B ESE 2026,57(3):1506-1515
Acta Veterinaria et Zootechnica Sinica

doi: 10. 11843/j. issn. 0366-6964. 2026. 03. 028 (Ol e
: AR (AR5 )

FRILFG (OSID) : 5%

MBS EINEE X BESH R L IEIR
H & HEN N

oo I M REA,HMFMR,R ORI R, ELE,E OB
(Ll R 2F B R 2% B, K4 030801)

M OE: BEBIER (FA)X WA ARS8 B & W 250 B S T8 A R T RE 0 10 58 ) o SR TSR R R IR 56 18031, DU
43 WAL 0 ST 3R 07 2 A Dy B R OR L W TR A B R BRI L 43 M B INFA 0.1.5.3.0.4.5.6.0.7. 5 Al
9.0mg-kg " (DM), 39 C&M FRIMNE I 24 hy W5 & W DM g 3R (DMD) =S & (GP) .FA & & it
FALTE AR KBS B B MBUE YRR . SR R:1)1.5.3.0M4. 5mg-kg ' DM FA4H DMD A 1.5.3.0.4. 570
6.0 mg-kg ' DM FA 4 24 h GP AIFLIE & K GP B35 T HARA 4 (P<<0.05), 2)% FABRNALR BB FA & &
535 1 T BR AL (P<C0. 05) , T o = B 3 I8 T BRAL (P<<0.05) . 1.5.3.0.4.5M6.0mg-kg ' DM FA 41l &
Ak 4y 5 AR Il 0 M W T T AR 41 (P<<0.05) . 3.0.4.5.6.0f17.5mg-kg ' DM FA 4145 bt H ad S 1k 4 il 1% 1
BEH T ML 5mg-kg ' DM FAZ(P<C0.05). 1.5.3.0.4.5.6.0F17.5mg-kg ' DM FA £ i AL AE 113k
PEIL i T X B (P<C0.05) o 3)45 FA U INZH A5 K PR AR 7 R A 2 TR 7= ek 4 0 35 08 T % MR 4 (P<C0. 05) , H.3. 0
M4 5mgkg 'DMFAHBFER T 7.5M9.0mg-kg ' DM FAZH(P<C0.05) . 4)4% FA U820 2T 4 Al 70 A 58
W Bl TGk 24 3 T IR 4 (P<<0.05), H.3.0.4.5H16.0 mg-kg ' DM FA 4l &7 4k A G & T 1.5/
7.5mg kg ' DM FA41(P<<0.05),1.5.3. 0l 4.5 mg-kg ' DM FA ZH A BM A H M B/ T 7.5M 9.0 mg-kg !
DM FA 241 (P<C0.05) . 5) % FA VS IIZH S 20 B 5 R0 8 €00 B Bk ol 250 i B0 35 o T 0 B (P<<0. 05) , Herpr 4. 5,
6.0M17.5mg-kg ' DM FA 4 A0 it B 3E T 1. 58 9. 0mg-kg ' DM FAZ1(P<C0.05),1.5.3. 0fl4. 5mg-kg '
DM FAH 8 (8 HERE B 8 & & T 7.5M 9.0 mg-kg ' DM FA 20 (P<<0.05). 3.0.4.5.6.0f17.5 mg-kg '
DM FA 4 3 B 50 B85 TA B 1. 5M9.0mg-kg ' DM FAZH(P<<0.05), 1.5.3.0.4.5M16.0mg-kg ' DM
FA 4 H @S BRE B 2 %5 TR 7.5/ 9.0 mg kg ' DM FA41(P<<0.05), 4.5.6.0.7.5F19.0 mg-kg
DM FA 21 7= 58 5112 22 AT B 3 W25 TX IR AN 1. 5 mg-kg ' DM FA 4 (P<C0.05), %4 W 4 FEFA M E T
o B PEAIRAS AR T AR e i AR BT AR R T DMD AT TVFA P & AR &40 T, B 38008 FA Rk 7
H#1.5~3.0mg-kg ' DM,

SRR WITR BT AEUAL R B R T U W R T 5 SR P B

hES%ES: $823.915 XERFRERD: A X EHS: 0366-6964(2026)03-1506-10

Effects of Folic Acid on Rumen Fermentation Parameters, Antioxidant Indicators

and Microbial Population of Dairy Cows in vitro

FENG Jiang, SUN Nan, ZHANG Haodong, XIE Yuyang, LIU Qiang", GUO Gang,
HUO Wenjie, WANG Cong
(College of Animal Science, Shanxi Agricultural University, Taigu 030801, China)

