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F 3%, FEEBRMFINI Ukg . FENE 60d, %44 F A LM E A 22633~245.67 h, %ﬂ%é/‘z\’%%}
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Study on the technical parameters of semi-dry hybrid Broussonetia papyrifera silage feed

GONG Bin', HOU Kun', TAN Lun', FAN Caiyun', WANG Dian’, LAN Rubing’,
LU Xingwei’, ZHUO Zhao', WANG Juhua', CHENG Jianbo'
(1. College of Animal Science and Technology, Anhui Agricultural University, Hefei 230036, Anhui, China;

2. China Youran Dairy Group Limited, Hohhot 010010, Inner Mongolia, China;

3. Anhui Hua Hao Ecological Breeding Co., Ltd., Liuan 237010, Anhui, China)
Abstract: The hybrid Broussonetia papyrifera belongs to the deciduous shrub family Moraceae, which is characterized by
rapid growth, high yield, and rich protein content. It is a type of unconventional protein feed resource with great development
value. However, as a feed material, it has high crude fiber content, complex protein structure, and contains anti-nutritional
factors. To improve the B. papyrifera feed palatability and bioavailability of nutrients and reduce the content of cellulose and
antinutrients, this experiment selected the Lactiplantibacillus plantarum, Pediococcus acidilactici, and Lactobacillus
buchneri strains for fermentation of half dry B. papyrifera strains using orthogonal design. The combination, material

composition, water content, silage conditions, and fermentation time were optimized. Based on the sensory, chemical, and

RS HER: 2022-10-27  EFHE: 2023-02-02

EEWMB . R EMFIRIRITE (202004206020012); ZHUAE Bk HAARFERE S (KJ2021A0153); ZHUE AL W HEARM R E S (AHCYISTX-07)
F—E&: Bk (1995-), B, LRUERA, WA, FENFHEREET LR AP, E-mail: 1025615018@qq.com

BIEEE: #1975, B, WHREEAN, #d%, #1, FENFRAWE RSB . E-mail: chengjianbofcy@163.com

http://cykx.lzu.edu.cn



1678 LN S & 58540 3%

nutritional indexes to assess the quality of silage, the optimal combination of process parameters of semi-dry silage was
determined for hybrid B. papyrifera. The results showed that the optimal process parameters of semi-dry silage were as
follows: Water content of 55%, strain combination of Lactobacillus plantarum, Mycococcus lactis and Lactobacillus brucei
4 :1:1, molasses added at 3%, cellulase added at 9 x 103U-kg71, silage time 60 days. The optimal process parameters of
semi-dry silage for hybrid Broussonetia papyrifera were determined, which provides a basis for the application of

Broussonetia papyrifera silage in animal husbandry and breeding.

Keywords: hybrid Broussonetia papyrifera; semi-dry silage; feed; orthogonal test; actobacillus; anaerobic fermentation;

technical parameters

Corresponding author: CHENG Jianbo E-mail: chengjianbofcy@163.com

I AZ K B (Broussonetia papyrifera) & — # Hr 4
Rt A, R A KR, Y& s H &
SRESEAY. HHAREKEE, §8ERR
&, B, B BERMITRME, AL E
TP B, 0 L v R 1 R AR A Sk 0 DR R
AR Sy — Tl 24 10 2R LR R 4% 2 1T 90 % e,
SR A% ST AE) AR DR — Fofo o % R AR R JERE, E T HH 41
e Em. HARSHER & B T AR RS
JUE R T, KREAH SR ehE 0, S3E)
ViR BN B, WAL FRAG, 5 AR & AR
(I FH 52 2] 7 PR o 75 B R AL AT PLAR A0 A il 26
AR, B o EoRbE O, AR R
B, Re B I A R, M 2R 4 0 55 2% R o T
FLIR P S AR B, 72 AR LIRS ¥ 1 G D IR 45
5B BN T IR SR Y. 7 R I RE 5 5
F DUE R & I R AV e, AR T R R R
RS B KA B 1) B BRI, R 4 S M
W R T2 B, &= T2 S 5O AL .
I, ACHIE 5T DL BAE K BT T R B Dy R R, 1%
WY AN B (Lactiplantibacillus plantarum) FLIFR F Bk
(Pediococcus acidilactici)~ Aii IRFLFTF# (Lactobacillus
buchneri) £ N RBEE Bl JF LT HKEL LZZ
B 7T, D9 H 4R 7 AR pE AR

1 BPRMRIT %

1.1 REER

PR e B E 2B 7S T BRI AR S 3R
FAA A B KA R A HIom RF AR TS 1.2m
I CE], AN I R 2~ 4 em KB /NBE, 3B EH R
A H ALK 8 5 PR AR B 45%~60% B 3E 47 5 I
HAE o KB R E R A T 55.11%. A E

16.12%. BR T ¥k ¥ £F 4 32.62%. 1 1t ¥ B 4F 4k
47.56%- FLFE Wi 4.35% LK 5> 9.75%.

