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Effects of Glycerol on Rumen Fermentation, Urinary
Excretion of Purine Derivatives, Digestibility, Energy Metabolism
and Nitrogen Balance in Simmental Steer

WANG Cong, HUANG Ying-xiang, LIU Qiang, HUO Wen-jie, YANG Wen-zhu, ZHANG Shuan-lin

(College of Animal Science and Veterinary Medicine, Shanxi Agricultural University, Taigu 030801, Shanxi)

Abstract: [Objective] The objective of this study was to evaluate the effects of glycerol supplementation on rumen
fermentation, urinary excretion of purine derivatives, nutrients digestibility, energy metabolism and nitrogen balance of steers.
[ Method] Eight ruminal cannulated Simmental steers were used in a replicated 4 x 4 Latin square experiment and fed with basic
diet and added with glycerol at 0, 100, 200 and 300 g per steer per day, respectively. [Result] The results showed that ruminal pH,
ratio of acetate to propionate and ammonia nitrogen of steers supplemented with glycerol at 200 g-d™ and 300 g-d™ were lower than
steers supplemented with glycerol at 100 g-d™ and the control significantly (P<C0.05). Total VVFA concentration, the molar
proportions of propionate and butyrate of steers supplemented with glycerol at 200 g-d™ and 300 g-d* were higher than steers
supplemented with glycerol at 100 g-d™ and control significantly (P<<0.05). Ruminal DM, OM, NDF and ADF degradation of corn
straw, and ruminal DM and OM degradation of concentrate of steers supplemented with glycerol at 200 g-d™ and 300 g-d* were
higher than the control significantly (P<<0.05). Ruminal CP degradation of concentrate of steers supplemented with glycerol at 200
g-d* and 300 g-d™* were lower than steers supplemented with glycerol at 100 g-d™* and the control significantly (P<<0.05). Allantoin
concentration and urinary excretion of purine derivatives of steers supplemented with glycerol at 200 g-d* and 300 g-d™ were higher
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than steers supplemented with glycerol at 100 g-d™* and control significantly (P<<0.05). Dietary OM, EE, CP, NFE, NDF and ADF
digestibilities of steers supplemented with glycerol at 200 g-d™ and 300 g-d™ were higher than the control significantly (P<<0.05).
Digestible energy and metabolizable energy of steers supplemented with glycerol at 200 g-d™ and 300 g-d™ were higher than the
control significantly (P<<0.05). Retenion energy of steers supplemented with glycerol at 200 g/d and 300 g/d were higher than the
control and supplemented with glycerol at 100 g-d™ significantly (P<C0.05). Retenion nitrogen of steers supplemented with glycerol
at 200 g-d™ and 300 g-d™ were higher than steers supplemented with glycerol at 100 g-d™* and the control significantly (P<C0.05).
[ Conclusion] These results indicated that the optimum dose of glycerol supplementation was 200 g-d™.
Key words: Simmental steer; glycerol; rumen fermentation; purine derivative; digestibility; energy metabolism; nitrogen
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Table 1 Composition and nutrient levels of basal diet (%DM)

JsURL 1% Composition of basal diet Ltf5l Percentage (%) HFEIKF Nutrient levels # 1 Content
FKAEFF Corn straw 65.0 ZEA TS NEg? (MI-kg™) 6.30
F2k Corn grain 18.2 L AR Crude protein 11.82

%k % Wheat bran 35 P VRS ET4E Neutral detergent fibre 56.51
S Soybean meal 5.8 FE PRV ET4E Acid detergent fibre 35.59
HiH Cottonseed cake 45 5 Ca 1.12
SZH Rapeseed meal 1.7 P 0.74
£ Limestone 0.5

frih Salt 03

ikt Premix Y 05

U5 kg FRE: 42E3 A 3000 IU; 4E7E% D 1200 1U; 4226 E 15 1U; £k 30 mg; 4 8 mg; %F 30 mg; %% 40 mg; fill 0.25 mg; i 0.3 mg; 4fi 0.1 mg.
D O Y RENRA SR TS, LA Sl

Y provided per kilogram of diet: V4 3000 1U; Vpg 12001U; Ve 15 1U; Fe 30 mg; Cu 8 mg; Zn 30 mg; Mn 40 mg; |1 0.25 mg; Se 0.3 mg; Co 0.1 mg. ? NE is
calculated value. Other nutrient levels are measured values
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Table 2  Effects of glycerol supplementation on ruminal fermentation in Simmental steer

i H Item =W N4 Supplemental glycerol (g-d™)
0 100 200 300

pH 6.58+0.09a 6.5620.10a 6.32+0.08b 6.2310.12b
SRR PENE NI Total VFA (mmol-L™Y) 95.51+1.53b 96.82+1.81b 100.86+2.04a 102.44+1.98a
mol/100 mol

