EORVE I R o o 4R 20264 14
Vol.34 No. 1 ACTA AGRESTIA SINICA Jan. 2026

doi:10. 11733/j. issn. 1007-0435. 2026. 01. 032

SIRER BRts, XIEER, Do, 55 MY LT 65 20 28 3R BRI SR B2 i TR 52 e [T]. 554 °# 40, 2026, 34 (1) :340
— 347
CHEN Xin-yi, LIU Guo-hong, YAN Yun-feng, et al. Effects of Lactiplantibacillus plantarum and Cellulase on
Morus alba 1Leaf Silage Fermentation Quality[J]. Acta Agrestia Sinica,2026,34 (1) :340— 347

EMAHESAHEZBEBRAMMNBHE M AEBEMER
A

e, IEE?, B0, Feilt, it LABEY R
(1. A FRF SR BE, B8 4 F 8320005 2. B B4 Rl2¢ g ik £ 3F A b BL# WF 58 T, B8 n 4 3%
8380003 3. M T W AR HH oy, Wk M 052260)
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Effects of Lactiplantibacillus plantarum and Cellulase on Morus alba Leaf Silage
Fermentation Quality
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Abstract: This study aimed to investigate the effects of co-adding Lactiplantibacillus plantarum and cellulase
on the fermentation quality of mulberry (Morus alba) leaf silage and to provide a basis for the feed utilization of
mulberry leaf resources. The experiment comprised three treatments: the CK group (no additives) , the SL
group added with L. plantarum (5X10° CFU-g™' FM), and the SLC group added with L. plantarum (5X10°
CFU-g ' FM) and cellulase (0.3% FM). Each group had six replicates. After 60 days of fermentation, we
analyzed sensory indicators, nutritional components, fermentation quality, and the number of major microorgan-
isms. The gas production characteristics were evaluated by an in vitro fermentation test. The results showed
that compared with the CK group, the contents of dry matter, crude protein, water-soluble carbohydrates,
lactic acid, acetic acid, and the number of lactic acid bacteria in the SLLC group showed significant increases
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(P<<0.05), while the contents of neutral detergent fiber, acid detergent fiber, pH value, the number of yeast,
mold, and aerobic bacteria decreased (P<C0.05). Compared with the CK group, the organic matter degrada-
tion rate, gas production, and gas production rate of the SLC group increased (P<C0.05). It is evident that the
co-addition of L. plantarum and cellulase can significantly improve the fermentation quality of mulberry leaf
silage, reduce nutrient loss, and enhance the feeding value.
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BT M DX A SR . L X B A T O H IR
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11,1 Bk FAet SLEHSEE & F hi ROl Rl
BF 597 3 50 M (89°207 467N, 42°94 " 79" E ) i Fit L 19
B 5 (Morus alba) BRI AR I J5EL,

L1.2 B Al 8 bR H B R FLAT 1R (L.
plantarum , ACCC 11016) W3 H H E 4 b i 2 W B
i £ 58K 45 B 5.0 (Agricultural Culture Collection of
China, ACCC). £F 42 Il (% =5000 U-g~ D, 83
AU W 1 M SRS AT L .

1.2 RKHE

F I8 34 = A Ab B 43 ) CKOR A R
RO LB SLCER I 5X10°CFU-g ! FM ## 4 FL AT
FOALER  SLCER I 5X10° CFU-g ' FM #8 4#) FLAT
FAO0.3 WA RO A 6 TR . KL
ORE I 5 HOE IR 5 R AR AR JF R AT B VRN