TS FH b B T Y AR A PR A

TR0 B PP A LT BR A IR LT B R LR
R B I K B o LR o

I 47 4 g T 2k b)) AR T
RAMWAT, FHEMmSEN1x10'Ug .
1.2 #wRFEFEFRRE R

R ) P s B g g R, AR R
M IEAZ X5 % it , AHRRKSEE (60%. 55%.
50%- 45%), B 4R~V FANT B FLER Fr BREA S A1 1K
AAFFEAMEEE (0:0:0.1:1:1.2:1:1.4:1:1),
Horp B B AP R M B 1.0 x 10' CFU-g |, C %
o7 W 2 VR I (04 10 20, 30 g'kg ), D ZH R 4F 4
HEGVRINE (0.3 x10°, 6 x10°. 9% 10° Ukg ), E 41
F R T W IA] (154 304 45, 60 d), H A& K 2 K F
FFRH, 3 S AR EHAT Ly (4)) ERMAL KK,
DURE $R bR TR bR A A AR08 1t &8 77 i 1R
N E T R AR, R e — AN R
HETZSHAE.
1.3 RIEH=E
131 B P A R0 % 27 B i

T AT B L FLER Fr 2R A A IR FL A B 3 AE
30 ‘C. pH 6.8 £, Fl MRS 1575355 95351k . MRS
BRI HE 4 REOK 2 MR 1 g
FRE 2 g, MnS0,-4H,0 0.076 g, MgS0,-7H,0 0.04 g,
% —80 0.2 mL, K,HPO, 0.4 g, F7 {5 B2 % 0.4 g ([ 14
BRI B HER 3.2 2), I TC B /K ZE 200 mL.
1.3.2 EFRRE

B30 R R R Wit TR (R HIREB A,
N R BELR (25 cm x 36 cm), BE4¥ 200 g, BEALEE 3 4>
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Table 1 Orthogonal test of Broussonetia papyrifera
semi-dry silage

R FEKF [K % Factor

Factor level A% B % D/(U~kg71) o
1 60 0:0:0 0 0 s
2 55 1:1:1 10 3% 10° 30
3 50 2:1:1 20 6% 10° 45
4 45 4:1:1 30 9x10° 60

AJKIT &R, BNBEMEINLG], CONEERINE, DASYERE
AINE, ENHFRE. T,

A: moisture content; B: strain addition ratio; C: molasses addition; D:

cellulase addition; E: silage time. This is applicable for the following

figures and tables as well.

=R, HE O3 A EH O, =85 T E 8
Ja BUREVE & A da e P Bl BB AL 48 b o
133 T HIREII BOE e

B G AT I B e, S ROE R
SRR EARAE T MG ARG SRAIT b
1.34 CETHRE KD &8

W EERE T 65 °C BLAR ML T 2 1E HE, = I B
24 h, W EVI K & & TY (dry matter, DM) &%
B 105 CY RN E .
1.3.5 CETHRE R pH I E

B30 g FF RN 200 mL = b, i A8
gfi/K 120 mL, JHZE, A 4 C vKHEFIR 12 24 h )5,
P2 HE I L s B P AR VE, — B VE R F R
pH 1 (i 85 16 pHs-3C 2Y) I 2 3L pH, 71— U€
W TR A H R 22 V7 €
1.3.6 TR EEME i bR e

BHUE 2> BELEFEAS S mL )& O R, IIN—20 C
VKA A A7 A5 0 2 % (NH5-N)S 2 %L (total nitrogen,
TN) FIAHLER (FLER SR AT BR) W BE . NH3-N %
P SR Ay — R AR E T TN SR LI E A
R A WU e R SR AR il vk Y,
FHREENCE. TIRMARSEZM. R
(R AT B e bR )Y, 5 B/ A A (NH,-N/TN)
B MENRE D (AR LN T R 57 2 Ak
L 2) AH INAE Ak 25 V7 58 1) A5 57
1.3.7 A E AR E N E

