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Table 1- Composition of experimental diets

pB (g o3 VA pB (i Lo p3 VP
5y90 18% Crude protein 16% Crude protein
Items CMM+FM? CcM CM+FM CcM

o g s IS bS IS S ale o o BIS Wl IS s

(Sid o3lo o) ivlojl (sl ylos (slj!
Ingredients (% DM)
) s

. 33.47 32.61 33.08 3291

Corn silage

4oxig, 4dgle 20.10 20.18 20.48 20.37
Alfalfa hay

©pab 19.86 19.94 26.66 26.53
Corn grain

131" dllows’ 22.84 25.44 16.84 18.32
Canola meal

Pl s 1.91 00 1.09 00
Fish meal

\ . .

Omelizg g e dlge JoSo , 1.51 1.52 1.54 1.56
Vitamin and mineral premix

plb s 0.31 0.31 0.31 0.31
Salt

Nutrient composition (by chemical analysis)

Szd odle Aoy 88.60 89.10 88.80 89.00
DM, %

(pSokS 2 5 JB150) pudgilio LB (5351 2.15 2.19 2.16 2.15
ME (MCal/Kg)

(St o3le duoyd) Pl (paig 18.30 18.03 16.01 16.59
CP, %DM

(PB (9.2 20 3) raSid 52 42328 JB (g2 82.36 84.28 80.60 82.50
RDP, %CP

(PL 0852 30y2) dsaSid 12 328 B f g2 17.64 15.72 19.40 17.50
RUP, %CP

(i eole dio3) (H5 05 )3 sl S 36.40 36.80 36.30 36.60
NDF, %DM

(S edlo d2 2] (gl 0ig 53 Jloeals SUI 20.02 19.46 20.83 19.61
ADF, %DM

(Szz oolo dop) (B et lyamgs S 30.50 30.90 32.80 33.00
NFC, %DM

(St o3lo duoy3) (il 0 )lae 210 2.50 3.30 3.20
Ether extract, %DM

(k.i.i& odlo A.o)b) L;l odlo 87.27 88.15 88.82 89.09

OM, %DM
b 5 e I IS 5 S TF 32 5 IR 5 e Y ol 5 XY 55 15 o 535 .5 e 05 5 a5 it Sy 3 g e 55 2
.x..ﬁbwa sl L),uol.us Ulldl o .x>|5 Vo9 WL;5 u,LL»J] o A>|5 Yeoood WLJ5 u,\.L,Jl o »\5 lZa

! Canola meal

2 Fish meal

® The vitamin and mineral premix provided the following per kilogram DM: Zn, 56 mg; Mn, 46 mg; Fe, 22 mg; Cu, 12 mg; I, 0.9 mg; Co, 0.4
mg; Se, 0.3 mg; vitamin A, 6440 1U; vitamin D, 2000 IU and vitamin E, 16 1U.
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FForward -GGACCTGCCTGTCTTCACTC)
sl 5 (Reverse - GATCAAGGTGCTTGGGAAAA
Forward-) (sLayesly 5l 3659,0ms liwd ¥ s aall , uls
Reverse- (GATTGTCAGCAATGCCTCCT
L oeSubeel 1 Jgs ¢l (GGTCATAAGTCCCTCCACGA
s—=S135 (61,5 RT-PCR plo! . eslaww! ¥ bp AV bp 3l
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Table 2- Effect of experimental diets on feed intake and apparent nutrients digestibility®

