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AR IR Z IR B RRSRAAE T RN R BT e B R IR K A TESh 9 B HETE A F T FIAR R B 4007 1Y 2%
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The rumen slow-release effect of coated urea evaluated
by different methods

CAO Liwen' ,FENG Chunyan®, WEN Shibao’ ,ZHENG Wenjin',
SHEN Junshi'* ;MAO Shengyong' ,ZHU Weiyun'

(1.National Center for International Research on Animal Gut Nutrition/Laboratory of Gastrointestinal Microbiology,
College of Animal Science and Technology,Nanjing Agricultural University,, Nanjing 210095, China;
2.Shanghai Menon Animal Nutrition Technology Co, Ltd,Shanghai 201807, China)

Abstract ; [ Objectives ] This study was conducted to evaluate the rumen slow-release effect of coated urea by techniques of in wvitro
batch culture ,in vivo rumen infusion,and continuous artificial rumen simulation system. [ Methods ]/n vitro batch culture;one common
urea and four commercial coated slow-release urea were added to in vitro ruminal cultures in quadruplicate. Culture samples were
collected at 0,1,3,6,9,12,24 h for determination of ammonia concentration,and to evaluate the slow-release effect of different coated
urea. Coated urea with the best slow-release effect was selected for further evaluation. In vivo rumen infusion:twelve fatting male Hu
sheep (mean body weight 27.6 kg) with rumen cannula were randomly assigned to two treatments, and infused with 0.5% ( dry matter
intake ,DMI) of common urea or 0.55% of coated urea respectively. Rumen fluid samples were collected to measure ammonia
concentration and pH value. Continuous artificial rumen simulation experiment: three fermenters were assigned to one of three
experiment diets :basal diet supplemented with 3.5% soybean meal (BSM) ,basal diet supplemented with 0.5% common urea( CU) ,and
basal diet supplemented with 0.55% coated slow-release urea( SRU) respectively. The energy deficiency in CU and SRU group was
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supplemented with ground corn. The rumen simulation system with three fermenters was used in three replicated periods of 7 d each
(4 d for adaptation and 3 d for sampling). Fermenter liquid and overflow liquid were collected at different time points after mooning
feeding to determine fermentation parameters and microbial protein concentration. [ Results] The results of in vitro batch culture showed
that the ammonia concentration of slow-release urea A was lower than common urea and three other coated urea at 9 and 12 h after
fermentation ( P<0.05) . In vivo rumen infusion experiment ; compared with common urea group ,the ammonia concentration and pH value
were greatly reduced in slow-release urea at 1 h after infusion (P<0.05). While the pH value in slow-release urea was significantly
higher than that in common urea at 6 h after infusion( P<0.05). Continuous rumen simulation experiment ; slow-release urea addition
significantly increased propionic acid and microbial protein concentration compared with the other two groups(P<0.05) ,and decreased
the pH value compared with urea group (P<0.05). [ Conclusions ] This study demonstrated that the slow-release effect of different
coated urea was different,and slow-release urea A had the best rumen slow-release effect. The slow-release urea screened by in vitro
batch culture also showed good slow-release effect under the condition of in vivo rumen infusion. Diets with slow-release urea A
supplementation could improve rumen fermentation and increase microbial protein synthesis in rumen continuous simulation system ,but
its release effect needs to be further verified by animal feeding experiment.

Keywords : coated slow-release urea;in vitro fermentation;in vivo rumen infusion; continuous artificial rumen simulation system;
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PR KA R 28 R0 S Ak, 25 HORR P R EOK P i e g 2 f 7 2 0 o B R 5 1 A 0 R T i 3
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HIRE BB RIR S HEPRWCAE RS 3 iR 2R AU TR B RO SRR ({5 7 SRR IR AR HAR T LUl 2
(¥ RERCH | AR U BRI T IR0 26 3 e B O ke DR R AU R TAOR S il B R IR R R
R BT B IR AR G R , Z TR SR RS Wy % IR R AT R 0, B R P4 22 A kg i 1 PR 2540
s BRI AR RIR R R E (L R IE RS SRR AN — . AW R R A
To 1 METE AR 22 B A N T BB 3 Ml B AP AP S A 7 vh B BRI IR R B IR R A ) 755
B G RSO S R R B K I 2 O AR W 2 1B SR, 5 1 D R IR R i B A A58M) B
HEES AR

