral (%) = [D / (W x A)] x 100

Where: D is the total amount of dialyzed mineral (ug); W is the weight of sample (g) and A
is the concentration of each mineral in the sample (ug/g).

2.9 Statistical analysis
Analysis of Variance was carried out using the software Statgraphics Plus 3.0, and the
statistical differences among samples were determined using the LSD test.

3. Results and discussion

3.1 Evaluation of extrusion process and physical properties

Table 2 shows the average values for each of the responses: those related to the process:
Torque (T), mass flow rate (Q) and Specific Mechanical Energy Consumption (SMEC), and
those related to the physical properties: Expansion (Exp), Specific Volume (SV), Total
soluble solids (S), mechanical resistance (Res) and sensory evaluation of hardness.

These average values show dispersion between 2 and 10 %. The range of variation for T was
4to 8 %; for Q: 2 to 4 %; for SMEC: 4 to 9 %; for Expansion: 4 to 8 %; for SV: 3 to 5 %, for S: 2
to 4 % and Res: 5 to 10 %. With respect to the sensory evaluation, no dispersion is given,
because values were obtained by consensus.
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Sample Torque Q . SMEC Exp. SV (‘)5 Sensorial| Res
(UB) |(g/min)| (/g) (em*/g) | (%) |hardness) (kgf)

CS 5825hi | 84.05bcd | 637hi 4.02h 10.10i 43.0h 3 3.02ab
AA 5825hi | 83.70abc | 640 4.03h 9.74hi | 42.0sh 3 3.20bc
FS 5737.5hi | 83.90abc | 6298hi | 3.828 9.63h | 42.08h 4 3.80de
FS+AA 5675shi | 83.10ab | 628shi | 3.61f 8.86ef | 38.0cd 3 3.50ed
Citr 5600fh | 82252 | 626shi | 3.98h 9.85i 45.0i 3 2.95ab
EDTA  |5562.5t8h 82.50ab | 620tsh | 3.828 8.95¢ 37.0¢ 4 4.12ef
FS+EDTA | 56758hi |84.20bcdel 620fgh | 3.828 8.92ef | 40.0ef 3 4.30t8
FB 5525efg | 82.50ab | 616%8 3.61f 9.18s 40.5f 2 2.70a
FE 5512.5¢t8| 83.25ab | 610t 3.83s8 8.93ef | 38.0cd 3 3.08ab
FB+AA 5475efg | 83,15ab | 605f 3.80s 8.90ef 34.0v 3 4.10ef
FE+AA  |5412.5def| 82,50ab |  603f | 3.50def | 8.74e 35.0v 3 3.70de
FB+Citr | 5500efs | 83.87abe |  601f 3.74s 9.158 | 39.0de 3 3.15bc
FB+EDTA | 48502 |85.30cde| 522ab | 3.30bc 6.91a 32.0a 5 5.70h
FE+Citr | 5425def | 85,85¢ 580e 3.55¢f 7.81d 37.0¢ 4 4.608
FS+Zn 5225bcd | 85.15¢de | 563d 3.45de 7.40¢ 37.0¢ 4 3.90def
Ca+Zn 5500efg | 90,25f 5604 3.29bc 7.40¢ 40.0ef 7 6.201
FS+Ca 5180bc | 85.62de | 5574 3.47cd 7.20b 34.0v 4 4.10ef
M 5412.5def| 91.00f8 | 547cd 3.25b 7.42¢ 41.0ts 6 5.80h
M+Citr | 5250bcd | 90,32 | 535be | 3.29bc 7.50¢ 41.0f8 5 5.50h
M+EDTA | 5350cde | 92258 | 533bc 3.27b 7.40¢ 39.0de 5 5.90h
Ca+Citr 5125> | 92.028 511a 3.02a 7100 | 42.0bh 8 7.05i

Table 2. Average values for: Torque, Mass Flow (Q), Specific Mechanical Energy
Consumption (SMEC), Expansion (Exp), Specific Volume (SV), Total soluble solids (S),
Sensorial hardness, Mecanical Resistence (Res)
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Table 2 also shows the results of ANOVA for the 21 samples. It is observed that there are
significant differences between samples for all properties evaluated. The values of torque
and Q were affected differently according to the composition of the sample. In general, the
torque values varied in a narrow range for most samples: 5825 and 4850 BU, and Q, between
82.25 and 85.90 g/ min, except for those samples containing Ca. In this case, Q was
significantly higher (between 90.25 and 92.25 g/ min), while the torque values were lower
than those expected for these Q levels (between 5500 and 5125 BU). The samples containing
citrate showed intermediate values of torque and Q: between 4850 and 5500 BU and
between 85.15 and 90.25 g/ min, respectively.

When working with corn meal, SMEC and S are direct indicators of degree of cooking
(Gonzalez et al., 1987; Mercier & Feillet, 1975). However, low SMEC values obtained for
samples with Ca would not correspond to the high values of the S that these samples have.
This apparent discrepancy could be explained considering that the alkalinity produced by
the CaCOs would generate a greater amount of soluble compounds during extrusion, ie the
soluble compounds produced by the thermo-mechanical action, plus those produced by
chemical action.

The lower S values corresponding to citrate containing samples are attributed to the
decrease in thermo-mechanical action (less SMEC), which directly influences the degree of
cooking.

Another feature of the samples with Ca is that they have lower values of Exp. and SV. While
samples containing Citr presented low values for SV and intermediate values for Exp.
Figure 1 shows the direct relationship between the Exp and SV. At higher expansion, higher
is the product porosity, and therefore higher specific volume the product has. Figure 1 also
shows two distinctive groups: the samples with Ca and citrate, with lower SMEC and Exp
values and the rest of the samples, which maintain the aforementioned relationship between
the Exp and SV.
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Fig. 1. Relationship between the expansion and specific volume (SV). Circle includes
samples containing Ca and Citr.
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Figure 2 shows the direct relationship between SV and SMEC as expected, since both are
direct indicators of degree of cooking. It is also observed the two different sample groups:
those with Ca and / or citrate and the rest of the samples.
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Fig. 2. Relationship between the specific volume (SV) and specific mechanical energy
consumption (SMEC). Ellipse includes samples containing Ca and Citr.

Figure 3 shows the relationship between Exp and SMEC.
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Fig. 3. Relationship between expansion and specific mechanical energy consumption
(SMECQ). Ellipse includes samples containing Ca and Citr.
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It is noted that, even with some degree of dispersion, the direct relationship between these
two responses is maintained, such as when working with corn meal (Gonzalez et al., 2002).
A direct relation between S and SV was also observed. However, correlation coefficient is
not very good (r < 0.505). As already mentioned, S values corresponding to samples
containing Ca are higher than expected according to the values of SMEC and SV, so greater
data dispersion is obtained which would be the cause for the lower r value obtained. Figure
4 shows the relationship between the mechanical and sensorial hardness. There is a very
good correlation between both responses confirming that the chosen methodology is
appropriate to establish differences between samples.
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Fig. 4. Relationship between sensorial hardness and mechanical resistance.
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Fig. 5. Relationship between specific mechanical energy consumption (SMEC) and
mechanical resistance.
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Figure 5 shows the inverse relationship between the mechanical resistance and SMEC,
which is expected, since as degree of cooking increases extrudate structure became lighter,
as a consequence of the reduction of wall thickness of the extrudate pores (Gonzélez et al.,
1987). Similar tendency was also found for other materials such as beans and corn-bean
mixtures (Balandran-Quintana et al., 1998; Ruiz-Ruiz et al., 2008).

3.2 Study of mineral availability

3.2.1 Evaluation of the content of mineral and its dialyzability

Table 3 shows the results of total iron, zinc and calcium content and the corresponding
percentage of dialysis, both for raw materials and extruded control samples.

Fe Zn Ca
Samples DFe% DZn% DCa%
P (mg/kg) (mg/kg) (mg/kg)

Corn grits | 11.2+0.8 ND 37402 | 335+29 | 26+3 | 87.0+40
Sogrli’tesa“ 480402 | 22401 | 225406 | 345+14 | 2130440 | 208+1.1
Extruded

Corn:
219+10 | 125408 | 65+04 | 62020 | 271+4 | 301+12
soybean
(88:12)

ND: Fe non detected in dialyzates.

Table 3. Mineral content in dry base and dialyzability from raw materials and extrude corn
soybean blend

It is observed that the iron content of corn grits is very low, while that of soybean is about 4
times higher. The addition of 12% soy grits increased the content of this mineral. However,
the value reached after extrusion is higher than that obtained from a simple mixture of raw
materials. This effect has been observed by other authors, i.e. the extrusion increases the iron
content from extruded product (Ummadi et al., 1995; Guy, 2001), which can be attributed to
the contribution caused by wear on the barrel and screw during extrusion. This is possible
because, for the extrusion conditions corresponding to expanded products, friction levels
are high (SMEC values greater than 500 J/ g).

It is noted that DFe% from extruded corn:soybean (88:12) is higher than those from corn
or soy grits. The low values of dialysis obtained for raw materials may be due to the
presence of inositol hexaphosphate (phytate) in soybean meal, which is a strong inhibitor
of Fe absorption (Davidsson et al., 2002). In the case of maize both, the low Fe initial
content and the presence of residual phytate (as the corn meal is dehulled) could be
involved in DFe% low values. Both, the decreasing content of phytate soybean by dilution
with corn in the blend and the effect of extrusion (Ummadi et al., 1995; Guy, 2001) caused
DFe% increasing in corn: soybean blend. Another important factor to take into account to
explain the higher DFe% is the protein denaturation during extrusion-cooking. It could
affect solubility, which could exert variable effects on DFe%, depending on process
conditions (Ummadi et al, 1995).

Regarding zinc and calcium content, the values reported in the bibliography vary within a
certain range due, not only to the difference of the sample used for analysis, but also
because the measurements can be performed on whole meal or peeling and most of the
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reports does not explain how they were obtained. For example, Senser & Scherz, (1999)
reported values of 180 mg Ca/ kg and 24 mg Fe/ kg for corn meal and 1950 mg/ kg of Ca
and 120 mg/ kg of Fe for whole soy flour, respectively.

DZn% from the extruded blend is greater than that of raw materials. The dilution of
inhibitors, the possible decrease in the phytate content and protein denaturation during
extrusion, could contribute to this increase, as was explained for DFe%. However, this result
differs to that observed in corn: Vigna unguiculata (85:15) blends (Drago et al., 2007), where
other extrusion conditions, appropriate to the raw material used were employed. The
degradation of phytate to lesser forms of inositol phosphate (tetra-, tri-or di-phosphate)
depends on the extrusion process conditions used and does not follow a definite pattern
(Ummadi et al., 1995).

In the case of DCa%, although the dialysis value from corn grits is very high, the content of
this mineral is very low. The addition of soybean increased the calcium content of the
mixture, yielding an acceptable availability.

3.2.2 Effect of absorption enhancer addition on mineral dialyzability

In Figure 6 it is observed that the addition of EDTA or Citr increased the dialysis of Fe, Zn
and Ca endogenous with respect to the blank (CS), but this was not observed for ascorbic
acid addition.
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Fig. 6. Mineral availability (DFe%, DZn% and DCa%) from extruded samples with the
addition of different absorption enhancers. Different letters mean significant differences
between samples (P <0.05). a-b: for DFe%; c-d: for DZn%; e-g: DCa%

EDTA is a chelating agent that combines stoichiometrically with Fe, forming more stable
complexes with Fe3+ than with Fe2*, which promotes absorption. Thus, its use as an
enhancer promises to be an effective strategy to increase iron absorption (Nayak & Nair,
2003).

Probably citrate forms soluble complexes with minerals that would facilitate the dialysis of
Fe, Zn and Ca. Miller & Berner, (1989) suggest that the citrate and EDTA are strong
complexing anions that improve mineral availability by competing for cations with other
products of digestion which tend to insolubilize them at duodenum level.
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Although no significant differences in mineral dialyzability were observed by using Citr or
EDTA, when sensory evaluations were conducted, it was felt a gentle citric acid taste in the
samples with Citr. However, even if not a study of acceptability of these samples was made,
it is estimated that this effect will not be noticed with the addition of salt, oil and flavorings
normally done, for the final formulation of a commercial product.

Regarding AA addition, the results obtained in relation to Fe availability differ from those
reported by other authors (Clydesdale & Nadeau, 1985; Gorman & Clydesdale, 1983;
Wolfgor et al., 1996). It should be noted that in these cases the foods were obtained under
different processing conditions. The AA is a labile compound and probably degraded
during the extrusion process. On the other hand, Siegenberg et al., (1991) suggest that
ascorbic acid prevents the inhibitory effect of phytates when administered to a certain dose
(30 mg AA to 10-58 mg phytate P). It would be necessary to measure phytate content and
residual AA in these samples, in order to determine whether the lack of AA effect is due to
insufficient level of AA.

3.2.3 Effect of iron sources on mineral dialyzability

Figure 7 shows mineral dialyzability from extruded products made using the selected iron
sources: ferrous sulfate (FS), ferrous bisglycinate (FB) and FeNaEDTA (FE).

It was noted that the DFe% from FS and FB fortified samples was lower than that from the
CS, and the DFe% from FB is less than that of FS. This last result is different from that
reported by other researchers who observed that FB has better bioavailability than FS,
especially in foods containing inhibitors of non-heme iron absorption (Bovell-Benjamin et
al., 2000; Layrisse et al., 2000; Olivares et al., 1997; Pizzarro et al., 2002).
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Fig. 7. Mineral availability (DFe%, DZn% and DCa%) from extruded samples with the
addition of different iron sources. Different letters mean significant differences between
samples (P <0.05). a-d: for DFe%; e-g: for DZn%; h-i: DCa%

FS is the reference iron source for fortification (Hallberg & Rossander, 1984). However, it is
likely to cause organoleptic changes in foods in which it is used (Pizarro et al., 2002; Wolfgor
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et al., 1996) and susceptible to the inhibitory effect of food matrices (Hallbreg & Rossander,
1984). On the other hand, it is known that at pH 2 (pH of the stomach), iron from either FS,
FB or FE is fully ionized. When the pH increase to 6 (pH close to the duodenum), the iron
from FB and FE is soluble, while the solubility of iron from the FS decreases by 64%
compared with the amount of soluble iron at pH 2, showing thus, the solubility of iron from
the FB and FE sources is not affected by changes in physiological pH, probably because iron
remained associated with the respective compounds (Garcia-Casal & Layrisse, 2001) and
could promote iron availability.

Bovell-Benjamin et al.,, (2000) and Pizarro et al.,, (2002) suggest that iron from ferrous
bisglycinate is absorbed similarly to FS and it is ionized in the acidic environment of the
stomach, releasing the cations of iron (as Fe2*), which are then absorbed in the duodenum
following the path of non-heme iron absorption and is, like the FS, subjected to the action of
inhibitors.

However, in our study, the DFe% from FB was slightly lower than that of FS, which could
be due to an interaction of Fe amino-chelate with the food matrix during extrusion processes
(high temperature and pressure).

The highest value of DFe% was obtained with the sample fortified with FE, possibly due to
the complexing ability of EDTA which reduces the effect of intrinsic inhibitors of cereals
(Bothwell & MacPhail, 2004; Garcia-Casal & Layrisse, 2001). The FE is what is called
"protected iron compound".

Another important fact to consider is that the use of FE did not produce sensory changes in
the extruded samples, which agree with the statement made by Davidsson et al., (2002), who
suggest that there is evidence that supports the use of FE to fortify cereals. The use of FE in
fortification programs is very recent and limited, because only in 1999, the Expert
Committee on Food Additives of FAO / WHO, declared it safe to use on human health and
EF can be used in supervised fortification programs, providing about 2 mg Fe / kg body
weight/ day (JECFA, 1999).

DZn% was affected by using different sources of fortification. Thus, when FS was used, the
maximum value of dialysis (78.46%) was reached. It could be supposed that the ionic iron in
excess relative to zinc (in the case of FS fortification), releases zinc from possible interactions
with inhibitory compounds.

Regarding FE fortification, there was no promoting effect of EDTA on the availability of Zn,
as observed in other food matrices such as milk and yogurt (Drago & Valencia, 2008), or
bread rolls (Davidsson et al., 1994; Hurrell, 1997).

The DCa% was about the same (p: 0.17) regardless of the source of iron used.

Davidsson et al., (2002) and Walter et al., (2003) suggested that FE is a good alternative to
replace ferrous sulfate, as it has a low interaction with the food matrix. However, it could
interact with some other compounds present in foods (like cereal with banana extract, or
cocoa-based foods, etc), which could cause unacceptable sensory disturbances (Hurrell,
1997).

3.2.4 Effect of iron absorption enhancers on mineral dialyzability from corn: soybean
blends fortified whit different iron sources

The results of FS fortification and iron enhancers addition is shown in Figure 8.

It can be seen that the use of enhancers, in all cases increased DFe%, being the most
important, that obtained when EDTA was used (2.6 times compared to the sample without
enhancers). Ascorbic and citric acids enhanced DFe%, but their effect was less than that of
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Fig. 9. Mineral availability (DFe%, DZn% and DCa%) from ferrous bisglycinate (FB) fortified
extruded samples with the addition of different iron absorption enhancers. Different letters
mean significant differences between samples (P <0.05). a-c: for DFe%; d-g: for DZn%; h-i:
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EDTA. These results are consistent with those reported by Walter et al., (2003). They
conducted trials in humans who ate corn tortillas fortified with ferrous fumarate, ferrous
sulfate, ferrous bisglycinate with and without the addition of EDTA. They found that EDTA
improved the bioavailability of iron from samples fortified with the three iron sources.

The already high DZn% did not improve by the addition of enhancers (EDTA and Citr) and
decreased in the case of AA addition. However, Hurrell et al., (1994) observed in studies
conduced in rats, that the addition of EDTA increased the bioavailability of Zn in diets
based on soy isolate.

Both the use of citric and EDTA slightly increased the DCa%.

Thus, when using ferrous sulfate as a source of fortification, the best enhancer proved to be
the EDTA, followed by citrate, because not only favored the Fe, but also the Ca availability.
Figure 9 shows the results obtained when using the ferrous bisglycinate (FB), with and
without the addition of iron absorption enhancers.

Regarding DFe% the best enhancer proved to be EDTA, although AA and Citr also showed
a promoting effect. The results obtained for iron, is consistent with that reported by Walter
et al., (2003) cited above, in relation to the fact that EDTA increases the bioavailability of
FB.When this source of iron was used, it was observed that EDTA promoted DZn% but Citr
and AA were unfavorable. Only Citr increased DCa%.

In Figure 10 it is observed the effect of enhancers: AA and Citr, when FE was the iron source
used. It is seen that AA did not modify DFe% or DCa%, but was the best enhancer for
DZn%. In turn, Citr increased the dialysis of Fe and Ca, but decreased the DZn%, still below
than that obtained in the absence of any enhancer.

These results show that depending on the source of iron, calcium or zinc that is used in the
fortification, it should be selected suitable enhancers, or may be convenient not use anyone.
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Fig. 10. Mineral availability (DFe%, DZn% and DCa%) from ferric sodium EDTA (FE)
fortified extruded samples with the addition of different iron absorption enhancers.
Different letters mean significant differences between samples (P <0.05). a-b: for DFe%; c-e:
for DZn%; f-g: DCa%.
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3.2.5 Fe, Zn and Ca availability from multi-fortified samples

Figure 11 shows the results obtained from studies on the availability of minerals from
extruded corn: soybean fortified with FS as a source of iron and also adding Zn and / or Ca,
with and without the addition of absorption enhancers. The enhancers used were selected
based on the results of previous experiences, so we rejected the use of AA.

The addition of Zn in the presence of FS (FS vs. FS+Zn) did not affect DFe%, but the
addition of Ca markedly decreased (FS vs. FS+Ca). This effect was even greater when Zn
was added (FS vs. M, M: combination of three sources: FeSO,, ZnSO4 and CaCOs). The
simultaneous addition of Zn and Ca impaired DFe% of endogenous iron, even in the
absence of fortification with FS (CS vs. Zn+Ca).

The use of enhancers, like Citr and EDTA for multi-fortified samples (with Fe, Zn and Ca)
was very favorable, being EDTA the best enhancer.
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Fig. 11. Mineral availability (DFe%, DZn% and DCa%) from multi-fortified extruded
samples with the addition of different iron absorption enhancers. Different letters mean
significant differences between samples (P <0.05). a-e: for DFe%; f-m: for DZn%; n-t: DCa%.

In presence of FS, endogenous Zn availability is very high and even higher than the blank
(CS), but adding CaCO3 (FS+Ca) decreases significantly and is even lower when Zn as
ZnSOy is added (FS vs. FS+Zn). Probably the added Zn interacts with the food matrix by
forming complexes unable to dialyze for its insolubility and molecular size. Moreover, the
addition of Ca in the presence or absence of FS caused a significant decrease in DZn% (Zn+
Ca and M). This decrease may be due to complex formation between calcium, zinc and
phytates, which are insoluble and cannot dialyze, nor absorbed (O'Dell, 1989; Wise, 1995).
Enhancer addition (Citr. or EDTA) to samples multi-fortified with Fe, Zn and Ca improves
the availability of Zn, although the level reached is significantly lower than those reach for
the control and the sample with only FS added.

These results indicate that Ca interacts with both Fe and Zn, endogenous and from
fortification. The technique used to determine the mineral availability is an in vitro method.
This implies that for these minerals, the inhibition by physicochemical interaction play an
important role in the inhibition of in vivo absorption. Besides that, Ca inhibits Fe at mucosal
level, as it was demonstrated by Hallberg et al., (1991, 1992).
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In the presence of FS, endogenous Ca availability is high and equal to control. Also, the
addition of Zn is beneficial for dialysis (CS vs. FS+Zn). However, the Ca added as CaCO3
has lower availability (FS vs. FS+Ca). Something similar happens with the addition of Ca
in the absence of FS and the presence of Zn (Zn+Ca). The Ca added interacts with the food
matrix forming complexes unable to dialysis because of their insolubility or molecular
size.

The increased availability of Ca, is observed with the addition of the three minerals
FS+Zn+Ca (M vs. FS+Ca vs. Zn+Ca). This suggests that other minerals (Zn and Fe) have
slightly more affinity for inhibitory ligands, compete for binding with them, and
consequently the conditions for the Ca dialyzability are more favorable. The addition of Citr
is a good option in the case of a product multi-fortified with Fe, Zn and Ca, because it
improves the availability of Ca and Zn, but the use of EDTA for the same purpose is a better
option, as also favors the DFe%. However, the high values of dialyzability for Fe, Zn and Ca
from the sample with FS+EDTA were not reached.

4. Conclusions

The source of mineral and enhancers affected the characteristics of the extruded products.
From all sources and enhancers selected, samples with the addition of Ca and Citr were the
ones that differ from the rest, in terms of their physical properties. With CaCOs;, the
extruded products had lower values of Exp and SV, which could cause lower product
acceptability. When citrate was used as an enhancer, the extruded products showed
intermediate values of Exp and low values of SV. The addition of Ca and / or Citr, involved
a lower degree of cooking. Thus, these samples were the hardest, both for sensory and
mechanical test.

The addition of soy grits (12% replacement) not only improve the protein value (protein
content and quality) without impairing the sensory attributes of the expanded, but also
improved the supply of iron and zinc (more content and better availability) and calcium
(increased supply) of these products.

Although endogenous mineral availability is higher than that from mineral fortification, the
final supply from the fortified product is higher. This is related to the iron source that is
used in the fortification and the use or not of proper enhancer.

The use of EDTA may be an appropriate strategy to enhance the contribution of intrinsic
minerals (Fe, Zn and Ca) of these products without fortification.

Of the three iron sources evaluated, FeNaEDTA had the highest availability of iron
compared to ferrous sulfate and ferrous bisglicinate. Its use did not affect the availability of
endogenous Zn and Ca. However, the sample fortified with FS had a better availability of
Zn. This fact, together with the high cost of FE makes the FS the most appropriate iron
source to fortify this kind of products.

When ferrous sulfate was used as a source of fortification, the best enhancer proved to be
the EDTA, because not only favored the availability of Fe, but also Ca availability. The
addition of AA or Citr showed no advantage when FeNaEDTA was used. AA was not a
good enhancer for this kind of matrix and process.

Interactions were demonstrated between the sources of minerals. Ca fortification impaired
Zn availability and most significantly Fe availability. This negative effect was greater in the
presence of Zn and Ca.
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The use of EDTA as an enhancer improved the availability of minerals in multi-fortified
products.

When a multi-fortified product is going to be formulated, it is very important to evaluate the
interactions among different minerals and to select the combination of mineral sources and
absorption enhancers more appropriate for the elaboration of the product.

Calcium is an essential mineral whose daily requirement expressed in terms of mass is
several times higher than the requirements of iron and zinc. Thus Ca can interfere with
absorption of these micronutrients. For this reason, calcium, iron and zinc fortification
would not be desirable in the same food, being much more advantageous to choose different
foods to which they can be fortified with micronutrients, selecting those which have little or
no interference between them.

Each micro-nutrient has its own chemical and technological characteristics that must be
carefully considered when planning a fortification strategy. It is also important to consider
the technological challenges that come with industrial fortification with more than one
micronutrient, because the negative effect that could cause on the sensory characteristics of
fortified foods.
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1. Introduction

Soybean (Glycine max) serves as a major human food and animal feed component due to its
nutritional and health values. As an important dietary source of protein, fat, fiber, minerals
and vitamins, soybean also provides many bioactive components such as phytoestrogens
with potential benefits for human health (Messina, 1999). Meanwhile, other components
present in soybean like trypsin inhibitors and phytate can act as anti-nutritional factors that
interfere with protein digestion or chelate nutritionally essential elements including Ca, Zn
and Fe (Liener, 1994; Hurrell, 2003). While trypsin inhibitors are heat labile and are usually
inactivated in the production of soybean meal or soy protein isolate, phytate is heat stable
and needs phytases for its hydrolysis. Phytases are phosphohydrolytic enzymes that initiate
the stepwise removal of phosphates from inositol hexaphosphate (Lei & Porres, 2007).
Phytase supplementation has become an efficient tool to improve bioavailability of P
present in feedstuffs and to reduce the amount of phytate-derived P excreted to the
environment by animals. Phytase-mediated hydrolysis of phytate also releases several other
essential minerals (Lei et al., 1993a,b,c). Soybean meal is a common ingredient to be mixed
with corn and other cereals for the swine and poultry ration. Various sources of plant and
microbial phytases, along with other feed supplements such as citric acid, vitamin D, and
strontium, have been tested to enhance utilization of P and other nutrients in the corn-
soybean meal based diets (Han et al., 1998; Snow et al., 2004; Pagano et al., 2007b). Findings
from these experiments have been used to improve performance and health of commercial
herds and spare costly non-renewable sources of inorganic P.

Soybean serves as an important component of many dishes oriented to human nutrition. It
is consumed as cooked, sprouted, and processed into soy milk, tofu, miso, tempeh or natto.
Industrial processing of soybean is derived not only by its nutritional properties, but also by
its chemical characteristics. Soy proteins contain lipophilic, polar, non-polar, and negatively
and positively charged groups that enable them to be associated with many different types
of compounds (Endres, 2001). Representing the major industrial products, soy oil and
soybean meal are produced through a solvent extraction process. Crude soybean oil is
further processed in to a variety of products, whereas soybean meal can be further
processed to protein concentrates, protein isolates, or textured protein products for
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preparations of comminuted meat products or meat analogs. Although phytase may be used
to improve the nutritive utilization of soybean by humans, much less research in this regard
has been done than that in animals.

2. Nutrient and non-nutrient composition of soybean

Soybeans are important dietary sources of protein, lipids, minerals, vitamins, fiber, and
bioactive compounds. The chemical compositions of soybean and most of its derived
products are characterized by high protein content that ranges from 33 to 43% (Grieshop et
al.,, 2001; Karr-Lilienthal et al., 2004; Rani et al., 2008; Saha et al., 2008). After soy oil and hull
are removed during processing of soybean meal, protein contents of the resultant products
may rise to 47-59% (NRC, 1998; Grieshop et al., 2003). Higher protein contents may be
achieved in specific extraction products like soybean protein concentrate or soybean protein
isolate (64 and 85%, respectively; NRC, 1998). Soybean manifests an excellent amino acid
profile, with only lysinine and methionine as the limiting amino acids (for swine). The
potential availability of soybean amino acids can be affected by the extent of thermal
processing conditions (Grieshop et al.,, 2003). Parameters like KOH protein solubility,
protein dispersibility index (solubility in water) or urease activity (trypsin inhibitor activity)
are used to assess the quality of soybean protein and the processing appropriateness of
soybean products (Grieshop et al., 2003; Karr-Lilienthal et al., 2004). Oil and fiber are the
other two major components of soybean. Acid-hydrolyzed fat is in the range of 13-15%, and
may reach 22% (Achouri et al., 2008; Rani et al., 2008; Saha et al., 2008; Yuan et al., 2009).
Soybean oil is mainly composed of polyunsaturated fatty acids followed by
monounsaturated and saturated fatty acids. The major fatty acid is linoleic acid, although
soybean oil has considerable amounts of oleic and linolenic acids (Nwokolo, 1996; NRC,
1998; Yuan et al., 2009). The presence of lipoxygenase can give rise to the appearance of off-
flavors and aroma at different stages of processing, which may negatively affect the
organoleptic properties of soybean oil. The major food uses of soybean oil are as salad or
cooking oil, part of mayonnaise and dressings, and margarine or shortenings. Dietary fiber
in soybean comprises from 11.3 up to 30% of the total seed content (NRC, 1998; Grieshop &
Fahey, 2001; Karr-Lilienthal et al., 2004; Jiménez-Escrig et al., 2010). The fiber content of
soybean meal is considerable, unlike lipids which are in very low proportion due to an
initial extraction process. Soybean and its by-products are also a good source of nutritionally
essential macro- and micro-minerals (Raboy et al., 1984; NRC, 1998; Giami, 2002; Karr-
Lilienthal et al., 2004; Rani et al., 2008), although their availability can be seriously
compromised by the presence of phytic acid, polyphenols, and oxalate, or by the specific
structure of soybean proteins (Lynch et al., 1994).

A variety of non-nutritional components in soybean may interfere with its nutrient
availability (Liener, 1994). Among these components, protease inhibitors and lectins
decrease protein digestion, cause systemic effects on the digestive tract, and inhibit animal
growth. Heat processing for the production of soybean meal and reduction of disulphide
bonds using a NADP-thioredoxin system can inactivate such components and alter the
compact structure of soybean proteins, thus improving the nutritional value of soybean
containing foods (Liener, 1994; Kakade et al.,. 1972; Marsman et al., 1997; Giami et al., 2002;
Olguin et al., 2003; Karr-Lilienthal et al., 2004; Faris et al., 2008). Meanwhile heat-stable
components including phytate (Raboy et al., 1984; Han et al., 1988; Kumar et al., 2005; Yuan
et al., 2009), polyphenols, saponins (Giami, 2002), oxalate (Ilarsan et al., 1997; Al-Whash et
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al., 2005) or a-galactoside oligosaccharides may interfere with the bioavailability of protein,
lipids or minerals present in the diet or induce flatulence (Suarez et al., 1999). Al-Whash et
al. (2005) have reported that a strong correlation exists between oxalate and phytate content
of soy foods and a significant correlation, based on molar basis, between the divalent ion
binding potential of oxalate plus phytate and Ca plus Mg content. Nevertheless, some of
these so-called anti-nutritional factors like saponins, phytic acid and polyphenols are also
responsible for certain beneficial health effects related to soybean consumption (Rao & Sung,
1996; Porres et al., 1999; Kerwin, 2004; Kang et al.,, 2010; Zhang & Popovich, 2010). In
general, the proximate composition of soybean or soybean meal is highly dependent on
genetic, environmental, and processing conditions (Grieshop & Fahey, 2001; Karr-Lilienthal
et al., 2004; Kumar et al., 2006). Improvement of soybean cultivars for specific characteristics
such as early maturity, high yield, desired seed quality and resistance to pests has been
carried out through plant breeding, and new lines of soybean have been developed (Giami,
2002). In addition, contents and properties of the major anti-nutritional components in
soybean like trypsin inhibitors, polyphenols or phytic acid are not altered in the advanced
lines tested.

3. Phytase: Enzymology and dietary efficacy

Phytases are phosphohydrolytic enzymes that initiate the stepwise removal of phosphate
groups from myo-inositol hexakis phosphate. Four different classes of phosphatase activity
are known to degrade phytic acid and to exhibit different catalytic efficiencies, structure,
mechanism of action and biochemical properties (Lei et al.,, 2007). Histidine acid
phosphatases are the most widely used phytases in animal feeds. The three remaining
phytase groups include p-propeller phytases, cysteine phosphatases, and purple acid
phosphatases. A phytate-degrading enzyme belonging to the last group has been reported
in the cotyledons of germinating soybeans by Hegeman & Grabau (2001). Phytase efficacy in
releasing phytate-P from corn-soybean meal diets has been reported (Lei et al., 1993a,b;
Stahl & Lei, 2000; Auspurger et al., 2003; Applegate et al,, 2003; Gentile et al., 2003).
Estimated inorganic P/ phytase equivalence in animal diets is that 300-600 phytase units/kg
of diets can release 0.8 g of digestible P and replace either 1.0 or 1.3 g of P from mono- and
dicalcium phosphate, respectively (Ravindram et al., 1995; Yi et al., 1996; Radcliffe and
Kornegay, 1998; Esteve-Garcia et al, 2005). Supplemental phytase also improves the
availability to farm animals of Ca, Zn or Fe in the soybean meal (Lei et al., 1993c; Lei et al.,
1994; Stahl et al., 1999; Jondreville et al., 2005; Lei & Stahl, 2000, 2001). Dephytinization of
soy formulas or soybean-derived food products intended for human consumption has also
improved bioavailabilities of Fe and Zn (Hurrell, 2003).

The stomach seems to be the major site of action for the histidine acid phosphatases isolated
from Aspergillus niger (Jongbloed et al., 1992; Yi and Kornegay, 1996) or Escherichia coli
(Pagano et al., 2007a). Because E. coli phytase has a higher pepsin resistance than A. niger
phytase (Rodriguez et al., 1999), pigs fed the E. coli phytase retained similar phytase activity
in digesta among the stomach, duodenum and upper jejunum, whereas little phytase
activity was found in the distal small intestine of A. niger phytase-fed animals. Interestingly,
Pagano et al. (2007a) found an inverse relationship between colonic phytase activity and the
amount of phytase supplemented to the diet. In a similar way, the major sites of phytase
activity in poultry are the crop, gizzard and proventriculus, whereas little activity is found
in the small intestine (Yu et al., 2004). There are several determinants of phytase efficacy to
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improve the nutritional value of soybean derived products (Lei & Porres, 2007). The most
important factor appears to be the Ca/P ratio that should be lower than 2:1 (Lei et al., 1994).
While an excess of Ca in the diet inhibits phytate-P hydrolysis and decreases P availability
(Tamin & Angel, 2003), an excessive amount of inorganic P can also negatively affect the
effectiveness of phytase. Meanwhile, la-hydroxycholecalciferol and organic acid
supplementation have shown synergistic effects on the phytase function in improving
mineral bioavailability (Li et al., 1998; Snow et al., 2004; Han et al., 1998; Omogbenigum et
al., 2003). Combined supplementations of phytase and other feed enzymes have been shown
to improve the nutrient utilization of animal feeds (Ravindram et al., 1999; Wu et al., 2004;
Juanpere et al., 2005). Likewise, combination of microbial phytase with ingredients like
wheat middlings with high intrinsic phytase activity reduces the need for supplemental
microbial phytase (Han et al., 1998). However, no major benefit was seen from the
combination of different microbial phytases (Stahl et al., 2001; 2004; Auspurger et al., 2003;
Gentile et al., 2003).

4. Synergism of soybean and phytase in nutrition

Due to its excellent protein quality, soybean meal has been extensively used as a common
protein supplement in swine and poultry ration (Lei et al., 1993a,b; Fernandez-Figares et al.,
1997; Stahl et al., 2003; Boling et al., 2000). Different strategies have been employed to
improve its nutritional value. These include supplementing its limiting amino acids or
mixing with corn, and wet feeding (Liu et al., 1997), supplementing organic acid
(Ravindram & Kornegay, 1993), or treating with enzymes. Supplementations of exogenous
carbohydrases, proteases or phytases enhance the dietary utilization of essential nutrients
that otherwise would be lost to the animal and excreted to the environment. Soybean is also
being increasingly used in aquaculture to replace the scarce and expensive fishmeal protein
in diets for fish, crustaceans, and shellfish (Yan et al.,, 2002; Pham et al., 2010; Brinker &
Reiter, 2011). In addition, substitution of 50% or even 100% of fish meal by a mixture of
soybean meal and wheat gluten in trout diets counteracted the pathological alterations in
the liver that were often related to highly-energetic fish meal diets (Brinker & Reiter, 2011).

Addition of phytase to the corn-soybean meal based diets for farm animals (Lei & Porres,
2007) improves phosphorus retention and bone metabolism not only in P-deficient, but also
in P-adequate pigs. Pagano et al. (2007b) has observed increments in bone breaking strength
(11-20%), mineral content (6-15%) and mineral density of metatarsals and femur of pigs fed
P-adequate diets supplemented with the E. coli phytase and strontium. Supplemental
phytase also resulted in larger bone areas and larger cross-sectional area of femur. Such
findings could be of enormous interest in developing strategies to prevent and improve the
recovery of hip fractions associated with osteoporosis in the elderly. Furthermore, phytase
supplementation may enhance the availability of other minerals like Ca, Zn, Fe, Cu or Mn
that are present in soybean meal but are currently added to swine and poultry diets (Adeola
et al.,, 1995; Lei et al., 1993c; Lei et al., 1994; Rimbach et al., 1997; Stahl et al., 1999). Beneficial
effects of phytase on Fe availability from soybean are quite a special issue since soybean
consumption appears to affect differently the absorption of heme or non-heme Fe. A
significant proportion of the Fe content in soybean is present in the seed coat with
potentially good availability due to the lack of polyphenols in this seed constituent
(Moraghan, 2004). However, consumption of soybean-derived products negatively affects
non-heme Fe absorption (Derman et al., 1987) mainly due to the presence of phytic acid
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(Hurrell et al., 1992; Davidson et al., 2001; Hurrell, 2003), and to a lesser extent due to the
glycinin fraction (11S) of soybean protein (Lynch et al. 1994).

Although several low-phytate barley or corn lines have been developed and tested for
nutritional applications (Sugiura et al., 1999; Baxter et al., 2003; Applegate et al., 2003;
Overturf et al., 2003), the low-phytate soybean line has shown a reduced seedling emergence
(Meis et al., 2003; Oltmans et al., 2005; Trimble & Fehr, 2010). In contrast, Yuan et al. (2009)
have recently developed two new low phytic acid mutants and studied their nutritional
properties. Their mutants showed good agronomic performance, reduced phytic acid, and
increased inorganic P concentration in all tested environments without changes in the crude
protein content, amino acids, total oil, and individual saturated fatty acids despite variations
in oleic and linoleic acid contents. Furthermore, low phytic acid lines had a higher content of
isoflavones than their parental wild-type lines.

Nevertheless, phytase supplementation is still the most feasible method for improving the
phytate-mediated low availability of essential minerals in the corn soybean-based diets. In
fact, Stahl et al. (1999) found that phytase was effective in releasing phytate-bound Fe and P
from soybean meal in vitro, and in improving dietary Fe bioavailability for hemoglobin
repletion in young anemic pigs fed a standard corn-soybean diet. On the other hand, Lynch
et al. (1985) reported that partial substitution of beef with soy flour reduced the availability
of non-heme Fe but significantly improved the percentage of heme Fe absorption, although
the net effect appeared to be a modest reduction in the total amount of Fe absorbed.
Furthermore, Beard et al. (1996) reported that Fe-deficiency anemia was overcome in rats
fed diets containing soybean ferritin, and suggested that a considerable amount of Fe
present in soybeans was associated with ferritin of high bioavailability. Davila-Hicks et al.
(2004) found that Fe was equally well absorbed from ferritin and ferrous sulphate by non-
anemic healthy young women, independent of the phosphate moieties of the ferritin Fe
mineral (high phosphate Fe mineral of plant origin or low phosphate Fe mineral from
animal origin). Hurrel et al. (1998) and Davidsson et al. (2001) reported that phytase-
catalyzed dephytinization of soy or pea infant formula produced a significant improvement
in Fe bioavailability, whereas Porres et al. (2001) supplemented different phytase enzymes
to whole wheat bread and observed a significant phytic acid degradation, free P release and
improvement of in vitro Fe availability. Phytase may also be applied in the industrial
processing of soybean to prepare certain foods for human consumption. Saito et al. (2001)
have developed a novel method for separating the major soybean storage proteins (-
conglycinin and glycinin using phytase that was added to defatted soymilk at pH 6
followed by incubation at 40°C. Dephytinization helped to achieve an optimum separation
of soluble and insoluble soybean storage proteins without the need for using a reducing
agent or cooling,.

Developing phytase transgenic crops represents another strategy to improve the availability
of P and other minerals in soybean. Li et al (1997) have shown the secretion of active
recombinant phytase from soybean cell suspension cultures that displayed biochemical
properties indistinguishable from the commercially available fungal phytase. Denbow et al.
(1998) have observed an improved bioavailability of phytate-P from soybeans transformed
with a fungal phytase gene to broilers. Bilyeu et al. (2008) have reported that the cytoplasmic
expression of an active appA phytase enzyme in developing soybean seeds resulted in the
conversion of nearly all seed phytic acid to inorganic P and produced abundant active
enzyme in mature seeds capable of releasing significant amounts of phytate-P from soybean
meal.
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5. Future perspective

The demonstrated and potential health benefits of soybean foods have rendered these
products as functional foods. Numerous new health claims associated with these products
are being evaluated worldwide. Several non-nutritional components in soybean have
proven to be beneficial in the prevention and nutritional treatment of chronic diseases.
Phytic acid is considered to be antioxidative due to its ability to chelate transition metals like
Fe that may induce oxidative stress (Porres et al., 1999). Fiber and isoflavones represent
other major beneficial components of soybean. Dietary intakes of soy isoflavones may be
associated with lower incidences of atherosclerosis, type 2 diabetes, and coronary heart
diseases, decreased risk of certain types of carcinogenesis, improved bone health, and
relieved menopausal symptoms (Blum et al., 2003; Xiao, 2008; Messina et al., 2009). It is
interesting to mention that those components are metabolized in the large intestine by
specific bacterial populations that are present in a relatively low percentage of Westerners
(Lambe, 2009; Messina et al., 2009). Such metabolism gives rise to products like equol that
are just as effective as or even more effective than daidzein intrinsically present in soybean
(Setchell et al., 2002). Novel benefits of soybean protein hydrolyzates have been recognized
in the treatment of hypertension and hypertension-derived renal injury (Yang and Chen,
2008). Another new finding is the ability of soy isoflavones to up-regulate the expression of
genes critical for drug transport and metabolism. Of especial interest is the stimulation of
several phase I and II metabolizing enzymes that may act in the chemoprevention of cancer,
or the activation of CYP family of enzymes that play an important role in bile acid
metabolism (Appelt & Reicks, 1997; Li et al., 2007; Bolling & Parkin, 2008). Therefore, it will
be fascinating to explore potential synergism between phytase and soybean in improving
human and animal health beyond nutrition.
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1. Introduction

1.1 Origin of soybean

The origin of soybean is considered as Manchuria and Korean Peninsula and these areas are
also the living base of ancient Dongyi tribes. In general, in the estimation of the origin of
crops, the presence of its wild species is the most important index in which lots of wild
soybeans are found at the present time in these areas. In archaeology, the cultivation year of
soybeans is estimated to be about 4,000 years ago. In Korean Peninsula, carbonized
soybeans were found at some historic sites in the Bronze Age and that provides evident for
such cultivation (Kwon et al., 2005 a). Table 1 shows the historic sites of soybean excavated
in Korean Peninsula according to their era.

Remains Kind State Period
(Earthenware)

Ohdong, Heryong Each grain of soybean, Bottom of habitat site, =~ Bronze-Iron age

County, Hambuk  red bean as carbonization bronze age (minmun pottery)
Carbonization grain of

Hor}am, Samseok fo?<ta11 millet, prosp Habitat site of No. 36 Bronze age

section, Pyongyang, millet, sorghum bicolor, (top type pottery)
soybean

Submerged area, Soybean, red beans Bronze age

Gyeonggi Paldang
Buwon-dong,
Gimhae county,
Gyeongnam

Rice, wheat, and husk of

. "
soybeans (3 each) A district, 11th floor

Table 1. Unearthed remains of soybean in Korean peninsula

It has been known that the cultivation of soybean was originated from the era of the middle
period in the agricultural age of the New Stone Age to the Bronze Age (around BC 1,500).
Some pieces of earthenware studded with soybean in the Bronze Age were found at the
Paldang submerged area in the suburb of Seoul.

Lee Sung-Woo (1988) proposed that the first people that cultivated soybean as a food in the
history of mankind is around BC 4000 ~2000. Also, it is assumed that the first cultivation of
soybeans was started in arable fields at the hub of Mountain Baekdu.
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It is considered that soybean have been contributed to the table of Dongyi tribes as an important
protein source in such primitive ages that show insufficient nutrients. Thus, it can be seen that
soybean play an important role in forming the early countries in Northeast Asia due to the
increase in military powers on the basis of improving their nutrients (Kwon et al., 20052).

1.2 Strain of soybeans and its production

The strains of soybean cultivated in Korea are classified according to purpose that includes
soybean for soybean sauces and pastes, soybean sprouts, boiled rice, early-ripening beans,
unripe beans, and premium strain.

The strains of soybean for soybean sauces and pastes are a total of 43 varieties and
distributed from Jangeup in 1978 to Joongmo 3003 in 2009 (National Institute of Crop
Science, Rural Development Administration, Korea). As new strains of soybean have been
distributed every year as a similar way to that of red peppers it is necessary to continuously
conduct studies on the proper strains of soybean for soybean sauces and pastes. The
production of soybean is about 130~180 thousand tons per year even though it is varied
according to its harvest (Table 2).

Year Area(ha) Production(ton)
2004 85,270 138,570
2006 105,421 183,338
2008 75,242 132,674
2009 70,264 139,251

Table 2. Soybean production and cultivation area by year

The essential ingredients of soybean are protein (30~50%) and fat (14~24%) where the
protein covers the largest portion of such ingredients. About 63~90% of the soybean protein
are glycinin included in globulin, and the other components are phaseolin (17%) and
legumelin. These are a type of water insoluble protein that is solved in a salt solution and
represents no specific taste (Snyder et al., 1987a; Liu, 1997a). Although a sulfur containing
amino acid is a limiting factor in an amino acid that is an ingredient of protein, it has
abundant lysine, which is insufficient in cereal protein, and helps to intake balanced
nutrients as it is taken with some cereals due to their interaction.

Although the protein of soybean has no specific component in presenting its own taste, it
represents several savory tastes as it is dissolved into the types of amino acid and peptide
and that may be used as various seasoning sources. A fermentation process that multiplies
molds or bacteria after cooking soybean dissolves soybean protein using protease in order to
obtain amino acids and peptides for resenting such savory tastes.

Regarding the uses of soybean in Korea, these uses are divided into two large different ways
such as a direct use and a dissolving process of the protein of soybean through a
fermentation process. In the dietary life in Southeast Asian countries, the soybean
fermentation technology that obtains seasonings are already developed very well.

As mentioned above, the fermentation technology using soybean has been used since a great
while ago and that represents a rich variety of products in Southeast Asian countries. The
fermented soybean products in Korea are largely classified as soybean sauces and pastes
such as Ganjang(soy sauce), Doenjang(fermented soybean paste), Gochujang(fermented red
pepper soybean paste), Dambukjang(admixture of soybean paste with other seasonings),
and Cheonggukjang(fermented soybean paste by Bacillus). Thus, such fermented soybean
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products are fairly-well known as a common name in the foods of soybean sauces and
pastes. Fig. 1 shows the classification of the uses of soybean in Korea.

Cooking —— Cooked with rice
Meju(Koji)-Fermented soybean products
Cheonggukjang
——Sprout ——Soybean sprout
Mashing
Soybean (cooking) Soybean curd
Soybean milk
Roasting — Rice cake
Bean powder(roasted)
Extract =~ ————Soybean oil

Fig. 1. Classification of soybean products in Korea

2. Non fermented soybean products

2.1 Soybean sprout

Soybean sprout are a type of vegetable that cultivates soybean in a dark place after soaking
in water and sprouting soybean as a unique manner. In general, soybean sprouts represent
soft tissue and yellowish white color because they are grown in a dark place. The history of
soybean sprouts for food use goes back to before the age of the Three States (at ancient
Korean history). Although the record presented in the Hyangyakgugeupbang, which was
published in King Gojong, Goryeo Dynasty, it is estimated that the period goes back to long
before the Century (Kwon et al., 2005Y; Jang, 1993 ).

As soybean sprout (Photo. 1.) represent a characteristic of vegetable, it can be used in
various Korean cuisines such as soybean sprout soup, boiled rice with soybean sprout,
boiled rice with assorted mixtures (bibimbap), and soybean sprout salad including their
flavoring roles in various stews.

As mentioned above, as soybean sprout in various cuisines show excellent nutritional
characteristics, it represents several advantages as low caloric, low saturated fatty acid, non-
cholesterol, and high dietary fiber foods (Hwang, 1995).

Regarding the characteristics of soybean sprout, it can be cultivated without sunlight and
shows a short period of growth within seven days at 20~22C. Also, soybean sprout can be
cultivated regardless of locations and season if possible growth conditions are configured.
In particular, soybean sprout have been used as one of the most familiar vegetables for
Koreans due to its low price and nutritional aspects, which include abundant protein, fat,
vitamins, active minerals, and so on (Park, 1991, Kim et al., 1993). Table 3 shows the
comparison of the nutrition facts in soybean sprout.
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3 S 4t
Photo. 1. Growing of soybean sprout

Ingredients Soybean Soybean sprout
Moisture(g) 9.7 89.3
Protein(g) 36.2(40.1) 5.3(49.5)
Fat(g) 17.8(19.7) 1.2(11.2)
Carbohydrate(g) Sugar 25.7(28.5) 2.8(26.2)
Fiber 5.0(5.5) 0.6(5.6)
Ash(g) 5.6(6.2) 0.8(7.5)
Calcium(mg) 245(271) 26(243)
Phosporus(mg) 620(687) 81(757)
Iron(mg) 6.5(7.2) 0.8(7.5)
Vitamin A(LU) 0 0
-carotein(pg) 0
Thiamine(mg) 0.53(0.6) 0.14(1.3)
Riboflavin(mg) 0.28(0.3) 0.11)1.0)
Niacin(mg) 2.2(24) 0.6(5.6)
C(mg) 0 13(121)

*weight / 100g ( ) : weight/100g dry base

Table 3. Nutritional value of soybean and soybean sprout (Kim, et al, 1993)

The Vitamin C contents in the special nutrition facts of soybean and soybean sprout are

presented in Fig. 2 (Kim et al., 1993).

As shown in Fig. 2, the vitamin C contents largely increase during the growth period of
soybean sprout in which it is not detected in the early stage of the growth but shows the
maximum level at the seventh day as 18mg/100g. In the results, it shows the vitamin C can

be newly produced through its entire growth period.

In addition, changes in the generation of asparagines, which is one of the particular

ingredients in soybean sprout, are presented in Fig. 3 (Yang et al., 1977).
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As illustrated in Fig. 3, the asparagines contents in the growth period of soybean sprout
significantly increase after six days of starting the growth and show up to 22% of the
amount of dried one after 10 days of starting the growth.

In addition, the isoflavone contents largely increase during the sprouting period of soybean
sprout (Kim et al., 2004). Based on these results, it shows that the special functional
ingredients in soybean are newly created during its growth period.

Soybean sprout in Korea have been used as sub-materials in various cuisines, such as boiled
rice with assorted mixtures, boiled rice ball with soybean sprouts, stews, and soups, as
exquisite foods (Lee, 2005).

2.2 Soybean curd (Tofu)

Soybean curds show a long history in its dietary uses in Korea, China, and Japan and have
currently been sold in western markets. In particular, soybean curds have been playing roles
in supplying excellent protein sources to the consumers who are lack of animal proteins in
these countries.

Literatures on soybean curds were recorded about 2,100 years ago at the era of Hoenam
King, Han dynasty, China, and showed the propagation of soybean curds to Korean
Peninsula before the end of the era of Goryeo Dynasty (Kim, 2005).

Then, the production technology of soybean curds was propagated to other neighbor
countries since the era.

The reason that the soybean curds have been used in recent times even though it has such a
long history is considered as its unique taste and particular texture (Jang, 1993 b)

The chemical composition of soybean curds are about 80~85% of water, 8.5% of protein,
5.5% of fat, and 1.5% of ash in which protein covers a high portion of about 42~52% in its
solid part. The nutrients included in soybean curds are essential amino and fatty acids
required by the human body. Also, soybean curds include some active minerals such
calcium, iron, and so on. Fig. 4 shows the process of producing soybean curds (Jang et al.,
2008).

water water antiformer coagulant
l l l l
soybean (—screening—steeping — crushing— [Filter —boiling _):r?i}llk —coagulation

soybean

ress, moulidin cuttin soakin
P g 1 g [ g curd

!

waste water

Fig. 4. Manufacturing process of common soybean curd
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The major soybean curd products produced in Korea are regular soybean curds, coagulated
bean curds, and soft soybean curds. The most largely produced regular soybean curds
represent soft texture and rectangular shapes, and have the characteristics of simple taste
and flexible resilience. The soft soybean curds represent satiny surfaces and very soft
textures. The coagulated bean curds partially include some solid parts in a liquid phase.
Although such soybean curds are directly taken, soybean curds are usually processed as
stews, soups, soybean curds pancakes, and soybean curds dumplings. The daily intake of
soybean curds in Korea has been recorded as 24.5g per person (National Health and
Nutrition Examination Survey, 2005). Thus, a lot of people in Korean take soybean curds
every day as a large sum.

2.3 Creamy soybeans (Soy milk)

Soybean curds are produced using coagulants after grinding and filtering soybeans, and the
phase before applying the gelling agent is called creamy soybeans or soybean juice (Kim,
2005). As the creamy soybeans were mentioned in the Hyangyakgugeupbang, which was
published in King Gojong (1236), Goryeo Dynasty, it is estimated that the creamy soybeans
had already produced by average people in the era of the Unified Shilla(an old country in
Korean peninsula) .

Although creamy soybeans are produced by grinding steamed soybeans or by grinding just
after applying water immersion, it can be regarded that the grinding and filtering of soybeans
are used in the early stage of producing such creamy soybeans (Jang, 19932). The creamy
soybeans include several functional substances and then considered as good nutritious foods
for preventing chronic diseases (Lee et al., 1997). Creamy soybeans are directly taken as a type
of beverage and have been largely known as Korean exquisite foods that are usually prepared
with other foods including noodles, such as creamy soybean noodles. Fig. 5 illustrates a simple
process for producing such creamy soybeans (Jang et al., 2008).

boiling water

!
. . . . . filtering or
soybean— sorting |- peeling — steeping |— |poiling > crushing/— centrifuge
|
epidermis
additives
|

homogen
ization

blending — |sterilization — |deoderingi— — cooling — ffilling - |product

Fig. 5. Processing procedure of soybean milk

2.4 Other soybean products

There are many soybean used as foods in Korea. Some foods use soybeans directly such as
soybean Gangjeong(a kind fried glutinous rice or soybeans), Jorim(boiled soybean with
seasonings) and roasted soybean powder for making rice cake. Also, soybeans have been
used as several purposes for increasing tastes by grinding and applying it to other rice
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products such as soybean rice cakes. In addition, there are lots of homemade soybean used
foods (Lee, 2005).

Furthermore, soybeans have been used to compensate the nutrition of rice by mixing it with
other different foods including boiled rice and boiled rice with different grains.

Soybean Gangjeong mixed soybean that has been taken as one of the most popular soybean
foods is produced by mixing some puffed grains or soybeans with a concentrate malt syrup.
Then, the mixtures of soybeans, sesames, walnuts, pine nuts, peanuts, and so on are cut by
proper sizes. The concentrate malt syrup mixed with soybean is taken as a snack because
they show nutty, sweet, and other particular tastes.

Jorim(boiled soybean with seasonings) are made using black soybeans and boiled in
soybean sauces with some starch syrup after immersing soybeans into water. The properly
Jorim are taken as a side dish of boiled rice. Soybeans applied to rice cakes contribute to
softening its texture and to improving taste.

Roasted soybean flours are used to produce rice cakes, such as glutinous rice cakes, using
the dough of glutinous rice by mashing it using a wooden hammer. Then, the rice cakes are
coated with roasted soybean flours and cut by proper sizes. Rice cakes have been
contributed to all types of ceremonies including some happy events and sacred rites and
then the cakes are distributed to families and relatives. In addition, rice cakes have been
recently taken as good snacks.

Roasted soybean flours are produced using a fine mesh in order to obtain fine flours after
roasting it with high temperature and grinding it.

Also, oil extraction using soybeans is performed applying a modern method. The soybean
oil products have been produced and distributed using imported soybeans, which are about
one million ton annually. The remains of soybeans after extraction it are used as feeds or
soybean sauces and pastes.

3. Fermented soybean products

Korean traditional foods use agricultural products from a longstanding heritage of agrarian
society, and such agricultural products provided by nature have been largely used in
practical life due to distinctive four seasons. In particular, the dietary life was determined
based on the principle food of rice and then cultures with boiled rice were already settled in
B.C. Also, some side dishes were also introduced as the major elements in the dietary life. In
addition, some subsidiary food materials that provide specific flavors to boiled rice, which
has no particular taste, were required and then subsidiary foods were also developed.
However, vegetables were not properly used as such side dishes for boiled rice because
these vegetables showed no flavors. Thus, certain brining methods for these vegetables were
introduced and developed. By introducing brining methods in Korea, it was an occasion
that the dietary life in Korea was changed to fermentation based diets.

Fermented foods in Korea have been formed as the principle foods in Korean dietary life
where there are no foods that do not use fermentation methods in diets directly or
indirectly. Also, fermented products play important roles in determining the tastes of foods.
In particular, such brining and fermentation methods have been used as a way for spending
a winter season, which has no vegetables, and are the chances to form the characteristics of
dietary cultures in Korean people. In addition, for presenting tastes, savory, sour, and sweet
tastes are created based on the fermentation by salts and that contributed to represent the
originality of Korean foods (Shin, 2008).



Utilization of Soybean as Food Stuffs in Korea 89

Therefore, the food cultures in Korea cannot be considered by excluding the fermented
foods, and Korean traditional foods should be discussed on the basis of the characteristics of
fermented foods. That is, the dietary culture of fermentation becomes the basic fabric of
Korean foods and takes a large part of life.

Table 4 shows the products that can be produced using fermentation methods.

Variety Sub division Typical products

Agro-products(Fermented  soybean products, Kimchi,
Fermented |[Fermented food |Pickles), Marine products(Jeotgal), Live stock and dairy
foods products

Alcoholic liquor |Grain liquor, fruit liquor, Beer

Fermented |Primary Amino acids(MSG, lysine), nucleic acids(IMP< GMP), organic
products  |products acids(citrate, succinate, lactate, acetate, gluconate)
Secondary

Fermented |products Antibiotics, pigments, toxin, alkaloids

products  |Health materials |Probiotics, vitamin, oligosaccharides, polysaccharides
Derivatives Amino acids(>3000), nucleic acids, organic acids(PLA, PSA)
Enzymes |Physiological edible, medicine, industrial, restriction endonucleace

Table 4. Various products from fermentation technology

As shown in Table 4, lots of products can be produced using such fermentation methods.
This section describes fermented products produced by using soybean in Korea.

3.1 Traditional Ganjang (soybean sauces) and Doenjang (fermented soybean pastes)
Soybean sauces are classified into traditional soybean sauces and improved soybean sauces.
These two soybean sauces show very different production processes. For producing
traditional soybean sauces, it is necessary to produce Meju (fermented soybean lump).
Traditional Mejus are made by housewives in average households and handed down to the
present time.