FRLH AL 200 g FF SN B HAS, HLEAS ML, B
B LE—ANKSEHELE, Bikis g LKy E R, N

FEvH Il i B AR A . FE B T IR A, &F 4 hidsk—
R FEARAL, B R A IR E 2 C k.
1.3.8 P HIRE T s JUE 77 o

WA 3 R B AR S, L 0 5E L DML IR g3
(Ash). & H (crude protein, CP). HHPEPEERLT4E (neutral
detergent fibers, NDF). F& Y 3t ¥ £F 4 (acid detergent
fibers, ADF). ¥ JIglij (ether extract, EE). DM. Ash. CP.
EE & 5 5% 1 CHDRE 23 BT R 0 R T A I A ) P e
J7101%E ; ADF Fll NDF 2 Van Soest 21 77015 .
14 BRGS0

B % H SPSS 13.0 #E 47 B R & 5 £ o T,
Duncan’s % 5 [LER, 45 R CLPFME £ il ZROR, P<
0.05 AZEFRE . RN ZE 5 Wik g5 & P,
TR AR 0 AT IEAS BT, K iR & i K1
FIME, K R B 1% K P AL (NH; : TN, ADF
NDF ) K, #/NKCSE AR ), %25 R % F & % K
2 {E h B KB S B ME 2 22, R OK % B %
EPORLE AL NS

2 HR50M

21 FFHHEINREITEER

AREE 1 ZH pH B, B m T HAR AR (P <
0.05), 4b 2 8 ZH 1) pH A AIK (8 2). AL 4 H 1 215
gy, A0 1T AR AR, AT, R
PR TR s R 2, BOKEIN vy C>B >
E>D>A, &4 E N ABCDE,.
22 FTFHHENUFIFELR

A FE 13 4H ) NH;-N/TN & B i i, 407 4 401
I GE3): MFEAHMAR S EHm, G 14
A S ERIK: o 16 AW emE B, &b
HAHM R G ERMI: LH 1K TRES &He
BE T HAAFEL (P<0.05), 4F 131 TR
Bl A 4 AT i, AL BE 16 R O i
Ko IEZZ g3 M v, b 2 A 44 35 Ak 22 VT € 1 52 i)
WEH KB NNC>A>B>E>D, RIMHAEN
A,B;C,D,E,.

23 FTFHaERAEERREMTES

Ao 10 A R E R (R 4), BERT
Ho Al b FEAL (P < 0.05); AbEE 1AL AT SRR E T A

wal
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Table 2 Orthogonal analysis for sensory evaluation of semi-dry Broussonetia papyrifera silage
e 17 s [ & 7K Factor level pHS4r KA18n AW n @FESs FMEs 2550
R A H H  Moist Smell  Color and lity  Total
Ttems No. p p oisture me olor an Quality ota
A B c D E score score score  luster score  score scores
1 1 1 1 1 1 591+0.17a 0.00 20.00 18.67 15.33 7.67 61.67
2 1 2 2 2 2 472+0.08bc 5.33 20.00 19.67 16.67 9.00 70.67
3 1 3 3 3 3 443+0.14cd 8.00 20.00 18.00 15.00 7.67 68.67
4 1 4 4 4 4 420+0.04d 15.67 20.00 20.33 16.00 8.67 80.67
5 2 1 2 3 4  435+0.08d 9.33 20.00 20.33 15.00 7.33 72.00
6 2 2 1 4 3 4.68+0.03bc 5.67 20.00 19.67 16.33 7.67 69.33
7 2 3 4 1 2 4.69+0.04bc 5.67 20.00 19.00 16.67 8.33 69.67
AhEEZH 8 2 4 3 2 1 419+0.07d 14.33 20.00 19.33 14.67 8.00 76.33
Treatment
group 9 3 1 3 4 2 4.56+0.09¢ 7.00 20.00 19.00 15.00 7.33 68.33
10 3 2 4 3 1 428+0.03d 11.00 20.00 20.00 14.67 7.00 72.67
11 3 3 1 2 4  454+0.13cd 7.33 20.00 19.33 14.00 6.67 67.33
12 3 4 2 1 3 453+0.09cd 7.00 20.00 21.67 15.33 8.33 72.33
13 4 1 4 2 3 449+0.07cd 7.67 20.00 18.67 15.00 9.00 70.33
14 4 2 3 1 4  456+022c 6.33 20.00 22.33 16.00 7.33 72.00
15 4 3 2 4 1 454+0.17c 7.00 20.00 21.33 15.00 7.33 70.67
16 4 4 1 3 2 4.80+0.09b 3.00 20.00 18.67 16.67 8.67 67.00
K, 7042 68.08 6633 68.92 70.34
K N
SEHIE ,  71.83 71.17 71.42 71.17 68.92 B
. . . A2B4C4D4E4
Mean K, 70.17 69.06 71.33 70.09 70.17 Optimal combination
K4 70.00 74.08 73.34 72.25 73.00
R 1.83 6.00 7.01 3.33 4.08
fiX, MR THAMALILA (P<0.05). EZHH,  PTHW T I NDF 2 & 505200 K 3R B R 2]/ R