SR F R A4 G B ) HE 0D 47 75 07, 2394
il 184% o # A FORMB IR 2 1 em 2247, 3 W2HT
Fig B H Y 1 00 A DR R T AR 2R (AR 46 0D
Shy R T R v B A W A B AR A U B A T
Fh 43 9 #E MRS (de Man, Rogosa, Sharpe) & 1& 15 ##
F M17(Terzaghi, Sandine M 17 Broth) ¥ {17 77 %k
R SR P AROTEUR B B , % L 9 TG R TR
LA O Rl UE AT IR, CK kb B I 36 25 B (4 G 1
Ko BEEERS, B O M ARiD B T 18~23C &M
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1.3 MEEBRRTE
1.3.1 FreAHAgie SOETFEREREES
60 d HUFE , 2 BRPE [ Al P 23 55 R ECE IF A2 A
HES X T AT R I Ay CBRAED L Ar WA LR
Uf RIS YA 252
1.3.2 ThBRSAEBRAMNE FEEEFE
% 2 55 60 d HURE 120 g 10 52 %5 3% & 5T, 105 “CHt
F4h, 5 A 65 CTEMEE,IE TR E & Dry
matter, DMD o HI 1) B by 5 AL ES 4H , 38 4 1 mm £L
i, 2% B ARAE . ML&E A (Crude protein, CP) % il
PG AU s Y, AT s Mk K 4K A ) (Water soluble
carbohydrates, WSC) R I i Lt € ikl v ok
Uk % 21 4k (Neutral detergent fiber, NDF) il g ¥ 1
U 4T 4 (Acid detergent fiber, ADF) ) & & % F iU
G (Van Soest) f 3 3 25 4 43 A 22 00 %2, kL g s
(Ether extract, EE)RJH 4 F 8l Ig i 0 Hr 400 e

B 10 g S A B T 4 JE 0 v ] T 00 5 A T I
A 90 mL ZE 18K , #8 & J5 I OR S 5 &t 1, i A
4 “CURAE 24 hJR B o pH R ADRS % pH T HIN 2
FLR . L B8 (Acetic acid, AA) N R (Propionic acid,
PA)HIT iR (Butyric acid, BA) ¥ 5K FH & ROB A 2
PRI AE , & A 2 (Ammonia nitrogen, NH,;-N) & &
F18 000 R R FH S I - O G L i
1.3.3 mApHEFMNE TESKLHFEHLER 20 ¢ &
AR % A 180 mLL JC B A= B AR K B H#E TR R b, AR
Tk 3 PRI %5 30 muin ; B A VR A B (TR 7K 9 mL |
FEAC VR AR T mL) 3 3 56 3% T (9 86 B 3 47 W M S 1%
Ft o LAB R MRS 5 37 4k 28 “CH 3¢ 24 h, & W
(Mold) & H im #h 28 [C B F5 5k 37 “CHE 98 72 h, e bR
(Yeasv) >k H & 2F Wi 32 0y B IR 15 9% 2 37 CHE 3¢
72 h, I 5 40 1 ( Aerobic bacteria, AB) % & 7% B g
BL IR AL 28 "CHE 57 24 h, KL SR 45 W 5 AT R AL,
IF R Y B
1.3.4 78 BARsh =AM KRR Ak SRR L
0.2 g% M. BMEWAKA 3LME ML B A EdHHE,
A K AT R R S AT 3 d A K
M 4R 4 H B (Total mixed ration, TMR) , T ) 2
A1 hoAl O B W K W IR S A E
H 7 A A Ak 0 O 5O, T 0 & 5 2R &
o N TR H W5 I8 Menke LB &, N T B W
5 E AR R 2: 1 R & ISR & AN TR E

WO R bl A . EAEIMUNARAE AT
Se8 WP R TR DTS ) 0% 0 0N B T S R IR L
AR A N T E W30 mL I3 Hr — il A L i
SF 25 P RE TR AR L AR BT b T A 3 T S AR A
39 “CHY 1H LR % 85 R4, Sr ZU R AR T . A AR
W 3ANE R, B3 32 AL DU IE K R
LR KRB OCWIIG K WERT ] ) ,2,4,6,8,10, 12,
18,24,36,42,48 hic 5% 2 0 8] Bt = i, A L
Wy % % 2% (Organic matter digestibility, OMD) 48§
fit (Metabolizable energy , ME) Fll =5 2 B Al

