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In this study the residual rate of immunoreactive glycinin in the digestive tracts of
pigs of different ages was compared. Results showed that the residual rate of
immunoreactivity decreased as the glycinin passed down the gastrointestinal tract
in all groups (PB0.05). In the stomach, upper-jejunum or middle-jejunum, the
residual rate decreased with increasing age of the pigs. In the ileum, the residual
rate of immunoreactivity of glycinin in growing pigs or finishing pigs is
significantly higher than in weaning piglets (PB0.05), while no significant
difference existed between growing pigs and finishing pigs (P�0.05). In the
caecum, the residual rate in finishing pigs is significantly higher than in weaning
piglets (PB0.05), however, no significant difference existed between weaning
piglets and growing pigs or between growing pigs and finishing pigs (P�0.05). It
indicated that the immunoreactivity of glycinin generally decreases as it descends
into the gastrointestinal tract and with the age of the pig.
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Introduction

Soybeans have been transformed into various forms of soy products because of their

highly nutritive value (Rajni, Dianne, & Perry, 2003). These products are rich in fibre

and low in calories compared with animal foods when evaluated on a dry weight or

on an equal-protein basis (John & Fordyce, 1989). Due to their beneficial effects the

usage of soybeans in the world is gradually increasing. However, the presence of

glycinin has hampered their wide use seriously as it contributes to an allergic reaction

in humans (Sampson, 2004) and animals (Lallès, Dreau, Salmon, & Toullec, 1996; Li

et al., 1990). Glycinin has been recognised as one of the major soybean allergens in

human and animal diets, which is composed of several kinds of subunits and its

molecular mass ranges from 320 to 360 kDa. So far, five major subunits encoded by

a small gene family have been identified; A1aB2, A1bB1b, A2B1a, A3B4 and

A5A4B3, which can be divided into three groups based on amino acid sequence

homology: group I (A1aB2, A1bB1b, A2B1a), group IIa (A5A4B3) and group IIb
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(A3B4) (Kazuhiro, Toshio, & Miyo, 1997; Nielsen, 1985). A (acidic polypeptide,

MWs:35,000�43,000 Da) and B (basic polypeptide, MWs:20,000 Da) are two

types of polypeptides with different isoelectric points linked by disulfide bonding

(Moreira, Hermodson, Larkins, & Nielsen, 1979; Staswick, Hermodson, & Nielsen,

1981).
During the past few decades, several papers on glycinin have been published

(Astwood, Leach, & Fuchs, 1996; Sun, Li, Dong, Qiao, & Ma, 2008a; Sun, Li, Li,

Dong, & Wang, 2008b; Zhao et al., 2008). However, little attention has been paid

to the gastrointestinal digestion of glycinin in pigs and humans. For reasons of

ethics and efficacy, prospective studies in humans are not possible. Thus,

experimentally induced allergic disease in large animals that closely mimic allergic

diseases in humans can be a useful model. In this study, pigs in different

physiological stages were used as a large-animal model for studying the residual

rate of immunoreactive glycinin in vivo due to their physiological and immuno-

logical similarity to human beings. The concentration of immunoreactive glycinin

in the digesta of each segment (stomach, upper-jejunum, middle-jejunum, ileum

and caecum) was detected using inhibition ELISA and the residual rate of

immunoreactive glycinin was calculated.

Materials and methods

Characterisation of purified soybean glycinin

Purified glycinin, donated by Professor Shun-tang Guo from the Food Institute of

China Agricultural University (Patent No. 200410029589.4, China), was used in this

experiment to eliminate the interference from other components in soybean meal or

whole soybean products. The purity glycinin was analysed by sodium dodecyl sulfate

polyacrylamide gel electrophoresis (SDS-PAGE) followed by Coomassie Brilliant

Blue R-250 staining (Laemmli, 1970). The results showed that the gel bands of

glycinin are clear and have no hybrid-protein bands which satisfied the needs of our

study (Figure 1).

Diets, animals and management

Diets are formulated to be isocaloric and isonitrogenous and the amino acid content

of all diets is balanced. Animals were maintained according to the rules of China

Animal Care and Use Committee. Fifteen healthy piglets weaned at 28 days of age,

with an average initial body weight of 8.090.5 kg, were allocated to three groups (I,

II, III), and housed in pens (3�4 m); each pen had five pigs. Diet was fed four times

a day in equal quantities at 00:00, 06:00, 12:00 and 18:00 hours. Water was available

from drinking nipples all day. All pigs received diets without ingredients originating

from soybean products in non-experimental periods; while the pigs received diets

containing 4% purified glycininin experimental periods (Sun et al., 2008a, 2008b).

