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Abstract. The aim of our research was to determine the influence of extruded lupins’, extruded fodder beans and 

extruded peas on fermentation processes in the rumen of dairy cows. Lithuanian Black-and-White cows with analogous 
characteristics were selected and randomly allocated into 4 groups (control and experimental‘s), 10 animals each. The 
control group was fed a conventional diet consisting mainly of grass silage, ground barley grain, enriched extruded full 
fat soybean, and mineral premix. The experimental groups were fed a similar diet, but instead of 1.5 kg of soybean meal, 
the cows were given the same amount of the extruded lupins, extruded fodder beans and extruded peas. Raw material‘s 
for the trial was extruded by SC „Kauno Grūdai“. The samples were collected from three randomly selected animals of 
each group with a stomach tube (Sederevičius, 2000) 3 hours after the supplementary feeding with extuded lupins, 
extruded fodder beans and extruded peas. The rumen fluid was analyzed for the pH, total volatile fatty acid (VFA) content, 
total and ammonia nitrogen, reduction activity of bacteria and protozoa count. The results of this study shown that 
soybeans replacement with lupins (Lupinus spp.), fodder beans (Vicia faba) and peas (Pisum sativum) in dairy cows 
rations, had no negative influence on rumen‘s fermentatative indexes and warranted it‘s optimal activity. 
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Introduction  In many animal production systems feed is the biggest single cost and profitability can depend on the relative cost and 

nutritive value of the feeds available (McDonald et al., 2002). In pursuit of sustainable and economically-viable farming 
systems, there is a need for livestock farmers to reduce reliance on imported feedstuffs, such as soya bean, which are 
subject to world market price fluctuations and have a high environmental footprint.  

Soybean is widely used in conventional intensive animal feeding systems because of its known high protein content 
(38-42%) and good amino acid balance and digestibility (Baker, and Stein, 2009; Cervantes-Pahm et al., 2008; Hartwig, 
et al., 1997; Johnson, 2008; Opapeju et al., 2006). However soybean meal costs and availability are strongly related with 
the price development of agricultural commodities on the world market (Jezierny et al., 2010). Factors which may 
influence world market prices include variations in population and economic growth, changes in consumer’s product 
preferences, but world market prices are also dependent on weather conditions (Gill, 1997; Trostle, 2008).  The worry of 
the public opinion about the widespread use of genetically modified (GMOs) feedstuffs in animal feeding, such as 
soybean, has lead to focus on the possibility to replace soybean with alternative legume grains able to satisfy animal 
dietary protein requirements. 

Consequently, livestock farmers worldwide are under increasing pressure to maximise their use of home-grown feeds. 
Grain legumes crops represent a great resource in organic agriculture both to satisfy the nutritional content of organic 
livestock feeding and to maintain soil fertility. The commercial availability of organic grain legume is decreasing, the 
costs are high and the GMO contamination risk is particularly high for soya bean, used to achieve the high protein values 
required by the animals. So, the cultivation of grain legumes such as sweet lupin (Lupinus albus), field bean (Vicia faba 
var. minor), high protein pea (Pisum sativum) on farm could solve the problem and improve the sustainability of the farm 
(Singh et al., 2007). 

The most commonly in dairy cows nutrition used legume grains are peas (Pisum sativum), fodder beans (Vicia faba), 
and lupins (Lupinus spp.), it is characterised by high energy density allowed to the high protein, starch and/or fat 
concentrations, as more than sufficient is their calcium concentration. Within the grain legumes, lupins have higher 
amounts of crude protein (324–381 g/kg dry matter), compared to faba beans (301g/kg dry matter) and peas (246 g/kg 
dry matter). Jezierny et al. (2007) reported similar contents of crude protein in different batches of lupins, faba beans and 
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peas averaging 387, 308 and 249 g/kg dry matter, respectively. Many researches had been done in order to investigate 
legume grains effects on dairy cows performance and milk composition, nevertheless, there haven‘t been done many 
researches in pursuance to investigate its effects on fermentation processes in the rumen of dairy cows.  

So the aim of our research was to determine the influence of extruded lupins’, extruded fodder beans and extruded 
peas on fermentation processes in the rumen of dairy cows. 