%5 H #3:2025-03-18

ES&WB ER A KRR E T H (32272824) ;s 5] 74 77 BHEL & ¥ 451 H (YDZISX2022A039) 5 117G 48 BLAR ARl 4= 77 ol 4 AR 14 & ik
I H (2025CYISTX13)

EEBN Y VL WA EENFE R A3 WE SR FSE , E-mail : 18835535570@163. com

*BEEE N W, FENF RSP E SRS, E-mail: liugiangabe@163. com



34 WA R X A A ARG T R IS LR b R T R R 1 B 1507

Abstract: The study evaluated the effects of folic acid (FA) on rumen fermentation parameters,
antioxidant indicators and microbial population in dairy cows in vitro. Four early lactation Holstein
dairy cows were used as the donor of ruminal fluid, and the total mixed ratio of dairy cows was used as
the fermentation substrate. The supplementation level of FA was 0, 1.5, 3.0, 4.5, 6.0, 7.5 and
9.0 mg-kg ' dry matter (DM) , respectively. After incubation at 39°C for 24 h, ruminal DM
degradability (DMD) , gas production (GP) , FA content, antioxidant indicators, fermentation
parameters, microbial enzyme activity and population were determined. The results were showed as
follows: 1) The DMD was greater (P<C0.05) for the supplementation of FA at 1.5, 3.0 and
4.5 mg-kg™' DM, and the 24 h GP and theoretical maximum GP were greater (P<C0.05) for the
supplementation of FA at 1.5, 3.0, 4.5 and 6.0 mg-kg ' DM compared with other groups. 2)
Ruminal fluid FA content was greater (P<C0.05) and malondialdehyde content was lower (P<C0. 05)
for the groups with FA supplementation compared with the control. The activity of superoxide
dismutase was greater (P<C0.05) in the groups with 1.5, 3.0, 4.5 and 6.0 mg-kg™" DM FA
supplementation compared with other groups. The activity of glutathione peroxidase was greater (P<<
0.05) in the groups with supplementation of FA at 3.0, 4.5, 6.0 and 7.5 mg-kg~' DM than in the
control and 1.5 mg-kg™' DM FA supplementation groups. The total antioxidant capacity activity was
greater (P<C0.05) for the supplementation of FA at 1.5, 3.0, 4.5, 6.0 and 7.5 mg-kg ' DM than
for the control. 3) The groups with FA addition had greater (P<C0.05) total volatile fatty acids
(TVFA) and acetate production compared with the control, and the production of TVFA and acetate
were greater (P<C0.05) for the 3.0 and 4.5 mg-kg ' DM FA supplementation than for 7.5 and
9.0 mg-kg~' DM FA supplementation. 4) The groups with FA addition had greater (P<C0.05)
activities of cellobiase and xylanase compared with the control, and the activity of cellobiase was
greater (P<C0.05) for the supplementation of FA at 3.0, 4.5 and 6.0 mg-kg~' DM than for the
supplementation of FA 1.5 and 7.5 mg-kg ' DM, and the activity of xylanase was greater (P<Z0.05)
for the 1.5, 3.0 and 4. 5 mg-kg ' DM FA supplementation than for the 7.5 and 9.0 mg-kg ' DM FA
supplementation. 5) The groups with FA addition had greater (P<C0.05) populations of total
bacteria, protozoa and R. flavefaciens compared with the control. The total bacteria population was
greater (P<C0.05) in the 4.5, 6.0 and 7.5 mg-kg ' DM FA supplementation groups than in the 1.5
and 9.0 mg-kg™' DM FA supplementation groups. The R. flavefaciens population was greater (P<C
0.05) for the 1.5, 3.0 and 4. 5 mg-kg ' DM FA supplementation than for the 7.5 and 9. 0 mg-kg™'
DM FA supplementation. The fungi population was greater (P<C0.05) in the 3.0, 4.5, 6.0 and
7.5 mg-kg ' DM FA groups than in the control, 1.5 and 9.0 mg-kg ' DM FA groups. The R.
albus population was greater (P<C0. 05) for the groups with 1.5, 3.0, 4.5 and 6.0 mg-kg ' DM FA
supplementation than for the control, 7.5 and 9.0 mg-kg ' DM FA groups. The F. succinogenes
population was greater (P<C0.05) in the 4.5, 6.0, 7.5 and 9.0 mg-kg™' DM FA groups than in the
control and 1.5 mg-kg™' DM FA group. In conclusion, the supplementation of FA improves rumen
antioxidant status, stimulate cellulolytic and amylolytic bacteria growth, and resulting in an increase in
DMD and TVFA production. The proper level of ruminal FA supply is 1. 5-3.0 mg-kg~' DM in the
condition of the current study.
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PAT o R E AR B 4 K IR (2. 040, 16) i ™
Wit (34.54+1.64) kg-d " MM FL K% (52+£10.8) d
(0 far 97 3045 4= o W A4 AR A H O (TMR) K 48
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20, H B R FROK, B 15 d, 25 16 K 7R i i
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RENEH) o
1.2 RWigit

