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Table 1 The formulas of four mixtures of buffered VFAs
A(75: 15 10) B( 65: 25: 10) C(55: 35:10) D( 45: 45. 10)
o mol mol g mol g mol
L Acetate 450. 38 7.5 390.35 6.5 330.28 5.5 270.23 4.5
A f# Propionate 111.12 1.5 185. 20 2.5 259.29 3.5 333.23 4.5
T/ Butyrate 88.11 1.0 88. 11 1.0 88. 11 1.0 88. 11 1.0
RS CapCO3 18 18 18 18 18 18 18 18
JK Water 332.4 332.4 318. 16 318. 16 304. 33 304.33 290. 31 290. 31
VFA R R (K ) 1.07 11.73 12.39 13.05

F:nel'gv of MixedVFA liquid

7 VARRMIREAE H 867. 1kJ/ mol, R4 1536. 4k)/ mol, T Ry 21941kJ/ mol .

1.6 &S VFA RS HHET

BRI IE, AR IR0 2 (1 2 IR, J4c26 1 VA
VHE AT LR VFA TR A &, AR5 5 2o il
% 10 1(VIV) IREAE ik, A ILAC, A% VFA %
KRR 2 UCHURE WO e pH, TR FE pH AMET 6,
27 AR ) FH A PR R pHL ) AR A T O

980 5 VR 2 R S ) v s o, W A LE
BERETE 1) VEA VR AW S R mhil) — i 4 4543 31 500
ml [FPHBORCT, BEAE 6 h N FFEEH5E, 24 h #E5E
FORA VFA f%r.‘iﬁl GEpP . EVERLRR R, WA LR
TR A i TR, ANRE LR AL, A5 0 5
987 W P IR PR R %

1.7 ZEHFRFERULE

K AW S RE R R FE 1R i34 T .

1.8 BBER VIR RIS

MTTHE)S 55 8 d J= 6: 00 FF 4 K498 1 W A /1y
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20 1k JEI sz WA pH B S, HX 1 ml 98 W 0N 0.2
ml AR R, $7 50 i A AR VKA, S bR ic 4 Co i
&, S ARELS ml 988 BN 1 ml 25% 17 i R, 4% %)
FEHRE 30 min LYTHE 8 A0, 28 )5 BL 3 000 v/ min 25
> 10 min, LT IZAMRIZN T VEA BOBOKAT TR
AR .

MG 8 d 491 00 LA, B 6 h
WA — IR, EEEWAE 2 d . BERICAEZY 20 ml, HUH T
P SR IS ) A (R R TR A DA DU R C W iR, R
4% 1A 170 1) 45 80 T 90— R A BE S, T VEA IR .
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JSG A 1 RV, AT PR A A 0 IR . 8 % o A -
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Ji, 980 R VEA SRR B 5 0] B4 AH b Sl 25 389 n
(P< 0.05), 1M A 41501 VFA 3 JE SO BAG T Atk
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Table 2 The effect of different molar ratio mixtures of buffered VFAs infused into
the rumen on some relative indexes of VFAs in the rumen

s RIEEVE VEA TRA 0 T R 1) B8 IR VR JE IR FF
SE 5 11T R 1) FE 2% LR 48 G ik

A
(75. 150 10)
Y pH  Rumen pH 6.6 x0.2*
M VFA  Total VFA(mmol/ L) 54.0%2.5
VFA FEZRHE  VFA molar concentration ( mmol/ 100mmol)
L% Acetate 71.0%2.3°
N T# Propionate 19.4 2.3
1'% Butyrate 9.7%1.2
981 D B A i R
. 0. 098 0. 32"
Fractional outflow rate of rumen fluid( / h)
LTRREE A _
. 50. 87 3. 42°
Infusion rate of acetate ( mmol/ h)
AT Rl 1k
i ) 10. 18 £0. 69*
Infusion rate of propionate ( mmol/ h)
TRl )
. 6.78 0. 46
Infusion rate of butyrate ( mmol/ h)
VFA HEA™ i3
. . 80.58
Basal production rate of VFA( mmol/ h)
VFA A
. - ® 148.41°
Production rate of VFA( mmol/ h) *
TR |
. . . 23.37
Production rate of propionate( mmol/ h) -
VFA 7% 4k _
3.56"

