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INTRODUCTION 
 
Soybean is the most widely used vegetable protein 

source for monogastric animals and is the most prevalent 
legume/oil seed crop in the world (FAO, 2008). However, 
soybeans contain nearly as much carbohydrates as protein 
yet the nutritional and/or anti-nutritional activities of these 
carbohydrates in animal feed are quite often ignored.  

Poor growth performance has been observed when 
broilers were fed diets containing soybean meal (SBM) as 
the sole dietary protein source (Irish and Balnave, 1993). It 

was observed that the poor growth of broilers fed SBM as 
the sole protein source was more pronounced with meals 
processed in Australia compared with the meals processed 
in USA. This response was assumed to be related to the 
higher fiber content of Australian processed meals (Irish 
and Balnave, 1993). The poor growth performance could 
not be explained by the digestibility or the amount of 
essential amino acids, or the process of heat treatment of the 
SBM tested. A significant relationship was observed 
between the water-soluble xylose content of the soybean 
meals and the improvement in weight gain obtained when 
sunflower meal replaced some of the soybean meal. 
Measurement of free sugars in the supernatant of the digesta 
in the ileum indicated that the stachyose derived from the 
oligosaccharides of SBM appeared to exert an anti-nutritive 
effect when SBM was present at high concentrations as the 
sole protein source in broiler diets (Irish and Balnave, 1993). 

Growing pigs can utilize SBM efficiently but weaning 
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piglets respond to dietary SBM with reduced growth 
performance (Li et al., 1991; Friesen et al., 1993; Rooke et 
al., 1998). The anti-nutritive effects of soy oligosaccharides 
and soluble NSP have been observed in weaning piglets 
(Veldman, 1993; Pluske et al., 1998). It was reported that 
the removal of soluble NSP and oligosaccharide by 
ethanol/water extraction improved intestinal health and 
growth performance in weaning piglets (Hancock et al., 
1990). 

The chemical and nutritional properties of soybean 
carbohydrates have been extensively reviewed by Karr-
Lilienthal et al. (2005). However, there is a scarcity of 
literature reviews on the anti-nutritional effects of soluble 
NSP and soy oligosaccharides on digestibility, intestinal 
health and growth performance in pigs and poultry.  

The objectives of this paper are to review digestibility, 
nutritional values and anti-nutritional effects of soybean 
carbohydrates, with focus on the soluble non starch 
polysaccharides and oligosaccharides; and to evaluate the 
impact of ethanol/water extraction on soy carbohydrates 
composition.  

 
CARBOHYDRATES IN SOYBEAN 

 
The chemical composition of soybean and soybean meal 

Soybeans have about 8% seed coat or hull, 90% 
cotyledons and 2% germ (USDA, 2009). Soybeans are not 
only a great source of high quality oil, but also are rich in 
protein and carbohydrates. Thus, dehulled soybeans contain 
20% oil, 40% protein, 35% carbohydrates and 5% minerals 
on a DM basis (USDA, 2009). When the oil is extracted, the 
remainder, usually called the meal, has around 48% protein, 
35-40% carbohydrates, 7-10% water, 5-6% minerals and 
less than 1% fat (3-4% of acid hydrolyzed fat) (USDA, 
2009). The carbohydrates are the least understood 
constituent in soybean. Figure 1 summarizes this process. 

 
Carbohydrates in soybean 

The carbohydrates in soybean meal consist 
predominantly of non-starch polysaccharides (NSP) and 

free sugars, such as, mono-, di- and oligosaccharides (Choct, 
1997). Starch is present at less than 1% (Choct, 1997). NSP 
are classified into three main groups, as shown in Figure 2, 
namely cellulose, non-cellulosic polymers and pectic 
polysaccharides.  

Different ingredients contain not only different amounts 
of soluble and insoluble NSP and oligosaccharides but also 
the structure and physiochemical characteristics of the NSP 
differ widely. Soybean NSP are composed mainly of a 
mixture of pectic polysaccharides such as 
rhamnogalacturonans (types I and II), arabinogalactan I and 
xylogalacturonan (Fransen, 1999). The carbohydrates in 
soybean consist of approximately 10% free sugars (5% 
sucrose, 4% stachyose and 1% raffinose) (Macrae et al., 
1993) and between 20-30% NSP, in which approximately 
8% are cellulose and the remaining are pectic 

 

Figure 2. Classification of Non-Starch Polysaccharides (NSP). 

Figure 1. Nutrient composition of soybean and soybean meal. 
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polysaccharides (Choct, 1997). It is also worth mentioning 
that the carbohydrate composition of soybeans varies 
according to the geographical locations where the soybean 
was grown, harvest conditions and post-harvest processing 
(Karr-Lilienthal et al., 2005). Thus, it is not surprising to 
find that the level of sucrose ranges between 3-8%, 
raffinose between 0.1-1.5% and stachyose between 1 to 6%. 
Figure 3 shows the carbohydrate composition of soybean 
meal. 

