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Table 2. Effects of feeding liquid protein (corn steep liquor) and compared with conventional protein sources on
nutrients digestibility (g/kg) in fistulated sheep fed with high wheat straw level
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Table 3. Effects of feeding liquid protein (corn steep liguor) and compared with conventional protein sources on
ruminal fermentation pattern in fistulated sheep fed with high wheat straw level
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Table 4. Effects of feeding liquid protein (corn steep liquor) and compared with conventional protein sources on total
purine derivatives and microbial protein synthesis in fistulated sheep fed with high wheat straw level
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Table 5. Effects of feeding liquid protein (corn steep liquor) and compared with conventional protein sources on
blood hematology and metabolites and liver enzymes in fistulated sheep fed with high wheat straw level

Ctalel slales Al b
P-value SEM CSM SBM CSL
Sigplen
AN -I50 YA YAIY YAIY dopd g S gilan
<Ay -I¥¥ Uy /s Uy FdgySan ya 3V B el JgdS
-los /¥ /A ol ols Sl V" i sla S
<Iv¥ -fas Uy Vel UA Sl 3 p)S mslSgen
NN Va/A FAYY FYYY FAY- ydgSan 3« Judg o
< IA¥ AAN) \A\s \E AR Y9 ySae D dpmgige
-/¥- YE/A 00+ O¥A oo FdgySue 5D Capmgisd
@3S slopl s 055 clacsls
-[AY VA v/ W \tZA8 Sdowd 3 pyS o (S5
o5 7S /Y W/E Vo/Y Sl owd 3 pS e csloygl 595
<IY¥ o[- v/ay ¥/aq Y/AA Sdswd )3 p)S ool
-Iys AV oIy /A ol Sdowd 3 p )5 JS oy
-IsY YiY e ¥ ) Sdowd ) p )5 e ¢ gyl
-/o¥ /¥ ¥ 4 £y Sy Ml 2l )il ginel b yusl
A Y/AA A g Q S5 Ml a5l lausl ainel Yl

d.)l.)d.u) Alsus 695 o> :CSM ‘La}w dlus’ d9l> o > :SBM ) Oluud e_l,z gy g <59l> oy :CSL —(\ Jolis UJ.;L@)“ syles =)

OSes o 2o ) e gead b g (608 laan] silen
2 ool 2 byl sximd L 9 0,8 8 Sbces cul
S ople & dag boysb ddllas o (V) wisl WS
OluS 58l pae sdimd )l &) Cuow S 5l (Selgilen
S Salie GlaS 5 uss pas g (Gl 029 (g320 A
Glayles U cov 08 cddld aad e ol K B
yei 285518 ool D50 (Lgn il 5 (odolo)]
sdlogs 13 CBeS )39 & bgw dbnS | gy g
ol oy (1S (sl 3l o ) Gy St 36 ol
LA ol asls
gl oign e & Sbplts ol iagh wls
GV o 48 luthsS 55 eolitul clllE (03 Glugs)

Dyl Bdg 03)S i (pSekS 0 p,5 Fro) puS ol

0yl bgw dbuS 4 Cuns aildasy dbuS b 9 @)d
285 (YY) dilion sy (nl 33 OJgy yieS (35k
ORlBl jghtedr syiin yp &l e slagiagh
Shes Spas ghaw Gl 4 28 b o)l s (il
0392 yly ;03 By jl oy (53] aw § Bib S
slylead S cola pae Ly Wiy o IVl
s &5 ool S5 LB pman (P = <JAY) a3l il
2l o & sl odgy ply g oy ) (22 9 (B9
ol om 2 09> 2 OBen 5 22 Sl g
A awd o Gl gl ddlles gls Cuol 0028 Linlel
ialojl byl 58U cov 5 a8 Slampl clale
o Lyl ) oS eyl P> +/40) <8, 1,8


http://dx.doi.org/10.29252/rap.11.27.57
http://rap.sanru.ac.ir/article-1-1042-en.html

[ Downloaded from rap.sanru.ac.ir on 2026-02-13 ]

[ DOI: 10.29252/rap.11.27.57 ]

B3 ot

dgne yohaieds oo yimgh bl b dgd oo Slesd cplplo
loaiae «)d Ol loslsul Gloj )3 (459558 (235b
» el FSgp @le | edlatul b oakly > oyuie