Pl iy do > VA

PL gy op> V7

. . P- value
18% Crude protein 16% Crude protein
209 CM*+FM? CM CM+FM CM Protein % Crude Protein
Item Pl dbus Al s S dbus dbaS  gEM Source protein Sourcex%CP
ol I35 ol s Ofgn ase pBoslonie b (nlgn Mo X pe
(391 0% 5) s3%0 Slge B paa
Nutrients Intake (g d™)
D‘T;l' Lo 878.5 983.2% 844.0° 976.9° 5.7 <.001 0.94 0.33
E ‘: o9 160.7° 177.2% 142.2° 161.9° 0.9 <.001 <.001 0.13
Jslrels 3L
S oliygdy 319.8° 361.7° 320.8° 3755 2.0 <.001 0.46 0.23
NDF
1 Jsboeals LI
Gl o5 175.8° 191.3° 184.1° 19170 11 <.001 0.62 0.12
ADF
g"vft" 766.7° 866.6° 785.2° 869.2° 50 <.001 0.06 0.15
ik Cubld Loy
Digestibility, %
St osle 75.4 74.4 74.1 71.7 2.1 0.47 0.41 0.72
DM
f’c ‘: O 81.7 83.5 78.1 79.0 1.6 0.51 0.21 0.82
Jalels LI
S okiygdy 471 51.7 52.3 54.9 4.6 0.55 0.28 0.70
NDF
1 Jsloxals LI
el oy 63.1 70.5 66.6 68.3 3.7 0.45 0.76 0.34
ADF
gl‘v‘l’” 757 745 737 716 21 0.48 0.35 0.82
(P<-/-0) aidly o o gine ST (gl alio e By by sy po slopySibe”
! Means within same column with different superscripts differ significantly (P<0.05)
2 Canola meal
3 Fish meal
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Table 3- Effect of experimental diets on pH, NHs-N, VFA and BUN concentration and Ace/Pro ratio of ruminal fluid and blood urea
nitrogen concentrations®

PL (g 2> VA

PB (g 2op3 VP

P- value
18% CP? 16% CP
Protein Protein
J)}n 3 4 0,
- CM3+FM CcM CM+FM  CM  SEM  goirce % CP SOUTCexY6CP
em oI5 dlows o IS Al dllus ) doyd o
L » L s &oe “ Lo 3K (i Eie
bl 3 S 3 g
[CadaPil ) PY %9 S PO IR r’B e
e “” pH 6.50 6.48 6.49 6.49  0.004 0.35 0.62 0.99
Ruminal pH
Lo 2 5 sle) (Sl 030 2390°  24.07° 2085 2135 043 024 <001 0.02
NH3-N (mg dI™)
(s 2 pFke) 0> sl 3o g900 18770 1557 1655° 025 018 <001 058
BUN (mg dl™)
(oo Vv 2 Jse) ol 02 slassn
VFA (mol 100 mol™)
£ 85.10 83.20 82.80 8360 0.1 0.55 0.33 0.19
Total
- 68.08 69.00 67.24 68.79  0.48 0.06 0.21 0.52
Acetate
Q“”f?)’f 21.12 20.55 21.40 1990 0.31 0.16 0.57 0.19
Propionate
<y 11.45 11.35 11.40 1112 011 0.15 0.27 0.47
Butyrate
lil/ by 3.23 3.65 3.14 345 006 017 0.95 0.23

Ace/ Propionate

(P< +/+0) sl o gime M (glls e g o b cnd) jo (slonSibe”

! Means within same column with different superscripts differ significantly (P<0.05)

2 Crude protein
% Canola meal
4 Fish meal
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Table 4- Effect of experimental diets on N intake, fecal and urinary N excretion and apparent N balance®
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 Means within same column with different superscripts differ significantly (P<0.05).
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Table 5- Effect of experimental diets on urea transporter-B gene expression in the ruminal epithelium tissue®

PB (g 2y3 VA

PL (g bop> V7

2 P- value
18% CP 16% CP
’ : N . Protein
Plad CM°+FM CM CM+FM CM SEM Protein % CP Sourcex%CP
e Pyl oS oS g S dlus - dllus Source RSN .
' e s ) Qo p3X (g5 gaie
LSQ’LA l)lf u—hLo )b% l)lf P9y Ze PBO'!'S9)'3. FB &sz
Sl
oy 11.2 10.9 102 104 141 084 0.63 0.96

Gene expression

P +0) cazslyn o gine S (gl it e By b ciod, 5 (slapSolie

! Means within same column with different superscripts differ significantly (P<0.05).

