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Table 1. Ingredients and chemical composition of diets (DM basis)
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yo - - Urea oyl
- - 27 Isobutyraldehyde mono urea ol oSl 5 553
- 16.5 - Optigen O3l
25 25 25 Mineral, vitamin premix — * ol s - Jdes b gl
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Chemical composition (g/Kg DM)
953.9 962.6 983.4 Dry matter Sis sl
8425 864.7 844.6 Organic matter Slesls
104 103.97 102.33 Protein el s
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One kilogram of mineral+ vitamin premix contained the following: VA 500000 IU; VD3 500000 1U;
VE 0.2 g, Ca 1964, P 96g, Mg 20g, Na 549, Fe 3000 mg, Cu 300 mg; Mn 2500 mg; Co 100 mg; Zn
6000 mg; | 100 mg; Se 25 mg; One kilogram of vitamin premix contained the following:
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Figure 1. Infrared spectrum of prepared compound.
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Figure 3. Effects of supplemental urea, Isobutyraldehyde mono urea and Optigen on rumen fluid
ammonia concentration post feeding
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Figure 4. Effects of supplemental urea, Isobutyraldehyde mono urea and Optigen on rumen
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Table 3. Effects of supplemental urea or Isobutyraldehyde mono urea and Optigen on feed intake and
apparent digestibility

k,ciﬂL‘)‘I sl
Experimental diets

p-value SEM A5 3 sl Fo
o, Ol L Variable
Urea Optigen ot
IBAMU
Intake(g/d) Gas 03 p5) e
004 4932  1021.28"  1248.06 956.070  Dry matter Kot ke
0.12 86.5 795.26 1036.8 809.48 Organic matter JT o3le
$aSs 5 LG s LB JTesle
0.01 20.23 304.37° 412.16° 295.260 S 2 e QB e JE e

Rumen fermentable OM
Apparent digestibility(%) (/) s b s x4 io0S

0.42 1.23 57.59 59.12 57.13 Dry matter St osle
0.84 4.18 58.87 58.94 56.14 Organic matter Slesls
0.02 1.68 62.92% 66.49° 55.18 Nitrogen REPREX
0.19 0.90 46.77 43.86 44.86 NDF o ety 53 Jsboall G
0.86 5.02 42.93 44.21 41.23 ADF (sl oy 53 Jslomsls G

ek 53 ol GUI s
0.01 0.009 0.512 0.450 0512 it T eske s s

DigestibleNDF/Digestible OM

(VAAF ARC): /70 x s b pan pan LB T asle =400 3 peasis BB s LB I eslose
ol Sls e i 2 s = L Cindy a3 b Sile sl @b

Means with different superscripts are significantly different.
Lo Kl 5yl slas :SEM

1. Digestible organic matter fermented in rumen
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Figure 4.Effect of supplemental urea or Isobutyraldehyde mono urea and Optigen on nitrogen balance
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p-value SEM oyl 05 A -
Urea Onti : x5l 5 Variable
ptigen
IBAMU
Intake(g/d) G, o (jf)q,m
0.04 0.9 15,592 18.332 13.39° Nitrogen 05
Apparent digestibility(%) (1) ol s a4 i8S
0.02 1.68 62.92% 66.49° 55.18° Nitrogen 05
Nitrogen excretion(g/d) Goo o3 08 O3 i oo
0.04 0.26 5.70° 6.95° 5.87° Fecal N g sike
0.14 2.16 37.06 37.88 44.80 ETEOUR I Saa
Fecal N/N intake(%)
0.02 2.19 47,640 50.63° 60.432 o 2 u_Ls 4 e e
Fecal N/ N excretion(%)
0.006 0.31 6.422 6.892 4,12° Urinary N Sl
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Urinary N/N excretion(%)
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N excretion(g/d)
O35 & Cmd (233 055,55 IS
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(/) 3 e
N excretion/N intake(%)

Means with different superscripts are significantly different.
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Table 5. Effects of supplemental urea or Isobutyraldehyde mono urea and Optigen on urinary purine
derivatives and MCP synthesis

