Al R 24 2025,3009):85-93
Journal of China Agricultural University http: /zgnydxxb. ijournals. cn

ERE TEMW BEF BTEEE G SEH. 4. HERIYANABRENEAARES AR SRR HASEORm)]. FERLXFFR,2025,30

(09):85-93.

MENG Jiahui, WANG Zhaoming,GUO Yuping,HASI Qiqgige, CHEN Xiao, GAO Zhixuan, YU Zhu. The effects of licorice extract and lactic acid bacteria on the

quality and chemical characteristics of oat silage for feed[J]. Journal of China Agricultural University,2025,30(09) :85-93.
DOI: 10. 11841/j. issn. 1007-4333. 2025. 09. 08

H =R BN A0 2L B8 & X 0] A e = B A A mm BT K
H L F R R

HEE EHAWF OHEF OLHEEE K H' mEH EF AV
(1. prE ARl K2 Bl AL 22 5 H AR 2B, db 5t 1001935
2. B R A B H o0 (B RS FE 0100705
3. PN TIT 98 52 A ML B B 0 A BRZS w1 L 1L P L BH 0369005
4. PN SR T B b SR Ay R A ARl e SR R SR s N B R 013250)

W E OAMADBEEE R AN R E R A B0 F KRBT R AR AT e R RR L R BUY R L A 3L
BRA B A AT R R R F A R Ak R R AR R Pra, R8I, A AN RACKCARF EW

KO, HERRY E WAL A GCO.5.GC1L.GC2( A ETHAMOSU AU 22U HEETETHHERRY),
TR LPCRMSLERE , A& H 0. 1g/kg, FHA % A 1X10° CFU/g) , H E R B 4 Fo L0 1A 35 A 69 4L 2 5 3 A
GCLPO.5.GCLP1 4= GCLP2, # % 60 d /& Fr # 3 AR 2 49 A 3 & F 69 B 55 s o K BE da Ji Fe AR 91 05 AL 45 1 | 5F
AR B AR—TOPSIS ik #f % & F A4 s Rk 7456 4. £R AW :1DGCH GCLP & 2 4 NDF \ADF .CP #=
WSC 5 CKAWH B F £ F(P<0.05), 2)GC A GCLP 4 3 3 & BAK F 12 #%& % 49 pH, 5 CK A8k, GC 4 52 4
NHy-N R E 3 2 #F BK(P<0.05),GCAR GCLP A RH AR ZHLAFAAN L Z , EEAMLE T R0 E BA,
3)GCO.5 2 GC1 % IVDMD 2 & & T # 46 & 32 (P<0.05) ,GCLP 4 22 ¢ IVNDFD 3 2 % & T £ o & 22
(P<0.05), 44 A B -TOPSIS iz #t 74 4 F M3 GCLP2 & B R A F A B AR, SL, 2% ¥HHE
R ALBEARAANEEFTERRRL, AP HRELS 263N R0 RS, TRAFTEZHERLR R EH
A & F AR R R AR A H IR

KR HERRM; AAMRE; FERR; RN R R

hESES  S816.53 XEHS  1007-4333(2025)09-0085-09 XEARERRE A

Effects of licorice extract and lactic acid bacteria on the
quality and chemical characteristics of oat silage for feed

MENG Jiahui', WANG Zhaoming®, GUO Yuping®, HASI Qiqgige*, CHEN Xiao',

GAO Zhixuan', YU Zhu"
(1. College of Grassland Science and Technology, China Agricultural University, Beijing 100193, China;
2. National Central of Pratacultural Technology Innovation (Under Way), Hohhot 010070, China;

.Junbaochen of Shuozhou City Agricultural Science and Technology Limited-liability Company, Shanyin 036900, China;

4. Forestry and Grassland Business Development Centre, Saihuang Banner, Xilingol League, Inner Mongolia,
Saihuang 013250, China)

Wim B
EeUWA:

k&,
BIAEE .