Besides the variation due to genotype and origin of 
soybean, the content of NSP may also be related to the 
method of analysis. Literature reports a large range of 
values for soy NSP and oligosaccharides as summarized in 
Table 1.  

Dust et al. (2004) observed that extrusion conditions 
affected chemical composition of soy flour with the total 
dietary fiber, insoluble dietary fiber and soluble dietary 
fiber, respectively, being 28.9, 18.1 and 10.8% in mild 
extruded soy flour, and 26.6, 18.6 and 8.0%, respectively, in moderately extruded soy flour.  

Table 1. Carbohydrates in soybean meal (g/kg dry matter); mean values and SD 
References Bach Knudsen (1997) Irish and Balnave (1993)1 Grieshop et al. (2003)2 Smits and Annison (1996)3

No of samples 
6 10 10  

Mean SD  Mean SD Mean SD  
Sucrose 70 11   65.8 11.3  
Raffinose 10 1   11.8 1.6  
Stachyose 47 4   49.8 5.2  
Verbascose 3 2   2.2 0.3  

Total sugar 137 16   166 14  
Total NSP 217 27 191.8 18.6 198* 9 303 
S-NSP 63 10 27.3 4.9   139 

Rhamnose 1 1 0.6 0.5    
Fucose   0.4 0.1    
Arabinose 9 2 5.3 1.1    
Xylose 2 1 1.1 1.0    
Mannose 5 1 2.1 0.6    
Galactose 16 3 5.7 1.9    
Glucose 6 3 3.1 1.3    
Uronic acids 25 4 10.7 2.6    

I-NSP 92 9 164.5 18.5   164 
Rhamnose 2 0 2.3 0.5    
Arabinose 17 2 3.1 0.2    
Fucose   23.9 2.5    
Xylose 17 3 17.1 5.5    
Mannose 8 2 6.8 1.4    
Galactose 25 3 39.4 2.6    
Glucose 1 2 3.1 1.6    
Uronic acids 23 3 25.4 2.0    
Cellulose 62 18 44.2 10.6    

Klason Lignin 16 4      
Dietary fiber 233 26      
CHO and lignin       

Analyzed 400 15      
Calculated 416 17      

1 SBM from different origins, soluble NSP was calculated by total NSP-insoluble NSP. 2 SBM collected at 10 US soybean processing plants. 
3 Adapted from Carre (1992) cited by  Smits and Annison (1996), from data not corrected for residual proteins. 
* Total non-structural carbohydrate. 

Figure 3. The types and amounts of various carbohydrates present
in soybean meal. 
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Grieshop et al. (2003) reported that the total sugar 
content ranged from 13.6 to 17.9% of DM in SBM 
collected at 10 US soybean processing plants. Greater and 
Fehr (2000) reported that the mean total sugar content of 23 
soybean cultivars grown at 8 Iowa locations in 1998 ranged 
from 19 to 21.4% on DM basis. The average total sugar 
contents were 10.6, 7.5 and 5.9%, respectively, in the seeds 
of G. max, G. gracilis and G. soja (Hymowitz and Collins, 
1974). The seeds of G. max had a higher total sugar content, 
with the highest value being 16.6%.  

Sugars content in soybean seeds were negatively 
correlated with protein content (Hartwig et al., 1997). The 
content of oligosaccharides (stachyose+raffinose+sucrose) 
was 96.7 and 103.3 g/kg DM respectively in year 1991 and 
1992 in high oil soybean seeds; while it was 88.9 and 86.2 
g/kg dm respectively in year 1991 and 1992 in high protein 
soybean seeds. 

  
Chemical structures of the soy carbohydrates 

The chemical structures of soy carbohydrates are highly 
complex and the exact formulae and amounts of some of the 

molecules are not known. However, it is well established 
that the main pectic polymers in soybean are 
rhamnogalacturonans with cellulose as the second most 
abundant carbohydrate in soybean meal (Choct, 1997). 
Oligosaccharides are characterised by α-galactosidic bonds 
between saccharose and galactose, and thus they are also 
known as α-galactosides. Figure 4 shows the molecular 
structures of cellulose, pectic polymers and 
oligosaccharides.  