Experimental diets 2,57 (glao

-value SEM s R B
P s 5 T Variable
Urea Optigen IBAMU .,
0.89 12 8.33 8.96 8.74 Allantoin Rl
AR AR
0.86 0.10 1.00 110 104 _ S et S
Xanthine+hypoxanthine
0.29 0.02 0.258 0.190 0175 Uric acid Kol
0.90 13 9.60 1026 9.96 _ 2 Gy Sl B
Urinary PD (mmol/d)
0.74 106 7.73 7.46 8.06 o B eSS ol
Microbial N (g/d)
0.74 6.66 48.34 46.62 50.39 o GnreSenSe ot
Microbial protein (g/d)
£5) S (s m e QLS
0.07 261 2535 17.13 26.64 Fosle ¢SS Sl o9 S 0528

(%Wﬁ)@ﬁd&_ﬁ j"‘)“l uﬁ;)l;
EMNS, gN/kg OMDR

(V4AY ARC) /20 x bt G yan pdan BB ST osle =4 53 ey B dn LB JT ool
o ls e i b g = b cndy a5 b Sile sl @b
Means with different superscripts are significantly different.

Yo

LSl s likul gla :SEM



Ol 9 (3920 (Ll LS ple

534S Gaou e S S 13 T glae o 36 s St asle G an JbesT nl s
alaly sl 53 3 05 Sl o Sl 5eS sl sl e s 5 sl et S s ) ol 0
Cdlad s OF 6 5 aaSls e 53 1 055500 LS 5l 5 0 (ST = 55 § b0 53
5 Sy i 6 edd GliS () Gl ol antld Jsn Syt G ime a3 5 25,50
Sledes ala Jiay aneadl LS 5 5 0 5 ool 3l eslitad 36 Cow Wl5 0 Sistosls Cb uns
L i) aal OLS 5 o past 53 i gsde cnl 5 (08) 3,8 513 cils b o5e oS O
(Y9) AT o oS 5 )3 b (V) oS IS Lol S 5 0550 s 5o 5 (6553
Sl o3le O e J1alS 5 se ok 5 b SIS O3l 5l eslinal o s s ol B3l
s ol 5 o3l o 4 Ay o 5w 5303 35 (V55 V) ol » 8t pde L (©)
LI IT esle «Sit o3le (g iy ol sS 3 i pde sl S ) s a5 Ko
Bl 5o Sl ol 0> s 8 055780 31 oslital 36 i (gl 5 1 0y 53 53 Jslomal
ST s 5 ol 55 DMl b o) 4 55 (SLisel 035 chl Lo B 1 &
05 Sl i sed lalbes g e pm  slad 3 aS Uil s sl b g e S dlad (gl (O
Sl e s adsle 1 slasSly et (6 A 1S s aS el 5SS (FF) il 13 ek als
SN0 Cl glre sl Dol b s i b bl 4 2S5 8 O 0 aaul sy b
az S1UOP) ol o551 b S gl 035580 dasl gy b (6l 20158 55 a0 L 33155 55 45 (1)
0530 Lol 3l eslinl ala sl Lo o (5 p s 2158 285 b 30 pe e (6,505 LI5S
el atlid 3l aS waSd s Sligel 055,20 chle 2alS L(FF) 505 545 ia axeal
L Gdaie 5 5 S sdalie 35 (2ol opl 53 Bl oa iy anesl 655 25 OLS 5 58 &l
T XA A) Gl ol sdalin e jazeal SIS 5 gll 3l oslinal b oS ol LIS 51 gk
0 5T
5 pls by O35 Bme EalS Eel oyl el S nl S eslisd a3l o
ol 5l i 0l 3L s psd el S essl Sl o b O3l (sl e bl