2025-06-04
EREAHELITH BAEERMLFTAEE ST (2022YFE0111000) ;2023 FEREU KR FR O (E ) EXUFELAREREM
(CCPTZX2023B07)

# 5 B (ORCID:0009-0007-0329-7945) , Fl + FF 55 & , E-mail: m13993337993@163. com

E H(ORCID:0000-0003-3271-1272) . # , T ENERAEM T I#H 5 A K . E-mail: yuzhu33150@sina. com



86

0 LN ES I Y NS S 4

Abstract To address the issue of weak fermentation in forage oat silage at high-altitude regions, this study aimed
to investigate the effects of adding different concentrations of licorice extract (LE) alone or in combination with
lactic acid bacteria (LAB) on the quality and in vitro ruminal digestion characteristics of oat silage. There are
a total of eight treatment groups ,namely the control group CK(with the addition of an equal amount of water),
the treatment group GCO0.5,GC1 and GC2(with the addition of 0. 5%, 1%, and 2% fresh grass weight licorice
extract, respectively) , the control group LP(with the addition of lactic acid acid bacteria at a dosage of 0. 1 g/kg
and a viable bacterial count of 1x10°CFU/g). and the treatment group GCLP 0.5, GCLP1 and GCLP2 for the
combination of licorice extract and lactic acid bacteria, respectively. After 60 days of ensiling, samples were
collected to determine the nutritional composition, fermentation quality, and in vitro digestibility of the oat silage.
The entropy-weighted TOPSIS method was applied for comprehensive quality evaluation. The results showed
that: 1) The NDF, ADF, CP, and WSC treated with GC and GCLP showed significant differences compared to
CK (P<0.05).2) GC and GCLP treatments reduced silage pH. Compared to CK, GC treatments significantly
decreased NH3-N concentration (P<<0.05), while both GC and GCLP treatments increased LA and AA content.
No BA was detected in any treatment. 3) IVDMD was significantly higher in GC0.5 and GC1 than in other
treatments (P<<0.05), while GCLP treatments exhibited significantly higher IVNDFD (P<<0.05). 4) The
comprehensive evaluation using entropy weight TOPSIS method showed that the quality of oat silage treated with
GCLP2 was the best. In conclusion, the combination of 2% LE and LAB optimized oat silage quality, enhanced

in vitro digestibility, and achieved the highest comprehensive score. It can provide a reference for the quality
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of oat silage feed in high-altitude areas of Qinghai.
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Table 1 Nutritional composition of oat feedstock

AR K AL S/

T/ % o P U 2R 4R/ V6 TR Mk Uk I £ 4/ U6 HLE B BT/ %
Ok . . . . . Water-soluble
Dry matter Neutral detergent fiber  Acid detergent fiber Crude protein
carbohydrate
i 444 31.44 57.51 54.29 7.06 13.51

1.3 MEEBERFTIE
1.3.1 &Rl E

PR Bt FH e 22 3 2R i 150 g, & F 65 “CHEAR o
Mt 48 h, A5 1Y KU i 00 2 T4 B (Dry matter,
DMD . BBE 5 R SR AF 2 1T mm . 2 IR
3BT K ARDRE B A I 4 AR ), SR Van Soest 25 I
P PR T4 4T 4k (Neutral detergent fiber, NDF ) & #
PR AF 4E (Acid detergent fiber, ADF) %1, R FHBLEC
FE R E ML 115 (Crude protein, CP) &, R
R A B 0 22 KL 7 (Ether extract, EE) % >R H
JECTR] - B L €8 1200 7 mT MR K A S ) (Water-soluble
carbohydrate, WSC) & # .
1.3.2 A ®EsmFnE

T I W 1) JH 386 22 8 U RE A TR S BRI 20 g,
FomA 180 mL K b, IR T HLIEAE 1 min, 2R 5452
KWHAZY A g5 882 s . M pH it
(Mettler Toledo) Ml %& pHo SR HI A4 M - Ik G2 B4 L
6 3 I E & 2 A (Ammonia nitrogen, NH;-ND ¥
NS, R SHIMADZE-1T0A % i 25 AR €38 73 51
W 5 FL AR (Lactic acid, LA) . Z & (Acetic acid,
AA) . N & (Propionic acid, PA) Fl T & (Butyric
acid, BAY & i . K24 SPD-M10AVP, (il
H & Shodex Rspak KC-811S-DVB gel Column
30 mm X 8 mm, L 3 mmol/L & &8 N sh A , i ok
4 1 mL/min, && W 3 K K 210 nm, # # & K
5 ull,
1.3.3 RSN H AR T