2.7 Acetate (A) 70.05+1.18a 69.97+1.32a 69.62+1.76a 69.29+1.54a

T Propionate (P) 14.23+0.56¢ 16.1620.74b 18.79+0.37a 19.0120.49a

T Butyrate 0.8320.21b 0.8420.18b 0.9520.24a 0.98+0.17a
L - NIR Acetate: Propionate (A : P) 4.92+0.09a 4.33+0.26a 3.71+0.15b 3.64+0.12b
H A% Ammonia N (mg-d™L™) 10.44%0.73a 9.25+0.69a 7.86+0.81b 7.54+0.47b

FATARNG FREER B3 (P<0.05) . TH

In the same row, values with different small letter means significant difference (P<<0.05). The same as below

2.2 FAEEBWNEABHMESHIEBSENMREER
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FHF 3 L, Bl N =BT 3N,  FORFEFT
DM. OM. NDF #1 ADF J& | &[5 2 2 ETHES,
200 g-d™ 411 300 g-d™ 41t 2 v T xR 4L (P<<0.05)
HEdmZERARE (P>0.05) ; ESKHE DM Fl
OM Jii M A5 2 Pt 5 - FHka 9%, 200 g-d™ 41A1 300

®3 AZBEMNERBHMRESHBES AUMEMENMm

gd B Fm TRIRA (P<0.05) , HEHmZEREAR
WE (P>0.05) ; RAKE CPREAMEMERET
FAta#h, 200 g-d™ 410 300 g-d™ 4 Gk A T FR AL AN
100 g-d* 4l (P<<0.05) .
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Table 3  Effects of glycerol supplementation on ruminal effective degradability of corn straw and concentrate in Simmental steer

T H Item N =R N Supplemental glycerol (g-d™)
0 100 200 300
T KFEFF Corn straw
4% Dry matter 37.51+1.18b 38.77+0.81ab 40.24+0.95a 39.40+1.08a
HHLY Organic matter 36.25+1.32b 37.62+0.74ab 39.18+0.84a 38.04+1.12a
R BEE T 4E Neutral detergent fibre 31.83+1.46b 33.12+0.69ab 34.51+0.87a 33.30+1.27a
RV ET4E Acid detergent fibre 29.19+1.29b 30.23+0.93ab 31.37+0.76a 30.85+1.24a
R4 R EL Concentrate
4% Dry matter 49.21+1.25b 50.04+1.37ab 52.64+0.75a 52.21+1.24a
HHLY Organic matter 48.76+1.33b 49.11+1.26ab 51.23+0.56a 49.79+1.15a
M Crude protein 35.48+0.58a 34.57+1.04a 32.38+1.14b 32.13+1.21b
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Table 4 Effects of glycerol supplementation on purine derivatives of urine in Simmental steer
T H Item =243 % Supplemental glycerol (g-d™)

0 100 200 300
%% Allantoin (mmol-d™) 57.69+1.36b 59.29+1.48b 63.63+1.38a 69.84+1.51a
JR®: Uric acid (mmol-d™) 7.31+0.57a 7.38+0.62a 7.44+0.49a 7.3240.73a
JRISIAATAES) Urinary purine derivatives (mmol-d™) 65.00+1.81b 66.67+1.79b 71.07+1.64a 77.16+1.75a

A LT, 200 g-d ™t 411 300 g-dt 42 = T 100
g-dt 4R A (P<<0.05)
2.4 W=EMHERFLEEUENTE

5 a0, B A =R ACT RN, R OM,
EE. CP. NFE. NDF Fl ADF M WLE 2 e,
200 g-d™ 41 A1 300 g-d™ 4t 2 v T X R4 (P<<0.05)

x5 HMRMAZEKENEERS BRFDRWHLEROZME

Table 5 Effects of glycerol supplemental levels on nutrient apparent digestibility in Simmental steer (%)

