TLHAM 4R ( Jiangsu J.of Agr.Sci.) ,2026,42(3) :591-597

http: //jsnyxb.jaas.ac.cn 591

s ilie, XU, TRSCRG A FORR A e 5 245060 W) 080 B AR O e B ok B R e B 9 52 i [0 ). VIR 22 41, 2026, 42
(3):591-597.
doi : 10.3969/j.issn.1000-4440.2026.03.017

H R PRI R E 293X 8 I8 B R O A B 1 A HR e
HE B3 HY 52 IR

g, xNF B, O RLRE, skaEwmot, k&M, Fraert, & k',
ﬁ/_ﬁﬁZﬁA , ’5/@ g2,3,4

(L sl RF SR e L9 F 50 210095, 2,91 9504 Al Bl Be & S 58 B, 7095 B At 2100145 3. 4 Ak &B
PGS G E LI VLI AT 2100145 47108 & SEMET M TR L, LT At 210014)

FE. R R R E AR AR I, AT oY L AR A B R IERE A SIS ISR (T1) R T
(T2) HEE(T3) LM (T4) FIRAF(TS) , 73 B A S Th R 25 2R A HORAE g%t B (CK) |, FI R B AR oh &
48 h JE M E AR ICHR bR, S5 AR 45 A HIIRT 1 VMR Ah & R pHL (B 5 6 BEAH L2 T8 i AR 1K (P>0.05) . T4 4b 3
T B WA R B S A BB TS T B (P<0. 05) |, T2 AFRIE B AR AN & e e S e B AR T B (P<0.05) , T2 4b
PR B WA A R T TP ot e e S A T X IR (P<0.05) , HL T2 Ak 3198 B MR AR A R B 2 12 5 TR IR 1E W 35 s T 0 R
(P<0.05) , FUERP R T4 B T 5Bl i 2 S HE O 42 = 1 R} e 5 TSR W B bR, FEE R
Y)W AR 7 T, T1 AL B TS Ab B b PSR IR 2T 4 TR VEVE 2T AR 56 1 35 78 T X IR (P<0.05) . 7T fE PR g 22 050k
IR JTORF P T8 R B0 BE A2 10 2T 248 3 At R RG 20, DT 4 2T 2k 3R 5 2 27 4t 3 S oK AL B W I Bl . T2 Kb
Yy R i S B IR T4 IR (P<0.05) o T1 ARFR T2 4bFH T3 AbFR T4 AL TS5 AFRLE [ B AR 5 060 BEAR He T8
BEEF(P>0.05) , L5, ST AEE TR REA AR TH 47 2 2 5520 47 4k 2 S KAk A 400 B W e 00, (8 7 0
EAMHIR B AW, X R A 2 BN TR R s SO AR = AR HE R TS IR

KEWE: FEW; Ry W, EEAE; AR

RESES. S826 XEkFRIZAS . A XEHRS: 1000-4440(2026)03-0591-07

Effects of dietary supplementation with Chinese herbal medicines on in
vitro rumen fermentation characteristics and methane emissions of Hu
sheep

XU Ergian"?, LIU Fenghui®*, ZHANG Wenfeng®, ZHANG Jianli>*>*, ZHANG Jun"™*, LI Yinxia™>*,