K DAISY 1A SN0 55 2 R A 0L 3h W ' 1

TH AL, E 48 h ik &b 19 5T 4 2 (IVDMD) £ 5
rP R R % 2T 4E T AL R (IVNDED) K AR 4h R 1 vk 3%
24k W AL R (IVADFD) '™ FR BUrE] FH e 22 75 P 4
i 0.5 g2 ANLF A4S0 % 1 o IR 1) 115 2 4% i 48 98
B, &4 )20 o U85 F98 H W 400 mL (A ZZ
W 1330 mL B 28w ik 266 mL il A i 56 39 ‘C1H i
T T A RE T, B S BOARE A COLE IR A
BT % B 58 T L RE AR SN 8S FRA  39 °C
FEELRG I% 48 he B 5 45 U J5 WO 5 , 2R 1R K gk
A7 0Pk AR 5 AR BT, U E SR AR DML,
NDF #1 ADF &t , i AR SME L3, AW F .
IVDMD/ % =[#£ i DM — CR IS AL DM-25 14
DM J/FE i DM X 100 @)
IVNDFD/ % = (¥t NDF — & H 4619 NDF) /¥
i NDF X 100 (2)
IVADFD/ % = (k£ ADF — R IH1LAY ADF)/k¢
& ADF X 100 (3)
1.4 BESKITRSH
iR K BCHE R B Excel 2021 #F 47 %% 3, % [
SPSS 22. 0 48 i1 8 F 47 RV R O 25 40 07, e AT IS
AN T[] e B 2 B K LR FL R A X ) P e 22
FI 5 B RS0 , % ] Duncan’ s ¥ R AT £ 8 HO 8,
PLP<<0.05 % 7n 22 5 2 o R PR A X)) FH 6 22
T IR Y B R A R T T AR A1 I AR
PEFE AR TR R B, WA R R W) R A o
5 BN AUHE B, I 2% B TOPSIS & i 58 et fl i 45
B ) e PEAN X 52 5 O AR A IR £ B AR g
B A G IR BT A A5 4 DUIGHE R O 24T
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2 274, GC fil GCLP 4h ¥ %) NDF . ADF
CP 1 WSC 5 CK M He ¥ g 3 22 % (P<0.05) , H

W EXT ADF B, GCLP2 & 3% T B LP AN
GCLP1 ) H A 40 ¥ (P<<0.05) ; %F CP 4 52 Wi
GCO. 54 P i 2 & T CK, i GCLP0. 5.GCLP1 Al
GCLP2 4b # i ik T CK(P<0.05) ; %F WSC Y5
Wi h, GCLPO. 5 .GCLP1 Ml GCLP2 ¥ i # & T CK
A H A 4R BE(P<<0.05), GCO. 5 kb LAY WSC & &
A%
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Table 2 Effects of different concentrations of licorice extract and lactic acid bacteria on nutrient composition of forage oat silage

b 7 L PREVEIRA A/ MPEIAA/%  REAR/% 7“@@52/’%;:%%
Treatment DM NDF ADF CPp WSC
CK 31.4741.82ab 61.7940.019a 35.71%0.008a 7.3540.03c 1.47+0.42b
GCO0.5 31.774+2. 16ab 58.3040.009b 33.08+0.007b 8.79+0. 06a 0.40+0. 05¢
GCl1 31.644-1.08ab 58.4640.016b 33.19%0.022b 7.5540. 19bc 1.23=+0.09b
GC2 26.70+0.53c 56.2940.018bc 32.00+0.011b 7.4540. 12bc 1.42+0.05b
LP 30.63+2.88b 53.90+0.008¢c 31.04=+0.012bc 7.89+0.23b 1.0840.08b
GCLPO0.5 34.37%0.44a 54.4040. 036¢ 32.46+0.015b 6.924-0. 12d 4.95+0. 52a
GCLP1 34.114+0. 56a 53.6240.006¢ 30.67+0.013bc 6.6040.58d 4.66+0. 14a
GCLP2 32.5242.08ab 55.5740. 002bc 28.87+0.013c 6.734-0.10d 4.74+0. 35a
PE 0.001 <<0.001 0.001 <<0.001 <<0.001

