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WA RH R ORI T R R R, TR R R R SR R AW I, SR I T Rt g
JIA SR KRR SR — e &5 2 1 R B AR Tl kb 5| i3k 307 58 FH T 3 s B s A b AR 2 U
fife BT SR ARG B A )R . H AT B T B TR R NI, TR AR, HA R R R
FERECR, KB MR GERL R B WORAE, B CE ORI R A A T I 22 b e oo, 7Kk
KA B WL R Gy 2 T YA 1) o BT 8 R ULV 0 7L TR T B b M SR TS 06 o5 TR R 35 T
PR B, FR X T A 15 R o IR 7 I R T T e AN B o DRI ACIRIG T T LA R #F A A (1) 0
RN BRI AR T R B R BB AR SAE s () BRI B (BP) |« BRIFIRE (WS) |
BT AP RS (WS +BP) « HEYIAME (LP) « EYAFEAD B RS (LP+BP)
HYHAATE (LB) « R EYIAT @B E (LB + BP) AW E IR, #RITARE MY
T SRS o PR T R B TR PR (3D B B AR B R R A, R 7T LR RN i SR o
WE AR S5 . EEEE R AT

(1) I FRE R 75 AR R AR A, 40 08 HH SRR M 75 I B AR FLRR B, 0 e e Bl
JECIRBRHT IR WS  (Weissella paramesenteroides) , THYIFFFHLP (Lactiplantibacillus plantarum) F
BB AN EHLB (Lactiplantibacillus pentosus) o

(2) I AERG B A A0 =k B AR LR TR AN VD R AT I R RS . R R R FL
2 VAR D T SRV # e A RO AR = R 5 BB VP8 o ZEpHAS I, LP + BPIpH T P 2 B35 T
HAA A (P<0.05) , I HAEKRE60d, LP+ BPHIpHE &L, ~4.94. {EALSEAIREM T, LP+
BPI4R AR b THE R KT HAALBH (P<0.05) , HHAEKREG0, LP+BPRE SRS ER
1K, H2.95% % AN S &N e, &AL T I R SR B AL A IR A HLR, K
BB AR T #R . EH I AEEE60d, LP+BPRIALR S EEE M T HMAHA (P<0.05) , LP
) CIR S B o B B A N T R B, IR IR ARLPAE LG B MR WS RILB 4 R T Bk
W pHAA : A INBEMRLPFILBAH LU IR AR WS SEA H T B S A & B AR & SR 2 & Iy iR
AR TR WAL A B o SR8 AT, ISINLP + BPAC B 175 I i 57 55 8 R A 1
BE TR, FEAD AT R R S SRV R VR JI0 77) 245 ARG R 77 I A T i o B B

(3) AR T IR I E 77 A VA B R B, WS IN B ARWS . LP. LBAIVD AR i 0 35 52
THME TR R HEASERKEEBRKGEY (P<0.05) o BB IE RS REH:
CKMLBTEH IR 4 AT o 40 2k & B3 i T HARAL BEZH (P <0.05) , WRINVDBARE . BEHEWS
FNLPREA B> TR S A0 A IND R R 22 BRI K VA MK AL S I 2R (P < 0.05)
TP BRI EWS . LPAILBAHEL T X M B R &4 T EE SR (P<0.05) ; Frass
LB P BRI AT E AR ME VR R A 4 (0 5 B RE R (P> 0.05) o 3did S A N2 B K
P, 0B ARLPAH LG A R WS RILBEE A I T 7K VA PE B K Ak B 40 1) DR AT FIAR X 0 FH AR B P 4 8, VR
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T R T R TR A, R ST 3R ARY B A 2L TRE TR A 0 o SR oS R R i A I o SRl A P A
SRR . (RS KRR B ANVE IR R PEAS I, [RS8 I BRI Wk Lactiplantibacillus plantarumF17»
TR SRV REAT RS M 0 5 T R I I e AR B R DR B AR AL e (078 R B0y, O B U 1 b iR
AL PR RESG A A S WCE I, SEEUEREVE A, IR T R R . TR
VS IR LT TR D o SR o — i T PR A R 75 T s I 2H 5