33,5 piitie (6 lgy o MdweS

......................... 1399 lg 127 o jleis [ omdjl Jlo ool olidgi slosimgy

gl oSon ade & AbplE pob iagh @l

YV o 45 aiiasS > 00liza] ol ()3 luns)
2yl Wg 03,8 wiw (p)SskS 5 p,5 400) puiS oS
2 Gl n e Sl o pde LS s 4o jsbay

i oo P g et Cubl gl > (gl dJg )9°
P9 S L el 039 s A 45 by g Sas cxBan
inlejl )3 aibasy dbus alie lagul @) Clus

P2 e bl Wy v (o g sl ail j5l
sl 039y yidey Johite (suon aie (il )l @) Glus

Fv%)

1. Antongiovanni, M., A. Acciaoli, F. Grifoni, A. Martini and P. Ponzetta. 1991. Effects of wheat straw
treated with ammonia from urea hydrolysis in lamb diets. Small Ruminant Research, 6: 39-47.

2. Association of Official Analytical Chemists. 1990. Official Methods of Analysis. 15" ed.

3. Atasoglu, C., C.J. Newbold and R.J. Wallace. 1999. Influence of ammonia concentration on [15N]
ammonia uptake and de novo synthesis of different amino acids by mixed rumen microorganisms
from the sheep rumen in vitro. Page 212 in Proc. Br. Soc. of Anim. Sci. Edinburgh, Scotland.

4. Azizi-Shotorkhoft, A., A. Sharifi, D. Mirmohammadi, H. Baluch-Gharaei and J. Rezaei. 2016. Effects
of feeding different levels of corn steep liquor on the performance of fattening lambs. Animal
Physiology and Animal Nutrition, 100: 109-17.

5. Bowman, J.G.P., B.F. Sowell and J.A. Paterson. 1995. Liquid supplementation for ruminants fed low
quality forage diets: a review. Animal Feed Science and Technology, 55: 105-138.

6. Broderick, G.A. and J.H. Kang. 1980. Automated simultaneous determination of ammonia and total
amino acids in ruminal fluid and in vitro media. Journal of Dairy Science, 63: 64-75.

7. Cebra, C.K., F.B. Gerry, D.M. Getzy and M.J. Fettman. 1997. Hepatic lipidosis in anorectic lactating
Holstein cattle. A retrospective study of serum biochemical abnormalities. Journal of Veterinary
International Medicine, 4: 231-237.

8. Chen, X.B. and M.J. Gomes. 1992. Estimation of Microbial Protein Supply to Sheep and cattle based
on Urinary Excretion of Purine Derivatives: An Overview of Technical Details. Occasional
Publication. Aberdeen, UK: Rowett Research Institute.

9. David, D.B., C.H.E.C. Poli, J.V. Savian, G.A. Amaral, E.B. Azevedo and F. Jochims. 2015. Urinary
creatinine as a nutritional and urinary volume marker in sheep fed with tropical or temperate forages.
Arquivo Brasileiro de Medicina Veterinaria e Zootecnia, 67: 1009-10015.

10. Eghbali. M., F. Kafilzadeh, F. Hozhabri. S. Afshar and M. Kazemi-Bonchenari. 2011. Treating canola
meal changes in situ degradation, nutrient apparent digestibility, and protein fractions in sheep. Small
Ruminant Research, 96: 136-139.

11. Elwakeel, E.A., E.C. Titgemeyer, J.S. Drouillard and C.K. Armendariz. 2007. Evaluation of ruminal
nitrogen availability in liquid feeds. Animal Feed Science and Technology, 137: 163-181.

12. Gorosito, A.R., J.B. Russell and P.J. Van Soest. 1985. Effect of carbon-4 and carbon-5 volatile fatty
acids on digestion of plant cell wall in vitro. Journal of Dairy Science, 68: 840-847.

13. Griswold, K.E., G.A. Apgar, J. Bouton and J.L. Firkins. 2003. Effects of urea infusion and ruminal
degradable protein concentration on microbial growth, digestibility, and fermentation in continuous
culture. Journal of Animal Science, 81: 329-336.

14. Griswold, K.E., W.H. Hoover, T.K. Miller and W.V. Thayne. 1996. Effect of form of nitrogen on
growth of ruminal microbes in continuous culture. Journal of Animal Science, 74: 483-491.

15.Horton, G.M.J., H.H. Nicholson and D.A. Christensen. 1982. Ammonia and sodium hydroxide
treatment of wheat straw in diets for fattening steers. Animal Feed Science and Technology, 7: 1-10.

16.Jafari Ahangari, Y., S. Yasini and A. Toghdory. 2013. Effects of different levels of cottonseed meal
on milk composition and blood parameters of Zel ewes. Research on Animal Production, 4(7): 124-
133 (In Persian).

