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Abstract In this paper. mulberry branches. leaves and silkworm excrement added with a fixed proportion of 10% bran
were used as raw materials to carry out the mixed silage experiment for different quality ratio of the components. After the
mixed silage of mulberry branches. leaves and silkworm excrement were stored for 45 d. a comprehensive evaluation
was obtained from the sensory evaluation. the comparison of pH. NH,-N/TN. volatile fatty acid content and other physi—
cal and chemical properties, as well as the V-Score scoring system of silage fermentation guality formulated by Japan
Grassland Livestock Association and the comprehensive score of principal components. The results showed that the
mixed silage with 75% mulberry leaves, 15% silkworm excrement and 10% wheat bran had the best silage proportion in
comprehensive evaluation, with the pH value being 3. 40 (the lowest) , the NH,-N/TN value being 3. 12 (the lowest) ,
the V-Score being 89. 88 (the highest) and the comprehensive score of principal components being 1. 06 (the highest) .
The mixed silage with 100% of silkworm excrement was evaluated as failure with the pH value being 5. 21 (the highest) ,
- the NH,-N/TN value being 11. 08. the lactic acid content
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principal components being —0. 46. The results can provide reference for the mixed silage of silkworm excrement.
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0.45 pm (& BCET 4E 3 6 R I g, HTH A By LC-

20A [ RCHAR (R 500 2Ok [20-22] rhiy Jy ikl
SE LI (lactic acid, LA) | 2,1 (acetic acid, AA) | H
#; (propionic acid, PA) Fl | (butyric acid, BA) [
. iR Co (250 mmx4, 6 mm, 5 pm) , i
shAtl A O R, i zh4f B 24 0. 02 mol/L KH,PO, (i
fT pH %2 2.70) & JiGE 1 mL/min. B P 55 K

(iizh 41 B 55 A R Lk 2y 88« 12) , i [ i) [7)
25 min.

1.4.4 V-Score Vf4;: 2 B 1 A Hh & 1= W 2 )58
[T I T L A2 B TV Score PEAMA R (2 1), BLE
A BT A2 1 R B A 4 VP S 48 b 58 3 4 100 47
Bl B4 A B (81~ 100) | [ (80~60) % (<
60) 3 A~VESr 2, f 40 Mk » ARG T AT .

#1 VScore FHHRHTHAR

Table 1 Caleulation formula of V-=score score allocation
mH Item Vseore S4B R, Caleulation formula of V-seore score allocation
A L X, <5 5~10 1020 =20)
NH-NITN ¥, ¥, =350 ¥, =60-2X, ¥, =80-4X, ¥, =0
LI Xy <0.2 0.2~1.5 >1.5
AAPA }’;,, ¥, =10 ¥, = (150-100X,,) /13 ¥,,=0
T X 0-0.5 >0.5
BA Yy Yy =40-80X ¥, =0
V-Score Y=Y, +]"_\|,+ ¥,

1.5 HIREEE54 5

PR Hdf F WPS 2019 #h {82 B 5, H] SPSS #
f} 20.0 i 1T one-way ANOVA 75 2 4% #fr, ik HL
Duncan % % & Ho 8 ¢ 80 5030047 5 3 ¥ 40 ¥, P<
0. 05 FR 22 5 3 4 A P B B p 2 (x2s) 2K
o Al SPSS 20. 0 FAFREAT 32 gy o34, 45 3 24
BESh 508 T s A O
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2.1 REMEPREFTOMABAITE

HI2 2 W, SRR v il & I S Ae PR A 1)
GUELT AT SHINE = St SRR ke N W R &5 P WN B
S B JEURDRIARL TR AR 12 e AT AN )RR EE 1 05
T M TR T 90% i 77 I AL 2

Table 2 Evaluation of sensory quality of the mixed silage of silkworm excrement, mulberry branches and leaves