ol 3 A3 pls s 3 OT Gl By sdeasOLES Lils e Vel 48 5 Lgals T 3 oS 5

(Y8) ol ol Ji,l58 50 s K05 a5 3

\itd



YA0 (V) 0 koud (F) B8 lgtentd 4> Loy ds puld

205 S sdalie c bl (oo i pm 055 25 O jume 5o sl odalive pens Jialosl opl s
5l 03,8 Iy (sols e i 35 Slesl (Slae i (g gide Gu b 51 055 55 w3 e S
5008l el sl oo 5l i O3 6 b ol 445 sleals gde 53 Oy s Llds
Ay Bl 43ls DU O35 8 e b Syl ) e pabde 03,55 o83 65 ek 5518 el ol
Slre o e Sl osle e aSGl a5 L g0l 31 (YY) Gl bgy 0 S osle b pae
Sl g hie O35 abs 4 oty Sl Ol e das e OLES 15 (5ol e D] sales]
055 ol 0diS el (055,50 b pae s &S ol 31 s b 1AL axils (gyls sas
D3l G b Sl o3 ey O o5 omalS el 055,50 Gae 1Al 5 e s ol Gab Sl edd s
Jdsan Wl o o5l st T 15 gl 6 3 Sl 31 03 8 2 s als (OY) 258 e
W e I P WP PN B Lgbmr(: 03 O B yune alS

S ey e a3l lae o SlS 4 adle (VU o 4 a5 b el s
3y gn SgLE 503 S 09 Sen s M L (5 dy 1SS e iSs gome SUigel 035 55
A5 5 S rdatlsS p lsme 1 OT G e e 5 05525 w51 alesT (slae
o 35 iy ateal ool (S L iz s b g 1 opl i Lol o5 See 5y
O35 Slle als b oS 5,0 st e S1T.OYY) ol 0y S 55155 omly kS L aisle
SLaS 5 K3 5 oS5 ol 53 g se 0350 ol Oleslsl s 4 oS aeSls 3 (SLial
23 Lacs Koo oslinal (sl 15 03555 e e (b Ol (YY) das o 55 e el &5 0
a5 (S sl 035,55 0 3T ey i Slajen 5 35w 0l s (5 5 SV b s
oilasl ol 53 ST (V) 55 s S 085 ik M5 sl o 3550 3 5 Sdn s S
SO 5 s S s S A 5 38 St U o S s S
(0 Jga) 51 OLis (g ls sas

e 5 4aSh 53 e BB s LB Sesle i sl s oslis cEose s Ll w
355 sialasl (Glae o o odd W5 o5 e (s e Bld Sl gols sme OBl (O35
ClLS 5 Cxlv jogat 5 S80S slag,sls a5 asdS Jle Fr b sds 5,158 Lol
(S sy S 038 S 3, 5m 3 Bl dnw S S b 1 0555 A saneal
S el Skt 503 K Jol DS 5 nl S 5o 0l b G o b ri oy

v



Ol 9 (3920 (Ll LS ple

8 ol SBgal & 0 o5 05k 4o 51 S 5l 5 i e Yzl g 5050 ol e
V- dan 5 ezl OLS 5 Cilete JKET 5 (V) das o 2l 1y o See s 0 ol
(YA) Blodis 055,25 b e 350g0 4 s
300 Sl 2 L s weal DS 5 0lsn 6 3550 el el e eyl
s lagls oy 530yl b aslie 5o (65 el S5 4 5 2y JMRe 4 ol e 5 2l
S e 5 oedgml (G L s b 055 %0 5l eslial llse 31 s sls I3 eslizal 5 4o eliS
2 S b A e Los ) OV wan s OS5l el o sy e i oS
iy diaal ool 3l eslitul 3 n5e 48 eds S 5158 48 Olimen A Aal 555 05l b anslis
S el b a5 03 S edalie Olin S (555 2 SRl 5> Jsens ol sl 4 (033D
Ol s (1) 355 oslizal iajaneal o)l sl & Oliw S ()l Slhos 55 Jyoms o)l
jmw_w\@\)uu»;wapojj,:g'cﬁ;p“ﬁ}sé\ﬁggm)lﬁu&u,: s
LS 48 Slopsl b alin 53 Stasaneal SUS 5 5 eslizal JUs 4 SV S s 055,30
Shesleial 53 s garns a4 ST ULSL a Sl Slae sl J;&\J}C‘JJW})}.&
S S o 53 S el (5L 55T 5 Jom Sl 03 oS s @ s el LS 5

Al

&l

1. Alexandratos, N., and Bruinsma, J. 2012.World agriculture towards 2030/2050:
the 2012 revision(No.12-3, p.4).Rome, FAO: ESA Working. Papper.