 
DIGESTIBILITY AND NUTRITIVE  

VALUE OF SOY NSP  
 

Digestibility 
Digestion here refers to the disappearance of nutrients 

from the entire gastrointestinal tract as well as from specific 
parts of the tract, e.g., ileal digestibility. Since pigs and 
poultry do not have endogenous enzymes capable of 
digesting NSP and some oligosaccharides, the digestibility 
of these carbohydrates is achieved by chemical (acid in the 
stomach in pigs and crop in chickens) and microbial  

(a) Cellulose 

 
 

(b) Xylogalacturonan 

 
 

(c) Arabinogalactan I  

 

Figure 4. i) The chemical structures of soy carbohydrates. 
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(d) Rhamnogalacturonan I  

 
(e) Rhamnogalacturonan II  

 
 

(f) α-galactosides (soy oligosaccharides)  
 

 

Figure 4. ii) The chemical structures of soy carbohydrates.
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degradation. Indeed a large portion of NSP is digested by 
the large intestinal microflora in pigs. The digestibility of 
NSP is affected by a multitude of factors which include 
animal species, age of animals, solubility, chemical 
structure, and their quantity in the diet.  

The solubility of NSP affects their digestibility in both 
pigs and poultry. In general, the soluble NSP are more 
digestible than the insoluble fraction. In pigs, the 
digestibility of the soluble NSP is near complete, but that of 
insoluble NSP, such as cellulose, ranges from 34-60% 
(Bach Knudsen and Hansen, 1991). NSP digestibility in 
poultry is lower. Carré et al. (1990) observed a NSP 
digestibility value of 13% in cockerels fed a diet containing 
6.9% NSP, where the only source of NSP was from defatted, 
de-hulled soybean meal. In adult birds, Carré et al. (1995) 
suggested that the degradation of soluble NSP can be as 
high as 80-90%, whereas the insoluble polysaccharides 
remain un-degraded. Using an in vitro enzymatic digestion 
procedure, Honig and Rackies (1979) observed that the in 
vitro digestibility of total carbohydrates in whole soybeans, 
dehulled, defatted soy flour and soy hulls were 40.7, 58.4 
and 2%, respectively. The apparent ileal and total tract 
digestibilities of NSP in the diet based on SBM, wheat and 
barley were 8.2 and 68% in piglets (Gdala et al., 1997). In 
early weaned piglets, the fecal apparent digestibility of 
soluble carbohydrates was more than 92% with a diet based 
on soybean meal (inclusion level of 42.2% in the diet), corn 
(inclusion level of 18% in the diet) and lactose (Turlington 
et al., 1989), indicating that soy soluble carbohydrates were 
extensively fermented by bacteria in the intestine. The total 
carbohydrate digestibilities in the ileum and colon were 67 
and 89.7%, respectively. The authors suggested that 
structural carbohydrates from SBM are more soluble in 
acidic conditions than those from corn.  

There is a large difference in NSP digestibility between 
pigs and poultry (Choct and Cadogan, 2001). In general, 
pigs can digest NSP better than chickens due to a better 
fermentative capacity in the large intestine and a longer 
digesta transit time (Choct and Cadogan, 2001). But 
difference in NSP digestibility also occurs within the same 
species. Carré et al. (1995) reported that for a corn-soy diet, 
NSP digestibility was significantly higher in adult cockerels 
than broilers. It is possible that as the bird ages, its gut 
microflora adapts to the NSP more efficiently by production 
of various glycanases. In pigs, the digestibility of NSP 
increases with the age of animals, since grower and finisher 
pigs can utilize dietary fiber better than young piglets. 
Gdala et al. (1997) reported that the digestibilities of xylose, 
arabinose, and uronic acids in a cereal and SBM based diet 
were 3.1, 6.8 and 2.7 (as % of intake), respectively, in the 
small intestine of 8-12 week old piglets. It was observed 
that enzyme supplementation in the diet did not affect ileal 
digestibility of NSP constituents in the SBM based diet. 

The amount of NSP in the diet influences their 
digestibility (Choct and Annison, 1990). The effect of 
inclusion levels of NSP on their own digestibility is 
multifaceted. First, the anti-nutritive effect of NSP on 
nutrient digestion is related to the dietary concentration of 
NSP (Choct and Annison, 1990); second, the capacity of the 
gut microflora of the chicken is simply limited in digesting 
large amounts of NSP within the short transit time of the 
digesta. 

 
Nutritional value of soy NSP 

The process of NSP digestion in pigs and poultry has 
the commonality of acid digestion in the upper part of the 
gut (stomach in pigs and crop in chickens) and microbial 
fermentation in the lower part of the small intestine and of 
the entire large intestine. In poultry, a small amount of 
physical digestion may occur as fibrous materials go 
through the gizzard where they are ground to fine particles. 
This section will attempt to cover the effect of NSP on 
nutrient digestion and absorption, on the gut microflora; the 
digestion of oligosaccharides and its fermentation products; 
the effect of the short chain fatty acids (SCFA) on the gut; 
and the contribution of SCFA to dietary energy.  