REEW: MR HI IR DECRE; BMEME R

I



Abstract

In recent years, the livestock industry in Xinjiang has seen rapid development, which has led to the
increasing demand for high-quality feed in Xinjiang and the problem of insufficient feed supply capacity.
Paper mulberry, as a new type of woody feed rich in high protein, has been introduced into Xinjiang to
enrich the local feed resources and solve the problem of feed shortage in Xinjiang. At present, paper
mulberry is widely planted in various regions of Xinjiang, but due to the long winter in Xinjiang, the
production of paper mulberry forage is large, and a large amount of paper mulberry forage needs to be
preserved in silage. However, paper mulberry often faces the problems of high buffering capacity, less
water-soluble carbohydrates and easy to be contaminated by stray bacteria in the process of silage
preservation. The addition of lactic acid bacteria or sea buckthorn pomace can improve the quality of
forage silage fermentation, but it is not clear whether it can improve the quality of paper mulberry silage
fermentation. Therefore, the following research work was carried out in this experiment: (1) Screening and
isolation of dominant microorganisms in paper mulberry silage fermentation. (2) Treating paper mulberry
silage by adding sea buckthorn pomace (BP), Weissella paramesenteroides (WS), Weissella
paramesenteroides and sea buckthorn pomace (WS + BP), Lactiplantibacillus plantarum (LP),
Lactiplantibacillus plantarum and sea buckthorn pomace (LP + BP), Lactiplantibacillus pentosus (LB) and
Lactiplantibacillus pentosus and sea buckthorn pomace (LB + BP) to investigate the effects of dominant
microorganisms and sea buckthorn pomace on paper mulberry silage fermentation quality. (3) The effects
of dominant microorganisms and sea buckthorn pomace on the microbial community structure of paper
mulberry silage were investigated by third-generation high-throughput sequencing technology. The main
results are as follows:

(1) Three strains of epiphytic lactic acid bacteria from paper mulberry silage were isolated by
screening microorganisms in the silage and identified as WS (Weissella paramesenteroides), LP
(Lactiplantibacillus plantarum) and LB (Lactiplantibacillus pentosus).

(2) Silage fermentation was tested by adding three strains of epiphytic lactic acid bacteria and sea
buckthorn pomace to paper mulberry. The results of fermentation quality showed that both lactic acid
bacteria and sea buckthorn pomace were effective in improving the sensory rating of paper mulberry silage.
In the pH test, the rate of pH decrease of LP + BP was significantly faster than that of other treatment
groups (P < 0.05), and at 60 d of fermentation, LP + BP had the lowest pH value of 4.94. In the ammonium
nitrogen test, the rate of increase of ammonium nitrogen of LP + BP was significantly lower than that of

other treatment groups (P < 0.05), and at 60 d of fermentation, LP + BP had the lowest ammonium nitrogen
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content of 2.95% total nitrogen. In the determination of organic acid content, only two organic acids, lactic
acid and acetic acid, were detected in silage fermentation in each treatment group, and propionic acid and
butyric acid were not detected. At the 60 d of silage fermentation, the lactic acid content of LP + BP was
significantly higher than that of the other treatment groups (P < 0.05), and the acetic acid content of the LP
group was the highest. Significance and main effect analyses revealed that the addition of strain LP was
more favourable to lowering the pH of silage than strains WS and LB; the addition of strains LP and LB
was more favourable to lowering ammonium nitrogen and increasing acetic acid content than strain WS;
and the addition of sea buckthorn pomace was favourable to reducing the ammonium nitrogen content of
paper mulberry silage. Through the analysis of the affiliation function, the mean value of the silage quality
affiliation function was the largest in the treatment group with the addition of LP + BP, and the best
fermentation quality of paper mulberry silage was obtained with the combination of Lactiplantibacillus
plantarum and sea buckthorn pomace additives.