Production amount of VFA ( mol/ d)

B C D pONLEEa|
(65: 25. 10) (55: 35. 10) (450 457 10) Control
6.5 %0.2" 6.5%0.3" 6.5%0.3" 6.7 %0.1"
61.6 3.7 59.2£3.3" 62.5%3.5" 50.3 £2.4°
65. 8 +0.4" 59.1%1.4° 53.3 £1.8¢ 66.0 £2.7°
24.0%0.6" 30.0+0.7° 36.1 2.2 22.7%1.9"
10.3%0.7 10.9%1.2 10.6 £0.8 11.3%0.6
0.103 £0.25*  0.10720.21°  0.11230.34"  0.080 £0.99"
44.01 £3.25"  37.24%2.76°  30.47 £2.54" 0
16.9310.62"  23.7010.57°  30.47 *0. 46" 0
6. 78 0. 46" 6. 78 0. 46" 6. 78 0. 46" 0
83.51 84.25 86. 43 82.78
151.23° 152. 07* 154. 15° 82.78"
30. 12° 36. 89" 43. 66 13. 20°
3.63° 3.65" 3.70° 1.99"

7 OVFA (75 2 B 2R 20 TSR A P A 28+ VIFA T3 3% : Production rate of VFA= Basal rate of VFA+ VFA infusion rate;
O 1 (1 7 A e R ST LA IR ) r= A e+ T R B ; Propionate production rate= basal propionate rate+ infusion rate;



FRW . BEVETR AW R 1R AR A RO R
W5 o T AR HE TR (R 6 B AL (P < 0.05) , {BAS[R] LE 431
I VFA WHEEH 2 ) 2 R AR FH (P> 0.05) . [
P, FE 8 PR 2E VEA 138 56 58 i AN
BFH(P> 0.05), {HE M VFA 77438 e 5 % T
XA P2 AR (P < 0.01), B VFA =4l
B K TR VFA P74 E(P< 0.01) .
2.2 EEARFELH VFA RRE3/NBH VFA 35
FREY R

3R, FEEAL NS VEA TR W e T

=¥ R

KX

AMEE AW E(P< 0.05) 3 0 THEVELL 2N FRLL
4N 42 35% I, ILAE /N I b 16 R VR FE W 2
TRE(P< 0.05), 1fif R 199 B2 W) 5 4 (P <
0.05) . ANEHEE VFA 575, BAR KRB NG T
RRR AT W25 520 (P> 0.05) .
2.3 EBEEIAFRELHIA VFA B3 BIRFRIEWL
:9bA )

4 Fion, BREACHAE, 4 AN HET 415 0 41 L
B, T AT ALY AL #E (DMD Sz OMD) , k47
YE L2 (NDFD) JRUELT4E i A4 (ADFD) A2 -2
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Table 3 The effect of different molar ratio mixtures of buffered VFAs infused into

the rumen on some relative indexes of VFAs in the small insestine

A B C D f LA

(75 15 10) (65: 25: 10) (55 35 10) (45: 45 10) Control
M VFA  Total VFA( mmol/L) 17.98 +4. 04"  14.6613.61"  10.36 £1.35"  13.00%£3.99"  7.18%1.49°
VFA JE 7R B mmol/ 100mmol)
40% Acetate 77.79 £2.05"  80.27%1.60" 73.92+2.38* 73.58%3.16  84.02%3.14°
Ni#  Propionate 20.83 %117 19.73%1.60" 2531 %1.76°  25.36%2.69°  15.98+3.14°
T#  Butyrate 1.21 +0.47 ARt 0.72%0.89  0.79%0.70 AR

x4 BEBEETFLLEA VFARSRXM HRE LR 2
Table 4 The effect of different molar ratio mixtures of buffered VFAs infused into
the rumen on( dietary indexes of) nutrient ingredient digestibility
A B C D f LA