FHPR R, L 7H , BH6ANER,
SrIAE 0.5 g KIBEIRYI PR MFA 0.1.5.3.0.4.5,
6.0.7.5M19.0mg-kg ' T (DM) . FEA KB
Hin 25 mL 98 B W A1 50 mL 28 v, 7E R 4R 39 °C
AT K& BE 24 ho FAWRINK K HE Zhang 5511
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1.3 HmRESERUE
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G . R EEAR M FH K Ve 76 65°CA M Pt 2 fE
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Wy it % PR RGRCAE B B T A R L DR AE T — 80 °C,
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Table 1 Composition and nutrient levels of basal diet (DM basis) %
J5BL Ingredient & & Content HF2KSE? Nutrient levels & & Content
EKFI Corn silage 26.0 HHLY OM 94.5
B g T & Alfalfa hay 13.0 HEE T CP 17.2
A Oat hay 11.0 HLIR T EE 3.20
F 2k Corn grain 24.0 WP AR 4 NDF 31.1
#k K2 Wheat bran 6. 00 R VR 4 4 ADF 19.3
L HH Soybean meal 10. 6 5 Ca 0.70
3K Rapeseed meal 2.50 WP 0.50
HiAFFH Cottonseed meal 5.00 WALERE/(MIkg ') NE, 6.63
BIRES CaCO;, 0. 60
fr#h NaCl 0.50
IR %055 CaHPO, 0.30
R ¥ Premix” 0.50
£t Total 100. 0

VAT v BUR B A Fe 20 000 mg, Cu 1600 mg, Mn 8 000 mg, Zn 7 500 mg, 1120 mg, Se 60 mg, Co 20 mg, VA 820 000
1U, VD 300 000 TU fl VE 10 000 U, *. WAFL 58 i+ 58, oA E TR KT o0 S E

Y. One kg premix contained the following: Fe 20 000 mg, Cu 1 600 mg, Mn 8 000 mg, Zn 7 500 mg, 1 120 mg, Se 60 mg, Co
20 mg, VA 820 000 TU, VD 300 000 IU and VE 10 000 IU. ?_ NE, was a calculated value, while the other nutrient levels were

measured values

PR R PERE R (VE A) & i 24k 40
UG AFE IR 70 “C, 20 B RRG 0 25 T 38 220 °C, i
2 pL, & HE 35 mL e min !, 533 350 mLe-min ',
K H a3, A0 66 (UV 2100, A )
ERBRTASAGE . RAZ S iEE",
FH B B A (DR200-Bn, H [ 73 ) i 2 & 1 v
AR A (MCP) & .

R WEWAE 4 CCH1 20 s ik ok 22 2% 10 R, 5 Ak
10 min, 25 000X g B 0> 15 min 50 & b 15 &, 4K I8
Agarwal % ) Jr 200 a2 B W 27 4 FE il (CMC) |
ST Yl TR R RE G AL B | o VE K Bl R AR
Wk BT ME RN 39 CCAMER 4 mL K T
i ) 7 A A O BRI B (pmol) KR .
Y- DS N I NN I S I NS REER T = S
B BR TR T R R 22 R TR I AR A T R
DA AT B R TR R R UE R R T B K
JeE B PCREARM &, M@ TAERLH B HERE
YR BR 2 W) 58 B, H o S W K 4E Zhang
DI e B
1.4 HBEBSiItHH

K FH SAS 9. 0 51 A B IR A B8 9E AT 583 4y
Br, &b BEAKOR SR ANOVA it #E47 75 22 43 0t L LA
SAS 1 CONTRAST #2 )7 #1721 — ik ME L3

% J Duncan's ¥ #E 47 £ H R, 24 P<<0.05 Fn 22
SR E.

& R
2.1 FAXGHINBEE TYRERENTSSHEY
AL

126 2 P10, B FA B NZKSE 34 fin, DMD .GP
FFRE fe R A 5 R i e84k (P<<0. 05) , 7R
HRASEAN 2 (P>0.05), 1.5.3.0f14. 5 mg-kg
DM FA 41 DMD 2 5 T X 6. 0.7. 5F19. 0mg-kg '
DM FA 4 (P<<0.05). 1.5.3.0.4.5%16.0 mg-kg '
DM FA 2 GP FI e 5 K™= S ik W 3w T X IR
7.589.0mg-kg ' DM FA #H(P<<0.05).