Material and methods Dairy cows feeding trial. For the trial, 40 Lithuanian Black-and-White cows with analogous characteristics were 
selected. The animals selected were divided in 4 groups (control and experimental‘s), 10 animals each. Feeding trial were 
divided in two periods - preparatory (14 days) and experimental (90 days). Feeding scheme in the experimental period is 
provided in Table 1. Raw material‘s for the trial was extruded by SC „Kauno Grūdai“.  

 Table 1. Feeding scheme in the experimental period (90 days) 
 

Group Number of cows, n Feeding characteristics 
Control 10 Diet +1,5 kg extruded soybean, 

cow per day - 
1 experimental 10 Diet +1,5 kg extruded lupins, cow 

per day 
+300 g extr. soybean, cow 

per day 
2 experimental 10 Diet +1,5 kg extruded beans, cow 

per day 
+400 gr. extr. soybean, cow 

per day 
3 experimental 10 Diet +1,5 kg extruded peas, cow 

per day 
+700 gr. extr. soybean, cow 

per day 
 
The control group was fed a conventional diet consisting mainly of grass silage, barley grain, enriched extruded full 

fat soybean flour, and mineral premix. The experimental groups was fed a similar diet, but instead of 1.5 kg of soybean 
meal, the cows were given the same amount of the extruded lupins, extruded fodder beans and extruded peas. 

 
Table 2. Diets for control and experimental groups, their energy and nutritional values 
 

Feedstuff  Units 
Groups 

Control 
(extruded 
soybeans) 

1 experimental 
(extr.lupins+ 

soybeans) 
2 experimental 

(extr.beans+ 
soybeans) 

3 experimental 
(extr.peas+ 
soybeans) 

Maize silage kg 10,0 10,0 10,0 10,0 
Perennial grass silage kg 12,0 12,0 12,0 12,0 
Grass silage kg 12,0 12,0 12,0 12,0 
Barley flour kg 5,0 5,0 5,0 5,0 
Straw kg 2,0 2,0 2,0 2,0 
Molasses kg 1,0 1,0 1,0 1,0 
Extruded soybeans kg 1,5 0,3 0,4 0,7 
Extruded lupins kg - 1,5 - - 
Extruded beans kg - - 1,5 - 
Extruded peas kg - - - 1,5 
Minerals and vitamins 
supplements kg 0,83 0,83 0,83 0,83 
1 kg diet DM contains:  
Net energy per lactation 
(NEL) MJ 5,70 5,73 5,75 5,78 
Crude protein g 130 129 128 128 
Crude fibre g 196 195 192 191 
Crude fat g 39 30 30 33 
Starch g 190 203 208 211 
Sugar g 38 36 36 36 

 
Feed samples were analyzed for dry matter, crude protein, crude fibre, crude fat, nitrogen-free extracts, calcium and 

phosphorus. The energy value of feeds was expressed as net energy for milk production (NEL). The analyses were carried 
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out at the Analytical laboratory of the LHSU Institute of Animal Science using ordinary methods (AOAC, 2000). Energy 
and nutritional values of the diets were calculated with the feeding software HYBRIMIN® Futter 2008. 

Sampling and analyses of rumen fluid. The rumen fluid samples were collected three times (once a month) in the 
experimental period. The samples were collected from three randomly selected animals of each group with a stomach 
tube (Sederevičius, 2000) 3 hours after the supplementary feeding with lupins, faba beans and peas. The rumen fluid was 
analyzed for the pH, total volatile fatty acid (VFA) content, total and ammonia nitrogen, reduction activity of bacteria 
and protozoa count. Ruminal pH was measured immediately after sampling, using a handheld pH-meter (Horiba - Twin 
pH, Spectrum Technologies). Total VFA was defined by rumen fluid distillation in a Marcgamus apparatus according to 
the method of Pustovoj (1978). Total nitrogen was analysed by Kjeldahl procedure (Behr system, Germany), ammonia 
nitrogen – by titrimetric method with the preliminary distillation (Behr steam distillation unit S1, Germany). Reduction 
activity of bacteria were evaluated according to the method described by Bakūnas (2004). Fuchs-Rosenthal counting 
chamber (Blaubrand, Wertheim, Germany) was used for enumeration of protozoa by Olympus microscope (BX43, 
Hamburg, Germany). The rumen fluid analyses were carried out at the Research Centre of Digestive Physiology and 
Pathology of the Department of Anatomy and Physiology, LHSU Veterinary Academy. 