1.4 HESHITSHH

156 B4 % FH Microsoft Office Excel 2021 #% ¥
5 R O TR AN SR IR ROR R IBM
SPSS Statistics 20 3 {4 #1751 K % J5 2% 43 H (One-
Way ANOVA) 2% F Duncan # ¥ 17 £ 8 H 428, F
F Origin 2017 # {4 AT B o 7= /3 2 OB AR A
DPSV7. 05 # 4 v — ST 2 P 18] 19 485 8 ( Gompertz
BRI . OMD M ME 8 A7,

OMD=0. 986 X GP+0. 0606 X CP+11. 03
ME=0.1639X GP+0.0079 X CP+0. 0239 X
EE+0.04
X,=C, Xexpl —C, X exp(—Cy X X)) ]

KH:GP R 24 hily =S (mL); CP M A
Ji & (%) EE MR & 8 (%) . Xy =St
(mLD 5 C, 2y B fe K7 A (mL) 5 G, o 77 A
(mL-h™") 5 C, Ry = SR B[] Ch) 5 X8 (A1 35 3%
] Ch) .

2 ER5H5H

2.1 FEAEI R EEREERERN R0

e 1o Sk v 35 I AR REAS [R) A 3 A 45 TR 4R
FRIFAN 453 . SLC b PR (1 A v 75 IV BB B R T
JE i T A AR

2.2 REMBETEABIEDEBEERMNBEDE

Xof 45 Ab B SRR I R TR b S A A ) B 1Y
e g5 /LWL 2) FEF N 60 d, SLC A FE R DM
S T CKALHURN SL AR BE(P<C0. 05), SLC
ALFRFN SLALFRR ) CP & R B 2w T CK A (P<<
0.05) . SLAtHEEE & & & % & T CK 4 # (P<
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Table 1 Effect of adding Lactiplantibacillus plantarum and cellulase on the total evaluation of sensory indicators in

Morus alba foliage

219 Groups KR Smell i Colour i Texture Y Grades
CK & R Acetic odor WL Yellow-green &t Moderately firm K 1F Good
SL EEWZ R Acetic odor HWiAh { Yellow-brown PAEK Tender K4 Good
SLC T liZ Bk Pleasant lactic aroma Wi Yellow-brown A Tender i Excellent

TE 3R CKR R X IRAH , SL ARSI INAE FLAT B, SLC RR IR G IR AL A FUAT A AP 4 25l . T 3R [

Note: CK in the table represents the control group, SL represents the addition of L. plantarum, and SLC represents the combined addition of

L. plantarum and cellulase. The same as below

0.05), &AM [E NDF 1 ADF &R 25 D& (P<<
0.05) , Hovp SLC 4t B 49 NDF & & 1 SL 40 B /Y
ADF & EHRIK. NRLHGWSCEHEZRBFH P

TR 2R ER, £ 0 HE pHES T
W, SL Ab ¥ i pH & A1 SLC b 31 % pH (8 4 & 35 11
T CKAMF(P<<0.05),

0.05),SLCALFIA WSC & & .

SLCAMBRA) LA & S fc i . SLANFRM AA & B3
=T CK AR B (P<C0.05), SLC 4k B FI SL Ab ¥ Ay
NH,-N & & 5 {5 T CK & B (P<C0. 05) . A4 ]

25 40 HR ) FLR B B R A B 25 (P<<0.05),
Horpr SLC &b 31 0% 2L 2 1 50 i B o A5 A0 3 A I BE
DB A TR B R S B R A B R
(P<20.05), Horp SLC Ab #4741 1 08 B0 55 B8 B0
G S 2 P A3 0 e IR
F2 FMEVAHEMAESIHYEREMHSPANERSENEARSR MENHEHZM