2.2 FANEIMEE FAREMRENKIERHNZN

Hi 28 3 AT, Bl FA BN ACE 38, & 8
FA & .GSH-Px fl T-AOC If ¥ MDA & £ £
PEAE AL (P<C0.05) , SOD ¥ P 5 — ik i £k 28 1k (P<<
0.05), i FAWINA KB h FA S & &5 T
Xt HRZH (P<<0.05) , MDA 5 & i F L T X B4 (P<<
0.05) . 1.5.3.0.4.5 f1 6.0 mg-kg ' DM FA 4
SOD ¥ 1 & % & F X 7.5 81 9.0 mg-kg ' DM
FA#(P<<0.05). Fif FA UM % B2 b GSH-
Px 76 P 1 3 & T 5 B4 (P<<0.05),3.0.4.5.6.0
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Table 2 Effects of FA on rumen dry matter degradability and gas production parameters in vitro
W H FA#IMKF-/(mgkg™' DM) FA addition level e IR P1{i P-value
Item 0 1.5 3.0 4.5 6.0 7.5 9.0 SEM P, P, P,
TR/ % DMD  65.0°  72.0° 72.7* 73.6° 63.7° 65.0° 64.0° 0.715 0.001 0.053 0.001
S A4 /mL GP 63.8" 71.9* 73.0° 77.6° 74.5° 64.3" 64.7° 2.774 0.016 0.072 0.031
G e K= S 4 /mL a 71.5"  83.7° 86.4" 89.3" 84.1° 76.7° 76.1° 3.074 0.022 0.114 0.028
FEAH#E/(mL-h)e 0.09 0.09 0.08 0.08 0.08 0.09 0.09 0.001 0.087 0.142 0.109

EEsR-&/IE|

bR R Fm 2 5 B3 (P<<0.05) , Py P, Py 7 51 22 78 A BEALNT

R RS AN TR, T AR T

In the same row, values with different small letter superscripts mean significant difference (P<<0.05). Py, P,, Pq represents the

treatment, liner and quadratic effect, respectively. The same as follows

R3 FAWNGENMNEBEFASEMRENERNZIN

Table 3 Effects of FA on rumen FA content and antioxidant indicators in vitro

T H FAMAKF/(mgekg ' DM) FA addition level i P{H P-value
Ttem 0 1.5 3.0 45 60 7.5 9.0 SEM p, P, P,
2 /(pmol-mL™) FA 107" 13.9° 13.5° 14.1° 14.4° 14.4° 14.6* 1.092 0.007 0.014 0.367
BEAYEALEE/(U-mL"Y) SOD  17.9" 24.4* 24.3* 26.1° 27.7° 21.6" 19.9"° 2.337 0.006 0.291 0.032
AU T RS EE/(U-mL")  68.4° 87.2" 100° 106 108" 104" 96.2" 4.173 0.012 0.033 0.445
GSH-Px

ﬁﬁ’fuﬂc%ﬁ/(u-mv)T-Aoc 4.97°  6.25' 6.44° 6.05° 5.64° 5.53" 5.22% 0.631 0.032 0.041 0.097
W /(nmol- L") MDA 3.84° 2.74> 2.29° 2.23° 2.24" 218 2.37° 0.223 0.034 0.027 0.334

f17.5mg-kg ' DM FA 4 GSH-Px i ¥ I & & T
1.5mg kg ' DM FA#(P<<0.05), 1.5.3.0.4.5,
6.0 7.5mg kg ' DM FA 4] T-AOC i i # &
FXFHEZH (P<<0.05)
2.3 FAXMFIMNEBABSHNZ N

5353 ) O T 1 N | 7 N G T | B
pH. N2 LR 55 T IR . 7 I Al MCP & & . i
FAAL(P>0.05), TVFA . ZR AT IR & & 5% Ik
it 28 25 b (P<<0.05) , Z R/ TN R M & 25 Al &% ik &2
LA L (P<<0.05). % FARMY4 LK EHR TVFA
MR & B2 8 % m T4 B4 (P<<0.05),3.0
4.5mg kg ' DM FA#4 TVFARMZ MR &HEF5H
T 7.5f9.0mg-kg ' DM FA#H(P<<0.05), 1.5
3.0.4.5M6.0mg-kg ' DM FAH TR & #EFE
TR 7.5H19.0 mg-kg ' DM FA 41 (P<<0.05)
HFABRMARBER T B/ HRMEASA S =Y
ﬁ%%?xﬂﬁéﬂ(z&o 05), Hrr 9. Omg kg ' DM
FAH AR HRESTHRFARNH (P
0.05),
2.4 FAXTERIMNES REWERF RSN