TE < [R50 B8 I A 0 7B slORH 8] 7 B 3R R 28 e AN 835 (P> 0. 05) , ANl 78k 3R 22 57 3 (P<<0.05) . FAl.

Note: In the same column, values with no letter or the same letter superscripts mean no significant difference (P>0.05), while with different

2.2

letter superscripts mean significant difference (P<<0.05). The same below.

EEMABERRNEN
HH ¢ 3ATAN, GC 1 GCLP &b BRI 23 BEAR 1) I e 22

NI B R BT H E AR B 0 L R T X 4R) A A

FI RN pH, Hidp GCLP2 A i pH 2 & T CK
FBE LP #1 GCLPL Ay HAthAb ¥R (P<<0. 05) ;5 CKAH
e, GC A 3 ) NH,-N ¥ FE 3 i 2 AR (P<<0. 05) s 7E
XA HLER 520 o, GC Il GCLP b BRE4 2 32 5 LA Al
AA M, Hrp GC2 A FR S 19 LA & & W% T CK
FUH A b 38, AN AR BRI AA & 53 B3 & T CK
(P<0.05), 3 HLPMGClLALH ) AA SR . 5
Hb A AL B S R AG I BA
2.3 HRMAREREHERINY 2B E xR A&
EEMEIMNET H L FERNZm

H1 22 4 A7 1, GCO. 5 F1 GC1 (9 IVDMD i 2 &5
T HiAl 4b 38 (P<<0.05), GCLP 43y IVDMD 3
I T HoAb A B, 17 TVNDFED 285 T Hofth kb 3, v,
GCLP2 1y IVNDFD #5511 GCLP2 ) IVADFD i

AL T HAth 4b FE (P<<0. 05) , I H H: fth & 4b B 7] (1)
IVADFD %A i 3 2 7 (P>0.05),
2.4 WBGEXNRMARKEHEZERNYMIAERE
AARESRRNEE TN
FH 2% 5 AIA ARG AL A4S 9 GC A GCLP
A3 ] FHEZE T 00 TRk i B 25 TR AR e il T TOPSIS
BT LR A PP I A EE S 4. 848%6~14. 135%¢
H G TSR AS B 7 AR R ST HE Y WL 6,
GCLP &b P () 1] e 22 75 07 5 B34 b GC Ab B A & 5
b, o GCLP2 &b 35 1 ] FH 2 22 5 I ek 1 i I fie
HE,GCTANBR Y R e 22 .

3 3 i

ARINA R R EH E R B A0 2L B i x4 P Ak
EEWTEFRSHEIE

JHE 2 I 4] ) %) 28 IR R a0 A AR 2 A RE I A
R EEIEIRZ —, AU H,GCO.5F1 GC1 )
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Table 3 Effects of different concentrations of licorice extract and lactic acid bacteria on the fermentation quality of forage oat silage

b B BAER/ DA/ % L2/ %DM ZW/%DM  WR/%DM T/ %DM
Treatment pH NH,-N/TN LA AA PA BA
CK 4.71-0. 02a 2.68-:0. 08a 1.65+0. 14d 0.4340.05¢  0.03-0.02 -
GCO.5  4.00+0.02b 1.93-£0. 02b 4.35-0. 66b 0.81-0.23ab  0.09=0. 07 -
GC1 3.94:£0.01c 1.9740. 24b 4.380. 44b 0.97-£0.10a  0.06=0. 02 -
GC2 3.87-£0. 02d 1. 6340. O4c 5.57-£0. 56a 0.91--0.16ab  0.04-£0. 03 -
LP 3.77-£0. 03f 1.070. 10e 4.6520.27b 1.0040.03a  0.030.03 -
GCLP0.5 3.82-0.01e 1.29+0.10d 3.330. 39¢ 0.80--0.0dab  0.04-0. 02 -
GCLP1  3.79-0.01ef 1.5540. 16¢ 4.17-0.17b 0.67-£0.02b  0.02-0.02 -
GCLP2  3.77-£0.02f 1.2140. 07de 4.46-0. 42b 0.88-£0.2lab  0.01=0. 01 -
Pl <0.001 <0.001 <0.001 0.002 >0.05

