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ABSTRACT 

 

The 6 cannulated gilts, with initial body weight (BW) 34.8 ± 0.7 kg, fitted with ileal 

T-cannula in terminal ileum were used for estimation apparent (AID) and standardized (SID) 

ileal digestibility of nitrogen (N) and amino acids (AA) in wheat germs. Animals were fed 

twice a day with tested diet in two equal doses at daily rate of 75 - 80 g.kg - 0.75. Water was 

offered ad libitum. The test feed was the only source of protein in the diet. After the 14 d 

postoperative period followed 6 d adaptation period during which animals fed an 

experimental diet, on d 7 we collected ileal digesta continuously for 24 h. Chromium oxide 

(Cr2O3) was used as an indigestible marker in amount of 0.3 % per kg of diet. We calculated 

AID and SID of AA and N using analytic estimated values of N, Cr2O3, and AA. The SID of 

AA in wheat germs ranged from 86.6 % (tyrosine) to 97.6 % (proline) (P < 0.05). Ileal 

digestibility for lysine was 95.3 %. Standardized ileal digestibility for essential amino acids 

(94.7 %) was 5.3 % greater (P < 0.05) in comparison with standardized ileal digestibility of 

nonessential amino acids (92.1 %). Apparent ileal digestibility of essential AA (92.7 %) was 

greater (P < 0.05) compared with nonessential AA (88.1 %). Wheat germs, a by-product from 

mill industry are an appropriate source of digestible AA for pigs. Ileal digestibility of AA and 

N in wheat germs is comparable with soybean meal. 
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INTRODUCTION 

 

An accurate determination of the bioavailability of amino acids is critical for evaluating 

the nutritional value of feed ingredients (Stein et al., 2007). Bioavailability is characterized as 

the proportion of ingested dietary amino acids that is absorbed in a chemical form that renders 

these amino acids potentially suitable for metabolism and protein synthesis (Batterham, 

1992; Lewis and Bayley, 1995). Because amino acids are absorbed in small intestine 

estimation of amino acid digestibility by ileal sampling is more preferable than fecal sampling 

(Zebrowska, 1973; Sauer et al., 1981).  

Considering the current rapid growth in world population, there is bound to be an 

increase in demand for protein consumption. However, animal proteins are expensive and not 

available in many countries and regions. Therefore, in recent years, the search for new 

alternatives and cheap sources of good-quality proteins has become an important research 

trend (Zhu et al., 2006). Wheat germ is a by-product from wheat milling industry that has a 

potential as food ingredient (Hettiarachchy et al., 1996). It is source of vitamin E, B group 

vitamins, proteins, dietary fiber, and minerals (Amado and Arrigoni, 1992) but there is lack 

of information on amino acid digestibility of this by-product (NRC, 1998; Kaufmann et al., 

2003). 

The objective of this study was to estimate and compare apparent and standardized ileal 

digestibility of AA and N in wheat germs as non-traditional feed fed to growing pigs.  

 

MATERIAL AND METHODS 

 

Animals and experimental design 

 

Altogether 6 cannulated gilts (initial BW 34.8 ± 0.7 kg) fitted with T-cannula in 

terminal ileum were used for estimation ileal digestibility of N and amino acids in wheat 

germs. Animals were housed in an experimental balance cages in a climate controlled room 

with an average ambient temperature 20.6 ± 0.2 ºC. After the 14 d postoperative period 

followed 6 d adaptation period during which animals fed an experimental diet. On d 7 we 

collected ileal digesta continuously for 24 h. The collection of ileal digesta started after 

attaching the plastic bags to the T-cannula at 7.00 a.m. and finished at 7.00 a.m. following 

morning. The samples of ileal digesta were acidified with 6M H2SO4 for minimizing the 

microbial activity and stored at -20 ºC for chemical analyses.  
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All experimental procedures were reviewed and approved by the Animal Care 

Committee of the Animal Production Research Center Nitra. 

 

Diets and feeding 

 

The composition of experimental diet is in table 1. The sole source of nitrogen was the 

tested feed in amount of 54.0 % per kg of diet.  

 

Table 1 Component composition of experimental diet 

Component % 

Wheat germs 54.0 
Mono calcium phosphate 1.2 
Limestone 1.2 
Salt 0.4 
Maize starch 42.6 
Premix* 0.3 
Chromic oxide 0.3 

* Provided the following per kg of diet: retinol 1.2 mg; cholecalciferol 25 mg; α-

tocopherol 10 mg, menadione 0.2 mg; riboflavin 4 mg; pyridoxine 2.5 mg; d-

pantothenic acid 10 mg; niacin 20 mg; folic acid 0.5 mg; biotin 0.1 mg; 

cyanocobalamin 30 μg; choline 500 mg; Fe 92 mg; Zn 103 mg; Mn 40 mg; Cu 19 

mg; Co 0.5 mg; Se 0.16 mg 

 

The content of dry matter, crude protein and amino acids in wheat germs is introduced 

in table 2. Chromic oxide we used as digestibility marker in amount of 3 g per kg of diet. 