1 ST

L1 &R BEALE
L11 REEE R BRI LAY 1R AL #1 LEREMEERRENSAERFNE
TR m R Z AN 4 P9k BeJR % (A B, Table 1 Nitrogen content and urea supplementation dose

D) 1@%@1 R EMEHS A E E_ﬁg ﬁ(%é’\ﬁ of common urea and slow-release urea
BLFE 1, BRI 4 g A4 DR (IR K, b A e
20% ; TE@E@% ’20% ; ji}K , 27% ; E*B , 13% ; ;F?@)fgﬁ Expenment material content amount
HATHEYI(DDGS) ,11% ;3657 5% ; iRkTR S50, 1% ; T L8 R Common urea 45.46 0.369 6
ZZREIRZE A Slow-release urea A 41.50 0.404 8

IR, 3% , DL S0 ik sy 30 o 8 B R A ZRERZE B Slow-release urea B 41.29 0.406 9
L KF LI S0 4 RARN R4 KB AT (OF ERIRE C Slow-release urea C 41.83 0.401 6
4 25.0 kg) [ 22 2 A R R A E‘Jé&?ﬁﬂi, H A AE ZZREIRZE D Slow-release urea D 41.88 0.401 1
KL 60 :40 (it [b) 4R & HORRL( HRZE A S 2 BRI WIAHA] ) , 45 H 08:00 A1 1800 M, [ i hoK .,
1.1.2 iRt CRARRRRE T, 50 5 N, BH 4 A EE L, 78 1 000 mL A& B 43 5
FREG RN MIREMERIRE A B.C.D, HIRREZRMELE 1,

1.1.3 BB REMIEIMEFT  RERHE L RS R S, 4 20 IEE T 39 CIRAFE .
Z: 8 Menke 25" (75 5 e i) 22 RO T HEA T35 4 it , 8 NH,HCO, Bi i b %F HCO; BE/R & &Y NaHCO,,
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PLEBR NH,HCO, F3 i 7 200 AR 28 e BE s Ml K ik U8 (90988 5 W5 92 i+ R B L 10 :90 1 HE 1
FEATIRA, M 400 mL 9 B - 2% thIRIR A W5 2 TAEA R 1 000 mL & B, SRR L i & T
39 CIEIERGFRAESERGFE 24 h, AR B IR ST RIR A3 1E
1.14 #F@mRE SHFELRE0.1.3.6.9.12.24 h B RAE 2 mL KR, PRAFT-20 C kA T2 Ak B
AR A2
12 EEEEAN
1.2.1 RBEEhMRARE SIS IR AN K B i 58 PR R R 4 R R R R B B B
PIRE (ZRIRE A) o BETENS N 12 RN R4 RS AT (27.6+2.37) kg | 92238 98 B R A 1921
L BENLTI4 5y 2 A1, A3 R E R R T REIR R . 1 HOR R RELLL 60 :40 (BT st [b) TR A H AR
( HARZH IS RS B o i 2 TS AR ] ) L 45 H 08000 i1 1800 4l , I FR KK
1.2.2 RKIIEH SRR Z RGBT I 2 AT S ST R PR R (PR R ) AR
FAERIRFEA) , IR EREFENE A TP IR E R 0.5% (S HAET 7 d iR & &
KA ERE IREBWE ) o FETR & WK 2, ol IR R MG R PR R METE A BB A =R

W IR R TR (g)= HYTYFCRE & (kg) X1 000X0.5%

SRR AR RV R (g) = Wil IR MEE SN it (g) x45.46% (B R R & At ) /41.5% (ZREIR R
A TR,

%2 BIEVMYXEHREEMREEINE

Table 2 Dry matter intake and urea infusion dose of fattening Hu sheep

R Z2H Common urea( CU) IR Z4H Slow-release urea( SRU)

e HE TR ke W T ke HOTORRE ks Mg
Body weight Dry matter intake per day Infusion dose Body weight Dry matter intake per day Infusion dose
29.05 0.81 4.03 27.35 0.97 5.28
25.60 0.65 3.23 32.20 0.97 5.30
26.75 0.83 4.17 27.30 0.82 4.48
25.20 0.62 3.11 26.15 0.61 3.33
27.40 0.83 4.14 27.45 0.71 3.86
30.45 1.05 5.23 25.90 0.68 3.73

