51 3 (CSCD) A% Lo TH)
B[ CABLSCH 540 ek U HA T
o ERHAZ O]
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A EE K EFARMFIXT ERNFEFT B I
mEREFRMERNZZ

REF, FHEREEFR, LA EFLK, TiLk

T 8RR b K 22 Y 22 B, BT 58 % & K 5% 830000)

WE: A KKK IK IR (Capsicum annuum) )G 09 #1 8E R AT H RAL, @3 R FRFASKRZRAES 73% (H). 65% (M),
55% (L), At A 1.0 x 10° cfug ' M4 SLAFE (W) 1.0 x 10° cfu-g ' M4 SLAF T +0.15 gkg ' 4F 4 2 85 (W,). 0.5 x
10°cfug MM EAAFE +0.5x 10° cfurg  AFF AT E (Wy). 1.0x 10°cfug HMMBILAFH +4% % (W,). 0.15gkg ' &
Y F B (Ws), VARIAEAT IR An ) (Wo) A 3T IR, B F 1 60 d & AF A R B A 7K B 4o i An 7l st B A5 AF & 1 & R Fe 8
FMAEHre, FHERKAKY BB mANLEEME, EREW, AKRE, Hod AL L A A TR F &R
HABEP<O00)RMEFP<0.0)Fm. AKEAME FEHE G (CP). IS (EE). Tia MK KLY
(WSQ), $LE (LA) A& A A4 A 1L (RFV) & &, pH. NH;-N/TN &A&, FREaR&3F, L ARZELAKE; HmA
200 Wy, Wy it, FeeF4 5 (DM). CP. WSC. LA 4% & RFV & T R fmm A, @ pH. NH;-N/TN & T 3L 4 i
I, A REIRN . GAMEIRE . RAREBEARSY-F G RIR R (CNCPS) Aotk 91K 3o F SRS #F F 2 3R 4T 42
SN AY, MW; SRR, HRAMW,, SE, RBEHFTRETSKEAM, AL W, X W, 2R
B, TEEHRAZPERFESEA,

X ARARM; M KBRIT; ROh Ak AR RN AT

XHAFRINEE: A YEHES: 1001-0629(2024)10-2435-15

Effects of different moisture content and additives on the quality and
nutritional value of pepper straw silage

CHENG Zhize, Yisilayi-Dawuti, Aibibula-Yimamu, WAN Jiangchun
(College of Prataculture, Xinjiang Agricultural University, Urumqi 830000, Xinjiang, China)

Abstract: This experiment used the fresh straw after the last harvest of pepper (Capsicum annuum) as raw material. The
moisture content was adjusted to 73% (H), 65% (M), or 55% (L) by pre-drying, and the additives used were 1.0 x 10° cfu- gf1
Lactobacillus plantarum (W), 1.0 x 10° cfu'g ' L. plantarum + 0.15 g'kg ' cellulase (W,), 0.5 x 10° cfu'g ' L. plantarum +
0.5 x 10° cfu'g ' Bacillus subtilis (W), 1.0 x 10° cfu'g ' L. plantarum + 4% molasses (W,), 0.15 g'kg ' cellulase (W), or
with no additives (W) as the control group. After 60 d of silage at room temperature, the effects of different water content
and additives on the quality and nutritional value of pepper straw silage were studied, and the optimal moisture content and

additive treatment were determined. The results revealed that moisture content, additives, and their interaction had significant
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(P < 0.05) or extremely significant (P < 0.01) effects on the quality of pepper straw silage. When the moisture content was
M, the contents of crude protein (CP), ether extraction, water-soluble carbohydrates (WSC), lactic acid (LA), and relative
feed value (RFV) were the highest, pH and NH;-N/TN were the lowest, and the silage quality was the best. The second-best
water content was L. When W5 and W, were used as additives, the dry matter, CP, WSC, LA, and RFV contents of the silage
were higher than those of the other additives, while the pH and NH;-N/TN were lower. Combined with sensory evaluation,
comprehensive value evaluation, Cornell Net carbohydrate protein system and in vitro tests, the MW; combination revealed
the best comprehensive effect, followed by MW,. In summary, the most suitable water content of pepper straw silage is M,
and the use of additives W5 or W, had the best effect on silage quality; hence, these can be recommended for actual silage

production.

