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Soybean meal (SBM) is the most widely used protein source in non-ruminant feeds globally. However, the presence of glycinin and 
β-conglycinin along with trypsin inhibitor limits its use in nursery diets. Glycinin and β-conglycinin have allergenic effects that can 
cause gut inflammation, diarrhea and thus reduction in growth. Gut inflammation affects the immune system and the oxidative 
status by damaging the intestinal epithelium especially in young animals (Krishnan et al., 2009; Wang et al., 2010; Zhao et al., 2010; 
Taliercio and Kim, 2013). Animal protein sources have been largely used in nursery diets as source of protein without Anti nutritional 
factor (ANF) and with high bioavailability of amino acids (AAs) enhancing the growth and health in newly weaned pigs (Coffey and 
Cromwell, 2001; Weaver et al., 2014). The crude protein content in SPC is similar to animal protein ingredients. SPC has a low concen-
tration of ANF. Therefore, SPC can be used in nursery diets replacing animal protein ingredients such as fish meal.

Background

The study was proposed to determine the concentration of Glycinin and β-conglycinin in soy products (SPC and fermented soybean 
meal) by using ELISA, to compare the glycinin and B-conglycinin contents in SPC and other treated soybean meal sources.

In total 6 different sources (CJ SPC, A, B, C and D) of the soy protein concentrate were used including the SBM as a control treatment. 
Design of the study

Triplicate samples were assayed two times to assure the repeatability of the kits. The concentration of Glycinin and β-conglicinin in 
the soybean products was measured using commercially available kits (BA-UBT002, BA-UBT001, Unibiotest, Wuhan, CHN) following 
the instructions of the manufacturer. The absorbance was measured using a plate reader (Synergy HT, BioTek Instruments, Winoos-
ki, VT). The concentrations were calculated based on a standard curve created from the concentration and absorbance of the respec-
tive standard. Glycinin and β-conglicinin concentrations were expressed as mg/g dry matter of SPC sample.

The data were analyzed using the proc Mixed in SAS (SAS Inc., Cary, NC, USA). Each soy product had six repetition (n = 6), and the 
soy products were the main effect. The means were calculated using the LSMEANS statement in SAS. A pairwise comparison was 
made using the PDIFF option in SAS. Statistical differences were considered significant with P < 0.05. Tendency was considered when 
0.05 ≤ P < 0.10.

The concentration of glycinin was significantly higher (P < 0.05) in SBM as compared with the other analyzed soy products (Table 1). 
Concentration of glycinin in C was greater (P < 0.05) than in CJ, A, B and D among the treated soybean meal sources. The concentra-
tion of β-conglycinin was greater (P < 0.05) in SBM compared with the other analyzed soy products. Concentration of β-conglycinin 
was greater in C (P < 0.05) compared with CJ, A, B and D. The concentration of gylcinin and β-conglycinin in CJ was not significantly 
different than A, B and D.

Results
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Figure 1. Concentration of glycinin and ß-conglycinin content
in soy products (dry matter basis, mg/g)

Concentration of proteins content in soy products (dry matter basis, mg/g)

Table 2. Effects of replacement of spray dried plasma protein and
fish meal with X-soy on growth performance of weanling pigs

a, b Means not sharing a common superscript within a same color are significantly different (P<0.05)
*CJ SPC was obtained from CJ Selecta (X-soy 200, Araguari, MG, BRA)

Experimental diets were fed during phase 1 (0-14 day) and then a common feed was fed during phase 2 (14-28 days).

Animal protein is usually included in weanling pig diets to promote feed intake and to avoid ANF coming from SBM (Lenehan et al., 
2007). SPC contains less ANF in comparison to SBM. Thus, inclusion of SPC in weanling pigs feed can improve the morphology of villi 
in the small intestine resulting in improved growth performance compared with pigs fed SBM (Li et al., 1991; Sohn et al., 1994). 
SPC inclusion in weaning diets improves piglets growth performance because of a reduction in dietary soy allergens (Resende et al., 
2016). Especially CJ selecta SPC, X-soy, can replace animal protein sources without affecting growth performance and blood parame-
ters (Casas et al., 2017). During phase 1 and phase 2 feed after weaning, ADG and G:F were not affected by experimental diets (Table 
2). Thus, replacement of spray-dried plasma protein, fish meal or both with X-soy in diets fed during phase 1 and 2 had no negative 
impact on growth performance.

In case of blood parameters, concentration for TNF-a, PYY, IgG and BUN were not affected by dietary treatment (Table 3). However 
the concentration of total protein and Albumin in plasma had a tendency to be greater in piglets fed with X-soy diet. There were no 
significant differences between the other treatments. Thus, lack of effects on the concentrations of TNF-a and IgG when spray dried 
plasma protein, fishmeal, or both ingredients were replaced with X-soy indicates that the inflammatory immune response was not 
affected. Thus, X-soy can easily replace fish meal and spray dried blood plasma without compromising growth or health of weaned 
pigs.