F4 AMARREHERENYMIABRENAARSZENEIMNEE EHUHFENZIT

Table 4 Effects of different concentrations of licorice extract and lactic acid bacteria on in vitro rumen digestion characteristics of

forage oat silage

Ak 3 AU IEAR/ % RO VR R A AR/ % RSP VE R A LR/ Y
Treatment IVDMD IVNDFD IVADFD

CK 43.46+0.001c 46.49-0.008ab 52.44-0.032a
GCO.5 46.3240.017b 45.3440.011ab 46.340.051ab
GCl1 49.9140.009a 42.7140.052b 41.440.081b
GC2 43.1240. 002¢ 46.0920. 015ab 49.32:0.025ab
Lp 42.4140.007¢ 47.494-0.007ab 50. 340. 055ab
GCLPO. 5 36.4340. 000¢ 49.48-+0.033a 52.740. 049a
GCLP1 37.3740.003de 47.59240.012a 47.740.039ab
GCLP2 38.2120.011d 49.99240.027a 44.540. 126ab
P1H <0.001 0.058 0. 005

DM & & T CK, i GC2 K T CK, H J5 X 7] fig &
H R U A B DM & 555 , WS 038 o 0 H s R
By 48 T e i”ﬂ*JrEI’JDM 72
GCLP A FHZH () DM #3515 T CK, X W] g2 F
FLIR @HﬁﬁtﬂWfWﬂﬁﬁaa@%miﬁﬂ%pH,fmﬁ%IJ
TREBAEMAEYN AR, I B H SR AT L
S LP B5E $ A 5T 22 0 e RS, AT A L P R Ay AR
PW LA BY T DM R AWEs T, GC AL

A GCLP 4b B 4 2% e AR ) JH 26 22 75 T2 4w k) b 1Y
NDF #l ADF & # , H GCLP &b # AR 09 3 3, 3%
50 WA %’“TE%T”(Medzcago sativa L. )
I Hsf VAN T 3 SR 0 8 SR AL o X RS BB R T R
B v i H 5 200 T LI 2 R M K A Tl S A 2T
Y 7R VR 0 AR 0 M A DR v ) £ 2
HFEAR S GCLP 2 ¥4 /) NDF il ADF B 4%, ]
B2 T H 5 2 T DL E— 2B R i LP 7= AR B i 7
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Table 5 Entropy weight method weight calculation results

Ak 3 5 B i & B E K/ %
Treatment Information entropy  Information utility value Weight

DM 0.923 0.077 5.591
CpP 0.824 0.176 12.818
WSC 0. 806 0.194 14.135
LA 0.924 0.076 5.568
AA 0.92 0. 080 5.823
IVDMD 0.833 0.167 12. 216
IVNDFD 0.909 0.091 6.623
IVADFD 0.900 0. 100 7.268
pH 0.934 0. 066 4.848
NDF 0.911 0. 089 6.462
ADF 0.908 0.092 6.729
NH3-N 0.917 0.083 6. 085
PA 0.920 0. 080 5.834

Fo6 AMARKEHEREYMNIBENAAKESE
R EEIEN
Table 6 Comprehensive evaluation of the quality of silage
forage oat supplemented with different concentrations of

licorice extract and lactic acid bacteria

LA A
ik 3 o 4,
Comprehensive .
Treatment : Ranking
evaluation
CK 0.325 8
GCO0.5 0. 506 6
GC1 0.474 7
GC2 0.528 5
LP 0.643 2
GCLPO.5 0. 640 3
GCLP1 0. 596 4
GCLP2 0.651 1