1.2.3 REEFMHERRE RS 2 h(10.:00) #5598 HREEW IR Z PR HEAR A E W, IR R E B
KA B AV IR . TEREVERT 0 h FIEEJS 1.3.6 h 43 IR4E 50 mL 9% 5, JH pH 31l 5E pH {4
JEPRAE T =20 CUKAE , T2 A BE il

1.3 AIEELK

1.3.1 ANITEBEBEBITSH AWM HRLESIS AN TR E R ML F5" " 18 2012 MR A9 2R
R GLFE R IR VR R VRO L O 2R | BSOS T A R AL 5 A, S IR AR
R TR BB TSR

1.3.2 EERRIERME 50 R RS K B 50 BT FH 58 PR R 4 Fh R IR R T SRR B AF
IR E (BRIRE A) . BB RCR AL BB T BN 3 RARS A i 2k 52 HAR
JeREHLEE 50 :50 (il ) MR A H R (I T K,50% ; 5K1,9.5% s Mikf ,4.5% ; 3641, 2% ; DDGS, 5% ;
WEAKIZ ,2.4% ; KN, 22.5% ;418 ,0.7% ; B ,0.5% ; BALEE ,0.3% ; R 2045 ,0.3% ; IR ¥ , 1% 5 /N5
1,0.8% ; R KL, 0.5% , L ¥R BR800 . B H 09:00 F1 2100 WRAS N HARYE R & BEIRY)

1.3.3 RIE KIS 3 AN RN ERAL, 45k - SR FORR+ GO (S H AR SR F R+ 3 PR
2 (E PR R A ) ALl H AR+ 2R IR R (R ZRAL) Al Kb 7838 IR R MG IR R A RE R 2
RIS H G AT 3 WK, IR ETEFRFEE 7 d, 11 4 d SHERN I, 5 3 d oRFEMT. 050 HREC T L3 3, ki
SRR AR AR 39 CHEYE T #H4T, Z P LA 60 mL-h™" (0 1E 5 R A L EREN , 5 H 0900 F121:00 [7]
KEFEF A 20 g k),

1.3.4 EEKEM KB IERT 24 h B VLES RS 47 I 7E R A R BERE A 500 mL & BESE P T
K % WS IR McDougall ™ 2 L Be ], RAAJS 2 h R A R AR B, A 4 R A
U B PRI A AT ORI T Ay [ SE e s e, 1) A R IERE T I 500 mL 2 U85 A9 B R, AT
R SE RV 20 g fRkE,
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Table 3 Ingredient and nutrient composition of the experimental diets %
HARA JREM WREL
SBM' CU  SRU

- WE WE R
7 2 g 5] H

RFRALIL sl RE4 REA
SBM CU SRU

JEUR I

Ingredients composition Nutrient composition

FIE K Com silage 25.00 25.00 25.00 || #1FE A Crude protein 15.66 15.64 15.65
5T Alfalfa hay 15.00 15.00 15.00 || 8 & FIREMFE T Rumen degraded protein’ 11.09 1148 10.96
MEAZ T AL Oat hay 4.00  4.00  4.00 || BIEAEFEE A Rumen undegraded protein®  6.23  5.82  6.36
ZHFF Whole cottonseed meal 4.00  4.00  4.00 || FHEVERLYE Neutral detergent fiber 27.90 28.58 28.14
BHZH1 Sugar beet meal 4.00 4.00 4.00 || FRUEVEGRLFHE Acid detergent fiber 1537 1591 15.12
F Corn grain 21.00 24.00 23.95 || HLIEM; Crud fat 39 372 3.96
KF# Barley 4.00 4.00 4.00 || HLKS> Ash 741 716  7.12
& H1 Soybean meal 13.00 9.50  9.50 || #FLHHE Net energy lactation® 7.28 728  7.28
I AL K E Puffed soybeans 250 250  2.50

T EKIGHHY BT )