3.1.1 Production process of traditional Meju

1. Preparation: Soybeans are boiled with water for 3~4 hours after washing it. The
soybeans should be fully cooked and that becomes an important factor for deciding the
quality of Mejus.

2. Meju shaping and molding: The cooked soybeans are shaped as a proper size (usually
15x15x20cm) by hand after mashing it. The shaped soybeans lump, Mejus, are to be
fermented for 4~5 days at room temperature after drying its surface. The fermentation
is to be carried out at 25~30C for 1~2 months.

3. Maturation: In the fermentation process, drying of Mejus is continued and then bacteria
and molds are naturally generated. Then, fermentation and maturation are proceeded
at the same time. During the drying of Mejus, there are some apertures on Mejus. The
fermentation and maturation are continued through winter.

4. Storage: Finished Mejus are dried in sunlight and stored. Finished Mejus are used as the
materials of soybean sauces and pastes.
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3.1.2 Production of Ganjang (soybean sauce)

1. After preparing Mejus followed by the mentioned process, Mejus are to be washed
using water and dried again. Then, dried Mejus are soaked in brine (18-19Be'). The ratio
of Mejus:salt: water is determined as 1:1:3. For maintaining a uniform quality, the
concentration of brine and the ratio of Mejus to brine are to be specifically determined.
Also, Mejus should be immersed under the brine because it floats on the surface of
brine.

2. After soaking Mejus in brine, some red peppers and charcoals are applied to the brine
in order to prevent bad smells and germs.

3. Mejus soaked in brine are to be matured for about 60 days at a sunny place and
occasionally open the cover of the jar for scorching sun light.

4. After soaking Mejus in brine for 70~80 days, Mejus are to be separated from brine using
a filtering patch or mesh. The separated solution is used as raw Ganjang, and the
separated solid matter is used to produce Doenjang.

3.1.3 Production of Doenjang (fermented soybean paste)

1. Separated Meju masses are to be mashed and mixed with some soybean sauces, Meju
flours, and steamed rice or barley according to needs and preferences.

2. Well mixed paste type raw soybean pastes are stored in a jar or pottery and pushed.
Then, the post maturation of the stored Doenjang are processed for 3~6 months before
using it on the table. Fig. 6 shows the production process of Doenjang.

‘ meju ‘+‘ brine Hsteeping‘—»‘ aging ‘ﬁ‘separation‘ —>‘ liquid ‘raw soy sauce
N

(18-19Be") 2-3 months . . « saltor
solid (meju)

raw soy sauce

crushing

blending

aging
(3-6 month)

Doenjang

Fig. 6. Process of traditional Doenjang(fermented soybean paste) & Ganjang(soybean sauce)

3.1.4 Improved Ganjang and Doenjang

Korean Ganjang and Doenjang are classified into traditional and improved products. In
producing improved products, bacteria and fermentation conditions are fully controlled.
Fermentation methods are simply presented in Fig. 7 and Fig. 8.
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Fig. 7. Common process of Ganjang making
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Fig. 8. Common process of Doenjang making

3.2 Gochujang (Fermented hot pepper soybean paste)

For producing fermented hot pepper pastes (Gochujang), the mixture of soybeans and
grains (rice and others) are cooked and mashed. Then, the mashed mixture is shaped and
fermented by molds and bacteria introduced to make Gochujang Mejus. Then, the mixture
of Gochujang Mejus, hot pepper flours, and a digested rice syrup by malt, which is
produced using some barley malts, is to be fermented for a long time (Shin et al., 2001; Oh et
al., 2001).

Gochujang products are divided into two categories such as traditional Gochujangs
produced by using traditional fermentation methods and improved Gochujangs produced
by improved methods for mass production. Traditional Gochujangs are usually produced
by natural fermentation, and improved Gochujangs represent different ways in managing
microbesa and fermentation conditions.
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Recently, Gochujang products are made by housewives in average households and
produced by middle and large factories based on traditional methods. Improved
Gochujangs are produced in a mass production system and cover almost 80~90% of
Gochujang markets in Korea. Traditional Gochujangs are usually sold to middle aged
consumers, and improved Gochujangs are largely consumed because its major markets are
young people and food service businesses.

3.2.1 Production of traditional Gochujangs

1. Production of Gochujang Meju

The mixture with the mixing ratio of soybeans to rice as 6:4 is to be cooked and mashed.
Then, the mashed mixture is formed as a donut shape and to be matured and fermented at
room temperature for 2~3 months. The fermented Gochujang Mejus are to be dried and
powdered for storing it. It has been known that Gochujang Mejus are processed and
fermented by Aspergillus species and Bacillus subtilis (Oh et al., 2001)

3.2.2 Production process of Gochujang
1. Traditional Gochujang
Fig. 9 shows a general process for producing traditional Gochujangs.

] . | malt [ | .
malt steeping syrup Meju soy sauce
powder Y
salt
— mixing liquefaction— mixing
glutinous |
rice — steaming — red pepper
powder
fermentation agin roduct
20~25°C &g P

Fig. 9. Process of traditional Gochujang making

2. Improved Gochujang

A basis for Gochujang is to be prepared and mixed with some flours, rice, and starch
sources. Then, the mixture is to be fermented.

Pure microorganisms are used to produce the basis of Gochujang, and Aspergillus oryzae and
Bacillus subtilis are used to improve its taste.

Fig. 10 simply shows the production process of improved Gochujangs.

3. Quality characteristics of Gochujang

The taste of Gochujang represents a spicy taste caused by hot peppers, a sweet taste
presented by sugars from starch hydrolysis, and a savory taste due to amino acids, peptides
and nucleic acid related substances generated by the dissolution of soybeans. Then, these
tastes become a fermented spice mixed with a salty taste generated by salts.
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Several molds, bacteria, and yeasts are contributed to the fermentation of traditional
Gochujangs, and taste facts are generated by protease and amylase (Kim et al., 1998; Shin et
al., 1996).

rice | — | steeping | — steaming | — cooling | — koji —
making
salt,
red
pepper
powder
!
— | steaming | — | cooling mixing
soybean
. koji :
— | steaming | — . — meju
making
aging —| sterilization — | cooling — ziiﬁlfl — | Packing

Fig. 10. Production process of improved Gochujang

Therefore, the quality characteristics of Gochujang represent a complex taste with various
tastes and are very different according to microorganisms related, fermentation conditions,
and materials used.

In addition, various odors of Gochujang including 3-methyl butanol are generated during its
fermentation process and that plays an important factor for presenting flavors according to
products (Oh et al., 2001).

3.3 Cheonggukjang (Fermented soybean paste by Bacillus)

Cheonggukjang is a traditional soybean fermented food that is fully fermented within 2~3
days. Cheonggukjang represent a particular quality characteristic caused by some
microorganisms that shows a palatable taste and a unique smell due to the protein
generated by protease, which is produced from the proliferation of Bacillus sp. In addition, it
produces a sticky viscous material. Although there is a similar product in Japan, Natto, to
the Cheonggukjang, it shows different fermentation bacteria and dietary usages. Korean
Cheonggukjang are usually used in stews and mixed with other foods instead of taking it
directly. However, Natto are directly taken.
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Various physiological activities in Cheonggukjang have been largely known, and
Cheonggukjang have been produced using traditional methods in average households.
Also, it has been taken as a side dish in boiled rice. Also, it can easily be produced in
households due to its easy production.

3.3.1 Production process of Cheonggukjang

Although fermentation conditions in Cheonggukjang are almost same for traditional and
improved products, the differences in these products are whether they use natural
fermentation or manage bacteria using a specific way.

The production process of Cheonggukjang is simply presented as follows.

1. Soaking soybean in water

Soybeans are soaked in water for 24~30 hours in winter (0~5C), 16~24 hours in spring and
fall (10~16C), and 10~16 hours in summer (18~257C).

2. Cooking soybeans

Soybeans are to be cooked using a pot in households for about 5~6 hours. Also, the steaming
can be performed using high pressure steam (1.5~2kg) for about 30 minutes. If soybeans are
not fully cooked, the quality of Cheonggukjang is not guaranteed. Also, over cooking shows
bad colors and physical properties.

3. Fermentation

Cooked soybeans are to be fermented in a jar. Traditionally some rice straws are inserted to
soybeans or used at the bottom and upper sections of the jar for inoculating bacteria. It has
been known that rice straws have bacteria, which have high protease activities (Lee et al.,,
1971).

The use of rice straws represents a certain way of natural inoculation in which Bacillus sp.,
which has been known as B. subtilis, contributes to the process (Lee et al., 2008; Ju et al.,
2009). Also, the fermentation takes 30~35 hours at 40~43°C. The fermentation time are
largely varied according to temperature and applied bacteria. Also, a humidity condition is
important to the fermentation. Tastes and odors are different according to its fermentation
period. Recently a two-stage fermentation method that uses two fermentation stages at
42~43°C and 50~53°C is used to remove a disgusting smells.

After completing the fermentation of cooked soybeans, some sticky and viscous materials
are presented at the surface of soybeans and a unique smell is also generated.

4. Maturation

Fermented Cheonggukjang masses are to be roughly mashed and mixed with some salts
and garlic according to needs and preferences. Then, finished products are matured and
stored. The distribution of finished products is distributed under refrigeration. The taste of
Cheonggukjang is not changed as it is frozen.

5. Quality characteristics of Cheonggukjang

Thermophilic bacteria are usually proliferated in Cheonggukjang according to the
fermentation of soybeans at high temperature (higher than 40°C) in which Bacillus sp. is
participated. These bacteria represent very particular and unique smells by dissolving
soybean proteins. The smells are due to the trimethyl pyrazin and tetra methyl pyrazin
newly generated from the fermentation with the 3-methyl-1-butanol in soybeans itself (Choi
et al.,, 1989). It is considered that a large amount of free amino acids are generated in its
fermentation process and that affects the taste of Cheonggukjang (Joo, 1971). In addition,
soluble proteins are largely increased as much as 40~80kDa and differed from that of Natto
(Santos et al., 2007).
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The viscous substance that is a particular material in Cheonggukjang represents 61% of
crude proteins. Also, the glutamic acid in amino acids shows the highest content, 32%, and a
fibrinolytic activity is presented (Lee et al., 1991). In the fermentation process of
Cheonggukjang, the viscous substance are different according to applied bacteria (Baek et
al., 2008), and the molecular weight of the substance is about 15,000~65,000. The viscous
substance usually consists of glutamate and fructose, and the composition of polymers is
varied according to their proliferation conditions (Lee et al.,, 1992). In addition, there are
some reports that the odors, compositions, and threshold values in Cheonggukjang are
changed according to bacteria applied to the fermentation of Cheonggukjang (Kim et al.,
2003; Seo et al., 1983).

3.4 Other fermented products

In addition to the fermented soybean products mentioned above, other various soybeans
fermented products have been used in Korean dietary life. For instance, Doenjang dipping
that are produced by mixing some Gochujang, garlic, ginger, hot pepper, and etc. to
traditional Doenjang are taken with some wrapping vegetables including lettuces and
cabbages. The Doenjang dipping are different types of improved and mixed Doenjang and
enjoyed in Korea.

In addition, there are some soybean pastes, such as Eoyukjang made of dried beefs and
fishes and Jeupjang made of Meju and dried vegetables. The Jeupjang show a fast
fermentation process and can be taken as a side dish of boiled rice during summer season.
Such soybean fermented pastes produced by using various sub-materials based on Meju
represent different tastes and preservations.

4. Functionalities of fermented soybean products

Various functional ingredients are already included in soybeans. In particular, a large
amount of isoflavones (genistin, genestein, daidzin, and daidzein), which are a type of
phytochemical, represent some functionalities in itself (Liu, 1997b). In addition, phenolic
compounds (syringic, vanillic, chlorogenic, ferulic, and cinnamic acid), lignan, and
carotenoids (lutein, and a- and {-carotene) including linoleic acid, linolenic acid, licithin,
choline, and saponin are included in soybean (Park, 2009). As these ingredients in soybeans
represent their own particular physiological activities, the value of soybean is reevaluated
by the people that have no concerns to take soybean as foods.

As mentioned above, there are many types of physiological active ingredients in soybean. In
addition, according to some related studies on such issues, it has been known that
fermented soybean products create new functional substances through various microbes.
This section proposes the summary of the functionalities of fermented soybean products in
Korea, such as Doenjang, Gochujang, and Cheonggukjang.

4.1 Functionalities of Doenjang (Fermented soybean paste)

Doenjang are one of the traditional fermented soybean foods in Korea and produced with
some other sub-materials including salts based on Meju produced by using soybeans as a
principal material through its fermentation process. Meju represent its own physiological
activities by generating new functional ingredients during its fermentation process in
addition to the functional substances presented in soybeans.
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The functionalities of Doenjang are deeply related to the isoflavones of soybeans, and anti-
oxidant, anti-mutagenicity, and anti-cancer effects and ACE functions caused by fermented
products have also been known.

4.1.1 Changes in the isoflavone content in Doenjang

It has been known that isoflavones are the glycoside of phenolic compounds and represent
effects of preventing breast cancer and prostate diseases (Pagliacci, 1994; Severson, 1989).
Also, various functionalities of soybeans presented in Korean Doenjang have been
recognized (Kim, et al 1999). Based on this study, it can be seen that the ingredients of
isoflavones are newly generated during the fermentation process of soybean (Table 5).

Soybeans Meju Doenjang

Daidzein, free 106+7a1) 269+38b 578+70d
Daidzein, total 4064292 433+41bc 538+59¢
Daidzein, aglycones(%) 26.03+0.962 61.96+3.34b 107.68+10.26a
Genistein, free 954202 137+16P 455+10d
Genistein, total 486+862 200+7P 538+57b
Genistein, aglycones(%) 19.49+1.1a3 68.52+6.620 85.268.724d
D/G ratio? 0.8540.09ab 2.1620.17¢ 1.0040.100

DIn each column, different alphabets in superscript show statistically significant difference(p<0.05)
2Total daidzin contents/ total genistein contents ratio

Table 5. Daidzein and genistein contents of soybean, Meju and Doenjang (mg/kg dry basis)

As shown in Table 5, the fermented Meju and Doenjang represent increases in the
ingredients of isoflavones. In particular, the Doenjang show a high increase rate in these
ingredients. In addition, the change of these ingredients to aglycone, which has a high
absorption rate in the body, during its fermentation process by [-glucosidase is also
presented (Kim et al., 1999).

The overall isoflavone contents in traditional and improved Doenjang are 370~723ug/g and
170~537pg/ g, respectively, where the traditional Doenjang show higher level in the contents
(Lee et al., 2010). The isoflavones of Doenjangs are presented as a type of aglycone.

4.1.2 Anti-oxidant effects

In general, anti-oxidant activities are related to anti-cancer and anti-mutagenicity
characteristics. It is verified that lots of anti-oxidant substances exist in Doenjang. Doenjang
extracts show an increase in oxidation delaying effects according to increases in the addition
of the extracts as noted in Table 6 based on the results of the measurement of peroxide
values by adding the extracts to linoleic mixtures (Cheigh et al., 1990).
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Treatments Peroxide value(meq/kg)
Treatments 24 hrs 48 hrs
LA(Control) 790+55* 1113+40
LA+0.1%DP 707164 1098+12
LA+0.2% DP 630+10 105660
LA+0.5% DP 393428 1031+99

* Mean * standard deviation

Table 6. Peroxide value of linoleic acid mixture(LA) with the addition of Doenjang
powder(DP) during oxidation reaction at 50 C for 24 and 48hrs.

Anti-oxidant effects in Meju and Doengjang show that it has relation to the amount of
browning substances generated from phenolic compounds and its fermentation process (Lee
etal., 1991).

In the results of the comparison of the anti-oxidant capabilities in browning chromatic
substances, which are divided into fat and water soluble substances, significant anti-oxidant
effects are presented and the structure of the primary amine is also verified (Kim, 1994a).
Also, a strong anti-oxidant activity is presented in water soluble browning substances in
which the activity is varied according to its fermentation period (Lee et al., 1994). Peroxide
values are largely decreased according to the fermentation period of Meju and Doengjang
(Table 7) (Kim, 1994b).

Sample Days of storage

sample 3 5
Control 230.4 770.1

Raw soybean 34.1 36.6

Meju(fermentation)

30days 33.6 39.1
50days 324 38.3
80days 31.1 34.1

Doenjang(fermentation)

Odays 32.7 37.1
30days 239 32.0
60days 22.0 30.6

Table 7. Changes in peroxide values of linoleic acid after addition of isoflavone fraction at a
1% level (meq/kg)
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In other studies, fermentation processes of Doenjang show increases in phenolic compounds
and improve anti-oxidant capabilities in the comparison of peroxide values. Thus, it is
concluded that the results are obtained by phenolic compounds and browning substances
(Oh et al., 2007).

4.1.3 Lowering angiotensin converting enzyme (ACE)

The angiotensinIl generated by ACE increases blood pressure and that makes possible to
constrain hypertension by interrupting the effect.

In the fraction obtained by dissolving Doenjang, the fractions that show ACE lowering
effects of 90% and 70% and their structures are determined as arginin and proline as a type
of dipeptide (Kim et al., 1999). In other studies, physiological activity peptides are separated
from Doenjang and their activities are compared in which the histidine content in amino
acids show the highest level (Shin et al., 1995).

In addition, in the results of the comparison of the ACE lowering activity using methanol
extracted from traditional Doenjang, the lowering effects are about 23.6~74.5% where the
activity of a-glucosidase is also compared (Hwang et al., 2009). Also, in the results of the
identification of the strains separated the microorganisms, which contribute to the
fermentation of Doenjang, that show excellent ACE activities, the strains are verified as
Bacillus pumilus. In other studies, by extracting B. subtilis SCB-3, which represents an effect of
lowering ACE, the ACE lowering rate of the bacterium is 61% by applying it to the
fermentation of Doenjang, and 1Csoshows a high value of 0.02mg/mL (Hwang et al., 1997).

4.1.4 Anti-cancer and anti-mutagenicity of Doenjang

In several studies on Doenjang, it has been known that Doenjang have anti-cancer and anti-
tumer effects. Table 8 shows the results of the comparison of anti-cancer effects using SRB
assays with respect to cancer cells through extracting the raw materials of Doenjang and
methanol extracts (Lim et al., 1999).

Samples OD510 Survival rate®(%)  Inhibition rate(%)
Control 0.9940.0224)

Doenjang(SF) 0.45£0.014 45 55
SF(Soybean+flour)? 0.64+0.03b 65 35
Doenjang(S) 0.47+0.014 47 53
S(soybean)? 0.51+0.00¢ 52 48
Miso? 0.54+0.02¢ 55 45
Chongkukjang 0.51£0.01¢ 52 48

Soybean : flour = 7:3, Soybean(100%), Light yellow Miso
Means with the different letters beside symbols are significantly different at the 0.01 level of significance
as determined by Duncan's multiple range test.

. oy _ OD510 of treated cells
Survival rate(%) = OD510 of control cells X100

Table 8. Inhibitory effect of methanol extracts(2mg/assay) of doenjang, other soybean
products and soybean on the growth of AGS human gastric adenocarcinoma cells in
sulforhodamine B(SRB) assay that determined after 2 days of incubation at 37°C

As presented in Table 8, Doenjang products represent higher anti-cancer effects than that of
the raw materials of Doenjang. In the similar experiments of anti-cancer effects for liver and
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large intestine cancer cells, Doenjang products show higher anti-cancer effects than other
raw materials. (Lim et al., 2004).

In the results of the comparison of anti-cancer effects for liver and large intestine cancer cells
using the Doenjang produced from Sunchang, which is a representative region of producing
Korean traditional Doenjang, it shows higher lowering effects in the fractions of acetate and
hexane more than 75% (Choi et al., 1999).

In addition, in the results of the studies (Hwang, 2007; Lee, 2009), it is considered that the
peptides and other substances generated during the fermentation of Doenjang contribute to
increase such anti-cancer effects.

Moreover, as the water used in producing Doenjang is replaced by germanium contained
water or maple sap, it show high anti-mutagenicity effects. Also, nine times burned bamboo
salts represent an increase in the effects (Lee et al., 2008). In the case of the Doenjangs
produced by applying mushroom mycelium hyphaes, it shows higher anti-tumor and anti-
cancer effects than that of traditional Doenjang (Lee et al., 2003).

4.1.5 Other functions

In traditional Doenjang, other various functions in addition to the above mentioned
functions are verified by experiments. The excellent bacteria isolated from Doenjang are
used to produce the Doenjang that can prevent thromboses and have high p-glucosidase
contents (Ra et al., 2004), In addition, Doenjang show the lowering effects of hyaluronidase
activities, which have anti-inflammation and anti-allergic effects, about 56~70% (Ahn et al.,
2005). Also, Doenjang represent anti-bacterial effects for B. cereus, E. coil, L. monocytognese,
and S .aureus (Yi et al., 1999).

4.2 Functionalities of Gochujang

Gochujang are a type of fermented seasoning by mixing some rice products dissolved by
using hot pepper powders and barley malts based on Gochujang Meju. The functionality of
this seasoning is deeply related to the ingredients of capsaicin and fermented products in
red peppers.

In the classification of the studies on the functionalities of Gochujang, studies are focused on
anti-obesity, anti-cancer, anti-tumor, and cardiovascular improvement effects. Also, some
studies are focused on the anti-cancer effects on the basis of anti-oxidant effects.

4.2.1 Anti-obesity effects

The capsaicinoid included in Gochujang shows anti-obesity effects by promoting fat
metabolism in the body. Based on the effects, a study on the anti-obesity effects using
Gochujang is performed through animal and clinical tests (Park, 2009).

In the results (a 9.5% of the diet weight) of the measurement of anti-obesity effects in rats,
which intake high fat diet, their weights and fat accumulation decrease as 13% and 30%,
respectively (Fig. 11). The results show increases in energy consumption (Choo, 2000). In the
results of the comparison of anti-obesity effects with that of hot pepper powders, the effects
are caused by not only hot pepper powders but the fermentation of Gochujang (Fig. 12).

In the results of the comparison of the experiments performed by using various Gochujang,
which show different production methods, for rats with high fat diet and Gochujang diet,
the fermented rice Gochujang diet shows the highest effects of reducing fat tissues (Lee,
2002). Also, in the results of the comparison of the changes in weight for SD rats with high
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fat diet and Gochujang diet in order to verify the differences before and after the
fermentation of Gochujang, the rats with fermented Gochujang represent high weight-loss
effects. In particular, the rats with traditional Gochujangs show large decreases in their
weights. It shows that the fermentation process of Gochujangs increases weight-loss effects
and decreases fats in epididymis and kidney (Lee et al., 2003). In similar studies, in the
results of the animal tests by applying traditional and improved Gochujang and hot pepper
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Fig. 11. Effect of Kochujang on body weight(A), body fat(B) in rats fed on a high-fat diet
over 21days; normal diet(Normal), hight-fat diet(High-fat). Values are means for eight rats,
with their standard errors indicated by vertical bars. Bars not sharing a common letter were
significantly different, P<0.05.
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Fig 12. Effect of red pepper on body weight(A), and body fat(B) in rats fed on a high-fat diet
over 21days; normal diet(Normal), high-fat diet(High-fat). Values are means for eight rats,
with their standard errors indicated by vertical bars. Bars not sharing a common letter were
significantly different, P<0.05.
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powders, the fermented Gochujang represent significantly lower increases in their weights
and improve the effects of its fermentation based on low intestine weights, low triglyceride
contents, and low cholesterol contents (Kim, 2004).

The results of the actual clinical tests using Gochujang are presented (Kim, 2009). Gochujang
are made as pills and applied to 54 subjects by 32g per day over 12 weeks. In the results,
visceral areas and the ratio of visceral/subcutaneous fats are improved as a significant level.
Also, the Gochujang intake group shows decreases in triglycerides and improves in serum
lipids, fat proteins, altherogenic indexes, and coronary calcium indexes. Thus, it is estimated
that the intake of Gochujang for a long period in obese people can prevent obesities and
coronary diseases by improving serum lipids and fat proteins.

4.2.2 Anti-cancer and anti-tumor effects

The largest numbers of studies have been conducted are on the functionalities of Gochujang
for anti-cancer and anti-tumor effects. In particular, there are many studies on the anti-
cancer functions of Gochujang in which the results of positive effects are verified. In
addition, traditional Gochujang products represent higher effects than other products (Park,
2002).

The substances for the anti-cancer effects are not determined as a single substance but a
complex substance. In the results of the anti-cancer tests for the cells of stomach cancer using
the samples extracted from methanol extracts, which are obtained by a freeze drying
method from commercially distributed Gochujang with wheat koji, and other materials, the
Gochujang fully fermented by using wheat koji represent the most excellent effects (Kim et
al., 2005). For measuring anti-cancer and immune activities, onion added Gochujang are
produced and processed using a freeze drying method in order to extract methanol extracts
(Kim et al., 2005). The results show the effects of anti-mutagenicity as a concentration
dependent way of Salmonella typhimurium, and onion added Gochujang represent higher
effects than others. Also, in the case of MCF-7 cancer cell lines, the onion added Gochujang
represent higher anti-cancer effects than others. The generation of NO in macrophages
shows increases as a concentration dependent way and that also represents higher level than
regular Gochujang.

In the results of the comparison of the weight of tumors since 32 days after transplanting
Sacroma-180 tumor cells using the samples obtained from freeze dried traditional Sunchang
Gochujang and factory made Gochujang by extracting them using methanol, the control
group shows 6.0 g and the fermented traditional Gochujang shows 3.3 g. Thus, the
traditional Gochujang represents an anti-tumor effect of 45%. However, unfermented
Gochujang shows an anti-tumor effect of 17% only (Table 9). Although factory made
Gochujang represents an anti-tumor effect of 23%, it represents lower effects than traditional
Gochujang (Park et al., 2001).

Using the ethanol extracts of traditional Gochujang, the anti-mutagenicity characteristic is
verified. Also, in Meju, it is verified that the extracts constrain the mutagenicity caused by
aflatoxin By (Kim et al., 1999). By obtaining the ethanol extracts of sea tangle powder added
Gochujang, the tests of mutagenicity and cell toxicity are performed (Cui et al., 2002).

The results show that fermented Gochujang represent significant anti-cancer effects and
increase such effects as the fermented Gochujang are mixed with other anti-cancer
materials.
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Sample Tumor wt.(g) Inhibition rate(%)
S-180+PBS 6.00.176) -
5-180+CK?2) 4.5+0.1be 23

S-180+TK 13 5.0£0.9ab 17
S-180+TK 114 3.3+0.3¢ 45
S-180+RPP5) 4.740.3p 22

Table 9. Antitumor activities of methanol extracts from various kinds of Gochujang and hot
pepper powder(RPP) in tumor bearing Balb/c mouse with sarcoma-180 cell )

1. 7-days sarcoma-180 ascites cells were s.c. transplanted into the left groin of inbredstran.
1.0 mg/kg of methanol extract from various kinds of Gochujang, red pepper powder or
the equal volume of phosphate buffered saline (control) was i.p. injected once a day for
20 days from 24 hr following transplantation. All mice were sacrificed at 5 weeks
following transplantation, and tumor, spleen and liver weight were measured.
Commercial Gochujang: Daesang Co.

Traditional Gochujang I: 0 day fermented Gochujang, Moonokrye Co.

Traditional Gochujang II: 6 month fermented Gochujang, Moonokrye Co.

RPP: the same as added in TK1 and TK1I

Means with the different letters are significantly different (p<0.05) by Duncan’s
multiple range test.

AR

4.2.3 Other functions

In the case of the extracts of green teas or natural plants that are added to Gochujang, the
extracts added Gochujang show increases in anti-oxidant capabilities and anti-bacterial
effects (Kim et al., 2005). Also, garlic porridge added Gochujang show anti-oxidant and anti-
cancer effects (Song et al., 2008).

In other experiments, as applying orotic acids, which have been known as a cause substance
in accumulating triglycerides to the liver, the adding of capsaicin prevents the generation of
such triglycerides and largely decreases the activity of phosphatidate phosphohydrolase,
which contributes to the composition of triglycerides, and that leads to constrain
triglycerides to the liver (Cha et al., 2004). Studies on the bacteria, which are separated from
Gochujang, represent various functionalities in which the strains that produce a polymer of
poly-y-glutamate are Bacillus similar species. This substance has been largely used to control
viscosity, to constrain bitter tastes, and to produce various medicines and show a possibility
of economic mass productions (Kang et al., 2005). In addition, by isolating the bacteria that
have the effects of thromboses dissolution, immunity activation, and cell toxicity from
Gochujang, the possibility of the bacteria contributed to the fermentation of Gochujang is
considered as a different way through identifying it into Bacillus stearothermophilus and B.
amyloliquefacience (Seo et al., 2007).

4.3 Functionalities of Cheonggukjang

Cheonggukjang are a pure soybean fermented product that can be used in the table within a
short period of time after fermenting cooked soybeans at high temperature and require a
small amount of salts and seasonings as in the table. Cheonggukjang have a particular
viscous substance and represent a unique small. Also, it shows specific functionalities due to
the substances created during its fermentation including the functionalities of isoflavones
presented in soybeans itself.
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Effects of preventing hypertension, improving fat metabolism, thromboses dissolution, anti-
oxidant, and preventing osteoporosis including physiological effects have been known (Kim
etal., 1999; Lee et al., 2005).

4.3.1 Anti-cancer effects of Cheonggukjang

In the results of the tests of the lowering effects for cancer cells using the Cheonggukjang
methanol extracts, the lowering rate is 65% and that is a higher level than that of Miso. Also,
it shows the lowering effects for liver cancer cells in which the lowering rate is 60% (Lim et
al., 2004). In addition, it shows an effect of constraining other cancer cells (Lim et al., 1999).
In particular, by adding the porphyran extracted from lavers to Cheonggukjang, the
prophyran added Cheonggukjang represent high constraint effects for cancer cells such as
bowel cancer (Min et al., 2008). The results represent that although regular Cheonggukjang
show the constraint effects of proliferation as 19~27%, the prophyran added Cheonggukjang
represent increases in the constraint effects of proliferation about 27~32%.

Thus, it is verified that Cheonggukjang show significant constraint effects on cancer cells.

4.3.2 Lowering Angiotensin converting enzyme (ACE)

Studies on the constraint of blood pressure increases by lowering ACE activities are
performed. Cheonggukjang show specific ACE lowering effects (Kil et al., 1998) and
peptides are known as its cause factor (Cho et al., 2000).

The peptide contents are the order of alanine (30.84%), phenylalanine (30.3%), and histidine
(20.24%). In the results of the calculation of the lowering rate of ACE, a 1mg of peptides
represents 74.74%. Although traditional Cheonggukjang use straws as a starter (Kim et al.,
1982), some superior bacteria are separated from Cheonggukjang and used to the
fermentation of Cheonggukjang in order to manage the fermentation (Kil et al., 1998;
Hwang, 2010). In these results, the fibrinolytic activity generated by such superior bacteria
represents a high level (Table 10). Also, it is verified that the threshold value of enzyme
shows increases as Meju are only used as a matrix.

In addition, although the microorganisms that contribute to the fermentation of
Cheonggukjang are usually Bacillus sp., some strains that strongly secret fibirinolytic
enzymes employed in the Bacillus sp. (Kim et al., 1995).

Fibrinolytic activity (cm)

Temperature (°C) Strain Fermentation time (hr)
24 48 72
40 CJIN-4 2.30+0.31 2.50+0.24 2.40+0.45
CJJN-5 2.20+0.18 2.30+0.37 2.30+0.26
45 CJJN-4 1.40£0.37 1.50£0.44 1.80£0.12
CJJN-5 2.10+0.25 2.00+0.27 1.90+0.38

Values are mean+SD.

Table 10. Comparison of fibrinolytic activities of Cheonggukjang fermented with CJJN-4 or
CJJN-5 on fermentation temperature

4.3.3 Other functions
In the results of the animal tests, white rats, by inoculating the extracted superior bacteria
with respect to high cholesterol and Cheonggukjang intake groups, the effects that constrain
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the generation of peroxide fats in liver tissues and protects liver damages are verified (Kim
et al., 2009). Regarding other effects, it removes sodium nitrides including anti-oxidant
effects and verifies the effects on the constraint of inflammations(Ahn et al.,, 2005). In
addition, the application of Cheonggukjang effectively constrains increases in blood
pressures from animal tests (Yang et al., 2003). Also, the sticky viscous substance shows
decreases in blood sugars and serum lipids (Kim et al., 2008).

5. Conclusion

The origin of soybeans has been known as Manchuria, Far East Asia. Then, soybeans were
propagated to various countries of the world. In some Southeast Asian countries, in
particular Korea, China, and Japan, soybeans have been variously used in their dietary life
and contributed to improve nutrients as protein sources. The history of using soybeans goes
back to B.C. On the other hand, in Western countries, soybeans have been largely used as
feeds and oil source. However, recently these countries also use soybeans as food materials
and produce various soybean processing products.

Soybeans are an important position in Korean dietary life as one of the five major grains and
have been taken by soybeans itself with boiled rice. Also, soybeans have been variously
used by processing it or by growing it as vegetables. Then, soybeans have been taken as
vegetables, powders, and other various types of foods differed from other countries. In
particular, fermentation methods using molds, bacteria, and yeasts are developed using
cooked soybeans and that leads to produce Ganjang(soybean sauces,) Doenjang (fermented
soybean pastes), Cheonggukjang, and Gochujang(fermented hot pepper soybean paste).
These products have been used in Korean dietary life as the primary seasonings and side
dishes. Also, these soybean products play important roles in differentiating Korean foods
from other foods.

Recently phytochemicals including isoflavones in soybeans have been known as functional
ingredients. Also, it is verified that soybean proteins have physiological activities from the
results of various studies. Therefore, people around the world represent interests on the use
of soybeans as foods. In addition, lots of soybean processing products have been produced
and distributed due to their effects on preventing various chronic diseases through simple
pharmacological treatments only.

In Korea, regarding the characteristics of using soybeans, various soybean products have
been developed using specific fermentation processes. It has been scientifically proven that
various functionalities are newly created during several fermentation processes. Also,
studies on this issue have been continuously conducted. In the specific functionalities of
soybean products, it contributes to present effects on anti-cancer, anti-tumor, improving
blood circulation, and preventing chronic diseases. In the case of Gochujang, it has been
known that Gochujangs represent significant effects on constraining obesities.
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1. Introduction

Soybean meal is considered the “gold standard” among intact protein sources used in the
feed industry (Cromwell, 1999). It has an excellent amino acid profile that complements
cereal grains in diet formulation, as methionine is typically the only limiting amino acid for
poultry. Soybean meal is characterized as either from dehulled beans or beans having hulls
(NRC, 1994). Dehulled soybean meal has a higher composition of crude protein, amino acids
and metabolizable energy than soybean meal produced from soybeans having hulls (NRC,
1994); Soybean meal is known to vary in amino acid composition among samples.
Geographical location of soybean production, soybean variety, and processing methods are
factors known to influence variability of crude protein and amino acid composition of
soybean meal (Parsons et al., 1991, 2000; de Coca-Sinova, 2008, 2010; Baker et al., 2011). de
Coca-Sinova (2008) evaluated amino acid composition of soybean meal samples obtained
from Argentina, Brazil, Spain, and the United States. Crude protein content varied from 45.2
to 50.6% with lysine expressed as a percent of crude protein ranging from 5.51 to 6.26%.
Samples from Spain had the highest crude protein content, whereas lysine expressed as a
percentage of crude protein was the highest for samples obtained in the United States.
Moreover, soybean varieties are being selected to contain higher amino acid concentrations
than conventional soybean varieties resulting in soybean meals having more balanced
amino acid content for swine and poultry diets (Baker and Stein, 2009; Baker et al., 2011).
Baker et al. (2011) reported high protein soybean meal having a crude protein and lysine
composition of 54.86 and 3.56% compared with conventional soybean meal containing crude
protein and lysine contents of 47.47 and 3.14%. Soybean meal is known to vary in crude
protein and amino acid content among soybean production years and using current amino
acid data bases of soybean meal composition are important to avoid variability in diet
formulation with swine and poultry (Table 1).

Amino acids originating from intact protein sources are not digested and absorbed with
100% efficiency. Formulating diets on a digestible amino acid basis is increasing around the
globe and this formulation strategy allows for the use of lower cost feed ingredients that
may contain amino acids that are less available to the animal while minimizing nitrogen
excretion. Digestible amino acid composition is calculated by multiplying a digestible
coefficient by amino acid total composition. Digestible coefficient is the digestibility
percentage of an amino acid in a specific feed ingredient or a complete diet. In poultry,
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amino acid digestibility coefficients for feed ingredients are typically determined using a
true digestibility assay with cecectomized roosters (Parsons, 1986) or standardized amino
acid assay using broilers (Lemme et al., 2004). Amino acid digestibility coefficients have
been reported to be higher with cecectomized roosters compared with using broilers (Garcia
et al., 2007; Adedokun et al., 2007). Amino acid digestibility assays are highly variable and a
large number of assays are needed for specific feedstuffs to generate accurate digestibility
coefficients. Amino acid digestibility coefficients for soybean meal have been found to range
from 82 to 93% (Table 2).

Sriperm et al., 20111 Evonik2 Novus3

Lysine 3.23+0.11 2.95+0.07 2.9610.15
Methionine 0.77+0.04 0.64+0.01 0.64+0.04
Cysteine 0.69+0.04 0.70+0.02 0.64+0.05
Arginine 3.73+0.19 3.48+0.11 3.41+0.17
Tryptophan 0.68+0.68 0.64+0.01 0.66+0.04
Isoleucine 2.31+0.09 2.15+0.06 2.20+0.13
Leucine 3.90+0.15 3.61+0.09 3.63+0.17
Valine 2.41+0.09 2.25+0.05 2.33+0.13
Histidine 1.35£0.07 1.26+0.03 1.25+0.06
Phenylalanine 2.65+0.02 2.40+0.06 2.37+0.12
Sample size 225 457 75

Values are expressed on a dry matter basis as average = SD and were determined from samples
analyzed in 2009 at Ajinomoto Heartland LLC’s amino acid laboratory.

2Values are expressed on a “as-is basis” as average * SD and were determined from samples analyzed in
2010 at Evonik’s amino acid laboratory.

3Values are expressed on a “as-is basis” as average + SD and were determined from samples analyzed in
2010 at Novus International Inc., amino acid laboratory.

Table 1. Essential amino acid composition (%) of soybean meal obtained from various
regions of the United States

True Digestibility! Standardized Assay?2
Lysine 91+2.8 90
Methionine 92+2.5 91
Cysteine 84+5.1 82
Threonine 88+3.4 85
Arginine 93+£2.8 93
Tryptophan 8914.8 89
Isoleucine 9243.3 89
Leucine 92+2.2 89
Valine 91+2.5 88
Histidine 90£6.5 92
Phenylalanine 9243.7 88
Sample size 88 37

Values are expressed as average + SD of 88 samples from Ajinomoto Heartland.
2Values are expressed as average of 35 samples from Evonik.

Table 2. Digestible amino acid coefficients (%) of soybean meal
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2. Soybean meal in poultry and swine feeds

Soybean meal is the most commonly-used source of protein for poultry and swine feeds in
the world, with 67% of the animal feed market (Pettigrew et al., 2002). In order for a feed
ingredient to be considered an important component of an industry feeding program, it
must have several fundamental qualities. First, it must provide one or more important
nutrients. Second, it must be available in amounts that allow it to be used regularly and on a
large scale. Third, it must be cost effective to use. Soybean meal abundantly fits into this
category as a high-protein product with good amino acid balance that is highly digestible. It
is available in large quantities year round and has had most of the associated antinutritional
compounds inactivated. Interestingly, antinutritional factors in soybeans are relatively easy
to inactivate and are reduced substantially by normal soybean processing. This is in contrast
to many of the other commonly-used plant proteins that have non-labile antinutritional
factors (Pettigrew et al., 2002).

In the early years of compound feed production, grain products were paired with animal
protein meals that provided a natural balance of vitamins and minerals in addition to
protein. As animal protein products such as fishmeal became more expensive, and synthetic
sources of vitamins (particularly vitamin Bi2) were developed, soybean meal captured a
larger portion of the animal feed protein market. Modern feed formulation programs further
increased the demand for soybean meal as the principle protein source as least cost diet
formulation became more common.

Worldwide, nearly 2/3 of the protein sources used in animal feeds come from soybean meal,
with canola meal, cottonseed meal and sunflower meal providing additional plant protein
sources. In the United States, plant protein source usage in animal feeds is primarily (92%)
soybean meal. Over half of the soybean meal produced in the United States is fed to poultry
(Waldroup and Smith, 1999). Approximately 66% of protein in broiler feeds comes from
soybean meal. With the development of reasonably-priced synthetic methionine sources,
feed manufacturers are now able to produce relatively simple feeds based on a combination
of corn and soybean meal with supplementation of minerals, vitamins and methionine.
Swine account for 27% of the soybean meal used in animal feeds in the United States. Soy
protein’s digestibility, combined with a relative abundance of lysine, which is the first
limiting amino acid in swine feeds, make soybean meal an excellent protein source for
swine.

Most areas of swine and poultry production have economical access to soybean meal for
compounding animal feeds. In some places, however, local access to soybeans has led to
interest in the processing of full fat soybeans meals for local usage. Full fat soybean meal,
often an extruded product, has the advantage of higher energy values due to the full
complement of oil in the native seeds as compared to commercial soybean meal, which has
had most of the oil extracted for sale (Reese and Bitney, 2000). Other advantages include: 1)
the addition of fat to a feed in a more easily-handled granular form and 2) the addition of fat
to a feed in a form that is less likely to reduce pellet quality (Waldroup, 1985).

Performance results indicated that there was significant variation in the nutrient content
from various batches of extruded soybean meals (Reese and Bitney, 2000). The authors
concluded that it would be difficult to compare extruded soybean meal to regularly-
processed soybean meal for this reason. It would be wise if considering these products to do
extra nutrient analysis. Numerous research groups have explored the use of full fat soybean
meals in poultry feeds as well (Waldroup, 1985). Extruded full fat soybean meals have seen
limited use, although dry roasting, followed by grinding, has also been tested. Waldroup
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and Cotton (1974) determined the levels of full fat soybean meal that could be included in
mash broiler feeds before performance suffered (less than 25%). Higher levels could be
utilized in pelleted broiler feeds because the pelleting process causes more cell wall
disruption and increases the digestibility of full fat soybean meal products (Waldroup and
Cotton, 1974).

Soybean geneticists are continually improving productivity characteristics of soybeans for
crop production. Additionally, efforts have been underway for some time to enhance the
quality of soybeans in relation to animal feeding of soybean meal (Bajjalieh, 2002). Areas of
interest include increasing levels of sulfur containing amino acids, increasing the proportion
of soybean meal phosphorus that is available for digestion (reducing phytate-bound
phosphorus) and increasing energy availability through selection away from carbohydrate
fractions of low availability to monogastrics.

3. Protein digestion

Dietary protein consists of complex polypeptides, which must be cleaved into dipeptides
and amino acids to facilitate absorption. In poultry, the crop, proventriculus, gizzard,
pancreas, and small intestine have an active role in protein digestion (Moran, 1982).
Proteolysis is the first stage of digestion and it occurs in the proventriculus and gizzard
(Hill, 1971). The contents found in the proventriculus and gizzard have a pH of 1.80 and
2.50, respectively, which is relatively lower than the crop, small intestine, cecum, and cloaca
(Figure 1). This low pH is central to gastric digestion. The Proventriculus is the site for
pepsin and HCI production and contains gastric glands located in the mucosa (Toner, 1963).
At low pH, protein denaturation occurs through unfolding of proteins and cleavage of
peptide bonds by pepsin, which is an endopeptidase.

8 1

6.30 6.40 660 7.20 690  7.00

Fig. 1. pH of the contents in the digestive tract of poultry (Herpol and Van Grembergen,
1967)
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One of the functions of the pancreas is to supply digestive enzymes for protein digestion
(Brody, 1994). Trypsin, chymotrypsin A, chymotrypsin B, proelastase, and carboxypeptidase
are produced by the pancreas and these enzymes are endopeptidases with the exception of
carboxypeptidase (Brody, 1994). Pancreatic enzymes play a central role in protein digestion
in the small intestine by breaking down polypeptides into oligopeptides (Alpers, 1994;
Lowe, 1994). Approximately 13 peptidases are present in the brush border membrane or the
cytoplasm of the small intestine that breakdown oligopeptides into dipeptides and amino
acids (Alpers, 1994). The resulting dipeptides and amino acids are absorbed in the small
intestine for the synthesis of body proteins.

Soybean meal that has been underprocessed contains trypsin inhibitors, which are
antinutritional factors. These proteins bind to trypsinogen and chymotrypsinogen
preventing the conversion into their active forms limiting protein digestion. A detailed
description of trypsin inhibitors will be discussed in the following section.

4. Trypsin inhibtor in soybean meal and protein digestion

Growth depression effects due to antinutritional factors present in soybeans have been well-
documented for more than half a century (Ham et al., 1945; Chernick et al., 1948; Liener,
1953; Lyman and Lepkovsky, 1957; Gestetner et al., 1966). Trypsin inhibitor is the primary
antinutritional factor in soybean meal (Araba and Dale, 1990a,b; Anderson-Hafermann et al.,
1992; Mian and Garlich et al., 1995), which is a globulin-type protein having a molecular
weight of 24,000 and isoelectric point of 4.5 (Kunitz, 1945). Trypsin inhibitor inhibits the
conversion of zymogens to active proteases of trypsin and chymotrypsin. The mechanism of
action differs for trypsin and chymotrypsin (Kunitz, 1947). Trypsin inhibitor binds with
trypsinogen to form an irreversible compound preventing the formation of an active
protease. Conversely, trypsin inhibitor action of chymotrypsin is less pronounced forming a
reversible dissociated compound (Northrop, 1922).

In addition to its detrimental effects on proteolytic action, trypsin inhibitor dramatically
affects the size of the pancreas and amount of trypsinogen produced. Chernick et al. (1948)
reported that pancreas weight as a percent of body weight was increased by 56% and had
43% higher trypsinogen content per gram of pancreas nitrogen content with chicks fed diets
containing raw soybean meal compared with diets containing heat-treated soybean meal.
Moreover, Lyman and Lepkovsky (1957) reported low trypsin content in the small intestine
of rats immediately after feeding a diet containing raw soybean meal, but increased 3 fold
the normal concentration 6 hours postfeeding. This provides evidence the pancreas
produced trypsinogen in excess to compensate for the trypsin inhibitor. Hence, the
justification for the trypsin content observed several hours after feeding. The inhibitory
action is reduced by subjecting soybeans or soybean meal to heat by deactivating anti-
nutritional toxins (Hayward et al., 1936; Kunitz, 1947). Broiler growth has been shown to be
increased by approximately 140 to 150% with autoclaving raw hexane-extracted soybeans or
soybean meal compared with chicks fed diets containing raw hexane-extracted soybeans or
soybean meal not subjected to heat (Araba and Dale, 1990b; Anderson-Hafermann, 1992). If
adequate heat is not applied during soybean processing, soybean meal will be produced
containing active toxins compromising its nutritional value.

5. Overheating of soybean meal

Overheating of soybean meal reduces its nutritional value for poultry (Renner et al., 1953;
Warnick and Anderson, 1968; Araba and Dale, 1990a). It has been shown that overcooking
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of soybean meal decreases digestibility of amino acids (Lee and Garlich, 1992; Parsons et al.,
1992). The explanation for the decreased amino acid digestibility and reduced growth
responses appear to be related to the Maillard reaction with cross-linking involved to a
lesser extent. Parsons et al. (1992) examined the effects of overprocessing dehulled, solvent-
extracted soybean meal by autoclaving at 121°C and 105 kPa for 0, 20, 40, and 60 min.
Increasing the time of autoclaving reduced total concentration of lysine, arginine and
cysteine, but other amino acids were not influenced by overprocessing. The largest decrease
in true amino acid digestibility occurred with lysine, cystine, histidine, and aspartic acid,
whereas digestibility of threonine, serine, alanine, and leucine was decreased to a lesser
extent. Moreover, a growth assay using broiler chicks determined that autoclaving at 121°C
for 40 min reduced lysine bioavailability by 15% compared with birds fed soybean meal not
subjected to autoclaving. The destruction of lysine and arginine content of soybean meal
and reduced lysine digestibility due to autoclaving indicates the presence of the Maillard
reaction. In addition to chemical composition, color differences are apparent with soybean
meal subjected to overprocessing indicating a browning during the latter stage of Maillard
reaction (Figure 2).

Maillard reaction is a series of complex reactions occurring when feed ingredients, food, and
animal tissues are subjected to overprocessing (Igbal et al., 1999; Fayle and Gerrard, 2002).
The series of reactions involve early, advanced, and final stages (Mauron, 1981). In the early
reactions, amino groups react with aldehyde groups of free sugars producing a schiff base,
which cyclizes to form a glycosylamine (Mauron, 1981; Dillis, 1993). The glycosylamine
undergoes a rearrangement to form either Amadori products (1-amino-1-deoxy-2-ketose) if
produced from glucose or Heyns products if derived from fructose. In this series of
reactions, e-amino group of lysine is affected the most and e-amino groups located at the
terminal end of proteins are also involved but to a lesser extent. With lysine, an aldose is
changed to a ketose creating a fructosyl-lysine. In the advanced reactions, Amadori or
Heyns products are decomposed to form deoxydicarbonyl sugars and these resulting sugar
derivatives can react with other amino acids producing aldehydes, ketones, and/or
deoxydicarbonyl compounds (Dillis, 1993). Heterocylic compounds (pyrazines, pyrroles,
pyridines, and thiazoles) are formed during the latter stages of these reactions, which are
known to provide aromas and flavor to food (Mauron, 1981; Dillis, 1993). In the final
reactions, food or feed ingredients are characterized by exhibiting a dark color associated
with brown melanoidin pigments produced by this set of reactions, hence the name of
browning well known for the Maillard reaction (Hurrell and Carpenter, 1981). Proteins are
modified through cross-linking reactions as deoxydicarbonyl sugars or carbonyl compounds
react with amino acids (Mauron, 1981; Dillis, 1993).

Poor digestibility of intact protein sources subjected to overprocessing (Maillard reaction)
may be due to the formation of Amadori or Heyns products, reduced absorption of lysine,
and the formation of cross-links (Mauron, 1981; Sherr et al., 1989; Dillis, 1993). Sherr et al.
(1989) determined that, in the presence of Maillard products derived from lysine
(glycosylated lysine derivatives), absorption of lysine was inhibited. The glycosylated lysine
derivatives compete with lysine for absorption carriers, but the majority of these derivatives
have poor utilization with excretion being 72 and 96% of the amounts absorbed. The cross-
links are not very digestible as endogenous proteases are not able to cleave this complex
during digestion resulting in poor utilization to the animal. Soybean meal contains sugar
complexes in the form of raffinose and stachyose and overprocessing may contribute to
Maillard reactions (Hancock et al., 1990). Cysteine content has been shown to be reduced in
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soybean meal with overprocessing (Parsons et al.,, 1992). Cysteine is not thought to be
involved with Maillard reactions, but rather forming lanthionine during overprocessing
(Miller et al., 1965; Hurrell et al., 1976). With the formation of lanthionine, cysteine would
probably be expected to decrease when soybean meal is subjected to overprocessing.

Fig. 2. Soybean meal samples exposed to varying temperatures with samples on the bottom
row subjected to excessive heating as noted by the darker color (Courtesy of Dr. N. Dale,
Department of Poultry Science, University of Georgia).

6. Analytical assays to estimate soybean meal quality

Based on the popularity of soybean meal as a protein source in poultry and swine feeds, it is
not surprising that quite a lot of time and effort are expended in measuring soybean meal
protein quality. Over the years, a number of techniques have been examined to measure the
protein quality of plant protein products. Those most used in practice have changed as
research-based comparisons of the various techniques have shed light into the relative
merits of each. Currently, the analytical technique most commonly used to measure soybean
meal quality is protein solubility, perhaps combined with the urease test. Protein solubility
has been a tool to test soybean meal solubility for many decades (Smith and Circle, 1938,
Lund and Sandstrom, 1943). These early attempts examined protein solubility in water.
Later, a range of acid and alkaline chemicals were compared for their utility in measuring
soybean meal protein solubility. More recently, Araba and Dale (1990a) and Parsons et al.
(1991) examined the use of a 0.2% potassium hydroxide (KOH) solution. Protein (nitrogen)
concentration is then quantified using the kjeldahl method. In general, KOH solubility
decreases as the degree of heat treatment associated with soybean processing increases.
While raw soybean products would be 100% soluble, they obviously have a full complement
of antinutritional factors that have not been deactivated. Research comparing protein
solubility to other measures of protein quality indicate that KOH solubilities between 78 to
84% are optimal for animal performance. Values ranging from 84 to 89% are slightly under-
processed and may be acceptable for older animals, while values under 74% are over-
processed and will have reduced lysine digestibility. Araba and Dale (1990b) compared
protein solubility to Orange G binding and trypsin inhibitor activity. They found that
protein solubility compared favorably to measurements of broiler growth and trypsin
inhibitor activity while the Orange G binding technique was not sensitive to processing
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changes in autoclaved soybean meals (Figure 3). The combined works of Araba and Dale
(1990a,b) concluded that the KOH solubility test is useful for detecting both over-processed
and under-processed soybean meals.

The urease test has been used for some time as a measure of soybean meal processing.
Urease is an enzyme in soybean meal that is of little interest in animal nutrition. It is,
however, easier to measure than many of the antinutritional factors of interest. Because
trypsin inhibitors and lectins are denatured by heat processing of soybeans at a similar rate
to the urease enzyme, testing for urease is a useful marker for degree of soybean meal
underprocessing (Caskey and Knapp, 1944; Wright, 1981). Unfortunately, the urease test
does not do an adequate job of measuring overprocessed meals. Over time, meals ranging
from 0.05 to 0.15 change in pH were considered properly processed for poultry. Recently,
meals higher than a 0.15 pH change have been deemed usable by older chickens. Also,
changes in soybean processing methods have raised questions regarding the lower range of
this test (i.e. levels under 0.05 pH may not cause problems).

99.2 M Protein Solubility, %

100.0

W Orange G Binding, mg/g

79.7

83.2 80.5

75.0

50.0

25.0

0.0
0 15 30 60

Time, min

Fig. 3. Effects on protein solubility and Orange G binding of overprocessed soybean meal
(Araba and Dale, 1990b).

Despite the ease of measuring the urease enzyme as opposed to more complicated assays, it
is possible to routinely measure trypsin inhibitors in soybean meals. Directly measuring
trypsin inhibitors in soybean meals is obviously a desirable assay and trypsin inhibitors are
one of the major antinutritional factors of note. Kakade et al. (1974) described the most
commonly-used method for determining trypsin inhibitors in soybean products for animal
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feeds. Work by McNaughton et al. (1981) indicated that direct measurement of trypsin
inhibitor levels was an accurate indicator of animal performance for undercooked soybean
products. For practical applications, the easier-to-complete urease test still predominates as
a marker for under-processed soybean meals.

The use of Orange G dye to determine the amount of heat processing a soybean meal
sample has been subjected to is based on the dye’s ability to bind the free e-amino group
of lysine under acidic conditions. As lysine progressively becomes less available during
extended heat processing, less of the Orange G dye can bind. Moran et al. (1963)
correlated Orange G dye binding with broiler chick growth and found agreement across a
range of heat treatments (autoclaving in this case). Araba and Dale (1990b) found protein
solubility more sensitive to soybean meal processing variation than the Orange G binding
technique.

There are other dye binding tests that have been suggested as methods to monitor soybean
meal quality, including the cresol red test (Olomucki and Bornstein, 1960; Vorha and
Kratzer, 1991) and coomassie blue staining (Vorha and Kratzer, 1991). A coomassie blue dye
solution can be used to titrate protein solubility after KOH treatment in place of the kjeldahl
protein test (Kratzer et al., 1990). The optical density of the stained proteins is then
measured against a set of lysozyme standards at 595 nm. Coomassie blue staining may be
more accurate than the kjeldahl procedure at measuring protein solubility because
coomassie blue binds with intact proteins and not free amino acids (Vorha and Kratzer,
1991), also, the coomassie blue dye test would be faster in producing results than using the
Kjeldahl portion of the KOH solubility test. Because this is, in essence, a KOH solubility test,
it is particularly useful in detecting overprocessed soybean meals.

Protein dispersibility index refers to the amount of soybean meal protein dispersed in water
after blending a soybean meal sample in water with a high speed blender. Research by Batal
et al. (2000) correlated chick growth with several methods of soybean meal quality
assessment in meals that had been heat treated. Their results indicated that protein
dispersibility index was a sensitive measure of soybean meal quality and gave better results
than either the urease or protein solubility assays. Protein dispersibility indexes of 40 to 45%
indicate a soybean meal that is neither over- or under-processed. These authors suggested
that the protein dispersibility index will give an accurate picture of soybean processing if
paired with another test such as the urease test. A number of other tests have been proposed
to measure soybean meal quality, including formaldehyde titration (Almquist and Maurer,
1953) and a fluorescence test (Hsu et al., 1949).

In conclusion, nutritional quality of soybean meal is of utmost importance to optimize the
rate and efficiency of growth of poultry. It is necessary for ingredient quality control
programs to understand the appropriate assays to determine if soybean meal has been
subjected to under- or over-processing (Table 3). Protein solubility assay is easily conducted
and provides more reproducible results than trypsin inhibitor activity assay. A value greater
than 85% denotes underprocessing, whereas a protein solubility index less than 74% infers
overheating. Protein dispersibility index is also a useful tool to measure protein quality with
values ranging from 40 to 45% denoting acceptable quality. Conversely, urease activity is
useful only for detecting underprocessing because its activity falls to zero as soybean meal
has been exposed to overprocessing. Moreover, Orange G binding capacity exhibits small
change with soybean meal subjected to overprocessing, hence this assay may not be
appropriate to detect overheated soybean meal.
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Technique Underprocessing Overprocessing Comments
KOH Solubility =~ Acceptable Assay Acceptable Assay Commonly used
Orange G Binding Not useful Very little change Low sensitivity

Complicated, time

Trypsin Inhibitor Acceptable Assay Not useful . .
consuming, and expensive
Urease Acceptable Assay Activity falls to zero Commonly used

Has potential but is not
commonly used

Protein

dispersibility Acceptable Assay Acceptable Assay

Table 3. Comparison of analytical techniques for under- and over-processed soybean meal
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1. Introduction

Soybean (Glycine max) is a leguminous oilseed and one of the world’s largest and most
efficient sources of plant protein. United States holds the largest share of soybean
production (32%) followed by Brazil (28%), Argentina (21%), China (7%) and India (4%).
Although there are variations based on geographical location, the average crude protein
(CP) content of soybean is 38% with a rich and balanced amino acid profile. It is therefore a
rich source of protein for humans and food animals besides being a rich source of vegetable
oil. Soybean meal is the simplest form of soybean protein and a by-product of the oil milling
which by National Research Council standards contains 44-48% CP. It contains higher
energy [2,460 metabolizable energy (ME) kcal/kg] and protein than other plant protein
sources and has an excellent balance of highly digestible amino acids with the exception of
methionine which tends to be low. Soybean meal is however rich in the amino acids lysine,
tryptophan, threonine, isoleucine, and valine which are deficient in cereal grains such as
corn and sorghum most utilized in poultry and swine diets. These are essential amino acids
for monogastric animals such as poultry and swine.

Soybeans and soybean meal are also a source of isoflavones which are known to improve
growth, promote tissue growth in pigs, and prevent diseases. However, soybean meal
possesses anti-nutritional properties which must be overcome to increase its nutritional
value. These include antitrypsin inhibitors, oligosaccharides, such as rafinose and stachyose,
which are poorly utilized by most food animals. Phytic acid and antigenic factors found in
certain soybean proteins cause inflammatory response in the gastrointestinal tract of
monogastric animals. Soybeans also contain lectins, compounds that bind with intestinal
cells and interfere with nutrient absorption and other compounds such as saponins,
lipoxidase, phytoestrogens and goitrogens whose anti-nutritional effects are not known.
Soybeans and soybean meal may also be contaminated in the field as a result of using
contaminated irrigation water or application of contaminated manure to the growing crop.
Since many animal producers use soybean meal as a major constituent of animal feeds,
contamination of these feeds with zoonotic foodborne pathogens such as salmonella has
increasingly become a global concern.