Animals were fed twice a day at 7.00 and 16.00 h in daily amount of 75-80 g.kg - 0.75. Water 

was offered ad libitum.  
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Table 2 The content of dry matter, crude protein and amino acids in wheat germs (g.kg-1 as 

fed basis) 

Item Amount 
Dry matter 896.68 
Crude protein 251.7 
Essential amino acids 
Arginine 29.5 
Histidine 7.5 
Isoleucine 10.6 
Leucine 19.2 
Lysine 20.2 
Methionine 5.6 
Phenylalanine 11.2 
Threonine 12.8 
Valine 15.6 
Nonessential amino acids 
Alanine 17.5 
Aspartic acid 27.2 
Cysteine 4.4 
Glutamic acid 37.0 
Glycine 17.8 
Proline 12.4 
Serine 11.9 
Tyrosine 8.2 

EAA* 14.7 
NEAA* 17.0 
*EAA – essential amino acids, NEAA – nonessential amino acids 

 

Chemical analyses 

 

We analyzed content of dry matter, crude protein (AOAC, 1990), chromic oxide 

(Williams et al., 1962) and amino acids in samples of diet and lyophilized samples of ileal 

digesta  

The content of amino acids after acid hydrolyses with 6M-HCl and methionine with 

cysteine after oxidative hydrolysis were estimated using automatic analyzer of amino acids 

AAA 400 (fy Ingos Praha). 
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Calculation 

 

The apparent (AID) and standardized (SID) ileal digestibility of N and amino acids we 

calculated according to the following formula:  

 

AID, % = 100 x [1-(Ni x Cd)/(Nd x Ci)] 

 

where Nd; Cd is content of nutrient and chromic oxide in diet (g.kg-1 DM) and Ni; Ci is 

content of nutrient and chromic oxide in ileal digesta (g.kg-1 DM). 

 

SID, % = AID+100*IFL/AAd 

 

where IFL is ileal endogenous flow of AA (g.kg-1 DM) and AAd is content of amino 

acids in ileal digesta (g.kg-1 DM). 

 

Statistical analyses 

 

Statistical analyses of experimental data were performed using ANOVA of Statgraphic 

Plus package v. 3.1. (1997). When significant value for treatment effect (P < 0.05) was 

observed, the differences between means were assessed using Fisher's LSD procedure. Each 

animal was considered as experimental unit. Analysis of covariance was conducted to 

evaluate the effect of diet on the ileal digestibility of amino acids and nitrogen 

 

RESULTS AND DISCUSSION 

 

The apparent (AID) and standardized (SID) ileal digestibility of amino acids and 

nitrogen for wheat germs is introduced in table 3. The AID of amino acids ranged from 83.4 

% (tyrosine) to 96.5 % (arginine), whereas the SID ranged from 86.6 % (tyrosine) to 97.6 % 

(proline) (P ˂ 0.05). The higher SID for proline was as a result of higher endogenous ileal 

flow of proline. The SID for lysine, methionine and threonine was 95.3; 95.9 and 90.5 % 

respectively (P ˂ 0.05). Apparent and standardized ileal digestibility of EAA was higher than 

for NEAA (P ˂ 0.05). In comparison with our results, Petrikovič et al. (2005) reported a 

lower ileal digestibility for lysine (89.0 %), methionine (92.1 %), and for threonine (81.3 %). 

Similar results presented AFZ (2000). Digestibility of protein in wheat germ varied from 85.5 
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to 92.8 % (Saunders and Kohler, 1972). Wheat germ, one of the main by-products from the 

flour milling industry, is the most nutritious part of the wheat kernel (Haridas et al., 1980). 

Besides the high content of vitamins, minerals, phytochemicals (Garcia et al., 1972; Amado 

and Arrigoni, 1992; Pietrzak and Collins, 1996) wheat germs contain high content of 

protein and essential amino acids (Ge et al., 2001).  