17.Jiriaei, F., M. Kazemi-Bonchenari, M.H. Moradi and D. Mirmohammadi. 2019. Synchronous feeding
of liquid protein source with different grains on performance, digestibility, ruminal fermentation,
blood metabolites and carcass characters in growing lambs. Tropical Animal Health and Production.
Accepted. https://doi.org/10.1007/s11250-019-02074-y.

18. Karimi-Daeini, H., M. Kazemi-Bonchenari, M. Khodaei-Motlagh and M.H. Moradi. 2018. Effect of
increased protein level supplied by soybean meal or meat meal on performance, blood metabolites and
insulin and liver enzymes in Holstein male calves. Research on Animal Production, 8(18): 100-106
(In Persian).

19. Kazemi-Bonchenari, M., R. Falahati, M. Poorhamdollah, S.R. Heidari and A. Pezeshki. 2018.
Essential oils improved weight gain, growth and feed efficiency of young dairy calves fed 18 or 20%
crude protein starter diets. Journal of Animal Physiology and Animal Nutrition, 102: 652-661.

S 5 (g Coglee lisl cod pob adlas
Sl slcsles 1 daugeps a5 wilee STl oKl
D)8 o (I2ya8 STl oSl


http://dx.doi.org/10.29252/rap.11.27.57
http://rap.sanru.ac.ir/article-1-1042-en.html

[ Downloaded from rap.sanru.ac.ir on 2026-02-13 ]

[ DOI: 10.29252/rap.11.27.57 ]

L J——— oS slaazinl b i Sl puS oS (Y gobaw b (ks oy > le (g n JoSe ()

20. Kazemi-Bonchenari, M., A.Z.M. Salem and S. Lopez. 2017. Influence of barley grain particle size and
treatment with citric acid on digestibility, ruminal fermentation and microbial protein synthesis in
Holstein calves. Animal; An international journal of bioscience, 11: 1295-1302.

21. Khatibi-Bardsiri, A., R. Tahmasebi, O. Dayani and A. Khezri. 2017. The Effect of level of feed intake
on digestibility, nitrogen balance and microbial protein synthesis in sheep. Research on Animal
Production, 8(15): 18-24 (In Persian).

22.Kohn, R.A., M.M. Dinneen and E. Russek-Cohen. 2005. Using blood urea nitrogen to predict nitrogen
excretion and efficiency of nitrogen utilization in cattle, sheep, goats, horses, pigs, and rats. Journal of
Animal Science, 83: 79-889.

23.Leng, R.A. and J.V. Nolan. 1984. Nitrogen metabolism in rumen. Journal of Dairy Science, 67: 1072-
1089.

24. Males, J.R. 1987. Optimizing the utilization of cereal crop residues for beef cattle. Journal of Animal
Science, 65: 1124-1130.

25.Manns, J.G., J.M. Boda and R.F. Willis. 1967. Probable role of propionate and butyrate in control of
insulin secretion in sheep. American Journal of Physiology, 212: 756-764.

26.NRC. 2001. Nutrient Requirements of Dairy Cattle (7th Ed.). National Academy Press, washington,
DC.

27.Reynal, S.M. and G.A. Broderick. 2005. Effect of dietary level of rumen degraded protein on
production and nitrogen metabolism in lactating dairy cows. Journal of Dairy Science, 88: 4045-4064.

28.Russell, J.B., J.D. O.Connor, D.G. Fox, P.J. Van Soest and C.J. Sniffen. 1992. A net carbohydrate and
protein system for evaluating cattle diets: I. Ruminal fermentation. Journal of Animal Science, 70:
3551-3561.

29.Russell, J.B., C.J. Sniffen and P.J. Van Soest. 1983. Effect of carbohydrate limitation on degradation
and utilization of casein by mixed rumen bacteria. Journal of Dairy Science, 66: 763-775.

30. Salisbury, M.W., C.R. Krehbiel, T.T. Ross, C.L. Schultz and L.L. Melton. 2004. Effects of
supplemental protein type on intake, nitrogen balance, and site, and extent of digestion in whiteface
wethers consuming low-quality grass hay. Journal of Animal Science, 82: 3567-3576.

31. Schingoenthe, D.J. 1976. Whey utilization in animal feeding: A summary and evaluation. Journal of
Dairy Science, 59: 556-570.