Statistical analysis. SPSS software, version 15.0 (Chicago, IL, USA, 2006) was used for the statistical analysis of the 
data. 

Results and discussion  Rumen fluid‘s fermantation processes‘ activity is not permanent, it can depend on feeding time, ration, feed‘s quality, 
time that passed after feeding, rumen fluid‘s pass to other sections of digestive tract. 

 

  
Figure 1. Rumen fluid pH 

 One of the most important organism homeostasis’ indexes is pH. According to Cerrato-Sánchez and Calsamiglia 
(2007), rumen pH normally ranges between 6.5-6.8, and according to Carter and Grovum (1990), physiologically normal 
rumen pH is from 5.5 to 7.0. From the data given in Figure 1, it can be observed that control and experimental group’s 
rumen fluid’s pH did not range significantly during all experimental period and matched physiological norms 
(Sederevičius, 2004) (P>0.05). This made beneficial conditions for rumen protozoa growth and development. In other 
research, Soto-Navarro et al. (2004) reported minimal changes in pH when feeding increasing levels of field peas in 
medium-concentrate diets. 

After the research it was determined that using extruded lupins, extruded fodder beans and extruded peas in cow‘s 
ration had no statistically significant influence on rumen fluid‘s bacteria reduction activity (P>0.05). 

Protozoa are very active in the protein degradation, protozoa population are fewer than rumen bacteria population 
(Ørskov, 1988). Observing range of protozoa quantity in rumen‘s fluid during experimental period, it was perceived that 
after first month of the experiment the quantity of protozoa between control and II – III experimental groups was very 
similar (258.59 – 263.29 x103/ml), though it was determined that Ist experimental group‘s cows, that were fed with 
extruded lupins and soybean, quantity of protozoa in rumen fluid was significantly lesser comparing to control group, 
which is 145,04x103/ml or 56,74 % lesser (P>0.05). 

After analyzing 2nd experiment’s month results, we observed that the quantity of protozoa in I experimental group’s 
cow’s rumen fluid increases during the experiment, and in the end of the experiment it is 242.7 x103/ml or 68.13 % bigger 
comparing to it’s quantity in the beginning of the experiment. The same tendency is observed in II experimental group. 
Opposite reaction proceeds in III experimental group cow‘s, which ration was formed from extruded peas and soybean. 
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It was observed that during the experimental period the quantity of protozoa in rumen fluid of this experimental group 
tendentiously decreases and is 66.15 x103/ml or 25.2 % lesser than after first month of the research (P>0.05). The obtained 
results confirm the data of other authors that the total protozoa count in the rumen fluid of cows directly depends on 
forage preparation technologies ration composition and structure (Moskalenko, Kuznecov, 2003).  

 

  
Figure 2. Reduction activity of bacteria, s 

 

  
Figure 3. Protozoa count, x103/ml 

 It is known that changing the proportion of forage and concentration in diets affects ruminal fermentation 
characteristics such as volatile fatty acids (VFA) and ruminal pH (Schwartzkopf-Genswein et al, 2003). After analysing 
alterations of volatile fatty acids during experimental period, we observed that the concentration of volatile fatty acids 
during whole experimental period was physiologically within the mark in both control and experimental groups. After a 
month of experiment the concentration of volatile fatty acids in I experimental group‘s rumen fluid was 3.66 % higher, II 
experimental group‘s – 10.95 % and III experimental group‘s – 14.56 % lower comparing to control group (P>0.05). 
After two months of the experiment the concentration of volatile fatty acids in I experimental group‘s cow‘s rumen fluid 
was 4 % higher, II experimental group – 3.2 % higher, and III experimental group – 4 % lower, comparing to control 
group (P>0.05). In the end of the experiment concentration of volatile fatty acids in I experimental group‘s rumen fluid 
was 6.9 % lower, II and III experimental group‘s – 3.45 % higher comparing to control group‘s cow‘s rumen fluid 
(P>0,05). 
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Figure 4. VFA, mmol/l 

 
Reed et al. (2004) reported a cubic increase in total VFA with increasing field pea level in growing diets for beef 

cattle. In contrast, Soto-Navarro et al. (2004) observed no differences in ruminal fermentation variables when feeding 
increasing levels of field pea to cattle. Ruminal pH was similar among treatments and therefore a change in total VFA 
concentration was unexpected. 