When properly processed for specific purposes, the soybean and soybean by-products can
be utilized by all classes of animals ranging from companion animals, monogastric food
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animals such as poultry and swine to aquatic life. Heat processing is required to inactivate
trypsin inhibitors. In addition, low trypsin inhibitor soybeans have been developed through
classical breeding and genetic engineering of soybeans. The use of microbial phytase
enzymes in soy-based diets of swine and poultry increases phosphorus bioavailability and
minimizes excess phosphorus excretion. Excess phosphorus in animal manure contributes to
environmental pollution in addition to added cost of supplementing soy-based diets with
inorganic forms of phosphorus. Soybeans have also been engineered to contain low levels of
phytate. Mutant genes which significantly reduce oligosaccharides in soybean have also
been identified. Supplementation of soy-based diets with direct-fed microbials has also
enhanced the utilization of oligosaccharides. The oligosaccharides serve as prebiotics for
these beneficial microorganisms which confer synergistic contributions to the host. Further,
implementation of food safety plans on the growing, harvesting, and packing of soybean
has the potential to minimize contamination of Soybean as a primary feed ingredient. Rapid
and reliable methods for the detection of foodborne pathogens in soybean meal, monitoring
of soybean as a raw feed ingredient, and generally good manufacturing practices have been
crucial in mitigation efforts in prevention of zoonotic pathogens entering the animal feed
processing.

While soybean and soybean meal are readily available in many parts of the world especially
where soybean is grown, certain climatic regions are not conducive for soybean production.
In these areas alternative protein sources must be sought because soybean becomes
expensive attributed to the cost of importation. Under these circumstances animal source
proteins or other plant source proteins are sought. Animal protein products such as blood
meal have a higher tendency to harbor pathogenic microorganisms such as Salmonella when
compared to plant protein sources. Therefore, inclusion of feedstuffs that minimize the
presence of these pathogenic microorganisms and maintain a healthy gut can increase
Monogastric animal production efficiency. Also constraints such as cost, anti-nutritional
factors and sometimes low nutritional value of these protein sources dictate substitution, in
part, of these feed ingredients with plant source proteins such as soybean.

Blood meal, a by-product of animal rendering, is a potential protein source for poultry.
However, full growth and productive performance cannot be achieved without the
supplementation of other protein sources, such as soybean meal. Recent studies have shown
that substitution of blood meal in diets of laying single comb white leghorn chickens with
up to 50% soybean meal in corn-soy based poultry rations did not adversely affect their
overall growth and egg production performance when these diets were supplemented with
isoleucine. Isoleucine is the primary limiting amino acid in blood meal (less than 1% on a
dry-matter basis) and the fourth limiting amino acid after methionine, lysine and
tryptophan in corn-soybean based poultry rations. Blood meal contains about 80-88% CP
compared to about 44-48% CP in soybean meal. It has a minimum biological availability of
about 80% based on the species studied, feeding regimen, housing conditions, and other
environmental factors. The methionine and lysine digestibility coefficients are about 90%
while those of cysteine and isoleucine are below 80% in blood meal. On the other hand the
bioavailability of the amino acids lysine, threonine, and methionine from soybean meal are
88, 81, and 90%, respectively. These factors favor the substitution of other protein sources for
soybean meal in diets of monogastric animals.

Soybean meal is also a suitable partial substitute for fishmeal in efforts to reduce cost of
feeding and environmental pollution resulting from nutrient (phosphorus and nitrogen)
overload in aquaculture. Fish meal which is traditionally the protein source of choice in
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aquaculture is expensive. There are reports indicating that soybean meal can replace up to
60% fish meal in fish diets without adversely affecting performance. Soybean meal can also
replace 25% fish meal in diets of red snapper without adversely affecting performance.
However, higher substitutions require phosphorus supplementation.

In summary, although soybean meal is deficient in methionine and to some extent lysine, it
has a rich nutritional value as a protein source in monogastric nutrition. Its value can be
enhanced further by its ability to complement other ingredients to overcome key
deficiencies. Advancement in processing technology, bioengineering and the use of feed
supplements such as enzyme and direct-fed microbials have further added value to soybean
meal by increasing the core of its nutrient bioavailability. Nevertheless, there remain
limitless opportunities for enhancing the nutritive value and bioavailability of soybean meal
protein in monogastric animal nutrition.

2. Nutritional value of soybeans and soybean by-products

Soybean (Glycine max) is one of the world’s largest sources of plant protein and oil. Soybean
protein has high crude protein and a balanced amino acid profile most of which tend to be
deficient in cereal grains which constitute large portions of diets of monogastric animals.
When compared to other protein sources, soybean boasts being the standard by which other
protein sources are compared. Soybean meal, a byproduct of the oil milling industry also
has rich nutritive value when compared to other protein sources. Chang et al. (2003)
reported relatively high crude protein content of soybean ranging from 44-48 percent.
Soybean meal also contains considerably higher energy and lower fiber content than other
oilseed meals. The high concentration of protein and energy, and the low fiber content make
soybean meal an ideal feed ingredient in formulating balanced rations that provide
optimum growth, production and reproductive performance of monogastric animals.
Comparisons of the nutritive value of soybean meal with other protein sources are
presented in Table 1.

Earlier reports of Holle, (1995) indicate that soybean meal provides the best balance for
amino acids which are deficient in most cereal grains when compared with other oilseed
meals. Later studies (Zhou et al., 2005) have also shown that soybean meal has a balanced
amino acid profile when compared with other oilseed meals, although it is deficient in
methionine and lysine (Zhou et al., 2005). Comparisons of the amino acid composition of
soybean meal with other protein sources are presented in Table 2.

Among the major oilseed meal sources of protein, soybean ranks highest in value based on
quality of protein which is reflective of its balance of amino acids and their digestibility. For
instance, the digestibility coefficients of lysine in soybean (Heartland Lysine, 1996; NRC
1994), canola, cotton seed and sunflower meals is estimated at 91, 80, 67, 84%, respectively
(NRC, 1994). It has, however, been reported that processing conditions of these meals have a
significant effects in reducing the biological value of feed ingredients such as soybean
(Papadopoulos et al., 1986). Recent reports (Bandegan et al., 2010) also demonstrated that
among the oilseed feed ingredients; soybean meal is the most digestible with its amino acid
digestibility values ranging from 83 to 93% for Cysteine and Phenylalanine, respectively.
Other factors that have favored the use of soybean in animal production include (1)
consumer food safety concern of the inclusion of animal source protein in animal feeds,
especially after the mad cow disease or bovine spongiform encephalopathy and (2) limited
production of animal source proteins such as fish meal and (3) the high cost of the animal
source proteins such as fish meal and meat and bone meal.
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Nutrient Soybean | Soybean |Cottonseed | Canola? [Safflower| Peanut |Sunflower
Meal? Meal3 Meal* Meal* | Meal® | Meal5 Meal?
IFN6 5-04-604 [ 5-04-612 | 5-07-872 |5-06-145|5-07-959 [ 5-03-650 | 5-09-340

Crude Protein, %| 44 49 41 38 43 51 32
Energy, kcal/kg | 2,230 2,440 2,400 2,000 1,921 2,200 1543
Crude fat, % 0.8 1.0 0.5 3.8 1.3 1.2 1.1
Crude fiber, % 7.0 3.9 13.6 12 13.5 10 24
Calcium, % 0.29 0.27 0.15 0.68 0.35 0.20 0.21
Phosphorus?, % | 0.65 0.62 0.97 1.17 1.29 0.63 0.93
Phosphorus$, % | 0.27 0.24 0.22 0.30 0.39 0.36 0.14
Potassium, % 2.00 1.98 1.22 1.29 1.10 115 0.96
Iron, mg/kg 120 170 110 159 484 142 140
Zinc, mg/kg 40 55 70 71 33 20 100

1National Research Council 1994.

2 seeds, meal solvent extracted.

3 seeds without hulls, meal solvent extracted.

4 Seeds, meal pressed solvent extracted.

5 Kernels, meal solvent extracted.

6 International feed numbers.

7 Total phosphorus.

8 Non-phytate or available phosphorus.

2 Low erucic acid and low glucosinolates rapeseed cultivars.
Table 1. Comparison of selected nutrient composition of soybean meal and other oilseed
meals!

According to Hardy (2006) soybean meal is less expensive than fishmeal and is readily
available for constitution of animal feeds. However, the price of soybean meal is higher than
that of other plant source protein such as cotton seed, canola and sunflower meals. This may
be attributed to the higher percent crude protein, better quality protein and highly digestible
amino acids in soybean meal when compared with other plant source proteins. A recent
survey of commodity prices by the University of Missouri (Table 3) revealed a direct
correlation between protein content of feedstuffs and their corresponding prices.

There are many personal observations that soybean meal is in fact beneficial as a good
source of amino acids (Green et al., 1987; Angkanaporn et al., 1996) given correct processing
procedures. Previous reports have shown that soybean composition and processing
conditions affect the nutritional quality of soybean meal (Grieshop and Fahey, 2001). On the
other hand, Dudley (1999) emphasized the importance of accurate information on soybean
meal composition and the availability of key nutrients in formulating balanced animal feeds.
These include the quality, balance, and availability of amino acids and the processing
conditions that are used in soybean processing to soybean meal or other byproducts.
Methods of processing soybean and variations in processing also contribute to the overall
quality of the soybean products. These include extrusion and expelling, solvent extraction
(Woodworth et al., 2001; Nelson et al., 1987), roasting and Jet-sploding (Marty et al., 1994;
Sububh et al., 2002), and micronization (Marty et al., 1994; Subuh et al., 2002). These methods
lead to variations in nutrient composition of the final product (s). In addition to the various
methods used in the production of soybean products, there are also variations in the
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parameters used in the production of soybean meal and soybean protein concentrates,
which is reflected in the nutrient composition of the final products. These include the
combinations of heat, timing, moisture and the quality of the soybean. These variations can
be minimized through implementation of good quality control mechanisms during
processing. A schematic presentation of the commercial production of the soybean products,
soybean meal and soy protein concentrate is presented in Fig. 1.

Nutrient Soybean | Soybean |Cottonseed | Canola? [Safflower| Peanut [Sunflower
Meal? Meal3 Meal* Meal* | Meal® | Meal5 Meal?

IFN6 5-04-604 | 5-04-612 | 5-07-872 |5-06-145 | 5-07-959 | 5-03-650 | 5-09-340

%)

Arginine 3.14 3.48 4.59 2.08 3.65 5.33 2.30
Lysine 2.69 2.96 1.71 1.94 1.27 1.54 1.00
Methionine 0.62 0.67 0.52 0.71 0.68 0.54 0.50
Cystine 0.66 0.72 0.64 0.87 0.70 0.64 0.50
Tryptophan 0.74 0.74 0.47 0.44 0.59 0.48 0.41
Histidine 1.17 1.28 1.10 0.93 1.07 1.07 0.55
Leucine 3.39 3.74 243 2.47 2.46 2.97 1.60
Isoleucine 1.96 212 1.33 1.37 1.56 1.55 1.00
Phenylalanine 2.16 2.34 2.22 1.44 1.75 241 1.15
Threonine 1.72 1.87 1.32 1.53 1.30 1.24 1.29
Valine 2.07 2.22 1.88 1.76 2.33 1.87 1.74
Glycine 1.90 2.05 1.70 1.82 2.32 2.67 2.03
Serine 2.29 2.48 1.74 1.53 - 2.25 1.00
Tyrosine 1.91 1.95 1.13 1.09 1.07 1.80 091

1National Research Council, 1994.

2 Seeds, meal solvent extracted.

3 Seeds without hulls, meal solvent extracted.

4 Seeds, meal pressed solvent extracted.

5 Kernels, meal solvent extracted.

6 International feed number.

a Low erucic acid and low glucosinolates rapeseed cultivars.

Table 2. Comparison of selected amino acid composition of soybean and other oilseed
meals!

The two major products of soybean processing are soybean meal which is used extensively
in livestock feeding and the soy protein concentrate which is used in production of specialty
soy proteins after removal of soluble carbohydrates (oligosaccharides) from solvent
extracted soybean flakes using aqueous alcohol leaching. The alcohol treatment of soybean
flakes also removes other anti-nutritional factors which include estrogens and antigenic
factors such as glycinin and p-conglycinin (Peisker, 2001). Hence, the soy protein
concentrate differs from soybean meal in that it contains less oligosaccharides and antigenic
substances when compared to soybean meal. The composition of oligosaccharides, lectins,
B-conglycinin and saponins in soy protein concentrate and soybean meal are 1%, <1%, <10%
and 0%, and 15%, 10-200 ppm, 16 and 0.6%, respectively (Peisker, 2001). The soy protein
concentrate is produced by extraction of soluble carbohydrates from alcohol leached solvent
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extracted soybean meal. The soy protein concentrate is of lesser significance in animal
feeding but a favorable protein source for monogastric animals. The estrogens can also be
extracted from solubilized carbohydrates to produce isoflavones rich nutraceuticals for
human consumption.

. . CP content Minimum price maximum price
Feed ingredient (%) (§)/ton ($)/ton
Soybean meal 48 348 388
Cotton seed meal 41 310 360
Canola meal 38 202 202
Sunflower meal 32 240 240
Linseed meal 34 265 360
Ruminant blood meal 81 800 850
Fish meal 61 1,395 1,455

Dairy and beef nutrition extension program of The University of Missouri Division of Animal Sciences
and Extension Commercial Agriculture, Columbia, Missouri (March 24, 2011) and Feedstuffs (March 28,
2011 | Issue 13 | Volume 83).

Table 3. Comparison of prices of soybean meal and other protein sources!

| Dry
l Soybeans
Cleaned Steam
Crude Soy oil
Dehulled - T
’ Refined Soy oil ‘ ’ Lecithin ‘

Solvent (hexane)
extracted

‘ | Alcohol leaching

Toasted/Desolventized
Inactivation of growth inhibitors Soluble carbohydrates
’ Soy protein concentrate ‘
Dried & Ground

Soybean hulls Grinding Extraction

Toasted & ground Fractionation/sizing
A 2 Specialties of Isoflavones
Soybean meal Soy protein concentrate

Fig. 1. Schematic presentations of the commercial production of the soybean products,
soybean meal and soy protein concentrate.
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3. Challenges and opportunities in enhancing quality and nutritive value of
soybean

3.1 Challenges of soybean as a protein source

3.1.1 Variations in nutritional composition based on geographic locations

According to the American Soybean Association (2010), in 2009, soybean meal accounted for
about 67% of the proteinaceous feed ingredients used in diets of all food-producing animals.
The world soybean production totaled 80.7 million metric tons and the largest share of the
crop was produced in the United States of America (38%). Other significant producers of
soybean in 2009 were Brazil (27%), Argentina (15%), China (7%) and India (4%). Soybean
meal is also widely consumed in animal production systems worldwide than any other meal
ranging from cotton seed meal to fish meal (American Soybean Association, 2010). Soybean
meal (SBM) remains the primary protein source in diets of poultry and swine.

Growing conditions in addition to location where soybean is grown can also affect the
nutritional value and quality of soybean and soybean products. Karr-Lilienthal et al. (2004)
imported soybean from Argentina, Brazil, China and India, other leading soybean
producing countries after the United States and processed it to soybean meal. They reported
that SBM produced in the U.S. exhibited a higher crude protein than the SBM produced in
the other countries. There were also variations in amino acid and mineral concentration of
the soybean meal from the various geographical regions. For instance, consistent with the
crude protein levels, soybean from China had the highest levels of most amino acids
including lysine, methionine, and arginine and the total essential and non-essential amino
acids (Karr-Lilienthal et al. 2004). The content of iron and potassium seemed to be higher in
soybean from Argentina when compared to the other countries (Karr-Lilienthal et al. 2004).
In more recent reports, evaluation and comparison of the quality of soybean and soybean
meals (SBM) from US, Asia and South America, Thakur and Hurburgh (2007) reported that
SBM from Brazil had the highest protein content whereas SBM originating from US and
China had the highest percentage of total digestible amino acids. They also reported that US
SBM had the highest content of total of five essential amino acids (threonine, methionine,
tryptophan, cysteine and lysine) for poultry and swine nutrition. These amino acids also
exhibited higher digestibility and overall amino acid balance. Many of these differences in
nutrient composition and digestibility among SBM from various geographical regions may
be due to variations in environmental conditions in which soybeans are grown. These
include soils, water, climate etc. Differences in varieties of soybean and agricultural
practices also contribute to the many of the variations in nutrient content of the SBM based
on geographic location. In earlier studies, Grieshop and Fahey (2001) reported that soybeans
from China had a higher crude protein and lower lipid content (42.14 and 17.25%,
respectively) than those from Brazil (40.86% and 18.88%, respectively) and US (41.58 and
18.70%, respectively).

In the report of Thakur and Hurburgh (2007) the highest crude protein SBM was from
Argentina, China and India. It has also been demonstrated that the quality of protein and
digestibility of individual amino acids varies by geographical regions. Moizuddin (2003)
reported that the lysine content of SBM from the US and EU were higher than those of other
origins. The true digestibility of SMB from Argentina (87%) and Brazil (82%) were lower
than that of the US SBM at 91% (Moizuddin, 2003). Other reports (Baize et al. 1997; Grieshop
et al., 2003) have consistently shown differences in nutrient composition of soybean and
SBM within and among geographical regions of the world.
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Within individual countries there have been reported variations in nutrient concentrations
of soybean and SBM from region to region. This is in most part attributed to variations in
environmental conditions in which soybeans are grown. Different varieties of soybean
thrive better in certain areas than others and since genetic differences are also associated
with differences in various characteristics including nutrient composition, they also
contribute to the variations in nutrient composition. Karr-Lilienthal et al. (2005)
demonstrated that soybeans collected from seven different geographic regions within the
US had variations in total amino acid and oligosaccharide concentrations. Therefore, it is
essential to always quantify nutrient composition of soybean acquired from new sources
and geographical locations outside of the common source to ensure formulation of balanced
diets for monogastric animals or the development of proteinaceous products of soybean
origin.

3.1.2 Nutrient deficiencies and anti-nutritional factors in soybean based diets

Soybean meal has an excellent balance of highly digestible amino acids with the exception of
methionine which tends to be low. Soybean meal is however rich in the amino acids lysine,
tryptophan, threonine, isoleucine, and valine which are deficient in cereal grains such as
corn and sorghum most utilized in poultry and swine diets. However, similar to other
oilseeds meals, soybean meal contains anti-nutritional factors (ANFs) which depress growth
performance when fed to monogastric animals (Liener and Kakade, 1980). These ANFs,
according Rackis et al. (1986), inhibit the proteolytic action of the pancreatic enzyme trypsin
and they may limit the usage of soy products in feeds of young animals with undeveloped
digestive tracts. Since the anti-nutritional factors of soybean are known, they are inactivated
by optimized heat treatment without compromising the nutritional value of the meal.
Herkelman et al. (1991) reported maximum performance when chicks were fed full-fat
soybean heated at 120°C for 40 minutes and that sodium metabisulfite decreased the time
required to inactivate the trypsin inhibitors by one-half. Therefore soybean meal has no
ANFs when properly processed, has the highest nutrient content, excellent amino acid
balance, low in fiber and highest in energy content when compared with other oilseed (NRC
1994). Earlier reports indicate that soybean genotype (Palacios et al., 2004) as well as the
geographical location and environment in which the soybeans were grown were
contributing factors to variations in the SBM nutrient content, digestibility and availability
to animals of the SBM (van Kempen et al., 2002; Goldflus et al., 2006). These factors would
also influence the level of anti-nutritional factors in soybeans.

There are other oil seed meals such as safflower (Table 1 and 2) which display richness of
major nutrients and balanced amino acids almost comparable or better than soybean in
some cases, but they also contain ANFs which have not been determined or characterized.
The digestibility values of sufflower and its constituent amino acids have not been
determined yet (Galacia-Gonzalez et al., 2010). Although soybean contains ANFs, these
factors are known and can be reduced significantly during the meal processing to a level
that will not interfere with animal performance. These include heat processing (Perilla et al.
1997) in order to denature inhibitory enzymes like urease and haemagglutinins.

Unlike heat pressed or processed soybean and soybean byproducts, raw soybean contain
compounds that inhibit the activity of the proteolytic enzyme trypsin. Supplementation of
the amino acids lysine, threonine and tryptophan in raw soybean diets improved pig
performance (Southern et al., 1990).
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The ANFs in soybean are either heat labile or heat stable. The heat labile ANFs are usually
inactivated by heat treatment.

Heat labile ANFs

Soyin

The isolation and purification of a toxic protein “glicin” from defatted soybean flour were
described by Liener and Pallansch (1952). The toxic protein was later identified as “Soyin”
and Liener, (1953) reported that the protein was an albumin-like fraction derived from raw
soy beans and was toxic when injected into guinea pigs. This preparation was also reported
to possess hemagglutinating properties and was later reported to possess urease activity.
Liener, (1953) also observed poor performance of rats fed raw soybean and suggested that
the destruction of the heat-labile sub stance (soyin) was necessary in ensuring optimum
performance.

Protease inhibitors

Protease inhibitors have been reported to hinder the activity of the proteolytic enzymes
trypsin and chymotrypsin in monogastric animals which in turn lowers protein digestibility.
The reports of Liener and Kakade, (1969) and Rackis, (1972) confirmed that trypsin
inhibitors were key substances in soybean that affected its utilization by chicks, rats and
mice. Earlier reports had shown that trypsin inhibitor which was isolated from raw
soybeans (Kunitz, 1946) was for growth inhibition. The protease inhibitors were also
reported to inhibit Vitamin B12 availability (Baliga et al., 1954). Later studies have also
shown that the presence of dietary soybean trypsin inhibitors caused a significant increase
in pancreatic proteases (Temler et al., 1984). Hwang et al. (1978) suggested that these plant
source protease inhibitors may serve varius purposed which include storage of proteins in
seeds, regulation of endogenous proteinases, and also as protective agents against insect
and/or microbial proteinases. These protease inhibitors contain about 20% of S-containing
amino acids, especially methionine, the most limiting essential amino acid in soybean seeds
and cysteine (Hwang et al., 1978).

The effect of soybean trypsin inhibitor on monogastric animal performance has been
evaluated extensively. Birth et al. (1993) cited evidence that ingestion of food containing
trypsin inhibitor by pigs increased endogenous nitrogen losses hence the effect of the
trypsin inhibitors affected nitrogen balance more by losses of amino acids of endogenous
secretion than by losses of dietary amino acids. This may be due to compromised integrity
of the gastrointestinal lining leading to reduction of absorptive surface. Gertler et al. (1967)
attributed the depression of protein digestibility to reduced proteolysis and absorption of
the exogenous or dietary protein which was caused by inhibition of pancreatic proteases.
More recent reports (Dilger et al., 2004; Opapeju et al.,, 2006; Coca-Sinova et al., 2008)
indicate that the nutritional value of soybean meal for monogastric animals is limited by
anti-nutritional factors which interfere with feed intake and nutrient metabolism. They
reported that soybeans with high content protease inhibitors, especially trypsin inhibitors
adversely affect protein digestibility and amino acid availability. However, heat processing
inactivates these protease inhibitors, although there has to be a balance in conditions of heat
inactivation since excessive heating could also destroy other essential nutrients. Qin et al.
(1998) demonstrated that excess heat in the inactivation of protease inhibitors of soybean
may increase Maillard reactions between the amino group of amino acids and reducing
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sugars and as a result decrease the digestibility of energy and amino acids by monogastric
animals.

Hemagglutinins or lectins

Hemaglutinins or lectins are a component of soybeans that were characterized as anti-
nutritional factor by Schulze et al., (1995). Oliveira et al., (1989) reported that lectins are
glycoproteins which bind to cellular surfaces via specific oligosaccharides or glycopeptides.
They exhibit high binding affinity to small intestinal epithelium (Pusztai, 1991) which
impairs the brush border and interfere with nutrient absorption. Hemaglutinins have also
been implicated in producing structural changes in the intestinal epithelium and resisting
gut proteolysis (Pusztai et al., 1990), changes which in most cases result in impairment of the
brush border and ulceration of villi (Oliveira et al.,, 1989). This occurrence result in
significant decrease in the absorptive surface and increased endogenous nitrogen losses as
reported by Oliveira and Sgarbierri (1986) and Schulze et al. (1995). Pusztai et al. (1990)
observed that hemagglutinins depressed growth rate in young animals.

Goitrogens

The possible goitrogenic effect of soybean in animals has not been researched. However,
certain soy components may present some antithyroid actions, endocrine disruption, and
carcinogenesis in animal and human. For example, Soybean contains flavonoids that may
impair the enzymes thyroperoxidase activity (Messina, 2006). Reports have also shown that
use of soy-based formula without added iodine can produce goiter and hypothyroidism in
infants, but in healthy adults, soy-based products appear to have negligible adverse effects
on thyroid function (Messina, 2006; Xiao, 2008; Zimmermann, 2009). In earlier reports (Fort,
1990) concentrations of soy isoflavones resulting from consumption of soy-based formulas
were shown to inhibit thyroxine synthesis inducing goiter and hypothyroidism and
autoimmune thyroid disease in infants. Still many questions linger on the full Impacts of soy
products on thyroid function, reproduction and carcinogenesis, hence the need for further
research in this context.

Heat stable ANFs

With the exception of oligosaccharides and antigenic factors, there is less likelihood that the
other heat stable anti-nutritional factors would cause problems to monogastric animals
consuming soybean-based feeds.

Cyanogens

Legumes such as soybean have long been recognized to contain cyanogenic compounds
(Montgomery, 1980). Soybean is a major food ingredient in monogastric nutrition, therefore,
any level of cyanogens is considered to be important. The content of cyanide in soybean
meal protein was reported at 0.07-0.3 pg of hydrogen cyanide/g of sample in soy protein
products and 1.24 pg/g in soybean hulls when browning was kept to a minimum. These
values are relatively small when compared with the cyanide content of cassava which
ranges from 1 to 3 mg/g (Honig et al. 1983). Cyanide is considered toxic even in small
amounts, hence where soy is a major constituent of a diet, there are concerns of cyanide
content from a toxicological point of view.

Saponins

Saponins are unabsorbable glucosides of steroids, steroid alkaloids or triterpenes found in
many plants including soybeans. They form lather in aqueous solutions and impart a bitter
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test or flavor in feed, resulting in reduction of feed consumption. In severe cases they cause
haemolysis of red blood cells and diarrhea (Oakwndull, 1981). While raw soybeans have
been reported to contain between 2 and 5 g saponins per 100 g, soy products, except those
extracted with alcohol, contain high levels of saponins. Soy saponins are divided into
groups A and B whereas group A saponins have undesirable astringent taste and are found
in soybean germ. Group B saponins are found in both the soybean germ and cotyledons.
Although soybean saponins possess anti-nutritional properties, some are edible and have
been reported to possess some health benefits. They have been shown to stimulate the
immune system, bind to cholesterol and make it unavailable for absorption and allowing its
clearance into the colon and eventual excretion (Elias et al., 1990).

Estrogens

Environmental estrogens are classified into two main categories namely phytoestrogens
which are of plant origin and xenoestrogens which are synthetic (Dubey et al., 2000).
Soybeans contain phytoestrogens which can cause enlargement of the reproductive tract
disrupting reproductive efficiency in various species, including humans (Rosselli et al.,
2000), and rats (Medlock et al., 1995). In some cases these estrogens are hydrolyzed in the
digestive tract to form poisonous compounds such as hydrogen cyanide. Woclawek-potocka
et al. (2004) reported that phytoestrogens acting as endocrine disruptors may induce various
pathologies in the female reproductive tract. Studies have shown that soy-derived
phytoestrogens and their metabolites disrupt reproductive efficiency and uterus function by
modulating the ratio of prostaglandins PGF2a to PGE2. Because of the structural and
functional similarities of phytoestrogens and endogenous estrogens, there is the likelihood
that the plant-derived substances modulate prostaglandin synthesis in the bovine
endometrium, impairing reproduction. Previous research has shown that phytoestrogens
may act like antagonists or agonists of endogenous estrogens (Rosselli et al., 2000; Nejaty
and Lacey, 2001).

Antigens

Antigenic factors glycinin and f-conglycinin removal increases animal performance

A study was conducted to determine the relationship between adverse health outcomes and
occupational risk factors among workers at a soy processing plant (Cummings et al., 2010).
They reported that asthma and symptoms of asthma were associated with immune
reactivity to soy dust. Further discussion of this topic is in the soybean and food safety
issues.

Phytates

Phytic acid (inositol hexakisphosphate, IP6), which is considered an anti-nutritional factor,
is the storage form of phosphorus in seeds such as those of soybean (Asada et al., 1969). The
presence of phytic acid (Fig. 2) in seeds is even more critical in leguminous plants such as
soybean which are commonly used in animal feeds because it not only makes phosphorus
unavailable, but also reduces the bioavailability of other trace elements such as zinc. The
composition of phytic acid in various by-products of oilseeds is presented in Table 4. Raboy
and Dickinson (1984) timed the rate of accumulation of phytic acid in seeds of developing
soybean and they reported a linear accumulation of phytic acid with the age of the plants.
Studies have also shown that the accumulation of phytic acid is also associated with a
decline in free phosphorus suggesting that phytic acid synthesis is involved in phosphorus
homeostasis of growing soybean plants. This has an effect on the availability of phosphorus
from soybean by monogastric animals.
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Heaney et al. (1991) reported that the absorption of calcium from soybean-based diets was
higher in low-phytate soybean when compared with high phytate-soybean. This supports
the assertion that soybean has the potential to form phytate-mineral-complex which inhibits
the availability of the minerals to monogastric animals. Phytate is usually a mixture of
calcium/magnesium/potassium salts of inositol hexaphosphoric acid in soybean and is
shown to adversely impact mineral bioavailability and protein solubility when present in
animal feeds (Liener, 1994). Raboy and Dickinson (1984) observed that phytic acid levels
and the available (free) phosphorus in mature soybean seeds are responsive to altered
concentrations of nutrient phosphorus. However, they observed little or no significant
change in content of protein and zinc in the soybean seeds.
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Fig. 2. Molecular structure of Phytic acid

According to Raboy et al. (1984) phytic acid accounts for 67-78% of the total phosphorus in
mature soybean seeds and these seeds contain about 1.4-2.3% phytic acid which varies with
soybean cultivars. In plants phytic acid is the principal store of phosphate and also serves as
natural plant antioxidant. Reports of Vucenik and Shamsuddin (2003) point that inositol
bears biological significance as antioxidant in mammalian cells. However, it interferes with
mineral utilization and is the primary cause of low phosphorus utilization in soy-based
poultry and swine diets. Phytin also chelates other minerals such as Calcium, Zinc, iron,
Manganese and Copper, rendering them unavailable to the animals.

Foodstuffs Minimum, % Maximum, %
Soybeans 1 2.22
Soybean protein concentrate 1.24 217
Peanuts 1.05 1.76
Linseed 2.15 2.78
Sesame seed 5.36 5.36

Adopted from: Reddy, N. R. and Sathe, Shridhar K. (2001).

Table 4. Percent composition of phytic acid in various by-products of oilseeds

The anti-nutritional effects of phytate in soybean-based diets are primarily due to the
chelation of calcium (Cheryan, 1980), amino acids (De Rham and Jost, 1979), and starch
(Ravindran et al., 1999) by phytate. Ravindran et al., (2006) demonstrated this anti-



Advances in Soybean and Soybean By-Products in Monogastric Nutrition and Health 137

nutritional effect in broiler chickens where the digestibility of energy and amino acids
declined with an increase in dietary phytate.

Non-starch polyssacharides and soy oligosaccharides

Soybean oligosaccharides (OS) such as raffinose and stachyose are carbohydrates
consisting of relatively small number of monosaccharides and they have been reported to
influence ileal nutrient digestibility and fecal consistency in monogastric animals
(Smiricky et al. 2002). In soybean the OS raffinose and stachyose represent about 4 to 6%
of soybean dry matter (Leske et al., 1993). The digestion of OS in the small intestine is
limited because mammals lack a-galactosidase necessary to hydrolyze the a 1,6 linkages
present in OS (Slominski, 1994). However, according to reports of Rackis, (1975),
fermentation of OS occurs in the small intestine, to a limited extent, due the action of
small intestinal microflora. The majority of digestion occurs in the large intestine, where
OS function as selective growth factors for beneficial bacteria (Hayakawa et al., 1990). The
OS in soybean, raffinose and stachyose, are not eliminated by heat treatment during
processing (Leske et al., 1993). Coon et al. (1990) observed that removal of the OS from
SBM in poultry diets increased the true metabolizable energy value of the diet by 20
percent. Previous research has demonstrated that soy OS are responsible for increasing
intestinal viscosity of digesta and as a result interfere with digestion of nutrients by
decreasing their interaction with digestive enzymes (Smits and Annison, 1996). Irish and
Balnave (1993) demonstrated that stachyose derived from the oligosaccharides of
soyabean meals exert anti-nutritive effects in broilers fed high concentrations soyabean
meal as the sole protein concentrate. Certain oligosaccharides, however, are considered to
be prebiotic compounds because they are not hydrolyzed in the upper gastrointestinal
tract and are able to favorably alter the colonic microflora. Feeding a higher level of an
oligosaccharide (8 g/kg) to chicks, however, may depress metabolizable energy and
amino acid digestibility (Biggs et al., 2007). Smiricky-Tjardes et al. (2003) reported the
presence of significant quantities of galactooligosaccharides in soy-based swine diets.
These soy oligosaccharides are partially fermented by gut microflora functioning as
prebiotics which promote selective growth of beneficial bacteria.

3.2 Enhancement of nutritive value of soybean in monogastric diets
3.2.1 Mechanisms of adding value to soybean

i. Direct-fed microbials and fructose oligosaccharides

In the recent past beneficial microorganisms (probiotics) and non-digestible ingredients
(prebiotics) have been utilized to improve nutrient utilization in soybean-based diets and to
enhance health and growth performance of monogastric animals. Probiotics, which is
synonymous to direct-fed microbials, are defined as live microbial feed supplements which
beneficially affect the host animal by improving its intestinal microbial balance (Fuller,
1989). They improve feed acceptance, feed efficiency, health and metabolism of the host
animal (Cheeke, 1991). Other proposed modes of action of probiotics in monogastric animals
are: (1) maintaining a beneficial microbial population by competitive exclusion and
antagonism (Fuller, 1989), (2) improving feed intake and digestion and production
performance (Nahashon et al., 1994a, 1994b, 1994c, 1996), and (3) altering bacterial
metabolism (Cole et al., 1987; Jin et al., 1997).
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Nahashon et al (1994a) evaluated the phytase activity in lactobacilli probiotics and the role
in the retention of phosphorus and calcium as well as egg production performance of Single
Comb White Leghorn laying chickens. They reported phytase activity in the direct-fed
microbial and that supplementation of the corn-soy based diets with the probiotics
(lactobacilli) to a 0.25% available phosphorus diet improved phosphorus retention and layer
performance.

Prebiotics, on the other hand, are defined as non-digestible food ingredients that beneficially
affect the host, selectively stimulating their growth or activity, or both of one or a limited
number of bacteria in the colon and thus improve gut health (Gibson and Roberfroid, 1995).
They are short-chain-fructo-oligosaccharides (sc-FOS) which consist of glucose linked to
two, three or four fructose units. They are not absorbed in the small intestine but they
undergo complete fermentation in the colon by colonic flora (Gibson and Roberfroid, 1995).
Three events take place: (1) release of volatile fatty acids which are absorbed in the large
intestine and contribute to the animal's energy supply; (2) although not conclusive, they
have been reported to enhance intestinal absorption of nitrogen, calcium, magnesium, iron,
zinc and copper in rats (Ducros et al., 2005); and (3) increase the number and/or activity of
bifidobacteria and lactic acid bacteria (Hedin et al., 2007).

Many oligosaccharides are considered to be prebiotics compounds that can directly or
indirectly improve intestinal health and as a result improve animal performance (Biggs et al.
2007), although the mode of action of several of these prebiotics are still obscure. It was
reported that even low concentrations (4 g/kg) of an indigestible, prebiotic oligosaccharide
can be fed with no deleterious effects on metabolizable energy and amino acid digestibility
(Biggs et al., 2007). Fructooligosaccharides such as inulin, oligofructose,and other short-
chain fructooligosaccharides can be fermented by beneficial bacteria such as bifidobacteria
and lactobacilli (Bouhnik et al., 1994; Gibson and Roberfroid, 1995) which control or reduce
the growth of harmful bacteria such as Clostridium perfringens through competitive
exclusion. The bifidobacteria and lactobacilli are generally classified as beneficial bacteria
(Gibson and Wang, 1994; Flickinger et al., 2003).

The benefit of utilizing oligosaccharides in soy-based diets of monogastric animals are due
to the ability of these oligosaccharide to pass through to the hindgut of the monogastric
animals intact and to be fermented by beneficial bacteria that are stimulated to grow and
produce compounds that are beneficial to the host. These beneficial bacteria are also able to
prevent the growth of bacteria such as Escherichia coli and lostridiumperfringens that can be
harmful to the host through competitive exclusion (Gibson and Roberfroid, 1995). The
digestibility of a few amino acids was increased by some oligosaccharides in cecectomized
roosters (Biggs and Parsons, 2007).

ii. Enzymes-Phytases, carbohydrases and proteases

Phytase (myo-inositol-hexakisphosphate phosphohydrolase) is an enzyme that catalyzes the
hydrolysis of phytic acid, an indigestible inorganic form of phosphorus in oil seeds and as a
result increases the digestion of phosphorus, consequently increasing its utilization and
reducing its excretion by monogastric animals. The phytase enzymes are derived from yeast
or fungi and bacteria. Nahashon et al. (1994a) reported that P retention was improved in
layers when the diet was supplemented with Lactobacillus bearing phytase activity. The use
of phytase to hydrolyze phosphorus and possibly other mineral elements that may be
bound onto phytate has been extensively researched (Selle and Ravindran, 2007; Powell et
al. 2011). The ability of phytase to improve performance and the digestibility of Calcium and
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phosphorus in layers fed a corn- and soybean-based diet is also well documented (Lim et al.,
2003; Panda et al., 2005; Wu et al., 2006).

Recently, Liu et al. (2007) demonstrated that phytase supplementation in corn-soybean diets
significantly improved the digestibility of phosphorus and calcium by 11.08 and 9.81%,
respectively. A 2-8% improvement of the digestibility of amino acids was also noted.
Phytase supplementation in corn-soybean layer diets also improved egg mass, the rate of lay
and egg shell quality of laying birds. These findings suggest that phytase supplementation
in soybean; corn-based diets of layers can improve the digestibility of calcium, phosphorus
and amino acids.

These results demonstrate that high dietary levels of efficacious phytase enzymes can
release most of the phosphorus from phytate, but they do not improve protein utilization
(Augspurger and Baker, 2004). Supplemental phytase has also been reported to improving
dietary phosphorus utilization by pigs (Sands et al., 2001; Traylor et al., 2001). Recent reports
have suggested that the presence of calcium negatively affects the activity of phytase
enzymes. Applegate et al. (2003) reported that 0.90% dietary calcium reduced intestinal
phytase activity of turkey poults by 9% and phytate phosphorus hydrolysis by 11.9%
compared with 0.40% calcium. However, recent report of Powell et al. (2011) indicate that
dietary calcium level, within the ranges of 0.67-1.33% did not negatively affect the efficacy of
phytase. Other reports (Pillai et al., 2006) demonstrated that addition of E. coli phytase to
phosphorus deficient broiler diets improved growth, bone, and carcass performance.
Carbohydrases such as xylanase and amylase are enzymes that catalyze the hydrolysis of
carbohydrates into sugars which are readily available or metabolizable by monogastric
animals. Proteases on the other hand break down long protein chains into short peptides.
Most enzyme complexes in monogastric feeding comprise carbohydrases, proteases and
phytases. In the animal feed industry these enzymes are produced commercially and used
to hydrolyze soluble nonstarch polysaccharides (NSP) of viscous cereals such as rye,
triticale, wheat, barley, and oats. Soybean meal contains approximately 3% of soluble NSP
and 16% of insoluble NSP (Irish and Balnave, 1993) whereas corn contains approximately
8% of insoluble NSP, mainly arabinoxylans (Choct, 2006). Both corn and soybean contains
negligible amounts of soluble NSP, not yielding digesta viscosity problems. Therefore, corn-
soy based diets of monogastric animals are considered highly digestible, hence requiring
less use of carbohydrases. Previous reports have, however, pointed out that since these
cereal grains contain some soluble NSP, there is need to supplement corn-soy based diets
with these enzymes to further improve their nutritional value (Maisonnier-Grenier et al.,
2004).

Studies to determine the effect of supplementing a corn-soybean meal-based diet with a
combination of multicarbohydrase, a preparation containing nonstarch polysaccharide-
degrading enzymes, phytases and proteases reveled that these enzymes improved nutrient
utilization and growth performance of broiler Chickens (Woyengo et al.,, 2010). Feeding a
combination of xylanase, protease, and amylase resulted in significant improvements in feed
conversion and body weight gain of broilers (Cowieson, 2005). When these enzyme
combinations were fed in broler diets with both adequate and reduced energy and amino
acid content, a 3% and 11% increase in apparent metabolizable energy and nitrogen
retention, respectively, were observed (Cowieson and Ravindran, 2008).

Although the enhancement of monogastric animal performance using enzyme supplements
in feed have been extensively researched and documented, the benefits of phytases in soy-
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based diets of monogastric animals have not been fully explored and require further
research. There is still a great deal of uncertainty regarding the mode of action of phytases,
carbohydrases and proteases and their combination thereof in corn-soy based diets of
monogastric animals.

iii. Genetic modifications

Increasing demand for soybean has necessitated genetic modifications to improve yield,
develop disease resistant varieties and varieties with enhanced nutritional value. Drought
tolerant varieties of soybean have also been developed through genetic engineering. The
Roundup Ready soybean, also known as soybean 40-3-2, is a transgenic soybean that has
been immunized to the Roundup herbicide. Although soybean’s natural trypsin inhibitors
provide protection against pests, weeds still remain a major challenge in soy farming
(Wenzel, 2008). A herbicide used to control weeds in soybean farming contains glyphosate
which inhibits the expression of the soybean plant’s enzyme 5-enolpyruvylshikimate-3-
phosphate synthase (EPSPS) gene. According to Wenzel, (2008), the gene is involved in the
maintenance of the “biosynthesis of aromatic metabolites,” and would kill the plant along
with the weeds for which the herbicide was meant. Consequently, the soybean was
genetically engineered by transferring a plasmid which provided immunity to glyphosate-
containing herbicides into the soybean cells through the cauliflower mosaic virus, perfecting
the Roundup Ready soybean.

Since drought stress is a major constraint to the production and yield stability of soybean,
integrated approaches using molecular breeding and genetic engineering have provided
new opportunities for developing high yield and drought resistance in soybeans
(Manavalan et al., 2009). Recently, Yang et al. (2010) pointed out that genetic engineering
must be employed to exploit yield potential and maintaining yield stability of soybean
production in water-limited environments in order to guarantee the supply of food for the
growing human population and for food animals.

There are efforts to also develop new soybean varieties that are resistant to diseases and
pests. Hoffman et al. (1999) observed that plants commonly respond to pathogen infection
by increasing ethylene production. They suggested that ethylene production and/or
responsiveness can be altered by genetic manipulation and as a result they used
mutagenesis to identify soybean lines with reduced sensitivity to ethylene. Two new genetic
loci were identified, Etrl and Etr2 and plant lines with reduced ethylene sensitivity
developed similar or less-severe disease symptoms in response to virulent Pseudomonas
syringae. Other reports (Yi et al., 2004) indicate that CaPF1, a ERF/AP2 transcription factor
in hot pepper plants may play dual roles in response to biotic and abiotic stress in plants
and that through genetic engineering this factor could be modified to improve soybean
disease resistance as well.

Enhancement of the nutritional value of soybean through genetic engineering has been
reported. According to Wenzel (2008), the soybean is a crop with the best amino acid
composition within all cultivated protein crops. He pointed out that since amino acids are
directly used in the genetic formation of proteins and fatty acids, this makes the soybean
invaluable in oil production. One of the main goals in genetic modification of the soybean
have essentially been to improve its oxidative stability by changing the mass percentage of
certain fatty acids, which would provide a more useful oil, and to increase the overall
amount of oil produced. The enhancement of soybean oil content was achieved by the
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introduction of a seed-specific transgene for diacylglycerol acyltransferase (DGAT2)-type
enzyme from the oil-accumulating fungus Umbelopsis ramanniana (Clemente et al., 2009).
Without disrupting the protein content, the oil content was increased from approximately
20% of the seed weight to approximately 21.5%.

Attempts were also made to increasing the oxidative stability of soybean oil. The primary
objective was to increase the composition in soybean of the fatty acids oleic and stearic and
decrease linoleic acid content of the soybean without creating trans or polyunsaturated fatty
acids (Clemente, 2009). Recently, DuPont has announced the creation of a high oleic fatty
acid soybean, with levels of oleic acid greater than 80%, (Clemente, 2009; Clemente and
Cahoon, 2009). Soybean mutants with elevated and reduced palmitate have also been
developed (Rahman et al. 1999). While the palmitate content of commercial soybean
cultivars is approximately 11%, elevated palmitate content in soybean oil may be important
for the production of some food and industrial products.

Low phosphorus (P) availability is also a major constraint to soybean production, therefore,
developing soybean varieties that can efficiently utilize phosphorus in the soils would be a
sustainable and economical approach to soybean production. Wang et al. (2010)
demonstrated the needed to develop more soybean varieties with enhanced P efficiency
through root modification, which might contribute to reduced use of P fertilizers, expanding
agriculture on low-P soils, and achieving more sustainable agriculture.

Soybeans, like many plants have also been reported to possess intrinsic allergens that
present problems for people with food allergies. However, genetically modified soybean has
not been shown to add any additional allergenic risk beyond the intrinsic risks already
present (Herman, 2003a). Through genetic engineering, major allergens in soybean have
been removed providing a very rich protein to both humans and food animals. According to
Herman (2003a), the sensitivity to soybean proteins in humans is estimated to occur in 5 +
8% of children and 1 * 2% of adults. These allergenic reactions are only rarely life-
threatening with the primary adverse reactions to consumption being atopic (skin) reactions
and gastric distress. After eliminating a dominant allergen in soybean seeds through genetic
engineering, Herman et al. (2003b) reported that there were no significant differences in
composition of transgenic and non-transgenic seeds. They pointed out that the lack of a
collateral alteration of any other seed protein in the Gly m Bd 30 K-silenced seeds supports
the presumption that the protein does not have a role in seed protein processing and
maturation.

iv. Synergistic value of soybean and other protein sources-supplementation/substitution

Protein for poultry diets may be derived from both animal and plant sources, with those
from animal sources being considered “good-quality”. They receive this designation
because of their relatively high level of crude protein and their good balance of essential
amino acids but they are much more expensive than their plant source counter-parts.
Specific animal sources of protein include blood meal (80-88% CP), meat and bone meal (45-
50% CP), fish meal (60-70% CP), and poultry by-product (50-55% CP). Common plant
sources used in poultry production include soybean meal (41-50% CP), cottonseed meal (41-
50% CP), canola meal (45-50% CP), peanut meal (40-45% CP), and alfalfa meal (15-20% CP).
It should be noted that, because of the relative low cost and high CP levels, soybean meal is
used by nearly all US poultry producers (Kilburn and Edwards, 2004).

In a study performed by Odunsi (2003), bovine blood was evaluated for its efficacy in layer
diets. Results from that experiment suggest that full productive performance could not be
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achieved without the supplementation of another protein source, in this case fish meal. This
conclusion is supported by earlier work done by Onwudike (1981), where birds fed diets
containing blood meal as the sole protein source had average hen-day egg production
percentages far less than those given other feed ingredients. In that experiment, the average
amount of feed required to produce one dozen eggs was also significantly higher for birds
on blood meal than in any other test group. It has been suggested that lowered production
observed in birds given blood-type protein products could be a result of nutrient imbalance.
Blood meal, as a feedstuff, is used primarily to supplement protein requirements of
livestock. In general, it has a crude protein content of 80 to 88% (Knaus et al., 1998) with
varying digestibility and bioavailability depending on factors that include species, breed,
feeding regimen, and climate. The low palatability of blood meal has been an issue and
concern for producers (Lim, 2004; DeRouchey, 2002). For this reason, it is recommended
that the use of blood meal in rations is restricted to no more than about 5 to 10% of the total
ration. The specific amino acid content is generally good, but unbalanced. Isoleucine, for
example, is the primary limiting amino acid, and can be found in only trace amounts (often
less than 1% of total volume). In one study, isoleucine availability was found to be only
39%, compared to 59% or better for all other essential amino acids (Gaylord and Rawles,
2003). Researchers have studied blood meal as a viable protein supplement in many species
including beef cattle (Rangngang et al., 1997), dairy cattle (Schor and Gagliostro, 2001),
nursing swine (DeRouchey et al., 2002), sheep (Hoaglund et al., 1992) and poultry (Tyus et
al., 2009).

Blood meal contains about 80 to 88 percent CP compared to about 48 percent CP in soybean
meal. It has a minimum biological availability of 80 percent based on the species studied,
feeding regimen, housing conditions and other environmental factors. (Hoaglund et al.,
1992; Sindt et al., 1993; and Kats et al., 1994). The National Research Council (1994) reports
methionine and lysine digestibility coefficients of about 90 percent while cysteine and
isoleucine figures were both below 80 percent. Blood meal is considered to be deficient in
isoleucine, containing less than one percent on a dry-matter basis. When deficient,
isoleucine, a limiting amino acid in blood meal, has been shown to cause fatal blood clots
and reduced egg production in layers (Peganova and Eder, 2002).

The suitability of blood meal supplemented with isoleucine as protein source for Single
Comb White Leghorn (SCWL) chicks was evaluated (Tyus et al. 2009). Based on this study,
substitution of up to 50 percent of soybean meal with blood meal supplemented with
isoleucine in corn-soy based diets did not adversely affect growth performance of SCWL
chicks from day-old to 10 weeks of age. Laying performance of chicks fed diets containing
blood meal supplemented with isoleucine from hatch to ten weeks of age was also evaluated
(Tyus et al., 2008). They reported that feeding corn-soy diets containing blood meal and
supplemented with isoleucine to SCWL chicks at 0-10 WOA significantly improved their
subsequent egg production performance, but depressed their internal egg quality and egg
shell thickness.

Soybean meal is also a suitable partial substitute for fishmeal in efforts to reduce cost of
feeding and environmental pollution resulting from nutrient (phosphorus and nitrogen)
overload in aquaculture. Fish meal which is traditionally the protein source of choice in
aquaculture is expensive. There are reports indicating that soybean meal can replace up to
60% fish meal in fish diets without adversely affecting performance. Soybean meal can also
replace 25% fish meal in diets of red snapper without adversely affecting performance.
However, higher substitutions require phosphorus supplementation.
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Soybean meal has also been used as partial substitute for groundnut meal in diets of broiler
chickens. This has been attributed in part to the seasonal failure of the groundnut crop and
the susceptibility of the groundnut cake to aflatoxins. Fishmeal could be a viable substitute
but the variations in quality because of adulterations and the cost of the meal has led to the
search for other potential protein sources as substitutes. Ghadge et al. (2009) suggested that
soybean meal can adequately serve as economical substitute for groundnut cake at 75-100
percent substitution.

A recent study was also conducted to evaluate the replacement of rapeseed meal with
soybean meal in diets of broilers because rapeseed meal contains anti-nutritional factors.
These include goitrogens or progoitrogens and glucosinolates which reduce growth and egg
production when fed to poultry at high concentrations (NRC 1994). Leeson et al. (1987)
reported that inclusion of rapeseed as protein source in poultry feeds causes an imbalance
between lysine and arginine. They also reported that leucine and isoleucine of rapeseed or
canola would be limiting in poultry diets. The rapeseed contains about 42% of oil while its
seed meal has an average of 38% crude protein (Montazer-Sadegh et al., 2008).

4. Soybean in monogastric animal nutrition and health

Soybean meal is the most widely used protein source in livestock diets around the globe and
according to Kohl-Meier, (1990) it accounts for more than 50% of the world’s protein meal.
It is also a source of isoflavones which are known to improve growth, promote tissue
growth in pigs, and prevent diseases. Isoflavones are a class of phytoestrogens, a group of
nonsteroidal plant chemicals with estrogen-like activity. Recent report of Sherrill et al.
(2010) indicated that perinatal exposures of male rats to isoflavones affected Leydig cell
differentiation, and they imply that including soy products in the diets of neonates has
potential implications for testis function. On the other hand, soy isoflavones supplements,
which are phyto-oestrogens widely used as alternatives to alleviate menopausal syndromes
or prevent chronic diseases, may exert oestrogenic and anti-oestrogenic activities. Hong et
al. (2008) reported a significant increase in the oestrogenic activity of the methanol extracts
of soy isoflavones for oestrogen receptor (ER) {3, but not (ER) a, suggesting that soy
isoflavones have a selective modulation of ER activation. The soy isoflavone
supplementation did not aggravate murine lupus, but apparently ameliorated the disease.
Human health benefits of soy isoflavones have been reported and they are thought to be
due, in part, to their estrogenic activity (Dixon, 2004; McCue and Shetty, 2004). Genistein
and daidzein are the two principle isoflavones in soybeans and they are known to bind to
estrogen receptors. As a result and as suggested by Wilhelms et al. (2006), isoflavones may
exert modest endocrine disruptor-like effects on reproduction in male, but not female, quail.
Studies were conducted to determine the effect of soy isoflavones on growth and carcass
traits of commercial broilers ( Payne et al., 2001). They observed a decrease in average daily
weight gain and feed intake of broilers fed diets containing isoflavones. Isoflavones may
also affect carcass traits in broilers. Earlier work (Cook, 1998) indicated that
supplementation of broiler diets with isoflavones at 1,585 mg/kg diet significantly increased
growth rate and carcass muscling in pigs from 6-32 kg body weight. Payne et al. (2001) also
reported that addition of isoflavones to a corn-soy protein concentrate increases carcass
leanness and decreases carcass fat in broiler chickens.

Processed soybean products which are of lesser significance in monogastric animal feeding
have been cited as possessing functional properties to human health such as cancer
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prevention (Linz et al., 2004) and liver disease (Gudbrandsen et al.,, 2006). Partial
replacement of soybean meal with extruded soy protein concentrate improved pig
performance significantly (Lenehan et al., 2007).

As demonstrated by the supplementation of diets of monogastric animals with isoflavones
and soy protein concentrates, there are significant differences among the monogastric
animals in response to the inclusion of soybean in their diets.

a. Soybean in Poultry feeding

Soybean meal (SBM) is the primary protein source in corn-soy based poultry rations. It is fed
to poultry as soybean meal and is primarily the by-product of soybean oil extraction; it’s the
ground defatted flakes. Various studies have been conducted to evaluate methods of
enhancing the acceptability of soybean and the enhancement of its nutritional value in
poultry feeding. For instance, a study was conducted to evaluate the effect of extruding or
expander processing prior to solvent extraction on the nutritional value of soybean meal for
broiler chicks. The results of this study indicate that pre-solvent processing method
(expander or non-expander) had no significant effect on the nutritional value of SBM for
Broiler chicks. However, both Methionine and Lysine supplementation increased feed
efficiency (Douglas and Persons, 2000). Several other studies (Coca-Sinova et al., 2008;
Dilger et al., 2004; Opapeju et al., 2006) have evaluated various methods of enhancing the
digestibility of individual amino acids and protein of soybean meal.

b. Soybean in Swine feeding

Soybean meal and soybean products have also been used extensively in swine production
because of its relatively high concentration of protein (44 to 48%) and its excellent profile of
highly digestible amino acids. Soy protein contains most amino acids that are deficient in
most cereal grains commonly fed as energy sources in swine production. Due to the high
cost of feeding, attempts to minimize the amount of soybean in swine rations and also to
improve its digestibility have taken center stage. Bruce et al. (2006) evaluated the inclusion
of soybean processing byproducts such as gums, oil, and soapstock into soybean meal.
Addition of these processing by-products significantly reduced the nutritive value of the
resultant meal. Several other approaches to enhance and expand the utilization of soybean
in swine production include the use of oligosaccharides as reported by Smiricky-Tjardes et
al. (2003). They evaluated the effect of galactooligosaccharides on ileal nutrient digestibility
of nutrients in pigs fed soy-based diets. The digestibility of soy amino acids by swine have
also been researched quite extensively (Smiricky-Tjardes et al. 2002; Sohn et al. 1994; Grala et
al. 1998; Liener, 1981; NRC 1998; Sohn et al. 1994).

c. Soybean in aquatic feeding

The feeding value of soybean as a rich protein source has also been extended to aquaculture.
Soybean meal and genetically modified soybean products have also been employed in
aquaculture (Hammond et al., 1995). Naylora et al. (2009) points to the importance of fish
oils and fishmeal as a protein source in food animal production and also the extensive use of
soybean and soybean products as protein supplements in aquaculture feeds.

d. Soybean Food safety issues

This section is discussed in three parts: 1) bacterial contamination of soybean meal and its
relation to human foodborne illness; 2) bacterial contamination of soy products; and 3) soy
allergies.

Bacterial contamination of soybean meal and its relation to human foodborne illness

Soybean crop fertilized with animal manure has potential for higher yields when compared
to soybeans fertilized with commercial fertilizer (McAndrews et al., 2006; Barbazan, 2004).
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However, application of contaminated manure to the growing crop may contaminate
soybeans with foodborne pathogens such as Salmonella spp, and E. coli O157:H7. Foodborne
pathogens present in the intestinal tracts of animals may contaminate soybean crop via field
application of animal manure. Since many animal producers use soybean meal as a major
constituent of animal feeds, contamination of these feeds with zoonotic foodborne
pathogens has increasingly become a global concern. Animal feeds are frequently tainted
with vital human foodborne bacterial pathogens such as Salmonella spp.and E. coli O157:H7
(Crump et al., 2002; Davis et al., 2003). Use of contaminated soybean meal as ingredients in
animal feeds affects the quality and safety of foods of animal origin. Food animals may get
infected with foodborne pathogens via contaminated animal feed. Bacteria from the
animal’s gastrointestinal tract has the potential to contaminate raw meats during
evisceration and processing stages (Madden et al., 2004). Raw retail meats have been
reported as a major source of zoonotic foodborne pathogens (Foley et al., 2006; NARMS,
2006). Salmonella is the leading cause of foodborne illness in the United States and poultry
has been identified as the primary source of infection (Braden, C.R. 2006).

Previously, Salmonella has been detected in poultry feed (Williams, J.E., 1981) and can be
transmitted to human through animals infected by consuming the contaminated feed
(Hinton, 1998). Contaminated feed is therefore a potential path for transmission of
foodborne illnesses to humans.

Several environmental sources may be contributing to Salmonella contamination in
monogastric animals, but feed is alleged to be the leading source. Implementation of food
safety plans on the growing, harvesting, and packing of soybean has the potential to
minimize contamination of soybean as a primary feed ingredient. Heat treatment (Stott et
al.1975) and ionizing radiation should be applied to eliminate or limit microbial
contamination in animal feed (Macirowski et al, 2004). Soybean crop growers should
constantly practice Good Agricultural Practices (GAPs) in their farms. Implementation of
food safety plans on the growing, harvesting, and packing of soybean has the potential to
minimize contamination of soybean as a primary feed ingredient. Detecting Salmonella in
feed can be difficult as low levels of the pathogen may not be recovered using traditional
culturing methods. Rapid and reliable methods for the detection of foodborne pathogens in
soybean meal, and monitoring of soybean as a raw feed ingredient have been crucial in
mitigation efforts in prevention of zoonotic pathogens entering the animal feed processing.
Since animal feed is the first step of the farm to fork continuum for food safety, it is crucial
to test for foodborne pathogens in the feed ingredients such as soybean meal for control of
Salmonella and other foodborne pathogens.