2 5] AT, Bl FA VS K S 84 i, & I v
CMC 7 ¥ 76 B 3% A8 16 (P=>0.05) , £F 4k — Hi ilf

o~ 8 A9 T RO AR 1 O P A R M AR Ak (P<<0.05) , K
RO R R SR RS R O S il 2 A8 R (P<<0.05) .
25 FA US04 £F 2 — 0% il R 500 1 N AR O
¥ T R4 (P<<0.05), H i 3.0.4.5 F
6.0 mg-kg ' DM FA 21 £F 4 — Wi g 1% 1 2 % & T
1.5/ 7.5 mg-kg ' DM FA 41 (P<C0.05),1.5.3.0
4.5 mg-kg ' DM FA 241 A R 8 & & T
7.5#19.0 mg-kg ' DM FA 21 (P<<0.05),6.0.7.5
f9.0mg-kg' DM FAAEABEHEEES T 1.5
3.0 mgkg ' DM FA 41 (P<<0.05) . 4.5.6.0,
7.5019.0 mg kg ' DM FA 4 o- 35 il 35 P 0 %
FXf R 1.5 3.0mg-kg ' DM FA41(P<<0.05).
2.5 FAXESMBERMEMEENRN
Hi 2% 6 W] AT, Bl FA VR K SF /Y 84 m , & B i
B T R L SR E R 22 IR AT I R B R
E@%ﬂﬂ%f’%%ﬁ B AT T A i 2 e (P<
0.05), B ECTE | 1 {00 B BR B A EE 0% Bk B
2R AR (P<0.05) , ¥ 45 4 T R 9 B B i
o AR (P™>0.05) o £ FA US4 20 18 £t
i T IRAL(P<<0.05),H 4.5.6.0f17.5mg-kg
DM FAZH S A 80t W 3% = T 1. 519. 0 mg-kg ™
DM FA #H(P<<0.05), 3.0.4.5.6.0f1 7.5 mg-kg



31 i

VLA < I N W0 A (R SR8 A T 2 K80 0 AL A A o R 1 THE 3 A9 52 i)

1511

R4 FAXEIMNER RESHHZM

Table 4 Effects of FA on rumen fermentation parameters in vitro

i [ FAZIKF/(mgekg ' DM) FA addition level T 5 Pl P-value

Ttem 0 1.5 3.0 5 6.0 7.5 9.0 SEM  p, P, P,
pH 7.06 7.07 7.09 7.10 6.98 7.15 7.06 0.043 0.176 0.245 0.252
BIERBR/(mmol-L)TVFA  65.1' 72.2% 73.9° 75.8 72.7% 67.9° 69.8 1.079 0.001 0.283 0.001
2 /(mmol-L™1) Acetate 40.4% 467" 47.7" 48.8 46.7" 43.4° 44.2° 0.376 0.001 0.280 0.001
N % /(mmol- L") Propionate 11.6 12.1 12.4 12.8 12.3 11.7 11.9 0.229 0.103 0.226 0.215
T /(mmol-L") Butyrate 9.07°  9.67° 9.65° 9.93" 9.57° 8.96" 9.13" 0.089 0.003 0.141 0.002
R /(mmol- L") Valerate 1.07  1.00 1.10 1.10 1.13 0.97 1.17 0.025 0.327 0.844 0.432
ST/ (mmol-L") Isobutyrate  0.90  0.90  0.97 0.97 0.97 0.87 1.07 0.020 0.138 0.249 0.333
Sk /(mmol- 1L )T sovalerate  2.07  1.97 2.17 2.17 2.03 1.93 2.10 0.041 0.111 0.334 0.117
LTR/TNTR Acetate/Propionate  3.49"  3.87° 3.85° 3.82° 3.80" 3.71° 3.70° 0.032 0.005 0.041 0.078
HAH/(mg-dL") NH;-N 42.5°  44.5" 447" 44.8" 45.2° 45.3* 50.6° 0.539 0.001 0.001 0.176
A E AR/ (g-L") MCP 0.59  0.57 0.59 0.60 0.57 0.55 0.58 0.007 0.639 0.279 1.000
x5 FAXIRIMEBSMEYEEENTRE