The feed nitrogen compounds (NPN and true protein) are exposed to rumen microbial enzymatic activity and are 
subjected to partial or total degradation. In general, the simple nitrogen compounds and highly soluble as the non protein 
nitrogen (NPN), are degraded by rumen microorganisms resulting in an increase in the ammonia rumen concentration. 
Furthermore, the proteins are partly degraded by the action of microorganisms proteolytic enzymes, resulting in peptides 
and amino acids, which by the action of peptidases and desaminase of these microorganisms, produce ammonia, volatile 
fatty acids (VFA) and carbon dioxide (Annison, Lewis, 1981; Bach, Calsamiglia, 2002). Nitric substances‘ fermentation‘s 
in rumen analysis showed, that total amount of nitrogen and ammonia during the experimental period varied differently 
between groups. 

While analysing alterations of total amount of nitrogen during experimental period, it was observed that both control 
and all experimental group‘s had it‘s concentration in rumen fluids physiologically within the mark, the whole 
experimental period. After first month of the experiment the total amount of nitrogen in I experimental group‘s (fed with 
extruded lupins and soybean) rumen fluid was 7.73 % higher, II experimental group‘s (fed with extruded beans and 
soybeans) – 11.74 % lesser, and III experimental group‘s (fed with extruded peas and soybeans) – 15.75 % lesses, 
comparing to control group‘s cow‘s rumen fluid (P>0.05). 

While analyzing results of 2nd month of the experiment, it was determined that control group’s cows, which ration 
was formed from extruded soybean, had total amount of nitrogen in rumen’s fluid increase by 58.45 % comparing to 
results of the first month. Besides that, we determined that I experimental group’s cow’s rumen fluids total amount of 
nitrogen was 43.94 %, II experimental group’s – 37.97 %, and III experimental group’s – 44.84 % lesser comparing to 
control group (P>0.05). 

The ruminal ammonia nitrogen (N-NH3) concentration is a consequence of the balance between production, absorption 
and utilization by microorganisms (Silveira et al., 2009). While analysing ammonia nitrogen alteration tendencies during 
experimental period, it was determined that I experimental group‘s cows (fed with extruded lupins and soybeans) had it‘s 
concentration in rumen‘s fluid 4.2 % higher after the first month of the experiment, II experimental group‘s (fed with 
extruded beans and soybeans) – 10.2 % lesser comparing to control group‘s cow‘s rumen fluid (P>0.05). III experimental 
group‘s (fed with extruded peas and soybeans) cows had the same ammonia nitrogen amount as control group‘s cows. 

While analysing results of 2nd month of experiment it was determined that control group‘s cows, which were 
additionally given extruded soybean, total amount of nitrogen in rumen fluid increased by 21.11 % comparing to the 
results of first experimental month, the same tendency was seen with total ammonia nitrogen in rumen fluid. Besides that, 
it was determined that I experimental group had  49.25 % of ammonia nitrogen in rumen fluid, II experimental group‘s – 
21.9 %, and III experimental group‘s – 25.85 % lesser comparing to control group‘s cow‘s rumen fluids (P>0.05). 

In the end of the experiment control group‘s cows distinguished for gaving significantly decreased amount of total 
nitrogen in rumen‘s fluids, comparing to second month of the experiment (39.92 and 42.26 %) It was determined that I 
experimental group‘s rumen fluid total amount of ammonia nitrogen was 11.11 %, II experimental group‘s – 63.88 % 
bigger comparing to control group (P>0.05). 
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Figure 5. Total nitrogen, mg/100 ml 

 