2. Alves, E.M., Magalhdes, D.R., Freitas, M.A., Santos, E., Pereira, M.A., and
Pedreira, M. 2014. Nitrogen metabolism and microbial synthesis in sheep fed
diets containing slow release urea to replace the conventional urea. Acta
Scientiarum.J. Anim Sci. 36(1): 55-62.

3.AOAC. 1995. Official method of analysis. 16th ed. Animal Feeds: Association of
Official Analytical Chemists,VA, USA.

4. ARC. 1984. The Nutrient Requirements of Ruminant Livestock, Suppl. No.1,
Commonwealth Agricultural Bureaux, Slough.

5.Bourg, B.M. 2011. Determination of energy efficiency of beef cows under
grazing conditions using a mechanistic model and the evaluation of a slow-
release urea product for finishing beef cattle. PhD diss.,, Texas A&M
University.

YA



YA0 (V) 0 koud (F) B8 lgtentd 4> Loy ds puld

6. Broderick, G.A.,Stevenson, M.J., and Patton, R.A. 2009. Effect of dietary
protein concentration and degradability on response to rumen-protected
methionine in lactating dairy cows. J. Dairy sci. 92(6): 2719-2728.

7. Calomeni, G.D., Gardinal, R.,Venturelli, B.C., Freitas Junior, J.E.,VVendramini,
T.H.A.,Takiya, C.S., Souza, H.N., and Rennd, F.P. 2015. Effects of polymer-
coated slow-release urea on performance, ruminal fermentation, and blood
metabolites in dairy cows. Revista Brasileira de Zootecnia 44(9): 327-334.

8.Cass, J., and Richardson, C.1994. In vitro ammonia release from urea/calcium
compounds as compared to urea and cottonseed meal. Texas Tech. Univ.J. Agr.
Sci. Natl. Res. Tech. Rpt.

9.Chen, X.B., and Gomes, M. 1995. Estimation of microbial protein supply to
sheep and cattle based on urinary excretion of purine derivatives-an overview of
the technical details, International Feed Resources Unit.

10.Cherdthong, A., and Wanapat, M. 2010. Development of urea products as
rumen slow-release feed for ruminant production: A review. Aust. J. Basic
Appl. Sci. 4: 2232-2241.

11. Costa, V.A.C., Detmann, E., Paulino, M.F.,Valadares F.S.C., Henriques, L.T.
and Carvalho, I.P.C. 2011. Total and partial digestibility and nitrogen balance in
grazing cattle supplemented with non-protein and, or true protein nitrogen
during the rainy season. Revista Brasileira de Zootecnia 40(12): 2815-2826.

12. Currier, T.A., Bohnert, D.W., Falck, S.J., and Bartle, S.J. 2002. Comparison of
urea and biuret as nitrogen supplements to low-quality forage: Daily and
alternate day supplementation effects on efficiency of nitrogen use in lambs. In
proceedings-American society of animal science western section. 53: 301-305.

13. Dijkstra, J., Oenema, O., Van Groenigen, J.W., Spek, J.W., Van Vuuren, A.M,.
and Bannink, A. 2013. Diet effects on urine composition of cattle and N2O
emissions.J. Animal 7(s2): 292-302.

14. Franca, A.B., Morenz, M.J. F., Lopes, F.C.F., Madeiro, A.S., Morenz, D.A.,
Faria, B.M., Cabral, L.S., and Fonseca, C.E.M. 2012. Bakery waste in sheep
diets: intake, digestibility, nitrogen balance and ruminal parameters. Revista
Brasileira de Zootecnia 41(1): 147-153.

15. Galina, M.A., Perez-Gil, F., Ortiz, R.M.A., Hummel, J.D., and @rskov, R.E.
2003. Effect of slow release urea supplementation on fattening of steers fed
sugar cane tops (Saccharum officinarum) and maize (Zea mays): ruminal
fermentation, feed intake and digestibility.J. Livestock. prod sci. 83(1): 1-11.

16. Galo, E., Emanuele, S.M., Sniffen, C.J., White, J.H., and Knapp, J.R. 2003.
Effects of a polymer-coated urea product on nitrogen metabolism in lactating
Holstein dairy cattle. J.Dairy sci. 86(6): 2154-2162.