R 2T 0P 4R R PV E B PR 26 ek
iU/J\y\j A>C>B>D>E, H%’ﬁliéﬂéj\j A2B2C4D3E4o

24 FTFHRELEFBIITELR

W AHM CPE ER M (RS, F 1AM
CP & & &k, WHEMT HMmAEA (P<0.05). &
P 13 411 ADF & & 5 i, A0 3 4 201 ADF & & 5
s Ab#E 1 ZH () NDF & & % =1, 403 4 411 NDF 7%
Bk, BEMT HAMLIHEA (P<0.05). EZ5H
o, X2 R I CP 2 & 0 B2 IR 2% H K E
KINB=C>A>E>D, A AEN AB,C4EDy;
X2 T KB 75 0 ADF 2 & B9 200 R & iR B3R
MK A>C>B>D>E, &R AByCDE, X

NANB>C>A>E>D, AN ABLCLED,.

25 AEEAZBENEUNEITBREZWNNES
TEES

L5 AN [) R 2 %) AL R 2 75 ol J 5 T ) 1 58
AT, BCE VP E L A EEPEE AT CP Y E TR IR R C Ik
ZE KGR 6) fLEAFE . F A R M
ADF 3¥ € ', A I 2 ¥ KT B, D E; BEE 1T E
CP 1 ADF P¥5€ 1 B 1 235K T A\ D\ E; & E ¥
SE AL PR E . CP I NDF 3 52 o E I 2 1 KT
D, A i A [A] BA] 25 %65 R A% 35 I o R 521 R € > A =
B>E>D. fE/K & &KL, BREIEE. LFF
SE . A AR E EVEE A CP VR E HR AR LA A, KT B
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Table 4 Orthogonal analysis for aerobic stability evaluation of semi-dry Broussonetia papyrifera silage

TR R X Z /K-F Factor level AR
Items No. A B C D E Aerobic stability/h
1 1 1 1 1 1 123.33 £2.314
2 1 2 2 2 2 201.33 + 3.06h
3 1 3 3 3 3 216.00 + 2.00g
4 1 4 4 4 4 226.00 + 2.00f
5 2 1 2 3 4 236.67+ 6.11de
6 2 2 1 4 3 240.67 + 3.06¢d
7 2 3 4 1 2 246.00 + 6.00¢
e 8 2 4 3 2 1 259.33 4 6.43b
Treatment group 9 3 1 3 4 2 240.00 £ 2.00d
10 3 2 4 3 1 266.67+ 1.15a
11 3 3 1 2 4 221.33 + 3.06fg
12 3 4 2 1 3 230.67 + 3.06ef
13 4 1 4 2 3 227.33 + 3.06¢f
14 4 2 3 1 4 232.00 + 2.00e
15 4 3 2 4 1 222.00 + 2.00f
16 4 4 1 3 2 212.00 + 2.00g
K, 191.67 206.83 199.33 208.00 217.83 EARL
Tl K, 245.67 235.17 222.67 227.33 224.83 Optimal combination
Mean K; 239.67 226.33 236.83 232.84 228.67
A,B,C,D:E,
K, 223.33 232.00 241.50 232.17 229.00
R 54.00 28.34 42.17 24.84 4.17