X-soy can replace animal protein in weaned piglet feed

Items NO X-SOY NO plasma NO fish meal X-SOY 200 P-value

Phase 1

Phase 2

Overall

ADG, kg/d

G:F

ADG, kg/d

G:F

ADG, kg/d

G:F
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0.743
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0.140
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0.593

0.829
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Conclusion
Replacement of SBM with SPC products will reduce in feed ANFs. However, there are individual differences between SPC sources 
which needs to be taken into consideration. X-soy is among the most efficient SPC sources with the lowest ANF contents. In addition, 
diets based on SPC can be used to replace plasma and fish meal during initial 14 days post weaning without any negative effect on 
growth performance or pro-inflammatory immune responses.

Table 3. Effects of replacing spray dried plasma protein, fish meal
or both with X-soy on blood parameters of weanling pigs

1.

2.

3.

4.

5.
6.

7.

8.

9.
10.

Stein. H. H., L. V. Lagos, and G. A. Casas. 2016. Nutritional value of feed ingredients of plant origin fed to pigs. Animal Feed Science and Technology. 
218:33-69. doi:10.1016/j.anifeedsci.2016.05.003.
Casas. G. A., C. Huang, and H. H. Stein. 2017. Nutritional value of soy protein concentrate ground to different particle sizes and fed to pigs. J. Anim. Sci. 
2017.95:827–836. doi:10.2527/jas2016.1083.
Kim, S. W., E. van Heugten, F. Ji, C. H. Lee, and R. D. Mateo. 2010. Fermented soybean meal as a vegetable protein source for nursery pigs: I. Effects on 
growth performance of nursery pigs. J. Anim. Sci. 2010. 88:214–224. doi:10.2527/jas.2009-1993.
Lenehan, N. A., J. M. DeRouchey, R. D. Goodband, M. D. Tokach, S. S. Dritz, J. L. Nelssen, C. N. Groesbeck, and K. R. Lawrence. 2007. Evaluation of soy 
protein concentrates in nursery pig diets. J. Anim. Sci. 85:3013–3021.
NRC. 2012. Nutrient requirements of swine. 11th ed. National Academy Press, Washington, DC.
Sohn, K. S., C. V. Maxwell, D. S. Buchanan, and L. L. Southern.1994. Improved soybean protein sources for early-weaned pigs:I. Effects on performance 
and total tract amino acid digestibility. J. Anim. Sci. 72:622–630.
Zhang, H. Y., J. Q. Yi, X. S. Piao, P. F. Li, Z. K. Zeng, D. Wang, L. Liu, G. Q. Wang, and X. Han. 2013. The metabolizable energy value, standardized ileal 
digestibility of amino acids in soybean meal, soy protein concentrate and fermented soybean meal, and the application of these products in 
early-weaned piglets. Asian-Australas. J. Anim. Sci. 26:691–699.
Holzhauser, T., O. Wachermann, B. K. Ballmer-Weber, C. Bindslev-Jensen, J. Scibilia, L. Perono-Garoffo, S. Utsumi, L. K. Poulsen, and S. Vieths. 2009. 
Soybean (Glycine max) allergy in Europe: Gly m 5 (β-conglycinin) and Gly m 6 (glycinin) are potential diagnostic markers for severe allergic reactions to 
soy. J. Allergy Clin. Immunol. 123:452–458.
Kim, S. W., and R. A. Easter. 2001. Nutritional value of fish meals in the diet for young pigs. J. Anim. Sci. 79:1829–1839.
Li, D. F., J. L. Nelssen, P. G. Reddy, F. Blecha, J. D. Hancock, G. D. Allee, M. D. Goodband, and R. D. Klemm. 1990. Transient hypersensitivity to soybean 
meal in the early-weaned pig. J. Anim. Sci. 68:1790–1799.

REFERENCES

Items NO X-SOY NO plasma NO fish meal X-SOY 200 P-value
TNF-α, pg/ml

PYY, ng/ml

lgG, mg/ml

BUN, mg/dl

Protein, g/dl

Albumin, g/dl

* PYY=peptide YY;BUN=blood urea nitrogen.
No X-soy group includes both plasma and fish meal. X-soy group has neither plasma nor fish meal.
Each mean represents 8 observations. 

80.42

2.52

229

15.00

4.50

2.85

63.40

4.22

205

13.25

4.75

2.98

77.36

4.04

227

14.87

4.62

2.73

86.42

2.40

188

13.42

4.95

3.10

SEM
13.11

0.74

25.13

1.32

0.12

0.1

0.646

0.167

0.623

0.570

0.078

0.082
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