Keywords: acrobic stability; Capsicum annuum; fermentation quality; in vitro gas production method; relative feeding value;

sensory evaluation

Corresponding author: Aibibula-Yimamu E-mail: aibibula@hotmail.com

AR, W3R E B PO AR RE,
DA S NATT6T 86 77 il Jo £ 75 SR AN W7 164, R o ) )
AN R R R, R I 2 B O K RE IR I 3
Rl 2o T B E AR AR SRR, NEFRAEE
3 B AE v R . BROBURS AT 2 A R A R B
Wi, BHZE AR B U R, LR B A 14.79%~
16.72%, & 7% 0 L T £ 5 (Leymus chinensis) 1 &
K (Zea mays) FFF, 5 E 1 (Medicago sativa) #:i5".
FEFR I, BBl R T AR 2.1 x 10° hm?, R FF4E 7
Bik 6.9 x 10"t Y, BN E R . 2wl BN AT 75
WA B, TT R N R A s e RE, T [E] I 2 fig 1R Rk
L SRR 2715 4 AN P 1l i R

TR T2 R ORFRR PR L S OK & K
PE )R 0 T IR U R 4 TR R B Y, (R B TR R T K
AR b R RE K e O R AL 55,
A B E K E R S BUSRHE R el B, 08 R
W5 B 5 B A O, S T e R Y K gy
%, JEURHE Se R M, 18 sl Efa e v 2P, womsag
o RS 2, PR A AR . WiAE W FLAT B AT
w78 SR IR 7Y R I LR o AR AN R R R R A
FF T 03 A LT 2k Sl Vi Hh A 25 2R BB, I T
AT B SRR, T N LR T RO
RERA ;s 21 4 2 G n 5 fife 75 00 J5URH IR 2 4 2% 55 4
b0 B 235 K 1 B S8, Dy LR B DR Rt mT R A )
B

SRR AR P A BOUSCER JE RS A SO B AS —,
oK o A8 AW B AR, PRIk, AR i 7T DA B BURS #1
TR0 5, B 58 A [B] 2 7K B R R 00 77 6k 3 35 T it o

AVE TR B B2 W0, I8 5 S 7K 20 B2 7 ) 4k 22
A, B AR I SO0 R BROURS A AR SR
FEEARAR I AR 25, Oy AR & JUEDRL T K A
M Btig A2 77 %

1 RS 05 %

1.1 RIEHR

Zx i\ BRARCRS AT HX 5 g8 2 5 0 2 9 3 B 855 N
WOMHE R, SR B R B RLar, 2022 44 F 9 H
&, JR] IE 5B K S T RN B 5 BRABCR: 4 Ja YR
T AR, A EI B B4 7 2~3 em, FEFFIG . LU Lk
7%, ¥R (dry matter, DM). #2 F Jii (crude protein,
CP). 4 PE ¥ £ 4E (neutral detergent fiber, NDF). [ig
M P 5 45 2 (acid detergent lignin, ADF). ] & M4 ik 7K
tt. & ¥ (water soluble carbohydrates, WSC) 1 i Ji
JIii (ether extraction, EE) & & 43 7 A 26.32%- 15.90%.
34.97%- 29.30%. 9.57% Al 2.90%, H &K (capsaicin)
SN 8229 ngeg . B AE BT EFL AN B H R T
B MO R A R R AT (1 x 10" cfurg s
H B 2E AT I (1 ¢ 10" cfu-g ) T ¥k s 3 SR AR W
AR A, 44 K8 (20000 U-g ) 19T Eigin
AR BR 2w, 6 S TR0 <5 B T R A R
YNEIS
1.2 it