415 S gk fe i ¥
Group Smell Character Color and luster Seore
CK FE AR (10) 5 I R R RL I (4) L (2) 6
: A strong sour taste (107 The stem and leal structure remain well (4) Yellow (2}
FEH(14) Al el by g CHeY]
A Aromatic flavor (14) The structure of stem and leal was maintained badly (2) Pale yellow (1) 17
75 (14) S S5 R FY LA (4) g
B Aromatic flavor (14} The stem and leal structure remain well (4) Pale yellow (1) 19
. FiFE g (14) EnHE R R fr B (2) yuaCAeY]
c Aromatie favor (14} The structure of stem and leal was maintained |1a|||y(2} Pale )'P.”nw( 1) 17
FERE ek (10) 0 MR ER R 2 (2) SRR
b A strong sour taste (100 The strueture of stem and leal was maintained badly (2) Pale yellow (1) 13
. Hess gk (10) Al el by g CHeY]
b A strong sour taste (10) The structure of stem and leal was maintained badly (2) Pale yellow (1) 13
¥ FEE R (10) S S (R R (2) wiE i 13
A strong sour taste (100 The structure of stem and leal was maintained badly (2) Pale yellow (1) )
. Hp R G (10) S Eh ) (R Fr R 2 (2) e D 13
g A strong sour taste [ 10) The structure of stem and leal was maintained |1a|||y(2} Brown (1)
H 17 95 1) Sk (100 Bf = g R R 2 (2D e 1) 3

'rl]ﬂr" [ {H.illl. :iflll.'?‘l] ( I{})

The structure of stem and leal was maintained |u|||.ly(2}

Bmwu [ l)
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2.2.1 FEEAcibiRG e pH b hid&k 3w
hns Bl A Ayl Lo AR (480, pH A7 TE s da .
AN EL I T (45T) 45%., Bl CKLALB.C.D 4], pH
HITE 4.0 LLF, ez WTE 4.0 b Hovp H 415
f.pH 55 5.2, E.F.G 4] pH {i{E 4.0~4.1
2 (]

3 REMHEDVREHANETSE/EARBNES EFIE

2.2.2 FHMEDRESEESE/DE AT IS
SR 3 WAL G AT H #0 NH,-N/TN i
10%, B 41 NH,-N/TN 7F 5% U\ F, A.C.D.E.F #i
NH,-N/TN 7F 5% ~ 109 [u] ; Z2 ¥ if AR G 5 0, Bl
BV e A 1E b, LA fl PA B 2% FERIE3, BA
R FFREE DG 4 AN HE RS AVBLE 4
B AT, PA & B E PEC, BA S ELEF T

Table 3 Ratio of ammonia nitrogen/total nitrogen and content of organic acid in the mixed silage of mulberry branches, leaves and

silkwurm excrement

Dfl 8 F (% me) Mass rulio]

#1151 P AR 2 7 i T'HE
Group pH NH,-N/TN AA PA BA

CK 3.7740.04 ¢ 9.04£1.36 " 6. 440,78 * 2.00£0.27 " (. 99£0. 15 00120
A 3.3920,05 6. 79+2.24 © 4,770, 01 " 1.62=0.01 * 0.81:0" 0.0720.12 ™
B 3.40=0.03 ° 3122068 4.57+0.08 1. 582004 0. 444005 * 0. 150
G 3. 540,03 1 5. 780,94 © 4,250, 19 " 2. 240,08 * 0. 650,12 0. 1320, 02 *
1] 3.61£0,05 7.06+1.03 © 4.51+0.20 " 2.43z0.02 0.79=0.01 " 0. 160,01 *
E 4.02£0.03 " 6. 580, 88 ° 3.41£0.15¢ 1.680.02 ¢ 0.39+0.02 © 0.0820.01 ™
F 4.07£0,07" 6.57+0.49 © 2. 87+0.06 1.96+0, 36 " 0.2520.03 ' -

G 4.02£0.05" 13,031, 24 4, 360,08 ¥ 2.4020.03 0. 52+0 " 0.11=0.01
H 5.21£0.03° 11.08+0. 31 * 0. 17£0.01 * 0. 84£0.07 ¢ 01520, 04 ' -

Ferp [ AN A A A B S e (P<0.05) L 2 4 .

Different lowerease letters in the same column in the table represent siglliﬁr'unl differences (P<0. 05) , the same in Table 4.