17. Givens, D., Owen, E., Omed, H.M., and Axford, R.F.E. 2000. Forage
evaluation in ruminant nutrition, CABI.

4



Ol 9 (3920 (Ll LS ple

18.Glauser, J. 2013. Animal feeds.Nonprotein nitrogen (NPN) supplements.
chemical economics handbook. HIS chemical.

19. Golombeski, G.L., Kalscheur, K.F., Hippen, A.R., and Schingoethe, D.J. 2006.
Slow-release urea and highly fermentable sugars in diets fed to lactating dairy
cows. J. Dairy sci. 89(11): 4395 - 4403.

20. Highstreet, A., Robinson, P.H., Robison, J., and Garrett, J.G. 2010. Response
of Holstein cows to replacing urea with with a slowly rumen released urea in a
diet high in soluble crude protein.J. Livestock Sci. 129(1): 179-185.

21. Huhtanen, P., Nousiainen, J.I., Rinne, M., Kytdla, K., and Khalili, H. 2008.
Utilization and partition of dietary nitrogen in dairy cows fed grass silage-based
diets. J. Dairy sci. 91(9): 3589-3599.

22. Huntington, G.B., Harmon, D.L., Kristensen, N.B., Hanson, K.C., and Spears,
J.W. 2006. Effects of a slow-release urea source on absorption of ammonia and
endogenous production of urea by cattle.J. Anim. feed sci. Tech.130(3): 225-
241.

23.Johnson, R. 1976. Influence of carbohydrate solubility on non-protein nitrogen
utilization in the ruminant. J. Anim Sci. 43(1): 184-191.

24.Khan, S. 2016. Feed Non-Protein Nitrogen Market by Type (Urea, Ammonia,
and Others), Form (Dry, Liquid, and Pellets), Livestock (Beef Cattle, Dairy
Cattle, Sheep& Goat, and Others), and by Region - Global Forecasts to
2020.Market Reports. Retrieved from http://www.marketsandmarkets.com/
PressReleases/non-protein-nitrogen-feed.asp

25. Mathison, G.W., Soofi-Siawash, R., and Worsley, M. 1994. The potential of
isobutyraldehyde monourea (propanal, 2-methyl-monourea) as a nonprotein
nitrogen source for ruminant animals. Canadian J. Anim Sci. 74(4): 665-674.

26.@rskov, E. 1999. Supplement strategies for ruminants and management of
feeding to maximize utilization of roughages. Preventive Veterinary Medicine
38(2): 179-185.

27.0wens, F., and Bergen, W. 1983. Nitrogen metabolism of ruminant animals:
historical perspective, current understanding and future implications. J. Anim
Sci. 57: 498-518.

28. Owens, F.N., Lusby, K.S., Mizwicki, K., and Forero, O. 1980. Slow ammonia
release from urea: rumen and metabolism studies. J. Anim Sci. 50(3): 527-531.

29. Pinos-Rodriguez, J.M., Pefia, L.Y., Gonzalez-Mufoz, S.S., Béarcena, R., and
Salem, A. 2010. Effects of a slow-release coated urea product on growth
performance and ruminal fermentation in beef steers. Italian J. Anim Sci. 9(1):
4.

30. Prokop, M.J., and Klopfenstein, T.J.1977. Slow ammonia release urea.
Nebraska Beef Cattle Report No.EC 77-218 Nebraska.

31. Puga, D.C., Galina, H.M., Peréz-Gil, R.F., Sangines, G.L., Aguilera, B.A.,
Haenlein, G.F.W., Barajas, C.R., and Herrera, H.J.G. 2001. Effect of a

fo



YA0 (V) 0 koud (F) B8 lgtentd 4> Loy ds puld

controlled-release urea supplementation on feed intake, digestibility, nitrogen
balance and ruminal kinetics of sheep fed low quality tropical forage. Small
Ruminant Research 41(1): 9-18.