(3) Nutrient composition assessment tests by paper mulberry inoculation fermentation showed that the
addition of strains WS, LP, LB and sea buckthorn pomace all significantly increased dry matter mass, crude
protein content and water-soluble carbohydrates (P < 0.05). The results of nutrient composition
determination showed that: the loss of dry matter at the end of silage fermentation was significantly higher
in CK and LB than in the other treatment groups (P < 0.05), and the addition of sea buckthorn pomace,
strains WS and LP was effective in reducing the loss of dry matter mass; the addition of sea buckthorn
pomace significantly reduced the loss of water-soluble carbohydrates (P < 0.05); the addition of sea
buckthornt pomace and strains WS, LP and LB significantly increased the loss of crude protein content and
water-soluble carbohydrates compared to that in control groups (P < 0.05). Bacteria significantly increased
crude protein content (P < 0.05); all treatment groups had no significant effect (P > 0.05) on the content of
neutral detergent fibre and acid detergent fibre. Significance and main effect analyses revealed that the
addition of strain LP was more favourable to the preservation of water-soluble carbohydrates and relative
feeding value compared to strains WS and LB, and the addition of sea buckthorn pomace was beneficial in
reducing the loss of dry matter mass in paper mulberry silage. By affiliation function analysis, the overall
evaluation scores of all treatment groups were higher than those of the control group CK, and the mean
value of the affiliation function of the silage nutritive value of the LP + BP treatment group was the largest,
and the additive combination of Lactiplantibacillus plantarum and sea buckthorn pomace was the most
effective in preserving paper mulberries' nutritive components.

(4) The third-generation high-throughput sequencing study showed that the addition of
Lactiplantibacillus and sea buckthorn pomace had a significant effect on the shaping of microbial
communities in paper mulberry silage, which was able to reduce the abundance of harmful bacteria and

increase the abundance of beneficial bacteria during the fermentation process Enterobacteriaceae



dominated the silage fermentation of CK and BP, while Lactiplantibacillus predominated the fermentation
of the LP and LP + BP groups. The main microorganisms responsible for the variability of fermentation in
the groups were Lactiplantibacillus pentosus and Weissella ramesenteroides. In the correlation analysis
between silage fermentation parameters and microorganisms, Lactiplantibacillus pentosus was negatively
correlated with the pH value of paper mulberry silage, and positively correlated with the content of lactic
acid and acetic acid, which indicated that Lactiplantibacillus pentosus was the key microorganism for good
quality of paper mulberry silage fermentation. Weissella cibaria and Bacillus pumilus were positively
correlated with dry matter mass, crude protein content, and water-soluble carbohydrates, and were key
microorganisms for nutrient retention. In the early stage of the fermentation of paper mulberry silage, it is
mainly composed of two kinds of beneficial bacteria, Weissella cibaria and Lactococcus lactis, and many
kinds of harmful bacteria, and when the pH value of paper mulberry silage decreases, Lactiplantibacillus
pentosus becomes the dominant microorganisms in the fermentation of paper mulberry silage, and the
addition of bacterial strains LP and sea buckthorn pomace. The addition of strain LP and sea buckthorn
pomace could accelerate this fermentation process.

Paper mulberry silage fermentation experiment was conducted to investigate the effects of three
dominant strains of Lactiplantibacillus plantarum and sea buckthorn pomace on the fermentation quality
and microbial community structure of paper mulberry silage. After evaluation of fermentation quality and
nutrient content, it was found that the addition of Lactiplantibacillus plantarum and sea buckthorn pomace
was effective in improving the fermentation quality of paper mulberry silage and maximising the retention
of nutrients in the paper mulberry forage, and that the addition of Lactiplantibacillus plantarum and sea
buckthorn pomace increased the abundance of beneficial microorganisms in paper mulberry silage and
improved the microbial community structure. Therefore, the addition of Lactiplantibacillus plantarum and

sea buckthorn pomace treatment group is a good combination of additives for paper mulberry silage.