There are some vague correlations between the type of 
carbohydrates and their fermentation products. For example, 
fermentation of soluble pectins produces approximately 
80% acetate and only a small amount of butyrate, whereas 
guar gum produces less acetate and more butyrate 
(Cummings, 1981). After 12 h of in vitro fermentation of 
soy solubles that contained soy soluble NSP and 
oligosaccharides with swine fecal microflora, the 
production of short chain fatty acids were 2.4, 1.9, 0.7 and 5 
mmol/g of OM for acetate, propionate, butyrate and total 
SCFA, respectively (Smiricky-Tjardes et al., 2003a). 
Acetate mainly enters the portal system to serve as an 
energy source for the periphery; propionate is metabolized 
in part by the colonocytes, but primarily by the liver; 
butyrate is the most important fuel for the colonocytes in 
humans and pigs. A rapid entrance of fermentable substrates 
into the hind gut can lead to the production of lactic and 
succinic acids (Sakata, 1987). SCFA are believed to 
enhance sodium absorption, stimulate blood flow and 
regulate nutrient absorption (Sakata, 1987). Numerous other 
roles are suggested for SCFA, but they are beyond the scope 
of this paper. What is of direct relevance to animal nutrition 
is the energy contribution from these acids. In poultry, most 
of the fermentative products are absorbed effectively (Carré, 
1995). However, Jørgensen et al. (1996) reported that the 
total contribution of SCFA to the metabolisable energy 
available to the bird is approximately 42 kJ per day 
independent of the NSP source, which accounts for only 2-
3% of the dietary ME. But the net efficiency of utilization 
of dietary energy via hind gut fermentation is estimated to 
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be 65% and 50% of that of glucose absorbed in the intestine 
in adult cockerels and broiler chickens, respectively (Carré, 
1995). In pigs, the fermentative break down of NSP in the 
large intestine can provide between 10-24% of the dietary 
energy for maintenance with an additional 1-4% of energy 
coming from the flow of organic acids produced in the 
ileum, depending on the type and amount carbohydrates in 
the diet (Bach Knudsen and Hansen, 1991). This highlights 
the capacity of the pig to use a large amount of 
carbohydrates by hind gut fermentation. However, the net 
efficiency of utilization of energy via fermentation is still 
low in pigs (Yen et al., 1991). 

 
The anti-nutritive effect of NSP 

Elevated levels of NSP, in particular the soluble fraction, 
lead to decreased nutrient digestion and absorption in 
poultry (Antoniou et al., 1981; Choct and Annison, 1990) 
and, to a lesser extent, in pigs (van Barneveld and Hughes, 
1994). Soluble NSP increase the viscosity of the digesta, 
leading to changes in the physiology and the ecosystem of 
the gut (Angkanaporn et al., 1994). This is probably related 
to a slower digesta passage rate. A slow moving digesta 
with low oxygen tension in the small intestine could 
provide a relatively stable environment where fermentative 
microflora can establish (Wagner and Thomas, 1978). Choct 
et al. (1996) demonstrated a large increase in fermentation 
in the small intestine of broilers by adding soluble NSP in 
the diet. At first, it could be thought that increased 
production of VFA would increase the energy content of the 
feed, but due to the drastic change in the gut ecosystem, the 
net effect was decreased nutrient digestion accompanied by 
poor bird performance. Subsequent depolymerisation of the 
soluble NSP in vivo using glycanases overcame this 
problem. In growing pigs, these effects are often not so 
obvious, in particular the effect on gut viscosity. In weaning 
piglets, however, Pluske et al. (1998) showed that an 
elevated level of dietary soluble NSP was associated with 
increased pathogenesis of swine dysentery. Thus reducing 
the quantity of fermentable substrate entering the large 
intestine reduced the incidence of swine dysentery. The 
authors suggested that the presence of soluble NSP in 
weaner diets was detrimental for piglet growth and caused 
proliferation of E. coli in the small intestine.  

The implication of increased dietary soluble NSP in the 
onset of other diseases, such as necrotic enteritis in poultry, 
has also been documented (Kaldhusdal and Hofshagen, 
1992). It appears that if the NSP are completely hydrolyzed, 
the anti-nutritive effect on nutrient digestion and absorption 
and its association of the pathogenesis of certain diseases 
could be eliminated. A large reduction in number of 
Clostridium perfringens, the causative bacterium for 
necrotic enteritis in poultry, by enzyme supplementation has 
recently been reported (Choct et al., 2006).  

The depressive effect of dietary NSP on digestibility of 
nutrients depends on their inclusion levels, sources and 
composition (Murray et al., 1977; Freire et al., 2000). In 
general, it is accepted that increasing dietary NSP levels can 
have negative effects on the digestibility and rate of 
absorption of nutrients such as starch, protein and fat. In 
pigs, it was estimated that with each percentage increase of 
NDF (neutral detergent fiber), energy digestibility could be 
reduced by 0.4 to 1.8% for fiber from leguminous feeds and 
0.9 to 1.0% for fiber from cereals (Fernandez and Jorgensen, 
1986). 