2 Crude protein
% Canola meal
4 Fish meal

Sl P o ) 4Ss mlo PH (:S5le (8,5 51,8 5 4asls
2 0wl )90 (g s aike £55 9 P g Hle Jolo 9 y0
ialofl sbsles 39 b o (M Wi oo sislejl (slajloss

23L (@ e9) opgl JBU 05 ol 2

5 G5 o

9 Sho pb (g e ) oS &5 1300 U @l (]
o3l BBb O MRNA ply Sl o5 (2 4 (589 go £
5505 Jolge 5 2l Jnyipo S 2 130080 iS58 (0 )
o)lg=3 sladslw Jsho (909 PH 5 4083 @lo PH (ygmen 5
sl S 50 (0 gas) opgl J8L o3 MRNA (lo  4eSs
2 (@ &95) osgl JBU slaiSyn cullad (3:35 JpuS 090 S
&S Wid (ogadd sl (6 i Gladss Mol 4eSd o)led
2 ot O (@ £95) 0yl JBU Lo eig i Slold )yt
D00 coudeds yuun &y 09l Jla! pulas

Sligel 41, 405 43 005 35 0] s o 4y (2 351 Sl

i o gl s sl el S ol S e 3gyhen CO,
YY) 295 o duoS b Cuown 4y 00l HLil il 38l 5 daS Caouw
1 SUsigal cbalé 45 ol Sin ckinyS gl (M) Lol 5 Sin
cde b o pials bl jloyel culled cul o il 58l 4ol
2 Slogel clale (nl1L lojer 2Lk 5l oygl culld tals
018 s e 31 5 Pha= ¥ )3 NH g0 4 NHg s cdsoSis
ssaie ay cnlpby (YY) 23k e slojsl clled 5 NHLT (50 oo
55 gl o] 5 ooliil g 4ieSib s 0yl JLil 53,8 ySTis
Sy anl palS Ll 4esls > Sligel Clalé ¢ 09 ,Se By
PH 84S o SUigal e ble (ialS (gl Jsane b9,
adgr SLigal 5l ST oslitul jelaio 4 Logllas w50 4l
(V) ohbSen 5 gl b ol (o9 )Sm (39 520 sl 000
Olrb oy bl jod )3 9 (Bgp kaulpd ) a5 605 cul
55 s 4saSd gulo PH odgi5may> dsaSid & o5l i yiSlis
Orm IS ime gl Dy pas yols Liolejl o bl e slisl S/F
wle DH 5 )y oy csladsl clale blod 4 _ivloj] (glaylos

&l

1- AOAC International. 2012. Official Methods of Analysis, 19th ed. AOAC International, Gaithersburg, MD.

2- Abdoun, K., F. Stumpff., I. Rabbani, and H. Martens. 2010. Modulation of urea transport across sheep rumen
epithelium in vitro by SCFA and CO2. American Journal of Physiology, 298: 190-202.

3- Archibeque, S. L., J. C. Burns, and G. B. Huntington. 2001. Urea flux in beef steers: Effects of forage species and
nitrogen fertilization. Journal of Animal Science, 79: 1937-1943.

4- Bach, A, S. Calsamiglia, and M. D. Stern. 2005. Nitrogen metabolism in the rumen. Journal of Dairy Science, 88:

9-21.

5- Bandyk, C. A., R. C. Cochran., T. A. Wickersham., E. C. Titgemeyer., C. G. Farmer, and J. J. Higgins. 2001.
Effect of ruminal vs. postruminal administration of degradable protein on utilization of low-quality forage by beef



WWAF Lol ¥ ooylols A ol oyl ol (oold pole sledidgly s s \O¥

10-

11-

12-

13-

14-

15-

16-

17-

18-

19-

20-

21-

22-

23-

24-

25-

26-

27-

28-

29-

30-
31-

steers. Journal of Animal Science, 79: 225-231.

Bateman, H. G., J. H. Clark, and M. R. Murphy. 2005. Development of a system to predict feed protein flow to the
small intestine of cattle. Journal of Dairy Science, 88: 282-295.