PRI R O R (B K& < I IR 56 4 B AL 1
TF o BRABURS FT U 1 5 75 T 4 10 7K Je b B 178 - 3 1) 30
WG, S0 22 5 R, SR PR R T E R i
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a7 K & KE, f5F 8 KE 73% (WER i 58
PR 65% F1 55% I, F R BEALRD 7, 23 7 1.0 x
10° cfurg ' RV FATE (W) 1.0 x 10° cfurg ' W FL
FFH +0.15 gkg ' P45/ (W,), 0.5 x 10° cfurg '
Y FLAF B + 0.5 x 10° cfurg | M 5L 2 F AT B (W))-
1.0 x 10° cfug ' HEL AW FLAT B + 4% 5% (W,) 1 0.15
gkg  FHEEE (W) B T EHEE B Tkt 5w
TG 7R T ) BRURS BT b, o BRZH (W) W% 7 25 B TG 1
EETK, LIS N, AN E 3IANEL, Kk
BIERANROHERTHTARIFE T ENHER
T EAR K, 60 d o BURE I 2 A D HE AR o & Ab PR R
I s sk 1 pr sl
1.3 MERFSHFZE
13,1 BORURE FF 5 0 8CE & BVEA

T 0P b 5 R VT 4 A o 2 IR T R e N A
T 92, B BRURS A g5 R L R R AT 3 AN
AT S5V E -
1.3.2 BRARCRS FT 75 008 97 120 Ml g

T M8 A MK 7 (coarse ash, Ash). i
RE W FRPEBER AT 4 MR A4S EN N E S
R AR AR g s AT VR B K AL B R R R —
TR Eb gy 0 s 1 2R A R SR v OB
i (HPLC) vE &,
133 BOMURFT 700 K % 0 52

B 75 I 3 MURS FT 665 FF 20 g N 250 mL 4 7
s, N 180 mL K B 78 18 /K IR 9 30 min, FH 4 $F HL
R 30s, FEH 4 220 A0 f e & e 4R it E,
IR EW . F 25 R T (Ll H L A s ),

P38 LR AR DI ER BRI pHe B M IR $E A
IR A R B O HL (6500 x g, 4 °C) B0 5 min, 4
0.22 pm JEM L E . M Cao " 1, R &
SO B A 2 FLR (lactic acid, LA). Z. & (acetic
acid, AA). N R (propionic acid, PA) }2 T g (butyric
acid, BA) % & . NH;-N Il & % F 78 Wy — Ik & B B Ll
(R, L
1.3.4  BRARCRS FF 75 0 S8 A2 E Ml e

PR FF 5 2 60 d J5 JF 4%, FH 1% 1 20 A o £
10, By b BOARCRE FF 75 W i 7K 23 i 2 s s o A
F CTR-690 2 % I [ 10 s A 10 A it il B2 1) A2 4K
BEAN A BERCE 3 AR R S o [F) I AE B0 B o RCE IR
FETE, S e 0 PR 58w i R AR Ak, W ) () B 5
BN 20 min, 8 IR FE S T M IRIR L 2 °C B[]
A AR Y,
1.3.5  BBURE #F 75 EoAE 6ol AR B T 5

A8 % 15 A 1B (relative feed value, RFV) 1] 11 5
AR AT

RFV =DMIxDDM/1.29,

XA DMI T W) K & &, DMI =120/NDF; DDM
NE[YEAL T W5, DDM = 88.9—-0.779 X ADF .
1.3.6  FRARAS FT 75 025 & B V1 8

FIF Fzuuy 2527 7 58 8 bR 02 060 BOBURS 71 5 I
i i 25 A VA . DML CP . WSC. RFV. LA il & 2
5 PE 5 BORURE AT 75 02 BT IE A 9%, pH. NH3-N/TN,
NDF. ADF. AA. PA fll BA 5 B HURS FF 75 I 5 i 6
FS%, S0 F A A A 7 v B R bR SRR R
BE, X Fr A FR bR S8 e BUE AR D, e R AE R/ HE

x 1 AEMEFEIRERT

Table 1 Design of the pepper straw silage experiment detailing the treatment types and their content

7K 43& & Moisture content/%

Ayl IFll AN e ()
Additive Addition amount (FM) 73 (H) 65 (M) 55(L)
X B8 Control (W) HW, MW, LW,
FAFUNFE LP (W) 1.0 x 10° cfu-g ' HW, MW, LW,
T + 2148 2B LP + cellulase (W) 1.0 x 10° cfu-g ' +0.15 g-kg | HW, MW, LW,
WADFURFE + AE 2 HOFF I LP + BS (W) 0.5x10° cfurg '+ 0.5x10° cfu-g ' HW, MW, LW,
AT + 525 LP + molasses (W) 1.0 x 10° cfurg ' +4% HW, MW, LW,
2T 4 W Cellulase (Ws) 0.15g'kg ' HW, MW; LW;