FMHLASEZES B E(P<0.05), Hf

Table 2 Effect of Lactiplantibacillus plantarum and cellulase on nutritional quality and fermentation quality of Morus alba foliage

ok JE 21 %] Groups B br o 2 Py
Index Raw material CK SL SLC SEM P value
TY B DM/ % 50.35 40.58" 41.62" 43.15" 0.544 0.009
HLE A CP/C(%DM) 14.66 13.46" 13.64" 13.73° 0.044 0.002
HRPEVE LT 4E NDF /(% DMD 54.30 46.25° 43.32" 41.27° 2.166 <0.001
P V3% T £F 4 ADF /(% DMD 27.06 25.74" 23.43° 24.70° 1.020 <<0.001
AR AL A WSC/ (% DMD 8.38 2.78° 3.56" 4,75 0.875 <20.001
HUIE 7 EE/C % DM) 5.92 4.88 5.17" 5.11% 0.096 0.050
pH 6.82 5.57° 5.38" 4.80° 0.116 <<0.001
M LA/ (g-kg ' FM) ND 9.47" 16.86" 21.14" 1.883 0.006
R AA/ (g-kg” ' FM) ND 6.45 3.40 6.76" 0.663 0.043
WE PA/ (g kg ' FM) ND 0.73 0.69 0.64 0.294 0.508

TEBA/ (g-kg 'FM) ND ND ND ND

HAEA/EA NH;-N/TN 1.82 8.16" 5.77" 5.50" 1.290 0.001
FLARHE LAB/ (g CFU-g ' FM) 5.24 4.35° 4.46° 4.71° 0.169 <0.001
i HE 1 Yeast/ (Ig CFU-g ' FM) 4.74 3.73" 3.29" 2.44¢ 0.572 <£0.001
# T Mold/ (Ig CFU-g ' FM) 2.83 3.13° 2.69" 2.13° 0.435 <<0.001
I8 40 AB/ (g CFU g ' FM) 8.63 6.84" 6.56" 6.38" 0.200 <£0.001

T SEM 2 P B B9 b ifi 5 22, [ 47 B 5 AR A [l /NG 5 B 2 7R 22 573 1 3% (P<<0. 05) , M ) 3078 7 B R 28 5 AN 35 (P>0. 05) . ND &

ARAK . TR

Note: SEM stands for standard deviation of the mean. Different lowercase letters in superscript indicate significant differences (P<<0.05) ,

while the same or no letters indicate no significant differences (P>0.05). ND indicates not detected. The same as below

2.3 AELAENBEMELRABEMNELERN
A

(L A PO R L A DR S EE R )
PRI 48 h B B IR Bl i K™= Al 7O
Hr 7%, S 7 7 e e o A v i R B R B
e TR e B

K60 d B AR S = SR AN 1B 1
TN, KES 2,4,6 hik, SL b BN SLC 40 B P2 S &
W T CK AN B (P<<0.05),SLC 4B B 2 5 T
SL &b By 7= K 5 (P<<0. 05)

60 d Sk 75 I OMD Fl ME | 7= S A5 8 S 50
F 3PN, SLALHFN SLC 4L ) OMD , ME 3 i 2
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T CKARFR(P<<0.05) . SLALFRANSLC &b 2 i) B
WK 8 EE R T CK L& (P<0.05
SLC &b B 7 A 4E iy 15 1] 58 35 4 F CK Ak 3 F1 SL
AR (P<<0.05)

50 - [—®=—CK
—e—SL .
—A—SLC| . ox  EE :
40k R - Py n——-‘é
7E/ . %
/. /
- /

Gas production/mL
(9]
fe
T

=1
UHL

s/

)

10
024681012 18 24 30 36 42 48
[} [A] Time/h
E1 REMHBWVEI=SHAE
Fig. 1 in vitro rumen gas production in Morus alba foliage