Key words: Paper mulberry; Silage; Lactiplantibacillus plantarum; Sea buckthorn pomace; Microbial

diversity
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E1E &R BAFRFHREFMIL

b5 RIRE DRI POE R RE, AT T B 40™ 75 SR IEEA BTG N, X0 & 1) &
Mol AR S . B AT, PEAS & POV R F 2R R 2 & et A 2 (ZF
H5e4E,2024) o EWZES, PSR EESRIE T RHEY) . PO RAEYIRI ™ AT
B HBEE BN DS SH AR )b, A% G o A2 p= 07 X E & JaiE
JEVE BRI R, TR BRI T AR E P I R A . R, RELE VTR
BRI, HATERMOFE, 200 2 rEE R R IRARAAE Y A BGHX —
PeaE e i %R (Du et al., 2023) . Bernardes 5 A\ & LA RHMEY) AN SAE E 25 #4717 i 2=
ARG RGF, BAELXSE, B30 TR0 X SRR ED A K, AR
M52 B ZETT R R AR 2 a5 /> (Bernardes et al., 2018) o K, AAEYIE
N4 ER B, TRk TSR R, BARKIKRER ). FERmeHE
Wit A7 B AR G HEOR, ARV RE S KA R A7 I B2 B G817 5%, 2023).
I FH I B AR il £ AR AR PRk, T DAk s TDRE RORE R S TR o0 IR O, SRR 3
Jers, AN A ke A 2 Bl TR 2= A ARl R Sl 1) 3 A 7 T

1.1 EAEERMAR

1.1.1 Sk EEp/RIE

T AR — B B AR . B B AR YR SR AR, I8 A IR
A T B A K EEH £ (Muck et al., 2018) o T4l ) & T 52 2 b 5640 ) 5 i,
HorK gy KIETERKAL A 0 R 22 v B R 2B AT AE DR A B i i
FEREE R ZR (Mcdonald et al., 1991) o HRBERIE B KT &8N 60%-70%. EIHTE
BN, (RIEFLIR R R, s MR E G TE . R F IR oKk Bl m, S e
WA, FEAEKE TR, mMEATAESE (NH-ND , M BRI 0a k)  k B%
an i (BRINAESE, 2024) o (HANRE R &K B K, FLER B B 3E 1 2= 52 B ),
M AR 7 &, S ECE R pH ETGVEREG. [FR, BRMEKES B
T JEURL R B B (AR STGEE A R B, AT S B R . . SR SAHF YR
A, FEEARNRERERZE (Duetal, 2022a) . AN HRIE AR K
R, MEFEEEREEMAEDN G ERTIREN S8, BAXEEEMED =
SRR KR, TS AR R R B B . I JEURHR G e )t 2 R
HRERENEZERNRZ —. DuBEANETFRP R, KRAEYA G RHE Y6 A4
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E1E &R AAFAFHEFMILL
BRI Mae ), HEER 1@ =T 700 mEq/kg T, X4 580 R
pH {E N #2218 (Duetal, 2022b) o BIUIARAFEYIE S & S8, FMEEETME T, X
SEPHE T2 R AT R B T AR LR, 0 E R pH N PR R . XS E
TEYIRENS KR FIEA R E W RN E TRy, SEHE IR R (Cai, 2021) o

1.1.2 FAEERETE

IR 1) A2 S A AE DR R YL I S5 A T HEAT ORAF I — M LI 58 7 20, S A 5,
77 FURENS e K PR M R AR (8 TR o), A RLORAF IR [A] Cokaiias, 2022) o
HE I FEE S R B

(D FEREEM B WINERERH S Y S RE VISR AR5, T s 4
M AR S8 0TS, DR AR I 4k 2L AT A S, AR JER) b KK YRR KA & P o)
fifE N A RAK, BT TR SR R O 55, 2024) o RN BT
FERAS IS FE T VL e AR RN AR, 2 FEORE NI A 40 5 M8 K POE S E,
THFEE R 7KK AL A YA R E G, S EBOE IS 78 53 k2> (Ogunade
etal., 2018) .

(2) BEWMAREENE: YFCRBEIAAKREE, AR B, WK
NDREER IR B o IS5 A8 N IR S ST FRIR I, 3 B A A 03 SO A P T
BB HEY), TR E B ROV B YRR (5RTESE, 2023) o LR W ALK
IKEEK G NN IR, AR ARI R, FEE AR pH EA
Wi A, A FRAERES) GRIEET » FE/RBESE, 2023) o {845 5 IR RE 62
R B 2 b O B PRDRE ) o ()8 TR

(3) HMFEM B Ui mel & AL KM B G, SRl -h i pH B A B
BEAE, 4 pHIAE] 4.0 DU N4k 2 B AV AR AL RR B £ W #1833, i 35
TRDRE R B TR 70 2 AR G2 A% (T FE A VH AR, X {151k} R DL B/ B 9% LA TR 1) 7
XKIPEAE T K.