Distillers dried grains with solubles( DDGS) 375 375 375

HEWi ¥} Fat powder 0.50  0.50  0.50
B A4S CaHPO, -2H,0 025 025 0.25
£ Stone powder 100 1.00 1.00
ik Salt 0.50  0.50  0.50
/NJFAT NaHCO, 075 0.75 0.75
AfLEE MO 025 025 025
1% BRA} 1% premix 0.50 0.50 0.50
5 JR R Common urea® 0.50

ZREIREK Slow-release urea® 0.55

E:1) BSM: 50 FAREH (&Rl R+ TR 52) IR R R R 5 R 0000 45.5% 41.5% ;3) 8 18 AT R A 28 11 8 1 AN mT e e 2 1
FIUAFLIEAE R A0, A S IS RE I SR M) kg™

Note:1)BSM :Basal diet+soybean meal ;2) The nitrogen content of control urea and slow-release urea are 45.5% and 41.5% ,respectively;3) Rumen

degraded protein,rumen undegraded protein and net energy for lactation are estimated values,and the rest are measured values ;the net energy

lactation unit is MJ-kg™".

1.3.5 HMmEE REWIAH 09.00 MURATEEREAS R IS R]S ST RAE . 7EATENAT (0 h) FimkhE 1.2,
4.7 12 h 43 BISRAE L TR 20 mL, FH pH U2 pH A5 PR AT -20 CUKFAT, H T2 &R B RME . Tk
(0 h) FHCEHE 4 h B4NREE 20 mL K EER, A-AF T 20 C kA, T KPR W BR e BE 00 %2 . T
BHATCO h) FURHE 12 h 43 BEREE 10 mL B3, PRAFT-20 C kAR, FH T 0UE P8R POk s fi 2 .
1.4 ZEBESHMNE

JRZ S AN E - S ki g B ik BGE R Z A 10 mL HRBRER ,420 C & 3 h J5 il FHL
PR UG 2 R A R, AR BAL A AT R R TR RETE 65 °C 3REE M LT, Ry i J5 ad 40 H il , 21
SRESE ) (755, 26 (10522) °C MR Ao AapRIRE AT Z 08 E, DI AR rfok o2 e BUE R ARDRRE AT
TH 250 R ECE S Tk b 2 1 5 6 5 SR TR TR IR U7 4 s 25 1] Tty B2 A AR L0 2 ek oo
TR 05 5 2t 3 B R BHEE O S 3R v 48 550 °C 0958 LA i Ak HhoEL IR 85 8 5 43 K Hh P O A R R R 1 o %
FUINA LR L 43 M A A I 2 Gl o P e VA 7 2 AR PR DR A T 4 i, S RV B 0 A« BRIV o
TIKARR , 2 I8 Chaney 451V W7k, LAVGUILEE R bn e ity | LU (0 ik b AT S S RO A 5 45 & PR B
B AT 22 < 2 BB Z2 k) 0 0 o R A7 4 % Pk R IR B 2 BB IR oy, R K B RS, 4 °C, 12 000
remin” B0 10 min, FIEWZE 0.22 wm 20T SEAR 1 U8 5 6 A 35 (53 GC-2014C) #4705 , H
HEETR 130 °C, 73ALTERE 180 °C KR 180 °C, Sk 60 kPa, /A 18 50 kPa, EAEF1 50 kPa,
1.5 HIERESSH

VRAN & T i 55 K5 o8 FH SPSS 23.0 B AFEA 143 T , R ) A B0 22 B4R P k35, ol SR PR R 25 4%
BT CANOVA) K 35 b A8 B A~ B 0] 4 1 4 1) 22 5% P ) LSD k64T 22 3 L e R 7 o v 3o i o
SPSS 23.0 # A4 HEAT43Hr , DRI RS TR A B A4 58 ELAE P 3 3 ot SRR AR o G 06 s A Bt ] 5 9 401 1) A
25 NI BRI B R SAS 9.4 SRR AR IEF T 404, A B SRAF s (8] FIRAE I [ 5 A 3L ) 58
HAEHVE R ERY . P<0.05 FR2E57 B3 ,0.05<P<0.1 £nfkas,
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2 HR5H5H
2.1 FREEBRREERINE B SEHER
F 1 AT AN R RO 12 b, A R b B2 s0r