TiH Item =243 I#: Supplemental glycerol (g-d™)
0 100 200 300

FH)J5 Dry matter 53.41+1.32b 55.50+1.19ab 58.76+1.09a 56.27+1.34a
HHWF Organic matter 58.64+1.60b 59.85+0.50ab 63.62+1.11a 60.88+1.32a
HZ A Crude protein 56.63+1.04b 57.08+0.74ab 57.35+0.84a 58.54+1.51a
HNENT Ether extract 67.43+2.45b 67.86+2.63b 72.09+1.56a 70.99+4.14a
TR Y Nitrogen free extract 61.97+2.26b 62.87+0.72ab 63.54+0.91a 63.84+2.89a
PR 4T 4E Neutral detergent fibre 62.43+1.18b 64.35+1.58ab 65.58+1.38a 65.60+2.58a
IRMEDEER£T4E Acid detergent fibre 42.61+1.98b 45.26+1.52ab 47.71+2.13a 45.73+3.36a

2.5 W=Ex BiRaEE &R0

MR 6 WL, WMANRELRLEELER. K
BE. AR =GR BN, HZERARE; 200
g-d™ 41 FAE B TXHEAL (P<<0.05) ; HfLfE. 1R
PTRERITIRE 2 BTk, 200 g-d™ 411 300 g-d™ 4l
THAGBE S BE B T 4L (P<<0.05) , 200 g-d™

®6 WZEEXMEIERS HREE T EME

211 300 g-d™ LLYTRAfE 3 w1 100 g-d ™t AL Al

(P<0.05) , 100 g-d™ 4yifife w3 s T iegl (P

<0.05)

2.6 W=EXAIERS AR FEIZMm
M2 7 0L, BEAE A =BT, R ER

TREEW; FERRA R PGS, 200gd" 418

Table 6 Effects of glycerol supplementation on diet energy balance in Simmental steer (MJ-d™%)

T H Item =243 I#: Supplemental glycerol (g-d™)
0 100 200 300

KB EAE Intake energy 378.54+2.35a 377.96x1.86a 378.34+2.14a 377.66+2.63a
Z&6E Feces energy 205.93+1.03a 199.64+1.24ab 190.72+1.18a 194.44+0.82ab
WH1LfE Digestible energy 172.61+1.34b 180.32+0.99ab 187.62+1.32a 183.22+1.19a
JRfE Urine energy 17.56+0.65a 17.43+0.87a 17.21+1.20a 17.27+0.97a
SAKfE Gas energy 12.40+0.47a 12.24+0.56a 12.11+0.49a 11.92+0.66a
AR fE Metabolizable energy 142.65+1.64b 150.65+1.73ab 158.30+1.78a 154.03+1.61a
FEHE Heat 75.94%1.51a 75.27+1.38a 74.39+1.72a 73.34+1.69a
VAR fE Energy retenion 66.71+1.37c 75.38+1.41b 83.91+1.49a 80.69+1.52a
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Table 7 Effects of glycerol supplementation on diet nitrogen balance in Simmental steer (g-d™)

T H Item =243 I#: Supplemental glycerol (g-d™)

0 100 200 300
KB% Intake nitrogen 102.65+2.35a 102.68+1.86a 103.24+2.14a 103.15+2.63a
FA Feces nitrogen 44.53+1.03a 43.70+1.24a 41.79+1.18b 42.40+0.82ab
JRZ Urine nitrogen 52.08+0.65a 51.35+0.87a 47.97+1.20b 48.75+0.97ab
L4 Digestible nitrogen 58.12+1.34b 58.98+0.99ab 61.45+1.32a 60.75+1.19a
YIRS, Retenion nitrogen 6.04+0.58b 7.63+1.02b 13.48+0.49a 12.00£0.52a

o3

FRT XA (P<0.05) 5 WYHAEFVTRE R I+
e, 200 g-dt41A1 300 g-dt AH TR E T
411100 g-d* 41 (P<<0.05) .
3 itig

HURRR NN = i, TN = AR S ekt e 9%,
R AE YRR T R, (R T AR AR K
Lo IR i T AR YR AR T T, AT TR
T NDF 1 ADF 198 B A 2k Bl 2242 5. 11 Valérie
GRS R I, AR RN =l (0.1%~1%) 98
T SR R DT 22 PR AT R R A LA
MR B AR Yoy a2 =ik
JEIRF] BT, XX LEAH 1R 1) A K FN LT Y o3 i fiE P Al 4
i, AR SCAFYE A RE I AT R o T BRX S 4 BUAN
— B S R T e A EORRA AN