Beauchemin, K. A., W. Z. Yang., D. P. Morgavi., G. R. Ghorbani., W. Kautz, and J. A. Z. Leedle. 2003. Effects
of bacterial direct-fed mcirobials and yeast on site and extent of digestion, blood chemistry, and subclinical ruminal
acidosis in feedlot cattle. Journal of Animal Science, 81: 1628-1640.

Conway, W. J. 1950. Microdiffusion analysis and volumetric error, 2nd ed. Crosby lock wood and son, London,

UK.

Carneiro, A., A. Esquivel., D. E. Hogue, and M. L. Thonney. 2006. Effect of fermentable fiber and protein source
on feed intake and efficiency of growing lamb. Conference on Asia Agriculture and Animal Science, 13: 1-6.
Castillo, A. R., E. Kebreab., D. E. Beever., J. H. Barbi., J. D. Sutton., H. C. Kirby, and J. France. 2001. The effect
of protein supplementation on nitrogen utilization in lactating dairy cows fed grass silage diets. Journal of Animal
Science, 79: 247-253.

Cheng, K. J, and R. J. Wallace. 1979. The mechanism of passage of endogenous urea through the rumen wall and
the role of ureolytic epithelial bacteria in the urea flow. British Journal of Nutrition, 42: 553-557.

Church, D. C. 1988. In The Ruminant Animal Digestive Physiology and Nutrition. Prentice Hall, Englewood
Cliffs, New Jersey.

Cunningham, K. D., M. J. Cecava., T. R. Johnson, and P. A. Ludden. 1996. Influence of source and amount of
dietary protein on milk yield by cows in early lactation. Journal of Dairy Science, 79: 620-630.

Davenport, G. M., J. A. Boling, and K. K. Schillo. 1990. Nitrogen metabolism and somatotropin secretion in
beefheifers receiving abomasal arginine infusions. Journal of Animal Science, 68: 1683-1692

Gill, M, and D. E. Beever. 1982. The effect ofprotein supplementation on digestion and glucose metabolism in
young cattle fed on silage. British Journal of Nutrition, 48: 37-47.

Gleghorn, J. F., N. A. Elam., M. L. Galyean., G. C. Duff., N. A. Cole, and J. D. Rivera. 2004. Effects of crude
protein concentration and degradability on performance, carcass characteristics, and serum urea nitrogen
concentrations in finishing beef steers. Journal of Animal Science, 82:2705-2717.

Hall, M. B, and G. B. Huntington. 2008. Nutrient synchrony: Sound in theory, elusive in practice. Journal of
Animal Science, 82: 3237-3244.

Hristov, A. N, and J. P. Jouany. 2005. Factors affecting the efficiency of nitrogen utilization in the rumen. Pages
117-166 in: Nitrogen and Phosphorus Nutrition of Cattle: Reducing the Environmental Impact of Cattle Operations.
E. Pfeffer, and A.V. Hristov, ed. CABI Publishing, Wallingford, UK.

Jorgensen, H., W. C. Sauer, and P. A. Thacker. 1984. Amino acid availabilities in soybean meal, sunflower meal,
fish meal and meat and bone meal fed to growing pigs. Journal of Animal Science, 58: 926-934.

Kebreab, E., J. France., J. A. N. Mills., R. Allison., and J. Dijkstra. 2002. A dynamic model of N metabolism in the
lactating dairy cow and an assessment of impact of N excretion on the environment. Journal of Animal Science, 80:
248-259.

Kennedy, P. M, and L. P. Milligan. 1980. The degradation and utilization of endogenous urea in the gastrointestinal
tract of ruminants: A review. Canadian Journal of Animal Science, 60: 205-221.

Khalid, M. F., M. Sarwar., U. N. Mahr, and U. R. Zia. 2011. Response of growing lambs fed on different vegetable
protein sources with or without probiotics. International Journal of Agriculture and Biology, 13: 332-338.