2.3 Z/AEMEDESTDABR V-Score if57
p 4 R FEHRBE AT, LB 4

oy e SRR, G S VP e 6, 4 25 5% S vt

AR A ERE T, I L KT 90% Ja . I

4 REMERAEDSR V-Score T4}

ST AR V-Score V43 AR MR 3R VE 9, vT ol 3
25, 525 CKLALBLCLDLVELF, ¥ H #1245 —
BRI E I O o i e PR V=

Table 4 V-Score of the quality of mixed silage of mulberry branches, leaves and silkworm excrement

#15 Group

Jii H

ltem CK A B C D E F G H
WEAIBHE o v e " ) i} . N N : .
NH.N/TN . 4912700 46,2824, 32 S0.00:0 % 48432188 % 45882206 " 46.84x1.76 " 46.86:0.99 " 27.87+4.95 1 35,6741, 24
LFEANE
AA+PA Yo 0 0 0 ] 0 0 0 0 3.92+0.78
,if“ Vi 38 810,36 " 40.000°  39.88:0°  30.90+0.02° 3. 87£0° 39,9420 0 40,0020 % 39.92:0.01 * 40, 00£0 *
\"—S['{!ft?
=¥+ 80732791 86.28+4. 320 898820 88332186 85742206 86.78x1.76° 86.86x0.99° 67.79:4.95° 79, 592202 "
¥, 4,
A i 53 it i it i kiR 1 S 2}
Level Gl Optimal Optimal Optimal Optimal Optimal Optimal Poor Good
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B4y 53 4R

2.4.1  FEE TP IR TS A BOOF A 4 AR
FRAE AT X FA Z IR 7S T I R
PP AR AT AHOCHE 0 87 B TE 3R s 5 46 b 1) 55 )
ORI » M 357 i JO VP 4 b 1) 5 BILIE 6 42

#5 REMHEVEAERRERFEXESH

fEAHE . AR tiras B 5 P, pH 5 LACAALPAL
BA X 4 Bl A7 WL 235 7040 OC, 5 LA B 8 2% 6 Al
26 5 NH;-N/TN B35 EAH G LA 5 AA 235 IEAH
5 PA MRIE 5 A G, 3 g L 5 0 3 ok )
4 b A T LA TG 1) 55 2 RH S B B 485 3R 3
ARG g, R SRR B

Table 5 Correlation analysis of the quality indexes of mixed silage of mulberry branches, leaves and silkworm excrement

mH i Tl AR BE L 2 A i N
Item pH NH;-N/TN LA AA FA BA
F |

pH

AR B .

LA 0,841 ** -0.245 I

LA

f'ﬁm 0,595 ° 0.010 0.652 I

ﬂﬁ 0,673 " -0.073 0.869 ** 0.536 1

é,‘m 0,619 -0, 380 0. 367 0. 500 0.270 I

U MR 0.05 ACT EREEASG ek THRTE 001 AT R

“* " means significant correlation at 0. 03 level

2.4.2 g AR AT WG AL RV A 4R
brER st REFREH ER R ST EY
U VAR 45 b 1 B AT A T 19 3
AR R R A . i 6 m AL HT 2
A TR RIRRAEM R T 1, 5 A 79. 642% (1) 51
R RT3 A R A B TR R YA 92,377 %,
Wik R 3 AN 1 R k95 4 4 1T b S R HH JROK 6
AN EE bR A B i 6 WAL B A
T AR pH I LA, pH Al LA J2 # 0
RIFETP I ELMF BABREHR T8 2 &K
F R NH N TN (1) 33 A {8 05 e B I 1 0 o 1 i
B 400 2o B A B W R 1 3 3 O TR b e 0
FNCh BA, B2 HF I Ik B b o B O A Bk
FRH S ANEBHEETEDRAEEE S
Uty JO 2 TR 0 o g 1 S I
DTS R T P WS R SV @ A £ R i
B aE s SR NE T b, B.CD #H &5
E 195 L HE R AT 3 O, U 00 I 25 5 & T
w, Hop B4 B

“dk " means extremely significant correlation at 0, 01 level.

*6 BEMHELVRESHTNEAEFRHIEIAERRTEE
HEE

Table 6  Characteristic vector and cumulative variance contribu—

tion rate of quality index of mixed silage of mulberry branches.

leaves and silkworm excrement

Far 1l Emar2 Erkar3
I H Principal — Principal Principal LA R /%
Item component  component  component Commonality
1 2 3
e pH (. 950 -0, 223 0113 0. 9604
AR B
NH,-N/TN 0. 435 -0.834 0. 275 0. 961
FLAE LA 0. 912 0, 249 0, 247 {0, 955
7. AA 0. 749 0. 343 -0.422 0. 836
i PA 0. 800 0,410 0. 310 0. 903
1M BA -0 657 0. 361 0. 584 0. 903
flf LA 3.554 1224 0. 764
agn value
itk [ %
Cumulative 59, 242 79.642 92,377

contribution rate
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#7 REMELVRABFTVERTFESMEEEBS
Table 7 Principal component score and comprehensive score of