Murray et al. (1977) observed that the addition of gel-
forming (soluble) polysaccharides (methyl cellulose and 
pectin) to a diet (6% as replacement of starch) caused a 
decrease in the apparent digestibility of nitrogen at the 
terminal ileum. The inclusion of an insoluble 
polysaccharide (10% of cellulose) as a replacement for 
starch had little effect on nitrogen digestibility. The authors 
suggested that gel-forming polysaccharides (such as soluble 
soy pectin) impaired the hydrolysis of protein rather than 
the absorption of the products of digestion. Freire et al. 
(2000) compared inclusion of 20% of wheat bran, sugar 
beet pulp, soybean hulls and alfalfa meal as respective fiber 
source to a low fiber basal diet in weaned piglets (7.9 kg 
BW). They found that soybean hulls (providing 49 and 73 
g/kg hemicellulose and cellulose respectively) addition 
reduced the daily growth rate by 20% and increased the 
feed conversion by 17% compared with the other fiber 
sources. Replacement of wheat bran by soybean hulls 
decreased the total tract digestibility of DM and N by 4.5 
and 21.5% respectively. With a constant nitrogen intake, 
soybean hulls reduced the daily nitrogen retention by 25% 
compared with the other fiber sources, while sugar beet 
pulp gave the best digestibility of nutrients. The authors 
suggested that soybean hulls seemed to be less appropriate 
to the low digestive capacity of the young pig. The above 
mentioned studies demonstrate that soy bean hull and soy 
soluble NSP (mainly pectin) can have negative effect on 
digestibility of nutrients and growth performance of young 
animals, i.e., weaning piglets.  

NSP can also bind nutrients and form complexes with 
digestive enzymes and some regulatory proteins in the gut. 
Angkanaporn et al. (1994) showed that soluble NSP 
markedly increased endogenous losses of amino acids in 
chickens. The gut secretes some 20 hormones or regulatory 
peptides (Unväs-Moberg, 1992), some enhance nutrient 
absorption, and others depress it. Feed components that 
have effects on endogenous protein secretion ought to have 
an effect on hormonal secretions. Furthermore, viscous NSP 
can enhance bile acid secretion and subsequently result in 
significant loss of these acids in the feces in rats (Ide et al., 
1989). In addition, certain NSP can bind bile salts, lipids 
and cholesterol (Vahouny et al., 1981) which could result in 
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increased hepatic synthesis of bile acids from cholesterol to 
re-establish the composite pool of these metabolites in the 
enterohepatic circulation. The continued “drain” of bile 
acids and lipids by sequestration, and increased elimination 
as fecal acidic and neutral sterols, may ultimately influence 
the absorption of lipids and cholesterol in the intestine. 
These effects could lead to major changes in the digestive 
and absorptive dynamics of the gut, with consequent poor 
overall efficiency in nutrient assimilation by the animal. 

Soybean meal contains about 30% of NSP, including 14 
and 16% of soluble and insoluble NSP, respectively, on dry 
matter basis (Smits and Annison, 1996). Thus, inclusion of 
high levels of soybean meal will add high amount of 
soluble NSP in the diet and this will lead to an increased 
risk of intestinal disorder in weaning piglets.  

 
SOY OLIGOSACCHARIDES 

 
Digestibility of oligosaccharides 

Lower molecular weight carbohydrates, such as 
oligosaccharides and fructans, are digested between 40-50% 
in the small intestine (De Schrijver, 2001) and are 
completely digested in the large intestine of the pig (Carré 
et al., 1990). Generally, the consequence of oligosaccharide 
digestion is an increase in the number of Lactobacilli and 
Bifidobacterium, and a decrease in Clostridia and 
Enterobacteria (Nemcova et al., 1999). Other oligomers, 
such as manan-oligosaccharides, are believed to physically 
bind to pathogens as well as stimulate the immune system 
(Spring et al., 2000). Coon et al. (1990) reported that ileal 
digestibility of raffinose and stachyose was very low in 
roosters (less than 1%), but the digestibility based on 
excreta collection was high (84 to 90%). Carré et al. (1990) 
estimated the apparent digestibility value for 
oligosaccharides to be 82% in cockerels fed a diet based on 
soybean meal and corn starch. In pigs, the apparent ileal 
digestibility of galactooligosaccharides was 77% in a diet 
containing soy solubles, while the apparent total tract 
digestibility for the same diet was 100% (Smiricky-Tjardes 
et al., 2003b). 