LP: Lactobacillus plantarum; BS: Bacillus subtilis.
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2, B KSR B 5 I 5 R 4T
1.4 CNCPS EHESNE IR
1.4.1 CNCPS #4150l & 77 7%

oM R S W 1B R E R (neutral detergent
insoluble protein, NDIP) A1 F& 14 ¥l v A 7 1 R 2 A i
(acid detergent insoluble protein, ADIP){% & Van
Soest 2 "1y 5 = W & . ATV E K E R (soluble
protein, SOLP) 4% I Krishnamoorth 25 " fy 77 1
€ ; 3F 5 F1 & (non-protein nitrogen, NPN) #% i AACC
(1976 4F) J7 =" BEAT I 5E
1.42 CNCPS EHHAA 3 IHHE T

AR _E 3R T8 AR I 5 45 S, 4% IR Sniffen 2527 41 1
{75 % B CNCPS & [ 4143, faAr L H5 CP #f NPN
& (PA). CP A FFH & A & & (PC) & CP
P, ARl 12 B R R BT & & (5 8 PBIL
PB2. PB3). [a] s I 55 1 5L 1 AH B 45 b
1.5 (KNS
1.5.1 B B RRE

EH 3 R 12 i, A& (45.0 + 1.52) kg 48 F
IR B AR, (BT IR e SR R, M
B %8 37K T 2 I8 NRC B E 2 bR vl it . 3 4k
FRBEELEEEE NEY, H 4 Z9 005 E
MR A], 2ENTTH CO, Ml #IE 39 C RN,
7 B 2% P 1 [ S 2
1.5.2  B5 IR )

% I Menke il Steingass”" 1] 77 v i 4% 55 72 0
W TC R IE W (A W): CaCly-2H,0 13.2 g, MnCl,-4H,0
10.0 g, CoCl,-6H,0 1.0 g, FeCl;-6H,0 8.0 g, il 7 1#
K Z 100 mL. 2% % W (B ¥ ): NH,HCO; 4.0 g,
NaHCO; 5.0 g, N Z£ 18 /K & 1 000 mL. ¥ & JG & I
% (C #): Na,HPO, 5.7 g, KH,PO, 6.2 g, MgSO,-7H,0
0.6 g, MNZETE/KZE 1000 mL. & J5 7% % (D ): 1
mol-L "' NaOH 4.0 mL, Na,S-9H,0 0.625 g, /il Z 18 7K
% 100 mL. HZ 400 mL Z£ 48 7K, M 0.1 mL A ¥+
200 mL B ¥ 200 mL C ¥ M1 40 mL D ¥ i fil] Bl 5 77
o B TS F 39 °C IR K I A AR IR R B RS Ry
FRFEARFALE 1+ 5 id IR & 55 9 0 4%
1.53 &A= AR TV

YR PR BORE 0.2 g (RSB & 0.002 g, % 3 N ER
) MAFLAE 37 pm 19 )8 T4 (2.0 cm x 2.0 cm) T,

SR ¥ JE AR THON 100 mL [ v 5 8% o, o A i X
RA IR 30 mL (% 3 N2 H), B 39 C KB #E
PR L, A8 3% 34 64 9. 24, 33 F1 48 h 44 &b & B 77 S,
& (gas production, GP), FFiEBI&E M K. 48 h /7S
i = L SRR BB U/ A R 2 S |
R R, W RS KW pH FI & &
% (NH3-N) & & ] 1 48 h f& 7 T4 57 (DM) P& il % .
1.5.4  WMEIRFR Kt I 1%

1) K% pH 1 NH;-N £ 5% [7] 1.3.3,

2) DM P i %6

DM =

TN 5 28 P DM — & 5% B I{IDM
TEONTE 1 48 KA1 ¥ DM

3) PR R S A 5GP = % B [A) BE i GP —
% BN TE] 2 1R GP.