32. SAS. 2002. User’s Guide: Statistics. Version 9.1.3. SAS Institute. Inc., Cary,
USA.

33. Van Soest, P.J., Robertson, J.B., and Lewis, B.A. 1991. Methods for dietary
fiber, neutral detergent fiber, and nonstarch polysaccharides in relation to
animal nutrition. J. Dairy sci. 74(10): 3583-3597.

34.Weakley, D., and Owens, F.1983. Influence of ammonia concentration on
microbial protein synthesis in the rumen. Oklahoma Agr. Exp. Sta. MP-114: 34.

35. Xin, H.S., Schaefer, D.M., Liu, Q.P., Axe, D.E., and Meng, Q.X. 2010. Effects
of polyurethane coated urea supplement on in vitro ruminal fermentation,
ammonia release dynamics and lactating performance of Holstein dairy cows
fed a steam-flaked corn-based diet. Asian-Aust. J. Anim. Sci 23: 491-500.

¥y



i

go‘rwn Univef:ltr ul‘Agr‘cumral
J. of Ruminant Research, Vol. 4(2), 2016
http://ejrr.gau.ac.ir

Survey of effect of slow-release non-protein nitrogen components,
Isobutyraldehyde mono urea and Optigen on ruminal parameters and
nutrient digestibility in sheep

“A.R. Talebian Masoudi!, M.M. Moeini?, M. Souri?, H. Mansouri®
and M. Abdoli Senejani*

Instructor in Dept. of Animal Sciences, Agriculture and Natural Recourse Research Center
of Markazi Province, Arak, Iran, 2Associate Prof., Dept. of Animal sciences, Faculty of
Agriculture, Razi University, Kermanshah, 3Assistant Prof., Animal Science Research
Institute of Iran, Karaj, “Assistant Prof., Dept. of Chemistry, Faculty of Basic Sciences,

Arak Branch, Islamic Azad University, Arak
Received: 06/07/2016; Accepted: 09/15/2016

Abstract

Background and objectives: Reducing the degradation rate of urea is one strategy
for improving the utilization of urea by ruminants and a number of slow release
urea products have been developed for this purpose. This study was conducted to
evaluate and comparison of two slow release non-protein nitrogen components,
Isobutyraldehyde mono urea and Optigen on ruminal parameters and nutrient
digestibility in sheep.

Materials and methods: Isobutyraldehyde mono urea made by connecting
branched carbon chain to the molecule of urea to reduce its degree of solubility and
chemical structure and physical and chemical characteristics of made samples
surveyed. The effects of this compound on rumen fermentation characteristics,
digestibility of feed, microbial protein production and nitrogen balance were
compared with Optigen and conventional use of urea in an in-vivo study. For this
purpose, four rumen fistulated adult Farahani sheep were used in change over Latin
square experimental design.

Results: Infrared and NMR spectrums also physical and chemical characteristics of
prepared sample showed that desired compound produced. Using Isobutyraldehyde

*Corresponding author; armasoudi@gmail.com
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and Optigen in the diet reduced rumen nitrogen concentration at 30 min and 1 hour
after feed intake in comparison to Urea while no difference between slow release
compounds were observed. At 2 hours after feed intake, urea diet has the highest
value of rumen ammonia nitrogen concentration (10.77 mg/dl) and IBAMU diet
has the lowest (4.80 mg/dl) and Optigen diet (6.34 mg/dl) placed between them
(p<0.01). Digestibility of dry matter, organic matter, NDF and ADF as well as
microbial protein production were not affected by the use of slow released products
but dry matter intake in Optigen diet increased significantly (p<0.05). Nitrogen
daily intake was highest for Optigen diet (18.33 g/d) and was lowest for IBAMU
diet (13.39 g/d) and nitrogen excretion was significantly difference between diets
(p<0.01). Fecal nitrogen was highest for Optigen diet (6.95 g/d) and urine nitrogen
was lowest for IBAMU diet (4.12 g/d).

Conclusion: The results showed that the slow release compounds of non-protein
nitrogen have the potential to substitute urea and usage of them in ruminant diets
compare to the traditional use of urea nitrogen provides safer conditions although
maybe haven’t better effects than urea nitrogen in all conditions.

Keywords: Urea, digestibility, Isobutyraldehyde mono urea, Optigen
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