MR CHE AR, TERBE 3 h I, 2R E A A
MZERIRR C U RS R B E LT E 8 IR
R (P<0.05) . TERMER 9,12 h, ZZREIRER A 4
ZRIRER D AR RS AWSER B FR T HoAl 3 41
(P<0.05)  AZRIRRE A A AS R WL B E LT e BRREC SRUC,
GREIRE D 41(P<0.05) . ZERIRED SRU-D

22 FREEINHFEEISRREN pH ERIRIE T T T T TR YR

WNIE 2-a Fi7s : 1008 B R R, 2 HES n

AU R BT REFERA S ML TSR @1 FRLESHE B E SRR ED ST ZMm
=4 , ZRIR R A M S A A A 28 2% Fig. 1 Effects of different treatments on dynamic change

40 -

30

= R % CU;
= ZEREREA SRU-A;
ZRIR#EB SRU-B;

20

A (mg-dL™)
Ammonia concentration

10

HEVE)G 1 h i 3 PR 28 4H 10 & S Ak I8 B o e of ammonia concentration in the in vitro cultures
EE%%?Z}};’F%E&?@E ( P<005) R ]% Hf)ﬁ 3 h E]TJ‘ , * P<0.05. The same as follows.

ZREIR R A M ZS AR I B e AU b Tl R R 4 (H 2 554 .2 (P>0.05)

WNIE 2-b Fir7  HE T PR & 5 W8 PR R LAY pH (2 BUSE T Jm B pia 3 i e e PR R 4180 pH (5T
R PRI AEA AR 2 ROV RN . W 1 h i R R ALY pH (K Bl ey, B35 M TR B IR R4 (P<
0.05) , #1116 h % iE IR R pH (A 2R KH B F R TBIRRA(P<0.05) ,

a 80+ b 68
~ g
0 o *
S E 60f -
en = =
E 3 S 64 *
= g
8 40+ T Ji I T
¥ s 6.2
¥ E 20
g 6.0
& 5
0 | | | | 58 | | | |
0 2 4 6 8 0 2 4 6 8

t/h t/h
- PR CU; —a— ZRRE YL SRU
B2 REEINFEAFESSSEKE(a) 0 pH E(b) FHEEUHZNT
Fig.2 Effects of urea infusion on the dynamic change of rumen ammonia concentration(a)

and pH value(b)in fattening Hu sheep

2.3 ARESGEMFEFITALEERXBSHN N

WA 3-a iR .3 DAL B A S A BETE 0900 $oRHE A 5E T m Ja FRAR R A2 a3, ML 1%
i HOARATL, 5 i PR R LSRR 3R 2 R e N B S ROk B e i (H2E S AN 3% (P>0.05) o 3 AR FHAL
MBS REAERIE 1 h AR EREET h IR R AR, AFRR 76 0~ 12 h I 1 T80 H R
A AEE PR R A, BB R R A A B R AR AR BN

WA 3=b s AL IREE A pH (HAR AL AT AAH ], Bl A I I 8] ) A8, pHL 58 T B S T
3ANAEPERY pH {EEITE KR 4 h IR R A, IS 208 Thi 76 12 h T i, W3 4 foR . 253 7 d 1Y
K, PR A pH (E 3 5 TRRBIRZ 4L (P<0.05) ,

WNZE 4 B A HE T8 FORRZE A5 PR 3R A, SR PR 2 20 B Bl A= 1 2 1 R R k2 I 25 T v (P<
0.05) , SIERMERRIIT R AN T MR AR BEA $2 51, (H 22 AN B3 (P>0.05) . 3 I LR 57 TR IR 57 IR
VR B 22 5 AN .35 (P>0.05)
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A
R
pH{A pH value