Bacterial contamination of soy products

Various products are derived from soybeans including milk, infant formula, meal, flour,
tofu, cereals, meat analogs and meat products. Consumers should follow manufactures
instructions for ideal storage and shelf life of soy products. Recently, consumption of
soymilk products has been increasing for the reason that these foods contain proteins which
are lactose and cholesterol free. According to Liu and Tser-KeShun (2008), Listeria
monocytogenes has the ability to survive and multiply in soymilk products and cannot be
prevented by refrigeration. Listeria monocytogenes has the ability to grow at low
temperatures and therefore permits multiplication at refrigeration temperatures.
Consumer’s improper handling and storage, especially of soy milk or yogurt is a food safety
threat in regard to post-production contamination with foodborne pathogens. As with
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soymilk and soymilk based products, post-production contamination of soybean products is
a potential health hazard. Ikuomola and Eniola (2010) found high bacterial counts in
samples of a popular non-fermented Nigerian fried soybean snack, Beske collected from
various markets and Hawkers in Ikeji-Arakeji, Nigeria. Staphylococcus aureus, Micrococcus
luteus, Bacillus subtilis, Escherichia coli, Pseudomonas aeruginosa and Proteus vulgaris along
with four fungi, Penicillium spp, Rhizopus stolonifer and Mucor mucedo were some of the
microorganusms isolated and identified from the Beske.

Recently, consumption of fresh green sprouts has increased, all over the world, in part due
to health benefits. Sprouts have a risk of being contaminated with pathogenic bacteria such
as Salmonella, Escherichia coli O157:H7, and Listeria monocytogenes. The consumption of
sprouts has resulted to a number of outbreaks of foodborne illness in several countries. Seed
sprouts are regularly linked to foodborne illness, especially those caused by
enterobacteriaceae (2002; Harris et al., 2003; DuPont, 2007). Water used for soy sprouts should
be potable and free of foodborne pathogens. The most significant factor in germination and
sprouting of soy is clean water supply. Food-borne pathogens in the water supply have the
potential to proliferate in the warm, moist environment that trays of sprouts provide. Soy
sprouts are grown from seeds placed in warm, moist, nutrient-rich conditions, which are
perfect environments for bacteria growth.

Soy allergy

Food allergies have become a common serious health threat and food safety concern
globally. Food allergies can often turn into a lifelong concern. Eight types of foods which
include milk, eggs, peanuts, tree nuts, fish, shellfish, soy and wheat account for 90 % of food
allergies (Sicherer and Simpson, 2010). Allergy to soy is major allergy and one of the more
frequent food allergies. Soybean (Glycine max L. Merr.) is described as one of the main
allergenic food crops in the labeling regulation in many continents. The severity of the soy
allergy reaction ranges from mild rashes up to anaphylaxis. Allergic reactions to soybean
can be systemic, but typically have more localized effects including the skin, the
gastrointestinal tract, or the respiratory tract (Savage et al., 2010). The prevalence of soybean
allergy is estimated at 0.4% in children and 0.3% of adults in North America (Sicherer and
Sampson, 2010).

Soy products are widely used as a major ingredient in most manufactured products and fast
food restaurants such as McDonalds and Wendy’s (http://www.allergicchild.com/soy
_allergies.htm). There have been recalls by the Food and Drug Administration (FDA
Enforcement Reports) of several products containing soy proteins, paste, oils and flour due
to improper labeling. Consumers who have allergies to soy are often at a risk of serious or
life threatening allergic reaction if they consume these products. Unlisted soy protein on
product labels is considered a potential hazard for people who may be allergic to soy.
Recently, Pasta Mia Veal Ravioli Gastronomica and Mooney’s Kentucky Bourbon Cheese by
Nina Mia, Inc and Shuckman’s Fish Co, respectively, were recalled due to undeclared soy
labelling (http://www .foodsafety.gov/). Therefore, failing to list soy proteins on the label
places consumers with allergies at risk. Companies often supply soy substrates to other food
processors and use as fillers, consequently recalls due to soy ingredients may include a wide
range of prepared or processed foods: frozen pizza, cereals, granola bars and meat products.
Consumer, particularly with food allergy concerns, must take time and read food labels
while purchasing their foods.
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1. Introduction

Popular advice for healthy diets that may promote health and longevity include the daily
consumption of at least three servings of fruits or vegetables and the variation of foods to
include items derived from different plants and those plants should belong to different
botanical families (Thompson H.J. et al., 1999).

Ancient civilisations in the Middle East and in America included grain legumes and cereals
in well-balanced diets. In the funeral offerings found in the Egyptian pyramids various
legume seeds were present, including lentils and grass pea. Apparently, legumes were a
food of special consideration to be offered to kings, in contrast to the present day reputation
of being the meat of the poor, with 75% of all legumes now being produced in developing
countries. Excavations of ancient settlements indicate the use of both cereals and legumes
(Mahler-Slasky & Kislev, 2010). A well balanced food basket promoting health and strength
may have given an evolutionary advantage. The benefits of legume cultivation for soil
fertility were already recognised in the 4th century BC (Flint-Hamilton, 1999).

Legumes are important factors in the natural cycle of nitrogen, being able to fix atmospheric
nitrogen in symbiosis with Rhizobium bacteria. This enables the leguminous plants to thrive
on poor soil, which makes them essential partners in the maintenance of soil fertility, and to
produce protein-rich seeds. However, maintenance of optimum rates of nitrogen fixation
requires continued attention by plant breeders (Provorov & Tikhonovich, 2003).

Legumes are also unusually diverse in their defence against predators by producing a large
array of secondary metabolites forming their chemical armoury. Those metabolites include
anti-nutrients such as inhibitors of digestion and compounds interfering with predator’s
metabolism reaching as far as brain function and hormonal control (Rozan et al., 2000).
Interestingly, some of these metabolites are beneficial by their inhibition of human cancer
cells or by antioxidant activity that can delay ageing.

Although legumes have many beneficial properties, they are not a well balanced food by
themselves because of deficiencies in some essential amino acids, and should not be the sole
component of the food basket. In combination with cereals that are richer in those essential
amino acids which are deficient in legumes such as methionine, cysteine and tryptophan,
legumes are beneficial for human health and for the world’s ecology. The optimum protein
quality is approximated when 60-70% cereals are mixed with 30-40% cooked legumes. This
would produce a combined quality of protein comparable with meat (Bressani & Elias,
1974).
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Deficiency of the sulphur amino acids methionine and cysteine in the diet during extended
periods can have detrimental health effect. Cassava roots (Manihot esculenta) and grass pea
seeds (Lathyrus sativus) are used as staple food, especially in drought prone areas of Asia
and Africa. Both foodstuffs are notorious for their deficiency in essential sulphur amino
acids and overconsumption during an extended period in unbalanced diets can result in
irreversible crippling neurodegenerative diseases konzo or neurolathyrism (Bradbury &
Lambein, 2011). Oxidative stress is an important factor in the aetiology of these diseases.
Both germination and fermentation have positive effects on the nutritional quality of
legumes. Anti-nutritional factors such as trypsin and chymotrypsin inhibitors and the
galactosidases as flatulence factors are reduced by germination or fermentation.
Germination also reduces the level of fats and carbohydrates while increasing the dietary
fibres and vitamins (Vidal-Valverde et al., 2002). Fermentation can increase the amino acid
score as the micro-organisms involved can also produce essential amino acids. In some cases
toxins present in the seeds can be reduced by fermentation (Kuo et al., 2000). Grain legumes
are well known to contain deficient levels of sulphur amino acids. While this fact is widely
recognised, a closer examination of several groups of antinutritional factors reveals that
many of these factors target metabolic systems involving sulphur amino acids in their
predators (Enneking, 2011).

Proteins that act as anti-nutritional factors such as trypsin inhibitor, chymotrypsin inhibitor
and alpha-amylase inhibitor are destroyed by simple cooking (moist heat treatment) and
only pose a problem when the seeds are consumed raw or are cooked insufficiently.
Soybean seedlings (or more often mungbean seedlings sold as soy sprouts) are consumed
raw in salads in Western cuisine, while in the East, from where the practice originated,
seedlings are always heated either by deep-frying or in a wok before consumption.

The present chapter gives an overview of health and nutritional aspects of soybean for
human consumption and the general description of soy foods. The potential of genetically
improved varieties of soybean (GM soy) and the hurdles for its commercialization in Europe
and the rest of the world are discussed.

2. Soybean, the healthiest legume

Soybean (Glycine max) is the legume with the highest amino acid score and closest to the
standard set by the Food and Agriculture Organization (FAO) and World Health
Organization (WHO). The content of the sulphur amino acids methionine and cysteine is
double when compared to grass pea (Lathyrus sativus), the commercial legume with the
lowest content of these essential amino acids (Kuo et al., 1995). Nevertheless, American
farmers are spending an estimated 100 million dollars each year to supplement the soybean
based feed with synthetic methionine for optimal performance by their domestic animals
(Imsande, 2001). Compared to other grain legumes, soybean produces the highest yields of
seeds per ha. The reason for this may in part be the allocation of better land for soybean than
for other cheaper pulses.

The recent update of the ‘dietary guidelines’, the US-government’s evidence based
nutritional guidance to promote health and reduce the risk for chronic diseases and the
prevalence of obesity through improved nutrition, recommends increasing soy intake as
fortified beverages and other soy products (USDA, 2010). An industry-sponsored
Newsletter ‘Soy & Health' is devoted to the popularization of information on soy foods (Soy
& Health, 2011).
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The main advantage of soybean for human health, besides the nutritional value provided by
its energy and protein content, is the high level of isoflavones genistein and daidzein
present in the seeds. These secondary metabolites play a role in the symbiosis of the plant
with Rhizobium but also have beneficial effects on human health. The concentration of these
isoflavones in soybean is several orders of magnitude higher than in other commercial
legumes. This includes the mungbean seedlings that are marketed as soybean sprouts in
some European countries.

Soybean isoflavones genistein and daidzein are used in medicine at daily doses of 50 mg for
the prevention of prostate cancer and breast cancer. This is the equivalent of about 50 g of
soybean products or about 30 kg of other legumes (Liggins et al., 2000). Isoflavones are also
antioxidants that can regenerate vitamins E and C, and are considered as a factor in the
longevity of people who regularly consume soybean products in various forms. In some
Asian countries with high life expectancy, the daily intake of soy-isoflavones is estimated at
50-100 mg. These soy-products include the seeds used in various recipes, soybean milk,
many products made from precipitated protein such as tofu, fermented foods such as soy
sauce, tempeh and also the germinated seeds. Especially the incidence of pre-menopausal
breast cancer is reduced by high consumption of soybean products during adolescence and
adulthood (Lee et al., 2009). It is well established that the incidence of prostate cancer is
reduced in populations regularly consuming soy products. In vitro, genistein inhibits a wide
range of cancer cells and inhibits several critical enzymes involved in signal transduction
(Messina et al.,, 1994). Although more controversial, the regular consumption of soy
products also seems to lower the incidence of type 2 diabetes, at least in some populations
(Villegas et al., 2008).

2.1 Nutritional benefits of soya

Soybean (Glycine max) is one of the most important crops worldwide for producing oil and
protein.

The seeds of the soya plant are an excellent source of macronutrients (protein, carbohydrate
and lipid). Its composition may vary depending on the varieties and the growing conditions.
The proximate composition of the whole seed of soybean, soy milk, tofu and soy sprouts is
shown in Table 1.

2.1.1 Protein

Characterization. As in all legumes, globulins are the bulk of soybean proteins. Based on

sedimentation, four major fractions can be distinguished:

e  B-conglycinin, the principal component and sugar containing globulin;

e glycinin, the principal protein of soybeans;

e trypsin inhibitors: Soybeans contain two types of trypsin inhibitors: Kunitz trypsin
inhibitor (KTI) and Bowman Birk inhibitor. KTI is reported to be one of the abundant
anti-nutritional proteins in soybean seeds and it has been characterized as a food
allergen in humans (Quirce et al., 2002).

e enzymes and hemaglutinins: lipoxygenase is technologically the most important
enzyme found in soybean because it catalyses the oxidation of the poly-unsaturated
fatty acid by molecular oxygen, leading to the development of rancidity and beany
flavor. Hemaglutinins (lectins), carbohydrate-binding proteins, have been found to
exert specific physiological effects as antinutritional protein factors (Natarajan, 2010)
but they are easily inactivated by heat.
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per100 g Soybean Soymilk Tofu Soy sprouts
Proteins (g) 38.0 3.7 12.0 5.5
Fat (total) (g) 18.0 22 7.0 1.0
saturated fatty acids (g) 2.5 0.4 - -
mono-unsaturated fatty acids (g) 4.0 0.5 - -
poly-unsaturated fatty acids (g) 10.7 1.3 - -
-linoleic acid (Q-6) (g) 9.8 1.2 - -
-alpha-linolenic acid (2-3) (g) 0.9 0.2 - -
Carbohydrates (g) 6.3 2.8 1.0 47
Fibers (g) 22.0 0.6 - 2.38
Calcium (mg) 201 120.0 87.0 32.0
Magnesium (mg) 220 - 99.0 19.0
Potassium (mg) - - 94.0 235.0
Vit B2 (mg) - 0.2 - -

Table 1. Overview of the nutritional composition of soybean, soymilk, tofu and soy sprouts
(Adapted from: http:/ /www.sojanet.com/nutritional-benefits. html#c3501)

-conglycinin and glycinin are storage proteins found in the protein bodies within the cells
of the cotyledons. Severe allergic reactions have been reported after human consumption of
those soy proteins (Bardare et al., 1988). The main allergens found in soy protein are Gly m
Bd 60K (a subunit of p-conglycinin), Gly m Bd 30K (previously described as the 34-KD
vacuolar protein, P34) and Gly m Bd 28K (Ballmer-Weber et al., 2007).

Besides these allergens, soybeans like other legumes contain a number of anti-nutritional
factors such as trypsin and chymotrypsin inhibitors. These enzyme inhibitors are associated
with the depletion of sulfur amino acids in the consumer’s metabolism. A significant portion
of the low cysteine content in grain legume seeds can be found in proteins designed to be
active in hostile extracellular environments, where cysteine functions to stabilize these
proteins by disulfide bridges. This cysteine depletion is enhanced by these digestive
enzymes and manifests itself by an enlargement of the pancreas (pancreatic hypertrophy)
and a depletion of sulfur amino acids, since digestive enzymes also require elevated levels
of cysteine for stabilization in a hostile extra-cellular environment (Enneking, 2011).
Generally, these stabilized proteins can be destroyed by moist heat during food preparation.
However, depending on the effectiveness of the heat treatment [heat, moisture, time], some
activity, particularly for the chymotrypsin inhibitors, may remain.

Nutritional value. The proximate protein content of soybean is very high (38%) but it is not
only the total amount of protein that is important; the quality of the protein also has to be
taken into account. All eight essential amino acids which are necessary for human nutrition
and are not produced naturally in the body are found in soybean protein. When comparing
the essential amino acids of soybean with those from the reference protein (FAO/WHO),
methionine and cysteine (sulfur containing amino acids) are the limiting factor with a
chemical score of 47, compared to 100 for an ideal protein for human nutrition. While sulfur
amino acids are the limiting factor in soybean, lysine content is very high, and that makes
soybean an excellent complement for cereals that are deficient in lysine but excellent sources
of S-containing amino acids (Lambein et al., 2005).

The chemical score alone is not sufficient to evaluate the protein quality since it does not
take into account the digestibility and the biological availability of the amino acid. The
protein in most soybean products has a Protein Digestibility Corrected Amino Acid Score
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(PDCAAS) that approaches 1.0 for soy protein and 0.92 for whole soybeans, indicating that
both amino acid pattern and digestibility of soya protein are excellent for human nutrition.
Consuming soya foods is an excellent way to increase the protein content of the diet.
Although high protein diets may increase the risk of developing kidney disease in
susceptible individuals, some studies indicate that soya protein favorably affects renal
function in comparison to animal proteins (Sarwar, 1997).

FAO/ WHO reference
Soybean .
protein
ILE 4.6 4
LEU 7.9 7
LYS 6.5 5.5
MET + CYS 2.6 3.5
PHE + TYR 8.2 6
THR 3.9 4
TRY 1.3 1
VAL 4.9 5

Table 2. Soybean Essential Amino acids composition as % of total amino acids versus FAO/
WHO reference protein (adapted from Lecerf & Fressin, 1995)

2.1.2 Lipids

The lipids (crude oil) content of soybeans is approximately 20% which consists of:

o Triglycerides representing about 96 % of the soybean lipids

e Phospholipids or lecithins (2%) which are used in medical and food industries as
emulsifiers

¢  Unsaponifiable lipids (1.6 %) mainly tocopherols (Vit E) and sterols

e  Free Fatty acids (0.5 %)

Soybean contains a heart-healthy balance of fatty acids, high in mono and polyunsaturated

fatty acids (80 % of total fatty acids primarily in the form of linoleic acid) and low in

saturated fatty acids (20 %) (Kris-Etherton et al., 1988). Linoleic acid, when substituting

saturated fatty acids in the diet reduces blood cholesterol levels. Furthermore, soybean is

one of the few good plant sources of the essential fatty acid, alpha-linolenic acid (ALA), an

omega-3 fatty acid that may have independent coronary benefits (See the fatty acid profile of

soybean in Table 3).

Fatty acid %
Lauric acid (C12:0) 4.5
Mpyristic acid (C14: 0) 45
Palmitic acid (C16:0) 11.6
Stearic acid (C18:0) 2.5
Oleic acid (C18:1) 21.1
Linoleic acid (C18:2), Q-6 52.4
Linolenic acid (C18:3), Q-3 7.1

Table 3. Fatty acid profile of soybean oil (adapted from Weber et al., 2007).
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The health claim that “Intake of 25 grams of soya protein a day, as part of a diet low in
saturated fat, may reduce the risk of heart disease” has been approved by the American
Food and Drug Administration and the British Joint Health Claim Initiative. Moreover, the
important role of soy foods in displacing higher-saturated-fat foods from the diet, thereby
helping to lower blood cholesterol levels was highlighted by the American Heart
Association (Sacks et al., 2006). The cholesterol lowering effect of the poly-unsaturated fatty
acids of soybean is mainly affecting the LDL-cholesterol, and also decreases the triglyceride
level. Indeed, the excellent fatty acid composition of soya offers various advantages.

2.1.3 Carbohydrates

The total carbohydrate content of soybean is about 30%. Unlike other beans, soya is low in
high molecular weight carbohydrates in soya. Soybeans contain 10-13% soluble
carbohydrates of which sugars (sucrose, fructose, saccharose, raffinose and stachyose)
represent 10-12% and starch 1%. Raffinose and stachyose are tri and tetrasacchide,
respectively which are not broken down by human digestive enzymes but by the bacteria
present in the small intestine with production of intestinal gas (flatulence). Soybean also
contains 18% fibers, a mixture of cellulosic and noncellulosic structural components
(cellulose, hemicellulose and pectin substances).

Considerable efforts are underway to further improve the nutritional quality of this healthy
grain legume. For example of the 3 major oligosaccharides present in soybean only sucrose
can be digested by monogastric animals. As stachyose and raffinose are indigestible and are
considered as anti-nutritional factors which cause a reduction of energy in the diet and
flatulence, research has focused on their removal from soybean meals. Recently, alleles of
soybean raffinose synthase genes have been identified which are associated with a low
stachyose and raffinose content in soybean plants and seeds. This identification in
combination with molecular marker breeding is a promising tool to introduce the trait in
soybean varieties (Dierking & Bilyeu, 2008; Schillinger et al., 2010). In cases where
traditional breeding techniques have not yet succeeded, genetic transformation can be the
method of choice for this endeavour.

2.1.4 Minerals

The mineral content of soybeans is about 5%. Major constituents are calcium, potassium and
magnesium. Soybean milk is poor in calcium, only 12 mg/100 g. But the content of soya
drinks is always enriched with calcium to be comparable to cow’s milk (Zhao et al., 2005).
Iron, copper and zinc are other minerals that are present in soybeans as trace elements.

2.2 Uses of soybeans as food

Raw soybeans cannot be eaten as such because of the presence of trypsin inhibitors that can
disrupt digestion activities in the stomach, leading to cramps and associated discomfort.
(Mccue & Shetty, 2004).

Soybean foods are typically divided into three categories: non-fermented, fermented and
fortified.

Traditional non-fermented soya foods include fresh green soybeans, whole dry soybeans, soy
nuts, soy sprouts, whole-fat soy flour, soymilk and soymilk products, tofu, okara and yuba.
Traditional fermented soy foods include tempeh, miso, soy sauces, natto and fermented tofu
and soymilk products.
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General description Uses

Nonfermented soya foods

Served hot or cold, as
breakfast, beverage, or
with other foods
Cooked with or without
White protein curd precipitated from soya milk with  meat, vegetable, and

Heated water extract of soybeans after grinding and

Soy milk filtration. Resembles dairy milk

Tofu salt or acid seasonings and served as
a main dish or soup

Soy Germinated soybeans in dark yellow cotyledons with Cooked as vegetable or

sprouts  white sprouts in soup

As delicacy, cooked with

Soy film - Creamy, yellowish protein-lipid film formed from meat or vegetables, or in

Yuba surface of boiling soya drink. Sheets, sticks, or flakes soups
Cooked in pod or pod
Edamame Green immature soybeans removed. Served as
snack or vegetable
Roasted As a snack or made into
Dry roasted soy beans, seasoned or non-seasoned.
soya beans powder.

Fermented oriental soya Foods
Miso Heated water extract of soybeans after grinding and  All purpose seasoning

filtration. Resembles dairy milk for dishes or soups
Cooked whole soya beans fermented with Bacillus natto. .
. . o, Seasoned and eaten with
Natto Soft beans covered by viscous, sticky polymer, distinct .
cooked rice.
aroma.
Cooked and dehulled soya beans fermented with Fried or cooked as part
Tempeh  Rhizopus oligosporus. Soft beans bound by white of meal, snack, or in
mycelia, cakelike, nutty flavor soups.
(Ssh(j)y; Dark-brown liquid extracted from a fermented mixture
sau}ée) of soybeans and wheat and is based on the use of the  All-purpose seasoning

Aspergillus oryzae strain.

Table 4. Different soya foods (Source: http:/ /www.sojanet.com/ the-plant-the-
food/ different-soya-food.html)

Fortified soy foods are frequently used in humanitarian programs to prevent and address
nutritional deficiencies, partially precooked and milled soybean is used to provide protein
in Corn Soya Blend (CSB), the main fortified blended food distributed to affected people
but sometimes soya is also mixed with wheat in Wheat Soya Blend (WSB). Those fortified
blended foods are also generally used to provide extra micronutrients and to complement
the general ration in Supplementary Feeding, Mother and Child Health programs and
during disaster or emergency operations by the World Food Program (2006)

2.3 Soybean sprouts or mung bean sprouts?

Sprouts of mung bean (Vigna radiata, called green gram in India, green bean in China) are
often marketed as ‘soy sprouts’, creating confusion among nutritionists. In the East, mung
bean and soybean sprouts are sold side by side and correctly labeled. In the West, the real
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soybean sprouts are rare and mung bean sprouts are labeled as soy sprouts. Mung beans are
easier to sprout, cheaper and more widely available than soy sprouts. Real soybean sprouts
are much richer in the isoflavones genistein and daidzein and also have more protein than
any other sprouts plus an appealing flavor and taste. Health conscious consumers with the
intention to lower the risks for some cancers by consumption of high isoflavone containing
foodstuffs are in fact cheated by this mislabeling. For sprouting purposes, small-seeded
soybeans are preferred because of the relatively thicker seed coat than the large-seeded
soybeans and also because of the higher rate of germination. One gram of dry beans yields
about 8-10 grams of sprouts after 4-5 days of germination. The sprout (hypocotyl) is then
about 3 cm long. In mung bean the cotyledons shrink after one week germination and the
first leaves become visible. The cotyledons of soybean sprouts are bigger and more yellow.
Although the level of anti-nutritional factors such as trypsin inhibitors is reduced during
germination, while mungbean sprouts are often used in Western cuisine uncooked together
with a variety of other sprouts, in the East the sprouts are always boiled in soups or fried in
a wok. Unfortunately, prolonged heat also destroys some of the vitamin C (Wai et al., 1947).
According to the history book by Gavin Menzies (2002) soybean was one of the foods taken
on long ocean voyages by the Chinese in 1421, and sprouted on board. This may have
protected those seamen from vitamin deficiency related diseases. Indeed, germination is a
simple post-harvest processing technique that increases the levels of riboflavin by up to
642%, niacin by up to 443% and ascorbic acid by up to 467% (Kaushik et al., 2010).

s Sojascheuten
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Fig. 1. Comparison of sprouts of mungbean (Vigna radiate) and soybean (Glycine max) (left
picture), with a commercial product of mungbean sprouts sold as soysprouts, (right
picture). Notice the shrunken cotyledons in the commercial product and the intact yellow
cotyledons in the soybean sprouts.

An early detailed scientific report was published by Schulze in 1889 "On Some Nitrogen-
Containing Constituents in Soy Sprouts (or Etiolated Soy Shoots)" (cited in Shurleff &
Aoyagi, 2011). These observations were more botanical than culinary and were done with
soybeans germinating in a field. Although the culinary use of soybean sprouts has an almost
one thousand year tradition in China, the first known reference to soy sprouts for food use
was by Li Yu-Ying in 1910 and 1912 (cited in Shurleff & Aoyagi,. 2011). By late 1910 or early
1911, he was producing soy sprouts in his soy foods plant near Paris. A detailed history of
soy seedling production and consumption is described by Shurtleff and Aoyagi (2011). Bau
et al. (1997) found that the trypsin inhibitor activity of soybeans was reduced by 30% during
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sprouting and that the vitamin C content increased from 0 to 25 mg/100 gm. Fernandez-
Orozco et al. (2008) compared the antioxidant capacity in soybean sprouts and mung bean
sprouts and found a greater increase during sprouting of mung bean than in soybean, while
the total tocoferol (vit E) content increased much more in soybean sprouts.

3. GM soy

3.1 History

Since the introduction of genetically modified (GM) crops in the nineties GM soy has been
one of the most prominently cultivated GM crops. The first traits to be introduced in soy by
means of genetic engineering were herbicide resistance to glyphosate and glufosinate. The
GM soy plant acquires glyphosate resistance through the action of a genetically introduced
enzyme from bacterial origin (Thompson C.]J. et al.,, 1987) that acts as an inhibitor to the
herbicide. Glyphosate (N-(phosphonomethyl)glycine), inhibits the 5-enylpyruvylshikimate-
3-phosphate synthase (EPSPS) of plants and certain bacteria. This enzyme catalyses a key
step in the synthesis pathway of the aromatic acids, hormones, plant metabolites, lignins
and other phenolic compounds (Dill, 2005). Glufosinate (dl-homoalanin-4-
yl(methyl)phosphinic acid) on the other hand inhibits glutamine synthase, required for the
conversion of L-glutamic acid to L-glutamine in the presence of ammonia. Blocking this
pathway in plants results in toxic ammonia levels and cell death (Duke, 1990).

Monsanto and Bayer CropScience have commercially developed and launched respectively
GM glyphosate and glufosinate resistant soy lines, both of which have been approved for
human and animal consumption. Since its first commercial cultivation in the US in 1996,
Roundup Ready soy developed by Monsanto still is the principal biotech crop at global
scale. The total herbicide resistant GM soybean area is cultivated on 73.3 million hectares,
representing 50% of the total area of GM crops in the top-ten biotech crops. Countries that
are growing GM soy are the USA, Brazil, Argentina, Paraguay, Uruguay, Bolivia, Mexico,
Chile, and Costa Rica. In Paraguay and Bolivia GM soy accounts even for the total area of
GM crops (James, 2010).

Herbicide tolerance is the only GM soybean trait that has been commercialized to date (see
Table 5). Worldwide, only 3 different events of genetic modification can be found, commonly
known as Roundup ready soy and Roundup ready 2 soy (Monsanto Company), both resistant
to glyphosate, and Liberty Link soy (Bayer Crop Science) which confers resistance to
glufosinate. Eleven additional GM soybean events have received regulatory approval in at
least one country and are ready for commercialization. Amongst these are also the first GM
soybeans modified to increase the value for industry by having an increased oleic acid content,
and which are expected to be ready for global use by 2012 (Plenish, Dupont). Three other lines
(Optimum GAT, Cultivance, Bt Roundup Ready 2 Yield) are also expected to be commercially
launched within the next two to five years (Dupont, BASF Plant Science and Monsanto
Company). Other GM soybean lines like 260-05 (Dupont), W62, W98, GU262 (Bayer
CropScience) have already been regulatory approved in the nineties but have not yet been
commercialized (James, 2010; Stein and Rodriguez-Cerezo, 2009).

3.2 Biotech soy in the pipeline

Besides the first generation of traits that have been commercialized in GM soybean, many
other GM varieties with interesting traits have been developed in the lab, most of them in
the private sector. Remarkably most of the notifications that have been submitted but have
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not yet made it to the market. Four new lines are in advanced research phases, while 6 lines
are pending regulatory approval in at least one country resulting in a total of 10 lines that
could join the market within the coming years (Stein and Rodriguez-Cerezo, 2009, United
States Department of Agriculture - Animal and Plant Health Inspection Service (USDA-
APHIS), 2011) (see Table 5). So far only one stacked (with more than one genetic
modification event) soybean variety, Dupont's DP305423 x GTS40-30-02, has been
regulatory approved and is ready for commercialization (see Table 5). If in addition, all
available single events would be combined into stacked varieties, this would result in a
theoretical market of over 100 GM soybean lines (Stein and Rodriguez-Cerezo, 2009).
Besides new herbicide tolerant soybean events, two new nutritionally enhanced soybean
lines (Monsanto Company) are in the process of regularization in February 2011 (see Table
6). SDA omega-3 soybeans are developed to produce oil rich in omega-3 fatty acids, while
the oil end product derived from Vistive Gold soybeans would contain levels of mono-
unsaturated fatty acids similar to olive oil (Monsanto).

3.3 Nutritional fortification strategies

Biotechnology with its current high throughput bioinformatics technologies such as
genomics, proteomics, phenomics, and metabolomics offers even more potential for
developing useful GM crops. Recently the 1.1 gigabase soybean genome has been
completely sequenced. This will allow the association of mapped phenotype effectors with
the causal DNA sequence of important crop production traits and those important to seed
quality for human nutrition, animal production, and biofuel production (Schmutz et al.,
2010).

Apart from GM soy for industrial application, nutritionally ameliorated or enhanced GM
soy will be the next generation. Despite the widespread use of soybeans and derived
products in food and feed, associated nutritional problems remain an issue. Soybean
contains multiple allergenic proteins: Gly m Bd 60 K, Gly m Bd 30 K, and Gly m Bd 28 K are
the 3 main soy proteins triggering allergenic reactions. Since mutagenesis and breeding
could not reduce or remove all three allergens, genetic engineering was used to address
removal of Gly m Bd 30 K by transgene-induced silencing of the corresponding gene. This
approach can allow sensitive individuals to make use of soybean products in the future
(Herman et al., 2003).

In addition to allergenicity, amino acid deficiencies are known to limit soybean nutritional
quality as methionine, cysteine and threonine levels are below FAO/WHO recommended
values. Genetic engineering could provide a solution for these issues by designing
nutritionally fortified soybeans. Despite the fact that these amino acids can be supplemented
in the diet, a more attractive solution would be to produce soybeans with an improved
amino acid profile. One successful approach to increase the methionine content of soybean
was the introduction of the Brazil nut albumin gene. However, as the Brazil nut albumin
was identified as a major allergen, this product was not further developed and new
approaches were explored (Clarke & Wiseman, 2000). A successful approach is the
introduction of cereal storage proteins rich in methionine and cysteine (Li et al., 2005).
Although soy is a known phosphorus source, most phosphorus is present as phytic acid,
which cannot be digested by monogastric animals such as poultry and swine. This does not
only result in non-optimal levels of phosphorus and minerals, but also contributes to
wastewater pollution. As supplementation is costly and seems to contribute to the pollution
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problem, one might prefer to make use of a soybean strain expressing a bacterial phytase,
resulting in the production of utilizable inorganic phosphorus (Bilyeu et al., 2008). Soybeans
are also a known source of vitamin E and folate. Although vitamin E deficiency in humans
does not result in a typical disease state or disorder, it might lead to an increased risk of
atherosclerosis and other degenerative diseases (Bramley et al., 2000). Folate deficiency is
known to cause anemia, high levels of plasma homocysteine hereby increasing the risk for

Product name Developer Trait Status Of. ..
commercialization
Commercialized
Roundup Ready Monsanto Herbicide tolerance commercialized
(to glyphosate)

Genuity Roundup Herbicide tolerance L

. Monsanto commercialized
Ready 2 Yield (to glyphosate)
Liberty Link Bayer CropScience Herbicide tolerggce commercialized

(event A2704-12)

(to glufosinate)

Authorized in at least 1 country, ready for commercialization

Crop composition

260-05 Dupont (altered fatty acid and not commercialized
oil content)
Liberty Link . Herbicide tolerance
(event A5547-127) Bayer CropScience (to glufosinate) 2012
Herbicide tolerance
Optimum GAT Pioneer Hi Bred (to ALS inhibitors and 2011-2012
glyphosate)
Cultivance BASF Plant Science Het.'bl?lde to.lerance 2012
and Embrapa (to imidazolinone)
Insect resistance and
E’ielfctl)undup Ready 2 Monsanto herbicide tolerance 2013
(to glyphosate)
Crop composition
Plenish Dupont (high oleic acid 2012
content)
Insect resistance
MONS87701 Monsanto (to Lepidoptera) n/a
Crop composition
DP305423 x GTS40- Dupont (altered fatty acid and n/a
30-02 P oil content) and
herbicide tolerance
. Herbicide tolerance -
W62 Bayer CropScience . not commercialized
(to glufosinate)
W98 Bayer CropScience Herb1c1de. tolerance not commercialized
(to glufosinate)
GU262 Bayer CropScience Herbicide tolerance not commercialized

(to glufosinate)

Table 5. Commercial status of authorized GM soybeans worldwide (n/a: not available)
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Product name Developer Trait
Pending requlatory approval
n/a n/a (China) Insect resistance
SDA Omega 3 Monsanto Crop composition
(stearidonic acid content)
Vistive Gold Monsanto Crop composition
(improved fatty acid profile)
Dicamba tolerant Monsanto Herbicide tolerance
(to dicamba)
DHT Dow AgroSciences Herbicide tolerance
(to 2,4D and glufosinate)
n/a Bayer CropScience Herbicide tolerance
(to isoxaflutole and
glyphosate)
Commercial R&D pipeline
n/a Syngenta Nematode resistance
n/a Syngenta Herbicide tolerance (to HPPD
inhibitors)
n/a Bayer CropsScience Herbicide tolerance
(to isoxaflutole and
glufosinate)
n/a Monsanto Higher yield

Table 6. GM soybeans in the pipeline worldwide (n/a: not available)

cardiovascular disease or stroke and, in association with the maternal status, spina bifida in
infants (Scott et al., 2000). Therefore it might be interesting to look for strategies to enhance
vitamin E and/or folate synthesis and accumulation.

Soybean has several other interesting nutritional properties. Its high level of isoflavones as
antioxidants and phytooestrogens, have received much attention because of their positive
effect on osteoporosis, cardiovascular disease and cancer prevention (Cassidy et al., 1994;
Messina, 1999; Setchell & Cassidy, 1999). Although the beneficial health effects of soy
isoflavones are strongly being debated (Erdman et al., 2000; Sebastian, 2005), soybean
consumption is considered a factor in the longevity of people in the Orient. One may think
of increasing the isoflavone content in soy as an edible disease-preventing drug. Also the
calcium bioavailability, naturally present in beans (Messina, 1999), could be the subject for a
GM upgrade in soybeans. All together these data indicate that soybean has much potential
for further development, which may result in the availability of a variety of nutritionally
enhanced soybeans in the future as an important source of functional food.

3.4 Public acceptance

Many independent studies have been published demonstrating the positive agro-economic
impact and socio-environmental effects of biotech crops, including GM soy, in different
parts of the world (Brookes & Barfoot, 2009; Carpenter, 2010; James, 2010; Park et al., 2011;
Trigo & Cap, 2006). In most countries GM soy accounts for the largest share of benefits,
mainly due to the fact that soy bean is the major biotech crop with the largest percentage of
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acreage. Direct and indirect benefits, with as major beneficiaries the growers and technology
developers, include higher farmer incomes, job generation, lower price for the consumers
and environmental benefits, e.g. less tilling, better second-cropping practices, better water,
pesticide and diesel usage a well as CO, measures. Despite the fact that biotech crops are the
most fast adopted technology in modern agriculture (James, 2010), and have clear benefits,
the global public acceptance still tends to be rather low. Although approved GM varieties that
went through the regulatory systems are proven to be equal in nutrient composition to, and as
safe as their traditional counterparts in terms of allergenicity and toxicity and that no
significant harm to human, animal health and the environment has been reported, the public
at large is still very reluctant and not aware of potential benefits of GM crops. The public
perception however does strongly vary between different continents and from country to
country. Key findings from the last Eurobarometer on Life Sciences and Biotechnology
(Gaskell et al., 2010) on the attitude of European citizens towards GM food show that the
values of acceptance of GM food are much higher in Member States where the crops are
grown, demonstrating a clear link between private attitudes and public policies.

When it comes to the adaption of novel, innovative and, more importantly, life-saving
technologies such as GM crops, an interesting paradigm shift is occurring which most likely
will be reinforced during the next decades. Out of the 29 biotech crop countries in 2010, only
10 were industrialized countries. Strikingly the lead developing countries for the cultivation
of GM crops are China, India, Brazil, Argentina, and South-Africa (James, 2010), that are
equally emerging and rapidly expanding economies. Developing countries are also
predicted to exceed the industrial countries in percentage of biotech crops cultivated before
2015 (James, 2010). Developing countries with the largest acreages of GM crops are also
amongst the biggest growers of GM soy.

3.5 EU policy in contrast to global policy development

The EU Policy, with its more than five year moratorium (1998-2004) on GM crops under the
pressure of NGOs and the public opinion, has always been in strong contrast with the US
Policy since the beginning of the biotech crops era. While the USDA allowed unlimited
planting of GM herbicide resistant soy and recently has approved GM soy with a higher
oleic acid content developed by DuPont Canada Agricultural Products, Romania even had
to stop growing Roundup Ready soya after having entered the EU. Until today only two
GM crops are approved for cultivation (Bt maize and Amflora potato). In addition the EU
has adopted a zero-tolerance policy towards imports containing even trace amounts of non-
approved GMO'’s, which can cause disruptions on the agricultural import and export
market.

Based on the principle of ‘Freedom of Choice’ the EU has introduced its labeling policy for
food stuff that has been produced with the aid of genetic engineering. The Regulation (EC)
No 1830/2003 of the European Parliament and of the Council of 22 September 2003 concerns
the traceability and labeling of genetically modified organisms and the traceability of food
and feed products produced from genetically modified organisms and amending Directive
2001/18/EC on the deliberate release into the environment of genetically modified
organisms (http:/ /eur-lex.europa.eu). Despite the fact that processing of raw material often
renders identification of GM traces in the end product impossible, labeling depends on the
origin of the ingredients of the product (GM or non-GM). As a result all soy products must
be labeled if the raw material at least partially consisted of GM soybeans. Technical
unavoidable or unintentional admixtures of regulatory approved GM content below the 0.9



170 Soybean and Nutrition

% threshold limit value do not fall into this category. Baked goods (bread, biscuits and
snacks) containing flour, for example, and/or oil from GM soybean, sweets containing
lecithin from GM soy, and fat products such as margarine, vegetable oils, mayonnaise

require labeling (For a complete overview see Table 7) (GMO compass, 2011).

Soy ingredient Use Processing and testing Labeling
products for GM content
Oils and fats Margarine, vegetable  Refining soy oil by heating to ~ Yes
oils, mayonnaise, etc. 120°C under a vacuum to
remove solvent residues and
other unwanted substances.
DNA and proteins destroyed
during the process to such an
extent that no GM testing is
possible.
Lecithin, Chocolate, desserts, Lecithin is extracted from soy Yes
other emulsifiers ~ baked goods, other oil.
processed foods GM trace identification maybe
possible when using non-
refined soy oil as a source.
Tocopherol/Vita  In fatty foods to By-product of plant oils. Yes
min E prevent oxidation, GM trace identification
vitamin fortified identical to lecithin.
products
Soy protein Prepared foods From roasted, de-oiled soy Yes
additives, (soups, sauces), meat flakes.
soy isolate substitutes, diet Detection possible, but more
foods, imitation milk difficult along with the
products processing into the final
product.
Soy meal, Bread, snacks, pasta Similar to soy additives Yes
semolina flour Baking destroys often traces of
GM content
Hydrolyzed soy Soy sauce, seasonings  Protein chemically changed by =~ Yes
protein acids or enzymes
DNA usually destroyed along
the process.
Products from Tofu, soy drinks, GM traces detectable in Yes
whole soybeans miso, soy flour products derived from whole
soybeans
Animal feed Indirectly for animal =~ Animals that have been fed or  Feed:
products as meat, not with GM feed cannot be Yes,
eggs and milk distinguished because all Animal
DNA (GM and non-GM) is products:
degraded during digestion. No

Table 7. Overview soy-based food and feed (Adapted from GMO compass)
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The EU imports each year 18 million tons of soybeans and 20 million tons of soy meal from
Brazil, the US, and Argentina (www.gmo-compass.org), the largest GM soy producers.
According to the EU Observer (www.euobserver.com) the EU imported” more than 51
million tons of animal feed of which half was GM soy from Argentina and Brazil. Despite
the high dependence of the EU livestock industry on feed import, in 2009 Europe blocked
180,000 tons of GM soy from the US as a result of its zero-tolerance policy. Although the
GM soy was approved for import, traces of non-approved maize were detected (Wager &
McHughen, 2010). The current situation of asynchronous approvals, where the EU has only
two approved GM soy varieties and one ongoing renewal of authorization (EU register of
genetically modified food and feed), while 5 new soybean events are ready for
commercialization (see Table 6) might even worsen the situation for EU imports. The zero-
tolerance policy could lead to a net shortage between 3.3 million (minimal impact scenario)
and 25.7 million tons (worst case scenario) of soybean meal resulting in increased feed costs
and meat prices for consumers (Wager & McHughen, 2010). Therefore, the EU committee
recently voted for an easing of the labeling policy with the allowance of 0.1% unapproved
GM material but only in animal feed imports. Concerns are however being raised that it will
be extremely costly to separate the material according to intended use (Dunmore, 2011).

3.6 Costs of compliance with biotechnology regulations

Despite the great potential of GM crops, only a limited number of traits have been
commercialized (James, 2010, Table 6). The major reason for this is, aside from the often
lacking regulatory framework in developing countries, the regulatory costs related to bringing
a GM product to the market. These costs can be the direct result of the necessary compliance
with biosafety regulations or can arise from delays during the regulatory approval process
(Bayer et al., 2010). While the average time to gain import approval for example in North
America and Brazil is one and even less than one year respectively. Europe lags behind
requiring an average of 3 years to authorize GM imports (Wager & McHughen, 2010). The
regulatory compliance costs can vary from tens of thousands to millions of dollars (Van
Montagu, 2010) depending on the country, the GM specific event and the intended use or the
developer (Bayer et al., 2010). Direct compliance for herbicide-tolerant corn in top producing
and importing countries including US, Canada, Argentina and the EU, can go up to
$15,510,000. Sixty percent of these costs arise from the production of tissues to perform the
biosafety studies, the compositional assessment, protein production and characterization and
the molecular characterization. These costs do not even include preregulatory safety
assessments, which are considered as research or private compliance costs resulting from
regulatory delays (Kalaitzandonakes et al., 2007). The whole process starting from discovery
and research over validation to the market phase of a GM crop is estimated to cost between 52
and 100 million US$ (Monsanto). The costly regulatory framework renders the marketing of
GM crops far more expensive than traditionally bred crops leaving public institutions and
spin-offs, especially in developing countries, merely out of the loop when it comes to
commercializing GM crops. As a consequence, the development of GM crops is mostly in
hands of large private companies which turn to commercially interesting crops as corn and
soybean, and successful traits with broad applications. As such, orphan crops with non
attractive returns of investments but of importance to local populations in least developed
countries are easily left behind (Van Montagu, 2010). Crops that are considered a life-insurance
during drought for poor subsistence farmers such as grass pea (L. sativus), but without global
economic importance, are ignored.
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One example of a public research institution project that faced a more than 12 years delay as
a result of regulatory burdens is the Golden Rice. Golden Rice was developed in 1999 in the
lab to produce vitamin A precursor by inserting two genes, phytoene synthase and
phytoene double-desaturase, would provide a way to reduce vitamin A deficiencies
amongst rice-dependent poor populations prone to night-blindness. Although it was ready
in 1999, it will only be commercially launched in 2012. The delay faced was due to long time
required for field-testing approval (more than 2 years) and subsequent data gathering for
the regulatory dossier (more than 4 years). In addition, the project had to be taken up into a
public-private partnership with Syngenta to move the product development forward
(Potrykus, 2010).

3.7 Soybean as a life saver on marginal lands

Due to climate change and water shortage, addressing water scarcity in arid and semi-arid
rural areas will be one of the priorities in the coming decades in order to secure lives and
secure their livelihoods (WHO and UNICEF, 2006, FAO/UN-Water, 2007). Moreover a
significant increase for water irrigation of agricultural lands has been predicted (Bruinsma,
2009). Water shortage is also an important restrictive factor for crop yield. In the case of
soya, drought stress strongly reduces vegetative branch and reproductive growth (Frederik
et al., 2001), increases the rate of pod abortion during early development stage (Liu et al.,
2004) and can as a result limit the total yield by up to 40% (Specht et al., 1999). Several
physiological and biochemical approaches can be used for the development of drought
resistant soy bean varieties such as modulation of root related traits (root morphology and
plasticity, nitrogen fixation) or shoot related traits (stomatal conductance, epidermal
conductance, leaf pubescence density, water use efficiency, osmotic adjustment) and
soybean seed and grain-filling practices. Progress in (marker assisted selection) breeding
strategies has however been rather limited as the main focus for soybean breeding programs
was on biotic resistance in the past. Moreover drought resistance is a complex trait not only
by the genotype, but also by the environment and their interaction. A constant selective
pressure is required to be able to directly select for this trait which is not easy to achieve
when it comes to drought stress (Lakshmi et al., 2009). By breeding for example, two soy
lines were achieved which had an improved symbiotic nitrogen fixation and a yield
advantage in environments with moderate soil water shortage. Unfortunately this trait
would not allow maintaining the yield gain under very severe drought conditions (Sinclair
et al., 2007). Therefore, genetically introducing drought resistance into soy may also be a
promising strategy to cope with environmental changes, soil erosion and population
growth.

Drought tolerance in soy could be addressed by genetic engineering of regulatory genes,
analogous to the examples obtained by introducing the transcription factors ZmNF-YB2 and
SNACI in maize and rice (Hu et al., 2006; Nelson et al., 2007). A different approach could be
to genetic engineer functional genes, as for example trehalose-6-phosphate
synthase/phosphatise in rice resulting in the accumulation of trehalose and increased
drought stress tolerance (Garg et al., 2002). Soybean was genetically engineered to over-
express L-Al-pyrroline-5-carboxylate reductase resulting in proline accumulation and
improved drought stress tolerance (De Ronde et al., 2004). Additional research will be
required to identify and use drought stress related genes for a successful engineering
strategy.

An alternative interesting source for such abiotic stress resistance genes would be grass pea
(L. sativus) that is the most environment tolerant legume that thrives on poor soil with
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minimal inputs without irrigation and the most efficient nitrogen fixer among commercial
legumes (Campbell, 1997). The plant is also considered for phyto-remediation (Brunet et al.,
2009) and was suggested to help removing heavy radioactive metals from the human body
after the Tchernobyl accident (pers. comm.). The plant is also more resistant to biotic and
abiotic stress than other legumes and needs little or no inputs. It is considered a life-saver
during droughts and famine in areas of Africa and Asia prone to droughts (Campbell, 1997).
This controversial legume has been cultivated since the Neolithic era and is appreciated by
farmers for its easy cultivation and for its production of tasty seeds when other crops fail
due to drought. However, overconsumption during extended periods in socio-economic
settings dominated by illiteracy and poverty can lead to irreversible crippling or
neurolathyrism. Recent epidemiological research has identified protective factors as literacy,
the use of at least one third of cereals in the diet and the addition of antioxidant-rich
condiments such as onion, garlic and ginger to the grass pea preparations (Getahun et al.,
2003, 2005). In a well balanced diet grass pea is harmless. However, because of its toxic
reputation grass pea is a neglected crop that receives little attention from major research
institutions. The genes for this important and sometimes live-saving environmental
tolerance are not yet known. The possibility that this environmental tolerance is linked to
the presence of the neuro-excitatory amino acid p-ODAP (B-N-oxalyl-a,p-diaminopropionic
acid) cannot be ruled out. This unusual amino acid is a good chelator for copper and zinc
and may play a role in phytoremediation (Brunet et al, 2008).

The alternative strategy could be to introduce the biosynthetic pathway for genistein into
legumes more tolerant to environmental stress. Grass pea (L. sativus) could then be
genetically improved to become a health promoting crop that at the same time can improve
marginal soil with minimal ecological cost. Efforts to improve the nutritional quality of
grass pea are now directed at the lowering or elimination of a neuroexcitant amino acid
beta-ODAP and at the improvement of the amino acid score by increasing methionine and
cysteine in the seeds (Vaz-Patto et al., 2006).

4. Conclusions

We can safely propagate that the presence of various preparations of soybean in a food
basket containing also a variation of cereal products and vegetables belonging to other plant
families than the legumes is beneficial for human health and for the world ecology. Soybean
has particular and proven advantages on human health and longevity. The consumption of
soybean products such as tofu and soymilk are becoming more popular in the West, but it is
disturbing that mungbean seedlings continue to be mislabeled as soy sprouts, giving
fundamentally wrong information to health conscious consumers.

Untreated grain legume seeds can contain significant levels of digestive enzyme inhibitors
to cause harm in the consumer. Especially for the poor who can not afford a well-balanced
diet, prolonged overconsumption of foods that are deficient in essential sulfur amino acids,
such as legumes or cassava, can have detrimental medical consequences (Bradbury &
Lambein, 2011).

Several high-level reports have demonstrated the need for higher food productivity in the
coming years on less arable land (Foresight, 2011; The Royal Society, 2009). Especially
those living in drought prone areas of Africa and Asia need the attention of the scientific
community and the authorities to break the vicious cycle of malnutrition, illiteracy and
underdevelopment. GM crops, including GM soy, have been recognized to have the
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potential to considerably contribute to the alleviation and reduction of poverty through
the provision of food, feed and fibre security (FAO International Technical Conference
2010; James, 2010). Soybean and other legumes are important contributors for
maintaining soil fertility and sustain agricultural production through their ability to fix
atmospheric nitrogen, which is the most expensive fertilizer consuming most energy for
its production.

Due to its nutritional qualities, especially high oil and protein content, soy is part of many
humanitarian programs as one of the most important grain legumes. With the use of
modern genetic technologies, soy has even more potential as functional food and a complete
food like the WHO/FAO reference food. The GMO-soy presently commercialized or in the
pipeline is mostly directed at improving economic benefits for the producer while there is
little or no attempt to improve the nutritional quality of the seed as functional food.
Technology transfer of biotechnologies and public sector research initiatives as well as
government incentives are needed to develop soy with traits that are of importance to
human health and to poor regions and less arable soil. GM crops may also facilitate
sustainable agriculture development with reduced environmental footprint and helping the
mitigation of climate change and reducing greenhouse gases (FAO International Technical
Conference 2010; James 2010; Organization for Economic Co-operation and Development
(OECD) 2009, World Wildlife Fund (WWF) report 2009). More in particular soybean could
be the subject for genetic engineering to acquire drought stress tolerance and to be able to
grow on marginal lands.
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1. Introduction

The discovery of penicillin by Alexander Fleming in 1928 was a turning point which
fundamentally revolutionized human and veterinary medicine. Antibiotics in veterinary
medicine have been used to prevent and control bacterial infections and as growth
promoters. Prevention and control of bacterial infections have been achieved by a
therapeutic, metaphylactic or prophylactic application of antibiotics. Therefore, the
substances, predominantly of the same class as in human medicine, have been used in
veterinary medicine. Antibiotics regularly administered to animals in order to improve their
growth, to better the use of feed and to reduce the number of falls have been defined as
antibiotic growth promoters. The use of AGP in the European Union was approved by the
Council Directive of 23 November 1970 concerning feed additives (70/524/EEC).
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The use of additives in feed has caused a number of negative changes. It influenced, among
others, the environmental degradation and development of drug resistance in bacteria.
Livestock are a major reservoir of bacteria resistant to antibiotics. These pathogens
contained in animal meet entered human body and quickly spread in human society.
Resistant bacteria also spread thanks to the use of manure as natural fertilizer. Such
fertilizer, rich in drug-resistant bacteria, contaminated water and soil which had direct
contact with grown plants presenting food both for humans and animals. The routs of
spreading of antibiotic-resistant strains of bacteria are shown in Figure 1 (Witte, 2000).

For this reason, the number of kinds of antibiotics approved for use in animal nutrition have
been consistently limited.

Beginning from 1 January 2006, the European Union introduced a total ban on the
application of antibiotic growth promoters in feeds for animals bred for consumption. The
ban was introduced at the same time in all countries of the Union. Since that time,
antibiotics have been allowed to be used as drugs only in medicinal animal feeds or in
prophylactic additives. The Regulation EC No 1831/2003 of the European Parliament and
Council dated 22 August 2003, on the additives used in animal nutrition, includes, among
others, probiotics as feed additives alternative to antibiotic growth promoters (Casewell et
al. 2003; Berghmann et al., 2005).

2. Definition of the term “probiotic”

It is most probable that it was Ferdinand Vergin who introduced the term “probiotic” in
1954, when, in an article entitled “Anti und Probiotika” he compared the detrimental effect
exerted on the flora by antibiotics and other antimicrobial substances with positive impact
(,Probiotika”) induced by beneficial bacteria. A few years later, in 1965, Lilly & Stillwell
described probiotics as microorganisms stimulating the growth of other microorganisms. In
1974, Parker used this term for organisms and substances that contribute to balancing the
intestinal microflora of the host. The definition currently in use was proposed by
FAO/WHO in 2002. It defines probiotics as live microorganisms which when administered
in adequate amounts provide health benefits to the host. The microorganisms used in
animal nutrition in the European Union include mainly Gram-positive bacteria that belong
to the genus Bacillus (B. cereus, B. licheniformis, B. subtilis), Enterococcus (E. faecium),
Lactobacillus (L. acidophilus, L. casei, L. farciminis, L. plantarum, L. rhamnosus), Pediococcus (P.
acidilactici), Streptococcus (S. infantarius), and yeasts of the genus Saccharomyces (S. cerevisiae
and S. boulardii) (Anadon et al., 2006). Saccharomyces boulardii is a non-pathogenic yeast
described in clinical literature as a biotherapeutical factor. According to taxonomic research,
S. boulardii is considered to be a variation within the species S. cerevisine, and in accordance
with the agreed taxonomy it should be referred to as S. cerevisiae var. boulardii (Mitterdorfer
et al., 2002; Van der Kiihle, 2005). In contrast to bacteria of the genus Bacillus and yeasts of
the genus Saccharomyces, Lactobacillus and Enterococcus bacteria belong to typical intestinal
animal microflora and are present in large quantities, i.e. respectively 107-108 and 105-106
CFU/ g in the intestinal content (Anadon et al., 2006).

3. Procedures of probiotics evaluation

According to the Commission Directive 94/40/EC of 22 July 1994 setting out procedures for
the assessment of additives, including microorganisms used in animal nutrition, results
should be presented concerning mainly the following areas:
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Identification, characteristics, conditions of use and methods of control of the additive
In case of microorganisms it is necessary to provide:

name and taxonomic description in accordance with the International Code of
Nomenclature

name and place of culture collection and number of deposit

genetic modification and all relevant characteristics for its identification

origin

genetic stability and purity of the cultivated strains

properties relevant for the identification and proposed usage (e.g. vegetative form or
sporulated form, CFU/g)

resistance (loss of biological activity, e.g. viability): to weather activity (storage
duration), during the preparation of premixes and feed (possible degradation
products), to storage of premixes and feed in certain defined conditions (storage
duration).

Effectiveness of the additive

In case of microorganisms it is necessary to provide:

information about the effects on: the nutritional value, the growth of animals, animal
product features and their effectiveness, animal welfare and other parameters having a
positive impact on animal production

conditions for conducting experiments on animals. The test performed must be
described, along with the statistical assessment and the methods used. The description
must include the following data:

species, breed, age and sex of animals (the method of identification)

the test number and the number of experimental groups together with the number of
animals in each of them

the level of content of microorganism(s) in feed established by a control analysis with
the use of a relevant approved method

the place where the test was carried out, together with the description of health,
physiological, nutritional and breeding conditions in accordance with the standard
practice in the Community

the date and exact duration of testing

side effects and other negative effects which occurred during the experiment and the
time when they were observed.

Additive safety.

In case of microorganisms it is necessary to:

demonstrate the lack of pathogenicity and toxicity in relation to the target species and
humans under the anticipated conditions of use

identify the antibiotic resistance

present the results of tolerance tests in the target species. In the case of genetically
modified organisms (GMO), in the understanding of Article 2 item 1 and 2 of Council
Directive 90/220/EEC, the following information must be provided:

a copy of the written consent of the competent authorities to the deliberate release of
genetically modified organisms for the sake of research and development in accordance
with Article 6 item 4 of Directive 90/220/EEC, and a summary of the notification, as
specified in Article 9 of Directive 90/220/EEC

complete technical documentation with information required in Annex 2 to Directive
90/220/EEC, extended, if necessary, with the data on the variety of use of the additive,
including the information on the data and results obtained based on the releases of
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GMOs, conducted for the sake of research and development and concerning ecosystems
that might be affected by the use of the additive, and also a risk assessment in respect of
human and animal health and the environment in connection with the genetically freed
organism contained in the product, including the information obtained from the current
stage of research and development concerning the influence of the GMO release on
human health and the environment.

e conditions of introducing the additive on the market, including special conditions of
use and transport, as well as a proposal for labeling and packaging, which should at
least comprise the requirements set out in Annex III to Directive 90/220/EEC

4. Activity of probiotic microorganisms

The mechanism of the impact of probiotics on animals has not been fully elucidated and is
still under investigation. According to the literature data, the proposed operation
mechanisms of probiotic strains are as follows:

4.1 Maintenance of microbiological balance in alimentary tract

Maintenance of microbiological balance, the so-called eubiosis in the alimentary tract. The
alimentary tract of animals immediately after birth is sterile and susceptible to colonization
by various microorganisms, including also the pathogenic ones of the coli group, or of the
genus Salmonella. Probiotic strains compete with pathogenic microorganisms for adhesion
and colonization of biological membranes (Nousiainen et al, 2004). While adhering,
probiotic bacteria form thin durable layers known as biofilm. Biofilm is composed of
bacteria only in a small part. The remainder comprises exopolymers of these bacteria that
form the so-called matrix. These include polysaccharides, proteins, nucleic acids and
phospholipids. The release of these compounds is the result of adaptation to the
environment. Exopolymers affect the biological, physical and chemical characteristics of the
biological membrane and form its essential element. Polysaccharide exopolymers maintain
the biofilm in the shape of a whole, as they fill the gaps formed among microorganisms.
Usually biofilm contains 4 times more polysaccharide exopolymers than proteins. In the
early stages of biofilm formation these are the polisaccharides that are released with the
greatest intensity. They help the first cells to attach to the surface. Other exopolymers
secreted by cells are proteins. Initially, proteins are gathered on the surface of the cells, and
later, when they are released, they associate on the target surface, which helps to keep the
cells on the surface. Proteins are usually a mixture of collagen and elastin. They form the
extracellural matrix to which microorganisms adhere (Czaczyk, 2003).