W B R 2 RN AR E 2 (n=3) . *F /R SL,SLCALHL Y CK b3
250 (P<<0.05) , %% K SL 15 SLC A B[A] 2% 53 8 3 (P<<0. 05)
Note: Error bars represent standard deviation (n=3). * indicates sig-
nificant difference between SL/SLC and CK (P<C0.05), # indicates
significant difference between SL and SLC (P<0. 05)

3 Wig

3.1 RRMBLAEBIEFERAR.ABAR
MBMEMBENTNL
TR A DM S A0 o 7 R A 5 A

BEAER o MW FLAT A R T [ B R LR T g e AR
A LA 8 pH fE P BR300 1 B A 00 0
e KPR BE W > DM K o 214 U 2T 4t 3% 1 vl e I
e i 25 b M e K Ak S W I i A SO SRCRORE | O B
Z WSC SRR S gt 7 1 R BRI AR i T 5L
M TR 1 AR S AR B, U2 T DM YT AR U
AT, SLC 4L BR (% DM &5 &2 8 % % T CK 4b 3
HSL b B, 55 DLAE 76 K AR B0 35 I v i) BF 5 45 2R
— Y, CP & R i R N B AR AR . A
WK SLC AN CP & it i 35 % T CK AL B, vl
F 8 0kl FLFT TR RN £ 4 2% i AR G R P 3 BE
THT AN R A K A R T T AR A A R
i, BT A2 S A W 0 1 B 5 A 2 AR R Y
B, TR AR (R R AR B T TR A R e
CPRYM WS T %, X5 LIELAERSGIL
(Caragana korshinskii) 75 W7 /088 0 AE 9 FL AT 1 1 £F
YRR -8 WA ER g R
NDF F1 ADF X 4E 598 B 1FE % 1) & D) ge B A 5%
O R A R W S s T R B R
iK', AWF5EH, SLC AL B AY NDF 1 ADF & % 1%
F CK Ab ¥, 358 B WS Jin A 9 7L FF B A0 2T 4 25 i RE 1
# NDF Fl ADF () B i , 3x 5 DAEAE R W] 5 (Cassia
alata) WA A BF ST 45 S — 500 IERFSE AN,
(i) B 9% o 2L TR T R 4 4 2% 8 o) A ) A4 M R 6 fip L
A P EE O 8 6 S0 A A 18 B G
WS N k& W FLFT B (Lactobacillus fermentum, LF) Fl
2T 4k Z i 4k B 19 NDF #l ADF 55 i AR SSCR A T80
RN 2% B LA 1 B LT 4 R EE RO 45 R

K3 FMEVIATFEMTEIBIREHENNENDEHEE AHENSSKERSHH W

Table 3 Effects of mixed silage of Morus alba foliage on organic matter degradation rate, metabolic energy and gas production

model parameters

Ab B Treatments

845 Index PR 22 SEM P1H P value
CK SL SLC
ALY B f% 2% OMD/ % 48.38° 51.10° 51.60" 1.508 <<0.001
R E ME/ (MJ-kg 1) 6.34° 6.79" 6.88" 0.251 <<0.001
LS IR KA C/mL 32.41° 36.90" 37.30° 2.361 0.000
AR HER C,/ (mLh ) 1.69 2.36 2.41 0.670 0.388
FEAAE N E] C,/h 0.40" 0.41° 0.47° 0.031 <<0.001

FEAMEFE A, SLC ALY WSC & &, AT fig 2 i
TS 0 AE W) FLFT TR RN 5 4 3% T 0 AE ) 4 A RE R A
BAWFEAEN . DAL R 1S4 H 18 (Medi-
cago sativa)'™ | F B (Cenchrus purpureus) Fl 7K F
(Oryza sativa) T FF IR A W22 b B8 i 2 L AT 18
LT AER AR B E R mE I WSC & & . pHIE