the mixed silage of mulberry branches leaves and silkworm ex—

crement
a1 ERdr2 R 3 A L
151 Prncipal  Principal  Principal "7 PP geg
C ) Comprehensive -
vH'uII (1}“[[){"'("]1 |‘||"|!]=J|]"l|l l.‘]“ll.}lu‘.‘ll[ “.LII]]'EII[E
I 2 3 SC0ne
Ck 1. 11 1. 65 -1.44 0. 54 5
A 0.91 =0 06 =1.00 .73 -+
B 0.97 -1.94 —-0. 08 1. 06 1
C 1.28 -0, 47 0. 44 0. 86 3
] 1.72 0.07 0. 87 0.97 2
[y =0 56 —0. 64 (.05 —-0.23 f
F =1.19 =30 -0.25 =0, 66 b
G 0. 14 1. 60 1.42 =0, 46 7
H -4.37 0.08 =001 -2.82 9
3 g

3.1 REMERLESTIENEIER pH 95200
pH AT BL B e 5 0 Rk 7 I e g R A
WL EEE"Y . HA AL pH . 3
TRl 4 A5 80 pH AR T 3.8 AL, 3.9~
4.1 HE.4.2~4.7T H L T 4.8 hpe™, &
PN be i <45%, pH {H4E 3. 8 LUF, S840, A b
FEMELBI7E 60% ~90% ., pH 75 3.9~4. 1 4, fh4
[ AP L) 1009, pH T 4. 8, i 555 F
B E b IR A7 I, B A vl Ho i %, pH A T
. AR TR b A K SR T B
%% b b B 48, i it £ 89 A K, 5 pH
o5 A
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RS EUR M T I R R R 0 R T
AL B R (A, S W e b ) op i A R A
R, s m e P LR A A R
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B2 R R A T B 4 NH,N/TN &
{0, VFAr i 4r G 2 dme e » VP4 fe A il 35 A b L 49
B hn. NH,-N/TN 15 T @l 3, o] g /2 2 A5 [R5 &L
FLER R pH, i 1 3 11 52 20 A [F) R RE (g PR o, B2 T
BRI .
3.3 ERMEVESJFEMEIENFRAES
3 e R O L O T e e S

e PE 1 FLI 2 PR A pH A8, 0 28 o 400 o AN 75 22 1 4
B A AT Bh o e R P AR R Y . &
Pl ZE b TR A T, TR 5 B B AT 7 2P s L 45
Bkl Horp CK 21 SL I8 Bz i G A1 3L % Je 2
1 pH &3 75 e ) i 8 17 R A SR s
HEPEEPERMNIBAEE Y SR MKREN
LR F M FLAT e i S R E T e e AT PUEL S
P, i el b 7 10 Rl b A T B W 8 0
B e o R R
FIE, BEAT A b fE IR LL A h 4R |, 2R S AT
Fhimftash, FHEHH ERA TR TS
PR A SRR P AT R AT R B, R A e
Ehh, SRR/ 2R bl o T 2B i e T
45% 5, FLIR 1 28 0T 2, Jd AL R Ik, X
pH BF9C8s AT R S e T B e B i 1 o 5 1
BRI, KR TR E R MEE R . S &
PRI Bl AT b AR IR L b R e, TR
i fr A T s, v TR A S pH
FUBLAE S0 () Bl A ] 5 2 S T A 5
3.4 REMERLDREEINES

T f BV s 0 65 B VT s R
PPz BRIV s 2 — PRkt i B0 P i i I
Jride pHALEHR G B A ARG ERLLR ST
I G TR R T . SR &
TRATIF I 78 A b ils I L) T 75% I Bl A i b
LE 1 (1 34 I » V-Score V40 1. BRI LL B 41
o, S, G HVE S A, 2 H 415
BORVET B (M pH F H gL 5. 1, ¥R 5
ate At B gk BTV Score W VEH I BN B
FE, Mo pH LR J AW SRR S %8, 65 3
EHERG AT TS R B Rk 6 AN
FRAEAT TR Ar 0T SR A AT R B I T T
AT —EUE 200 58 35 2200 A b 5 VR A 1R

4 i

I3k AN ) 2 PF i B R R IR A T T
BB T5% F M+ 15% 2 ¥b + 109 4 575 10 8 It 4
U, eyl L 4] 100% F) 5 00 3 22, pH fi s, LA i
i, Vs . 0% B FREMESESTE
FE = i) pHL A E R
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