(75 15 10) (65 25 10) (55 35 10) (45: 45 10) Control
DMI( kg/ d) 0.925%0.06  0.912%X0.05  0.902%X0.05  0.892%0.06  0.945£0. 11
OMI( kg/ d) 0.852£0.05  0.831%0.05 0.839X0.04  0.821X0.05  0.871£0.09
fr A N Intaked N(g/ d) 14.56 £0.96  14.4010.82  14.2410.64  14.42%0.82  14.8810.9
e DM DM in the feces( kg/ d) 0.412+0.03  0.404£0.04  0.39720.07  0.39120.04  0.438 %£0.08
Fef OM  OM in the feces( kg/ d) 0.370+0.06  0.356%£0.02  0.365%0.05  0.347X0.06  0.363 %0.06
e N Fecal N (g/ d) 6.41 £0.53*  6.21%0.76°  5.88*0.30"  5.79%0.45"  6.62%0.36°
JEH N Urinary N (g/ d) 5.53%0.37* 4.93%0.24"  4.65%0.31" 4.60F0.28"  5.16%0.19°
BIBIN  Deposited N (g/ d) 2.62° 3.26" 3.71° 4.03¢ 3.10"
DMD( % ) 55.43+3.21 55.76 £2.65  54.8613.02  56.20%3.35  53.66%2.51
OMD( %) 56.63 2. 11 57.12+2.05 S56.45*1.96  57.80%2.32  56.47£1.65
NDFI( kg/ d) 0.427%0.03  0.42120.02  0.41620.03  0.41220.03  0.436 £0.05
ADFI( kg/ d) 0.265%0.02  0.261£0.02  0.258£0.01  0.256%0.03  0.270 £0.06
HCFI( kg/ d) 0.162 0. 160 0.158 0.156 0.166
F&h NDF  NDF in the feces( kg/ d) 0.198£0.01  0.189X0.01  0.188%0.02  0.187£0.01  0.201 £0.02
F&h ADF  ADF in the feces(ke/ d) 0.147%0.01  0.143%0.02  0.145%0.01  0.142F0.01  0.1540.02
P HCF - HCF in the feces( kg/ d) 0. 051 0. 049 0. 043 0. 045 0. 047
NDFD( %) 53.62+2.80  55.07*1.92  52.76 £3.49  s54.65%2.55  53.7412.81
ADFD( %) 44.6112.17  45.20%2.06  43.93%*1.98  44.56%2.56  43.01 £3.05
HCFD( %) 67.90 69. 38 72.78 71.15 71. 68
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Y AL (HCFD) 262 XA % (P> 0.05); H
A 2 ) A 25 AW (P> 0.05); X
TRl U, 28 0B bR U0 b B 8 3 3 T R
LA 1 58 i, R b A W E A (P < 0.05) . AR
[F) 12 A2 25 PR AL 56 9 o At R A AT [R): 1 BRAL S B 4 %
FARE(P> 0.05), (HU ST A 4, fif& T CD
PIALIG 8RR R BHE (P < 0.05), BWRA M #EH:
VR B VB0 A R 11 L 91 4 v 1) 35% , KA Tk} D
FURERIN . 7E4EFET 7R KF R, 8B R I 74
AR SR AU DR R 2R 6 R VI (g/d) =
1.086+ 0.0692 x A 2 /™ A= & (mmol/h)  (R*=
0.9768)

2.4 BEEITAFLLS VFA i&E 3 Mgk R LLds
N Al

2.4.1 PR R VEA &S B 20 B IR LR A9 1) 5%
Wi: 23 VE o LA 1K) 2R VA VR AW, HEE N/
J IR I 1K) VEA 3 P bl e v 41 Rt B 41110/
VFA WRERE 26 P < 0.05), (HIL &4l % 7 A
BN o IXEE—2DAIESE TS W A W ORI ST A 4
P2 1 R VA L 6 R R (1 WA LA e ) 2 0 — % [vi] ) o A
VY Y DA TR AR R T I, ek B /N i 0 1 T R
JIt bbb o s i R B, T PR BT B T (P <
0.01) , X T 22 4% T8 1 S Ja i AL TE X SR AN R
(IR M R AN [, SO N R I Zont B ok, B T e
TTREBA WL, S WA /N i vh LB o5 A e R
B . T T RN P A AR A D, i LR SO e B A PR
T CERAN R 1) W g %, BT LA AT 5T 3 A /S 1y
SRR 2 TR .