  
Figure 6. Ammonia nitrogen, mg/100 ml 

 
The level considered optimal for ruminal ammonia concentration (10 mg/100 mL) cannot be considered static, since 

the ability of bacteria to synthesize protein and capture ammonia depends on the fermentation rate of carbohydrates (Van 
Soest, 1994). In this sense, Ítavo et al. (2002) estimated maximum concentrations of ammonia nitrogen (N-NH3) at 22.93 
mg/100 mL of ruminal fluid, with 14.14% of concentrate and 1.89 hours after the feed intake. The values found for the 
maximum concentrations of N-NH3 of diets, in function of the time of collection, are in agreement with Mehrez et al. 
(1977), who suggested that the maximal fermentative activity would occur when the concentrations of ammonia nitrogen 
(N-NH3) are between 19 and 23 mg/100 mL of ruminal fluid. 

Conclusions  The results of this study shown that extruded soybeans replacement with extruded lupins (Lupinus spp.), extruded 
fodder beans (Vicia faba) and extruded peas (Pisum sativum) in dairy cows rations, had no negative influence on rumen‘s 
fermentative indexes and warranted it‘s optimal activity. 

 
References 1. Annison, E. F.; Lewis, D. M. A. El metabolismo del rumen. 1.ed. en español. S. A. de C.V. México: Editorial 

Hispano-Americano, 1981.  

0,00
20,00
40,00
60,00
80,00

100,00
120,00
140,00

After 30 days After 60 days After 90 days

81,43

129,03

77,93
87,73

72,33 60,2
71,87 80,03

104,07

68,6 71,17
52,03

Control Experimental 1 Experimental 2 Experimental 3

0,00
2,00
4,00
6,00
8,00

10,00
12,00
14,00
16,00
18,00
20,00

After 30 days After 60 days After 90 days

15,49
18,76

10,08

14,84

9,52 11,2
13,91 14,65

16,5215,49 13,91 13,07

Control Experimental 1 Experimental 2 Experimental 3



ISSN 1392-2130. VETERINARIJA IR ZOOTECHNIKA (Vet Med Zoot). T. 73 (95) Supplement. 2016 
 

94 

2. AOAC International. Official methods of analysis. 17th ed. Assoc Offic Anal Chem, Arlington, VA. 2000. 
3. Bach, A., Calsamiglia, S. Manual de racionamiento para el vacuno lechero. 1.ed. España: Servet Editores, 2002. 
4. Baker, K. M., Stein H. H. Amino acid digestibility and concentration of digestible and metabolizable energy in 

soybean meal produced from conventional, high-protein, or low-oligosaccharide varieties of soybeans and fed to growing 
pigs. Journal of Animal Science. 2009. 87. P. 2282–2290. 

5. Bakūnas J.: Diseases of cattle’s oesophagus and reticulorumen. Terra Publika, Kaunas 2004, p. 20–65. 
6. Carter, R. R., and W. L. Grovum. A review of the physiological significance of hypertonic body fluids on feed 

intake and ruminal function: Salivation, motility and microbes. Journal of Animal Science. 1990.68. 2811-2832. 
7. Cerrato-Sánchez M., Calsamiglia S. Effects of Time at Suboptimal pH on Rumen Fermentation in a Dual-Flow 

Continuous Culture System. Journal of Dairy Science. 2007. P. 1486 – 1492. 
8. Cervantes-Pahm, S. K., Stein, H. H. Effect of dietary soybean oil and soybean protein concentration on the 

concentration of digestible amino acids in soybean products fed to growing pigs. Journal of Animal Science. 2008. 86. P. 
1841–1849. 

9. Gill, C., (). World feed panorama. High cost of feedstuffs: global impact, response. Feed International, 1997. 18. 
P 6–16. 

10. Hartwig, E. E., Kuo T. M., Kenty M. M. Seed protein and its relationship to soluble sugars in soybean. Crop 
Science. 1997. 37. P. 770–778. 

11. Ítavo, L.C.V., Valadares Filho, S.C., Silva, F.F. et al. Produção microbiana e parâmetros ruminais de novilhos 
alimentados com dietas contendo vários níveis de concentrado. Revista Brasileira de Zootecnia, 2002.31-3. P. 1553-1561. 

12. Jezierny, D., Mosenthin, R., Eklund, M., Rademacher, M.,. Determination of standardized ileal digestibilities of 
crude protein and amino acids in legume seeds for growing pigs. Proceedings of the 16th International Science 
Symposium on Nutrition of Domestic Animals, Radenci. 2007. P. 198–203. 