XIONG Bo', MENG Chunhua®**, QIAN Yong™>*

(1.College of Animal Science and Technology, Nanjing Agricultural University, Nanjing 210095, China; 2.Institute of Animal Science, Jiangsu Academy
of Agricultural Sciences, Nanjing 210014, China; 3.Key Laboratory of Crop-Livestock Integration, Ministry of Agriculture and Rural Affairs, Nanjing
210014, China; 4.Jiangsu Engineering Research Center for Precision Breeding of Livestock and Poultry, Nanjing 210014, China)
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medicines was set as the control (CK). Relevant indicators were determined after 48 hours of in vitro rumen fermentation
using rumen fluid. The results showed that there were no significant changes in the pH of in vitro rumen fermentation fluid
between the treatment groups and the control grouup ( P>0.05). The cumulative gas production of rumen fermentation in T4
was significantly higher than that in the control (P<0.05), while that in T2 was significantly lower than that in the control
(P<0.05). The methane production of rumen fermentation in T2 was significantly lower than that in the control (P<
0.05) , and the acetate-to-propionate ratio in rumen fermentation fluid of T2 was significantly higher than that in the control
(P<0.05). These findings indicated that dietary supplementation with quisqualis fruit could help achieve the dual goals of
reducing greenhouse gas emissions and improving feed energy conversion efficiency. Regarding nutrient degradation, the
degradation rates of neutral detergent fiber and acid detergent fiber in T1 and T5 were significantly higher than those in the
control (P<0.05). This may be attributed to the fact that the active components in perilla seed and pumpkin seed can pro-
mote the proliferation of fiber-degrading bacteria, thereby enhancing the degradation efficiency of carbohydrates such as cel-
lulose and hemicellulose. The dry matter degradation rate in T2 was significantly lower than that in the control (P<0.05).
There were no significant differences in protein degradation rates between T1, T2, T3, T4, T5 and the control ( P>0.05).
In conclusion, perilla seed and pumpkin seed can effectively improve the degradation efficiency of carbohydrates such as
cellulose and hemicellulose, while quisqualis fruit significantly suppresses rumen fermentation gas production. This study

provides a theoretical basis for improving feed utilization efficiency and reducing greenhouse gas emissions through the use

of Chinese herbal medicine additives.
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Table 1 Nutritional composition and levels of concentrate and roughage

W, A CO, AMEEIREASE, B, IFET
39.5 CHIEHFRFE 537 48 h, K 72000 4%
SR N AR G5, KSRGS B
FE R I ISR AR |k T R B Rk TR
B J X SRy RSN K B S B SR T
FHE S op ) A 5 42 B i VT A ARl
FBl2EBesh Y0 B2 51 2500 A it (b5 V0004
LA BB 635 ) .

AP sy (%) R IR RSy (%) MR R 4> Fi (%)
ESS 43.00 T 89.57 T 46.27
732 10.00 HME A 17.14 HE 2.57
T 9.20 HLAE iy 4.91 HLAE iy 4.69
HEw 7.00 HLET 4 5.08 HLET 4 15.48
K 4.96 rh PR AR Y 20.37 UV AR 2 44.61
DDGS 11.48 FRTEVE Ve 2T 4k 7.95 FRPEME VR VR 27 4t 16.44
JR 2R 4.90 Y [¥ix 9.17 Y [¥ix 7.82
TEA M 4.96 5 1.18 5 0.85
4% PR - TR A 4.00 i 0.55 0 0.43

B 1 kg 4% REBURBHMO & 46422 A 180 000~300 000 1U 42 D,70 000~ 120 000 U d1-a-24 7 B Z FRER>1 300 mg. %1 200~3 600 mg ., il
20~60 mg H160~150 mg fifi10~30 mg %i7~21 mg FHIE12% ~24% F515% ~30% /K 57<10%, DDGS. WM& Rk, I B R &5l

SNME, AT B,

R2 ANIEBENEEHTE

Table 2 Preparation method of artificial rumen buffer solution

W

il i

MR TEE AW (A)  CaCl, - 2H,0 13.20 g MnCl, - 4H,0 10.00 g.CoCl, - 6H,0 1.00 g FeCl, + 6H,0 8.00 g, FZEMI/K M E A E 100.00 mL

ZEnf(B)

NaHCO, 35.00 g NH,HCO, 4.00 g, FHZEIR/K A2 452 1 000.00 mL

WERITTEAW(C) Na,HPO, + 12H,0 14.37 g KH, PO, 6.20 g MgSO, - TH,0 0.60 g, JHIZEMB/K At E 22 1 000.00 mL

TRATER(D)

B FFIAEH(E)

JIRT 100.00 mg, FHZEIR/KE i 2 45 2 100.00 mL
1 mol/L NaOH % 2.00 mL . Na,S - 9H,0 312.50 mg, LA 47.50 mL Z&1#7K