Table 5 Effects of FA on rumen microbial enzyme activities in vitro UemL !
WA FAZIMIKF-/(mgkg ' DM) FA addition level T s Pl P-value

Item 0 1.5 3.0 4.5 6.0 7.5 9.0 SEM P P, Py
R A ZR [ CMC 1,19  1.40  1.43  1.47 1.43 1.34 1.33 0.029 0.096 0.134 0.705
27 4 W Cellobiase  0.19°  0.40"  0.53*  0.56" 0.51° 0.43" 0.49" 0.017 0.048 0.027 0.816
K BEWE Xylanase 1.16°  1.54°  1.64"  1.68  1.48" 1.42" 1.42" 0.060 0.040 0.147 0.046
W Pectinase 0.50° 0.78 0.8% 0.83 0.80" 0.72% 0.61" 0.016 0.045 0.131 0.010
a-JERHE a-amylase 0.21" 0.24* 0.26" 0.52° 0.58" 0.59° 0.59° 0.009 0.028 0.036 0.391
i Protease 0.34°  0.46" 0.51" 0.57" 0.62° 0.62° 0.64° 0.011 0.040 0.009 0.207
DM FA A B E A EEE® TXE L5M S TXEMLS5mg ke DM FAZ(P<0.05),

9.0 mg-kg ' DM FA 4 (P<<0.05),H 1.5 mg-kg '
DM FA 4 & 3 i T XA 9.0 mg-kg ' DM FA 41
(P<<0.05). £ FA U0 2H & )5t du Fae g 18 3 75 Ik
G B0 W T B 41 (P<<0.05) . 1.5.3.0,
4.5f16.0mg kg ' DM FA 4 /1 {08 B 2R 0 5
FZEE TR 758 9.0 mg-kg ' DM FA 4 (P<<
0.05), H 7.5 mg-kg ' DM FA 2 & 3 & T X I8
9.0 mg-kg ' DM FA 41 (P<<0.05) ., 4 FA# N4l
B0 OBR O B S T AL B 1.5.3. 00
4.5 mg-kg ' DM FA 21 & (493 B Bk o £ 0 3% &
TR E®T7.5M9.0 mg-kg ' DM FA 4 (P<<

0.05), 4.5.6.0.7.519.0 mg-kg ' DM FA 4=
BE FAMR 22 AT BB 8 3% = % R 1. 5 mg-kg !

DM FA 41 (P<<0.05) . 3.0.4.5,6.0, 7.5 Al
9.0 mg-kg ' DM FA £1 W& J& ¥ 8 1 T 18 50 i %

3 4t it
3.1 FAMENEETYURMKBEME=SSHN
E}ur]

A E,1.5.3.0f14.5 mg-kg ' DM FA %
N4l DMD  GP Fl 8 e K= A b E e, B2
E R T A 4 g 2 i dt i, 5 TVEA L ZR T R
77 B A R — B AR R £ Ak e P
USRI IR TR AT BRY . sk i & 2,
%ﬁcm&ﬁ¢@%DMﬁﬁ%%$J#@%%ﬁ
[ fif 3 A3 W i RO T Ak B R B 4R
AR P W INFA 7.5819.0 mg-kg ' DM
W;z@zm:wmaﬁ e e E S ALk
5 R FA R AT RE X G A ) — AR = 2R T

sﬂﬂﬁﬂﬁ%kﬁﬁﬁwi%ikﬁ%%%%

s:tUlJ
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F6 FAXGEIINEBSHMEMHEMZN

Table 6 Effects of FA on rumen microbial population in vitro copiesemL !
T H FA #INKF/(mgekg ' DM) FA addition level 1R P P-value
Item 0 1.5 3.0 4.5 6.0 7.5 9.0 SEM  p, P, P,
ST Total bacteria 11.5¢ 11.7° 11.8" 12.0° 11.9° 11.9° 11.7° 0.038 0.003 0.035 0.204
ML Total fungi 7.29°  7.48  7.60° 7.62° 7.63" 7.63 7.34° 0.061 0.007 0.312 0.042
SR L Total protozoa 5.99"  6.41°  6.44°  6.46° 6.47°  6.45' 6.48 0.102 0.002 0.007 0.205
M B BRI R, albus 7.91°  9.20° 9.07* 9.32* 9.23" 8.48" 7.84° 0.111 0.034 0.187 0.017
WA H IR R, flavefaciens  8.04°  9.38  9.42°  9.49° 9.12° 9.01" 8.93" 0.082 0.016 0.436 0.022
7 B IR 22 R AT B 10.6"  10.6" 10.7" 10.9° 11.0° 10.9° 10.9" 0.054 0.022 0.017 0.420
F. succinogenes

e | 8.36 8.40 8.45 8.48 8.47 8.47 8.46 0.031 0.151 0.172 0.259
B. fibrisolvens

988 1 A IR I 9.07"  9.27* 9.23" 9.27° 9.38 9.30" 9.34° 0.022 0.007 0.018 0.354
P. ruminicola