Y 22 It C o o B R T D , 1T 0 — 2 R R e T AR
HeF 4 2 2 R CP AT WSC Bk g 52 37 4 4
FOE SR B Y B AR AR, — Ok B CP I WSC & &
e O 1) B SR R 2 AR SR, GC Ak
FALAY CP & R E T CK, X il A& i T H H 42 I
Vv A H R O R A% A A ) TR AR T 1
B W CP Yo . GCLP AR HZL 1 CP %
AT At A B VT AR S B RO R L R TR E

FH T L8R 11D BR DR B Ao L 28 e, R
CP & | D, GCAb B Y WSC & &= T
CK, HH F 5 By ol B2 b K, WSC & fi bl 5, X 7]
RE 2 R A 0 11 4 B o R v, R R
R T HLH R 24 R W S T LA R A R B IR
/NGy F R S o, DA R R TR I R
GCLP 44 i WSC & & 18 3 & T HAb kb B, 7T A
B TAER N LP FEAK pH B9 L8l 1, H &5 285 0] L
T35 B TR A AN B B A 1 A Bk Rl DR B R
Z I WSCH,
3.2 RMAEREHERNY 2L E X R A %

EEFEMRERRN M

pH J& S 75 Ik & I T 4 IR e B4 1 4
b, A0 7 A R pH — MREAE 3. 6~4. 2% 0 A
T, 45 AL B pH MK T 4. 2, Ud W HE 2 7 4 R
KR, GCAHY M pH B E KT CK, iX 7] A
S H T PR RO X 4 A A R AR N R AR
YiAs — & W AR 0 E FL R T A, M AR
B2 LA R HEEE 5 0w Rk pH™ . ZLRR 1 2
F B R B RSB RE AW T GCLP b B4
B pH b 35 0% T Al Ak BE, W] BE R RN TR e E I
T Ak R i LP AT DA B B fR) 2 e AR R Y K
T, I FLH R 3 B b i — SB35 R B 43 T LR LP
9 A 4 R A A PR R R U B AR R
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HLP B X pH B IR 0 2R o w2 R 9 I A
BHA HLRR 40 % 2L LA ¥, AA PA fl BA %%
FRBEADT ORBER KA LA SRS T
CK, Jf H B & 542 Oy ok B2 i 385 m, LA & & 2
T XS Ke SR 45 50 — 8. F
T BA EZORIE TR, A W5 &3, H BRI
TR B AR 2 AR T, AR S RS B — 0 B AR
FH L AS B 5% 45 Ak B 35 R A B BA, AT REZ K R
B 28 Ak A 0 nT DA YR AN B A0 B AN A R 11 5
Bk BB B AL B IR R ATP T S
Iy fil e 45 DA T 000 10 200 7 0L AU AU i R
TOE WAL b B T A R R A pH AT
AP R 1 TR M Az B . AR T, GC
A0 PR NH,-N & & B F LT CK, Al BB & 7R M4 7
I R AR pH A5 R R, 100 2R S L RRAR T
NH;-N %1 .
3.3 ARMAEIREHERNY I xR A%

EEFTEINE LSRR

CA BRI R, 7 DR ) A2 o 508
B IR B AL % Z ) A7 A AR OGP, TVDMD #il
IVNDFD 5 CP & it £ IEAH X, 5 NDF & it &2t 4
S KB G P, GCO.5 R GC12 A Ab B Y
IVDMD @& F CK, X il §8 5 H F 42 By b &4 i
LAY A, Liu S 0F 98 & BLE 626 B b i in iy
BT 2R T W RO AR B 4R
FEAE L 5 1 GCLP &b 3 41 (% TVDMD % 38 f 11X , 5
B PN ST ST 45 S AL, T RE R R O GCLP Ab 2R
T VR AR A A B E SR R 2,
64 T Ak il i g . GCLP Ab#igd
A TVNDFED ¥ 5 F HoAfb 4b 2, X m] g2 i T LP 78
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