 

Table 3 Apparent (AID) and standardized (SID) ileal digestibility of AA and nitrogen for 

wheat germs (%) 

 Parameter 
Ileal digestibility 

AID SID 

Mean SEM Mean SEM 
n 6 6 
N* 79.0 ± 1.9 84.6 ± 1.9 
Arginine 96.5 ± 0.3 c 97.6 ± 0.3 g 
Histidine 93.3 ± 0.6 de 95.1 ± 0.6 fg 
Isoleucine 92.4 ± 0.9 de 94.7 ± 0.9 ef 
Leucine 92.1 ± 0.9 de 94.4 ± 0.9 ef 
Lysine 93.8 ± 0.8 dec 95.3 ± 0.8 fg 
Methionine 94.3 ± 0.7 ec 95.9 ± 0.7 fg 
Phenylalanine 91.9 ± 0.8 de 94.4 ± 0.8 ef 
Threonine 87.6 ± 1.1 bc 90.5 ± 1.1 bc 
Valine 92.0 ± 1.0 de 94.2 ± 1.0 ef 

Alanine 91.4 ± 1.0 d 93.6 ± 1.0 def 
Aspartic acid 91.4 ± 0.9 d 93.5 ± 0.9 def 
Cysteine 84.9 ± 1.4 ab 88.0 ± 1.4 ab 
Glutamic acid 92.5 ± 1.0 de 94.5 ± 1.0 ef 
Glycine 88.5 ± 1.3 c 92.1 ± 1.3 cde 
Proline 88.0 ± 1.1 c 97.6 ± 1.1 g 
Serine 88.0 ± 1.0 c 91.2 ± 1.0 cd 
Tyrosine 83.4 ± 1.4 a 86.6 ± 1.4 a 

EAA* 92.7 ± 0.4 i 94.7 ± 0.4 i 
NEAA* 88.1 ± 0.6 j 92.1 ± 0.6 j 

abcdefg Means in a column followed by different letters were significantly different (P < 0.05) 
ij Means in a column followed by different letters were significantly different (P < 0.05) 

SEM – standard error of  the mean 

*N – nitrogen, EAA – essential amino acids, NEAA – non-essential amino acids 
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Wheat germ protein contains seventeen amino acids especially the essential amino 

acids lysine, methionine, and threonine, in which many cereals are deficient and therefore, is a 

potential nutritious food supplement (Yiqiang et al., 1999). As reported Moran et al. (1968) 

wheat germ protein is at least an equivalent protein source to soybean protein. Soybean meal 

is characterized by high digestibility of amino acids and because of high protein content, the 

soybean meal is mainly used in poultry and pigs nutrition (Banaszkiewicz, 2011). This is 

consistent with our results. Ileal digestibility of most amino acids in wheat germs was similar 

or slightly higher than was reported for soybean meal (Bellaver and Easter, 1998; González-

Vega et al., 2011).  

 

CONCLUSION 

 

The digestibility of amino acids and nitrogen of wheat germs is comparable with 

soybean meal which is the main protein source in diets for pigs. Based on obtained results it is 

possible to recommend the use of wheat germs as an alternative protein source, originated 

form mill industry, in the diets fed to pigs. 
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REFERENCES 

 

AFZ. 2000. Ileal standardised digestibility of amino acids in feedstuffs for pigs. Association 

Française de Zootechnie, Ajinomot Eurolysine, Aventis Animal Nutrition, INRA, ITCF 2000. 

AmiPig. AFZ Paris. Retrieved August 5, 2011, from http://www. feedbase. com/ downloads/ 

amipeng.pdf 

AOAC. 1990. Official Methods of Analyses, 15th edition. AOAC, Inc.,Virginia, USA. 

AMADO, R. - ARRIGONI, E. 1992. Nutritive and functional properties of wheat germ. In 

Intertnational Food Ingredients, 1992, vol. 4, p. 30-34. 

BANASZKIEWICZ, T. 2011. Nutritional Value of Soybean Meal, In Soybean and Nutrition, 

Prof. Hany El-Shemy (Ed.), ISBN: 978-953-307-536-5, InTech, Available from: 

http://www.intechopen.com/books/soybean-andnutrition/nutritional-value-of-soybean-meal 



JMBFS  / Brestenský et al. 2013 : 2 (Special issue 1) 1720-1728 

 
 

  1727  
  

BATTERHAM, E. S. 1992. Availability and utilization of AA for growing pigs. In Nutrition 

Research Reviews, 1992, vol. 5, p. 1-18. 

BELLAVER, C. - EASTER, R. A. 1998. Estimates of true ileal digestiblities of corn, soybean 

meal and alternative feed ingredients for swines. In Pesquisa Agropecuaria Brasileira, vol.33, 

1998, vol. 5, p.737-744 . 

HARIDAS, R. P. – KUMAR, G. V. - RANG RAO, G. C. P. - SHURPALEKAR, S. R. 1980. 

Studies on stabilization of wheat germ. In Lebensmittel Wissenschaft Technolologie, 1980, 

vol.13, p.302-307. 