In the control of intestinal microflora an important role is played by metabolites of lactic
acid bacteria with antagonistic activity. Among the compounds that inhibit the growth of
pathogenic microorganisms, the ones considered to be the most important are organic acids,
especially lactic acid and acetic acid, as well as hydrogen peroxide and bacteriocins
(Salminen et al., 1998; Saarela et al., 2000; Mercenier et al., 2003). Antibacterial effect of
organic acids is due to a rapid reduction in pH values beyond the optimum value range for
the growth of most microorganisms, i.e. 6-7, as well as the inhibition of biochemical activity
of microorganisms by undissociated acid molecules (Boris & Barbés, 2000; Messens & de
Vuyst, 2002). Weak acids (lactic and acetic acid) as lipophilic compounds in the
undissociated form pass into the cytoplasm, where they dissociate, which results in the
reduction of pH inside the cell and the disruption of the process of moving protons through
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the outer membrane and the increase in its tension. This in turn is manifested by an increase
in the permeability. They can also cause denaturation of proteins (Ekuland, 1989; Caplice &
Fitzgerald, 1999). The effect of lactic acid on the permeability of the outer membrane of
Escherichia coli, Pseudomonas aeruginosa, Salmonella Typhimurium was examined by Alakomi
et al., (2000). These researchers observed that even 5mM of lactic acid (pH 4.0) resulted in a
significant increase in the permeability of the outer membrane in case of each of the strains
studied by them, and the effect of lactic acid was even stronger than the effect of EDTA or
HCL. The dissociation constant of lactic acid is 3.08, and in case of acetic acid it equals 4.87.
Acetic acid, due to higher pKa, shows stronger antimicrobial activity than lactic acid
(Cherrington et al., 1991). According to Eklund (1983), the reduction of pH of the
environment to 4.0 leads to the situation where the undissociated form of acetic acid equals
85%, and in case of lactic acid it constitutes only 11%. Acetic acid is a potent inhibitor of the
growth of bacteria, yeasts and molds (Blom & Mortvedt, 1991). Ray (1992), showed that in
an environment with pH of 5.0 in 1% solution of acetic acid there are enough undissociated
molecules to inhibit the growth of Gram-positive and Gram-negative bacteria, while in 1%
solution of lactic acid the number of undissociated molecules is enough only to inhibit
Gram-negative bacteria. Thus, during the fermentation with facultative heterofermentative
strains of LAB, lactic acid is mainly responsible for lowering pH of the environment, while
the acetic acid acts as an antimicrobial factor (Ouwehand & Vesterlund, 2004). It should be
noted, however, that lactic acid not only lowers pH, but also functions as a factor causing
increased permeability of the outer membrane of Gram-negative bacteria, and thus it may
increase the effectiveness of other antagonistic substances (Alakomi et al., 2000).

Lactobacillus, and some other lactic acid-producing bacteria, in the absence of heme, do not
use the cytochrome system (which reduces oxygen to water) for the final oxidation. These
bacteria use flavoproteins that convert oxygen into hydrogen peroxide. The production of
hydrogen peroxide is catalyzed by different enzyme systems present in the cells of lactic
acid bacteria, namely the pyruvate oxidase, L-lactate oxidase, superoxide dismutase, D-
lactate dehydrogenase and NADH oxidase. Hydrogen peroxide is a well-known
antibacterial substance. The activity of HyO, results from strong oxidizing properties.
Hydrogen peroxide may inhibit the growth or kill other microbes that do not possess or
have low levels of enzymes degrading H>O,, such as catalase and peroxidase. Studies
conducted in vitro confirm the inhibition of different bacteria such as: Staphylococcus aureus,
Salmonella Typhimurium, Escherichia coli, Clostridium perfringens, Clostridium butyricum and
Pseudomonas sp. by hydrogen peroxide (Dembele et al, 1998; Tomas et al., 2004).
Bacteriocins are protein substances produced by numerous strains of lactic acid bacteria and
propionic acid bacteria. They make a highly diversified group of compounds in terms of
physical and biochemical properties. Bakteriocins have a bactericidal or bacteriostatic effect.
They attack the cell membranes of microorganisms possessing receptors capable of bonding
to them. These receptors are used for the translocation of bacteriocins and other compounds
across the cytoplasmatic membrane. Their construction and properties are not fully known
yet. Bacteriocins may cause: poration of bacterial cytoplasmatic membrane, which leads to
the dispersal of the transmembrane potential and induces leakage of K+ ions, ATP and
amino acids from the cytoplasm of affected cells; cell lysis; and they may also interfere with
or inhibit the synthesis of DNA, RNA and proteins (acting as DNA-zy lub RNA-zy)
(Daeschel, 1989; Klaenhammer, 1993; Grajek & Sip, 2004). Bacteriocynogenic microbes are
resistant to the effect of bacteriocins produced by them. Some bacteriocins of lactic acid
bacteria are active against pathogens in food, such as, for example Listeria monocytogenes,
others inhibit the growth of Gram-positive aerobic and anaerobic bacteria of the genera
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Bacillus and Clostridium (Schillinger & Holzapfel, 1996). Yeasts of the genus Saccharomyces
are characterized by a high content of glucan and mannan in the cell wall and, therefore,
may show an affinity to specific bacterial adhesins. Mannans have a high affinity to fimbrial
structures (lectins) specific for mannose binding type 1 in pathogenic bacteria, such as
Escherichia coli or Salmonella sp. They place themselves in the ,hook”, i.e. in the area where
those undesirable microorganisms adhere to the receptors of epithelial structures of the
digestive system. Then, pathogenic bacteria lose the ability to adhere to the epithelial surface
and thus, given the structure of the mannan which is not digested by the endoenzymatic
system of animals, they are passaged (transported) along the axis of the intestinal tract and
excreted with the feces of birds. Studies have demonstrated adherence of E. coli to the cells
of Saccharomyces cerevisine var. boulardii, and agglutination was similar to that observed
between E. coli and erythrocytes, phagocytes and epithelial cells (Gedek, 1999). As
demonstrated by the in vitro and in vivo research, yeasts exert inhibitory effects on Salmonella
Typhi, Salmonella Typhimurium, Staphylococcus aureus, Pseudomonas aeruginosa, Shigella
atypical, Escherichia coli, Clostridium difficile, Klebsiella sp., Yersinia enterocolitica, Candida
albicans, Candida pulcherrima, Candida kruzei, Candida pseudotropicalis, Torulopsis gropengiesseri
(Tasteyre et al., 2002; Van der Aa Kiihle et al., 2005).

At the current stage of research, it seems that the beneficial properties of various probiotics
used in animal nutrition are strain-dependent. Hence, attention is paid so that they are
strictly defined. Each requires a separate set of tests in order to determine their probiotic
properties (FAO/WHO, 2002).

The aim of our research was to design and evaluate the effectiveness of a probiotic
preparation intended for poultry. The basis of this preparation are bacteria of the genus
Lactobacillus: Lactobacillus paracasei EOCK 0920, Lactobacillus brevis LOCK 0944, Lactobacillus
plantarum LOCK 0945 (Michalowski et al., 2004). Strains were characterized for their
probiotic properties (Motyl, 2002; Motyl & Klewicka unpublished data, 2003). The study
determined, among others, the resistance of the tested strains to low pH, the ability to
adhere to intestinal epithelial cells and the antagonistic activity of these strains in relation to
pathogenic strains that cause food poisonings and disease states in animals.

All tested cultures of Lactobacillus sp. showed a strong activity in respect of inhibiting the
growth of both Gram-negative pathogenic strains (Pseudomonas aeruginosa, Escherichia coli,
Salmonella  Typhimurium, Salmonella Enteritidis, Shigella sonnei) and Gram-positive
pathogenic strains (Staphylococcus aureus, Enterococcus faecalis, Listeria monocytogenes, Listeria
innocua). It is worth noting that Pseudomonas aeruginosa bacteria were inhibited in the
strongest way, and Enterococcus faecalis bacteria were inhibited with the weakest
effectiveness (Table 1).

Due to the different sensitivity of various pathogenic bacteria to the metabolites of probiotic
strains, it seems reasonable to use in animal feeding probiotic preparations made as a
composition of different strains, which is consistent with literature data (Mountzouris et al.,
2007).

4.2 Detoxification of mycotoxins

Mycotoxins are toxic secondary metabolites of fungi mainly belonging to the genera
Aspergillus sp., Penicillium sp. and Fusarium sp. Chemically, they are enumerated among
aromatic hydrocarbons (sometimes among aliphatic ones) with low molecular weight,
which determines their resistance to environmental factors and the absence of or weak
immunogenic properties (Gajecki, 2002). The most important among the mycotoxins, from
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The antagonistic strain
The pathogenic strain Lactobacillus paracasei | Lactobacillus plantarum Lac;orl:zz;;llus
LOCK 0920 LOCK 0945 LOCK 0944
Inhibitor zone (mm)

Pseudomonas aeruginosa
ATCC 27853 18.0 9.0 19.5
Staphylococcus aureus
ATCC 25923 14.0 9.5 12.5
Escherichia coli
ATCC 25922 13.5 11.5 25.5
Escherichia coli
EOCK 0836 12.0 9.0 215
Escherichia coli 018 13.0 11.0 21.0
Salmonella Enteritidis 14.0 9.0 8.0
Salmonella Typhimurium 9.0 10.0 7.0
Shigella sonnei 9.0 7.0 7.0
Listeria monocytogenes 12.0 14.0 12.5
Listeria innocua 11.0 12.0 10.0
Enterococcus faecalis 8.0 9.0 7.5

Table 1. Antagonistic activity of Lactobacillus in relation to microbial food-borne pathogens
expressed as a zone of growth inhibition in mm (according to Motyl, 2002; Motyl &
Klewicka unpublished data, 2003).

the toxicological point of view and also taking into account the etiology of some animal
diseases are: aflatoxins (AFB;, AFB;, AFG;, AFG;), ochratoxins (OTA and OTB),
trichothecenes (DON, NIV, T-2, HT-2, DAS), zearalenone (F-2) and fumonisins (FBi, FBy,
FBs) . The synthesis of mycotoxins by fungi is genetically conditioned, but it is determined
by environmental factors, which include: substrate composition, its texture, moisture,
temperature and the presence of competitive microflora (Gourama & Bullerman, 1995;
Batish et al., 1997; Fink-Gremmels, 1999). The invasion of mycotoxins into the body of
animals takes place mainly via food, and the health effects, called mycotoxicoses, are
poisonings with various courses - acute or chronic - resulting from the receiving small doses
for a long time (Yiannikouris & Jouany, 2002). Due to the specific chemical and physical
properties of mycotoxins, the spectrum of their activities in the body of animals is very
different and it is characteristic for the groups of these metabolites. First of all, mycotoxins
have a specific effect on the groups of body tissues (epithelia, nervous system tissue,
secretory organs tissue - the pancreas, liver, kidney tissue, etc.), including the individual
cells. By interfering with metabolic pathways, they may lead to abnormal replication of the
cell’s genetic code, which impairs the process of tissue proteins reconstruction (including the
immune system - proteins of antibodies). They also damage and disrupt transport
mechanisms in the cytoplasm of cells and between cells, block enzymatic reactions of cells,
especially in mitochondria, as well as within cells. In addition, they may block co-factors of
metabolic reactions, such as some vitamins. A significant adverse influence of numerous
mycotoxins has also been confirmed (in particular of OTA, AFB;, DON and T-2) on the
antioxidant components of cells and tissues, indicating at the same time this process as on
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the most dangerous for the organism’s equilibrium and the occurrence of
immunosuppression and oxidative stress (Sharma, 1993; Benett & Klich, 2003).

According to the current knowledge (Huwing et al., 2001; Diaz et al., 2004), removal of
toxins from grains and feed can be carried out by mechanical separation of contaminated
grains (sorting), addition of adsorptive materials, and using the activity of physical,
chemical and biological factors.

Among the many microbes that show the potential for detoxification, special interest is
aroused by lactic acid bacteria and yeasts (Shetty & Jespersen, 2006). Initial studies have
shown that different strains of lactic acid bacteria can inhibit the biosynthesis of aflatoxins
(Coallier-Ascah & Idziak, 1985). The concept of using yeasts to remove mycotoxins during
fermentation processes appeared in the studies conducted by Benneta et al. (1981), who used
corn contaminated by zearalenone as a substrate for alcohol production with the
participation of yeasts of the genus Saccharomyces.

Literature data shows that apart from common lactic bacteria there appear varieties with
different abilities to detoxify the environments from mycotoxins (Oatley, 2000). The research
of EL-Nezami et al. (1996, 1998, 2000 a and b) proves that these properties are manifested by
strains of Lactobacillus rhamnosus (LBGG and LC705). Styriak et al. (2001), examined the
ability of 10 yeast strains of the genus Saccharomyces, Kluyveromyces and Rhodotorula to
detoxify fumonisin By, toxin T-2 and ochratoxin A. Out of the tested organisms, yeasts of the
genus Saccharomyces were characterized with the greatest predispositions in the area in
question.

The research on the abilities of probiotic preparations for poultry manifested in the area of
biological detoxification of mycotoxins, carried out under in vitro conditions (Biernasiak et
al., 2006), showed that after six hours of incubation, the loss of aflatoxins in the control
sample of feed, where there was no process of fermentation, equaled from 28 to 30%, and in
case of ochratixin A it equaled from 8 to 10%. After twenty-four hours of incubation of the
control sample with the addition of [5 pg/kg] ochratoxin A, a further loss was noted which
equaled 10%, and 2% for the medium with the addition of [50 pg/kg]. The concentration of
aflatoxins increased from 5 to 10%, probably as a result of desorption (Figure 2).
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Fig. 2. Reduction of aflatoxins and ochratoxin A concentration in the sample without
fermentation
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After six hours of fermentation with the addition of probiotic cultures, the quantity of
aflatoxins was reduced by 18 to 33% compared to that recorded in the control sample,
and as for ochratoxin A the reduction equaled from 29 to 49%. After the fermentation, the
loss of ochratoxin A, both at a low concentration, namely 5 pg/kg, and at a high
concentration, namely 50 pg/kg, was at a similar level and equaled 50%. The same
relationship was also noted for low levels of aflatoxins, i.e. for 4 pg/kg inserted into the
fermentation medium. At high concentration, i.e. 40 ng/kg, the loss of aflatoxins was lower
and amounted to about 30% (Figure 3).
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Fig. 3. Reduction of aflatoxins and ochratoxin A concentration during fermentation with the
use of probiotic bacteria and yeasts

During a spontaneous fermentation, the loss of mycotoxins was much lower, and after six
hours of fermentation a decrease was observed by 6-8% in the concentration of aflatoxins in
relation to the initial concentration recorded in the control sample, and for ochratoxin A the
decrease equaled to from 12 to 19%. After the fermentation, the loss of both aflatoxins and
ochratoxin A was at a similar level from 16-24% compared with the medium in which no
fermentation occurred (Figure 4). It was found that the probiotic vaccine creates a probiotic
starter culture endowed with a stable feature of detoxification of mycotoxins, and
particularly ochratoxin A.
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Fig. 4. Reduction of aflatoxins and ochratoxin A concentration during spontaneous fermentation
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Slizewska (unpublished data) examined the ability of a probiotic preparation to counteract
the deleterious effects of aflatoxin B; (AFB,) in broiler chickens (in vivo experiments). The
probiotic preparation used contained (per 1 kg): 1010 of Lactobacillus cells (L. paracasei LOCK
0920, L. brevis LOCK 0944 and L. plantarum LOCK 0945), 106 of yeast Saccharomyces cerevisiae
LOCK 0140 cells and 50g of Yucca schidigera extract. The Ross broiler chicks from a
commercial hatchery were used in this study. The chickens were divided into four
experimental groups depending on the feed administered to them: fed with the feed
contaminated with 1 or 5 mg of AFB; per kg, and fed with the feed contaminated with AFB;
and supplemented with the probiotic preparation. The amount of aflatoxin By in the feces
was determined for each week of rearing in 10 chickens in each group. After 35 days (of
rearing) chickens were slaughtered and the concentration of toxins in the liver and kidneys
was determined. The histopathological changes were evaluated in tissue sections obtained
from the liver and kidneys of the tested animals.

The research showed that the presence of probiotics in the feed resulted in a statistically
significant increase in the quantity of aflatoxin By excreted in the feces of the chickens. At the
end of breeding, i.e. on the 35t day, in the feces of chickens consuming feed contaminated
with aflatoxin B; (at a concentration of 1 or 5 mg/kg) and containing the probiotic
preparation, the content of toxins was higher by 67% and 31% compared to the feces of
chickens consuming feed without the probiotic. The addition of the probiotic preparation
prevented the accumulation of toxins in the organs (liver and kidneys) in the extent
observed in the case of chickens consuming feed without the probiotic (Table 2). The toxins
were not accumulated in the organs in such large amounts as in the case of chickens
consuming feed without probiotics, and they were excreted to a greater extent in the feces.

Test group

Img/kg 1mg/kg AFB, 5mg/kg 5mg/kg AFB,

AFB, +probiotic AFB, +probiotic

Concentration of aflatoxin B, [ug/kg]

Feces Range 0.21-0.47 0.52-1.25 2.52-2.88 3.68 - 7.50
Mean* | 0.29 (+0.10)2 | 0.89 (£ 0.30)b 2.74 (£ 0.13)c 4.00 (x 1.61)d

Liver Range 8.30-9.64 210-4.52 8.42-14.84 3.52-7.20
Mean* | 8.86 (£0.49)2 | 3.69 (+ 0.95) 11.84 (£ 2.99)c 5.88 (£ 1.69)d

Kidneys Range 4.60-11.62 1.24 -3.60 10.10-17.16 2.94-4.62
Mean* | 7.93 (£2.91)a | 2.55 (+0.96) 13.71 (£ 2.76)c 4.06 (£ 0.68)d

* Results are presented as an arithmetic mean (+ standard deviation)
abValues in rows denoted with different letters differ considerably for P<0.05

Table 2. Concentration of aflatoxin By in the feces, liver and kidneys

Pathological changes were observed in the livers of chickens consuming the feed
contaminated with aflatoxin B; at both concentrations (1 and 5 mg/kg of feed). The changes
were similar in type (fibrosis of the portal area and liver parenchyma, eosinophil infiltrates
in the portal area, steatosis of hepatocytes), but the changes in the livers of chickens
consuming the feed contaminated with aflatoxin B; and supplemented with probiotics were
slightly less severe. The strongest toxic changes were found in the group of chickens
consuming the feed contaminated with aflatoxin B; at 5 mg/kg of feed (Figure 5). These
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changes revealed the characteristics of micronodular cirrhosis with very severe eosinophil
infiltrates.

(a) Eosinophil infiltrates and enlarged lymphatic node (b) Eosinophil infiltrates

Fig. 5. Histological changes in the liver of chickens fed with the feed contaminated with
AFB; (a) and supplemented with a probiotic preparation (b).

Kidney damage was found only in the chickens consuming the feed contaminated with 5
mg/kg of aflatoxin By; however, in the chickens consuming the feed with probiotics, the
intensity of the changes was smaller. The changes concerned enlargement of renal glomeruli
and an increase of mezangium matrix and cells (Figure 6).

While supplementation of feed with the probiotic preparation does not constitute protection
against pathological changes in organs, it reduces the changes primarily in the kidneys.

(a) Gromeruli diameter - 200-400 um (b) Gromeruli diameter - 150-200 um

Fig. 6. Histological changes in kidneys of the chickens fed with the feed contaminated with
AFB1 (a) and supplemented with probiotic preparation (b).

4.3 The immunological system stimulation
The microbes of intestinal microflora are the main factor stimulating the immune system,
which is a prerequisite for the development of lymphoid structures of the system
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(laboratory animals born and kept in sterile conditions do not develop them).
Immunomodulating effect of intestinal microflora, including that of probiotic bacteria is
based on three seemingly contradictory phenomena (Dugas et al., 1999; Isolauri et al., 2001):
e induction and maintenance of immune tolerance to environmental antigens (food and
inhalants)
e induction and control of immune responses against pathogens of bacterial and viral
origin
¢ inhibition of autoimmune and allergic reactions.
For example, in the case of chickens, GALT (gut-associated lymphoid tissue) reaches full
maturity after two weeks since hatching (Bar-Shira et al., 2003). Until then, in the
gastrointestinal immune system there are T and B cells, macrophages and NK cells (Lillehoj
& Trout, 1996). The aim of the research conducted by Haghighi et al. (2006), was to
determine the effect of probiotic bacteria on the increase of natural antibodies (IgA, IgG and
IgM) in the intestinal content and blood serum of chickens. The chickens were divided into
two groups. Group I was administered to the beak 0.5 ml of PBS buffer containing 106 of
bacteria, namely Lactobacillus acidophilus, Bifidobacterium bifidum and Enterococcus faecalis,
while Group II received 0.5 of PBS buffer without additives (control group). It was
demonstrated that the intestinal content of the chickens receiving the probiotic, compared
with the control group, had increased level of IgA antibodies (P < 0.001), reactive against the
tetanus toxin (TT), alpha-toxin of Clostridium perfringns and bovine serum albumin (BSA).
Similar relationships were recorded in relation to IgG antibodies, but they were reactive
only to TT. The serum of the chickens treated with the probiotic showed an increased level
of IgG antibodies (P < 0.05), but they were reactive only to TT and alfa-toxin. Similar
dependencies (P < 0.01) were noted for IgM antibodies.

5. Effects of the application of probiotics in animal nutrition

The earliest from of probiotics, still widely used in animal nutrition, was based on silage,
whose usefulness has been proven by many years of use. Modern probiotic preparations
must be subjected to comprehensive testing in accordance with Commission Directive
94/40/EC of 22 July 1994 setting out procedures for the assessment of additives in animal
nutrition.

The usefulness of probiotics in the nutrition of young pigs has been shown, although the
results varied greatly from one another especially in relation to such indicators of
production as growth and feed efficiency (Turner et al., 2002). The outcome of most studies
indicate the beneficial effect of probiotics on the health of piglets. The most frequently
observed effect is a reduction in the incidence rate of diarrhea and shortening of its
duration, as well as a decrease in the mortality rate of piglets during the pre-weaning and
peri-weaning period (Ross et al., 2008 & 2010). It was demonstrated that the best results are
obtained when the probiotic is administered already on the first, or on the second day of life
at the latest. That is why probiotics are administered to them after birth orally in the form of
a special paste with the use of special dispensers (Janik et al., 2006). Literature reports on the
effects of the application of probiotics in case of chickens are mixed, similarly to those
referring to pigs.

The study conducted by Smulikowska et al.,, (2005) demonstrated that feeding broiler
chickens with the feed supplemented with a probiotic preparation LABYuc-Probio
(containing in 1g: 4.7x107 of Lactobacillus bacteria, 2.0x10% of Saccharomyces cerevisiae yeasts
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and 50 mg of Yucca schidigera extract) did not result in significant changes in the body
weight gains and feed utilization compared with a group of chickens receiving antibiotic
feed with or without any additions.

Similar relationships were obtained in studies conducted by Watkins & Kratzer, (1983 &
1984) and Maiolino et al., (1992). However, in a group of chickens receiving a mixture
supplemented with a probiotic preparation, the body mass of birds in different periods of
rearing was the most uniform, as evidenced by lower standard deviation (SD). It was found
that, regardless of the use of a probiotic feed additive, an antibiotic, or the total lack of
supplements, the relative weights of liver, pancreas, abdominal fat and the individual
sections of the gastrointestinal tract converted to % of the chickens’” body weights before
slaughter were similar and statistically insignificant. The research by Jin et al. (1998),
showed that addition to the chickens” diet of L. acidophilus or a mix of bacteria of the genus
Lactobacillus, namely L. acidophilus (2), L. fermentum (3), L. crispatus (1) and L. brevis (6), had
no statistically significant effect either on the weight of the crop, liver, spleen, duodenum
and small intestine expressed as % of the body weight of chickens prior to slaughter. Similar
dependencies were also obtained in the studies of Fethiere & Miles, (1987) and Watkins &
Kratzer, (1984).

In addition, our own study (Biernasiak et al., 2009) showed that supplementing feed with a
probiotic preparation LABYuc-Probio® already during the first week of rearing resulted in a
significant reduction in the number of bacteria of the genus Clostridium in the fecal-urate
excreta of chickens. The number of these bacteria was about 105 CFU/g, while in the fecal-
urate excreta of broiler chickens fed with the feed supplemented with an antibiotic or the
feed without any additives it was higher by about two orders of magnitude. After the
second week of rearing, regardless of the type of feed supplementation, there was noted a
decrease by one order of magnitude in the number of bacteria of the genus Clostridium. After
the third week of rearing, the further reduction in the number of bacteria of the genus
Clostridium was observed, but only in the fecal-urate excreta of broiler chickens feed with the
feed supplemented with the probiotic preparation. The number of bacteria then equaled
around 10° CFU/g and it was lower by three orders of magnitude compared to that
recorded in the fecal-urate excreta of the chickens included into the two remaining groups.
After the fourth week of rearing, depending on the type of feed supplementation, a
differentiation of the number of bacteria was observed; from 10¢ CFU/g to 10> CFU/g.
Nevertheless, it must be emphasized that still the lowest number (10¢ CFU/g) of the studied
microorganisms was recorded in the fecal-urate excreta of birds fed with the feed
supplemented with the probiotic preparation. After the fifth and sixth week of rearing, the
number of bacteria of the genus Clostridium in the fecal-urate excreta of broilers fed with the
feed with the probiotic or without additional supplements was at the same level and
amounted to approximately 105 CFU/g. The birds receiving the feed with antibiotics,
compared with the other two, still manifested a higher number of these bacteria, by
respectively, two orders of magnitude, and one order of magnitude (Figure 7). Analysis of
variance Anova showed statistically significant differences between the kind of feed
supplementation, and the number of bacteria of the genus Clostridium in the fecal-urate
excreta of chickens in the period from the second to the fifth week of rearing (0.01<p<0.05).
The obtained results are particularly important in view if the fact that after the withdrawal
of antibiotic growth promoters from poultry feed mixtures an increase may be expected in
the incidence of intestinal problems, especially related to Clostridium perfringens, i.e. necrotic
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enteritis (NE). In France, the occurrence of NE increased from 4.0% in 1995 to 12.4% in 1999
and similar dependencies were also observed in other European countries (Lipifiski, 2007).
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Fig. 7. Bacteria of the genus Clostridium in the feces of chickens

Supplementing the feed with the probiotic preparation LABYuc-Probio® also contributed to
the stabilization of the number of Enterobacteriaceae, including bacteria from the coli group in
the chickens’ fecal-urate excreta during individual weeks of rearing (Figure 8).
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Fig. 8. Total number of bacteria of the coli group in the feces of chickens

Kralik et al. (2004) recorded a decrease in the number of Enterobacteriaceae and bacteria of the
coli group by about 90%, compared to the control group, i.e. 1.39x10¢ and 2.72x105 CFU/g
after 42 days of supplementing water with a probiotic containing 5x109 CFU/g of
Enterococcus faecium M-74. However, he did not find statistically significant differences in the
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number of bacteria of the genera Staphylococcus sp., Bacillus sp. and Clostridium sp. Jin et al.,
(1998) showed that the addition of L. acidophilus or a mixture of bacteria of the genus
Lactobacillus into the chickens” diet had a statistically significant effect (P<0.05) on the
decrease in the number of bacteria of the coli group in the blind gut, compared to the control
sample, but only on the 10th and 20t day of rearing. At the same time, he registered no
similar changes in the small intestine.

An average number of bacteria of the genus Lactobacillus in the fecal-urate excreta of all
studied groups of chickens during individual weeks of rearing equaled from 10° to 100
CFU/g (Figure 9). Data analysis showed that only after the third week of rearing there were
recorded statistically significant differences (p<0.01) between the type of feed additive, and
the number of bacteria of the genus Lactobacillus found in the birds’ fecal-urate excreta
(Biernasiak & Slizewska, 2009). The research of Jin et al., (1998) demonstrated that
supplementation with L. acidophilus or a mixture of bacteria of the genus Lactobacillus did not
have an influence on the statistically significant increase in the number of bacteria of the
genus Lactobacillus in the blind gut during the individual weeks of rearing, and in case of the
small intestine significant changes were recorded only on the 30th day of rearing. Similarly,
the research of Watkins & Kratzer (1983, 1984) found no significant increase in the number
of bacteria of the genus Lactobacillus sp. in the chickens’ intestines.
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Fig. 9. Bacteria of the genus Lactobacillus in the feces of chickens

While using a probiotic preparation consisting of Bacillus subtillis CH201 and Bacillus
licheniformis CH200 in the feed for laying hens, a statistically significant decrease was noted
(P<0.05) as for the content of cholesterol and triglycerides in the serum and egg yolk.
However, no statistically significant increase in the feed efficiency, egg production, or the
impact on the thickness and hardness of the shell was demonstrated (Mahdari et al., 2005).
On the other hand, the application of Enterococcus faecium M-74 in the feed for laying hens
resulted in obtaining eggs with thicker and more breakage-resistant shells and in a more
intense color of the yolk (Angelovicova, 1996).

It should be emphasized that the results presented above represent only a fraction of
worldwide research. The divergence of the results in the presented cases indicates the need
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for further research in order to clarify the questionable effects of probiotics in animal
nutrition.

The future of probiotics involves aspiring to reach full explanation of mechanisms
concerning their activity in relation to mutual microorganism-animal interaction and
looking for new bacterial strains, as well. Delimitation of appropriate directions of research
can have a great meaning for newly described principles of prophylaxis in animal nutrition
without using antibiotic growth stimulators.
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1. Introduction

Soybean meal is by far the most widely used protein source in animal feed all over the
world. It is estimated that about 63% of all protein sources used in animal feed is from
soybean meal while 98 % of the plant protein used in poultry feeds is from soybean meal in
the U.S. (Soybean meal INFO center, 2010). The major reasons for the popularity of soybean
meal in poultry and swine feed include: 1) compared with other plant protein sources,
soybean meal is not only rich in protein (44 - 48%), but also can provide a complete protein
with almost all essential amino acids for animals (Table 1); 2) the development of heating
process to denature the anti-nutritional factors, especially trypsin inhibitors in soybean; 3)
the discovery and production of vitamins by using chemical synthesis and fermentation. Six
decades ago, animal protein was an essential ingredient in animal feed for providing not
only protein, but also minerals and vitamins, especially vitamin B12; 4) further reduction of
animal protein in the feed due to the concern of the health and safety of animal byproducts
and the concern of phosphorus load in animal waste; 5) modern poultry and swine
producing system restricted the use of other plant protein source, such as milling
byproducts in animal feed; 6) computer based least-cost feed formulation program proved
that the corn and soybean meal based simple diet fortified with vitamins, minerals and
methionine is the least cost in producing broiler chicks and turkeys in the U.S. The
simplicity of the diet can also reduce the cost and time associated with purchasing, storing
and handling more ingredients.

2. Anti-nutritional factors in soybean and its negative effect on the nutritional
value of soybean meal

Soybeans contain variety of anti-nutritional factors that either adversely affect their
nutritional value or are detrimental to the animals unless they are properly controlled. The
deleterious effects of feeding raw soybean meal on animals have been well documented
(Osborne and Mendel, 1917; Hayward et al., 1937; Almquist and Meritt, 1952). The major
anti-nutritional factors in soybeans include trypsin inhibitors, phytic acid, oligosaccharides,
antigenic factors and lectins.

Trypsin inhibitors in raw soybeans have been long known to reduce the digestibility of
dietary proteins through inhibiting the activities of trypsin and chymotrypsin produced by
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pancreas (Pusztai, 1967; Gallaher and Schneeman, 1984). It has been proved that trypsin
inhibitors can overstimulate the secretion of digestive enzymes from the exocrine pancreas
to cause pancreatic hypertrophy of experimental animals (Lyman and Lepkovsky, 1957;
Liener 1981; Rackis, J. J. and Gumbman, 1981).

Approximately two thirds of the total phosphorus in plant feed stuff is present in the form
of phytic acid or phytate and in soybean meal 75% of the phosphorus is present as phytate
(CVB, 1998). Monogastric animals such as poultry and swine have very limited ability to
utilize the phytate phosphorus due to the lack of significant amount of endogenous phytase
that will hydrolyze phytic acid (Cooper and Gowing, 1983). Phytate is considered toxic, or

Nutrients, % Soybean Sunflower Canola Peanut Cottonseed Sesame

as-is basis meal meal meal meal meal meal
Dry matter 88.4 89.8 88.0 91.9 90.4 90.0
Crude protein 47.5 36.8 34.8 49.0 414 41.0
Lysine 2.96 1.24 1.94 1.54 1.76 0.91
Methionine 0.67 0.80 0.71 0.54 0.51 1.22
Cystine 0.72 0.64 0.87 0.64 0.62 0.72
Histidine 1.28 0.87 0.93 1.07 1.10 0.99
Isoleucine 212 143 1.37 1.55 1.33 1.51
Leucine 3.74 222 247 297 241 2.68
Threonine 1.87 1.29 1.53 1.24 1.34 1.40
Tryptophan 0.74 0.41 0.44 0.48 0.52 0.62
Serine 248 1.49 1.53 2.25 1.78 1.72
Phenylalanine 2.34 1.66 1.44 241 2.23 1.93
Tyrosine 1.95 0.91 1.09 1.8 1.14 1.48
Glycine 2.05 2.03 1.82 2.67 1.69 2.04
Arginine 3.48 2.85 2.08 5.33 4.66 4.68
Valine 222 1.74 1.76 1.87 1.82 1.91

Table 1. Protein and amino acids content of commonly used plant protein sources for
poultry, NRC 1994

antinutritive because it is capable of binding di- and trivalent cations such as Ca, Co, Cu, Fe,
Mg, Mn, Ni and Zn in very stable complexes (Cosgrove, 1980; Wise, 1983) and reducing the
availability of these minerals to the animal (Pallauf and Rimbach, 1997). In addition, phytate
may form complexes with proteins and starches and may also reduce the availability of
these nutrients from the diet (Thompson, 1986).

Soybeans contain three main types of oligosaccharides including verbascose, stachyose and
raffinose that make up approximately 6% of soybean meal dry matter. These
oligosaccharides cannot be digested in the small intestine of monogastric animals due to the
absence of endogenous enzyme with a-galactosidase activity (Gitzelmann and Auricchio,
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1965). The accumulation of these oligosaccharides in the alimentary tract results in fluid
retention and an increased flow rate of digesta, which negatively affects the digestion and
absorption of nutrients (Wiggins, 1984).

Feeding soy-based rations to early weaned pigs has sometimes led to reduced feed intake
and slower growth rates. Studies found that soybeans contain certain types of antigenic
proteins that can cause an inflammatory response in the intestine of early-weaned pigs. The
allergic response is greater if pigs are exposed to soybean meal before they are weaned
(Cromwell, 1999).

Lectins are glycoproteins that have the ability to bind to cellular surfaces via specific
oligosaccharides or glycopeptides (Oliveira et al., 1989). Studies indicated that lectins can
bind to small intestinal epithelium (Pusztai, 1991) and cause impairment of brush border
continuity and ulceration of villi (Oliveira et al., 1989), which are believed major causes for
increased endogenous nitrogen losses (Oliveira and Sgarbierri, 1986; Schulze et al., 1995) and
depressed growth rate in young animals (Pusztai et al., 1990). Douglas et al. (1999) reported
that approximately 15% of the total growth depression from raw soybeans in chicks was
associated with lectins.

3. Approaches used in inactivating the anti-nutritional factors in soybean

It has long been recognized that major anti-nutritional factors in soybeans such as trypsin
inhibitors and lectins are heat labile and can be destroyed with heat (Hayward et al., 1936;
Borechers et al., 1948). Caskey and Knapp (1944) first reported that the heat treatment
required to inactivate the urease in soybean parallels the treatment required to destroy the
trypsin inhibitor. Since then, urease test, which measures the rise in pH when soybean meal
is placed in a solution containing urea, has become widely used method to monitor
adequacy of soybean meal heating processing. In general, good quality soybean meal with
optimal nutritional value requires proper toasting condition including moisture content,
temperature, shear force and duration of heating. Under-processing may result in low
quality meal as substantial amount of anti-nutritional factors in soybean meal remain active.
However, over-processing can also reduce the nutritive value of soybean meal by rendering
unavailable several essential amino acids, particularly lysine and arginine (Hayward et al.,
1936; Renner et al., 1953). Protein solubility in a KOH solution has been proved a good
indicator for monitoring over-processing of soybean meal (Araba and Dale, 1990). Other
methods such as chemical treatments (Sessa et al., 1990; Wu and Sessa, 1994), chemical
modification of disulfide bonds (Wang et al, 2009), fermentation (Feng et al., 2007) etc. were
studied to explore the possibility to inactivate the activity of trypsin inhibitors, however,
these methods still stay in research level so far. Also, plant breeders have been trying to
improve the nutritive value and reduce the anti-nutritional factors such as trypsin
inhibitors, phytate and oligosaccharides in soybean through plant breeding.

4. The use of exogenous enzymes to increase the nutritional value of
soybean meal

Although heat treatment is generally considered a very effective approach to inactivate
antinutritive factors such as trypsin inhibitors and lectins in soybean meal (Campbell and
van der poel, 1998), some of antinutritive factors such as phytate, oligosaccharides and
antigenic proteins cannot be reduced or alleviated by heat. Also, trypsin inhibitors can be
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reduced by 80 - 95% of the activity originally present by heat processing (Gumbmann et al.
1985). The residual activity of trypsin inhibitors in the toasted soybean flour was still
sufficient to cause physiological effects on the performance of rats (Rackis et al., 1986).
Further processing to destroy the remaining residual activity by using heat would reduce
nitrogen solubility and the nutritional value of the protein. With the recent developments in
feed enzyme technologies, many microbial enzymes such as phytase, amylase, protease and
a-galactosidase, have been used into corn-soybean meal-based diet either to improve
digestibility of nutrients or to reduce the antinutritive factors.

Enzymes play a key role in the digestive process. Although enzymes are produced by the
animal itself or by the microbes naturally present in the digestive tract, specific activities
necessary to break down some compounds in feed are not found or are at low levels in the
digestive tract. Therefore, exogenous enzymes are added to the diet to break down these
compounds. Many years ago, nutritionists had generally regarded enzyme addition to diets
as a futile effort on the basis that proteolysis in the stomach and anterior small intestine
would result in inactivation before they could be of significant digestive benefit. However,
in 1946, Hastings first reported that addition of a diastatic enzyme material to a high fiber
chick diet improved growth and feed efficiency. Later, Jensen et al. (1957) found that
supplementation of barley-based poultry diets with a crude mixture containing [-glucanase
activity gave a significant improvement in the performance of the birds as well as an
improvement in litter quality. Since then, a lot of research work has been done about the use
of exogenous enzymes in animal feed.

Phytate phosphorus is poorly available (30%) to monogastric animals, including poultry,
due to the absence of adequate levels of endogenous enzyme with phytase activity. Nelson
et al. (1967) first demonstrated the effectiveness of a microbially produced phytase for
increasing the utilization of phosphorus from plant sources by poultry. Now, dietary
supplementation with microbial phytase is well established as an effective and practical
method of improving phytate digestibility in production animals (Kornegay, 2001). In
poultry, microbial phytase supplementation generally results in a 20 - 45% improvement in
phytate-P utilization (Ravindran et al., 1995). The negative effect of phytate on mineral
digestibility is ameliorated by dietary supplementation with microbial phytase. Microbial
phytase supplementation in corn-soybean meal-based diets improved Ca availability and
Zn utilization in poultry (Sebastian ef al., 1996a,b; Ao et al. 2007) and increased the apparent
absorption of Mg, Zn, Cu and Fe in pigs (Adeola, 1995). Phytase supplementation also
increased the ileal digestibility of crude protein, and most amino acids in both poultry and
swine (Sebastian et al., 1997; Yi et al., 1996, Mroz et al., 1994).

The energy utilization of soybean meal by poultry is very poor. The digestibility of the dry
matter and gross energy in soybean meal is approximately 50% when fed to poultry
(Dudley-Cash, 2001). The metabolizable energy (ME) value of dehulled soybean meal
suggested by the National Research Council (NRC) bulletin for swine (1998), is 3,380
kcal/kg. The NRC bulletin for poultry (1994) suggests a ME value of only 2,240 kcal/kg for
dehulled soybean meal when fed to poultry. Pierson et al. (1980) pointed out that the low
ME of soybean meal for poultry is due mainly to the very poor digestibility of the
carbohydrate fraction. Soybean meal contains up to 22.7% non starch polysaccharides
(NSPs) on a dry matter basis (Chesson, 1987). This includes about 6% oligosaccharides,
including 1.0% raffinose and 4.6% stachyose (Trugo et al., 1995). These oligosaccharides
cannot be digested in the small intestine of poultry because of the absence of endogenous a-
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(1,6)-galactosidase enzyme (Gitzelman and Auricchio, 1965). In addition to their
indigestibility, these oligosaccharides have been shown to produce gastrointestinal gas in
rats, dogs, and man (Steggerda, 1968) and produce diarrhea that may increase digesta
passage rate and decrease digestion and absorption of nutrients (Kuriyama and Mendel,
1917; Wiggins, 1984). Coon et al. (1990) studied the effect of oligosaccharide-free soybean
meal on the ME content of soybean meal and fiber digestion in adult roosters. The results
showed that the removal of the oligosaccharides in soybean meal by ethanol extraction
increased the nitrogen corrected true metabolizable energy (TME,) by 21% due to increased
fiber digestion and the digesta passage rate was reduced by approximately 50%. Further
studies by Coon and coworkers (Leske et al., 1991, 1993) also demonstrated the improved
TME, of soybean meal through alcohol extraction with both roosters and broilers. The
recombination of the alcohol extract or addition of pure raffinose and stachyose to soy
protein concentrate yielded TME,, values that were similar to those of soybean meal. Parsons
et al. (2000) compared the AME, of soybean meals varying in oligosaccharide content using
roosters. The results indicated that the TME, of low oligosaccharide soybean meal was
significantly higher than that of conventional soybean meals. Ao et al. (2009) reported a
significant increase of AME, of corn-soybean meal diet by dietary supplementing a-
galactosidase. However, Irish et al. (1995) removed up to 90% oligosaccharides from soybean
meal using either ethanol extraction or exogenous a-galactosidase. No beneficial effect on
the nutritional value of soybean meal was observed when the low oligosaccharide (extracted
or enzyme-incubated) soybean meal was fed to broiler chicks.

Many studies have been conducted to investigate the effect of carbohydrase and protease
supplementation to corn-soybean meal diets on the nutritive value of diets and performance
of chicks. Swift et al. (1996) examined the effects of a commercial enzyme product called
Allzyme Vegpro, a mixture of protease, cellulase, pentosanase, a-galactosidase and amylase,
on digestibility and growth performance of broiler chicks. Enzyme treatment significantly
improved nitrogen and energy digestibility and feed conversion over a 35-day feeding
period. Schang et al. (1997) compared Vegpro in corn-soybean meal and corn full-fat
soybean diets for broilers, using high and low nutrient density formulations. Addition of the
enzyme product to the low density diet significantly improved body weight gain and feed
conversion. Results from Ao et al. (2010) showed that the supplementation of Allzyme SSF, a
naturally fermented product with activities of carbohydrase and phytase in corn-soy diet
increased AME, value of the diet by 84 Kcal/kg. Marsman ef al. (1997) examined the effect
of enzyme treatments (protease and carbohydrase) of soybean meal on growth performance
and ileal nutrient digestibilities in broiler chicks. Enzyme treatment improved apparent ileal
digestibility of crude protein and NSPs; however, enzyme treatment did not improve
growth performance of the chicks. Zanella et al. (1999) investigated the effect of a
commercial enzyme cocktail containing xylanase, protease and amylase on performance of
broilers fed a corn-soybean meal based diet. Enzyme supplementation improved body
weight gain, feed conversion ratio and ileal digestibility of crude protein. Graham et al.
(2002) pretreated soybean meal using 4% a-galactosidase enzyme solution. Enzyme
treatment degraded raffinose and stachyose in soybean meal by 69 and 54%, respectively,
compared to untreated soybean meal. Enzyme treatment increased TME from 2974 to 3328
kcal/kg. However, chick growth performance was not significantly improved by enzyme
treatment. Kocher et al. (2002) investigated the effect of two enzyme products on the
nutritive value of soybean meal with emphasis on changes in composition of NSPs along the



206 Soybean and Nutrition

digestive tract. They concluded that glycanases with galactanase and pectinase activities
supplemented at appropriate dosages can improve the digestibility of the NSPs in soybean
meal and increase the metabolizable energy content of the diet containing high levels of
soybean meal. In another study, Kocher et al. (2003) reported that although enzyme addition
to the corn-soybean meal based diet can significantly improve AME,, the improvement
depended greatly on the raw ingredients available at the time. Studies by Ghazi et al. (2003)
demonstrated the improvement of the nutritive value of soybean meal by protease and a-
galactosidase treatment in broiler chicks. They first used tube-fed chicks to measure the
effect of different enzyme treatments on true metabolizable energy (TME) and true nitrogen
digestibility (TND) of commercial solvent-extracted, heat-treated soybean meal. Protease
and a-galactosidase improved TME and TND of the soybean meal. In other studies, they
added enzymes in broiler diets and fed broilers for 21 d. Increases in chick growth rate and
digestibility that were similar to those recorded in previous study were obtained when
protease and a-galactosidase were included in the diets. Ao et al. (2009) did two trials to
investigate the effects of a-galactosidase supplementation and acidification of diets on
nutrient digestibility and growth performance of broiler chicks fed corn-soybean meal diet.
The data showed that dietary supplementation of a-galactosidase significantly increased
feed intake and weight gain of broiler chicks, which was further approved by increased
AME, of the diets and digestibility of CP and NDF.

Parkany-Gyarfas (1975) found a 3.6% improvement in body weight and 4.0% improvement
in feed utilization in male turkeys when a corn-soybean meal diet was supplemented with
a-amylase. Similar results were observed by Ritz et al (1995). The later study also
demonstrated that the mean villus length within the jejunum and ileum was significantly
increased at 2 and 3 wk of age by dietary supplementation of amylase when compared with
control diet. These findings suggest that the increased growth associated with the amylase
diet be explained in part by the increase in absorptive surface area, allowing for increased
digestion of available nutrients coupled with increased enzyme activity. However, no
physiological mechanism to explain increased villus length as a response to enzyme
supplementation is known. In chicks, Noy and Sklan (1995) reported that daily net secretion
of amylase was low at d 4 and steadily increased up to d 21. Uni et al. (1995) also reported
that the secretion of amylase per gram of feed was low at d 4, increased up to d 7, and then
stabilized. Burnett (1966) first reported the beneficial effects of amylase and protease
preparations on growth and feed efficiency of chicks when added to diets. Gracia et al.
(2003) studied the influence of exogenous a-amylase on digestion and performance of
broilers fed a corn-soybean meal diet. At 7 d age, a-amylase supplementation improved
daily gain by 9.4% and feed conversion by 4.2%. Also, a-amylase supplementation
significantly improved apparent fecal digestibility of organic matter and starch and AMEn
of the diet. The weight of pancreas as a percentage of body weight decreased with a-
amylase supplementation, which indicates that the secretion of pancreatic enzymes might be
affected by the concentration of enzymes and substrates or products of their hydrolysis in
the lumen of the small intestine.

Scheideler et al. (1999, 2003a, b) conducted several studies to investigate the effect of enzyme
addition to corn-soybean rations on pullet and laying hen performance. They used a
microbial multi-enzyme package with amylase, protease and xylanase activity. The results
showed that the enzyme supplementation increased pullet growth rate and improved egg
production, egg mass and feed conversion ratio. Improvements were also seen in nitrogen
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retention and availability of energy in pullet and layer diets supplemented with enzyme. In
another study, Scheideler and Weber (2003a) investigated the role of a-galactosidase in corn-
soy based layer rations. They found the addition of a-galactosidase improved egg
production of hens and the ME of the diet. Hens performed very well on diet formulations
reducing the energy available from fat sources and relying on more energy from soybean
meal when a-galactosidase was added to the rations. Gomez et al. (1999) added a multi-
enzyme complex containing amylase, protease and xylanase to corn-soybean meal diets
with three energy densities. Enzyme supplementation improved egg mass and feed
conversion ratio at all three energy levels tested.

Pretreatment of raw soybean or soybean meal with proteases was studied in many
experiments. The purpose of adding proteases in soybean or soybean meal containing diet is
to destroy or inactivate the anti-nutritional factors, such as residual trypsin inhibitors, lectins
and antigenic protein. Huo et al. (1993) found that fungal and bacterial protease enzymes
could inactivate trypsin inhibitors and lectins in raw soybean and low-temperature
extruded soybean in vitro. Based on their results, the protease from bacterial source was
more effective at breaking down trypsin inhibitors than the protease from fungal source.
Rooke et al. (1998) incubated the soybean meal using 0.1% acid protease for 3 h at 50°C, pH
4.5. The soybean meal treated with protease contained fewer antigenic proteins than the
other soy-containing diets. In another study, they added alkaline protease into soybean meal
and incubated for 2 h at 50°C, pH 8.5. They found the composition of soybean meal was
changed due to pretreatment, and soluble a-amino nitrogen concentrations were increased
by treatment with protease. The antigenic protein concentration was reduced. Beal ef al.
(1998a, b) reported that the pre-incubation of raw soybean or soybean meal with protease
significantly increased the in vitro nitrogen digestibility. Ghazi et al. (2002) pretreated
soybean meal with two different proteases: one was alkaline protease (isolated from bacillus
species) and the other one was acid protease (isolated from Aspergillus). Then they
incorporated the soybean meal into the diets for broiler chicks. Acid protease treatment
improved chick performance from 7 to 28 d of age and increased apparent ileal nitrogen
digestibility and apparent nitrogen retention across the whole digestive tract. Also, enzyme
pretreatment significantly reduced chick serum antisoya antibodies. They also conducted
two tube-feeding experiments using pretreated soybean meal. The results showed that the
acid protease treatment improved nitrogen digestibility and true metabolizable energy. Ao
et al. (2010) did a few studies to observe the effects of commercial preparations of a-
galactosidase and protease on in vitro nutrient release from soybean meal and trypsin
inhibitor content in defatted whole soybeans. An in vitro model was used to simulate the
chicken’s digestive process in the crop, the stomach (proventriculus and gizzard) and the
small intestine. Soybean meal and ground whole soybeans were used as substrates. Graded
levels of either a-galactosidase (0 to 13,792 units/kg) or protease (0 to 888 units/kg) were
added to the substrates. Reducing sugars and a-amino N were measured at the end of the
crop phase, the stomach phase, and the whole phase (crop through small intestine). Trypsin
inhibitor content was measured at the end of the stomach phase. Increasing a-galactosidase
levels linearly increased the release of reducing sugars in both the crop and the whole
phases (Figure 1). Linear increases in a-amino N occurred with increasing doses of protease
at the crop, the stomach and the whole phases (Fig. 2). However, no effect of protease on
trypsin inhibitor activity in raw soybeans was detected.
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Fig. 1. Effects of a-galactosidase on the release of reducing sugars in soybean meal after in
vitro digestion in GI tract phase, Ao et al. 2010.
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Fig. 2. Effects of protease on the release of a-amino N in raw soybean after in vitro digestion,
Ao et al. 2010.

5. Conclusion

Soybean meal is the most important protein source of poultry feed all over the world.
Although heat treatment has been successfully used to inactivate some antinutritional
factors in soybean, the nutritional value of soybean meal to chicken is still far from reaching
the maximal level due to residual antinutritional factors. Supplementing exogenous
enzymes in poultry feed has been proved one of useful approaches to further increase
nutritional value of soybean meal.
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1. Introduction

Soybean is one of the most important agricultural products and its global production was
more than 200 million tons per year in 2005 (Table 1) (Ministry of Agriculture, Forestry and
Fisheries (Japan), 2007; Uchida, 2007). Soybean is used mainly as a vegetable oil (31.6 million
tons a year in 2005) and the production ratio is the highest (30%) among vegetable oils.
Soybean waste, which remains after extraction of vegetable oil, contains about 50%
proteins, which consist of a well-balanced mix of amino acids. Therefore, soybean waste is a
valuable biomass for animal feedstuffs. Soybean is used directly as food in Japan and
several Asian countries but soybean proteins are used less widely elsewhere in the world.

Agricultural Production
products (Million tons)
Corn 710
Wheat 624
Rice 401
Soybean 214
Barley 153

Table 1. Amount of main agricultural production in 2005. (Ministry of Agriculture, Forestry
and Fisheries (Japan), 2007)

Recently, investigations into utilization of proteins from soybean waste have been carried
out for the development of high quality foods. Protein fractions, such as soy protein isolates
(SPI) and whey protein are industrially produced, and these fractions are used as additives
for the improvement of food nutrition (Malhotra & Coupland, 2004). Several soybean
proteins have been purified and utilized as medicines for hypotension, rheumatism, and
cholesterol control. Peptide inhibiting angiotensin I converting enzyme has also been
developed by a protease treatment (Farzamirad & Aluko, 2008; Yonekura & Tanaka, 2003;
Yonekura et al., 2004).

On the other hand, soybean waste was the most utilized N source for organic fertilizers
prior to the 1940s (Okuda, 1961). Recently, utilization of organic fertilizers for the
production of organic agricultural products is rising because healthcare and environmental
concerns are increasing. Studies into utilization of soybean waste as a fertilizer and as
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bioactive materials have been attempted (Kubo et al., 1997; Matsumiya et al., 2007; Shinano
et al., 1991; Yamazaki & Roppongi, 1998).

This chapter describes utilization of soybean meal and the development of a bioactive
peptide for plant growth. Moreover, mechanisms of novel bioactive peptides for root hair
promotion are described in this chapter.

2. Isolation of soybean meal degrading bacteria and analysis of effectiveness
of the degraded products as fertilizers

Because of increasing environmental concerns, the excessive utilization of chemical fertilizers
has recently received increased attention. Therefore, the development of new fertilizers using
natural materials, such as amino acids and natural nitrogen compounds, has become the focus
of much research (Acea et al., 1988; Klopper et al. 1989; O’'Sullivan et al., 1991).

Soybean meal, which is produced in large amounts as biomass, is rich in nitrogen
compounds and has been utilized as fertilizer. Degradation and mineralization of soybean
meal in the soil environment requires several reactions: proteins — peptides & amino acids
— ammonia — nitrite — nitrate (Smith et al., 1977). The proteins — peptides & amino acids
reaction is important for nitrogen mineralization in the soil environment (Kamimura &
Hayano, 2000; Watanabe & Hayano, 1995). However, the degradation of soybean meal in the
soil is too slow for mineralization.

Isolation of Bacillus circulans HA12, which degrades soybean meal efficiently and rapidly, is
described here (Hasegawa et al., 2002; Kubo et al., 1994), and the plant growth promoting
effects of the degraded soybean meal products (DSP) are also described in this section.

2.1 Isolation of soybean meal degrading bacteria

Soybean meal degrading bacteria were isolated using a 1% (w/v) soybean meal medium
(Kubo et al., 1994), and about 50,000 bacteria were isolated. Protease production of all
isolates were tested by LC agar medium (Matsumiya et al., 2004), resulting in 21 strains
being isolated. Each isolate was further sub-cultured in soybean meal medium at 50°C for 48
h. As a result, the protease-producing bacterium HA12 was isolated. The procedure for the
screening is shown in Fig. 1.

Strain HA12 was characterized and identified based on Bergey's Manual of Determinative
Bacteriology (Buchanan & Gibbons, 1974). Because the strain was strictly aerobic, gram
positive, catalase producing, and endospore forming, the strain belongs to genus Bacillus.
The maximum temperature for the growth of strain HA12 was 55°C. The characteristics of
the strain are listed in Table 2. Strain HA12 is identified as B. circulans and designated as B.
circulans HA12.

2.2 Analysis of soybean meal degradation by B. circulans HA12

B. circulans HA12 formed a clear halo on LC agar medium and the strain degraded soybean
meal efficiently. The protease activity was 550 U/ml after 16 h of cultivation (Kubo et al.,
1997). The protease(s) from B. circulans HA12 was secreted into the medium and the
optimum temperature of the protease was about 70°C.

Strain HA12 consumed dissolved soybean proteins for primary metabolism during the first
stage. During the next stage, soybean meal was degraded and protein accumulated
gradually in the medium. Subsequently, proteins were further digested to smaller
molecules, including peptides and amino acids. The maximum concentrations of peptides
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produced by degradation of soybean meal with B. circulans HA12 for 48 h were 6.5 mg/ml
(1% w/v soybean meal medium) and 30 mg/ml (10% w/v soybean meal medium). The
amino acid composition of DSP is shown in Table 3.

1% screening

Bacteria which grow soybean meal as a sole carbon

source at 50°C

150 thousand strains

Select highly protease producing strains

l 21 strains

Strain which degraded soybean meal completely in 48 h

2" screening

3" screening

Fig. 1. Screening procedure for soybean waste-degrading bacteria.

Property Growth Property Growth
Cell morphology Rod Growth in urease +
Gram staining + Growth in NaCl 0% +
Spore formation + 3% +
Motility - 7% -
Growth at: 25°C + Hemolysis -
37°C + Decarboxylation from ornithine -
Strict aerobic reaction + Decarboxylation from lysine -
Oxidase reaction + Decarboxylation from arginine +
Catalase reaction + Gas from glucose +
Nitrate reduction - Gas from mannitol +
H>S production - Gas from lactose +
Indole production + Gas from sucrose +
Methyl red reaction + Gas from maltose +

Table 2. Properties of strain HA12.

Amino acid 1\(/{)2)1 ' Amino acid l\(/{)/?)l ' Amino acid IZ/OIA)O)I

Ala 5.84 His 1.37 Pro 6.74

Arg 3.35 Ile 4.75 Ser 427

Asp 13.33 Leu 6.29 Thr 3.32

Cys 0.00 Lys 7.66 Trp 0.00

Glu 18.40 Met 1.86 Tyr 4.64

Gly 6.61 Phe 6.25 Val 5.31

Table 3. Amino acid composition of degraded soybean meal products.
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2.3 Effect of degraded soybean meal products on plant growth

Because DSP includes small molecules such as peptides, the plant growth promoting effects
of DSP were investigated. The fresh weight of Brassica rapa was increased by 25% through
addition of DSP (12 mg-peptides/kg-soil) (Table 4 & Fig. 2). The growth of Solanum
tuberosum L., Solanum lycopersicum, and Brassica juncea were also promoted by addition of
DSP. Moreover, DSP produced thicker roots than a chemical fertilizer (Fig. 3).

The total nitrogen, total phosphate (TP), and total potassium (TK) in DSP were 0.70, 0.11,
and 0.28%, respectively. These TP and TK contents are not enough to act as a fertilizer in
DSP, and moreover, DSP did not contain nitrate. Therefore, the plant growth promotion of
DSP appears to be caused by bioactive peptides.

Fresh weight Relative yield
(8) (%)
Water 442 +52 100
Chemical fertilizer 533+ 6.6 121
DSP 55.1+6.9 125

Table 4. Effect of degraded soybean meal products on growth of Brassica rapa.

Fig. 2. Plant growth-promoting effect of degraded soybean meal products (DSP). A: Brassica
rapa grown with chemical fertilizer, B: B. rapa grown with DSP.

Fig. 3. Effect of degraded soybean meal products (DSP) on the root system of Brassica juncea.
A: root of B. juncea grown in soil without DSP, B: B. juncea grown in soil with DSP.
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2.4 Effect of DSP on root hair promotion

Recently, several bioactive peptides from plants have also been found to have
phytohormone-like activities (Ito et al, 2006, Kondo et al., 2006, Matsubayashi and
Sakagami, 1996; Matsubayashi et al., 1999; McGurl et al., 1992; Pearce et al., 1991; Schopfer et
al.,, 1999; Suzuki et al., 1999). Phytosulfokine, systemin, SCR/SP11, and CLE are endogenous
peptides produced in a variety of plants. The respective bioactivities of these peptides cause
cell differentiation, protease inhibitor induction, cell division, and the pollen self-
incompatibility response.