4) PR 1S

GP 44t & 77 72 4 By e,

GP;=ax {1 —exp[_cx(’_l“g)]} o

A: GP, Nt I Z| B F= S & (mL), a NER B H K
P2 S B (mL), ¢ PRS0 B (mLh ), lag NPE
STTUE I A ZE IR I 18] (h), ¢ 9 Bt 8] . %5
FEHHE =SB 1% 25 an ¢ M lag.
1.6 ZitoHr

B WE 4 Excel 2010 FH ATV S A1 f5, {F H
SPSS 20.0 — M £k AL A (GLM) X 548 #E4T 5 % 43
#r, % F Duncan K122 B LGS .

2SR50

2.1 HWBEFECREITFMN

M F K & BB A 5 R S P 4 (16.17)
B, HJ L (15.33), H (11.33) /K ERIK (5 2).
A — & /K& N, W n 7 b #2408 B V40 3 i T IR
H, H Wi 1 W i I FIRCR T H R &K
AR EAZ R E, MW MW, LW LW,
MW . MW, Fl HW5 7 A~ &b B 1) BRORS 1 75 I %5 2%
KB R, Hoh MW, fT MW, B B B 4
L E] 19 73 A1 18 77
22 HWBERHEIN&R

B /KB A 077 0 BRARCRS AT 75 2 pH. LA AA.

% 100% -
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* 2 BKEFIRMFT LR FREFEFT F IR E @RITEN
Table 2 Sensory quality evaluation of pepper straw silage
treated with water content and additives combinations

/E[/ Sl 2
oMb W
R Scoring criteria o Y

- Total
Treatment /5 ik ZE % score

Level

Odor Structure Color
HW, 6 1 0 7 H%% Medium
HW, 9 2 1 12 1T Fine
HW, 9 2 1 12 1T Fine
HW; 11 3 2 16 it R Excellent
HW, 9 2 1 12 M#f Fine
HW; 8 1 0 9 %5 Medium
j’vﬁfe 8.67 1.83 0.83 1133 4 Fine
MW, 10 2 1 13 M 4F Fine
MW, 12 3 1 16 LR Excellent
MW, 11 3 2 16 LK Excellent
MW, 13 4 2 19  fLR Excellent
MW, 12 4 2 18 K Excellent
MW; 11 3 1 15 i 4F Fine
iﬁfe 1150 3.17 150 16.17 fKR Excellent
LW, 11 2 1 14 4 Fine
LW, 11 3 1 15 4 Fine
Lw, 11 2 1 14 M4 Fine
LW; 12 3 2 17 R Excellent
Lw, 12 3 2 17  ft K Excellent
LWs 11 2 2 15  [lf Fine
jﬁvfii 1133 250  1.50 1533 Fi4f Fine

WS 2 WEL FIE,
The code of treatments refor to Table 1, this is applicable for the following
tables and figures as well.

PA 1 NH;-N/TN 5% 1 i5 2| i & (P < 0.05) B i) 2 5%
(P <0.01), & /KB E A HE 2 (P<0.01) [
2 HRN (3 3). M AL FEZH pH. PA Al NH;-N/TN £
K, LASEm THMHEASKE. HETHEK
AT AL, LA T4 B LA S & &4, pH. AA.
PA I NH3-N/TN 548 bR 31K T H AR B4, B H 5K
&I W Fl Wy 4b B I 2] /> & BA 4, HAR b3
AW B o TS0 TR 75 THD A5 S 0700 Ak B ) ARG

FF 5 7 pH. PA Al NH;-N/TN & & S % T 6 I 41,
LA & XA LA &2 H & 2K OE Wy > W, >
W, > W, >Ws>W,, Hif MW, () LA & &5 5.
23 HMBEFHELEFRKS MEXNEBNE

B 7K B RS FF 75 P DML NDF. EE. WSC #
BRI B 522 (P < 0.01), % CP Al REV 520 &
E (P <0.05) (& 4); ¥ 0 77 %5 BAURS #F 5 2 DM,
CP. NDF. ADF. EE. WSC. Bl & il RFV H ) & &
S0 (P <0.01), 3% B2 RN AT DM MR & &
S A 5 (P < 0.01). DM Pl & 7K B B AR 1M 16k
M 4b 3 40 CP. EE. WSC. % #l & Ml RFV & & ,
NDF #l ADF & & 5 1% . L 4t ¥ 41 NDF. ADF. EE.
WSC IR S &/ T HAHY, RFVK T H &
. CP & EBEEAKREIN W >W,> W, >W, >
W5 =W, REV H = 2T A Wy > W, > W, >W, >
W5 > W
24 HHBERHESNESEREM