After 3 days of adaptation, the experimental periods of each group started, and

lasted for 7 days (30�37, 98�105 and 168�175 days). In experimental periods,

Sesquioxide Chromium (0.5%) was added to the diets as the indigestible indicator

(Table 1).
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Sample collection

All pigs were anaesthetised with appropriate amount of procaine then slaughtered

2 hours after the last morning meal. The digesta from stomach (between cardiac

and pylorus), upper-jejunum (the upper one-third of jejunum), middle-jejunum (the

mid-one-third of small jejunum), ileum (from ileocecal ligament to ileocecal valve)

and caecum (from ileocecal valve to caecum) were collected separately. Samples

(50 g) of each diet were also collected. Globulins were extracted from all samples

(Perez, Mills, Lambert, Johnson, & Morgan, 2000).

Detection of immunoreactive glycinin

The immunoreactive glycinin in samples were determined by inhibition ELISA

(Perez et al., 2000). The anti-glycinin polyclonal antibody was made in our

laboratory according to the methods described by He, Hu, and Wang (2005).

Indicator technique

According to the indicator technique, based on the concentration of immunoreactive

glycinin and indigestible marker Cr2O3, the residual rate of immunoreactive glycinin

was calculated using the following formula:

Residual rate of immunoreactive glycinin (%)�100%�bc=ad (1)

a � Concentration of immunoreactive glycinin in diets (mg g�1).

b � Concentration of Cr in diets (mg g�1).

c � Concentration of immunoreactive of glycinin in digesta (mg g�1).

d � Concentration of Cr in digesta (mg g�1).

KDz

97.2

66.4

44.3

29.0

20.1

14.3

A

B

11 22

Figure 1. 1 indicates purified glycinin (added to diets); 2 indicates protein molecular weight

marker (low; KDa): phosphorylase b, 97.200; bovine serum albumin, 66.400; ovalbumin,

44.300; carbonic anhydrase, 29.000; soybean inhibitor, 20.100; a-lactalbumin, 14.300.
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Table 1. Composition of the diets, as-fed basis (%).

Item 3�5a 5�10a Group Ib 10�20a 20�60a Group IIb 60�120a Group IIIb

Ingredient

Corn 13 22 21 70.65 74.85 73 77.5 75

Fish meal 13 11.2 8.1 13 8.8 6 6.5 3.75

Corn protein 0 0 0 9 9 9 6.5 3.3

Wheat bran 0 0 0 0 5 4.87 7.2 7.8

Whey powder 13.55 18 18 2 0 0 0 0

Milk powder 58 48 47.5 4.4 0 0 0 0

Glycinin 0 0 4 0 0 4 0 4

Corn oil 0 0 0 0 1 1 1 1.1

Salt 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2

Premixc 0.3 0.3 0.3 0.25 0.25 0.25 0.25 0.25

Limestone 0.1 0.3 0.4 0.4 0.7 0.85 0.7 0.85

Calcium phosphate 1.17 0 0 0 0 0.1 0 1.1

L-lysine 0.68 0 0 0.1 0.2 0.23 0.15 0.15

Cr2O3 0 0 0.5 0 0 0.5 0 0.5

Total 100 100 100 100 100 100 100 100

Nutrient levels

Crude protein 26.37 23.92 23.67 20.82 17.9 17.96 15.73 15.66

DE (MJ/kg)d 17.23 16.91 16.81 14.38 14.09 14.00 14.01 13.90

Calcium 0.92 0.86 0.78 0.7 0.62 0.59 0.53 0.51

Phosphate 0.75 0.83 0.76 0.66 0.55 0.50 0.50 0.45

Lysine 1.53 2.00 1.94 1.17 0.96 0.95 0.79 0.76

Notes: aThe weight of pigs (kg). bI, II and III mean the diets contain 4% glycinin. cThe premix provides following for per kg diet: Fe (as ferrous sulfate), 160 mg; Cu (as
copper sulfate), 50 mg; Zn (as zinc sulfate), 160 mg; Mn, 40 mg; Se, 0.3 mg; I, 0.3 mg; VA, 45,000 IU; VD3, 10,000 IU; VE, 60 IU; vitamin K3, 5 mg; vitamin B1, 2 mg;
vitamin B2, 15 mg; vitamin B6, 6 mg; vitamin B12, 0.05 mg; folic acid, 0.5 mg; biotin, 0.1 mg; niacin, 40 mg; D-pantothenic acid, 25 mg. dDE* is calculated value. Other
nutrient levels are measured values.
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Statistical analysis