In order to analyze the plant growth promoting effect, the effect of DSP on root of B. rapa
was analyzed. The number of root hairs was increased and elongated when DSP (30 png/ml)
was added (Fig. 4). DSP also promoted the root hair formation of B. oleracea L., Lactuca sativa,
Trifolium incarnatum L., and Gypsophila elegans.

Root hair is an important plant organ for the absorption and transport of nutrients (Gilroy &
Jones, 2000; Lauter et al., 1996). The enhancement of plant growth by DSP is caused by the
increase of root hair numbers and length. Root hair promotion is observed with even 0.3
pg/ml of DSP, and the root hair promoting activity increases with DSP concentration.

Yo

A B
Fig. 4. Root hair promoting effect of degraded soybean meal products (DSP). A: root of

Brassica rapa grown in plant growth medium (Matsumiya et al., 2007), B: root of B. rapa
grown with DSP in plant growth medium. Bar denotes 1 mm.

2.5 Comparison between bioactive effects of DSP and phytohormones

Ethylene, which is a phytohormone, also promotes root hair numbers and length. The
bioactive effects of DSP and ethylene were compared (Fig. 5). The root hair promotion by
DSP was similar to ethylene, but spiraling of the main root was observed in the case of
ethylene.

A B C

Fig. 5. Effects for main root and root hairs of degraded soybean meal products (DSP) and
ethylene against Brassica rapa. A: plant growth medium, B: plant growth medium + DSP, C:
plant growth medium + ethylene. The bar shows 1 mm.
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On the other hand, adventitious root formation by DSP and ethylene were analyzed (Fig. 6).
Obvious adventitious root formation was observed in the case of DSP addition. DSP and
ethylene showed different effects on main root and adventitious root formation, suggesting
that DSP did not induce ethylene for root hair promotion.

C

Fig. 6. Adventitious root formation with degraded soybean meal products (DSP) or
phytohormones in Lycopersicon esculentum. The adventitious root formation assays were
carried out using shoots of L. esculentum soaked in DSP and ethylene for 1 week at 25°C. A:
water, B: water + DSP, C: water + ethylene. The bar denotes 2 cm.

Root Adventitious Shoot Epinasty Diapause Callus Leaf

hair root growth induction enlargement
Ethylene + + - + - - -
Auxin - + - - - + -
Cytokinine - - - - - - +
Gibberelin - - + - - - -
Abscisic acid - - - - + - -
Brassinosteroid - - + - - - -
Jasmoic acid - - - - - - -
Dsp - £ =+ . T ST I B

Table 5. Bioactive effects of degraded soybean meal products or phytohormones on plants.

The bioactive effects of DSP and phytohormones on plants were analyzed (Table 5) (Gaither,
1975; Masucci & Schiefelbein, 1994; Pitts et al., 1998; Tanimoto et al., 1995;). The effects of
DSP on plants did not agree with those of phytohormones, and therefore DSP has different
mechanisms of action on plant growth.

3. Exogenous bioactive peptides in DSP and the structural determination of
the root hair promoting peptide

Systemin (McGurl et al., 1992; Pearce et al., 1991), phytosulfokine (Matsubayashi and
Sakagami, 1996; Matsubayashi et al., 1999), SCR/SP11 (Schopfer et al., 1999; Suzuki et al.,
1999), and CLV3 (Ito et al., 2006; Kondo et al., 2006) have been identified as endogenous
peptide signals, which act as phytohormones. On the other hand, 2,3-butandiol, which is
produced by several Bacillus strains, is known as an exogenous signal for plants (Ryu et al.,
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2003). DSP seems to comprise an exogenous peptide signal and shows bioactivity for root
hair promotion similar to that of phytohormones. In this section, the effect of DSP on roots
and the structure of the root hair promoting peptide in DSP are described.

3.1 Effect of DSP on roots

To analyze the mechanism by which root hair numbers and length are increased by DSP,
the number of trichoblasts (hair cells) and atrichoblasts (hairless cells) were counted. The
trichoblast number in the presence of DSP (30 pg/ml) increased about 4.4 times over that
without DSP, and the atrichoblast number also increased in response to DSP treatment by
about 1.9 times (Table 6). The effect of DSP on the root hair seems to be similar to that of
ethylene (phytohormone) (Dolan, 1996; Masucci, & Schiefelbein, 1994; Tanimoto et al.,
1995;).

Ethylene led to an increase in root hair numbers by converting atrichoblasts to trichoblasts,
while the localization pattern of the trichoblasts and atrichoblasts was not altered by
addition of DSP (Fig. 7). DSP did not affect the balance of the endogenous phytohormones.
DSP contains exogenous peptide signal(s) for root hair promotion and causes root hair
promotion through a different mechanism than that of ethylene.

Treatment  Trichoblast  Atrichoblast Length of  Thickness of Surface area of

number number root hair  root hair (um) root hair
(cells/mm2)  (cells/mm?) (mm) (mm2/mm2)
(%) (%) (%) (%) (%)
-DSP 51.5 66.7 0.34 9.39 0.26
(100) (100) (100) (100) (100)
2242 124.2 0.99 124 432
+ DSP
(435) (186) (290) (132) (1,660)

Table 6. Effects of degraded soybean meal products on root hair size and density in Brassica
rapa.

Atrichoblast  Trichoblast

\
Addition of

DsP

B

Fig. 7. Mlicroscopic examination of root hairs grown in the presence of 30 pg/ml of degraded
soybean meal products (DSP) (A) and a schematic model of the effect of DSP on trichoblast
and atrichoblast (B).
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3.2 Structure of exogenous peptide signal from DSP: analysis of protease from B.
circulans HA12 for production of root hair promoting peptide(s)

The protease from B. circulans HA12 was purified and characterized. The N-terminal amino
acid sequence (20 amino acids) of the protease produced by B. circulans HA12 was identical
to subtilisin Carlsberg, derived from B. licheniformis (Jacobs et al., 1985; Jacobs, 1995). The
molecular weight of the protease was about 30 kDa. The protease was inhibited by
phenylmethylsulfonyl fluoride and its optimum pH was around 10. The protease from B.
circulans HA12 was a subtilisin-like alkaline protease.

300

200

0 I

Alkahmprom PronaseE "[hemnlysm Pepsin

Relative root hair density (%)

Fig. 8. Root hair promoting activity of various peptides.

Soybean meal was degraded by several proteases (pronase E, thermolysin, pepsin, trypsin,
and subtilisin) and the root hair promoting activities of degraded products were analyzed.
DSP by pronase E and thermolysin did not possess root hair promoting activity. Treatment
by pepsin, trypsin, and subtilisin each showed root hair promoting activities, but these were
lower than that of DSP (Fig. 8). The specific peptide(s) is produced by the degradation of
soybean protein with an alkaline protease from B. circulans HA12.

3.3 Structure of exogenous peptide signal from DSP: identification of the root hair
promoting peptide

Soybean contains various kinds of proteins, such as 7S globulin, 11S globulin, lectin and
trypsin inhibitor (Brooks & Morr, 1985; Hamblin & Kent, 1973; Iibuchi & Imahori, 1978a;
Iibuchi & Imahori, 1978b). The proteins were separated and purified by several steps, shown
in Fig. 9. The separated soybean proteins were degraded by the alkaline protease from B.
circulans HA12 and the root hair promoting activity of the degraded products from each
fraction was analyzed (Table 7). Degraded products of Kunitz trypsin inhibitor (KTI),
purified from whey protein, showed high root hair promoting activity, thus KTI was the
origin protein for the root hair promoting peptide (Rackis et al., 1962).

The root hair promoting peptide from degraded products of KTI was purified by several
chromatographic steps. The molecular mass was analyzed by matrix-assisted laser
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Soybean meal

Add water,
Adjust pH7.5
Insoluble Soluble
fraction fraction

[<— Adjust pH4.5

SPI Whey
fraction fraction

Fig. 9. Purification procedure of soybean meal proteins.

Treatment (peptides concentration) Root hair promoting activity (%)
Without addition of peptides and amino acids 100.0
DSP (30 pg/ml) 331.1
Degraded soluble protein fraction (30 pg/ml) 337.1
Whey protein fraction (30 pg/ml) 335.5
KTI (10 pg/ml) 340.0
Table 7. Root hair promoting activity of degraded products from each protein fraction.
A 1198.2Da
B

% Intensity

LRI I0. ... 0.

1198.2Da

Mass/Charge

B
! DFVLDNEGNPLENGGTYYILSDITAFGGIRAAPTGNERCP*’
L TVVQSRNELDKGIGTIISPSYRIRFIAEGHPLSLKFDSF®®
8l AVIMLCVGIPTEWSVVEDLPEGPAVKIGENKDAMDGWFRL 2°
12lERVSDDEFNNYKLVFCPQOREDDKCGDIGISIDDDGHTRR®?
1ol yVSKNKPLVVQFQKLDKESL ®!

Fig. 10. Matrix-assisted laser desorption/ionization time-of-flight mass spectrometry
spectra of root hair promoting peptide (A) and amino acid sequence of Kunitz trypsin
inhibitor (B). The peptide sequence that is identical to 1198.2 Da is underlined.

desorption/ionization time-of-flight mass spectrometry (MALDI-TOF MS). The molecular
weight of the bioactive peptide was 1,198.2 Da (Fig. 10A), and the molecular weight of the
amino acid sequences in KTI was searched. Positions 27 - 38 in KTI (Gly-Gly-Ile-Arg-Ala-
Ala-Pro-Thr-Gly-Asn-Glu-Arg) were identical to the molecular weight, and the peptide was
thus designated root hair promoting peptide (RHPP) (Fig. 10B). RHPP was chemically
synthesized and also shown to have root hair promoting activity (Fig. 11).
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Fig. 11. Root hair promotion of chemically synthesized root hair promoting peptide (RHPP).
A: plant growth medium, B: plant growth medium + chemically synthesized RHPP.

3.4 Comparison of RHPP and other endogenous peptide signals

RHPP consists of 12 amino acids and is rich in Ala, Arg, and Gly residues. The amino acid
sequences of the endogenous peptide signals are shown in Table 8, and the length of each
ranges from 5 to 96. The amino acid sequences of exogenous peptide, RHPP, and
endogenous peptides seem to have no relationship within their structure. The mechanisms
of RHPP bioactivity (root hair promotion and adventitious root formation) seem to be
different from those of endogenous peptide signals.

RHPP contains four residues of a-helix breaking amino acids and the root hair promoting
activity was retained after heat treatment (121°C, 15 min). Thus, secondary and tertiary
structures of the peptide are not required for root hair promoting activity. On the other
hand, the root hair promoting activity of RHPP decreased when one residue of the C
terminus was deleted, indicating that the 12 residues of RHPP might be the minimum unit
for expressing root hair promoting activity.

Peptide Role Amino acid sequence Reference

CLV3 Proliferation of MDSKSFVLLLLLFCFLFLHDASDLTQ (Kondo, et al.
cells in the apical AHAHVQGLSNRKMMMMKMESEW  2006)
meristem VGANGEAEKAKTKGLGLHEELRTVP

SGPDPLHHHVNPPRQPRNNFQLP

Phytosulfokine Stimulate the  Y(SO;H)IY(SO;H)TQ (Matsubayashi
proliferation of etal., 1999)
plant cells

SCR/SP11 Self NLMKRCTRGFRKLGKCTTLEEEKCK (Suzuki et al.,
incompatibility TLYPRGQCTCSDSKMNTHSCDCKSC 1999)

Systemin Activates the ~ AVQSKPPSKRDPPKMQTD (McGurl, et al.,
synthesis of 1992)
proteinase
inhibitors

RHPP Root hair GGIRAAPTGNER (Matsumiya et
promotion al., 2007)
Adventitious

root formation

Table 8. Characteristics of peptide signals for plants.
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4. Analysis of peptide uptake in DSP and accumulation of RHPP in plant
roots

Inorganic nitrogen is one of the most important elements for plant growth. Plants usually
absorb and utilize ammonia and nitrate as inorganic nitrogen for biosynthesis of proteins
and nucleic acids. Lately, direct utilization of organic nitrogen, such as amino acids,
peptides, and proteins, for plant growth has been found (Chapin et al., 1993; Kielland et al.,
2006; Paungfoo-Lonhienne et al., 2008.). Growth of a rice plant in the presence of Gln was
faster than that with nitrate.

On the other hand, L-methionine is known as a precursor of phytohormone. L-Met is
absorbed into plant cells from root and stoma and converted to ethylene. Moreover,
bioactivity of D-Met on roots has been also found (Hasegawa et al. 2002). DSP contains
various kinds of peptides, and these seem to be utilized as nitrogen sources and/or
bioactive compound(s). This section describes uptake of peptides in DSP and the
accumulation of RHPP in plant roots.

4.1 Uptake of peptides in DSP by B. rapa

The peptide uptake was analyzed using B. rapa in the presence of DSP solution (Fig. 12). A
decrease in peptide concentration was observed. B. rapa absorbed about 45% of the initial
water volume, and the peptide concentration decreased by about 75%, indicating that the
plant seemed to positively absorb peptides in DSP.
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Fig. 12. Time course of peptides uptake from DSP solution by the root system of B. rapa. O:
without plant (control), @: the root system of B. rapa was soaked in 100 pg/ml DSP solution.

Uptake of each peptide in DSP was analyzed by reversed phase HPLC (Fig. 13). All peaks
decreased in intensity, suggesting that the plant absorbed many types of peptides (average
uptake of peptides was 16.6%). Three specific peaks were markedly absorbed in the plant
(peaks a, b, and ¢ decreased by 54.5, 30.9, and 33.2%, respectively). Uptake of peptides by
the plants seems to be influenced by the peptide lengths and amino acid sequences.

4.2 Accumulation of fluorescence labeled RHPP in roots

Carboxyfluorescein (FAM) labeled RHPP (FAM-RHPP) was synthesized for analysis of
accumulation of RHPP. FAM-RHPP has root hair promoting activity at the same level as
RHPP, so FAM-RHPP was used for further RHPP accumulation experiments.
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Accumulation of the peptide was analyzed using a confocal laser scanning microscope.
Fluorescence was observed over the whole epidermal cell (trichoblast and atrichoblast) after
soaking of the root system in a FAM-RHPP solution for 24 hour (Fig. 14). The peptide was
accumulated in both trichoblasts and atrichoblasts, and subsequently, FAM-RHPP seemed
to increase trichoblast and atrichoblast numbers.
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Fig. 13. Peptide uptake from degraded soybean meal products solution by the root system of
Brassica rapa.

Fig. 14. Analysis of carboxyfluorescein-RHPP uptake in the root system of Brassica rapa by
confocal laser scanning microscope.

4.3 Hypothetical root hair promotion by RHPP

Many kinds of peptides were generated by the degradation of soybean meal by the alkaline
protease from B. circulans HA12. Several peptides in DSP are specifically absorbed into
plants from the root system. RHPP seems to be absorbed into the root of B. rapa and
accumulated in trichoblasts and atrichoblasts. RHPP in the cytoplasm of the root may affect
the expression of specific gene(s) for the promotion of root hair numbers and root hair
length. The surface area of the root system is increased by RHPP and consequently plant
growth is stimulated by enhancement of nutrient uptake from the root system.
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Fig. 15. Schematic model of internalization of the root hair promoting peptide.

5. Conclusion

This chapter describes utilization of soybean meal and the development of bioactive
peptides for plant growth using soybean meal and the alkaline protease.

Section 1

A soybean meal degrading bacterium was isolated, identified, and designated as B. circulans
HA12. The strain produced an alkaline protease. Soybean meal was degraded with B. circulans
HA12, and DSP promoted various kinds of plant growth at low concentration. DSP increased
root hair numbers for B. rapa and adventitious root was also formed from the stem of L.
esculentum soaked in DSP solution. The bioactivity of DSP differs from that of phytohormones.

Section 2

DSP increased the number of epidermal cells without altering the localization patterns of
trichoblasts and atrichoblasts. The root hair surface area was increased by about 16.6 times.
The origin protein for RHPP was KTI, and RHPP was purified using KTI and the alkaline
protease from B. circulans HA12. The structure of RHPP was analyzed by MALDI-TOF MS,
and the amino acid sequence was identified (GGIRAAPTGNER; M.W. 1198.2 Da).

Section 3

Peptides in DSP were absorbed from the root system of B. rapa, but the uptake ratio was
different for each peptide. RHPP was also absorbed into the plant and accumulated in both
trichoblasts and atrichoblasts of the plant root. RHPP seemed to stimulate specific gene(s)
that increase of number and length of root hair.
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1. Introduction

On a global scale, fisheries landings have remained constant at about 90 million tons of fish
per annum for the last decade whereas aquaculture output has been increasing at a rate of
around 8% per annum and now supplies about 65 million tons (FAO 2010). Indeed, more
than half of the fish products produced for human consumption come from commercial
aquaculture. To sustain high rates of increased production, a matching increase in the
volume of fish feeds is required. In 2009, compound aquafeed useage was ca. 30 million tons
but this is expected to more than double by 2020 (FAO 2010; Tacon 2010). Although this is
only a small portion of global animal feed production (ca. 620 million tons) the very specific
nature of aquafeeds, e.g. higher protein and lower carbohydrate levels compared to other
animal feeds, results in special challenges as traditional sources of fish - protein (fishmeal;
FM) and oil (FO) are not sustainable. Worldwide annual production of FM (about 6 million
tons) and FO (less than 1 million tons) has remained fairly stable for the last 20 years. FM
and FO are produced from designated pelagic fisheries, mainly from the Atlantic, Chile and
Peru. Efforts are constantly underway to ensure that these marine fisheries on which FM
and FO depend remain sustainable and are not over-exploited. FM and FO are also
produced from trimmings, offal and/or by-catch, although to a limited extent. Considering
the known benefits of seafood, as a rich source of omega-3 fatty acids, in regards to human
health (e.g. cardiovascular health, brain development, lowering cholesterol and blood
pressure etc) the continued provision of this protein source is essential.

As there will be a limitation in global supplies of FM and FO in the near future sustainable
alternatives must be explored. Soybean meal (SBM) and soybean oil (SBO) are considered to
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be suitable alternatives for the partial replacement of FM and FO and indeed are utilised in
commercial aquafeeds. However, even when heat-treated, standard (solvent-extracted) and
full-fat SBM-containing feeds supplemented with limiting amino acids, can lead to
decreased growth in salmonids (Davies & Morris, 1997). More specifically, dietary SBM
inclusion causes lower feed intake, weight gain, fecal dry matter, and energy and fat
digestibilities in all salmonid species studied (Krogdahl et al., 2003). Dehulled SBM as the
sole protein source may lead to growth arrest and increased mortality in rainbow trout
Oncorhynchus mykiss (Walbaum) (Rumsey et al.,, 1994). Full-fat SBM, however, appears to
support better growth than solvent-extracted SBM in rainbow trout (Olli & Krogdahl, 1994)
and Atlantic salmon Salmo salar (Olli et al., 1994 b). Dehulled, solvent-extracted SBM causes
similar negative effects on growth and nutrient digestibility in Atlantic salmon as SBM
produced from hulled soybeans (Olli et al., 1994 b). White flakes, which are dehulled,
moderately toasted solvent-extracted SBM, has been reported to cause similar reductions in
growth, feed efficiency ratio, and nutrient digestibilities as standard SBM in Atlantic salmon
(Refstie et al., 2005).

Thus, the change from FM and FO to soybean products presents several metabolic and
health challenges for the farmed fish. When using high dietary levels of plant derived
materials, particularly those derived from soybean, it is important to consider the impacts
on gut microbiota and gut histology as the gastrointestinal (GI) tract can be one of the
important infection routes for some pathogens in fish.

2. Effect of soybean products on gut histology

The primary purpose of the digestive tract is to digest foodstuffs into molecules suitable for
absorption via the various transport mechanisms of the epithelial border cells of the GI
sections. In essence, the fish GI tract is a tube-like structure that varies in complexity
depending on the various feeding habits of the species. It can be subdivided into the mouth,
oesophagus, stomach, pyloric ceaca, mid intestine, distal intestine and the rectum; however,
not all of these distinctive regions are present in all fish. According to the early work of
Suyehiro (1942), stomachs (if present) are classified into five categories according to their
appearance: I - shape, U - shape, V - shape, Y - shape and I - shape. Distal to the stomach,
in the mid gut region, some fish have pyloric ceaca. These finger-like pouches can be
completely absent or present in numbers ranging from few (e.g. flounders) to more than
1000 (e.g. gadoids) (Suyehiro, 1942; Olsen & Ringg, 1997). Distal to the pyloric ceaca is the
intestine which also varies in physiology across fish species. Typically, the GI tract of
carnivorous fish species is short, often less than one body length long, whereas the GI tract
of herbivorous and omnivorous fish species is much longer and can be found to be greater
than 20 times the body length (Suyehiro, 1942; Olsen & Ringgs, 1997). Distinctive
physiological differences are also observed between fresh water and marine species. The
surface cells exposed to the luminal contents are the enterocytes, which with their microvilli
structures, comprise the epithelial brushborder. Between the epithelial cells goblet cells
excrete a continuous layer of mucus which forms an effective protective barrier. Beneath the
inner epithelium we find the cellular connective tissues which comprise the lamina propria
and the submucosa. Beyond the submucosa lie a circular muscular layer and a longitudinal
muscular layer. Finally, the serosa forms the outer layer of the GI tract.

From an electron microscopy (EM) point of view, the GI tract is a fascinating organ as
illustrated in Figure 1.
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Fig. 1. A) Scanning electron microscopy (SEM) micrograph of mucosal folding (villi) from
rainbow trout (Merrifield & Dimitroglou unpublished data). B) SEM micrograph of a dead
cell rejected by Atlantic salmon intestine (Myklebust, Olsen & Ringg unpublished data).

Fig. 2. Transmission electron microscopy (TEM) micrograph of the anterior intestine (mid gut)
of rainbow trout exposed to V. (L.) anguillarum (VA). Clear signs of tissue damage are
characterised by necrotic enterocytes (NE), disorganised microvilli and irregular and
deteriorated tight junctional complexes (TJ) resulting in intracellular spaces (*). E = enterocyte.
Scale bar =5 pm. After Harper et al. (2011).

The GI tract of fish is considered as one of the major infection routes for some pathogens
and indigenous intestinal bacteria (Groff & LaPatra, 2000; Ringg et al., 2003; Birkbeck &
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Ringg, 2005; Harikrishnan & Balasundaram, 2005; Ringe et al.,, 2007; 2010a). Indeed,
numerous studies have reported that exposure of the epithelium to fish pathogens can result
in severe tissue damage, characterised by necrotic enterocytes, deteriorated tight junctions,
disorganised and damaged microvilli and damage to the lamina propria (Ringg et al., 2007).
An example of the damage that can be visualised at the ultra structural scale with
transmission electron microscopy (TEM) is shown in Figure 2, where the midgut of rainbow
trout has been exposed to Vibrio (Listonella) anguillarum, the causative agent of vibriosis.
When discussing the inclusion of soybean products in commercial diets, it is of high
importance to evaluate the effect on gut histology by both light microscopy (LM) and EM
(Ringg et al., 2001; 2003; 2007; Harper et al., 2011) because structural and functional changes
in the intestine may explain deleterious effects of SBM on nutrient utilization and disease
resistance.

2.1 Soybean meal

SBM is one of the most commonly used protein sources in aquafeeds due to its high protein
content and favourable amino acid profile. However, even when heat-treated and
supplemented with limiting amino acids, full-fat as well as defatted (standard; hexane-
extracted), SBM rich feeds can lead to decreased growth, lower feed intake and reduced
energy and lipid digestibility in salmonid species. Using dehulled SBM as the sole protein
source has been reported to reduce growth performance and increase mortality in rainbow
trout. These SBM products also cause an inflammatory response in the distal intestine
(enteritis) of salmonids, characterised by changes in absorptive cells, increased presence of
inflammatory cells, endocytic blocking, shortening of villi and disruption of microvilli,
which may at least partially explain the effects on growth parameters and feed utilization. It
is accepted that such effects are mediated, in part at least, by anti-nutritional factors such as
soy saponins which disrupt the intestinal barrier by altering membrane permeability.
Subsequently, these histological and morphological changes in the intestine can increase
susceptibility to bacterial infection.

Morphological changes evaluated by LM in the distal intestine (DI) of salmonids (Figure 3)
are caused by dietary inclusion of full-fat as well as solvent-extracted SBM, with and
without hulls (Baeverfjord & Krogdahl, 1996; Aslaksen et al., 2007). These morphological
changes in salmonids, known as enteritis, have been described as shortening of the simple
and complex mucosal folds with a widening of the central stroma (lamina propria) and
submucosa, shortened microvilli of the brush border membrane and increased formation of
microvillar vesicles, elevated number of goblet cells and a dramatic decrease or even
absence of the normal supranuclear absorptive vacuoles in the enterocytes (van den Ingh et
al,, 1991; 1996; Baeverfjord & Krogdahl, 1996). Generally, the lamina propria is widened
with a profound infiltration of a mixed population of inflammatory cells such as
lymphocytes, neutrophilic granulocytes, cells of monocytic lineage, including macrophages,
eosinophilic granular cells, and diffuse IgM (Baeverfjord & Krogdahl, 1996; Bakke-McKellep
et al., 2000) as well as a mixed population of putative T-cells (Bakke-McKellep et al., 2007 a).
Regarding the epithelial cells lining the mucosal folds, the number of cells in early stages of
development are significantly increased, as are the number of cells undergoing cellular
repair and programmed cell death (apoptosis) (Bakke-McKellep et al., 2007 b).

In their study on Atlantic salmon, Kraugerud et al. (2007) observed morphological changes
in the distal intestine of fish fed 10 % dietary defatted SBM for 4 weeks. These changes
included shortening and fusion of the simple mucosal folds, widening of the lamina propria
with increased cellularity, leucocytic cellular infiltration of the submucosa and lamina
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Fig. 3. LM image of the distal intestinal mucosa of Atlantic salmon fed a diet in which FM
was the sole protein source (a) or a diet containing 33% extracted SBM (b). In the latter, the
lamina propria of the simple (s) and complex (c) intestinal folds are widened and infiltrated
with a mixed population of leucocytes. The folds in (b) are also reduced in height compared
to (a) (after Baeverfjord & Krogdahl, 1996). X 400 magnification.

propria and reduced supranuclear vacuolisation with apical nuclear displacement within
enterocytes. These significant morphological changes may affect the exchange of substances
across the barriers including facilitated uptake of pathogenic bacteria. More, recently,
Merrifield et al. (2009) observed the effect of replacing 50% of FM with SBM (HiPro soya) on
the intestinal epithelium of rainbow trout by using SEM (Figure 4).

After 16 weeks of feeding, EM revealed enteritis - like effects associated with SBM fed fish.
Specifically, fish fed the SBM enriched diet displayed missing, damaged, deformed , shorter
and thicker microvilli. Additionally, enterocytes appeared to be malformed and irregular.
The general result of this study was significantly shorter (distal intestine) and less densely
packed (proximal intestine) microvilli on the enterocyte surfaces of fish fed the SBM diet
than fish fed the FM diet. This reduction of microvilli density consequently led to increased
exposure of enterocyte tight junctions, which combined with necrotic enterocytes is likely to
diminish the protective barrier of the intestinal epithelium (Merrifield et al.,
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for 16 weeks. SBM fed fish display irregular enterocyte formations with sparse and irregular
microvilli which consequently exposes tight junctions between the enterocytes (*) to luminal
contents. Scale bars = 5 pm (A) and 1 pm (B). After Merrifield et al. (2009).

2009). Such enteritis effects have routinely been described in fish with the use of light
microscopy (for review see Krogdahl et al, 2010) but considerably fewer studies have
utilised electron microscopy to observe ultrastructural changes (Uran et al, 2008 a;
Merrifield et al, 2009; Dimitroglou et al., 2010). Such histological and morphological
changes which result in damaged enterocytes and exposed intracellular tight junctions may
help explain previous observation of increased susceptibility of SBM fed fish to pathogenic
infection (Krogdahl et al., 2000).

It is generally accepted that this type of damage is due to the presence of various anti-
nutritional factors present in SBM. For example, soy saponins, which disrupt the intestinal
barrier by altering membrane permeability which is suggested to trigger the inflammatory
process (Knudsen et al., 2007). Recent investigations also suggest that this enteritis effect is
related to (either as a cause or effect) the blocking of enterocyte endocytic uptake
mechanisms (Uréan et al., 2008 b; Rombout et al., 2011). Although the molecular signalling
pathways involved in the manifestation of enteritis have not been fully elucidated some
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information is available; the expression of pro-inflammatory genes (IL-1p and TNF-al) have
been reported to be up-regulated in the intestinal intraepithelial leucocytes of fish fed
dietary SBM (Uran et al., 2008 a).

From the plethora of studies available it has become generally accepted that there are
variations in the sensitivity of different fish species to dietary SBM. Due to their carnivorous
feeding habits salmonids are less well adapted to plant based ingredients and so species
such as Atlantic salmon and rainbow trout (although to a lesser extent than Atlantic salmon)
are highly sensitive to dietary SBM. On the contrary, numerous studies have reported no
morphological disruptions of the intestinal tract of other fish species, such as Atlantic cod
(Refstie et al., 2006), Atlantic halibut (Grisdale-Helland et al., 2002), gilthead seabream
Sparus aurata (Bonaldo et al., 2008, Dimitroglou et al., 2010), European sea bass Dicentrarchus
labrax (Bonaldo et al., 2008), cobia Rachycentron canadum (Romarheim et al., 2008) and
Egyptian sole Solea aegyptiaca (Bonaldo et al., 2006), fed dietary SBM. These observations are
somewhat strange as some of these species are also highly carnivorous.

However, a recent study by Urdn and colleagues (2008 a) reveals important information
regarding the time dependent nature of the morphological manifestations of enteritis in fish.
This study revealed the onset of histological changes, and related inflammatory molecular
markers, in carp after 1-3 weeks feeding on dietary SBM (20% dietary inclusion). However,
after 4-5 weeks these morphological changes appeared to subside in tandem with the
increase of TGF-p (TGF- is an anti-inflammatory protein involved in cellular differentiation
and proliferation) mRNA transcripts from intraepithelial leucocytes. This indicates that carp
display an adaptive period which may have important connotations to the results from
other studies which have reported no histological disruptions in the gut of non-salmonid
fish because the previous studies on non-salmonid species have assessed the intestinal
morphology after >6 weeks feeding on SBM diets. Future time dependent studies are
necessary to see if such short term enteritis effects occur in other fish species.

2.2 Soybean oil

SBO is extracted from the seeds of the soybean. Regardless of origin, plant oils are deficient
in the typical marine long chain highly unsaturated fatty acids (HUFAs) arachidonic acid
(ARA, 20:4 n-6), eicosapentaenoic acid (EPA, 20:5 n-3) and docosahexaenoic acid (DHA, 22:6
n-3). The composition of other fatty acids will vary with plant species. One of the
predominant plant oils produced and used in aquafeeds, SBO, is rich in 18:2 n-6 (52 %), 18:1
(24 %) and 16:0 (11 %) but due to its deficiency in long chain HUFAs SBO and other plant
oils are typically blended with FO when incorporated into fish diets.

In marine fish, the most predominant effect of increasing plant oils, including SBO, in the
diets is the reduction of cellular EFA content and some alteration in membrane composition.
In salmonids, including plant oils will not only affect membrane composition, but will also
alter the ratio of n-6 / n-3 Cy PUFA, which may have pronounced effects on immune
functions and eicosanoid production. With the inclusion of plant oils into aquafeeds, fish are
faced with several challenges some of which will affect intestinal health and function. One
of the most striking effects is the massive accumulation of lipid droplets in enterocytes of
fish species such as Arctic charr (Olsen et al., 1999; 2000), gilthead seabream (Caballero et al.,
2003), rainbow trout (Caballero et al., 2002; Olsen et al., 2003) and Atlantic salmon (Olsen et
al., unpublished data) fed high levels of plant oils. The accumulations may amount to more
than 60% of cellular volume which hampers gut functions (Figure 5). Although there is still
some controversy with regard to the direct cause of these observations (Oxley et al., 2005;
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Caballero et al., 2006; Oxley et al., 2007) the condition appears to be related to the
impairment of lipoprotein synthesis within the enterocytes.
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Fig. 5. SEM micrograph depicting the cross section of midgut enterocytes from Arctic charr
fed an experimental diet containing SBO as the sole lipid source. Note the significant
accumulation of lipid droplets in the enterocytes. After Ringg & Olsen (2008).

In Atlantic salmon substituting up to 100% of the added FO (note some FO is present in FM)
with SBO did not increase leukotriene By (LTBs) or type E; prostaglandin (PGE,) (pro-
inflammatory mediators) production of head kidney macrophages during in vitro culture with
20:4 n-6 added to the culture medium, except at 5°C rearing temperature (Gjoen et al., 2004).
Phagocytic activity was also unaffected and based on these results the authors concluded that
Atlantic salmon seems to tolerate a diet with only SBO as lipid source, without any
detrimental effects on growth and immune functions. In a feeding trial with rainbow trout fed
purified diets supplemented with only SBO, linseed oil or FO for 9 weeks no differences in
serum complement or lysozyme activity were observed (Kiron et al., 2004).

The effect of SBO on disease resistance in challenge experiments is less well studied and the
results are somewhat conflicting. In a long-term feeding study using SBO and FOs, Waagbe
et al. (1993) showed that Atlantic salmon fed high levels of FOs had better survival when
infected with Aeromonas salmonicida (the causative agent of furunculosis), despite the fact
that head kidney macrophage phagocytosis and bacterial killing was reduced in these fish
(IL-1 and serum hemolytic activity was unaffected). In contrast to these results, Gjoen et al.
(2004) reported no differences in Atlantic salmon susceptibility to infection by A. salmonicida,
while Ledemel et al. (2001) reported that Arctic charr fed diets supplemented with SBO and
challenged with A. salmonicida showed elevated survivability compared to fish fed a FO
based diet (SBO = 20% mortality vs FO = 48% mortality).
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3. Effects of soybean products on gut microbiota

The gut microbiota of fish constitutes a great number of cells and these cells and their
metabolites play important roles in host digestive function, gastric development, mucosal
tolerance, immunity and disease resistance. In fact, in the absence of gut microbiota the
digestive tract fails to differentiate fully, lacks brush border intestinal alkaline phosphatase
activity, presents immature patterns of glycan expression, displays reduced epithelial
proliferation and a reduction of goblet and enteroendocrine cells (Rawls et al., 2004; Bates et
al., 2006). It is of utmost importance for the health of the animal that microbes that improve
gut function and the immune apparatus dominate these microbial communities. Therefore,
great efforts have been made to find dietary supplements that ensure that benign or
beneficial microbes dominate the gut microbiota of fish (Merrifield et al., 2010; Ringp et al.,
2010 b; Dimitroglou et al., 2011).

As is the case with terrestrial animals, the gut microbiota of fish is classified as
autochthonous or indigenous, when they are able to adhere and colonize the host’s gut
epithelial surface, or allochthonous, when they are incidental visitors in the GI tract, and are
expelled after some time without colonizing (Ringe & Birkbeck, 1999; Ringg et al., 2003; Kim
et al., 2007). Compared to the numerous studies describing the dietary effect on fish gut
microbiota (Ringe et al., 1995; Austin, 2006; Merrifield et al., 2010) relatively little
information is available about the effects of SBM and SBO (Ringe et al., 2002; Hekkinen et
al., 2006; Ringg et al., 2006; Bakke-McKellep et al., 2007 b; Ringg et al., 2008; Merrifield et al.,
2009; Cai et al., 2011).

3.1 Soybean meal

While much effort has focused on evaluating the extent of SBM induced histological damage
the effect on the gut microbiota of fish is not so well documented. This is partly because of
our lack of understanding of the importance of the gut microbiota in the past but as our
awareness of this complex microbial ecosystem has grown so too has our interest in the
factors that might impact or disrupt these communities.

As a result there are now several studies which have sought to assess the impact of dietary
SBM on fish gut microbiota. To our knowledge, the first is that of Hekkinen et al. (2006),
who utilised both culture-dependent and molecular methods (culture-independent) to
observe the effect of dietary SBM (hexane extracted; included at a dietary level of 45%) on
the gut microbiota of rainbow trout in comparison to a FM control group. After 8 weeks
feeding on the experimental diets the total culturable aerobic, aerotolerant culturable lactic
acid and total culturable anaerobic bacterial levels (CFU g) were at least one log scale lower
in the SBM fed fish than the FM fed fish. Some tentative identifications of bacterial isolates
revealed that some bacterial genera/groups may have been specifically affected; compared
to the FM group a clear reduction of Lactobacillus spp. (FM = 8.57%, SBM = 0%; as a
percentage of isolates identified) and Sphingomonas spp. (FM = 31.4%, SBM = 3.7%) isolates
were observed in the SBM group. Conversely, an increase of Bacillus spp. (FM = 0%, SBM =
7.4%) and Chryseomonas spp. (FM = 5.7%, SBM = 22.2%) were isolated from the SBM group.
However, as this was not a comprehensive study (only 62 isolates were identified during the
trial) and identification was based on phenotypic and biochemical characteristics this data
should be viewed with caution. Culture-independent analysis, length heterogeneity analysis
of PCR amplified 165 rRNA (LH-PCR), from a secondary 18 week feeding trial also
suggested that dietary SBM induced qualitative changes in the microbial communities.
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Contrary to the findings of Heikkinen et al. (2006), a more recent study by Merrifield et al.
(2009), did not reveal any differences in the in total culturable aerobic levels when
comparing the autochthonous and allochthonous gut populations of rainbow trout fed a FM
control diet with those fed a SBM diet (SBM inclusion at 32%) for 16 weeks. The reason for the
differing outcomes is somewhat unclear but it may be related to 1] the different feeding
duration (8 weeks vs 16 weeks), 2] the different SBM inclusion level (45% vs 32%), 3] the
different SBM characteristics (SBM with hulls vs dehulled HiPro with lower fibre and higher
protein content), 4] the different culture conditions (plate count agar, 15°C, 21 days vs trytone
soya agar, 20°C, 7 days) and/or 5] other differences in the experimental rearing trial. Despite
this however, using partial 165 rRNA sequence analysis, Merrifield and co-authors observed
differences in microbial composition comprising the total viable populations (as illustrated in
Figure 6). This could be generally characterised as lower levels of Aeromonas spp. and Vibrio
spp., marginally higher levels Micrococcus spp. and a substantial increase in the allochthonous
levels of a group identified as belonging to the order Actinomycetales (isolates could not be
differentiated from Arthrobacter aurescens, Janibacter spp. and Streptomyces coelicolor) observed
in the SBM group compared to the FM group. Additionally, a population of Psychorbacter spp.
(Psychrobacter spp. PRwf-1, P. cryohalolentis or P. arcticus) was present only in the SBM fed
group. It was also observed that dietary SBM could affect the levels of indigenous yeast in the
gut. Yeast levels, tentatively identified as Saccharomyces spp., increased from 8.7% to 39.3% (FM
vs SBM; as a proportion of the culturable community), 17.3% to 19.3%, 12.7% to 52.7% and
14.0% to 48.7% in the anterior mucosa, posterior mucosa, anterior digesta and posterior
digesta, respectively. It was hypothesised that this might be a direct result of fermentable
carbohydrates provided by SBM. Oligosaccharides, such as stachyose and raffinose, typically
constitute about 4-5% of SBM by dry weight. Raffinose and stachyose consist of fructose,
glucose and galactose and many genera of yeast, including Saccharomyces, are able to ferment
various sugars, including glucose and galactose; hence, an increase in yeast numbers may be a
result of increased available sugars.

Fig. 6. Tryptic soya agar (TSA) plates showing culturable allochthonous bacteria isolated
from the posterior intestine of rainbow trout fed FM (A) and SBM (B) diets.
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EM confirmed the presence of complex autochthonous bacterial populations in close
association with of the mucosal brushborder of both FM and SBM fed rainbow trout but no
distinct colonisation patterns or differences between dietary groups was observed. Due to the
reduced density of enterocyte microvilli caused by dietary SBM the exposure of tight junctions
to brushborder bacterial populations was increased which may have negative connotations
towards defensive barrier function to opportunistic bacterial populations (Figure 4).

These findings are somewhat similar to those of Bakke-McKellep et al. (2007 b) who also
reported higher levels of yeast in SBM fed fish. Bakke-McKellep et al. (2007 b) investigated
the microbiota of seawater-adapted Atlantic salmon fed diets containing FM as the sole
protein source or diets containing 25% dehulled and extracted and toasted SBM. After 3
weeks the culturable aerobic autochthonous mid intestine, autochthonous distal intestine
and allochthonous distal intestine bacterial levels were higher in the SBM fed salmon
compared to the FM fed salmon. Diet dependent differences in the diversity of bacterial
strains identified were also observed. The number of different genera and strains identified
were similar in the SBM fed (26) and FM fed (24) fish but the number of some isolated lactic
acid bacteria (Marinilactibacillus psychrotolerans and Carnobacterium (piscicola) maltaromaticum)
was higher in the FM fed salmon. However, Brevibacterium and Enterococcus spp. were
detected in the SBM group but not in the FM group.

In a later experiment post-smolt Atlantic salmon were fed a FM diet or diets containing
14.7% soy fibre (N100), 14.7% extruded soy fibre (E100) or 43.6% SBM (with hull, hexane
extracted and toasted) for 4 weeks (Ringe et al., 2008). Culturable allochthonous and
autochthonous bacterial levels within the mid and distal intestine were determined and 165
rRNA sequence analysis was used to identify isolates. Contrary to the findings of Bakke-
McKellep et al. (2007 b) no significant differences were observed between viable counts from
the intestinal samples of the respective FM and soy fed groups. Differences between the
bacterial groups were observed which appear to verify some of the findings observed by
Bakke-McKellep et al. (2007 b). Specifically, Carnobacterium spp. were sensitive to the
inclusion of dietary SBM; high levels of Carnobacterium spp. were identified as both
autochthonous and allochthonous populations with the distal intestine of fish fed the FM
diet but were completely absent from both sampling points of the mid and distal intestine of
the SBM fed fish. In contrast, Bacillus spp. were the greatest genera isolated from the digesta
(allochthonous) of the FM fed fish (log 5.8 CFU g1) but were completely absent from both
the mid and distal digesta of the SBM fed fish. Several other bacterial species, present at
lower levels, were identified as present in one of the dietary groups but absent in the other.
Some information is also available on the effect of dietary SBM on the culturable intestinal
bacterial levels (Refstie et al., 2006; Ringg et al., 2006) and composition (Ringg et al., 2006) of
Atlantic cod. These studies compared the allochthonous and autochthonous bacterial
populations within the foregut, mid gut and hindgut chamber of cod fed a FM diet with cod
fed a diet containing 24.6% SBM (dehulled and solvent extracted) or 21.4% bioprocessed
extracted SBM (BPSBM; the bioprocessing reduces the oligosaccharide and phytic acid
content, concentrates the protein, and eliminates anti-nutritional factors). Five of the six
intestinal bacterial populations investigated were significantly affected by dietary SBM but
only three were affected by dietary BPSBM (Refstie et al., 2006). Compared to the FM group,
the autochthonous culturable levels were higher in all three intestinal regions whereas the
allochthonous levels were significantly lower in the foregut and midgut of the SBM fed
group. The autochthonous foregut, allochthonous foregut and allochthonous mid gut levels
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were all significantly higher in the BPSBM group than the FM group. The allochthonous
distal population remained unaffected by either dietary treatment.

Ringp et al. (2006) used standard biochemical methods and 16S rRNA sequencing analysis
(425 isolates) to identify a total of 944 of the isolates derived from these intestinal sampling
regions. The authors concluded that the intestinal tract of fish fed FM was dominated by
Gram-positive bacterial genera (most notably Brochothrix spp., Carnobacterium spp. and
unknown Gram-positive cocci) whereas Gram-negative bacteria (such as Chryseobacterium
spp., unknown Gram-negative rods and a number of Psychrobacter and Psychrobacter - like
spp.) were more frequently isolated from the fish fed the SBM and BPSBM diets. The
diversity of Psychrobacter spp. was also greater in the SBM and BPSBM groups and several
other strains (e.g. Acinetobacter johnsoni, Jeotgailbacillus psychrophilus and Jeotgalibacillus - like)
were found to be uniquely present in the SBM group as a minor component of the
community. Although no clear differences in carnobacterial levels were apparent (there
were marginal differences which hinted at a lower frequency of isolation from the BPSBM
fed cod) in vitro antagonism assays against A. salmonicida and V. (L.) anguillarum suggest that
there might be differences in the carnobacteria antagonistic properties. For example, 57.8%
of Carnobacterium isolates from the FM group demonstrated antagonistic activity against one
or both of the pathogens but only 33.3% of the SBM isolates were able to antagonise one or
both of the pathogens and 38.5% of isolates from the BPSBM group inhibited the growth of
A. salmonicida (none were effective against V. (L.) anguillarum). Although this was only a
small scale preliminary investigation it may have relevance to previous observations of
elevated disease susceptibility of fish fed SBM.

In contrast to the growing literature available on the effect of SBM on the gut microbiota of
salmonid fish species relatively little is known about other fish species. This is likely because
it has been generally accepted that non-salmonid fish species are less susceptible to enteritis
and histological damage of the intestine as a result of dietary SBM inclusion. However, some
information is available.

Dimitroglou et al. (2010) assessed the gut microbiota of gilthead seabream fed diets with or
without mannan oligosaccharides (MOS) in both FM and SBM (solvent extracted, included
at 31.3%) diets. PCR-DGGE analysis revealed clear differences in the allochthonous
microbial communities, reflected by cluster analysis from dendrograms (depicting low
similarity between treatments) and by higher species richness (increased observable
phylotypes; FM = 14.5 + 0.7 vs SBM = 25.0 * 0.0), microbial diversity (shannon weaver index;
FM = 2,65 + 0.05 vs SBM = 3.17 + 0.01) and higher similarity between replicates (SIMPER;
FM = 84.79% vs SBM = 92.25%). Unfortunately, no phylotypes were sequenced so
identification of sensitive species in the study remains unknown. However, the study
revealed that dietary SBM had a greater effect on the gut microbiota than dietary MOS as
MOS was shown to affect the microbial communities in the FM fed group but any potential
for modulation in the SBM group was masked by the effect of SBM.

In contrast to the clear changes observed in gilthead seabream (Dimitroglou et al., 2010), Cai
et al. (2011) observed no significant affect of dietary SBM (30% inclusion) on the gut
microbiota of silver crucian carp (Carassius auratus gibelio x Cyprinus carpio) after 3 weeks
feeding. Total culturable aerobic, anaerobic, presumptive Aeromonas spp., presumptive E.
coli, presumptive Clostridium perfringens and presumptive bifidobacteria levels remained
unaffected by dietary treatment. Further molecular studies and identification of isolates are
required to validate these findings.
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Despite the growing number of studies beginning to shed light on the effects of dietary SBM
on the gut microbiota of fish, present information is largely based on cultured isolates. As is
typically the case with microbial communities from the aquatic environment, the
culturability of the gut microbiota of fish is inherently low; culturability of the gut
microbiota of rainbow trout has typically been reported to be 3-50% (when using the
following culture conditions - TSA, 7 days, 15°C) (Spanggaard et al., 2000; Huber et al., 2004)
or 18% (TSA, 10 days, 17°C) (Navarrete et al., 2010), ca. 1% in coho salmon Oncorhynchus
kisutch (TSA, 10 days, 17°C) (Navarrete & Romero, 2006) and <1% in Atlantic salmon (TSA,
10 days, 17°C) (Navarrete et al., 2009). Therefore it is essential that culture-independent
techniques be employed in future studies. As there is limited knowledge about the effect of
soybean products on the largely unculturable proportion of gut microbiota, particularly
anaerobic microbial communities which have yet to be studied, in the GI tract of various fish
species, important questions are raised: is it possible to increase the population level of
beneficial gut bacteria by inclusion of dietary soybean products and will these beneficial gut
bacteria improve fish welfare? Indeed, it has been suggested that SBM-oligosaccharides may
have potential to be utilised as prebiotics to fortify microbial balance and improve host
health (Gibson et al., 2004).

Additional investigations need to extend to other important aquatic species as SBM is one of
the commonly used plant proteins incorporated into aquafeeds (Gatlin et al.,, 2007).
Furthermore, studies should focus on the autochthonous populations as these populations
are in intimate contact with the host epithelium and are of high importance in terms of
stimulating host inflammatory responses.

3.2 Soybean oil

It is generally accepted that dietary manipulation modulates the gut microbiota (e.g. Bakke-
McKellep et al. 2007b; Merrifield et al., 2009; Dimitroglou et al. 2010) and several studies
have observed sensitivity of the gut microbiota of fish to different dietary lipid levels (Lesel
et al., 1989; Ringg & Olsen, 1999) and different dietary plant oils (Ringg et al., 2002; Montero
et al., 2006). However, to our knowledge only one study has assessed the effect of dietary
SBO on the gut microbiome of fish. In their study with Arctic charr, Ringe et al. (2002)
evaluated the effect of SBO on the autochthonous gut microbiota. The presence of
autochthonous bacteria associated with the microvilli of fish fed the SBO enriched diet is
demonstrated in Figure 7.

The bacteriological results of the study showed modulation of the gut microbiota by SBO as
well as inter individual fish variations. Specific differences between the groups were the
marginal elevation of the total culturable population (by over log 0.5 CFU g) in the SBO
group and differences of the bacterial components comprising this community. For example,
Acinetobacter spp. (log 4.35 CFU g), Carnobacterium spp. (log 4.41 CFU g?), coryneforms (log
4.59 CFU g?) and Kurthia spp. (log 4.29 CFU g1) were key components in all 5 fish replicates
from the SBO group but were completely absent in all FO fed fish. Conversely, Aeromonas
hydrohpila (log 3.85 CFU g, present in 5 fish) and Moraxella spp. (log 3.35 CFU g, present in
3 fish) were present in the FO fed fish but were absent in the SBO fed fish. The authors
further evaluated the microbial communities after a challenge with Aeromonas salmonicida
ssp. salmonicida (furunculosis). Post challenge the total viable bacterial levels in both dietary
groups was reduced, however, the counts were reduced to ca. one log CFU g lower in the
SBO group than the FO group. Differences in the levels of certain microbial groups persisted
after the challenge: Acinetobacter spp. and Carnobacterium spp. were present in the SBO fed
charr but absent in the FO fed charr and Micrococcus spp. were present in the FO fed charr
but absent in the SBO fed charr.
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Fig. 7. TEM micrograph of the midgut of Arctic charr fed a diet containing SBO. Note the

substantial numbers of bacteria (arrows) associated with the microvilli (MV) of the
enterocytes. X 3,750 magnification. After Lodemel et al. (2001).

4. Conclusion

Even though numerous papers regarding the effect of dietary soybean products on the gut
histology and gut microbiota of fish have been published in peer reviewed journals further
investigations are needed. Using plant-based raw materials may have both advantages and
disadvantages. Firstly, imbalanced plant based diets and noxious compounds such as anti-
nutrients may impair fish immunity, maturation and functionality of the intestinal mucosa,
the first line of defence and in particular damage the GI tract which is a port of entry for
many pathogenic agents. Furthermore, endothermic and fish studies have shown atrophy of
intestinal mucosa and a reduction in its absorptive and immunological capacity in response
to high dietary SBM inclusion. Secondly, using the correct mixture of plant based additives,
provides not only the option of limiting harm, but there is also an interesting possibility to
enhance GI immunity and disease resistance. Current knowledge is however relatively
limited in this regard. However, based on the likelihood that future aquaculture will have to
rely on plant-based raw materials, it is strongly recommended that these topics should be
given high priority in the years to come. Readers with special interest in the use of plant
products in aquaculture are referred to the reviews of Gatlin et al. (2007), Barrows et al.
(2008) and Krogdahl et al. (2010).
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1. Introduction

There is interest in the use of oils and fat in horses’ diets aiming to increase energy
consumption by animals with high energy requirements, provide essential fatty acids,
increase the absorption of fat-soluble vitamins, reduction of the caloric increment, increase
energy efficiency and reduce dust from ration avoiding upper respiratory tract diseases
(Palmiquist, 1988).

High-performance athletic horses are usually fed diets with high inclusion levels of grain to
reach energy requirements, which can cause intestinal acidosis, gastrointestinal mucosal
injury and disorders in the microbial ecosystem, causing colic and laminitis. According to
Holland et al. (1996), horses fed diets with oil reduced the activity and excitability.

Horses use non-structural carbohydrates such starch, maltose and sucrose as a primary
source of energy, being hydrolyzed and absorbed as glucose in the small intestine.
However, intestinal amylase activity is limited in the equine species and, because of the low
stomach capacity, providing large amounts of starch in the diet compromises digestion in
the small intestine, increasing intake of rapidly fermentable carbohydrate in the colon-
cecum, which may contribute to metabolic complications such as endotoxemy, colic and
laminitis (NRC, 2007). Critical capacity for overload of hydrolysable carbohydrate digestion
is approximately 0.4% of horse body weight (Potter et al., 1992).

It is known that the intake of concentrate containing high levels of fats presents some
advantages in metabolic point of view and this kind of diet can reduce the risk of
gastrointestinal disturbances, because the intake of fat stimulates the flow of digesta in the
jejunum and ileum (Meyer et al., 1997). Oils and fats are used in horse diets to replace the
hydrolysable and rapidly fermentable carbohydrates that are present in grains and cereals
(Frape, 2004).

Oils and fats addition in the diets of high activities sport horses aim to reach the high energy
requirements and, according to NRC (2007), the increase on performance of athletic horses
fed diets containing oils is due to better the energy / weight relation, with a reduction in dry
matter intake and gastrointestinal tract weight; lower metabolic heat production associated
to digestion and exercise; greater physical performance resulting from a lower muscle
glycogen use, best performance in short distance running energy from anaerobic glycolysis
and acidemia reduction during high intensity exercise.

High fat level diets reduce the activity of lipase in adipose tissue and increase their activity
in muscle, increase muscle glycogen stores, increasing the energy of the glycolytic pathway,
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with fatigue delay during aerobic exercise with large duration, increase or maintain blood
glucose concentration during extensive exercise and slow lactic acid accumulation during
anaerobic exercise (Frape, 2004), more over improving respiratory and cardiac recovery
post-exercise (Mattos et al., 2006), providing athletic horse better conditions for their
performance.

2. Effects of oil in horse digestion

The use of oils or fats in horses” diets has been studied for a long time. Bowman et al. (1977)
studied the inclusion of corn oil in horses’ diets. Oils are easily digestible with the
production of 9 Mcal of digestible energy per kg of dry matter, resulting in a readily
available source of energy for exercise and digestibility above 90% (Kronfeld et al. 2004;
Frape, 2004).

However, there are differences in the absorption of fatty acids and glycerides in the small
intestine, emphasizing such factors as the fatty acid chain length- increasing the number of
carbons in the fatty acid chain reduces the absorption, the number of instaurations and the
presence of a larger number of instaurations in the fatty acid seem to favor its absorption,
the distribution order of the fatty acid in the glycerol molecule - a saturated monoglyceride
in position 2 has a higher absorption rate, as an example one may cite the free palmitic acid,
whose absorption is 12%, and the same fatty acid in the two monopalmitic form would
present absorption approximately 55%; animal age - younger animals have lower ability to
digest fats than adults, the relationship unsaturated/saturated fatty acids (UFA / SFA) in
the diet - experiments show the presence of UFA encourages the absorption of SFA, and the
melting point - the digestibility is higher in fats with low melting point, such as vegetable
oils, than in saturated animal fat (Meyer, 1995).

Some authors found that high dietary energy density due to the oil addition on horses diets
reduces dry matter intake. Marqueze et al. (2001) using diets with 7.8% soybean oil observed
the dry matter intake of 1.66% PV, similar to that reported by Kronfeld et al. (2004), from
1.60% BW in several digestibility trials with hiperlypidemic diets. Mattos et al. (2006)
observed reduction in dry matter intake in horses fed 3.1 and 6.8% soybean oil diet, 1.74 and
1.6% BW, respectively. Delobel et al. (2008) evaluating diets with 8% linseed oil in adult
horses for 90 days, with dry matter intake of 1.2% BW, found that horses remained healthy
throughout the period.

Godoi et al. (2009b) evaluating jumping and dressage horses consuming diets without
inclusion of soybean oil (control) and with addition of 8.5% and 19.5% soybean oil found
that the dietary soybean oil addition increased significantly the diet energy density, with
dry matter intake, expressed as a percentage of body weight, 1.80, 1.55 and 1.26% BW,
respectively, keeping constant the concentrate:forage ratio in all diets. In these horses the
digesta kinetics in the gastrointestinal tract was not affected (P> 0.05), with average values
for mean retention time (MRT), rate of passage (RP) and transit time (TT) of the digesta
liquid phase of 35.7 hours, 2.8%/ hour and 7.6 hours, respectively (Table 1).

The inclusion of 8.5 and 19.5% of soybean oil in the diets of horses did not influence the
daily fecal production based on natural matter, the water content and feces characteristics,
with average values of 2.18% of BW and 71.4% moisture (Godoi et al. 2009a). Results similar
to those observed in healthy horses and with varied diet, with daily fecal production from 1
to 3% of BW on natural matter and 75% moisture (Meyer, 1995). Soybean oil inclusion until
19.5% does not alter the feces characteristics (Godoi et al. 2009a).
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Soybean oil inclusion (%)

ltem 0% 8.5% 195% CV (%)
Dry matter intake (Kg DM/ day) 9.0a 7.1b 6.2¢ 74
Dry matter intake (% BW) 1.882 1.55b 1.26c 9.8
Fecal production (Kg DM/ day) 3.4a 2.7v 2.3b 17.2
Fecal production - natural matter 1334 9.3 8.6 19.6
(kg/day)
Fecal production - dry matter (% BW)  0.71a 0.58ab 047>  19.6
Moisture (%) 72.5 69.92 7172 31
MRT (hours) 34.32 40.4a 323+ 118
RP (% /hours) 2.9a 2.53 3.1a 123
TT(hows) 7% 107 47 891
Feces characteristics
Consistency Standard* Standard Standard
Color Standard  Standard Standard
Strange particle Absent Absent Absent
Hay Present Present Present
Grains Present Present Present

*One horse produced softer feces than others.
Means in line followed by different letter differ by SNK test (P<0.05)

Table 1. Dry matter intake, fecal production, mean retention time (MRT), rate of passage
(RP) and transit time (TT) of liquid phase of digesta and feces characteristics of horses fed
diets with soybean oil

As for the dry matter digestion in the digestive tract of horses fed diets with oil should be
considered that the feed management or the meals supply frequency influences the dry
matter digestibility, especially due to the division of oil consumption, because it avoid lipids
overloads in the small intestine and transport to the cecum-colon. In studies conducted by
Kane et al. (1979), with the addition of up to 10% corn oil, Hughes et al. (1995), which added
10% of animal fat in the concentrate, and Bush et al. (2001), which included up to 15% of
corn oil in the horses diets, fractionated 2x/day, no significant difference in dry matter
digestibility was found. However, authors observed that soybean oil inclusion reduced the
dry matter digestibility significantly when soybean oil supplied 37 to 63% of net energy of
the ration (Jansen et al., 2000). Jansen et al. (2007) also found a decrease in dry matter
digestibility of 82.4% in diets without the inclusion of soybean oil to 73.2% including 15% of
soybean oil in the ponei's diet. However, Delobel et al. (2008), evaluating diets with 8%
linseed oil inclusion in the concentrate, found a significant increase in dry matter
digestibility, with values of 64.1 to 66.5%, with diet fed two times a day. Godoi et al. (2009b)
fed horses with diet with 19.5% of soybean oil, diets were fractionated into five different
times, roughage were offered separately of concentrate for at least three hours apart and
found no effects on digestibility of dry matter (P> 0.05), whose average value was 62.6%
(Table 2). This suggests management adopted to avoid the adherence of soybean oil to the
hay and that this will lead to the large intestine, thus preventing digestion. These
contradictory results may be related to the oil amount used and the feeding management
applied in each experiment.