£3 AILEBSZEHEES

Table 3 Composition of artificial rumen buffer solution

bEali AR (mL)
T TCRIFIR (A) 0.12
ZZWR(B) 237.00
HWREICHIF](C) 237.00
TNREWMW(D) 1.22
HIEFIEW(E) 49.50
ZEIRK 474.00

L3 HaRERMNEIER

131 FARFmE  REKN 48 h 5, KA
SEFRA T B R A (Rt e 1 TR
BRZA w7 ) A2 7Tkt

1.3.2 R snle fHIEEE TR 48 h )50
LRAERRHL S S IRV T 65 C AR TR A L
TR, B D0 2F R4S PR 1 T P T
LG 11 f | T P A T A 5 AR P VR A 2T 44t
IR RO R ARR . DL RSB R
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LR YEFINE Y (NY/T 1459-2022)

1.3.3 pH /&R Z ffiH] pH 11 ( Mettler Toledo 2\ F]
F7 ) 43 I e SR A I A U ) R S RN 28 48
h TE R 357 1 R R AR pH {E

1.3.4 BH4BERBEREERAEMNE B 1.5 mL ik
HNETEE 48 h BT, N A 75 pL 34% i R 17 R
fb, BIRSWEER E 2 mL 8.0 4 F, 78 10 000
v/ min 554 TS0 5 min, B TE RGBT 08, SR
SARETEAL (B HA A i) #EAT AT, A Ak
WF . 3% 4 K SK-WAX (30.00 mx0.53 mmx 1. 00
pm) |, KA AR I 8% (FID) | &S 805
FELTREE 150 °C, KA R TAR A IU #5 5 230 °C L, 4%
UL 10 A FHERR T R - WG TR EE 50 °C IR 4F 2
min, A 50 C/minF+ % 150 CHAR-EF 0.5 min, F-LL
30 C/min 2 230 C I RHF 1. 2 min; HFFE R 1
pLo

1.3.5 RshF A ARy w WEEIRAL K& BE 48
h J5 SRR 1 mL, SRR ORAT RIS
ARETEA (S HEA |7 i) AT SR A 40 i, 8
TSR PERE SRR T 130 °C AR 130 ¢, S
KM #$IE FE 150 °C, HL 3 60 mA | 3 AR, ik
40 mL/min,

1.3.6 &FEHITE LA X EHEL Excel P10
S, A SPSS 27.0 B AT B R 5 22 500,
[8] b3 F H Duncan G2 8 KRR, LA P<0.05 &
INESFBE P<0.01 FnE TN EE.
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2.1 FEAGINHFEESREMLEESHZMN

W 4 Fs, T1 AL T3 ZhFE TS Kb FH 9 05
BRSNS A LY T B 25 5 (P>
0.05) ,T4 AbFRIASN Je e r= < i i 3 i T % IR (P<
0.05) ,T2 Ab3 AN K ey < i i 2 T % #] (P<
0.05) , RSN A& B ™ A 1 SR £ 4 2 CO,,
N, Hl CH, & S48, T1 A3 T2 Ab 3 T3 b3
T4 Ab3H TS5 ZhFRAR SR & EE CO, Fl N, 7= 1 5 X JEAH
FEH 0 B 3 25 5 (P>0.05) 5 T2 A BRAK AL % B2 CH,
FER B AR TR R (P<0.05)

x4 PEGNHFEBEREIRESSHZM
Table 4 Effects of Chinese herbal medicines on gas production in in

vitro rumen fluid fermentation of Hu sheep

CK 73.50£2.74b 26.43+0.16a 38.84+13.42a  245.20+5.53a
T1 74.33£2.73b 24.57+0.80a 41.86+9.15a 246.57+0.13a
T2 69.33+3.20c 24.00£0.14b 42.24+3.86a 231.75+8.24a
T3 72.83+3.55b 26.95+1.26a 37.81+1.84a 243.73+12.29a
T4 71.17£3.37a 271.37+1.74a 37.96+4.72a 256.17+5.11a
T5 71.33+1.86b 27.09+0.26a 47.78+14.63a  229.12+20.55a

T1:0.04 g Z55k+0.36 g &TRA HH;T2.0.04 g fliF T+0.36 ¢ 2R
A HM;T3:0.04 ¢ B E+0.36 ¢ 2IRA HM;T4.0.04 ¢ 3H5+0.36 ¢
SIRA HAT5:0.04 ¢ BRK+0.36 ¢ 2R 4 H AR CK.0.40 ¢ 4iR
A, SR IE R RING TR 22 5 1835 (P<0.05)
22 FEHGMNEERENEBRELEERERS
E MR