W JE K39 AT R 10.6°  10.6" 10.8 10.8 10.9* 10.8 10.9° 0.015 0.009 0.030 0.479

Rb. amylophilus

()8 7% 4 BE4E H . Parnian-Khajehdizaj 55 59 4% 2F
S0 RO B R W R R B W INFA 120 mg-kg !
DM %} & % 24 h DMD .GP B i g K 7= S A= S
AR T B R, AR BoR, R L CFA
6 mg FA-kg ' DM E Jy 5 4 fe £ FA 3 K F
I CF A BSHGH= S Fese B v F A RRICE R 25 %6 BT
3.2 FAWEIMES FAREMRENIERHNZN

AL BN FA S8R & T RS KB 24 h
BEEW T FA & i, H & 45 K3 4l 2 18] & e
HFFA & 22 5 o PRdRE 5 H i B g4t
A 3R 2 A g R A N AT A R T R
HEEBA IR BERP R 10M5 2L B Girard %k
WA ANE FA R RS THARES 1 hd
WP FA &6, 1 @K FFARMAE S WFA S
B E S TR FAR A, AR, &
WRER 2B D T FAEENE . Girard 2% 1
W, R RO e R AT T R Ak Ak B i A
Wy 20 M FE VA A, AN PN FA BB . T
MR WP FA & BRI E Y FAE

Bl A AR U el R P e A A TR M AR FR 3 4
JfLAg 5T L E 1T A R A T T2 e, SOD #il GSH-Px
JETE PR AE WAl i N A S R R A R R
PR T, 20 P LB R S L B O
MDA J& i 5t ik 480 fk S g ) 77 4, mI A A ek 20 i 1)
PUAMRE" . AR A, ANFEFA 1. 5~6. 0mg-kg '

DM i F & T LB H SOD .GSH-Px fil T-AOC
W, W FEIL T MDA &2, R LR b A kg
FIHE R IR B A R T RE YR
KNI B . 200 45 R H BT FA X — e A4 5
(R R 5 TR B 3R A B T BE RN R R R A R
M . GSH-Px i i i Ak o 40tk ) i GSH B A= i
KRR N H R GSH R R
MM AR A, FA TN GSH B & i .
— AT A ] 2 2 J SR R 42 A7 5- FP B D A R 1Y
H LA B |, J 8 o % i A% 2E Bl e 2
M2 5 DU A R 2 32 22 S R 1 P IR AL H AR
O A HE 4 78 FA 8 W 3 52 & BUIF 48 s b GSH K
T S Ah 5- L U A R B R AR R TR
g PRAMES K B, VRN 5- kDO SR W R
fIC T NI AE PR 40T M A A il SR T i
T A9 B WP A A T R D R Y DR T R
R P, AR a b FA S0 20 D B 4
SR W PR AL RE T B B L SRR I S A
K, HAR AN CFA 3 1T =30 05 4 1
I B 40 5 e 4R Ak R g R OG I S TR Y ek
T WEE AT B W S AR T BRI SOD R GSH-
Px i P, AR T 1ML MDA & 8,

FE#5 A [A) B8 0 7K SF- FA X & B T AL 38 b 1
sE R I, I INFA 7.58(9. 0 mg-kg ' DM X}
SOD V&M TC i & 52 m , 5 GP b4 - — 3, (A 2
WA BLAT W 5838 AN BE X 3X — 25 S AE A B A R
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3.3 FANWEKIINEBEABSH BEEMBEDE
=R