The data were analysed using the GLM procedure (SPSS Inc., Chicago, IL,

USA). The results were expressed as mean values9standard error of the mean.

P-values50.05 were considered statistically significant.

Results and discussion

In this study, all piglets were offered solid feed without ingredients originated from

leguminous products three weeks before weaning for two reasons. First, creep feed

supplies supplemental nutrients that are required to maintain satisfactory growth

rates and achieve heavier weaning weights. Second, the consumption of creep feed is

believed to prepare the digestive system of the piglets for digestion of complex

carbohydrates and protein that will be supplied as the sole source of nutrients after

weaning (Pluske, Dividich, & Verstegen, 2003). The feed dropped from the trough of

sow was cleared immediately in order to prevent the piglets from eating it.

Results showed that the residual rate of immunoreactive glycinin in digesta is

decreasing from stomach to caecum in all groups (PB0.05). The residual rate of

immunoreactivity of glycinin in the stomach, upper-jejunum or middle-jejunum was

decreased significantly as the piglets aged (PB0.05). In ileum, the residual rate of

immunoreactive glycinin in digesta from growing pigs or finishing pigs is significantly

higher than weaning piglets (PB0.05), while no significant difference existed

between growing pigs and finishing pigs (P�0.05). In the caecum, the residual

rate in digesta from finishing pigs is significantly higher than that of weaning piglets

(PB0.05), however, no significant difference was found between weaning piglets and

growing pigs, or between growing pigs and finishing pigs (P�0.05) (Table 2).

Although the residual rate of immunoreactivity of glycinin decreased as the digesta

descended the gastrointestinal tract, immunoreactive glycinin could still be detected in

the digesta collected from the caecum in all pigs. These may be attributed to a number

of interacting factors, such as protein structure and enzymatic systems (Lallès et al.,

1999). The digestion of proteins by proteinases is a complex process. The extent and

kinetics of protein hydrolysis is influenced by the protein structure. The richness of

glycinin in intra- and inter-molecular disulphide bonds, and the hydrophobicity of

basic polypeptides limit its susceptibility to proteolysis (Fukushima, 1991). In addition,

the gastric pH of piglets soon after weaning does not seem to be adequate for protein

digestion compared with the other two groups of pigs. It was high (pH�4.5) compared

with the optimal pH for pepsin action (pH 2�4) (Beynon & Bond, 1989). The inefficiency

of pepsin hydrolysis may be responsible for the low digestion of soybean proteins in piglets.

It clearly demonstrates that the residual rate of immunoreactive glycinin in

digesta from the same digestive segment is reduced with the ageing of pigs as the

gastrointestinal tract matures. The significant difference found in the stomach,

upper-jejunum and middle-jejunum for the residual rate of immunoreactive glycinin

among weaning piglets, growing pigs and finishing pigs may attributed to the great

difference in the digestive physiology among these pigs in this experiment. The

digestive functionality of piglets is immature in the weaning period. For example, the

levels of most of the proteinases did not reach maximum until the pigs were 7 weeks

old. Even at the age of 8 weeks, the level of gastric and tryptic proteinases activity

apparently had not reached a maximum in the weaned pigs (Hartman et al., 1961).
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In the stomach, the activity of pepsin is obviously hampered by the lack of the

hydrochloric acid, which results in a limited inactivation of immunoreactive glycinin.

In addition, the stomach emptying time, which has a key role as it determines the

rate of food delivery to the small intestine, is about 3�5 hours at 30 days of age (Han,

2002), so a lot of immunoreactive glycinin could flow into the small intestine. Lower

levels of pancreatic trypsin and chymotrypsin activity were found in weaned pigs

(Efird, Armstrong, & Dennis, 1982); as a result immunoreactive glycinin cannot be

inactivated completely in the small intestine.