BT =R S T EOKF5F DML OM. NDF #i
ADF J iR 2k EE DM H1 OM I 2 M, 1n 1 74
PR TR P i, AR AP R T AR B T, pH BRAE
JE CINTRLLH) TR 98 pH T 6.2, TEE T4F
YESP IR TG BN, 3 55 4T AT R BB AR 2 T v (R 5 R
Hi—%. Schroder S5 LRI, HRRZRINN — 8,
W pH T 6.2, (HIE&JE R R, AR5,
R H LR 3. DeFrain 2P0, 157 RV
I = RERHRE S pH &AW, AT e, X5 H
RBAG I HRRAS NN =B = T AR~ &, nlhg
e HE T R AEE IS . X5 Remond®! .
Trabuet., Schroder™. DeFrain®l. Khalili 224557
24 W50, Remond ZEBWIF 5 K LA IN I =1 (240 g™
5% 480 g-d™) JEIRE NERAN T ERIR SN, I LRI
JE A%, Trabue Z7E 25 (198 B AN 25 mmol 74
=, SRR 24 h I 80%IK A = BERARI, FRKT
ZWRKWE, W T N K. Schroder 2515 R L
N =] DU BRI S N SR S R LG ], N R IR

JE Tt . DeFrain SPORESY K B RS I = It 98
B VFA SERAW, 775 VFA SR, HH
TR B TR AL WIR & B YK T4 20%. Khalili
A PURIE S R BRI = (252 g-d™) JRIRE LR IE
IR LE R 35 A, T SRR T IR B U LE 2 5 14 o

o S A IR S T B P R 2 TR
IEBIRPTARIRGLA, R A = BERK I = T 200
gdt, EEMETHBEASERE. —meH TN
AT R R R A v AR BRI T AR
OIFRIE TR, X SIRA KR FSUR AR R R BRI
M5 Paggi ZEPUASMRIG AT I 45 B 5 LA, At
IR PN 50, 100, 200 F1 300 mmol =K )5, &
FR MBS 23 9904 0.813. 0.781. 0.767 A1 0.780.
ST TN SRR SRR NHe-N &
TAEMER A, X5 RS AT A nAH — 25 JRIERS
TS a5 AR E M AEY E A (MCP) = iA7AE
P IEAORDO, Bt T = AT, SR R A
PRI . R R I KA A S AR )
JRA L S FR A 7P, ARG b KA FE DML
OM. NDF FEA KK DM, OM J8 45 2 B fil 2 184
I, kR A ) B R AL T A IR R A
WAKWED . F5h, 4w N S RS E R
HARKEHPHEREP, MR ESERERET
5 mg-d™L™, T LA AL AR A K i P, A e
HER) IO AR 2 B S

TSN =B 1t 798 R IR v TR
TV RS, HARSR R Bt m . W
T A A e ) A B R B T, nz
PR B R R CURS AN, BEHIA BN R L T
SRS, AN = RESGE T HRMECE . H
FRIFE T A R = R BT i s, A8 HRRRE = A
F &, N TIR BER N, X5 Schroder &1
M1 Paggi 25 45 AN—%. Schroder 7EARTERY HH
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FEfib B4EVRIN 46 98, 116 1 155 g-d™ P =K
XS OM. VEH . NDF [ Ee %A 0, HAE
Ky FURREERl EAs AR [P =B, B NDF I3
2[RI . Paggi S5 4MALR ST & B 100+ 200 1 300
mmol 75 =BEFEMK T DM WAL L) 8% ~15%., X Fl
S5 A — B kY T AR AR . Chung 45128
RN TN =5 DRI AL R AR W et v, 7o )a
1 PN T 3 ) 2 3% . Bodarski 252Hf
AN 78 0 =82 300 ml-d™ A1 500 ml-d™ 5 42 = i
TP T 14.6%F 12.5%, EIXLEHIST, PR
Perm . AEEP I SCE R R R By, AT IE
BT P = R AR e ERR A 28 L P A R P4

4 ZEig

(1) FHWRIne =& 200 g-d™ H1 300 g-d™* figdk T
FORFEFTW . AN R4 ST B i, v
TIRE SR T R DI B B g%, BRAR TR
FERRH & PRI B e, IR 1 HE R R IR DT 1R A A
M5 TR BERILIN, CRREE/R LA BEA,
B pH 1 LN LA 2 25 PRI

(2) FRWR NN =& 200 g-d* #1300 gd™, )R
WORTAE AR S S S5, R NHe-N IR B S S5 AR
DERE T 988 B A B R ) B s

(3) FHUS N e =i 200 g-d™ A1 300 g-d* @ #42
BT HARIE AR . RPN A T4 5

(4) PRV INPS = 200 g-d™* #1300 g-d?, &Iifs
PR (A 22 e AN 2%, B AR I 3&E B Kk 200
gd™.
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