254 Soybean and Nutrition

Another aspect to be considered is the concentrate:forage ratio from fat diets. This
relationship differs among authors, ranging from diets exclusively with concentrate (Kane et
al., 1979) until the ratio of 30:70 (Jansen et al., 2002). Suggesting that feed management, as
well as concentrate:forage ratio, will not influence, directly, the dry matter digestibility
coefficient, being necessary to consider other factors such as the amount and oil type used in
each diet and horses physical activity.

Protein digestibility varies according to protein source, the ingredients and the concentrate:
roughage ratio (NRC, 2007). The soybean meal protein has high digestibility, averaging
92.2% (NRC, 2007). Hughes et al. (1995) and Julen et al. (1995), evaluating dietary inclusion
of animal fat and using soybean meal to balance diets, observed a significant increase in the
digestibility of crude protein.

According Jansen et al. (2000), Bush et al. (2001), Kronfeld et al. (2004) and Jansen et al.
(2007), the inclusion of oils or fats in diets for horses does not affect the digestibility
coefficient of crude protein. However, Jansen et al. (2002) evaluating diets for adult horses,
varying only the energy source, glucose, starch or soybean oil, found a decrease in crude
protein digestibility. In studies by Godoi et al. (2009b), the apparent digestibility of crude
protein increased in diets 8.5 and 19.5% soybean oil inclusion, in 9.8 and 12.8 percentage
points compared to the control diet, respectively (Table 2). This can be explained by the
inclusion of soybean meal as protein source in the balance of fat diets, probably because the
protein of soybean meal have a higher digestibility than the protein source used in the
commercial concentrate.

In relation to digestibility of dietary energy Kane et al. (1979) feeding horses diets with corn
oil inclusion equivalent to 15 and 30% of digestible energy diet did not observe differences
in energy digestibility, averaging 73.3%. Even as Bush et al. (2001) that using corn oil found
no significant difference in energy digestibility. Jansen et al. (2000) found significant
reduction of 7.2 percentage points in energy digestibility in diets containing soybean oil.
Godoi et al. (2009b) observed that the energy digestibility was not influenced by the
inclusion of soybean oil in the diet, with a small increase of 4.1 percentage points in the diet
with 19.5% soybean oil inclusion, increasing energy availability for horses (Table 2).

The effects of oil inclusion on fiber digestion in the equine digestive tract are contradictory.
The absence of marked effects on fiber constituent digestibility in fat diets was observed by
Kane et al. (1979) that, using corn oil at levels up to 30% of digestible energy of diet
observed ADF digestibility of 24.1%. Bush et al. (2001), when added up to 15% of corn oil in
the concentrate, observed average digestibility of 23% NDF.

However, several authors (Hughes et al. 1995; Julen et al. 1995; Rammerstorfer et al., 1998)
observed a significant increase in NDF digestibility, 7.4, 8.9 and 8.7 percentage points
respectively, on a diet with 10% of animal fat inclusion in concentrate in relation to control
diet for 28 days. Likewise, Delobel et al. (2008) observed a significant increase in NDF
digestibility by 2.3 percentage points during the experimental period of 90 days, with a 50%
concentrate:roughage ratio. This author justifies that when carbohydrate is replaced by oil or
fat, there is a reduction on deleterious effects of starch fermentation on fiber digestion in the
cecum-colon, which could explain the increase in NDF digestibility.

Nevertheless, there are reports of reduction in apparent digestibility of the fiber constituents
in horses fed large amounts of oil in diets. Jansen et al. (2000), evaluating diets with and
without addition of soybean oil equivalent to 37% of net energy in concentrate, with 70:30
and 60:40 concentrate:roughage ratio, respectively, observed a significant reduction in
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digestibility of NDF, ADF and cellulose, with average values of 60.8, 50.5, 57.0 and 54.6%,
42.2,50.2%, respectively.

Jansen et al. (2002), evaluating diets for horses with three different energy sources: starch,
glucose and soybean oil, and approximately 70:30, 50:50 and 30:70 concentrate:forage ratio,
respectively, observed that the digestibility of the fiber constituents in diets with starch or
glucose showed no significant differences, however, the diet with soybean oil provided a
significant reduction in digestibility of NDF, ADF and cellulose, 9.4, 13.3 and 16.9
percentage points when compared to other diets. Jansen et al. (2007), using the kinetics in
vitro fermentation technique observed that cecum, colon and feces inoculum of horses fed
diets with soybean oil inclusion had lower gas production with incubated cellulose and
justified by cellulolytic microflora inhibition, because there was a reduction of 4.1 x 106 cfu /
mL to 3.6 x 106 cfu / mL in the bacteria amount in diet with soybean oil. The amount of hay
used by Jansen et al. (2000, 2002, 2007) was not similar among diets with and without
soybean oil, which produced alterations in concentrate:forage ratio. In addition, the silage
was fed with the concentrate and oil. This management may promoted increase of rate of
passage in the small intestine carrying fats to large intestine, which could reduce microbial
fermentation in the cecum-colon and fiber digestibility of fat diets.

Godoi et al. (2009b) evaluated the digestibility of fiber fractions, and observed that there was
significant reduction in cellulose apparent digestibility in horses fed a diet with 19.5%
soybean oil inclusion. This reduction was 18.3 and 11.1 percentage points, while the diet
with large amounts of soybean oil was compared with the control diet and 8.5% inclusion of
soybean oil, respectively (Table 2). Godoi et al. (2009b) maintained the relation of
concentrate:forage similar in all diets and coast-cross hay was provided separately, thus
reducing the possibility of carrying fats to the cecum-colon.The lack of significant effect of
oil inclusion in the hemicelluloses digestibility may be due to the fact that non-ruminant
herbivores digest relatively more hemicelluloses than cellulose (Van Soest, 1994).

Morgado et al. (2009) evaluated the apparent digestibility coefficient of total carbohydrates,
non-fibrous carbohydrates and their hydrolysable and rapidly fermentable fractions in
horses fed diet with higher levels of soybean oil inclusion observed that the higher level of
soybean oil inclusion, 19.5% resulted in significant reduction in apparent digestibility of
non-fibrous carbohydrates, at 26.6 percentage points. The apparent digestibility coefficient
of rapidly fermentable carbohydrate showed the largest significant reduction of 94.9% in the
diet without the soybean oil addition, to 53.2% for in the diet with 19.5% soybean oil
inclusion. Hydrolysable carbohydrates are composed of fructans, pectins, p-glucans and
galactans that are not digested by equine digestive enzymes, but are fermented by
microorganisms in the large intestine. The lowest digestibility value of rapidly fermentable
carbohydrates associated with a greater level of soybean oil inclusion may be due to the
microfloral change, reducing these carbohydrates digestibility. However, there were no
significant differences in neutral detergent fiber (NDF) and acid detergent fiber (ADF)
digestibility, which becomes important, the fractionation of non-fibrous carbohydrates
(Table 2).

The efficiency of utilization of dietary fiber in horses is related to diet composition,
especially by structural carbohydrates and non-structural fractions, the rate of fermentation
and rate of passage through the digestive system that is influenced by intake (Drougoul et
al. 2000).Changes in forage consumption can modify the digesta rate of passage, exposing
the microflora in the large intestine to a change in the amount of fermentable substrates and
thus may affect the apparent digestibility of fiber constituents (Hallebeek & Beynen, 2002).
The influence of associative effects on nutrients digestibility is related to ingredients quality
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and quantity in diets (Palmgren Karlsson et al., 2000). The carbohydrates availability varies
between different cereals types and, likewise, the fibrous components percentage varies
among different forage and concentrate feeds, which may modify the fermentation in the
large intestine. According to NRC (2007) the concentrate:forage ratio, ingredients, feed
supply at the same time or separately, among other factors, can alter the intake and
digestibility of nutrients.

Coefficient of digestibility (%) Soybean oil inclusion (%) CvV

0% 8.5% 19.5% (%)
Dry matter! 62.3a 62.62 62.8a 8.0
Organic matter? 65.82 64.1a 61.62 7.8
Crude protein! 70.5b 80.3a 83.3a 6.3
Gross energy! 63.0a 66.22 67.1a 8.1
Ether extract! 71.8b 89.72 91.22 7.7
Neutral detergent fiber! 53.9a 48.8a 41.2a 13.3
Acid detergent fiber! 41.3a 35.9a 30.7a 19.5
Cellulosel 50.1a 42.9a 31.8b 16.8
Hemicelluloses! 63.2a 59.2a 51.2a 10.6
Non-fibrous carbohydrates? 96.52 87.3a 69.90 9.5
Hydrolysable carbohydrates?2 97.7a 97.3a 91.9v 2.7
Rapidly fermentable carbohydrates? 94.92 76.32 53.2b 17.8
Total carbohydrates? 65.0a 58.4a 48.8P 10.0

Means in line followed by similar letter do not differ by SNK test (P>0.05)
1 Godoi et al. (2009), 2Morgado et al. (2009).

Table 2. Apparent digestibility coefficient of nutrients in horses fed diet with higher levels of
soybean oil inclusion

Sales & Homolka (2011) in a meta-analysis of 22 papers about use of oil in diets for horses
observed no significant effects of fat supplementation in protein and NDF digestibility, that
can be explained by the anatomy of the gastrointestinal tract of horses with large bowel
fermentation opposed to the ruminants.

Contradictory results reported in the literature are probably related to varying levels of fat,
differences in relation to the dietary ingredients, especially in relation to the NDF and ADF.
In relation to the contradictions in the results of the fiber constituents digestibility observed
among various authors, these may be related to inadequate oils and fats adaptation in horse,
and also a short period of replacement of rapidly hydrolysable carbohydrates by oils and fat
(NRC, 2007).

Horses fed diets with soybean oil increased number of erythrocytes and reduced mean
corpuscular volume (Godoi et al., 2009a). Hemoglobin level of evaluated horses differed
only among animals fed control diet and 8.5% soybean oil inclusion, with lower value in the
control diet, 9.5 g / dL. Including 19.5% of soybean oil in the diet increased serum levels of
triglycerides in the horse.

Soybean oil was found to be palatable and its use is common in compound diets or added to
diets with grains in equine nutrition (Meyer & Coenen, 2002). The absence of negative
changes in hematological, biochemical and feces indicates that the inclusion of soybean oil
in the diets of horses can be used to reduce dry matter consumption, leading to reduced
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consumption of rapidly fermentable carbohydrates and lighter digestive tract during
exercise, what can improve athletic performance in horses (Godoi et al. 2009a). Zeyner et al.
(2002) evaluating fed horses with inclusion of 11.5% of soybean oil in the diet during 390
days, also observed no adverse effects.

In a study with three adult horses fistulated at right dorsal colon with 300 kg body weight,
soybean oil was included in different ways. Horses were distributed in randomized
complete block design with five treatments and three blocks formed by animals, with each
block consisting of an experimental unit. Experimental diets were composed of coastcross
hay (Cynodon dactylon), commercial concentrate, soybean meal and soybean oil in a forage:
concentrate ratio of 60:40 on a dry matter basis, defined as: diets without soybean oil and
diet with soybean oil on the level of 10% of total diet.

Soybean oil supplied with concentrate in four different ways: 1) one time a day at 07 a.m., 2)
two times a day (two equal fractions) at 7 a.m and 17 p.m., 3) three times a day (three equal
fractions) at 7 a.m., 13 p.m. and 17 p.m, or 4)four times a day (four equal fractions) at 7 a.m.,
13 p.m., 17 p.m. and 19 p.m. Roughage supply was always performed in two equal fractions,
at 11 a.m and 21 p.m. Diets were formulated according to nutritional requirements (Table 3)
for adult horses at maintenance (NRC, 2007), with daily intake of approximately 2.0% BW,
on dry matter basis.

Nutritional composition Diet Diet
without  with

Item (%) Concentrate Soyl.)ean Coastcross Soybean soybean soybean
oil! hay meal . .
oil oil
Dry matter 89.9 99.6 87.9 88.0 88.6 89.6
Crude protein 12.5 - 74 46.9 9.2 8.2
Gross energy
(Mcal /Kg DM) 3.5 94 3.8 42 3.8 43
Ether extract 3.4 100.0 14 2.7 21 12.2
NDEF2 32.7 - 63.5 10.7 52.3 48.3
ADEF3 16.7 - 30.3 9.6 254 23.4
HEM* 16.0 - 33.2 11 26.9 249
Celulose 8.8 - 23.0 6.9 21.9 16.7
NFCs 443 - 19.3 221 28.4 241
CHO-He 6.3 - 1.7 1.8 3.3 2.8
CHO-RF? 38.0 - 17.6 20.3 251 21.3
CHO-T? 77.0 - 82.8 32.8 80.7 724
Control diet 40.0 - 60.0 - - -
Diet with soybean oil 26.9 10.4 62.1 0.6 - -

TRostagno (2005)
2Neutral detergent fiber, *Acid detergent fiber, “‘HEM - hemicelluloses, Non-fibrous carbohydrate;
¢Hydrolizable carbohydrates; "Rapidly fermentable carbohydrate; 8Total carbohydrate

Table 3. Nutritional composition and percentage of ingredients in the diet, on a dry matter
basis

Animals were previously adapted to soybean oil with inclusion gradually in the diet, during
25 days. First, the trial was conducted in four periods with 17 days, 10 days to diet
adaptation, 4 days to feces collection, 1 day to blood collection and 1 day to digesta
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collection at right dorsal colon. Next, animals were re-adapted to the diet with decreasing
levels of soybean oil during 25 days and then proceeded another trial with a control diet,
totaling 135 days. Feces were collected from each animal immediately after defecation,
directly from the floor of stalls without bedding, during 24 hours over four collection days.
Blood collections were performed on the 16th day of each experimental period, with the first
sample collected before the morning meal, at 7:00 pm and at 30, 60, 120, 180, 240 and 300
minutes of the postprandial period.

Digesta collection from the colon was performed four hours after first meal of the day,
obtaining a aliquot of about 1.5 kg of digesta per animal. A 100g digesta aliquot was
immediately used for pH measurement and determination of buffer capacity (Zeyner et al.,
2004). Another digesta aliquot from the colon was directed to the analyzing process.
Hydrolysable carbohydrates were estimated directly, non-fibrous carbohydrates, rapidly
fermentable carbohydrates and total carbohydrates were estimated (Hoffman et al., 2001).
The inclusion of 10% soybean oil, in a single or fractionated form did not affect (P> 0.05) dry
matter intake (equivalent to 1.73% BW) with fibrous fractions intake of 2.7, 1.3, 1.5 and 1.0
kg to NDF, ADF, hemicelluloses and cellulose, respectively. Average daily intake of
hydrolysable carbohydrates observed in this study was 100 g / day, similar to the results
observed by Hoffman et al. (2001), in diets with 11% corn oil and intake from 118 to 186 g
hydrolysable carbohydrates / day. Soybean oil did not affect the nutrient intake by horses
probably due to the large period of adaptation to the diet with soybean oil, and Kronfeld et
al. (2004) suggested 4 to 14 days of adaptation, depending on the amount of oil in order to
avoid negative effects.

Soybean oil inclusion, either on a single or fractionated did not affect (P>0.05) dry matter
digestibility, with a mean value of 69.4%, crude protein with average coefficient of 71.6%,
gross energy with an average of 73.2%, and, there was effect (P<0.05) of soybean oil
inclusion in the ether extract digestibility coefficient, as well as in intake of 0.1 kg in control
diet and 0.7 kg in fat diet, but the fractionation of soybean oil did not influence the
digestibility of fat, averaging 94.7% (Table 4). Kronfeld et al. (2004) evaluating different oils
and fats sources in diets for horses observed an increase in ether extract digestibility from 55
to 81% when compared to the basal diet.

Digestibility coefficient of NDF, ADF and cellulose were not affected by the inclusion of
soybean oil (P>0.05). However, significant increase was observed in hemicelluloses
digestibility when horses fed hiperlypidemic diet fractionated into one, two and three times,
averaging 63.8, 66.8 and 67.0% respectively. Fractionation of soybean oil did not affect
(P>0.05) non-fibrous, hydrolyzable and rapidly fermentable carbohydrates digestibility,
with average values of 99.1, 99.0 and 99.1%, respectively. Diet without soybean oil and diet
with soybean oil in four fractions, the carbohydrates digestibility was better (P<0.05) than
diets with a fractionation of up to three times. In this study, soybean oil inclusion was done
four times, to avoid high intake of hydrolysable carbohydrates that can change the
microflora of large intestine of horses and consequently decreased digestibility.

According to Hoffman et al. (2001), providing large amounts of hydrolysable carbohydrates
in the diets of horses undertakes its digestion in the small intestine, increasing intake of
rapidly fermentable carbohydrates in the cecum and colon, and the critical capacity to
overload of hydrolysable carbohydrate digestion is approximately 0.4% BW of horses.
Plasma concentrations of glucose ranged during postprandially period in the control diet
(P<0.05), showing higher concentrations 30, 60, 120 and 180 minutes after intake. In diets
with oil, even single or fractionated forms, glucose levels did not change during this period
remained within the reference values (Dukes, 1996), 80 to 120 mg / dL (Table 5). It was
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observed lower plasma glucose concentration 300 minutes after intake in horses fed control
diet, compared to horses fed diets with soybean oil (P<0.05).

Soybean oil in diets

Item (%) Control One Two Three Four Mean CvV

diet time times times times (%) (%)
Dry matter 70.3a 66.62  68.9a 69.5a 71.8a 69.4 4.4
Crude protein ~ 73.73 7022 70.7 a 712 a 722 a 71.6 3.9
Gross energy 69.7a 7212 739a 749 a 752 a 73.2 3.9
Ether extract 59.3a 9476 952D 953 b 93.4b - 3.6
NDF! 67.82 58.4a  61.3a 62.6a 66.2a 63.3 55
ADF 62.8a 52.7a 55.5a 57.7a 60.4a 57.8 8.8
Hemicelulloses  71.9a 63.8b 66.8b 67.0b 70.9a - 3.4
Celulose 70.82 6l.1a 66.2a 67.1a 69.9a 67.0 5.7
NFC2 99.2a 99.0a 98.9a 99.2a 99.0a 9.1 11
CHO-H3 98.9a 99.0a 99.1a 99.2a 98.7a 99.0 1.3
CHO-RF# 99.2a 99.0a 99.2a 99.0a 98.9a 9.1 1.3
CHO-T> 77.62 70.8b 72.9b 73.6b 77.1a - 3.3

Means in the line followed by same letter do not differ with Scott Knott test (P>0.05)

1Carbohydrates slowly fermentable (CHO-SF) represented by NDF

2Non-fibrous carbohydrates; *Hydrolizable carbohydrates; ‘Rapidly fermentable carbohydrates; 5Total
carbohydrates

Table 4. Coefficient of digestibility of nutrients and fiber fractions in horses fed fat diet.

The increase in plasma glucose between 30 and 180 minutes after control diet intake may be
related to higher hydrolysable carbohydrate concentration in this diet, leading to increased
glucose absorption in the small intestine during the first 180 minutes of the postprandial
period. Lower plasma glucose concentration 300 minutes after intake of control diet,
compared to diets supplemented with soybean oil, even single or fractionated forms, must
also be related to higher concentration of starch in this diet. So, the pronounced increase in
plasma glucose after ingestion of control diet stimulated greater insulin release, increasing
efficiency in the blood glucose uptake by the tissues, resulting in lower plasma glucose
concentration 300 minutes postprandial. Taylor et al. (1995) and Orme et al. (1997);
Marqueze et al. (2001), Mattos et al. (2006) and Godoi et al. (2009a) also observed no
influence of the intake of hiperlipidemic diets on plasma levels of glucose in the horses.

No differences (P>0.05) was observed on triglyceride concentration in horses fed control
diet or fed diet with soybean oil fractionated one, two and three times a day. Fractionated
soybean oil inclusion into four times reduced plasma triglyceride levels 60 and 120 minutes
postprandial (P<0.05).

In several studies contrasting results were observed in triglyceride levels in horses
supplemented with vegetable oils. Harking et al. (1992) evaluating diet inclusion of corn oil
equivalent to 10% of digestible energy, fed twice a day and Hallebeek & Beynen (2002)
evaluating diet with soybean oil inclusion of 15%, also fed twice a day, observed no changes
in plasma triglycerides levels. However, Orme et al. (1997) evaluating the soybean oil in
diets fed twice a day, Geelen et al. (2001) with inclusion of soybean oil 15% diet, fed twice a
day and Sloet van Oldruitenborgh-Oostebaan et al. (2002) evaluating the addition of 11.8%
soybean oil, observed reduction in triglyceride levels. But Godoi et al. (2009a) observed an
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increase in serum triglycerides of horses fed diet with 19.5% soybean oil inclusion, twice a
day compared to diets without and with 8.5% for soybean oil.

Soybean oil in Postprandial (minutes) Mean Ccv
diet 0 30 60 120 180 240 300 (%)
Glucose (mg/dL)
Control 84.06 96,32 105.7a 105.0= 95.0a 857> 83.7bB -
One time 99.3 1021 101.8 94.2 975 985 9484~ 983
Two times 98.7 1004 1021 1051 1065 1069 113.94 1048 1.6
Three times 944 1056 1065 97.8 1025 1061 9634  101.3
Four times 98.0 1017 99.0 88.3 1020 973 9374 971
Mean 949 101,2 103.0 98.1 100.7 989 -
CV (%) 4.4
Triglycerides (mg/dL)
Control 320 320 333 29.7 243 223 300 29.1
One time 221 216 216 20.3 227 225 248 222
Two times 302 300 300 27.2 259 223 231 269 6.0
Three times 265 217 217 242 309 234 227 244
Four times 25.0a 293« 193b 2200 2432 2332 3502 -
Mean 272 269 252 247 256 228 271
CV (%) 19.3

Means in line followed by same lowercase letters do not differ by the Scott Knott test (P <0.05). Means
in columns followed by same uppercase letters do not differ by the Scott Knott test (P <0.05)

Table 5. Mean values of plasma glucose and triglycerides in horses fed fat diets.

According to Orme et al. (1997) the reduction in the triglycerides concentrations in fat diets
are associated with increased postprandial lipoprotein lipase activity and postprandial
plasma cholesterol. These authors observed a 50% increase in lipoprotein lipase activity in
horses, after intake of a diet with inclusion of soybean oil. In the present study, the largest
interval between meals with soybean oil, observed in the diet where the oil inclusion was
fractionated into four times, may have promoted the lipoprotein lipase activity increase,
leading to reduction in plasma triglycerides concentration at 60 and 120 minutes
postprandial.

Horses fed diets with soybean oil did not increase (P>0.05) plasma cholesterol, HDL and
LDL, compared to control diet. Serum cholesterol levels remained within reference values of
75 to 150 mg / dL (Kaneko et al., 1997) (Figure 1).

Absence of cholesterol concentration changes may be related to the maintenance state of
horses used in this study. Orme et al. (1997) evaluated horses that were submitted to aerobic
training for 10 weeks and reported cholesterol concentrations increase in horses fed diet
with soybean oil. According to these authors, cholesterol concentrations increase in horses
may arise as greater feed intake result or as increased cholesterol biosynthesis. Cholesterol
dietary content commonly given to horses probably is minimal, since the ingredients were
grains, forages, by-products of grains and vegetable oils have low cholesterol contents.
Thus, the increase in cholesterol observed by Orme et al. (1997) should be result of increased
endogenous synthesis of cholesterol, due to increased acetyl CoA production via
triglycerides B -oxidation. Thus, the greatest energy demand needed for muscle activity
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during exercise, increased the triglycerides -oxidation for energy generation. Geelen et al.
(2001) and Hallebeek & Beynen (2002) also observed any changes in cholesterol
concentrations in horses fed fat diets.

(mg/dL)
140
120 -
® Control
100 - # Onetime
m Two times
80 - .
m Three times
60 - » Four times
40 -
20 -
0 - _

Colesterol HDL LDL

Fig. 1. Mean values of plasma cholesterol, HDL and LDL cholesterol, mg / dL, horses fed
diets with soybean oil.

Soybean oil in diets

Item (%) Control One Two Three Four 1(\;3an (C%V)
diet time times times times
Water 91.9 915 899 90.5 94.1 91.6 3.3
Dry matter 6.9 8.1 114 10.8 6.9 8.8 26.8
NDF! 66.8 629 674 68.6 64.3 66.0 8.6
ADF 35.6 36.7 40.0 40.1 35.9 37.6 7.0
Hemicelulloses 31.2 262 274 28.5 28.3 28.3 13.4
Celulose 21.2 223 243 23.8 21.1 225 11.1
NFC2 14.5 15.7 11.0 9.8 14.3 13.1 30.6
CHO-H3 2.0 22 23 2.6 24 23 13.7
CHO-RF# 12.5 134 87 72 11.9 10.7 37.6
CHO-T5 81.3 786 784 78.3 78.6 79.0 35

!Carbohydrates slowly fermentable (CHO-SF) represented by NDF; 2Non-fibrous carbohydrates;
SHydrolizable carbohydrates; ‘Rapidly fermentable carbohydrates; 5Total carbohydrates

Table 6. Mean values of water content and chemical digesta composition from the dorsal
colon of horses fed diets with soybean oil.
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There there wasn’t any effect of soybean oil inclusion in horses” colon pH (P>0.05),
averaging 6.46. This is below the value cited by Dukes (1996) of 7.09, but was similar to that
reported by Santos et al. (2009), evaluating digesta pH in segments of the gastrointestinal
tract of horses fed diets with roughage: concentrate similar to the present study found the
average pH in the right dorsal colon of 6.41.

Water in the right dorsal colon contents did not differ (P>0.05) in horses fed control diet and
diet with soybean oil, averaging of 91.6% (Table 6). Lopes et al. (2004) observed lower values
of water in the right dorsal colon contents, with a value of 89.6%, when horses were fed
concentrate diets, compared to horses fed only hay diet, of 94.2%. Santos et al. (2009)
observed mean water concentration in horse right dorsal colon content of 93.4%, a value
similar to that observed in this study.

3. High fat diets and performance of horses

Fat animal adding to diet of athletes occurred in 1973, aiming to prevent rhabdomyolysis in
racing dogs (Kronfeld et al., 1998). From this date, studies with horses were also developed
with the same intention. Subsequently, fat inclusion in athletic horses” diets began to be
studied in order to reduce muscle fatigue. The possible delay of fatigue, obtained with fat
addition in athletic horses’ diets may mean the exercise speed maintenance for longer
periods or increasing the exercise speed (Meyers et al., 1989).

Horses adapted to physical exercise and fed diets supplemented with oils show a greater
ability to oxidize fatty acids as an energy source, saving hepatic glycogen content and
providing greater amount of blood glucose, reducing caloric increment and yielding lower
respiratory quotients, and producing less CO, when compared to diets containing only
carbohydrates. With the increase in free triglyceride concentration, horses slow the
anaerobic pathway use with consequent delay in lactate production (Pagan, 2001).
Horses can efficiently digest diets containing up to 30% of digestible energy as fat (Kane et
al., 1979).

The addition of vegetable oils or animal fat is an excellent way of increasing dietary energy
without increasing the consumed food volume (Cirelli, 1993). This alternative has improved
the performance of athletic horses (Harkins et al., 1992), being especially beneficial for
horses exercised under high temperatures conditions, due to the low caloric increment
being approximately 3% more heat is produced during ATP formation by glucose oxidation,
when compared to free fatty acids oxidation (Kohn et al, 1996). Horses fed diets
supplemented with oil had large oxidation capacity of free fatty acids, sparing muscle and
hepatic glycogen stores during the exercise (Pagan, 2001).

The main benefit of lipids introduction in the daily horses feeding is providing much energy
when you've already reached the maximum rate of dry matter intake (Lawrence, 1990). Oil
addition of 250 and 500 g in horses diet with average body weight of 400 kg and submitted
to medium intensity exercise, increased performance of athletic horses. Equines that
consumed oil in quantities of 500 grams daily showed better recovery with better post-test
heart rate and hematocrit values (Mattos et al., 2006).

Godoi et al. (2010) evaluated physiological, hematological and biochemical parameters of
Eventing horses during a training period consuming a diet with 10% soybean oil inclusion
and subjected to physical effort tests. The trial lasted 82 days, performing three physical
effort tests: in the beginning, the 60th and 82th day. There was effect of training duration,
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improving horses conditioning, observed in the lactate concentration reduction and
increased glucose concentration in the last physical effort test. Soybean oil inclusion only
changed the concentration of y-glutamyl transferase (GGT) and creatinine according to the
time of diets consumption (Table 7).

Meyers et al. (1989) and Marquez et al. (2001) found no effect on heart rate before and 20
minutes after exercise in horses receiving diet with or without soybean oil inclusion.
However, Mattos et al. (2006), evaluating the performance of horses fed for 30 days with
diets containing 0, 3.1 and 6.8% soybean oil inclusion and exercised at a trot for two hours,
found that horses consuming a diet with greater soybean oil inclusion had lower levels of
heart rate immediately after and 15 minutes after the exercise.

Physical effort test

Item Immediately 10 min 20 min 120 min P
At rest
after after  after  after
Beginning
Heart rate (bpm) 33.54  102.52 75.8> 543  36.4d 0.000
Body temperature (°C) 37.3¢  38.7a 38.5a  38.3b  37.4c 0.000
Glycose (mg/dL) 88.52  84.52 88.3a 9552  89.7a NS
Lactate (mmol/L) 0.64 6.2a 4.5b 3.7¢ 0.94 0.000
y-Glutamyl transferase (U/L) 111> 14.2a 14.0a 13.9a  12.3b 0.001
Aspartate aminotransferase (U/L) 343.6a 399.1a 37452 343.6a 35552 NS
Creatine kinase (U/L) 14722 209.1= 101.4a 21242 196.62 NS
Creatinin (mg/dL) 1.3a 1.3a 1.4a 1.2ab (Q.9b 0.001
60° Day
Heart rate (bpm) 4014 132.5% 67.06  57.0c  40.1d 0.000
Body temperature (°C) 37.64  38.9ab 38.7*  38.4b  37.9c 0.000
Glucose (mg/dL) 83.5ab  75.8b 84.2* 869"  88.0a 0.043
Lactate (mmol/L) 0.9¢ 6.1 4.0v 2.6¢ 1.2d 0.000
y-Glutamyl transferase (U/L) 229* 29.8° 26.6* 271* 2297 NS
Aspartate aminotransferase (U/L) 127.7> 145.7b 151.8> 169.26 243.7¢°  0.049
Creatine kinase (U/L) 84.3*  93.17 127.7¢  114.00 1122* NS
Creatinin (mg/dL) 1.0¢ 1.0be 1.0ab  1.1]a 1.1ab 0.006
82° Day

Heart rate (bpm) 40.04  130.7% 753> 59.3¢  42.0d 0.000
Body temperature (°C) 37.66  39.3% 3928 391*  37.6b 0.000
Glucose (mg/dL) 90.82  94.3 96.1*  109.1* 96.6% NS
Lactate (mmol/L) 0.54 4.1 2.9v 1.6 0.4 0.000
y-Glutamyl transferase (U/L) 13.3*  15.9% 14.6* 14.3* 10.72 NS
Creatine kinase (U/L) 136.7> 193.2° 232.3* 180.6* 207.1* 0.014
Creatinine (mg/dL) 2.1b 2.2¢ 2.4° 2.4° 2.2a NS

Values, within a line, followed different letters are different, in function collect time, by Friedman test
(P<0.05).

Table 7. Heart rate, body temperature and blood biochemical of horses fed with soybean oil
inclusion in diet and submitted to exercise tests at beginning, 60° and 82° day
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According to NRC (2007), many factors might be related to contradictory results observed in
literature, such as type and amount of oils and fats used equines diets, experimental
duration, intensity variation and duration of physical efforts, besides reduced number of
equines used for treatment and difference in physical conditioning of these animals.
According to Hodgson & Rose (1994), Boffi (2006), Mattos et al. (2006) and Brandi et al.
(2008), the beneficial effect in diet intake with soybean oil in horse performance is more
evident when submitted to exercise of low intensity and long duration.

Some of the nutritional strategies to prevent postprandial hyperglycemia and insulin
responses include reducing starch intake (Vervuert et al., 2009) or the replacement of starch
by fat (Treiber et al., 2005). Vervuert et al. (2010), evaluating horses fed three different diets
containing ground corn, ground corn with soybean oil or corn with fish oil, observed that
there was no effect of corn oil or fish oil on serum glucose and insulin in the postprandial
period, suggesting that, to avoid postprandial hyperglycemia and hyperinsulinemia, a feed
strategy aiming the reduction of starch intake would be better than fat intake. However,
linseed oil addition (0.5 mL / kg BW) in diet composed by grains did not affect the
postprandial glycemic response, but reduced insulinic concentrations by almost 50% (Fayt et
al., 2008).

Increasing the level at 7.8% of oil in the diet did not significantly influence (P>0.05) heart
rate, respiratory rate, glucose and lactate levels before and after exercise in horses of Quarter
Horse race in moderate exercise intensity (227m/min). Muscle glycogen concentration was
higher (P<0.025), before exercise, in horses fed diets with soybean oil. The increasing
concentration of glycogen in horses conditioned to consume a diet with soybean oil can
mean a greater energy supply for muscle activity during exercise (Marqueze et al., 2001).
Soybean oil inclusion in diets possibility energetic demand supply with decreased of dry
matter intake, avoiding gastrointestinal disturbs. These are beneficial factors justified
utilization of lipid sources in diets of horses in any sportive activity.

4. Conclusions

Oils and fats addition in horses” diets should be used in order to raise energy dietary
concentration by increasing the availability of blood glucose during postprandial period. It
is expected the dry matter intake reduction, ether extract digestibility increasing and greater
availability of polyunsaturated fatty acids beneficial to horses athletes without occurrence of
diarrhea or changes in feces characteristics.

Soybean oil inclusion in diets of horses should be fractionated into at least four schedules
during the day, and mustn’t exceed amounts greater than 20%, avoiding nutrients
digestibility losses, particularly of fiber, such as hemicelluloses and cellulose, and non-fiber
carbohydrates and its fractions.

Fractionation of the soybean oil addition in the diet increases p-oxidation triglycerides with
reduction in plasma concentration, does not alter plasma cholesterol, HDL and LDL
concentrations, and increases buffering capacity of colon digesta pH witch does not
influence the liquid phase passage kinetics in the digestive tract.

Further researches should be conducted to assess the lipids interactions with other nutrients
in the small intestine and large intestine of horses with the goal of developing safer diets for
athletic horses which result in increased athletic performance.
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1. Introduction

As the events during critical development periods may influence long-term or life-time
structure and function of the body (Angelbeck and Du Bru 1983; Lucasand others 1990, 1996;
Snoeck and others 1990; Desaiand others 1995, 1996), the impact of breeders nutrition on
nutritional status of off springs has received considerable attention.

Selenium (Se) and methionine (Met) are 2 essential substances for poultry nutrition. Se is an
essential component of a variety of selenoproteins, the best known of which is glutathione
peroxidase (GSH-Px). The GSH-Px family of enzymes is a crucial player in the integrated
antioxidant system, neutralizing potential threats to the integrity of cellular macromolecules
by eliminating hydrogen peroxide and detoxifying lipid hydro peroxides (Brigelius-
Flohe1999). Se derived from the diet of the female bird is deposited in the egg and is
distributed among the developing tissues during embryo genesis (Gaalandothers1995;
Surai2000; Paton and others2002). Consequently, GSH-Px is expressed in the chicken
embryo in a tissue and stage-specific manner(Wilson and others1992; Ga“aland others1995;
Surail999). Supplementary Se in the diet of the hen was shown to increase the concentration
of this element in the egg and in the tissues of the chick at hatch, and to elevate the
expression of GSH-Px, while reducing the generation of lipid peroxides in the liver of the
day-old chick(Surai2000; Paton and others2002). Pappas and others(2005) have shown that
dietary supplementation of the female chicken with Se increased Se concentrations and
GSH-Px activity in blood, liver, and breast of chicks for 2 to 4 wk post hatch. Surai(2000) also
revealed that the effects of maternal Se supplementation remained significantly after10 d of
hatching.

Methionine is considered to be the 1st limiting factor in classical diets used for growing
chickens that plays unique roles, both in protein structure and in metabolism (Baker 2006).
Methionine, an essential dietary amino acid, is used to synthesize proteins and other amino
acids. Cysteine and homocysteine are produced during Met metabolism. In most cells,
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especially liver cells, about half of cysteine come from Met by the transsulfuration pathway
(M’etayer and others 2007). Met plays a particularly important role in providing cysteine for
glutathione (GSH) synthesis (Beatty and Reed 1980). These common S-containing amino
acids and GSH are antioxidants (Mosharov et al, 2000). All of the elements of the
antioxidant system interact with each other and form an efficient antioxidant defense. This
interaction probably starts at the level of nutrient absorption and continues during
metabolism (Surai, 2000). All these common sulfur-containing amino acids and GSH are
antioxidants(Mosharov and others 2000).

In order to study the effects of selenium (Se) and methionine (Met) supplementation of
breeder hens diets on their eggs qualities and offspring’s meat quality, a total of four
hundred fifty 52-week-old Lang-shan hens (dual-purpose type, an indigenous poultry breed
of China) were randomly divided into 9 treatments with 5 replicates each treatment. Birds
were fed corn and soybean-based diets (0.13mg Se/kg) supplemented with 0, 0.30 and 0.60
mg/kg Se from Se yeast and 3.2, 4.0 and 5.4 g of DL-Met/kg, respectively. A 30-d adapting
period and 70-d experiment period were used for collecting eggs. After incubation for 21 d,
160 healthy chicks from each treatment group were randomly divided into 5 replicates and
fed with the same corn and soybean-based diet similar to industry recommendations for
another 3-phase feeding program. The starting phase was fed 1.20% total Lys and 2.80
Mcal/kg of ME

from 0 to 21 d, the growing phase from 22 to 42 d with 1.08% total Lys and 2.70 Mcal/kg of
ME, and the finishing phase from 43 to 91 d with 0.90% total Lys and 2.60 Mcal/kg of ME.
Then the effects of Se and Met supplementation of breeder hen diets on physical qualities
and antioxidant capacity of the breeding eggs, meat quality and antioxidant capacity of their
male offspring and Se concentration and oxidative stability of lipids in the thigh muscles of
progeny were examined.

1.1 Se concentration and oxidative stability of lipids in the thigh muscles of progeny
With precooked and chilled storage, poultry meat is particularly prone to oxidation due to
its high polyunsaturated fatty acid (PUFA) content(Mercier and others 1998; Racanicci and
others 2004), which results in rancid flavor development and decreased quality. Se and Met
to diets can increase anti oxidative capacity in animals. Unfortunately, there is little
information available on the effects of Se and Met supplementation of breeders on lipid
oxidation of the meat of progeny during growth. In order to study such effect, Lang-shan
breeding hens (450) were obtained at 52 wk of age and randomly allotted to 9 treatments; 5
replicates of each treatment were carried out. The breeders were fed a basal corn-soybean
meal diet (0.13 mg Se/kg) supplemented with 0, 0.30, or 0.60 mg/kg Se from Sel-Plex and
0.32%, 0.40%, or 0.54% Met for the 30-d adapting period and 70-d experiment period. Se and
glutathione (GSH) concentrations, glutathione peroxidase (GSH-Px) activity, and the
oxidative stability of muscular lipids of 90-d progeny were determined by testing the
TBARS values to evaluate the effects of Se and Met supplementation of breeders on lipid
oxidation of the meat of progeny during growth.

2. Experiment parameters measured

2.1 Se concentration
The Se content in progeny thigh was generally between approximately 0.075 and 0.093
mg/kg (Table 1). The main effect of either dietary Se or Met supplementation of breeders
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was not significant, but a significant interaction was found between them ( P < 0.01).
Compared to the control treatment, Se concentration in progeny thigh was reduced with the
supplementation of 0.60 mg Se/kg diet of breeders( P < 0.05), but the supplementation effect
was significant only when the breeders were supplemented with 0.32% Met (Table 1). Se
content was increased in addition to 0.54% Met supplementation compared to 0.32% ( P <
0.05), when breeders were supplemented with 0.6 mg Se/kg diet (Table 1).

Se Met Se content GSH-Px GSH TBARS-6 h TBARS-3 d
mg/kg % mg/kg EU mmol/g pro mg/kg mg/kg
0.00 0.32 0.0937+0.009 1.71%° +£0.61 40.47% +0.83 1.879+£0.35 3.83% + 0.35
0.40 0.0882+0.005 1.97%%° £0.19 39.45% +1.06 2.53% +£0.31 4.24% + 0,50
0.54 0.085% +0.009 2.35°+0.10 42.26" + 3.92 3.117+£0.25 4.66" + 0.33
0.30 0.32 0.083% +0.006 2.00% £0.29 39.95% +1.09 2.82% +0.32 4.33%° + 0.28
0.40 0.0877+0.001 1.79°° £0.26 38.35° +1.06 2,67° £0.26 4,145 £ 0.19
0.54 0.0872+0.007 1.924° +0.26 41.60% +1.09 2536 +0.55 4.57% + 0.36
0.60 0.32 0.075¢ +0.010 1.675¢ +0.31 38.417+2.98 22194 £0.29 4.06% + 0.23
0.40 0.085% +0.005 1.89%° +0.30 41.24% +2.09 2.49% +0.12 3.94% + 0.24
0.54 0.092° +0.006 1.50°+0.04 41.21% +2.48 2.039+0.22 3.45° + 0.33
0.00 0.089+0.008 2.01°+0.43 40.73+2.48 2.50°+0.60 4.24% + 0.51
0.30 0.086 + 0.006 1.91% +0.26 39.96 +1.69 267°+0.38 4.35* + 0.32
0.60 0.084+0.010 1.68° £0.28 40.29+2.68 224> +0.28 3.82° £ 0.37
0.32 0.084 +0.011 1.80+0.42 39.612+1.94 2.30° £0.50 4.07 £0.34
040 0.086 + 0.004 1.88+0.24 39.68°+1.83 2567+0.24 411 £0.34
0.54 0.088 +0.008 1.92+0.39 41.69"+2.53 2.56%+0.57 4.23 £ 0.65
P-value
Se 0.218 0.04 0.68 0.003 0.0002
Met 0.295 0.58 0.04 0.048 0.4062
Se x Met 0.009 0.04 0.26 <0.0001 0.0002

abMeans within a column lacking a common superscript differ (P < 0.05).

Table 1. The effect of dietary Se and Met supplementation of breeders on Se and GSH
content, GSH-Px activity, and stability of lipid oxidation of progeny thigh.

2.2 GSH-Px activity

GSH-Px activity of progeny thigh was decreased ( P < 0.05) in supplementation of 0.60 mg
Se/kg diet of breeders compared to the control treatment; however, the main effect of Met
supplementation was not significant(Table 1). Se and Met had a significant interaction ( P <
0.05) with regard to GSH-Px activity (Table 1). Dietary supplementation of breeders with
higher Se significantly decreased GSH-Px activity( P < 0.05), but this effect was only
significant when Met supplementation was 0.54% (Table 1). For the treatments not
supplemented with Se, GSH-Px activity was increased by the supplementation of 0.54% Met
compared to 0.32% ( P < 0.05). The treatment that was not supplemented with Se and
contained 0.54% of Met had the highest GSH-Px activity in progeny thigh, and the lowest

GSH-Px activity was found in the groups that had Se and Met, both with the highest or the
lowest levels.

2.3 GSH content

GSH content of progeny thigh was not influenced by dietary supplementation with Se (P >
0.05). Conversely, it was higher in subjects with the highest supplementation of Met(0.54%) (P
< 0.05), and there was no significant difference between groups supplemented with 0.32% and
0.40% Met. Se and Met had no significant interaction( P > 0.05) on the concentration of GSH.

2.4 TBARS content
The TBARS content, expressed as milligram MDA equivalents per kilogram meat, was
increased (P < 0.05) with chilled storage time (Table 1). Dietary supplementation of breeders
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with 0.60 mg Se/kg diet reduced (P < 0.05) the TBARS content of progeny thigh at both 6 h

and 3d (Table 1), but its effect was significant only when dietary supplementation with Met

was 0.54%. With the exception of a significant reduction (P < 0.05) in TBARS content at 6 h,

dietary supplementation with 0.30 mg Se/kg diet, with respect to that which was not

supplemented, did not result in significant variations in the se substances at 3 d when
breeders were supplemented with 0.54% of Met. This leads to the supposition that 0.30 mg

Se/kg was not sufficient to guarantee adequate protection against oxidative phenomena

when the lipid oxidation was greater after 3d under the meat storage conditions employed

in this study. However, when the breeders received the diets with 0.32% of Met,0.30 mg

Se/kg dietary supplementation revealed the highest TBARS content ( P < 0.05), and there

was no evident difference ( P > 0.05) between the control and the treatment supplemented

with 0.6 mg Se/kg diet both at 6 h and 3 d. Irrespective of the effect of Se supplementation,

addition of 0.54% and 0.40% Met increased TBARS content of progeny thigh ( P < 0.05)

compared to 0.32% at 6 h, and did not result in significant difference in the se reactive

substances at 3d ( P > 0.05). When the breeders were not supplemented with Se, TBARS

content of progeny thigh was increased (P < 0.05) with the supplementation of Met at 6 h

and 3 d. However, when the breeders received diets with 0.6 mg Se/kg, 0.54% Met

supplementation decreased the TBARS content ( P < 0.05) compared to 0.40% at 6 h and the
other 2 levels at 3d, and there was no significant difference between treatments

supplemented with 0.32% and 0.40% of Met ( P > 0.05).

In summary, the results can be concluded as:

1. When breeders were received the higher levels of Met or Se, GSH-Px activity in their
progeny’s thigh muscle was decreased, while the Se concentration and the oxidative
stability of muscular lipids were increased. When breeder hens were given a Met-
deficient diet, supplementing with Se decreased the Se deposition in progeny thigh.
With regard to lipid oxidation, 0.3 mg/kg maternal Se supplementation decreased the
oxidative stability of muscle lipid and 0.6 mg/kg Se supplementation showed no
difference from the control group. When breeders were fed a Se-deficient diet, the GSH-
Px activity was significantly increased and the oxidative stability of progeny muscles
was decreased with the supplementation of Met.

2. A significant interactive effect between maternal Se and Met on relative quantity of
primary volatile oxidative compounds produced at the beginning of warmed-over
flavour (WOF) was found (P<0.05), but the main effect of either Se or Met was not
significant (P>0.05). Both the higher levels of Se and Met could result in the lower
content of total aldehyde, hexanal, 1-pentanol, but the higher concentration of 2,3-
octanedione and 2-pentyl-furan in progeny thigh muscle (P<0.05). There was no
significant effects of maternal Se and Met supplementation on the content of volatile
oxidative compounds produced at the later stage of WOF (P<0.05). The relative
quantity of volatile oxidative compounds as a result of WOF development was
significantly influenced by the chilled storage time (P<0.01). The contents of total
aldehyde, total acids, hexanal, pentanal and 1-pentanol were found to negatively
covary and decrease with increasing days of storage, while the relative quantities of
total hydrocarbon, total ketone, octanal, nonanal, 1-octanol, 2-octen-1-ol, 1-octen-3-ol,
2,3- octanedione and 2-pentyl-furan increased with the storage time.

5.4 g of Met/kg treatment exhibited the highest concentrations of free fatty acids at 6 h

(P<0.05); the contents of myristic acid, palmitoleic acid, linolenic acid and docosahexaenoic
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acid at 6 h significantly increased as a result of maternal Se supplementation (P<0.05); the
interactive effect of Se and Met on the contents of free fatty acids at 6 h was not significant
(P>0.05). Also, there were no significant effects of dietary Se and Met supplementation of
breeder hens on the concentrations of free fatty acids at 3 d. Free fatty acids and
phospholipid fatty acids were all found to decrease with the prolong of storage time
(P<0.01). The oxidative rates of phospholipid fatty acids were significantly higher than those
of free fatty acids (P<0.01). The most decreased fatty acids from 6 h to 3 d both in free fatty
acids and in phospholipid fatty acids were linolenic acid, palmitoleic acid and myristic acid.
Se is an essential component of GSH-Px, which plays an important role in the anti-oxidation
system of tissue. Irrespective of Met supplementation levels, GSH-Px activity of progeny
thigh was decreased with the supplementation of Se, in agreement with the results reported
by Waschulewski and Sunde (1988a), who founded that when weaning rats received 0.5 mg
Se/kg, the percentage of muscle Se present as GSH-Px was decreased at all of Met levels.
Additionally, supplementation of the breeder’s diet with Se increased the protective ability
of progeny thigh against lipid oxidation, which was shown by lower TBARS values.

Met participates in methyl group metabolism and the synthesis of other sulfur amino acids,
notably cysteine. Cysteineis required for the synthesis of GSH and taurine, which are
essential compounds for host defense against oxidative stress (M etayer and others 2007).
GSH concentration of progeny thigh was significantly increased with the supplementation
of Met. Lipid oxidation was not influenced by the supplementation of Met, except that
TBARS values after 6 h were elevated with the supplementation of Met.

Dietary methionine

/

GSH, taurine<+———  methionine

m J @

Met-proteins Dietary selenomethionine
(n @
@
Se[Met}labelled proteins®  selenomethionine
(§V] 1
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|

GSH-Px

Fig. 1. Proposed schemeof the metabolism of Se (Se[Met]) and Met. Pathway 1, free Met,
arising from dietary Met or from protein turnover, is incorporated into proteins for
synthesis GSH-Px. Pathway 2, free Se, arisling from dietary Se [Met] or from protein
turnover, is incorporated into proteins in place of Met as mediated by tRNAMet (McConell
and Hofman 1972), so there is more Met for catabolizing GSH, taurine, and other sulfur-
contalning antloxidants.

The interaction of dietary Met and Se can be explained because of the common metabolic
pathways of these amino acids. The Se used in this experiment was mainly present in the
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form of Se[Met]. Se[Met] can be an excellent analogue for Met in biochemical reactions
because of the similar covalent radio of Se and S. As McConnell and Cho(1965) mentioned,
Se[Met] is transported by the same intestinal transport system as Met, it is readily esterified
to tRNA Met (Hoffman and others 1970), and it can substitute for Met during protein
synthesis in eukaryotes (McConnell and Hoffman 1972). Thus Se[Met] can be metabolized
by the same enzymes that incorporate Met into protein. It is also likely that Se[Met] follows
the same catabolic pathways as Met until 1 of the C-Se bonds is broken (Sunde1984). These
common pathways thus can be combined into a diagram of Se[Met] and Met metabolism
(Figure 1) that could be used to illustrate and summarize the 2 fates of dietary Se[Met] and
Met. When breeders received the Se-deficient diet, dietary supplementation with Met would
release Se[Met] from body proteins, which could be converted to selenide by either of the 2
Met catabolic pathways as described by Steeleand Benevenga (1978) and Esakiand
others(1982), thus Se from Se[Met] would be available for co-translational incorporation into
GSH-Px and other seleno proteins as proposed by Sunde and Evenson (1987). The same
effect of Met on the utilization of the deposited tissue Se for GSH-Px synthesis was reported
by Waschulewski and Sunde (1988b). The ability of progeny thigh for preventing lipid
oxidation was decreased concomitant with increased GSH-Px activity and decreased Se
concentration. It was suggested that Met used for catabolizing to GSH, taurine, and other
sulfur-containing antioxidants could be reduced (pathwayl). When breeders were given
sufficient Se (0.6 mg Se/kg) then decomposition of Met to GSH, taurine, and other sulfur-
containing antioxidants was increased substantially as dietary Met was raised from deficient
to adequate levels, and the protective ability of progeny thigh against lipid oxidation was
significantly increased. It was supposed that the catabolism of Met increases the utilization
of Se from dietary Se[Met] for protein synthesis, and thus increase the Se concentration of
muscle (pathway2), which was contrary to the result of Waschulewski and Sunde (1988a)
who found that when weanling rats were given 0.5 mg Se as Se[Met] per kilogram, muscle
Se concentration was significantly decreased with the supplementation of Met. The
difference would be related to the supplemented Met levels, the type of experiment animals,
and the transport of nutriment from hen to embryo andthen to progeny. Similarly, when
breeder stook adequate (0.54%) Met, dietary supplementation of breeders with Se
substantially decreased the utilization of dietary Se[Met] for GSH-Px synthesis, and it led to
preferential incorporation of Se[Met] into tissues in a form other than as GSH-Px. This
resulted in elevated muscle Se levels and lower GSH-Px activity in Se-adequate treatment
relative to the Se-deficient treatment. Also, dietary Se[Met] supplementation substantially
increased the catabolism of Met for the synthesis of GSH, taurine, and other sulfur-
containing anti oxidants, therefore increased the protective ability of muscle tissue against
lipid oxidation (pathway 2). When breeders received a Met-deficient diet, supplementation
of 0.3 mg Se[Met]/kg tended to increase the utilization of Se for GSH-Px synthesis and
accelerate the catabolism of Se-labeled muscle proteins, which gave rise to more free Met for
synthesis of muscle proteins and thereby decreased muscle anti oxidative ability (pathway
1). This was contrary to the result of Sunde and others(1981) and Waschulewski and Sunde
(1988b) who reported that Se availability for GSH-Px synthesis from dietary Se[Met] was
reduced when supplemented at less than 0.5 mg Se/kg in rats fed on a Met-deficient diet.
However, increments of dietary Se[Met] to 0.6 mg/kg lessened this tendency; there was
more Se for incorporation into muscle proteins instead of GSH-Px and more Met for
synthesis of GSH, taurine, and other sulfur-containing anti oxidants. As a result, decreased
GSH-Px activity and increased ability of protection against lipid oxidation were revealed
(pathway 2).
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Meat quality and antioxidant capacity of their male offspring

Meat quality (like color and drip loss) affected the acceptability at the time of consumer
purchase to an extent. Meat discoloration was believed to be related to the effectiveness of
the oxidation processes (Faustman and Cassens, 1990). Changes associated with oxidation
include unpleasant tastes and odors, discoloration, protein solubility, and even potential
formation of toxic compounds (Baron and Andersen, 2002). Lipid oxidation reduced the
shelf life of meat and decreased nutritive and sensory quality of meat. Protein oxidation
reduced meat product quality (Decker et al., 1993). Therefore, the meat industry has great
interest in improving meat quality and optimizing meat color and water-holding capacity,
limiting meat discoloration and loss of fluids (drip loss) because it implies a financial loss.
Four hundred fifty 52-wk-old Lang-shan breeding hens (dual-purpose type, an indigenous
poultry breed of China) were randomly divided into 9 treatments with 5 replicates each
treatment. They were fed corn-soybean diets with 0, 0.30, and 0.60 mg of Se/kg from Se
yeast and 3.2, 4.0, and 5.4 g of dl-Met/kg, respectively. After incubation, 250 chickens each
treatment were randomly divided into 5 replicates and fed the same diet. At 21 d old, 10
male chicks in each treatment were slaughtered. Color, water-holding capacity, and
oxidative stability were examined to elucidate the effects of Se and Met supplementation of
the maternal diets on of their male offspring meat at the early stage.

3. Experimental parameters measured

3.1 Se content

The influence of Se yeast, Met, and their interactions on the Se content in 21-d-old male
offspring breast meat was remarkable (P < 0.01; Table 2). The Se content significantly
increased with the increase of the maternal Se yeast (P < 0.01). However, the Se content in
5.4 g of Met/kg treatments were significantly less than those of 3.2 and 4.0 g of Met/kg
treatments (P < 0.01).

Se (mg/kg) Met (g/kg) Se (pg/100 mg) MDA (mg/kg) Protein carbonyls (nm/mg)
0 3.2 0.42 % 0.04'P 0.43 £ 0.02* 5.53 £ 0.20™*
40 0.49 + 0.06°¢ 0.30 + 0.034P 4.31 + 0.34%8C
5.4 0.40 + 0.05'P 0.20 + 0.03'P 2.60 + 0.28°"
0.3 3.2 0.55 + 0,032 0.37 £ 0.03"® 4.54 + 0.48"F
40 0.60 + 0.04"F 0.29 + 0.07%P 3.88 + 0.38°45C
5.4 0.55 & 0.01"® 0.27 £ 0.05*° 2.87 £ 0.35°7
0.6 3.2 0.71 4 0.02% 0.29 + 0.04%° 4.45 + 0.78"F
4.0 0.60 + 0.04™* 0.33 + 0.06°5¢ 4.04 + 0.61%18¢
5.4 0.59 + 0.04"® 0.29 + 0.04*° 3.62 + 0.50"¢
0 0.44 + 0.06°¢ 0.34 £ 0.074 418 + 1.23°
0.3 0.57 + 0.04"® 0.31 + 0.05"" 3.76 + 0.80"
0.6 0.66 + 0.06" 0.30 + 0.04"F 4.03 + 0.69°
3.2 0.56 + 0.13%4 0.36 + 0.06™* 4.84 + 0724
1.0 0.59 + 0.10"* 0.31 £ 0.04™" 4.08 + 0.47°F
5.4 0.51 + 0.09¢ 0.28 + 0.03°¢ 3.06 + 0.55°C
P-value
Se 0.0001 0.0001 0.0338
Met 0.0001 0.0001 0.0001
Se x Met 0.0033 0.0001 0.0002

*I\[eans in a column with different superscripts are significantly different (P < 0.05)

APMeans in a column with different superscripts are significantly different (P < 0.01).

Table 2. Effects of the Se yeast and Met supplementations of the maternal diets on Se,
malondialdehyde (MDA), and protein carbonyl content of their male offspring breast meat

(n=10)
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3.2 Protein and lipid oxidation

There were significant effects of interactions between maternal Se yeast and Met on carbonyl
content (P < 0.01; Table 2). The carbonyl content significantly decreased with increase of Met
supplementation ( P < 0.01) and the carbonyl content of 0 mg of Se/kg treatments were
higher than those of 0.3 mg Se/kg treatments ( P < 0.01). Moreover, 0.30 and 0.60 mg of
Se/kg treatments significantly decreased MDA content compared with those of 0 mg of
Se/kg treatments (P < 0.01). The 4.0 and 5.4 g of Met/kg treatments significantly decreased
MDA content compared with those of 3.2 g of Met/kg treatments (P < 0.01).

Se (mg/kg) Met (g/kg) L* value a* value b* value Drip loss (%)
0 3.2 57.00 + 3.89"18¢ 2.18 + 0.18™8 7.87 £ 0.85™ 2.16 + 0.20%
4.0 61.45 + 2.36™4 191 £ 0.32°F 7.33 + 0.50™AB 1.1 & 0.23"A8
5.4 54.10 & 2.62'¢ 2,08 +0.33"4 6.24 + 0.25°¢ 1.57 % 0.30%P
0.3 3.2 50.78 & 1,04A8 2.30 + 0.30"% 6.82 + 0.578¢ 1.83 % 0.16™5¢
4.0 57.13 4 3.0674EC 2.25 + 0.30™P 6.62 + 0.45™5¢ 1.63 + 0,250
5.4 55.80 & 1.75°EC 2.85 + 0.38"* 6.23 + 0.65°C 1.20 + 0.15%F
0.6 3.2 57.05 4 2.43"1C 2.25 & 0.36™" 6.69 & 042" 1.72 4 0.18™5¢
4.0 55.03 + 1.34°18¢ 288 +0.38"* 6.74 + 0.13™5¢ 1.37 + 0.19°P%
5.4 58.45 + 3.01"4F 3.10 + 0.39"* 7.86 £ 0.7 1.33 + 0.26'7F
0 57.52 & 4.23 2.36 + 0.54"° 7.15 + 0.88* 1.88 + 0.34™*
0.3 57.60 + 3.10 2.47 + 0.42"F 6.56 + 0.50"% 1.55 + 0.32%F
0.6 57.14 + 2.49 2.74 £ 0.51%4 7.10 £ 0.96 1.47 + 0.27"8
3.2 57.94 + 3.05° 2.24 +0.98"F 7.13 £ 0.81 1.90 + 0.26%4
4.0 58.17 + 3.50° 2.35 + 0.52°F 6.90 + 0.78 1.63 + 0.31"F
5.4 56.15 & 3,02 2.97 + 0374 6.78 + 0.7 1.37 £ 0.28°C
P-value
Se 0.8247 0.0005 0.0050 0.0338
Met 0.0238 0.0001 0.1806 0.0001
Se x Met 0.0001 0.0012 0.0001 0.0002

“\Means in a column with different superscripts are significantly different (P < 0.05).