13. Jezierny, D., Mosenthin, R., Bauer, E. The use of grain legumes as a protein source in pig nutrition: A review. 
Animal Feed Science and Technology. 2010. 157. P. 111–128. 

14. Johnson, L. A. Oil recovery from soybeans. Chemistry, Production, Processing, and Utilization. AOCS Press, 
Urbana, IL. 2008. P. 331–375 

15. McDonald, P., Edwards, R.A., Green halsh, J.F.D. Morgan, C.A.. Animal Nutrition, 6th (ed) Penfiee Hall, Halow, 
England London. 2002. 

16. Mehrez, A.Z; Ørskov, E. R.; McDonald, I. Rates of rumen fermentation in relation to ammonia concentration. 
Bristish Journal of Nutrition, 1977.v.38, n.3, P.437-443 

17. Moskalenko S. P., Kuznecov M. J.: Rubcovoe pischevarenie u karov pri kormlenii senazom, zagotovlenom v 
plenocnoi upakovke. Zootexnika. 2003. 7. P. 11-12. 

18. Opapeju, F. O., Golian, A., Nyachoti, C. M., Campbell , L. D.. Amino acid digestibility in dry extruded-expelled 
soybean meal fed to pigs and poultry. Journal of Animal Science. 2006. 84. P. 1130–1137. 

19. Ørskov, E. R. Nutrición proteica de los rumiantes. 1.ed. en español. Zaragoza: Acribia, 1988. 
20. Pustovoj V. K.: Gazochromatograficheskoje opredelenije zirnych kislot v kormach i biologicheskich substratach 

selskochozeistvenych zyvotnych. Mietodychestkije rekomendacii. Borovsk 1978, s. P. 3–8. 
21. Reed, J. J., G. P. Lardy, M. L. Bauer, T. C. Gilbery, and J. S. Caton. Effect of field pea level on intake, digestion, 

microbial efficiency, ruminal fermentation, and in situ disappearance in beef steers fed growing diets. J. Anim. Sci. 2004. 
82. P. 2123.–2130. 

22. Schwartzkopf-Genswein, K. S.,  K. A. Beauchemin, D. J. Gibb,  D. H. Crews,  D. D. Hickman,  M. Streeter, and 
T. A. McAllister. Impact of bunk management on feeding behavior, ruminal acidosis and performance of feedlot cattle: 
A review. J. Anim. Sci. 2003. 81(E. Suppl. 2) P. E149–E158. 

23. Sederevičius A.: Gyvūnų organizmo skysčių fiziologiniai rodikliai. Lithuanian Vet. Acad., Kaunas 2004, 56-61 p. 
24. Sederevičius A. Diagnostiniai ir gydomieji zondai galvijams. Kaunas, 2000. P. 3–9. 
25. Silveira, R.N.; Berchielli, T.T.; Canesin, R.C. Influência do nitrogênio degradável no rúmen sobre a 

degradabilidade in situ, os parâmetros ruminais e a eficiência de síntese microbiana em novilhos alimentados com cana-
deaçúcar. Revista Brasileira de Zootecnia. 2009. v.38, n.3, P. 570-579 

26. Singh, R.J., Chung, G.H., Nelson, R.L.,. Landmark research in legumes. Genome. 2007. 50. P. 525–537. 
27. Soto-Navarro, S. A., G. J. Williams, M. L. Bauer, G. P. Lardy, D. G. Landblom, and J. S. Caton. Effect of field 

pea replacement level on intake and digestion in beef steers fed by-product-based medium-concentrate diets. J. Anim. 
Sci. 2004. 82. P. 1855.–1862. 

28. Trostle, R., Global agricultural supply and demand: Factors contributing to the recent increase in food commodity 
prices. A Report from the Economic Research Service. United States Department of Agriculture Economic Research 
Service, Washington, DC. 2008. 

29. Van Soest, P.J. Nutritional ecology of the ruminant. 2.ed. Ithaca: Cornell University Press, 1994. 476 p. 
 
Received 17 June 2016 
Accepted 14 July 2016 