32. Soltani, M., M. Kazemi-Bonchenari, A.H. Khaltabadi-Farahania and O. Afsarian. 2017. Interaction of
forage provision (alfalfa hay) and sodium butyrate supplementation on performance, structural
growth, blood metabolites and rumen fermentation characteristics of lambs during pre-weaning
period. Animal Feed Science and Technology, 230: 77-86.

33.Valadares, R.F.D., G.A. Broderick, S.C. Valadaresfilno and M.K. Clayton. 1999. Effect of replacing
alfalfa silage with high moisture corn on ruminal protein synthesis estimated from excretion of total
purine derivatives. Journal of Dairy Science, 82: 2686-2696.

34.Van Soest, P.J, J.B. Roberts and B.A. Lewis. 1991. Methods of dietary fiber, neutral detergent fiber
and noN.S.trach polysaccharides in relation to animal nutrition. Journal of Dairy Science, 74: 3583-
3597.

35.Walker, R.S., D. LaMay, J.R. Davis and C.A. Bandyk. 2013. Method of feeding a liquid-protein
supplement with low- to medium-quality hay affects hay waste and cow performance. The
Professional Animal Scientists, 29: 552- 558.

36.Wang, Z., Y. Cui, P. Liu, Y. Zhao, L. Wang, Y. Liu and J. Xie. 2017. Small peptides isolated from
enzymatic hydrolyzate of fermented soybean meal promote endothelium-independent vasorelaxation
and ACE inhibition. Journal of Agricultural Food and Chemistry, 65: 10844-10850.

37.Wickersham, E.E., J.E. Shirley, E.C. Titgemeyer, M.J. Brouck, J.M. DeFrain, A.F. Park, D.E. Johnson
and R.T. Ethington. 2004. Response of lactating dairy cows to diets containing wet corn gluten feed or
a raw soybean hull-corn steep liquor pellet. Journal of Dairy Science, 87: 3899-3911.

38.Yang, C.M.J. 2002. Response of forage fiber degradation by ruminal microorganisms to branched-
chain volatile fatty acids, amino acids and dipeptides. Journal of Dairy Science, 85: 1183-1190.


http://dx.doi.org/10.29252/rap.11.27.57
http://rap.sanru.ac.ir/article-1-1042-en.html

[ Downloaded from rap.sanru.ac.ir on 2026-02-13 ]

[ DOI: 10.29252/rap.11.27.57 ]

Research on Animal Production, Vol. 11, NO. 27, SPFiNG 2020 ........c.uiuuitit ittt ettt e e e 65

Evaluation the Effects of Liquid Protein Source in Sheep Diet Fed High Wheat
Straw Diet on Ruminal Fermentation, Microbial Protein, Hematology and Blood
Metabolites

Reza Chegini', Mahdi Kazemi-Bonchenari?, Mahdi Khodaei-Motlagh® and
Amir Hossein Khaltabadi-Farahani*

1, 3 and 4- Graduated M.Sc. Student and Associate Professor and Assistant Professor, Department
of Animal Sciences, Faculty of agriculture and Natural Resources Arak University
2- Associate Professor, Department of Animal Sciences, Faculty of agriculture and Natural Resources Arak
University, (Corresponding author: m-kazemibonchenari@araku.ac.ir)
Received: August 27, 2019 Accepted: November 9, 2019

Abstract

The effect of liquid protein feed (corn steep liquor; CSL contain 42% CP, DM basis) and its
comparison with conventional protein sources (i.e. soybean meal; SBM and cottonseed meal,
CSM) were evaluated in fistulated sheep fed with high wheat straw level included in diet (400
o/kg, DM basis). The study was carried out on three ruminal fistulated sheep in 3 x 3 Latin
square design with 21-d periods (the first 14-d for adaptation period and the last 7-d for sample
collection). The treatments were; (1) CSL; (2) SBM and (3) CSM included in basal diet.
Microbial protein synthesis, ruminal fermentation, nutrients digestibility, hematology and blood
metabolites were evaluated in the current study. Results show that intake was not differed
among treatments (P > 0.05). However, NDF digestibility was increased in SBM fed sheep (P =
0.02). Total short chain fatty acid production was 73.68, 82.55, and 65.93 mmol for CSL, SBM
and CSM, respectively (P = 0.03). Purine derivate as well as microbial protein synthesis were
increased in sheep fed SBM (P = 0.02). The hematology of sheep was similar among treatments.
Among blood metabolites only blood urea nitrogen was tended to be lower in SBM diet. In
conclusion, results show that CSL as liquid protein feed could include in sheep fed high wheat
straw diet with no negative effect and further works need to improve its nitrogen efficiency in
animal nutrition.
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