AE\leans in a column with different superscripts are significantly different (P < 0.01).
Table 3. Effects of the Se yeast and Met supplementation of the maternal diets on color and
drip loss of their male offspring breast meat (n = 10)

3.3 Meat color

The maternal Met significantly influenced L* value (0.01 < P < 0.05) and a* value ( P < 0.01;
Table 3). Supplementation of Met at 5.4 g/kg significantly increased a* value compared with
3.2 and 4.0 g of Met/kg (P < 0.01). The 0.60 mg of Se/kg treatment significantly increased a*
value compared with 0 and 0.30 mg of Se/kg treatments ( P < 0.01) and 0 mg of Se/kg
treatment significantly increased b* value compared with 0.3 and 0.6 mg of Se/kg
treatments (P < 0.01). Moreover, the interactions of the maternal Met and Se yeast
significantly influenced L*, a*, and b* values (P < 0.01).

3.4 Drip loss

The Se yeast and Met supplementation significantly decreased drip loss ( P < 0.01) (Table 3).

Supplementation of Se at 0.30 and 0.60 mg/kg decreased drip loss compared with 0 mg of

Se/kg treatment.

In summary, the results can be concluded as:

1. Supplementation of Met at 5.4g/kg significantly increased International Commission on
[llumination a* value compared with 3.2 and 4.0 g of Met/kg (PP<0.01). Supplementation
of Se at 0.6 mg/kg significantly increased a* value compared 0 and 0.3 mg of Se/kg
(P<0.01) and 0 mg of Se/kg significantly increased b* value compared with 0.30 and
0.60 mg of Se/kg (P<0.01).
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2. Selenium supplemented at 0.30 and 0.60 mg/kg decreased drip loss compared with 0
mg of Se/kg and 4.0 and 5.4 g of Met/kg decreased drip loss compared with 3.2 g of
Met/kg, respectively.

3. The carbonyl content of the myofibrillar protein significantly decreased with the
increase of Met supplementation (P<0.01) and the carbonyl content of the 0 mg of
Se/kg treatment was higher than the 0.3 mg of Se/kg treatment (P<0.01). Selenium
supplementation at 0.30 and 0.60 mg/kg significantly decreased MDA content
compared with that of 0 mg of Se/kg (P<0.01) and 4.0 and 54 g of Met/kg
supplementation significantly decreased MDA content compared with that of 3.2 g of
Met/kg(P<0.01). However, the higher levels of Met and Se (5.4 g/kg Met and 0.60
mg/kg Se) significantly increased reactive sulfhydryl content in the muscle.

4. The intermediate levels of Met and Se (4.0 g/kg Met and 0.30 mg/kg Se) significantly
increased heat-induced gel hardness and water-holding capacity of the gel and the
higher levels of Met and Se (5.4 g/kg Met and 0.60 mg/kg Se) decreased gel hardness
and water-holding capacity of the gel to an extent.

Whether the Se was in an inorganic form or part of an organic molecule in the maternal diets
would influence the Se content transferred to the developing embryo and the 2-wk-old
chickens after hatch (Paton et al., 2002; Pappas et al., 2005). Maternal Se yeast could
significantly increase the Se content of serum, liver, and muscle tissues in newborn chickens
and quails (Surai, 2000). Pappas et al. (2005) reported that the high levels of maternal Se
could significantly increase Se content of serum, liver, and muscle tissues from 2- to 4-wk-
old chickens. In this study, all of the progeny were fed the diet with the same Se
concentration throughout the experiment. Therefore, the differences in the Se content of the
breast meat were due solely to the different Se content of the maternal diets.

Selenomethionine, the Se-containing analog of Met, is thought to be the common form of Se

in foodstuffs of plant origin. Beilstein and Whanger (1986) reported that Selenomethionine

supplementation could increase tissue Se levels substantially. This study also showed that

4.0 g of Met/kg supplementation of the maternal diet could increase Se content of the

chicken meat. It might be due to the fact that tissue Se was present as selenomethionine

when Se and Met were provided at high levels in the diets.

The oxidative stability of meat depends upon the balance between anti- and prooxidants.

One approach to enhancing the oxidative stability of meat is to add antioxidants either into

the diet of the animal or directly during processing. Selenium is an essential component of

the antioxidant enzyme GSH-Px (Surai and Dvorska, 2002a, b) and Met plays a particularly
important role in providing Cys for GSH synthesis (Beatty and Reed, 1980). Supplementing

broiler diets with 0.25 mg/kg of Se substantially increased GSH-Px activity in breast (2.1-

fold) and leg (4.1-fold) muscle and as a result decreased lipid peroxidation was detected

(2.5-fold in breast muscle and 3.3-fold in leg muscles) after 4 d of storage at 4°C compared

with the control group (Devore et al., 1983). Ryu et al. (1995) reported that the dietary Se

from 1 to 8 mg/kg revealed only minor improvements in the oxidative stability of 42-d-old

chicken meat and 8 mg/kg of Se supplementation in combination with 100 IU of a-

tocopherol was more effective in reducing lipid oxidation during refrigerated storage.

Several authors have measured protein oxidation in meat and meat products and have

related this parameter to lipid oxidation (Mercier et al., 1998, 2004; Ventanas et al., 2006). In

this study, the Se yeast and Met supplementation significantly decreased protein carbonyl
and MDA content. Based on the fact presented above that the hen diets could affect Se
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intake in the chicks and should modulate antioxidant enzyme GSH-Px activities, it is
possible to suggest that GSH-Px contributes to the overall antioxidant defense of muscle,
decreasing tissue susceptibility accomplished by organic Se supplementation of the hen
diets.

The oxidative state of muscle pigments plays an important role in meat color. Redness is
related to myoglobin content and its chemical state in meat (Mancini and Hunt, 2005). Ryu
et al. (1995) reported that the dietary Se and a-tocopherol levels did not affect 42-d old
chicken meat color. However, this present study indicated that the Se yeast and Met
supplementation of the maternal diets could increase meat color stability to an extent. It
might be due to the fact that that Se yeast and Met supplementation of the maternal diets
could decrease protein oxidation to an extent.

Meat oxidation could decrease hydrolysis sensitivity, weaken protein degradation, and
reduce water reservation among myofibrils, which increase juice loss of meat (Elisabeth and
Steven, 2005). Drip is a dilute solution of the sarcoplasmic proteins. Factors that affect the
state of myofibrillar proteins, like protein and lipid oxidation, will also affect drip loss.
Carbonyl group formation is the main chemical modification of amino acids during
oxidation. Lipid oxidation also could increase cell membrane permeability and induce juice
loss (Cheah et al., 1995).

Postmortem changes include a decrease of the antioxidant defense system and an increase in
the degree of lipid and protein oxidation. Glutathione peroxidase activity would be elevated
if it was maintained postmortem. Therefore, we might expect a stabilizing effect of dietary
Se supplementation during meat storage. Indeed, supplementing broiler diets with 0.25
mg/kg of Se substantially increased GSH-Px activity in breast (2.1-fold) and leg (4.1-fold)
muscle and as a result decreased lipid peroxidation was detected (2.5-fold in breast muscle
and 3.3-fold in leg muscles) after 4 d of storage at 4°C compared with the control group
(Devore et al., 1983). It seems likely that a stabilizing effect of Se is associated with
maintaining muscle membrane integrity. Edens (1996) reported that drip loss was decreased
when organic Se was fed to broilers. Using a mode system based on red blood cell
membrane stability, Edens (2001) confirmed a membrane-stabilizing effect of organic Se.
This study indicated that the Se yeast and Met supplementation of the hen diets could
decrease drip loss. It might be due to the fact that Se content in the meat could elevate and
maintain the GSH-Px activity in meat and muscle membrane integrity.

Physical qualities and antioxidant capacity of the Breeding Eggs

The antioxidant system of chicken embryo is based on natural antioxidants (e.g., vitamin E,
carotenoids, GSH; Surai et al., 1996, 2001a, b; Surai, 1999) and antioxidant enzymes [e.g.,
GSH-Px and catalase as well as antioxidant enzyme cofactors (Se, Zn, Mn, and Fe; Surai et
al.,, 1999). Of these, vitamin E, carotenoids, and metals, including Se, are obtained from the
maternal diet. Increasing antioxidant supplementation of the maternal diet can substantially
increase their concentrations in developing chick tissues and significantly decrease their
susceptibility to lipid peroxidation (Surai and Speake, 1998; Surai et al., 1999). Selenium is an
integral part of GSH-Px and GSH-Px plays an important role in antioxidant defense in
poultry (Surai and Dvorska, 2002a,b). The Se concentration in eggs depends on both Se
content and form of dietary Se used in the maternal diet. Payne et al. (2005) reported that a
Se-enriched yeast diet was more effective for increasing the egg Se content than a sodium
selenite diet. Wakebe (1998) found that adding 0.3 mg of Se/kg from Se-Met to layers
increased GSH-Px activity in both the yolk and the white of eggs.
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Methionine, an essential dietary amino acid, is used to synthesize proteins and other amino
acids. Moreover, Met plays a particularly important role in providing Cys for GSH synthesis
(Beatty and Reed, 1980). These common S-containing amino acids and GSH are antioxidants
(Mosharov et al., 2000).

Four hundred fifty 52-wk-old Langshan layer hens (dual-purpose type, an indigenous
poultry breed of China) were randomly divided into 9 treatments with 5 replicates in each
treatment. Birds were fed corn-soybean diets (0.13 mg of Se/kg) supplemented with 0, 0.30,
and 0.60 mg/kg of Se from Se yeast and 3.2, 4.0, and 5.4 g of dl-Met/kg, respectively. Se
Concentration, GSH-Px Activity, and GSH Concentration, Lipid Oxidation, Protein
Carbonyl were examined to evaluate the effect of Se yeast and Met supplementation of the
maternal diet on antioxidant activity of the breeding eggs.

4. Experiment parameters measured

4.1 Se concentration

As can be seen from Table 4, the inclusion of Se yeast in the diet significantly increased the
Se concentration in the yolk (P < 0.01). Supplementation of Met at 4.0 and 5.4 g /kg in the
diets significantly decreased the Se concentration in the egg yolk compared with 3.2 g of
Met/kg (P < 0.01). Moreover, a combination of the 0.6 mg of Se/kg and 3.2 g of Met/kg
treatments had the maximal Se concentration and adding 3.2 g of Met/kg alone had the
minimal Se concentration.

Item Met (g/kg) Se (ng/g) GSH-Px (U/g) GSH (mg/g) MDA (pg/g)
Se (mg/kg)
3.2 0.48 + 0.032F 20,40 + 2.85P8 1.13 £ 0,14%BC 6.34 + 0,79~
4.0 0.63 £ 0.03LD 17.63 + 3.474DC 1.29 4 0.042b-A 3.71 + 0.65°-DE
5.4 0.62 + 0.03tD 19.82 + 2.094.C 1.18 4 0.07bdee ABC 4.15 + 0.43¢CD
0.3 3.2 0.84 + 0.03>8 36.42 4 3.34mA 1.23 4 0.08ebed ABC 5.07 + 0.59>8
4.0 0.66 + 0.034L 13.82 + 1.922DE 1.30 4 0.0024 418 + 0.569DC
5.4 0.66 £ 0.029eD 25.60 £ 3.31°8 111 £ 0.14°C 3.14 £ 1.13%E
0.6 3.2 0.95 + 0.0404 17.88 + 3.844.DC 1.27 4 0.140be.AB 512 + 0.510B
4.0 0.85 + 0.03>8 26.91 + 3.96B 1.16 4 0.12¢deABC 487 + 0.350-BC
5.4 0.80 + 0.03%C 12,68 4 1428 1.12 £ 0.04°8C 3.91 + 0.28¢PE
0 0.57 £ 0.07%¢ 22.98 + 5.89PB 1.20 + 0.11 474 + 1.32%4
0.3 0.72 £ 0.09>8 25.98 + 9.84%4 1.21 4+ 0.13 413 £ 1.11>B
0.6 0.87 + 0.07%4 19.15 + 6.78%C 1.18 + 0.12 463 £ 0.65%4
3.2 0.80 + 02174 27.00 & 8,444 1.21 £ 0.13~AB 550 + 0.86%4
4.0 0.71 + 0.11b8 19.45 + 64158 1.25 + 0.1184 4.25 + 0.70>B
5.4 0.69 + 0.08>B 19.37 + 5.86PB 1.14 4+ 0.09>B 3.74 £ 0.81¢
P-value
Se 0.0001 0.0001 0.5464 0.0034
Met 0.0001 0.0001 0.0012 0.0001
Se x Met 0.0001 0.0001 0.0025 0.0001

" £Means in a column with different superscripts are significantly different (P < 0.05).

AE)feans in a column with different superscripts are significantly different (P < 0.01).
Table 4. Effects of Se yeast and Met supplementation of the maternal diets on contents of Se,
glutathione (GSH), and malondialdehyde (MDA) and glutathione peroxidase (GSH-Px)
activity in the yolk of eggs

4.2 GSH concentration

The Met supplementation of the diets significantly influenced the GSH concentration in both
the yolk and the albumen of eggs (P < 0.01; Table 4 and 5). The 5.4 g of Met/kg treatment
decreased the GSH concentration in the egg yolk compared with 3.2 and 5.4 g of Met/kg,
whereas the 5.4 g of Met/kg treatment significantly increased the GSH concentration in the
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egg albumen compared with 3.2 and 4.0 g of Met/kg. Moreover, there was significant effect
of the interactions between Se and Met on the GSH concentration in the egg yolk. However,
increasing Se supplementation in the maternal diet did not significantly influence the GSH
concentration in both the yolk and the albumen of eggs.

Se (mg/kg) Mot (g/kg) GSH-Px (U/g) GSH (mg/g) Carbonyl group (nm/mg)
0 3.2 202,00 4 205184 2.56 & 0.12¢¢ 5.01 & 0.39%4
4.0 168.91 + 12.019eCD 2.72 + 0.16bBC 4.64 + 0.487bcd AB
5.4 151.78 + 16,6120 4.37 £ 0.500<d-AB
0.3 3.2 205.66 + 31.70%A 4.87 + 0.492beAB
4.0 178.57 + 21.464:C0 4.26 £ 0.45°1B
5.4 298.23 + 23.73%B 4.53 £ 0.4520ed AB
0.6 3.2 252.29 + 17.970-B 4.74 £ 0.5200cAB
4.0 206,03 + 14.58%4 416 £ 0.3208
5.4 187.72 + 13.059:C 4.39 + 0.63bcd-AB
0 204.23 £ 65.77°8 4.67 + 0.52
0.3 234,15 + 54.95P4 2.80 + 0.30 4.55 £ 0.51
0.6 245.66 £ 48.06™4 2.88 + 028 4.43 + 0.54
3.2 279.08 + 30.57A 2.69 & 0.23bB 4.87 + 0.46%4
4.0 214.81 + 61.51>B 2.78 + 0.27>B 4.35 + 0.46>B
5.4 189.26 + 39.40°C 3.05 + 0.25%A 443 + 05108
P-value
Se 0.0001 0.0870 0.2159
Met 0.0001 0.0001 0.0006
Se x Met, 0.0001 0.1262 0.5271

a *Means in a column with different superscripts are significantly different (P < 0.05).
A-DMeans in a column with different superscripts are significantly different (P < 0.01).

Table 5. Effects of Se yeast and Met supplementation of the maternal diets on the contents of
glutathione (GSH) and carbonyl group and glutathione peroxidase (GSH-Px) activity in the
albumen of eggs

4.3 GSH-Px activity

As can be seen from Tables 4 and 5, the inclusion of Se yeast and Met in the diets
significantly increased or decreased the GSH-Px activity in eggs ( P < 0.01). The inclusion of
Se yeast in the maternal diets increased GSH-Px activity in both the yolk and the albumen of
eggs. However, adding 0.6 mg of Se/kg decreased the GSH-Px activity in the egg yolk
compared with 0 and 0.3 mg of Se/kg. The GSH-Px activity in the albumen of eggs
significantly decreased with increasing Met supplementation, whereas the albumen GSH-Px
activity of the 3.2 g of Met/kg treatment was significantly higher than those of the 4.0 and
5.4 g of Met/kg treatments. In the egg yolk, the inclusion of the 0.3 mg of Se/kg and 3.2 g of
Met/kg treatments had the maximal GSH-Px activity, whereas a combination of the 0.6 mg
of Se/kg and 5.4 g of Met/kg treatments had the minimal GSH-Px activity. In the egg
albumen, a combination of the 0.3 mg of Se/kg and 3.2 g of Met/kg treatments had the
maximal GSH-Px activity and adding 5.4 g of Met/kg alone had the minimal GSH-Px
activity.

4.4 Lipid oxidation

The influence of Se yeast, Met, and their interactions on the MDA content in the egg yolk
was remarkable (P < 0.01; Table 2). The MDA content in the egg yolk significantly decreased
with Met supplementation (P < 0.01). However, adding 0.3 mg of Se/kg to the diets
significantly decreased the MDA content in the egg yolk compared with the 0 and 0.6 mg of
Se/kg treatments. In the egg yolk, a combination of 0.3 mg of Se/kg and 5.4 g of Met/kg
had the minimal MDA content and adding 3.2 g of Met/kg alone to the diet had the
maximal MDA content.
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4.5 Protein oxidation

Table 5 showed that Met supplemented at 4.0 and 54 g/kg (irrespective of Se

supplementation) decreased carbonyl content in the egg albumen compared with the 3.2 g

of Met/kg treatment. Adding 3.2 g of Met/kg alone to the diet created the maximal carbony]l

content in the egg albumen, whereas a combination of the 0.6 mg of Se/kg and 4.0 g of

Met/kg treatments created the minimal carbonyl content.

In summary, the results can be concluded as:

1. Supplementing 0.3 mg/kg Se increased egg albumen weight, but decreased egg yolk
weight. However, supplementing 54 g of DL-Met increased egg albumen weigh,
decreased egg yolk weight. There was no significant interaction between Se and Met on
egg albumen weight, egg yolk weight, egg shape index and haugh unit (P>0.05), while
they significantly influenced egg yolk weight, egg hell weight and egg albumen height
(P<<0.05).

2. Increasing Se yeast supplementation significantly increased Se concentration in the egg
yolk (P<0.01) and the Se concentration of the 3.2 g of Met/kg treatment was higher
than those of the 4.0 and 5.4 g of Met/kg treatments. Adding 0.3 mg of Se/kg to the
diet significantly increased GSH-Px activity in the egg yolk compared with 0 and 0.6
mg of Se/kg (P<0.01) and increasing Se yeast supplementation significantly increased
the GSH-Px activity in the egg albumen (P<0.01). Increasing Met supplementation
significantly decreased the GSH-Px activity in the egg albumen and yolk (P<0.01).
Methionine supplemented at 3.2 and 4.0 g/kg significantly increased glutathione
concentration in the egg yolk compared with 5.4 g of Met/kg (P<0.01) and increasing
Met supplementation increased the glutathione concentration in the egg albumen.
Increasing Met supplementation significantly decreased MDA concentration in the egg
yolk (P<0.01) and Se supplemented at 0 and 0.6 mg/kg increased the malondialdehyde
concentrations in the egg yolk compared with 0.3 mg of Se/kg (P<0.01). Methionine
supplemented at 4.0 and 5.4 g/kg significantly decreased carbonyl concentration
compared with 3.2 g of Met/kg.

Selenium concentration in the egg yolk depends on both the Se content and form in the

maternal diet. Several authors (Cantor, 1997; Paton et al., 2000; Surai, 2000) reported that

organic Se (e.g., Se-Met) is more efficiently deposited in the egg yolk. Davis and Fear (1996)

found that both sodium selenite and Se-Met fed at 2 mg/kg increased the Se concentration

in the egg yolk compared with a diet that was not supplemented. Paton et al. (2002) found
that increasing Se levels (irrespective of source) produced a significant linear increase in egg

Se concentration and the linear responses were different for the different Se sources in all

egg components. The Se used in this experiment is the Se-enriched yeast that is produced by

growing the yeast Saccharomyces cerevisiae in a high-Se medium (AAFCO, 2003). Beilstein
and Whanger (1986) and kelly and Power (1995) reported that the majority of the Se in Se
yeast is Se-Met, a Se analog of Met. Selenomethionine can be an excellent analog for Met in
biochemical reactions because of the similar covalent radii of Se and S. The result of this
current study showed that increasing Se supplementation significantly increased Se
deposition in the egg yolk. However, adding 4.0 and 5.4 g of Met/kg to the maternal diet
significantly decreased the Se concentration in the egg yolk compared with 3.2 g of Met/kg.

It is possible that the chemical similarity between Se-Met and Met allows the body to use

them interchangeably in protein synthesis (Surai, 2002), which makes it possible to build Se

reserves in the other parts of eggs and decreases Se concentration in the egg yolk during
storage.
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Met supplementation of the diet significantly influenced the GSH concentration in both the
yolk and the albumen of eggs. It might be due to the fact that Met provided plenty of Cys
during metabolism for GSH synthesis when the hens were fed an excess of Met (Beatty and
Reed, 1980). However, increasing dietary Se yeast supplementation did not significantly
influence the GSH concentration. A possible reason is that when an excess of Se yeast is
supplemented in the diet in the form of Se-Met, this amino acid will be nonspecifically
incorporated into various proteins (Surai, 2002), which decreases GSH synthesis.

Selenium is an essential component of a variety of selenoproteins, the best known of which
is GSH-Px. The GSH-Px family of enzymes is a crucial player in the antioxidant system,
neutralizing potential threats to the integrity of cellular macromolecules by eliminating
hydrogen peroxide and detoxifying lipid hydroperoxides (Brigelius-Flohé, 1999). The Se
derived from hen is deposited in eggs and is distributed among the developing tissues
during embryogenesis (Gaal et al., 1995; Surai, 2000; Paton et al., 2002). Consequently, the Se
supplementation of the maternal diet has an effect on the GSH-Px activity in the egg yolk.
Wakebe (1998) found that adding 0.3 mg of Se/kg to the diet increased GSH-Px activity in
both the yolk and the albumen of eggs. Surai (2000) reported that the GSH-Px activity in the
liver of newly hatched chicks significantly decreased when the hens were fed a low level of
Se diet. This current study also showed that the inclusion of Se yeast in the maternal diet
increased GSH-Px activity in both the yolk and the albumen of eggs. However, adding 0.6
mg of Se/kg to the diet decreased the GSH-Px activity in the egg yolk compared with the 0
and 0.3 mg of Se/kg treatments. The mechanism of this observation is not known. A
possible reason is that high dietary Se-Met is preferentially incorporated into proteins rather
than used for GSH-Px when Met is limiting in the maternal diet (Waschulewski and Sunde,
1988).

Methionine participates in methyl group metabolism and the synthesis of other S amino
acids, notably Cys. Cysteine is required for the synthesis of GSH and taurine, which are
important compounds for host defense against oxidative stress (Métayer et al., 2008). This
current study showed that increasing Met supplementation in the maternal diet decreased
the GSH-Px activity in both the yolk and the albumen of the eggs. It is possible that adding
an excess of Met to the diets leads to preferential incorporation of Se-Met into the body (e.g.,
eggs) in a form other than as GSH-Px (Zhao et al., 2009). Thus, the utilization of Se-Met
supplementation for GSH-Px synthesis substantially decreases when the hens are fed an
excess of Met. This study also indicated that a combination of the 0.3 mg of Se/kg and 3.2 g
of Met/kg treatments had the maximal GSH-Px activity in the egg yolk and the second
largest GSH-Px activity (slightly lower than that of the 0.6 mg of Se/kg and 4.0 g of Met/kg
treatments) in the eggs, which probably means that inclusion of 0.3 mg of Se/kg and 3.2 g of
Met/kg in the diet provides enough Se to the egg for the requirement for maximum Se-
GSH-Px activity. It is possible that an appropriate amount of Se in the diet achieves the
GSH-Px activity through Se-GSH-Px gene expression and cytosolic mRNA stabilization
(Chris-tensen and Burgener, 1992) or regulates the level of GSH-Px mRNA in a
posttranscriptional step (Toyoda et al., 1990).

Egg quality decreases during storage. This process is associated with biochemical changes,
including lipid and protein oxidation. Lipid oxidation causes loss of nutrition. One such
product is MDA, which has long been considered as an index of oxidative rancidity
(Cortinas et al., 2005). Increasing Se concentration in combination with other antioxidants
(vitamin E and carotenoids) could be an effective means to prevent the damaging effect of
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free radicals produced in eggs (Surai, 2002). This study demonstrated that adding 0.3 mg of
Se/kg to the diet significantly decreased the MDA content in the egg yolk compared with 0
and 0.6 mg of Se/kg treatments. This can be explained as a result of increased GSH
concentration and GSH-Px activity and changes in lipid composition (Noble and Cocchi,
1990).

However, the MDA contents of adding 0.6 mg of Se/kg to the diet were higher than that of
the 0.3 mg of Se/kg treatment. The mechanism of this observation is not known. This study
also showed that Met supplementation of the diet significantly decreased the MDA content
in the egg yolk. This might be due to the fact that Met provides plenty of Cys for GSH
synthesis when the hens are fed an excess of Met (Beatty and Reed, 1980), which inhibits
lipid oxidation and decreases MDA content in eggs.

Eggs can be divided into 3 components: albumen, yolk, and shell. Albumen, which
contains approximately 67% of the protein content of the egg (Romanoff and Romanoff,
1949), provides more proteins for assimilation into tissue during embryonic development
(Finkler et al., 1998). Egg storage before incubation can be associated with protein
oxidation within the egg albumen. Carbonyl contents can be considered as a marker for
protein oxidation because amino acid residues of proteins, such as Lys, Met, and Cys, can
be oxidized to carbonyl derivatives by oxidative stresses (Butterfield et al., 1998).
Therefore, protein oxidation affects the physicochemical and functional properties of egg
white. This current study indicated that adding Se and Met to the hens’ diets could
decrease carbonyl content in the egg albumen. Adding 3.2 g of Met/kg alone to the hens’
diets created the maximal carbonyl content in the egg albumen, probably due to the fact
that the eggs from hens fed a low-Se diet had low GSH content in the egg albumen.
However, the inclusion of 0.6 mg of Se/kg and 4.0 g of Met/kg in the hens’ diets created
the minimal carbonyl content in the egg albumen. This can be explained as a result of the
higher GSH content and highest GSH-Px activity (Table 3), thus slowing the rate of
protein oxidation (Pappas et al., 2005).

To sum up, a conclusion was drawn that Se yeast and Met supplementation of the maternal
diets could improve egg quality, meat quality, meat protein functionalities and the oxidative
stability of meat proteins and lipid to varying degrees.
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1. Introduction

The soybean seeds (Glycine max) originate from north-eastern Asian regions, especially
China and Korea and, since its introduction to American colonies in 1765 (Hymowitz and
Harlan 1983), its consumption has been worldwide spread. Soybeans are an economically
important crop, which has been traditionally used for animal feed as well as for human
food. In this field, soy has been a valuable resource for humankind by providing excellent
proteins and other nutrients and, in many countries, soybeans and soy-based foods are
considered as a staple food thanks to its low cost and high availability (Khetarpaul et al.
2004). Presently, in the market, there are several soy-based products and ingredients such as
soy sauce, tofu, soy protein, soy-based beverages and fermented foods, like miso, tempeh,
natto, etc. Besides the excellent nutritional properties such as the high protein content and
the presence of polyunsaturated fatty acids, as well as the absence of cholesterol and lactose;
soy has demonstrated to provide a preventive effect in the occurrence and development of
several common diseases.

In the developed countries, the incidence and prevalence of illnesses like diabetes,
osteoporosis, cancer, or cardiovascular diseases, among others, are becoming highly
important and some of them constitute the leading causes of mortality. Generally, oxidative
damage, inflammatory responses or lipid accumulation as well as other more complex
biochemical processes are involved in the disease development mechanisms. Scientific
studies have revealed that most of these illnesses are strongly related to genetic and/or
environmental factors. In this field, the diet has shown to play an important role in
preventing the appearance or even reducing the associated symptoms. The lower incidence
of these diseases in eastern societies, where the soy consumption is considerably high,
remarks the importance of diet and highlights the beneficial properties of soy. Many of the
soy benefices have been attributed to the occurrence of several kinds of phytochemicals,
such as isoflavones, soyasaponins, phytates, or protease inhibitors. These bioactive
compounds seem to provide a preventive effect by means of reducing or even inhibiting the
mechanisms of the disease development. Hence, some of their most important properties,
for instance, the antioxidant, the antiinflammatory or the estrogenic activities, may be
involved in the disease prevention.
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In this chapter, the most important aspects of soy composition will be discussed in terms of
nutritional profile and the occurrence of bioactive compounds. The influence of soy
consumption on the disease prevention and the role that the phytochemicals play in the
mechanisms of health promotion will be reviewed.

2. Nutritional profile of soy

Nowadays, there is a clear increase in the amounts of commercial soy-based foods so that
the soy consumption has risen greatly. Some products are becoming increasingly popular
and they are largely consumed by people in general, such as soy sauces and soy-based
beverages. On the other hand, soy protein products are largely used as ingredients in meat
products, breads, soups, and beverages, among others. New soy foods are continuously
being developed and actually include cheese, salami, drinks and vegetarian meat
substitutes. Traditionally, soy has been consumed either as fermented or as nonfermented
foods (Wang and Murphy 1996; Umphress et al. 2005). The most common fermented soy-
based foods include tempeh, miso, natto, sufu, soy sauce, and douchi, whereas the
nonfermented foods comprise fresh soybeans, soybean sprouts, soymilk, tofu, and protein
enriched foods such as soy protein flours and/or grits, textured soy protein and soy protein
concentrates or isolates. Nutrient composition can be influenced not only by the genetics,
the cultivar, or the growth conditions, but also by the processing and refinement; therefore,
significant variations can be detected in the soybeans and soy-based foods nutritional profile
(Grieshop and Fahey 2001; Grieshop et al. 2003).

Whole soy protein content usually ranges between 30 and 48% (Cai et al. 1997; Esteves et al.
2010). Glycinin toghether with o-, -, and y-conglycinins are soybean globulins and they
represent the major components of the storage proteins of soy seeds. The seeds also contain
bioactive proteins, including a-amylase, cytochrome c, lectin, lipoxygenase, urease and
protease inhibitors (Wolf 1970). Soy is rich in essential amino acids, like lysine, isoleucine
and leucine; and also in other dispensable ones, such as glutamic and aspartic acids.
Nevertheless, sulphur-amino acids (cysteine and especially methionine), tryptophan and
valine are limiting amino acids in soy (Aletor 2010; Anuonye et al. 2010).

Lipid content is considerably high in soy (17-25%) (Cai et al. 1997) although it is not usually
a disadvantage because soy is generally used to produce edible oil and fat. Soy provides
polyunsaturated fatty acids, being linoleic acid the most abundant, occurring between 42
and 58%. Significant amounts of oleic (20-25%), palmitic (8-11%), linolenic (1-8%) and stearic
(3-6%) acids are also found whereas fatty acids with higher carbon number (eicosanoic,
eicosenoic, docosanoic and tetracosanoic acids) are only detected in trace amounts (0.1-0.5%)
(Vieira et al. 1999; Yuan and Chang 2007).

Carbohydrates constitute approximately the 30-35% of the whole soy seed, especially
polysaccharide and dietary fibre. Starch, hemicelluloses, cellulose, stachylose, sucrose,
raffinose, arabinose and glucose are included in its carbohydrate fraction. Dietary fibre, as
non-starch polysaccharides, is mainly found in the hulls and the content range between 9
and 16% of whole soy seed (Esteves et al. 2010). The insoluble fraction is the predominant,
comprising approximately 74-78%. It is mainly composed of arabinose, galactose, glucose,
xylose and uronic acids. Soluble fibre ranges from 22 to 26% and the principal monomers
are arabinose, galactose and uronic acids (Redondo-Cuenca et al. 2006).

Among the nutritionally important major minerals (table 1), whole soy shows high contents of
potassium, phosphorous, calcium, magnesium and sodium (Vieira et al. 1999; Aletor 2010).
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K P Ca Mg Na
1600-1900 450-650 170-320 215-270 10-21

Soy content
(mg/100 g DW)

Table 1. Major minerals present in soy (DW: dried weight).

Furthermore, other trace minerals are also found (table 2), for instance, iron, zinc,
manganese, cooper and selenium, nickel and chromium (Anuonye et al. 2010).

Fe Zn Mn Cu Se Ni Cr

Soy content
(mg/100 g DW)

Table 2. Minor minerals detected in soy (DW: dried weight).

13-19 3-5 2-3 ~2 ~2 ~1 ~1

Soy contains water soluble vitamins (table 3), such as ascorbic acid (vitamin C) whose
content varies from 0.03 to 35 mg/100 g dried weight, riboflavin (B2) from 0.7 to 0.9 mg/100
g dried weight and Bs, which is the most abundant (2-5.5 mg/100 g dried weight) (Anuonye
et al. 2010). Vitamin E, a lipid soluble vitamin is also detected in soy; thus, four kinds of
tocopherol compounds are found in soy: a-tocopherol, whose content varies from 0.4 to 8
mg/100 g dried weight; y-tocopherol, from 4 to 80 mg/100 g dried weight; 6-tocopherol,
from 1 to 50 mg/100 g dried weight; and a trace amount of B-tocopherol (Kasim et al. 2010;
Li et al. 2010).

Vit. C | Vit.B, | Vit.Bs | a-Toc. | y-Toc. 0-Toc. B-Toc.
0.03-35 | 0.7-0.9 2-55 0.4-8 4-80 1-50 traces

Soy content
(mg/100 g DW)

Table 3. Vitamins found in soy (DW: dried weight).

3. Bioactive compounds occurring in soy

Soy is a source not only of proteins, vitamins and minerals, but also of many bioactive
compounds, such as isoflavones, protease inhibitors, saponins, and phytates. Substantial
changes of phytochemical content in soybean seeds are found depending on the source
because, as well as the nutritional profile, the functional composition is strongly affected by
genetic and environmental factors, together with the processing conditions. The great
importance of these compounds is based on their biochemical activity which results in
health promotion and disease prevention. The activity of phytochemicals in the human body
may be strongly influenced by absorption and bioavailability. Thus, relative disposition
appears to be determined by the chemical nature, in terms of solubility and susceptibility to
degradation by gut microorganisms.

3.1 Isoflavones

Soy has attracted much attention due to its healthy benefits associated with the presence of
isoflavones. They comprise a group of naturally occurring flavonoids, which are
heterocyclic phenols, possessing three aromatic rings with several hydroxyl groups. Soy
contains three main types of isoflavones occurring in different chemical forms, which are the
aglycones (daidzein, genistein and glycitein), the p-glucosides (daidzin, genistin and
glycitin), the 6”-O-acetyl-p-glucosides and 6”-O-malonyl-p-glucosides. Furthermore, the 4'-
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methyl ethers of daidzein and genistein, formononetin and biochanin A, are also detected in
soy (figure 1).

RiOHC o
HO
HO
Ri R R3 R4 R,
H H OH Daidzein H H H Daidzin
OH H OH Genistein OH H H Genistin
H  OCH; OH  Glycitein H  OCH; H Glycitin
H H OCH; Formononetin  H H COCH, 6"-0-Acetylda10_lzir_1
OH H OCH; Biochanin-A OH H COCH,4 6''-O-Acetylgenistin
H OCH; COCH; 6''-O-Acetylglycitin
H H COCH,COOH 6''-O-Malonyldaidzin
OH H COCH,COOH 6''-O-Malonylgenistin
H OCH3z COCH,COOH 6''-O-Malonylglycitin

Fig. 1. Chemical structure of the main isoflavones occurring in soy.

Total isoflavone content in whole soy usually ranges from 50 to 450 mg/100 g dried weight
(Kim et al. 2005). Generally, the B-glucosides account for the 30-35%, the 6”-O-malonyl-p-
glucosides are the most abundant (50-65%), the aglycone content is less important (4-12%)
and the 6”-O-acetyl-B-glucosides are usually scarce (0-5%) (Franke et al. 1999; Genovese et
al. 2006). These percentages may change significantly when soy is processed since the 6”-O-
malonyl-p-glucosides are instable under heat so that they are converted into the
corresponding aglycones (Villares et al. 2011). Daizein, genistein and their derivatives are
commonly the most abundant isoflavones in soy whereas glycitein is sometimes only
detected as traces. About 80-90% of total seed isoflavones are located in the cotyledons
(Tsukamoto et al. 1995).

Isoflavones have attracted a great deal of attention due to their antioxidant (Kao and Chen
2006; Chung et al. 2008), antiinflammatory (Park et al. 2007; Garcia-Lafuente et al. 2009), and
antiallergic (Chang et al. 2000) properties. These compounds have shown to reduce the risk
of cardiovascular disease (Jackman et al. 2007), and promote the inhibition of cancer cell
growth (Sarkar and Li 2003; Kao et al. 2007; Davis et al. 2008). Furthermore, soy intake plays
an important role in the prevention of several ailments including osteoporosis, and
menopausal symptoms (Dijsselbloem et al. 2004; Phrakonkham et al. 2007; Coxam 2008; Ma
et al. 2008) since the isoflavones act as antiestrogens (Okamoto et al. 2006; Zhang et al. 2007)
and tyrosine protein kinase inhibitors (Papazisis et al. 2006).

3.2 Lectins and trypsin inhibitors

Lectin (hemagglutinin or agglutinin) is a highly specific carbohydrate-binding protein, with
the highest affinity for N-acetyl-D-galactosamine, and an important role in biological
recognition. Soybeans seeds contain between 300 and 600 mg/100 g of lectins (Gu et al.
2010), which is approximately 0.2 - 1% of the soy protein (Rizzi et al. 2003; Anta et al. 2010).
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Trypsin inhibitors comprise several protein and peptides including the Bowman-Birk
inhibitors, the Kunitz inhibitors and lunasin. Soybean Bowman-Birk inhibitor (BBI) is a
polypeptide of 71 amino acids belonging to the serine-protease inhibitor family. BBI tighyly
interacts with trypsin or chymotrypsin and strongly inhibits their enzymatic activities
(Odani and Ikenaka 1972). The Kunitz soybean inhibitor has been widely studied and
consists of a single polypeptide chain crosslinked by two disulfide bridges, which inhibits
trypsin and, in a lesser extent, chymotrypsin. Lunasin is a 43 amino acid peptide originally
isolated from soy (De Mejia et al. 2004). Trypsin inhibitors usually range from 3000 to 6000
mg/100 g of soy seed (Gu et al. 2010), which comprise between 30 and 125 mg per gram of
protein (Esteves et al. 2010).

Lectins and protease inhibitors have been usually considered as antinutrients because they
may reduce the nutritional value of soybean (Machado et al. 2008; Ma and Wang 2010).
Nevertheless, their intake have shown preventing properties against several diseases, for
instance cancer (de Lumen 2005). Soy proteins seem to reduce the total lipids and cholesterol
levels in the liver of rats (Potter 1995; Nagaoka et al. 1999). The Bowman-Birk soybean
inhibitor has demonstrated to be involved in antiinflammatory processes preventing the
development of cancer and coronary diseases (Dia et al. 2008). Furthermore, other peptides
from soy have shown antihypertensive properties in spontaneously hypertensive rats (Chen
et al. 2004; Gouda et al. 2006).

3.3 Saponins

Saponins are triterpenes or steroid aglycones with one or more sugar chains. The chemical
structure comprises a hydrophobic nucleus (sapogenin) to which hydrophilic sugar chains
are bound (Guclu-Ustundag and Mazza 2007). Saponins from soy, usually referred as
soyasaponins, are classified in A, B and E groups depending on the chemical structure of the
aglycones (Shiraiwa et al. 1991). Group A saponins have a hydroxyl group at the C-21
position whereas group B saponins have a hydrogen atom at the same position. Group E
saponins are considered the oxidation products from group B saponins and differ from
groups A and B by having a carbonyl group at C-22. In figure 2 the chemical structure of
main soyasaponins is depicted.

Soy is the primary dietary source of saponins, which are generally in the hypocotyl, and the
three groups of soyasaponins occur. The total content in soy may vary from 140 to 975
mg/100 g dried weight (Tsukamoto et al. 1995) and the group B usually accounts for up to
70% of total soyasaponins (Paucar-Menacho et al. 2010), being the subgroups I, ag, fg and
vg the most abundant. In the contrary, the saponins II, III, IV, V and ya are found in low
amounts (Hubert et al. 2005). The group A soy saponins comprises several species
depending on the sugar composition and the position to be attached the sugar moiety,
generally the C-3 although sometimes the C-22 position of the aglycones. Among them,
subgroup Aa is the most abundant (Paucar-Menacho et al. 2010).

The group A soyasaponins are associated with the undesirable bitter and astringent taste of
soy; nevertheless, the group B and E saponins and their labile precursor 2,3-dihydro-2,5-
dihydroxy-6-methyl-4H-pyran-4-one - conjugated saponin (DDMP) have shown several
health benefits. Thanks to their amphiphilic nature, saponins have been added to
pharmaceutical preparations the enhance absorption of bioactive compounds or drugs. In
addition, they have been employed as immunological adjuvants in vaccine formulations due
to their immune enhancing properties (Kensil et al. 2004). For instance, saponins appear to
inhibit the infectivity of the AIDS virus (Nakashima et al. 1989; Vlietinck et al. 1998) and the
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Group A soyasaponins (Group A
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Fig. 2. Chemical structure of the saponins occurring in soy.

herpes simplex virus type 1 (Hayashi et al. 1997). Soyasaponins are reported to be
hepatoprotective (Kinjo et al. 2003) and have also shown a preventive effect on the growth
of human colon cancer cells (Tsai et al. 2010). The chemical structure significantly influences
the saponins bioactivity; thus, individual soyasaponin I exhibits lipid peroxidation
inhibitory effects in vitro, antiinflammatory properties in mice with TNBS-induced colitis
(Lee et al. 2010), and potentially reduces metastatic ability of cancer cells (Chang et al. 2006).
Moreover, soyasaponins I and III are reported to induce apoptosis in cells involved in
hepatocarcinoma (Zhang and Popovich 2010).

3.4 Phytates

Phytic acid (myo-inositol-1,2,3,4,5,6-hexakis dihydrogen phosphate, figure 3) is the main
storage source of phosphorus and minerals in many plant tissues. Besides phytate (the salt
of phytic acid), other inositol phosphates, such as inositol pentaphosphates and inositol
tetraphosphates, exist although to a much lower extent (Schlemmer et al. 2009). Phytic acid
is found in many seeds and soy content varies from 1 to 3% (Esteves et al. 2010).Phytates
have been traditionally regarded as antinutrients because they form complexes with
proteins and minerals resulting in enzyme inhibition and mineral deficiencies.
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Fig. 3. Chemical structure of myo-inositol-1,2,3,4,5,6-hexakis dihydrogen phosphate.

Nevertheless, phytates intake has shown beneficial properties, for instance, blood glucose
levels, serum total cholesterol and LDL cholesterol are significantly reduced after their
intake (Lee et al. 2006; Lee et al. 2007). Furthermore, their consumption demonstrated to
increase bone mineral density, thus, preventing osteopororis (Lopez-Gonzalez et al. 2008).
Phytates also inhibit the crystallisation of calcium salts (oxalates and phosphates) avoiding
the formation of kidney stones (Grases et al. 2000). The chelating effect of phytates avoids
the excess iron accumulation and, therefore, provides a protective effect in Parkinson’s
disease (Xu et al. 2008) and antioxidant properties by inhibiting the Fenton oxidative
reaction and the iron mediated lipid peroxidation (Graf and Eaton 1990; Rimbach and
Pallauf 1998). On the other hand, phytate play an important role in cancer prevention and
control of experimental tumor growth, progression and metastasis. Phytate appear to reduce
cell proliferation and also induces differentiation of malignant cells. Hence, phytate has
shown to decrease cancer biomarkers of colon, liver, lung, prostate, breast, skin and soft
tissue carcinogenesis in rats and/or mice (Jenab and Thompson 1998; Jenab and Thompson
2000; Shamsuddin 2002; Vucenik and Shamsuddin 2004). Furthermore, the parent
compound inositol appears to enhance the anticancer effect of conventional chemotherapy
in addition to control cancer metastasis and improve quality of life (Vucenik and
Shamsuddin 2006). Thus, the combination of phytate plus inositol holds great promise in
cancer treatments (Vucenik and Shamsuddin 2003; Singh and Agarwal 2005).

4. Disease prevention

In table 4, the most important effects of the bioactive compounds occurring in soy linked to
the main mechanisms related to common diseases prevention are shown.

In addition to the excellent nutritional properties of soy, the occurrence of natural
phytochemicals showing a number of health protective effects has triggered the soy
consumption. Presently, soybeans and soy-based foods are consumed worldwide and they
can be considered as good candidates to be included in a healthy diet. Soy intake has been
related to the prevention of several diseases, for instance, cancer, Alzheimer, osteoporosis,
or coronary heart diseases.

Most of the health benefits of soy have been associated with the occurrence of isoflavones;
nevertheless, as commented in the previous section, other phytochemicals also play an
important role in the disease prevention. The studies have been performed not only by
evaluating the soy intake but also the effect of supplementation with the isolated bioactive
compounds. Generally, the observed effects are dose-dependent so as to show a preventive
or the opposite activity deppending on the concentration.
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Disease Compound Main effects

Reduction of total lipids and triglycerides
Inhibition of oxidative stress

Isofl .
sotiavones Decrease in bood pressure
Inhibition of NO and TNF-a
Reduction of total homocysteine, transferrin
Cardiovascular Phytate . ystemne
. saturation, and ferritin
disease - 3
Hypocholesterolemic properties
Saponins Reduction of elevated blood sugar

Inhibition of lipid peroxidation
Total cholesterol and lipids reduction
Antihypertensive properties
Reduction of oxidative damage
Inhibition of cancer cell proliferation
Activity in estrogen and progesterone receptors
Isoflavones Inhibiton of protein tyrosine kinases
Cessation of DNA, RNA, and protein synthesis of
the carcinogenic cells
Induction of apoptosis
Suppression of cancer cell invasion
Reduction of tumor generation and cell proliferation
Cancer Trysin inhibitors Inhibition of tumor promotion by avoiding the
digestion of proteins
Reduction of carcinogens adsorption
Suppression of the inflammatory response
Induction of apoptosis
Antiestrogenic activity
Inhibition of tumor cell metastasis

Soy proteins

Saponins Antimutagenic activity effect
Bile acid binding action
Normalization of carcinogen-induced cell
proliferation
. Isoflavones (Effects have not reached a consensus)
Osteoporosis - - -
Phytate Reduction of bone mineral density loss
Inhibition of amyloid-f-peptide fibril formation
Alzheimer Isoflavones

Suppression of the inflammatory response
Reduction of oxidative damage

Table 4. Main mechanisms of action observed for the bioactive compounds present in soy
related to disease prevention.

4.1 Cardiovascular disease

Cardiovascular diseases (CVD) remain the largest cause of death in developing countries.
Coronary heart disease (CHD) and cerebrovascular disease, which includes stroke and
transient ischemic attacks, are the main CVD incidents. Coronary heart disease is
significantly more frequent than stroke, and increases considerably after menopause as a
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consequence of higher levels of low density lipoproteins (LDL) and total cholesterol (Rosano
et al. 2007). Cardiovascular diseases have a multifactorial aetiology and the pathogenesis of
arterial forms of CVD is associated with atherosclerosis, an inflammatory process that
develops at specific locations within the arterial tree. Potential risk biomarkers have been
identified, such as lipid and lipoprotein metabolism (LDL and HDL cholesterol and
triacylglycerol amounts), the haemostatic function, the oxidative damage, the homocysteine
metabolism, and blood pressure (Mensink et al. 2003). The relationship between the
biomarker and the risk has not clearly reached a consensus; hence, only LDL and HDL
cholesterol, triacylglycerol, homocysteine and blood pressure are well-validated and
generally accepted biomarkers.

Asiatic populations, whose diet is particularly rich in soy, show low rates of CVD, whereas
groups moved to western societies lose this protection (Nagata 2000; Zhang et al. 2003). This
fact highlights the cardiovascular disease protection by the occurring phytochemicals in soy,
specially isoflavones and other flavonoid derivatives. Epidemiological studies clearly
evidence that isoflavones and soy bioactive proteins are involved in CVD prevention (Cano
et al. 2010; Jenkins et al. 2010); thus, they have demonstrated to reduce total cholesterol,
triglycerides and LDL. A possible mechanism could involve the modulation of LDL receptor
levels in human liver (Carroll and Kurowska 1995). Furthermore, dietary supplementation
with soy isoflavones favorably alters insulin resistance and controls glycemic levels
(Jayagopal et al. 2002). Recent studies have demonstrated that daily ingestion of purified soy
isoflavones or soy-based foods significantly decreases blood pressure in adults (Matsui et al.
2010; Taku et al. 2010). On the other hand, individual isoflavones appear to play an
important role in other biochemical processes related to CVD, for instance, genistein and
daidzein seem to inhibit the nitric oxide (NO) and tumour necrosis factor alpha (TNF-alpha)
production, showing genistein a greater inhibitory effect (Gottstein et al. 2003). Regarding to
hemostasis, there is still uncertainty about their role in the hemostatic equilibrium; to date,
these phytochemicals are involved in platelet aggregation mechanisms, including the
blockage of the calcium channels (Dobrydneva et al. 2002) or the thromboxane A2 receptor
(Mufioz et al. 2009), the reduction in the density of thromboxane A2 receptors (Garrido et al.
2006), or the interference with different platelet singnalling pathways triggered by thrombin
(Navarro-Nuifez et al. 2009). On the other hand, phytates have been also evaluated in terms
of protecting against CVD risks in postmenopausal women. Combined with soy protein,
they have shown a potential atherosclerotic prevention because of the reduction of total
homocysteine, transferrin saturation, and ferritin (Hanson et al. 2006). Furthermore, other
biochemicals found in soy are also involved in CVD prevention, for instance, soyasaponins
show hypocholesterolemic properties because they can form insoluble complexes with
cholesterol so as to inhibit the intestinal absorption, and saponins could interfere with the
enterohepatic circulation of bile acids by forming mixed micelles, which are blocked to be
reabsorbed by the terminal ileum (Oakenfull and Sidhu 1990). Soyasaponins also reduce
blood sugar when it is elevated and lipid peroxidation levels. In addition, soy proteins have
shown an overall total cholesterol reduction in postmenopausal women (Mackey et al. 2000)
as well as other peptides from soy have shown antihypertensive properties (Chen et al. 2004;
Gouda et al. 2006).

The similar activities observed for the different bioactive compounds occurring in soy may
indicate that the disease prevention could be achieved by the same or very similar
mechanism. In a soy-based diet, the intake of different types of phytochemicals may favour
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the synergistical interaction so as to induce preventive effects in cardiovascular disease that
could not be observed with isolated pure compounds.

4.2 Cancer

Cancer is a leading cause of death worldwide. Prostate, breast, lung and colon cancers are
the most common, being breast in women and prostate cancer in men the most prevalent.
Despite genetic factors, diet may prevent against cancer appearance and development. In
this field, soy-based foods are known to be inversely associated with the cancer risk. The
strongest protective effect of the soy intake was reported for breast, prostate, and colon
cancers (Adlercreutz et al. 1995, Wang and Kurzer 1997). The occurring phytochemicals,
including isoflavones, phytates, saponins, and protease inhibitors, are believed to contribute
to the biological effects observed after soy consumption (Messina et al. 1994).

The cancer protective properties of isoflavones may be attributed to their antioxidant
(Ibrahim et al. 2008), and antiestrogenic (Cederroth and Nef 2009) actions, or their
antimutagenic and antiproliferative activities by means of different mechanisms, such as the
inhibition of protein tyrosine kinases or via cessation of DNA, RNA, and/or protein
synthesis of the carcinogenic cells (Hirano et al. 1994; Kurzer and Xu 1997). Furthermore,
isoflavones from soy show the ability of inhibiting the transformation, the differentiation
(Constantinou and Huberman 1995), and the angiogenesis (Fotsis et al. 1995) of the
carcinogenic cells, together with the induction of apoptosis (Kyle et al. 1997). Meta-analysis
of epidemiological studies shows that soy isoflavones consumption contributes to reduce
the risk of breast cancer incidence; hence, the protective effect of soy was only observed
among studies conducted in Asian but not in Western populations (Dong and Qin 2011).
The preventive effect is significantly important in post-menopausal women, according to the
estrogenic activity of isoflavones, which is commonly associated to the anticarcinogenic
mechanism of protection (Kang et al. 2010). Similarly, soy isoflavones have shown a
preventive effect in prostate cancer (Severson et al. 1989; Kucuk 2010). In addition, a meta-
analysis performed for Japanese and Korean populations demonstrated that consumption of
non-fermented rather than fermented soy-based foods may reduce gastric cancer risk (Kim
et al. 2011). On the other hand, soy protein fractions also play an important role in cancer
prevention. Protease inhibitors may act as anticarcinogenic agents by means of different
mechanisms, including the suppression of reactive oxygen species (superoxide anion free
radicals) formation by stimulated neutrophils; inhibition of tumor promotion; growing
cancer cells deprivation of essential amino acids by avoiding the digestion of proteins; and
the adsorption of carcinogens during passage through the digestive tract, by acting as an
insoluble fibre (Friedman and Brandon 2001). In this field, a Kunitz type trypsin inhibitor
isolated from Korean large black soybeans appeared to exert antiproliferative activity
toward CNE-2 and HNE-2 nasopharyngeal cancer cells, MCF-7 breast cancer cells, and Hep
G2 hepatoma cells (Fang et al. 2010). The Kunitz type protease inhibitor, bikunin, has shown
to suppress cancer cell invasion in vitro and metastasis in vivo (Kobayashi et al. 2004).
Finally, lunasin seems to reduce tumor generation and cell proliferation in breast tumor
sections (Hsieh et al. 2010). Other bioactive compounds occurring in soy, such as saponins,
have shown anticarcinogenic properties in colon, liver or breast cancer cell lines. The
proposed mechanisms of action include direct cytotoxicity, induction of apoptosis,
antiestrogenic activity, inhibition of tumor cell metastasis, antimutagenic activity effect, bile
acid binding action, and normalization of carcinogen-induced cell proliferation (Rao and
Sung 1995). Group B saponins seem to reduce colon cancer cell proliferation possibly by
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suppressing the inflammatory responses (Kim et al. 2004; Ellington et al. 2005). Thus,
soyasaponin-supplemented diets could reduce the incidence of aberrant crypt foci, which
suggest that they may play an important role in the incidence of colon cancer (Koratkar and
Rao 1997).

4.3 Osteoporosis

Estrogen deficiency is involved in many of the proposed mechanisms taking place during
the development of several menopausal-associated diseases, such as osteoporosis, breast
cancer, and cardiovascular diseases. Primary type 1 or postmenopausal osteoporosis is a
reduction of the bone mineral density (BMD) resulting in a significant risk factor for
fracture, generally in vertebrae, forearm and hip. Soy has been evaluated as a protective
agent against BMD loss due to the widely recognised estrogenic activity of isoflavones.
Isoflavones can be considered as possible selective estrogen receptor modulators, which
may bind to estrogen receptors and selectively stimulate or inhibit estrogen-like action
(Setchell 2001). The preventive estrogenic activity could act by means of different
mechanisms, for instance, the direct modulation of osteoblast and osteoclast activity; the
regulation of the resorptive effects of parathyroid hormone; the inhibition of tyrosine-kinase
activity with subsequent changes in the activity of alkaline phosphatase; or the inhibition of
interleukin-1 release, a potent bone resorption agent (Bitto et al. 2010; Pilsakova et al. 2010).
Studies with animals have proved that soy isoflavones may prevent bone density loss.
Protection effects may be significantly modified by the addition of prebiotic
fructooligosaccharides, which increase the isoflavone bioavailability. Therefore, a genistin-
rich diet combined with the intake of fructooligosaccharides is capable of preventing loss of
bone mineral density by increasing whole-body, right femur, and fourth lumbar bone
mineral density in rats (Hooshmand et al. 2010). Similarly, the addition vitamins D and K
and calcium enrichment may enhance the isoflavone preventive effects in bone mass (Jeon et
al. 2009). Nevertheless, published studies with humans are inconsistent and do not clearly
support soy protective effect against bone loss. Some of the meta-analysis including data
from more than 1000 menopausal women revealed that daily ingestion of soy isoflavones
may increase lumbar spine BMD whereas no significant effects are shown in femoral neck,
hip, and trochanter BMD (Taku et al. 2010). In contrast, epidemiological studies did not
found a clear relationship between soy intake and prevention of bone loss and consequently
fractures in perimenopausal and postmenopausal Western women (Lagari and Levis 2010;
Ricci et al. 2010). One of the potential inconsistencies among the epidemiological studies
could be the differences in the isoflavone metabolism. In this field, equol has shown
stronger estrogenic activity than the parent compound daidzein (Ishimi 2009). Other authors
propose that the phytate intake associated to a soy-rich diet could provide protection
against osteoporosis since phytates may reduce BMD loss (Lopez-Gonzalez et al. 2008).

4.4 Alzheimer’s disease

The neurodegenerative pathology Alzheimer’s disease is the most common form of
dementia among people above 65 years old (Hendrie 1998), being more common in women
regarding to men (Vina and Lloret 2010).

Neuronal dysfunction, eventually leading to dementia, is caused by accumulation of
filamentous proteins, such as the amyloid-B peptide, which provokes reactive oxygen
species (ROS) generation, increase in Ca2* levels and other cytotoxic stimuli. Estrogenic
compounds protect cells against mitochondrial toxicity of amyloid-p peptide toxicity; hence,
soy isoflavones have demonstrated to prevent Alzheimer’s disease by inhibiting the
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amyloid-p peptide fibril formation in vitro. Among the isoflavones tested, the aglycones and
equol (a metabolite from daidzein) caused the greater inhibition (up to 30%) (Henry-Vitrac
et al. 2010). On the other hand, soy isoflavones prevent the occurrence of Alzheimer’s
disease because of the antiinflammatory and antioxidant properties (Hsieh et al. 2009).

4.5 Other beneficial effects

In addition to the described diseases prevention, numerous other benefits are reported to be
associated with soy-containing diets. For instance, as commented before, soy seems to
provide protective effects against obesity by lowering the LDL and total cholesterol levels;
and diabetes by reducing the glucose concentration. Furthermore, soybean inhibitors may
protect against induced pancreatitis (Jurkowska et al. 1992), gastrointestinal mucosal injury
(Funk and Baker 1991), and kidney diseases (Kinjo et al. 1998). Soyasaponins show
significant inhibitory effects on the prevalence of herpes labialis and inhibit the replication
of human cytomegalovirus and influenza virus (Hayashi et al. 1997).

5. Conclusion

Soy and soy-based foods have demonstrated to be good candidates to be included in healthy
diets. Soy seeds provide high amounts of protein, dietary fibre, polyunsaturated fatty acids,
vitamins and minerals whereas cholesterol and lactose levels are considerably low. Soy has
attracted much interest not only because of its excellent nutritional properties, but also due
to the occurrence of a number of bioactive compounds, such as isoflavones, saponins,
protease inhibitors or phytates, among others. Many of the healthy benefits attributed to soy
intake are due to the high content of these phytochemicals. Disease prevention comprises a
wide range of mechanisms of action and some of these bioactive compounds have shown to
be involved not only in a unique reaction but in some of them. Among the most important
properties, the bioactive compounds exert antioxidant, antiinflammatory, or estrogenic
activities, which have been demonstrated to be implicated in the health promotion and
disease prevention. Concluding, according to the epidemiological studies, soy may provide
a protective effect against common diseases, for instance, cancer, cardiovascular disease,
osteoporosis or even Alzehimer’s disease.
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