#5 BEET4WMARFE VA ESEM A B RLEIRHOE @
Table 5 The effect of different molar ratio mixtures of buffered VFA infused into
the rumen on some indexes in the blood

L3 B VFA

Total VFA in blood( mmol/ L)

A
(75 15: 10)

4.95*2, 46"

ML VEA FEJRHHE  VFA in the blood ( mmel/ 100mmol)

L8 Acelate 75.28 42 5
N T# Propionate 24.72 %13
I"f# Butyrate A K
Mg Co, 854
29.12%1.32

Conjoint force of CO; in blood( mL/ % )
L5 P I

" ) 53.38 k1.7
Blood glucose in serum( mg/ 100ml)
L7 o JB B

iR 5.75 0. 88"

Insulin in serum( HIU/ ml)
L P e ol 22
Glucagon in serum( pg/ ml)
ZHEE ISR S
Insulin/ glucagon( HIU/ pg)

115.5%12. 9™

0.05

TE: VEA (1) 7= A 3 S5 T L AR AL 3+ VEA [F) 3 7 3

2.4.2 X3 COy £54 IS AN R) B JR
LI VFA ST A CO, 456 141 T IRE¥s, (B
FAERFE (P> 0.05) . K nT LUy DRI#E: VA B
B 35 H S AR B hn ] A 10 P IRHCO5™
gz, A 25 i f g by i fd e k2R84 .

2.4.3 S ik i B A R () 5 m: A AN R BE UK L
VFA %O B A L 58 25 5 i i Bk 1 v ) ofn 8 7K 1
(P< 0.05), {H 8% Ab #1122 5 S 3 PR AN ) . % B

B C D o A
(65: 25. 10) (550 35. 10) (450 457 10) Control
3.86 £1.32° 3.67 £1.41° 3.58 £1. 26" 3.79 £1. 34
87.83£3.6" 90.83 +5.2" 93.73£1.8° 94.38 £1.69°
12.17 £0.8" 9.17 £0.8" 6.27*1.6" 5.17 £0.5¢
At AR AR AR
30.75 £2. 11 31.54 £1.74 31.48 £2.31 32.42 +1.87
56.78 £3.4"  62.50+4.3"  67.01 *2.4¢ 47.49 2. 6°
6.61£0.58"  7.08%0.85*  7.42+0.22°  5.10%0.20°
128.5+17.9%  137.2*15.7" 144.5 *6.6° 99. 8 6. 08°
0.051 0.052 0.051 0.051

A5 A BT IR % (P> 0.05), 247
AT (1) LU B2 2 3] 35% I, BT8O R 1100 7 A o
P 42 36. 89 mmol/ h IF, HE I R 42 25 1 AR
EAATA B A, FH8& e W ERIKR E & 45% I, 4k 2L AF
MU A ETH(P< 0.05) . 83 B IR ™ A4 %
5 IR AV 1) e P [P VA R S 2 35 (P < 0.01) - 1L
W (mg/ 100 ml) = 36. 82+ 0.689 x A R 7= 4 i %
(mmol/h)  (R’= 0.9916) .
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2.4, 4 SRV LA R B SR ) R HETE AR
A bt 8 35 5 i T ik 7 P BB S KT (P <
0.05) , BEAFHEA: Wb A R L9 (0 39 hn, ofn 38+ 1) fke
By B KV AT AN]R8 n, #5420 1) ) 25 e A 3
PEANT]: REFEA S A AL BE %R, B LR
A HA 3 NMETAA WE 5 (P> 0.05), i
BCDAMESRAHE(P> 0.05) . digtnl i, &
IR VN R I T T 0 ot 9 W B R 1 i AT
S, AR LR R N S e i BE R . P
()2 % [P R 2 (P < 0.05) .