Kiran, D, and T. Mutsvangwa. 2010. Effects of partial defaunation on urea-nitrogen recycling, nitrogen
metabolism, and microbial nitrogen supply in growing lambs fed low or high dietary crude protein concentrations.
Journal of Animal Science, 88: 1034-1047.

Knowlton, K. F., J. H. Herbein., M. A. Meister-Weisbarth, and W. A. Wark. 2001. Nitrogen and phosphorus
partitioning in lactating Holstein cows fed different sources of dietary protein and phosphorus. Journal of Dairy
Science, 84: 1210-1217.

Lapierre, H, and G. E. Lobley. 2001. Nitrogen recycling in the ruminant: A review. Journal of Dairy Science, 84:
223-236.

Legleiter, L. R., A. M. Mueller, and M. S. Kerley 2005. Level of supplemental protein does not influence the
ruminally undegradable protein value. Journal of Animal Science, 83: 863-870.

Marini, J. C., J. D. Klein., J. M. Sands, and M. E. Van Amburgh. 2004. Effect of nitrogen intake on nitrogen
recycling and urea transporter abundance in lambs. Journal of Animal Science, 82: 1157-1164.

Marini, J. C, and M. E. Van Amburgh 2003. Nitrogen metabolism and recycling in Holstein heifers. Journal of
Animal Science, 81: 545-552.

Merchen, N. R, and E. C. Titgemeyer. 1992. Manipulation of amino acid supply to the growing ruminant. Journal
of Animal Science, 70: 3238-3247.

Nocek, J. E. 1997. Bovine acidosis: implications on laminitis. Journal of Dairy Science, 80: 1005-1028.

Ottenstein, D. M, and D. A. Bartley. 1971. Improved gas chromatography separation of free acids C2-C5 in dilute
solution. Annual Chemistry, 43: 952-955.



Vo0

0398l BU (33 ol 9 39 rmi 003k 51 SThes gy 50 eoliiiwl 9590 asbio il

32-

34-

35-
36-

37-

Rémond, D., F. Meschy, and R. Boivin. 1996. Metabolites, water and mineral exchanges cross the rumen wall:
Mechanisms and regulation. Annual Zootechnology, 45: 97-119.

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.

Santos, F. A., J. E. Santos., C. B. Theurer, and J. T. Huber. 1988. Effects of rumen-undegradable protein on dairy
cow performance: a 12-year literature review. Journal of Dairy Science, 81(12): 3182-213.

SAS Institute. 2004. SAS/STAT 9.1 User’s Guide. SAS Institute Inc., Cary, NC.

Shingfield, K. J., S. Jaakkola, and P. Huhtanen. 2001. Effects of level of nitrogen fertilizer application and various
nitrogenous supplements on milk production and nitrogen utilization of dairy cows given grass silage-based diets.
Animal Science, 73: 541-554.

Siddons, R. C., J. V. Nolan., D. E. Beever, and J. C. MacRae. 1985. Nitrogen digestion and metabolism in sheep
consuming diets containing contrasting forms and levels of N. British Journal of Nutrition, 54: 175-187.



Iranian Journal of Animal Science Research Olnl oold pole gledadr gy & i
Vol. 9, No. 2, Summer 2017, p. 146-157 ZHirdn VEPABY .o VA5 (liasls .Y oylad A ul

Effect of Dietary Protein Sources On UT-B Expression and Nitrogen Efficiency
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Introduction The main protein degradation product in ruminant is urea. The urea synthesized in liver and
lost to the environment via urine and feces. However, there is mechanism in ruminants to recycling 40 to 80% of
hepatic urea-N output to the gastrointestinal track (GIT). During the process of urea nitrogen salvaging (UNS),
urea entry into the ruminant gastrointestinal tract via facilitative urea transporters. The passage of urea across
cell membranes is facilitated by such transporters then the urea descends a concentration gradient and derived
from two separate genes: SLC14A1 (UT-B) and SLC14A2 (UT-A). There is a chance for controlling of urea-N
recycling to the GIT, via manipulating the dietary factors such as level and type of dietary crude protein that
affect urea transporters-B expression. However changes in urea transporter expression in the rumen tissue of
ruminants in response to dietary changes have not fully understood. Hence our hypothesis was that changes in
the type of dietary protein sources and the level of dietary crude protein, are important because they determine
how much N is directed toward ruminal NHs-N (25). This study aimed to show how concurrent alters in dietary
protein sources and crude protein change nitrogen efficiency and ruminal UT-B expression in Baluchi male
lambs.