W s Ui, X B T1 A3 T2 Ab#E T3 Ab#E
T4 AbEE TS ZhFIE B W ARSI pH E AN IR
A TE B 2% 22 5 (P>0.05) ; T3 AR B A Sh
KR LR T R ik 25 5 T XHIR (P<0. 05) , T2
AbBRIRE B RSN K R R T IR AN R & AR T
XHE(P<0.05), T1 AbFE T2 4LPRE T3 4bFE T4 4b
PR B AR SN R AR TR 5 I TR b3 25 0 i
(P<0.05)
2.3 HEZXEFEE FY R MR ER N
23.1 TEHSFTHRGEBREGY 0 WA 1T
7, T1 AbFR T3 AbFE T4 AbFE TS AbBE T4 J5 I fiFk
Z5 X BOAH L3 TG0 B 35 25 5% (P>0..05) , T T2 b3
T e Ao i 2R X R (P<0. 05)
232 vEHSMEAEMEG Y WK 2T
N AR T AbEE T2 AbPH T3 4bHE T4 4bFR TS 4b
PR A] R R (1 B AR R T i 25 5 (P>0.05)
233 PEEAPHAELASERBRE LT LS
fEF&eg e WK 3 FrR, KRR T2 T3 T4 Ab 2 ]
WA R R C B E 25 5 (P>0.05) , TI,
T5 Kb 3 rp 1 Uk % 2F 45 B i 32 1 35 v T X0 R (P<
0.05) .

WK 4 B, T1ACFR TS kb FHE R Pk 74 27 4 [
R ZR B TR (P<0.05) , % B8 T2 b3 T3 kb
P T4 A B R] R P T U A A R AR R T R R
(P>0.05) .
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Table 5 Effects of Chinese herbal medicines on the content of volatile fatty acids in the in vitro rumen fermentation fluid

Ab P pH{H LR (%) IR (%) TR (%) LIRS WNIR I
X iR 6.30+0.03a 2.77+0.38b 1.12+0.17a 0.66+0.09b 2.48+0.05b
T1 6.32+0.05a 3.10£1.27b 1.19+0.47a 0.70+0.29b 2.59+0.06a
T2 6.31+0.03a 1.91+0.38¢ 0.72+0.14b 0.47+0.08¢ 2.64+0.15a
T3 6.28+0.02a 3.66+0.43a 1.36+0.18a 0.86+0.12a 2.70+0.11a
T4 6.26+0.03a 3.19+0.18b 1.16+0.08a 0.73+0.04b 2.76£0.10a
TS5 6.30+0.03a 3.30+0.87b 1.35+0.39a 0.76+0.21b 2.47+0.07b

T1:0.04 ¢ E£JAF+0.36 ¢ &G H ML ;T2:0.04 ¢ fH F+0.36 6 2IRG

HAR;T3:0.04 ¢ 5 16+0.36 ¢ 1R A HAR;T4:0.04 ¢ S14+0.36 ¢ IRA

FH;T5:0.04 g B9JTFF+0.36 g SRA H R CK. :0.40 g 2TRA H K, [F—5) ’ﬁﬂlﬂ”ﬁﬁlﬂd\??ﬁ%@ﬂ“%#ﬁ%‘@@ 05) o
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40
30r
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it

T1:0.04 g 55 F7+0.36 ¢ IR A HH;T2.0.04 ¢ (F T+0.36 ¢
SIRAHMT3.0.04 g B EE+0.36 g TR G H M ;T4:0.04 g 14
H5+0.36 g IR A HHL;T5:0.04 g BNF+0.36 g £IRA H A,
CK:0.40 g IR A H MR, B EAF/NG FhRRER DFE
(P<0.05)

B1 hEAXNTFYREERNZN

Fig.1 Effects of Chinese herbal medicines on dry matter degra-
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T1:0.04 g E£HF+0.36 ¢ IRA HH;T2.:0.04 ¢ (HE F+0.36 ¢
ARAHAR;T3:0.04 ¢ HHE+0.36 ¢ 2R A HAE;T4.0.04 ¢ 13
H§+0.36 ¢ 2TRA HHM;TS5:0.04 g BNK+0.36 ¢ TRA H Y,