I3 9 5 259K 8 (MIU/ ml) = 4.00+ 0.081 x A /R /™
A% (mmol/ h)  (R?= 0.9546) .

2.4.5 R K LA e v R E R TR S
M TATY S5 5 5 e Bk 1, 5 v ﬂ’]Hﬁ%rujlfﬂ.ﬁﬁﬁ?qu
(P< 0.05), B A5 8 0 rb o3 2 Lo A9 e 9 n, if 3 wh
AT J e LB 2% 7 1 A7 AN () i S8 1) 364 o, {4 2 1] £
ZZER AR R4S A 410 S i 2K
FEBFEREF(P> 0.05),A 415 B.C W4 XA

BF(P>0.05,HY D4 xERWE(P< 0.05);B .

CD=4MESAEFE(P> 0.05) . o i, T 4
Flv VFA (380 Le i, A7 A 415 D 415 | g )
i e IR 2% KT (A AR Ak 2 S B 3, U WO T R 1)
77 A Tl SR I 38 MR v A 2% 4 A T S /N TR
JBEE 2 52 . S Dk Y R 3 R R ) LA
B, 2R A LA R R R A VFA TP & JH
P B8 JR LL A8 1R AR Ak, B0 4 R4 T HEE:, BT A7 LS 41 Fl
SR L R FF AR 3, ZERARFH (P>
0.05) . IXUd W T B iy 7 A oy I8 25 1 0 b L AT
— € W A0 1, JE R 44 304 P9 BR S8 1R RS A

3 NE5iTRe

3.1 EId e dE RE 4 PPN IR LR RV VFA
TRA, FFEELRERVER R, 1A% T e & 08 8
HWh LR R T RR R L K H 1, WAL
EARPR AR A T TR

3.2 ) dE EHETE Y VRA SRt T 4R RE R K
F-30% LA L (1 fig i, {98 1 b R VFA WK VFA
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Effect of Changing the Molar Ratio of Acetate to Propionate in Rumen
Fluid on Rumen Fermentation and Some Blood Indexes

XIONG Berrhai', LU Dexun®, ZHANG Zryi'
(1. Institute  Animal Science, Chinese Academy o Agriculture Science, Beying 100094;
2. Inner Mongolian Academy o Animal Science, Huhhot, 010030 China)

Abstract: The four designed VFA infusions with different molar ratio of acetate: propionate: butyrate were used to establish
final molar ratio of VFAs in the rumen of the sheep. It was found that the proportion of propionate in the rumen fluid at
steady state increased with the increase of propionate in the mixture of VFAs, and the concentration of acetate was down
gradually and different from urnrinfused control group( P < 0.05). The concentration of butyrate in the rumen fluid
changed a little. The infused level of VFA was the equivalent of an additional 30% of ME requirement at maintenance and
the study demonstrated that: (Tthere were no differences in rumen pH., the digestibilities of DM, OM, NDF, ADF and HCF
for mixed diet as well as the blood CO; combining power between different infused levels of VFAs. @T'he outputs of feces-
nitrogen and urine nitrogen reduced significantly( P < 0.05) when the molar proportion of propionate in the rumen fluid
was elevated to 23.95% , which indicated increasing the concentration of propionate in the rumen was helpful to deposit of
dietary nitrogen by animal. Therefore, keeping a proper ratio of acetate: propionate in the rumen fluid is very important, es-
pecially for feeding high level of lower quality of roughages to both steers and sheep in our country nowadays. Meanwhile,
when the molar proportion of propionate in the rumen fluid was elevated to 45% , the concentrations of both blood glucose
and insulin elevated to 45% , the concentrations of blood glucose and insulin were increased significantly ( P< 0. 05) , and
both of them had a positive linear relationship with the increase of production rate of propionate in the rumen. When the
ratio of insulin to glucagon was observed, it showed this ratio appeared constant in different groups, even for control group.

Key words: Acetate; Propionate; Rumen; Digestibility; Fermentation
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