(4) FEMAFHIE: UHECERENREmBLE, WFEEE O 7
P K. 45 IR AT B B, REME ST REN AT RERAN, K&
EF A B . HE R BT IETE 3, THFEE AR g IRy, RECE I E R
HEAE, 2023) o WRAEF RN E I, FEEsA e pH 8K, IBA 8 mEY
FEXAHY B RE B2 32 B o (HUURAE T AR ER B, B IRGERF — 0=
pH ML, BAXANHr BT Re e FECE I EEVE R K RE REK, SFEHEKEET
W RS, 2023) .



E1E &R BAFRFHREFMIL

113 M EFRNES BN LB

FI8 (Broussonetia papyrifera L.) #&—FhMERE PR FITRAR,  JR 7= T 2R WA R B K
b, HEGSZaom T E. 28 EASE ESEAE EZAMIX (Hao et al., 2020) . £ [
90 AR, FIBAIIR iz il 3 EE B T K B IPR (EE&EAE, 2023) o B9k,
T DO TR 8 R E AR S A T RE R T, AR, MR —ME &
SHE IR By AL AW ks AR 45 S FR ) B AEY) (Hao et al., 2021, Zhang et al.,
2022) o FEERZAFAUR T, CAHE 1M EA V2 ZNE, B HEH0E AT
JEVER, JF HARE B PRI, 3 9mtse HAEZE w2 fEH (Park et al., 2002) .
FAIARS (1) 32 B A A R SR FR A AR A i - SRR S W) 1 A R R HER
MREAS bR XEAEYHFEEZD e b a il PLR AP IEYE (Chen et al., 2014).
AR SR B S B A AR T AR, S OB AE BTSSR (Alia et al.,
2014) . FESIIEM T, TR 7S CIEYIRBA T B TR K&
A4 A 20 RV R R 8D B R B A i A ST S R TS B, R TE R 7 A
(Hashemi et al., 2011) &

FIREIE HA R SR PUFENE . PURTUR A SCHEIME (Lietal, 2021b) , JEHEA K
EEAR, FIARAE R e st AR KR . Bl S EZH 300 54
(R B AR T AR, 3 K70 R A 9 MR R E M A i 14T, 48 700 T B e 1)k} (Hao et all,
20200 o HrEERIRIRHECLTE AL, DRI, AR R I S A ) R R AR S AR . AR
1M, BT R AR AR KIS P B & BRI ae 0Bk, FLR
TER/> (Zhang etal., 2022) , HIRTH KB 3 BRI TRRL b ORR B B BUKARAT T 1R
HEE T, IR AMESRA & R E RS R (Nietal., 2018, Dong et al., 2020) . HH
Fp R S B ST R T, TR SR I R B RIS R KA SR E S
o345 B T8 DT, 5 BRI TR Rk A R 77 o0 ME DA s I (Cheng et al., 2021, Guo
etal,2021) o FETXFILR, ORI 7 SPOGERE, W5 7 2MEinmn, S
Fapst s RV DR AF . H BTAEAIR B 78 TR R I ZE S ] AR S /K &, il A R 40
B A KIS = R B R E AR (Zhang et al., 2020) o SR1, £ S2hRRRE AL A P2 3 7S
H, KA ZEEAMUELVE B, T H AR REBOREE YRR, 38028 w5 41
W%, SEFHPREEE (Wang et al., 2019a, Zhang et al., 2020) . H F (I 57 24t 7EH
W R R I CE S A Cn LR D AUEMIE=Y) (WK e oKk ) R oaE
PR D e it o PR 2 22792, IR AT DU R 5 I iR AR M 254, fem HR
P i, IE W] LR i e A B A BRI % (Wang et al., 2019b, Du et al., 2022a) . 4G
HIIBEFE R I, AR AT DA RGN R B i &, A8 7 I A A HLER AT LA
TR R T R AR R U AR AR A, A AR B BB L R BN ZE A B A A