CK: 0.40 g &R A HM, B EAR/NEFZHRRERDE
(P<0.05),

B2 fEHANEAEAEBERNZMN

Fig.2  Effects of Chinese herbal medicines on crude protein

degradation rate
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T1:0.04 g 57341 +0.36 ¢ R4 HME;T2:0.04 g [fiH 7+0.36 ¢
SIRAHMT3:0.04 g B EE+0.36 g 2R G H M ;T4:0.04 g 14
H5+0.36 ¢ IR A HHL;T5:0.04 g BNF+0.36 g £IR A H A,
CK:0.40 g IR A H MR, B EAF/NE FHRRERDFE
(P<0.05),

B3 hEA R EERRNRNE

Fig.3 Effects of Chinese herbal medicines on neutral detergent
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AIRAHAR;T3.0.04 ¢ HHE+0.36 ¢ 2RA HAE;T4.0.04 ¢ 13
1+0.36 ¢ IR A H AR T5:0.04 ¢ BRATF+0.36 ¢ &R A HAR;
CK:0.40 ¢ 2R A HM, A LEAFRNEFHERERDE
(P<0.05),
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Fig.4 Effects of Chinese herbal medicines on acid detergent fi-

ber degradation rate
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PE K ARDRHRE SR AR A EE BEAR b, AT S R S T
AR B ARNE T S IR BRI RO . R4 Rk
W, eSO R R R, B R A S R
FIEAHIE(P<0.05) I H Bl R B A YA ss v
(3, =S R R AR B
YA AT oK AL G W S5 E SR T T AR R
PERSWT /R F e RSO R AR R &Y M B R
Pt R Bl PR A B 3 7 R TR A 1 A7
FUPDH], H o = il H S ORIV R IR WS
P BE S ARARDE ST AR ST, T2 AT S TR A
A1 T e 7= it J IR F 4 R (P<0.05) , T2 Ab #i
o E R R S TR R L 3 T X IR (P<0. 05)
FHRDBHR IR IR A B T S0 i == A
G IEFT =N SaT e NPV Y =E
3.2 PEANHFEBIELMIEIAER(VFA) NG

Jed 5 W pH (2 [ WUR B N A B A 1Y G s 4
B, W0 E WA pH (M 5.5, 28 48 h fH IR
FRI5, S0P pH 2 E @ XY pH 6.2~
6. 8 I, I8 5 K R 8K, pH A (R B e # 2
sl S A, R RER I R R
R ARWEGE R, &AL B pH {240 T IE 7
W TER AP E U R i # v B ROK
AW FEZAL Y IR R R R . 5 Kk 1
N MR AN sl P 1 32 BERE H kR, v] R B R
PR RE I 4R N IR B RRS , HE A R0
B F AR e R s I 0G MEL BeAh ¥ & R R
WREAE e B AT R 5, il 0 = RIS 5 1%
AEYEATRNE R, TRIEN R AshYEE T4
& EEERE RO IR, TR L R A i e
5T AR ST R, T3 A B B R AR S K TR
TR B T AR (P<0.05) , FH v & Al a4+t
PRI I8 1 1 R 4 MG A, 3 TR T HORR SR AT
S e e Y
33 HFEAWNEFURELERNIIN

FOULIH AL R VPAN B 2 s Rl ik AR 2
FERIEEFE bR, TP PR IR LT 4 S PR DR IR AT Y-
FRDRHAY 2R R IR, AR B i R R
B RGBT R R O ARBEE R T AR TS Ab

PR PEDR LT 4 TR U U 2T 4 B R 3 R T
HR(P<0.05) . FIREAR: PN 53547 g SR H 9 3%
PE RS RE S IR 2T 28 43 o 1 08, NI B THET 2
L e R EmOK LA YRR Z Rt
B 4458 W pH 2™,

TESRE b 2R B Y R R A AL
Mz 2 SR =, ST S ORI B R R
fifp R AZ ARV R R U B S E) A B R W T R
w2t ASHFSE Y, T1 ARRE T2 AbFE T3 AbFE T4 Ab
PR TS AbPRER 5 AR 55 0 A FL ) T B 25 5
(P>0.05) . JE&efffoe nlf &b rp o 2500 47 o,
— ARG 2 s R SR T AR AN
HETBCA 25 A 520, LA A B s A e R R 803 A A1
o & SR HE SR AR
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