AR 4T FA X & BV pH G B W,
5 TVFA & & W &3 i 45 8 A — 20, SRk i
I 25 R (pH B3 B AR R — 3, T gE 5 AR
Bk W T A AR E IR R A L. A& FA
WA % BEW o TVFA LR T R 7= 7 3% 2
BT YR ) R B LT dE OB K SO0 R R
Fiff ) FIET 2k R A B (LB R R B R R
Je ' BR TR R BE FAWR 22 AT A ) B0 4 v 1 45 R —
B ANTE | E TR R B 4 WA AT A B Tkt R
M as MR OK AL G W C R A T R . e
B, 29 30% LA 2F 2 2 il T A A3 00 Y i R iR
(R, FLTA 3 M6 1Y) 21 2 2 08 1 P s Mk e 1, HO
DRTIC) TR 22 e 1 JF 4 0y 40 B BE | Ay 440 BT 1 D e A A 1)
RHE LT Z 0 & s e AR 45 R B
NG AMIEARN SR F AR SE TR B A4 R AR K
PR T AT A % A T A 5 1 I (R R 2 R
Rt W 2 W IR, KN TR /TN IR % A% .
AR S5 R 5 FA X B A W — Bk A 0 9 2 LA
B A B A 8 SR T Re A OC . R 098 Al o
Bl kI FAJE i 8 B ER WA AR K IH 7, 5
FRWH 0 FA BACH G M 28 & kR L U & R
B 5-F R DU SR, S AR T R B Kk Y AR
K", il R FARBEMAED K
5 HE — WA AR A L 53 4h, SOD 1L
AAMESEAETFHRNEREAE T, FEOEE N
AR WEIE B, BAR A A A
FRCEY A KRR B R B . AU W5 TR RE K
B AR FA W38 & T 05408 WA S k8% 24 h
TVFA P &% % 78 CFA B35 85 7 W FL U 498
B TVFA &  LFREE/R L FI LR /TR

A R FA X & B P R R R G
FR A H R TE R 4 T (WG TR UK LG g
TE K3 I OFE D) A - U8 B I G R B L 3R B VE A A
fiff TR RT3 0 AN 2 A5 | A A T VRN TR 1 5 Ak, B
FA A A8 I U8 8 40 it 181 (0 63 B F o R 58 R 3R
B AR E R B R R L T FA S R
PR U ) 43 R TR B RE S L FA™ . AR b #h 5
FA & 35 82 w1 A& T W € B 40 fidk O R o, 7T e R
AMIETS N EA WA T UE R A % T H B G R FA X RE
WA AR IR UE T H AR 0T AR A 4k I i R AL
SRR G WRIR R W] b b A0 i e R

5 R W i 5 IE M6, 2T i [ B 40 ik 2T A 1Y) 3k
T v i A ) ek e A UE A UL RE T, Ry TE A 0 A TR Y
AR T E 2D

A E RN FA B EF RS T RBR T Es
RAE R, 5 E B R o (R R IR
TG TR R JE A9 R 8 FF T ) B i DA R J e B T 3
R — 5 REER TP EASERE FEA S
fiff AT 4 D0 2 11 T A} b 2 BT A R L D R 4
BRI A7 BRI A, DA B — B AR b, R
3% 45 U R M BR B AL B . SR, sh i IR &
WL FNFE CFA, WA S 4l Z S A& = W
FREARU RS A R A — 2, TR S R O
AR Ko 5 3 573006 A0 B iR Ah & 5
A E AW AN DL KO RE X R 1 A W
W, P T RBR T ESANBR, Girard 7k
B, FA BEAE JE 05 498 B BE XSS A IR, AR
B b BN EA X & R R MCP 5 G W 2 52 1
S fe ki scE GBS A M TVFEA & & B F it
M85 R — 80, 5 SOk E 45 R ROR — 3
T AN TR, U R AR A R T, LRSS AR AR,
VFAERBREAEFIRETR , & 0L H B & AR R
AN TE B 1 3R R & B, FA G i % — B 40 i B 9
i BE A HE VS 27 4 T R 9 B 6 A R . b AR
FIRW RN A CFA B ZH S TR HE P
MCP j= & (SR SRS AT A & kg v ) ik
6 45 B AN — SO R AT fig R AR Ah R R 06 W A R S
P AU, 3 B0 T % S X 200 A Y ok B A A

AR E T BN FA SR S TR W A
LR AR RO, HE L A S R A A
o ER A 2 R R A . SR BN, m K
F-FA R B A KA AU . R E 40
BAR SN R F2 1R 56 2 B0, Bl FA I8 00 K SF- (9 58 m , #% £
1 ERTE AR K2 i & AR W A A R i
¥ kB, CFA 120 mg/500 kg BW WL E 4255 T
FEEER AN CEA 240 mg/500 kg BW % 7= 45 & 6
s m

FO A TR RN K FA X & T 0 % 1 5 K0RD 1
AW ECRE R, K 5 & B, 3.0 Fl 4.5 mg-kg !
DM FARMA LB TVFA = B & m T 7.5/
9.0 mg-kg 'DM FA#,5 1.5%16.0 mg-kg ' DM
FAH LR EXER . X455 KR b S 40 .
FLRA A A AR A2 SRR — B, RIS R W
RS & FA B K SF i F 3.0 mg-kg !
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