Veldman et al. (1993) observed that the ileal 
digestibility coefficients of α-galactosides were 0.73 and 
0.57, respectively, for a control diet containing corn starch 
and a test diet supplemented with soy velasses. The addition 
of soy velasses (ethanol/water extract from soy flakes, 
containing 15.2% stachyose and 2.8% raffinose) resulted in 
a 25% reduction in organic matter and crude protein 
digestibility in piglets (Figure 5). The authors suggested 
that the decrease in digestibility was the result of an 
increase in gut osmolarity and dilution of digestive enzyme 
activities and substrate concentrations. Similarly, Smiricky 
et al. (2002) observed that addition of soy solubles 
containing a high amount of raffinose and stachyose to a 

SPC based diet reduced N and AA digestibility in growing 
pigs. The addition of α-galactosidase did not improve 
apparent or true ileal N and AA digestibility, except for the 
apparent and true digestibility for Val and Tyr.  

Supplementation with a single enzyme (α-galactosidase, 
xylanase, β-glucanase, α-amylase, protease respectively) or 
with a mixture of enzymes (α-galactosidase+xylanase+ 
protease) to a cereal and SBM based diet did not improve 
ileal digestibility of low molecular weight sugars in piglets 
(Gdala et al., 1997). 

 
Oligosaccharides and intestinal characteristics 

It is proposed that a combination of non-digestible 
oligosaccharides that can be fermented throughout all 
sections of the gastrointestinal tract including the large 
intestine may result in prolonged prebiotic effects and prove 
useful as feed additives in the diets for pigs (Mosenthin and 
Bauer, 2000). In poultry, the role of dietary oligosaccharides 
is not clear. Those who look for the prebiotic effect of 
oligosaccharides often report change in the number and 
make up of the gut microflora indicative of a beneficial 
effect (Spring et al., 2000), whereas those who investigate 
the performance related parameters argue that an elevated 
level of oligosaccharides in poultry diets increases fluid 
retention, hydrogen production and diarrhea, leading to 
impaired utilization of nutrients (Saini, 1989; Coon et al., 
1990). Therefore, it is difficult to say whether 
oligosaccharides are “nutrients” or “anti-nutrients”. The 
effect of oligosaccharides in intestinal microflora 
population is clearly related to the sources, type and 
concentrations.  

Iji and Tivey (1998) reported that the effect of natural 
raffinose series oligosaccharides (Raffinose, stachyose, 
verbascose and ajugose) is different from the effects of 
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Figure 5. Ileal digestibility coefficients of organic matter (OM),
crude protein (CP), starch, nitrogen free extract (NFE) and α-
galactosides in experimental diets containing corn starch (control)
or soy velasse respectively, in weaning piglets (Veldman et al.,
1993). 
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synthetic (industrial) products on the productivity of broiler 
chickens. There is evidence of negative effects on animal 
health and productivity from the use of raffinose series 
oligosaccharides, but beneficial effects from the use of 
synthetic oligosaccharides. Due to the absence of α-
galactosidase in the upper gastrointestinal tract of 
monogastric animals, the raffinose series oligosaccharides 
remain undigested as far as the lower gut, where they are 
fermented by intestinal bacteria and release gases which 
have been associated with flatulence in non-ruminant 
animals and humans. The digestion of raffinose series 
oligosaccharides may also alter the osmotic differences 
between the mucosa and plasma, and this may account for 
the diarrhea observed in animals on diets with high levels of 
legume seeds (Saini et al., 1989). The authors have 
suggested that the different response between synthetic and 
natural series raffinose may be attributed to the very low 
concentrations at which the synthetic raffinose are usually 
included in the diets.  

In weaning piglets, Fledderus (2005) observed that the 
inclusion of soy oligosaccharides from soy solubles as a 
replacement for corn starch caused intestinal disturbance as 
indicated by more chyme production and higher microbial 
activity in the gut. The chyme production increased by 40%, 
total volatile fatty acid content by 60% and total biogenic 
amine content by 109% (Table 2). Soy oligosaccharides 
increased microbial activities as indicated by the increased 
ATP and VFA contents. Microbial activities increased the 
formation of harmful metabolites such as biogenic amines. 
Elevated biogenic amine production in the gut might lead to 
alteration of local and systemic animal physiological 
functions, such as enhanced enterocyte proliferation, 
increased gut motility and vaso-active effects, leading to 
lower nutrient utilization (Veldman et al., 1993). 

Fledderus (2005) determined the effect of inclusion of 

soy oligosaccharides in the diet for weaning piglets on 
microflora composition in the ileal digesta. Addition of soy 
oligosaccharides had no significant effect on microflora 
composition, the number and type of bacteria per gram 
chyme. However, on a DM basis, more bacteria were 
produced in piglets fed the soy oligosaccharides 
supplemented feed as a result of the increased total chyme 
production. Due to the lack of a specific effect on beneficial 
bacterial populations, little potential is exhibited to exploit 
soy oligosaccharides as an integrated dietary pre-biotic. 