5

AASREAE (mg-dL™)
Ammonia concentration

t/h
Wil H R SBM; = i JRE CU; =+ ZZRIKESRU
3 AELEMFBEHSATEBTRURESESEIRE (a)F1 pHE(b) IETHHIF N

Fig.3 Effects of the different treatments on dynamic change of ammonia concentration(a)

and pH value(b)in continuous artificial rumen simulation system
Py Py P S35 25 A SRAH B[] R A B B ) 32 AR R P AR, R TRL,
Py, P, Py, represent the P-value of treatment,time,and the interaction between treatment and time,respectively. The same below.
R4 EBRRZEFIMNFBEDNSATIREBTRURGEELBSHIHTTLHZM
Table 4 Effects of slow-release urea supplementation on dynamic change of fermentation

characteristics in continuous artificial rumen simulation system

i AR WERE ERRE BER .,

Item SBM CU SRU SE ' ‘ ™
pH i pH value 5.80" 5.76% 574" 0013 003 <00l  0.94
FASEWE/ (mmol-L™') Ammonia concentration 6.86 7.99 7.95 0.985 0.51 <0.01 0.96
BIERBRUEE/ (mmol - L™1) Total VFA concentration 130.1 129.9 137.7 3.528 0.29 <0.01 0.63
ZPRHEE/ (mmol-L™') Acetate concentration 72.44 71.95 69.99 2.439 0.48 <0.01 0.66
PNBRE/ (mmol - L™!) Propionate concentration 26.77" 26.36" 28.38* 0.689 <0.01 <0.01 0.61
TRHEJ%/(mmol-L™') Butyrate concentration 21.93 22.96 29.55 4.064 0.28 <0.01 0.16
ST RS/ (mmol - L7!) Isobutyrate concentration 1.18 1.19 1.18 0.074 0.98 0.04 0.92
SRR/ (mmol - L' Valerate concentration 2.98 2.83 3.42 0.213 0.21 <0.01 0.04
SEGERME B/ (mmol - L") Isovalerate concentration 4.85 4.58 5.15 0.673 0.78 <0.01 0.25
WM 1R %/ (mg- dL™') Microbial protein concentration 4.94" 5.03" 5.67° 1.662  <0.01  0.60 0.43

T AT AR TR R 22 53 B35 (P<0.05)

Note ; Different small letters in the same row indicate significant differences at 0.05 level.
A \A
3 Wit

PREZACIE B WEY b IR R AR 8 5 B e i &, R 80 B A A & B A= )
TR, PR BB & P 2 P 1) S ROV B RV R R DR R A AR PP L BRSO R 0 )
R BEAR AR, B2 TR 50 R LRSN3R T R R R R I AR B B s o R
T = ] A5 A PR TR R 3 pH (H R FERR IR, 22— eI [R5 3R )5 A AR D 9% 01 1 A
ARSI, SRS R AN RE S8 A UR I A SR B N B O . RS BIT 5 1 el A oh e vk
VA T LRI R S e PR 3R, 10 1 1 G BEASCR e IF O BB DR 287 i, B e e 8 18 E TR0 B R IR R 4%
TEFIHNEMAFI0 B o, WA AR B R I RCR . AT IR R, SRR R B AR NS
GRBE R T N PRI Y OIS 2 SRR T DN TR A AR T AR R 10 Al N 2 S B W K )
(2 5 200 TR R TR LA BV i R 3 %R B R TR DR A AR A i TR 0 g O i ik P A
O RSB IAT TIE , FR2sh 8N TR B 28] AT 2 (M A B 205K, BEAS 52 I R B R W A 2 o
Wi et AN ELUR RS W VR S 4 3R 1 R BB L AR 90l i 52 sh ST
TR BRI H RS IR IR Z 0 U E W B8 URUR B R R

HEFTIR E PROE B =S R B R B A R BRI EE F1 B, 4R R S LIRS IR A
AR 98 SR T AR S DR i PR 5 2 RO R B 25 R /R TE RO A I8 3.9 12 h IS
R HA 5225, U] 4 FhEORE IR AN L BERT 12 h IZRESCRA . Hh SRR A HoA el
AIZERERCR | AR 73 BB PR R I PR R I3 i o JEE 555 36 PR R AR, ] REJE G B IR R AR A gl AR O A [
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SEHERACRIY2E R, 1100 mL R FWREK 100 g A2 R/ AT LUK 80~ 100 mg JREEFEAL A,
TX— A fo T A ST H 14 PR K i 3 TEAIEE b BT A Ak B A PR 3R 5 2K ATt 2 24 h, X ATRE
590 H R DA O IR AR U R D DR M R B I TR S R B R 3R ARG
VROIMBR 2250 A o SR A 7 v BTV vk | Ak DR 38 A0 7™ A 11 e e 2 2 P DR R O 0 1, 3
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