GARCIA, W. J. - GARDNER, H. W. - CAVINS, J. F. - STRINGFELLOW, A. C. - 

BLESSIN, C. W. 1972. Composition of air-classified defatted corn and wheat-germ flours. In 

Cereal Chemistry, 1972, vol. 49, p. 499-507. 

GE, Y. - SUN, A. - NI, Y. - CAI, T. 2001. Study and development of a defatted wheat germ 

nutritive noodle. In European Food Research and Technology, 2001, vol. 212, p. 344-348. 

GONZÁLEZ-VEGA, J. C. - KIM, B. G. - HTOO, J. K. – LEMME, A .- STEIN, H. H. 2011. 

Amino acid digestibility in heated soybean meal fed to growing pigs. In Journal of Animal 

Science, 2011, vol. 89, p.3617-3625. 

HETTIARACHCHY, N.S. – GRIFFIN, V.K.- GNANASAMBANDAN, R. 1996. Preparation 

and Functional Properties of a Protein Isolate from Defatted Wheat Germ. In Cereal 

Chemistry, 1996, vol. 73, p. 363-367. 

KAUFMANN, C. – HE, J. – SAUER, W. – NEWCOMB, M. – RADEMACHER, M. 2003. 

Amino acid digestibilities in different samples of rice bran for growing pigs. In Advances in 

Pork Production, 2003, vol. 14, Abstract 7. 

LEWIS, A.J. and BAYLEY, H.S. 1995. AA bioavailability. Pages 35-65 in Bioavailability of 

Nutrients for Animals, AA, Minerals, and Vitamins. C.B. Ammerman, D.H. Baker, and A.J. 

Lewis, ed. Academic Press New York, NY. 

MORAN, E. T. – SUMMERS, J.D. – BASS, E. J. 1968. Heat processing of wheat germ meal 

and its effect on utilization and protein quality for the growing chick: toasting and 

autoclaving. In Cereal Chemistry, 1968, vol. 45, p 304-318. 

NRC. 1998. Nutrient Requirements of Swine, 10th ed. National Academy Press, Washington, 

D.C. 

PETRIKOVIČ, P. – HEGER, J. – SOMMER, A. (Editors). 2005. Nutrient requirements for 

pigs. 2nd edition. Research Institute for Animal Production Nitra, Nitra, Slovakia, pp. 85. 



JMBFS  / Brestenský et al. 2013 : 2 (Special issue 1) 1720-1728 

 
 

  1728  
  

PIETRZAK, L. N. - COLLINS, F. W. 1996. Comparison of fluorometric reagents for 

microspectrofluorometric determination of flavonoid glycosides in wheat germ. In Journal of 

Cereal Science, 1996, vol. 23, p.85-91. 

SAUER, W.C. – KENELLY, J.J. – AHERNE, F.X. – CICHON, R.M. 1981. Availabilities of 

amino acids in barley and wheat for growing pigs. In Canadian Journal of Animal Science, 

1981, vol. 61, p. 793-802. 

SAUNDERS, R.M. – KOHLER, G. O. 1972. In vitro determination of protein digestibility in 

wheat mill feeds for monogastric animals. In Cereal Chemistry, 1972, vol. 49, p. 98-103. 

STATGRAPHIC PLUS 3.1. 1997. Statistical Graphic Corp., Rockville, MD, USA. 

STEIN, H. H. – SEVE, B. – FULLER, M. F. – MOUGHAN, P. J. - De LANGE, C. F. M. 

2007. Invited review: Amino acid bioavailability and digestibility in pig feed ingredients: 

Terminology and application. In Journal of Animal Science, 2007, vol. 85, p. 172–180.  

WILLIAMS, C.H. – DAVID, D. J. – LISMOA, O. 1962. The determination of chromic oxide 

in fecal samples by atomic absorption spectrophotometry. In Jornal of Agriculture Science, 

1962, vol. 59, p. 381-390 

YIQIANG, G. – AIDONG, S. – TONGYI, C. 1999. The nutrition value and application 

deliberation of wheat germ. In China Science & Technology of Food Industry, 1999, vol. 1, p. 

52–53. 

ZEBROWSKA, T. 1973. Influence of dietary protein source on the rate of digestion in the 

small intestine of pigs. Part I. Amount and composition of digesta. In Roczniki Nauk 

Rolniczych, 1973, vol. 95, p. 115-133. 

ZHU, K. X. – ZHOU, H. M. – QUIAN, H. F. 2006. Proteins Extracted from Defatted Wheat 

Germ: Nutritional and Structural Properties. In Cereal Chemistry, 2006, vol. 83, p. 69–75. 

 