In weaning piglets, the effect of natural soy 
oligosaccharides on microbiota composition may be 
different from synthetic oligosaccharides. It was observed 
that diet based on SBM providing 1% soy 
stachyose+raffinose did not significantly affect intestinal 
bacterial numbers in weaning piglets compared to the 
control diet (Zhang et al., 2003). Supplementation of 1% 
pure stachyose stimulated Lactobacillus spp., however 
addition of 2% pure stachyose significantly reduced 
intestinal lactobacteria and bifidobacteria. The different 
response between natural and synthetic stachyose may be 
explained by the difference in fermentation kinetics 
(Smiricky-Tjardes et al., 2003; Lan et al., 2005). Smiricky-
Tjardes et al. (2003a,b) observed that synthetic raffinose 
and stachyose were more rapidly fermented in vitro than 
soy solubles that contributed the same amount of raffinose 
and stachyose. In vitro fermentation with swine fecal 
microflora showed a higher fermentation rate for soy 
solubles compared with other oligosaccharides (fructo-, 
manno- and xylo-oligosaccharides).  

In growing pigs, Smiricky-Tjardes et al. (2003b) 
suggested that dietary galactooligosaccharides, including 
soy solubles, might be used as prebiotics as they increased 
fecal bifidobacteria and lactobacillus population, although 
addition of soy solubles to a basal diet reduced ileal and 

Table 2. The effect of soy oligosaccharides on ileal chyme production, ATP, VFA and biogenic amines content expressed as g/kg dry 
matter chyme and g/kg dry matter feed respectively 
 Control +Soy oligosaccharides 
Osmotic value (osmol/L) 0.364 0.403 
Chyme production (g/d) 2,964 4,149 
Chyme moisture secretion (g/d) 2,518 3,579 
Chyme dry matter excretion (g/d) 446 570 
ATP-content   

ng/g dry matter chyme  60.7 139.7 
ng/g dry matter feed 19.2 71.6 

Total VFA   
g/kg dry matter chyme  18.25 17.64 
g/kg dry matter feed 5.58 8.91 

Total biogenic amines   
g/kg dry matter chyme  248.6 289.2 
g/kg dry matter feed 77.1 161.3 
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total tract DM, OM and N digestibility. 
 
Oligosaccharides and performance  

It is generally accepted that high levels of soy 
oligosaccharides, in particular stachyose and raffinose, can 
cause intestinal disorder in weaning piglets. Pigs do not 
have endogenous enzymes capable of digesting certain 
oligosaccharides, such as stachyose and raffinose (Veldman 
et al., 1993). The fermentation of oligosaccharides in the 
intestine can cause flatulence and diarrhea (Zhang et al., 
2003).  

Zhang et al. (2003) observed that supplementation of 
stachyose at an inclusion level of 1 and 2% reduced the 
growth rate of weanling piglets (Table 3). The 
recommended level of soybean galactooligosaccharides 
(stachyose+raffinose) in weaning piglets diet is not to 
exceed 1% when SBM is used as a main protein source. 
Furthermore, diarrhea incidences were highest in the SBM 
diet, lowest in the control diet and intermediate in the 
stachyose diets. Interestingly, the addition of 1% stachyose 
to the diet resulted in the similar performance as the SBM 
based diet. Soy stachyose may partially contribute to the 
post-weaning diarrhea problems, explaining the poorer 
performance of piglets when SBM is used as the sole 
protein source in weaning piglet diets.  

Similar results were observed by Fledderus (2005), that 
is, a SBM based diet induced the highest incidence of 
diarrhea (6 days) compared with a positive control diet (3.6 
days) and a SPC based diet (2.4 days) in weaning piglets. 
Total replacement of SBM with SPC as a protein source 
reduced diarrhea incidence and improved growth 
performance. This can be partially explained by the removal 
of indigestible oligosaccharides during the SPC processing. 

In broilers, it was observed that the concentration of free 
sugars in the supernatant of the digesta from the distal small 
intestine demonstrated a number of significant negative 
correlations with performance (Irish and Balnave, 1993). 
Weight gain and feed intake were significantly correlated 
with the concentration of stachyose, raffinose and sucrose; 
feed conversion with the concentration of stachyose and 
raffinose. No such correlations with performance were 
found with the concentration of these sugars in the digesta 
from the proximal small intestine. The authors suggested 
that the oligosaccharides present in SBM may play some 

part in the poor performance of broilers fed SBM based 
diets. High concentration of oligosaccharides in the small 
intestine produce an osmotic effect, leading to fluid 
retention and an increased rate of passage that could 
adversely affect the absorption of nutrients.  