A AILTR & S8 A S WA 7 I AR R A 18 i 0 R 1
HEAR bR, BE B S A [ Kb BT 2 s i O
By, FEA S, SLC AL By pH {4 4. 8,
U IR IBC 5 7% A 0 L AT BRI 4 3R I fE W A
ST IR KW A BT . IX AT BB DN O £ 4E K Tl
K JEURE Fb B S5 A8 P K A6 5 10 20 figk D BB s8O0URE
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h FLIR T T SR B R BER L A UE 2 LA, BRI
pH fE"" o 1 NH-N #8354 1] LS e 45 ) v 2 19 Jo
N B IR o3 B9 AR o AR pH Al 00 ) 40 1 0 2 B
A K TR R AR IX 5 AR i 5E Hh SLC Ab B R
NH;-N & &t f A 45 2R — 8.

EAM G, SLAM I RE R R EL T
CKARBE, 1M SLC 40 B b i) FLIR 18 B0 8% 2 T SL
Ab R 3K R HY T T A R ) i 5 A R K AL S )
IR HA Ay WSC, R FLIR T 1 A K B A 4R 1 1
Yy, LB IR 5 S AR W LT TR AN 2T 4E 3R Tl RE s e
B LAFLIR B Ry 2 T 0 R R R R X 5 UE
i 5% 76 4 B (Pennisetum purpurewm Schumach) 7
T e B 5 A R — B TR B T R AR IR AR LA
AV EAREFTITHEFE TYRH#EGERE
B RGBS R LA FE JEE = A B 2
T IF B R i T RE T 2 SR IR OR
5 0 0 B T R B R L IR (E T R
MFLMR W TEECE SR LA T s, pH [ RE AR
I W RE A0 PERRAR , X 5 AR 45 R — 2, 3
T2 AT et 30 1 DR SRR 198 I 35 0+ 1 A 1 A
WA 56 S AL HEORT SLC Ab B8 1 AR W T
CK@ ., HWhiar S an i< S 80 R I,
IR AT B R RS BT R SLC Ak B SR
TV 4R SR A B AR D T SLOAR R U ) 2T 4
BTSN T FLRR A A A K B AR R
T P, o AR N B B B D . XS AR TE A bR
F oK (Zea mays) ML A= (Arachis hypogaea) IR A
I e A o A R —

3.2 AEAENRRAEERBEMNELEN
A1)

T WAL A A S0 57 a0 B T A HG A T A
R F7 M A o 27 5 3l LR AU L, T
LT ik 38 B 75 0 e R A 98 B PN 1 AT 2 I A R 3
PEPI RIS P . TEARBESE T, SLC 4 BE ) OMD fx
75, AT RE R PR O Y e S 0 A R LR TR AR I
WP B, Q0 T A A TR R B YR K IR
PRI T 2T 4 3R T R 05 4 2T 20k 32 02 27 48 3K ) il
NG RSSO A B A R I B R A ik
TR, AT A2 BE Bk A A i AR A S AR 3 A B
FIE AL T 3 A it v 45 4 L 32 01 1 Sl e W 3t
I DR v X I il A AL B9 0 80 . 2 OMD &b T
BRI K I R A AT S R 04 ] B Gl 2R W o AR

WS L A AR R X R AT AR I B 2t
FErp = SRPE R = 2 —" BFI L R
() OMD 2 7= S B ER AL T 78 2 19 9 ot Sk it , 9K 3h
T A AR AR A B T o T O A L B R
AR R X S AR AT SLC Ak B [ R
L THE OMD FELS $5 K 7= S 25 1R — 80 1R
RE 2 3 W ok £ 1RDRL S B OE T 4 5 AR A A R
e, IR OMD 5 ME # U1 A1 5%, OMD # i,
AW S W R A ME (g th 8 £ | 53X 5 A 0F
FEM G — B, A SLC A 3% 7 A 4E i I ] B
K HJE S RE e A R HA s i e A, U % R
T e R ATS HL AT — 2 ) & TV 1 R g R

4 ZEie
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