fts fER AP 2H & /KF b, B VP2 . CP. ADF il NDF
VEE R LA By KPS A, 1B B Rl A A By KF
B fEFEE & BmACF B, BEIEE. WEEE. A
A Fa e M E . CP . ADF Al NDF ¥ & 1, ¥ LA
Cy KB, RUWE & & mrh Cy KB 4R 4E R 1
sEY, WEWE. (¥ IFE . CP . ADF #1 NDF ¥
EH, B0 Dy KB, BIAF 48 &K B & & b Dy K
A IR b, RE VR R A AR
& PEPE%E . CP. ADF il NDF ¥ %€ ¥ UL E, /K F &AL,
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Table 5 Orthogonal analysis for nutrient composition evaluation of semi-dry Broussonetia papyrifera silage
g y p y papy g
ST e [ & 7KF- Factor level HEACP) RS YE(ADF) P4 4E(NDF)
N s Crud Acid detergent Neutral detergent
Ttems No. ru ( Cl etergen cutral detergen
A B C D E protein/% fibers/% fibers/%
1 1 1 1 1 1 1434+121c 33.43 + 1.27ab 47.97 + 1.40a
2 1 2 2 2 2 15.90+0.73b 32.57+ 1.11ab 46.56 = 0.83b
3 1 3 3 3 3 16.66 = 040ab 31.27 +2.77b 4333+ 1.14c
4 1 4 4 4 4 17.07+0.49 30.08 + 2.69b 41.15+ 1.09d
5 2 1 2 3 4 16.26+0.62ab 32.74 + 1.12ab 45.77 + 0.47b
6 2 2 1 4 3 16.34+0.25ab 32.44 + 0.74ab 46.05 = 0.66b
7 2 3 4 1 2 16.68+0.20ab 31.81£0.51b 43.75 + 0.47¢c
AbEEA 8 2 4 3 2 1 16.82+0.80ab 32.01 +2.05b 43.68 + 0.80c
Treatment
group 9 3 1 3 4 2 15.93+0.53b 33.13 £ 0.47ab 46.19 = 0.64b
10 3 2 4 3 1 16.47+0.66ab 32.90 + 0.43ab 45.04+0.51bc
11 3 3 1 2 4 16.04+0.60ab 33.42 + 0.32ab 46.07 = 0.67b
12 3 4 2 1 3 16.43 +0.45ab 33.60 = 1.40ab 44.82 +2.33bc
13 4 1 4 2 3 16.26+0.13ab 34.79 + 0.44a 46.74 + 0.88ab
14 4 2 3 1 4 16.36+0.26ab 34.08 £ 0.39ab 45.54 + 0.66b
15 4 3 2 4 1 1623 +0.91ab 33.94 + 1.34ab 45.67 = 0.60b
16 4 4 1 3 2 16.11+0.83ab 3437+ 1.85a 46.37 + 0.88ab
K, 1599 1570 1571 1595 15.97
W A(CP) , 1653 1627 1621 1626 16.16 S
. . . . A2B4C4D4E4
Crude protein K, 1622 1640 1644 1638 16.42 Optlmal combination
Ky, 1624 1661 16.62 1639 16.43
2
R 054 091 091 044 046
K, 31.84 3352 3342 3323 33.07
MRVEVEIR LT 4E(ADF) Ky 3225 33.00 3321 3320 3297 AL
Acid detergent Onti Byi . bE'I . A,B,C,D,E,
fibers K; 3326 3261 3262 3282 33.03 ptimal combination
K, 3430 3252 3240 3240 3258
2
R 246 1.00 1.02 0.83 049
K, 4450 46.67 46.62 4552 45.59
FRPESERLTE(NDF) K,  44.81 4555 4546 4551 4547 AL
Neutral detergent LA A,B,C,D,E,
fires K; 4553 4471 4469 4513 4524 Optimal combination
Ky 46.08 44.01 44.17 4477 44.63
2
R 158 2.66 245 075 096
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Table 6 Analysis of comprehensive balance method in orthogonal experiment of semi-dry Broussonetia papyrifera silage

[l & Factor
fabr A B C D E
Index — — — — —
e K lea Kl K lwa Kl

JXEPESE Sensory evaluation 2 1.83 4 6.00 4 7.01 4 3.33 4 408
1k 2 F5E Chemical evaluation 2 8.00 3 7.29 4 9.17 4 1.46 4 463
4 FaE M Aerobic stability 2 54.00 2 2834 4 417 3 2484 4 417
15 4 (CP) Crude protein 2 0.54 4 0.91 4 0.91 4 0.44 4 046
BRIV 47 4E(ADF) Acid detergent fibers 1 2.46 4 1.00 4 1.02 4 0.83 4 049
FF I R 41 4 (NDF) Neutral detergent fibers 1 1.58 4 2.66 4 245 4 0.75 4 096
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