Materials and Methods Four Baluchi male lambs (30 £ 2 kg BW) were used in a 4 x 4 Latin square design
with 28-d periods (adaptation: 21 d and sampling: 7 d) and a 2 x 2 factorial arrangement of dietary treatments.
Lambs had free access to clean water over the experimental period. The dietary factors studied were: 1) canola
meal vs. canola meal with fish meal as the principal source of protein; and 2) dietary levels of crude protein of
16 vs. 18%. Treatments were offered to the animals twice daily for ad libitum intake (09:00 and 16:00 h). The
DM, OM, and N contents were determined according to the AOAC. Volatile fatty acids were separated and
quantified by gas chromatography. Ruminal NHs;-N was determined using distillation method. Total N in pooled
urine was determined using the macro-Kjeldahl procedure. For UT-B gene expression analysis, total RNA was
extracted via High Pure RNA Isolation Kit, followed by digestion with RNasefree DNase. About, 1 pug of RNA
was used to generate first-strand cDNA using cDNA Synthesis Kits. Gene transcript abundance was quantified
using real-time quantitative PCR using SYBR Green fluorescence detection. The primers used for urea
transporter-B (UT-B) and ovine glyceraldehyde 3-phosphate dehydrogenase (ovine GAPDH; NCBI Accession
No. BC102589) were previously reported. Ovine GAPDH was used as an internal reference to normalize UT-B
mRNA expression. Briefly, the PCR primers were UT-B (forward, 5'/ggacctgcctgtcttcactc/3’; reverse,
S'/gatcaaggtgcttgggaaaa/3’) and  ovine  GAPDH  (forward,  5'/gattgtcagcaatgcctcet/3’;  reverse,
5'/ggtcataagtccctccacga/3") with amplicon size of 97 and 94 bp, respectively. Amplification conditions for ovine
GAPDH and UT-B included a predwell for 3 min at 95 °C and 35 cycles of denaturing for 30 s at 95 °C and
annealing for 30 s at 58 °C. The real-time qPCR reaction mixture used for each gene consisted of 12.5 pL of
Maxima SYBR Green qPCR Master Mixes, 0.5 uL of each primer (25 uM), and 1.0 uL of template cDNA, made
up to 25 pL. The amplification efficiency was 100.1%.

Result and Disscusion Lambs fed CM have greater nutrients intake, significantly. Crude protein level had no
significant effect on nutrients intake except CP intake. Nutrients digestibility was not affected by treatments, CP
content and dietary protein sources. Ruminal pH, VFA concentration and acetate to propionate ratio were not
influenced by the experimental diets and dietary protein sources. Significant differences were observed for NH;-
N and BUN concentration in lambs fed treatments contain 18% CP compared to the lambs fed diets contain 16%
CP. Both of CP content and dietary protein sources had significant effect on N intake and urinary N excretion.
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Nitrogen intake and urinary N excretion increased as dietary CP level increased. Lambs fed CM have greater N
intake and urinary N excretion, significantly. Fecal N excretion was not affected by treatments, CP content and
dietary protein sources. Lambs received CM diets had higher apparent N balance. Expression of urea transporter-
B mRNA (expressed as copies/copy of ovine GAPDH) was not affected by treatments. Also, dietary CP content
and dietary protein sources could not impact on the expression of UT-B mRNA.

Conclusion Our finding suggest in studing of manipulating the expression of UT-B mRNA, both dietary
factors such as dietary crude protein level and type of protein sources and ruminal factors shch as intra and para
cellular pH should be considered.

Keywords: Canola, Fish meal, N balance, Protein, Urea transporter.