 
Effect of carbohydrase  

Kim et al. (2003) determined the effect of dietary 
inclusion of carbohydrases (containing mainly galactosidase, 
mannanase and mannosidase) to a corn-soybean meal based 
nursery piglets diet. The piglets were weaned at 21 days of 
age. Phase I, II and III diets contained 20, 25 and 32% 
soybean meal, respectively. They observed that the 
carbohydrases did not improve performance in phases I and 
II, but improved gain:feed ratio, and energy and AA 
digestibility in phase III. This study implies that the 
addition of galactosidase in phase I and II diets can not 
overcome the detrimental effect of soy oligosaccharides and 
soluble NSP in weaning piglets.  

 
EFFECT OF ETHANOL EXTRACTION ON  
SOY CARBOHYDRATE COMPOSITION 

 
Raw soybeans contain high amount of anti-nutritional 

factors (ANF) and need to be properly processed before 
their applications in animal feed. The nutritional value and 
quality of soy products differ due to differences in 
processing technology. The ANF in soybeans can be 
divided into heat labile and heat stable components. The 
most important heat labile anti-nutritional factor are trypsin 
inhibitors and lectins, which can reduce the digestibility and 
utilization of nutrients. The most important heat stable ANF 
are proteins exhibiting antigenic effects (soy antigens) and 
oligosaccharides. In the processing of soybean meal, only 
heat labile soy ANF is inactivated. Soybean meal therefore 
still contains high amount of heat stable ANF, e.g. soy 
antigens, oligosaccharides and soluble NSP. This limits the 
application of soybean meal in the feed for young animals, 
such as weaning piglets, as they are very sensitive to soy 
ANF.  

Ethanol/water extraction of soybean flakes removes or 
inactivates heat stable soy ANF. Currently commercially 
available soy protein concentrates are produced by 
ethanol/water extraction of i) soy white flakes (produced by 

Table 3. The effect of SBM and stachyose on performance and incidence of diarrhea in weaning piglets (Zhang et al., 2003) 
 Control SBM 1% Stachyose 2% Stachyose 
Weight gain (kg/d)1 0.25a 0.22ab 0.21b 0.17c 
Feed intake (kg/d) 0.4 0.43 0.42 0.37 
Feed conversion 1.61 1.95 2 2.17 
Diarrhea2 2.05a 4.55b 2.35a 3.15ab 
1 Means with different superscripts differ at p<0.05. 
2 The incidence of diarrhea was expressed as the sum of days suffered from diarrhea for each pig during the first 14 days. 
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removal of soy oil at low temperature) or ii), hipro-soybean 
meal. As it is out of the scope of this paper, the difference in 
these two production processes is not discussed. The 
classification and production processes of different soy 
protein products have been recently reviewed (Dersjant-Li 
and Peisker, 2008). The ethanol/water extract process 
allows the removal of soy oligosaccharides and soluble NSP. 
Ethanol extraction achieves a 90% reduction in the 
oligosaccharides present in soybean meal (Veldman et al., 
1993). Simultaneously glycinin and β-conglycinin, the two 
most important storage proteins in soy, are denatured and 
eliminated their antigenic properties.  

Removal of the ethanol-soluble components (mostly 
oligosaccharides) of soybean meals significantly elevated 
the true metabolizable energy of the diet and markedly 
improved chick performance (Leske et al., 1993). In 
weaning piglets, inclusion of soybean meal can cause 
intestinal disorder, increase the risk of diarrhea occurrences 
and reduce growth performance of the newly weaned 
piglets (Zhang et al., 2003). The negative effect of soybean 
meal in piglets is mainly caused by the heat stable ANF, i.e. 
soy antigens, oligosaccharides and soluble NSP.  

Soy protein concentrate typically contains 65% crude 
protein on an as is basis and low indigestible soy 
carbohydrates (Peisker, 2001). The typical soy 
carbohydrates content in SBM and SPC is compared in 
Table 4. As shown in Table 4, the ethanol/water extraction 
process in SPC production removes most of the 
oligosaccharides and soluble NSP. This process improves 
soy protein quality and reduces soy ANF. Hancock et al. 
(1990) determined the effect of ethanol extraction of 
soybean flakes on performance of piglets, as well as the 
function and morphology of the pig intestine. It was 
observed that ethanol extraction improved nitrogen and 
amino acid digestibility, plasma lysine concentration, villus 
height, feed intake, growth rate and feed efficiency. Clearly, 
removal of indigestible carbohydrates, such as 
oligosaccharides and soluble NSP together with 

denaturation of soy antigens by ethanol/water extraction, 
can improve soy protein quality. 

 
CONCLUSION 

 
Soybeans contain a high concentration of carbohydrates, 

consisting predominantly of NSP and free sugars, such as 
oligosaccharides. Oligosaccharides and about 45% of the 
NSP are soluble. These soluble components are one of the 
main factors responsible for the anti-nutritional effect of 
soybeans. Ethanol/water extraction process removes these 
soluble parts from soy efficiently and yields a high quality 
soy protein product. 
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