Moreover, the weaning period is a period of intense stress for piglets, with

profound consequences on growth, physiology and disease outbreaks, as the piglets’

gut adapt to the change in feed type, resulting in severe undernutrition (Lallès, Bosi,

Smidt, & Stokes, 2007; Lallès, Boudry, & Favier, 2004). The rapid changes in the

structure and function of the digestive tract undoubtedly result in a transient period

of suboptimal digestive competence, which may last from 7 to 14 days and is

characterised by low feed intake and little or no weight gain. This in turn affects

various aspects of small intestinal architecture and function leading to gut-associated

disorders. The extent of the depression in growth depends on how rapidly the piglets

can adjust to its new circumstances and regain homeostasis. It often takes piglets 2 or

3 weeks to recover their energy intake and begin to grow at the same rate as they did

before weaning (Pluske, Williams, & Aherne, 1995; Pluske et al., 2003).

All the factors may contribute to the higher residual rate of immunoreactive

glycinin in weaning piglets. Compared with weaning piglets, the digestive tract of

growing pigs is more mature, which leads to a lower residual rate of immunoreactive

glycinin in the stomach, upper-jejunum and middle-jejunum. Finishing pigs had the

lowest residual rate of immunoreactive glycinin as those pigs had the strongest

digestive capability of these three groups. No significant difference in the residual rate

Table 2. Analysis of the residual rate of immunoreactive glycinin in digesta.

Ages Digestive tracts Residual rate of immunoreactive glycinin

Piglets Stomach 60.6990.191,A

Upper-jejunum 40.9390.552,A

Middle-jejunum 23.7290.773,A

Ileum 9.4190.684,A

Caecum 1.6590.215,A

Growing pigs Stomach 58.4990.331,B

Upper-jejunum 38.4290.502,B

Middle-jejunum 22.0790.393,B

Ileum 8.2690.194,B

Caecum 1.3190.015,A,B

Finishing pigs Stomach 57.0990.691,C

Upper-jejunum 37.3290.492,C

Middle-jejunum 20.9990.473,C

Ileum 7.7590.164,B

Caecum 1.0090.035,B

Notes: 1, 2, 3, 4, 5Mean in the same physiological stage followed by different superscripts differ at the P-
values indicated. A, B, CMean in the same segment followed by different superscripts differs at the P-values
indicated.
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of immunoreactive glycinin was found in the ileum of growing pigs and finishing

pigs as they all have a strong digestive capability (Li, 2003). The residual rate of

immunoreactive glycinin is decreased in the caecum which may be attributed to the

actions of microorganisms.
To a certain extent, the variation of immunoreactive glycinin observed in this

experiment is similar to the results described by Wang, Qin, Zhao, and Sun (2009); i.e.

that the immunoreactive b-conglycinin (another important soybean allergen) tended

to decrease with the growth of age of the pig and the distance along the digestive tract

at which measurements were made. However, in all groups, the residual rate

of immunoreactive glycinin (60.69, 58.49 and 57.09%) is much lower than that of

b-conglycinin (66.75, 65.67 and 64.11) in the stomach, while the residual rate

of immunoreactive glycinin (9.41, 8.26 and 7.75) is much higher than that of
b-conglycinin (3.27, 3.15 and 2.93) in the ileum. These may indicate that differences

existed in the digestion between glycinin and b-conglycinin. The digestion of proteins

by proteinases is a complex process which may attribute to a number of interacting

factors, such as protein structure and enzymatic systems (Lallès et al., 1999). The

stability to gastric digestion in vitro of b-conglycinin may be ascribed to its higher

residence time in the stomach (Astwood et al., 1996). The richness of glycinin in intra-

and inter-molecular disulphide bonds, and the hydrophobicity of basic polypeptides

limit its susceptibility to proteolysis and may explain the higher residual rate of
glycinin in the ileum compared to that of b-conglycinin (Fukushima, 1991).

Conclusions

This study demonstrated that the residual rates of immunoreactive glycinin in digesta

from all groups are gradually decreased from stomach to caecum, whilst it is reduced

as the pig ages in any specific digestive sites (except ileum and caecum). This study

may give us a better understanding about the residual rates of immunoreactive
glycinin in vivo, which may provide some theoretical base for further research on

soybean glycinin-related allergic disease.
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