M Ak B 4 BMURS FF 5 0 R e M BT, T
9 148.50 h, H & L At B 2H (141.67 h), H &b 2 4H
(115.33 h) H A% (K 1). 555 ML A b, A B s m 771
ARG FF 75 0 S e e 1 B B (P < 0.05) L &b
LRI W BRAb o 4 b B BRARURS AT 75 I A fa
&M T B AR KON MW, > MW, / MW, > LW, >
MW, > LW; > LW, > LW, > HW, > HW, / HW; >
HW, > MW;>LW,>MW,>LW;>HW;>HW,.
25 HWBEFIEREENETEN

R R B LR A BT (3 5) R, BUBURS FF &K
BHOAM, IINFAEH W, f1W, R i, B oW iR
F Wyo BBUREFE &K 8N H, R AL I 77 1) &
CEE VPN SR . & A BEBORURS AT 5 45 5 8 R E
1 B A N MW, > MW, > LW; > HW; > LW, >
MW, > MW, > LW, > LW, > HW, > HW, > HW, >
MW; >LWs5>MW,>LW,>HW;>HW,.
2.6 FWFEFBFIMER CNCPS EHER

4 AN Kb B BARURE FT 5 0 5 B A5 A L, PAL PB3
S FEETE (P<0.05), PBl. PB2 1 PC &K T
A 5 A ) A 3 0 BRARUCRS AT 5 A B L, MW5 1)
PA B #& T LW, il HW;, 5 MW, ZR A B (P>
0.05), MWj; ] PC & K T HoAh 3 AN b3 (3R 6)-

http://cykx.lzu.edu.cn


http://cykx.lzu.edu.cn

2440 ook B 4%

R 3 BKEFRMFXBREFEF B G R

Table 3 Effect of water content and additives on the quality of pepper straw silage

HiH FIF £ 7K & Moisture content (MC) S B3 M Significance
Item Additives (AD) H M L Average SEM MC AD MC x AD
W, 4.65a 4.27a 4.22ab 4.38
W, 4.14c 4.11bc 4.15b 4.13
W, 4.10c 4.11bc 4.15b 4.12
pi W, 4.12¢ 4.09¢ 4.17b 4.13 0.14 * * *k
W, 4.08¢c 4.12bc 4.17b 4.12
W 4.29b 4.17b 4.25a 4.24
“F-14{H Average 4.23 4.15 4.19
W, 1.71d 2.10e 3.23b 2.35
W, 2.62ab 3.81c 3.54a 3.32
FLIR W, 2.84a 4.83b 3.22b 3.63
Lactic acid
(LAY % W; 2.32¢ 5.74a 3.33b 3.80 1.02 *% *% *k
W, 2.76a 4.96b 3.23b 3.65
W 2.33c 2.61d 2.32¢ 2.42
“EH51H Average 243 4.01 3.31
W, 0.60d 0.64d 0.64bc 0.63
W, 0.63d 0.75a 0.85a 0.74
LR W, 0.76b 0.73ab 0.53d 0.67
Acetic acid
(AA)% W, 0.62d 0.70abc 0.60c 0.64 0.09 wk *k wk
W, 0.93a 0.69bcd 0.60c 0.74
W 0.69¢ 0.67cd 0.70b 0.69
SEY5ME Average 0.71 0.70 0.65
W 0.18a 0.10a 0.12a 0.13
W, 0.07b 0.04bc 0.04b 0.05
] W, 0.06b 0.05bc 0.06b 0.06
Propionic
acid (PA)/% Ws 0.04b 0.03c 0.04b 0.04 0.03 o -, ok
W, 0.06b 0.04bc 0.05b 0.05
W5 0.07b 0.06b 0.06b 0.06
FIME Average 0.08 0.05 0.06
W 0.11 ND ND 0.11
WA ND ND ND ND
T W, ND ND ND ND
Butyric acid
(BA)/% W, ND ND ND ND
W, ND ND ND ND
W 0.09 ND ND 0.09
“FIIME Average 0.10 0.00 0.00
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Table 3 (Continued)

Wi H FINF 4 7K/ Moisture content (MC) S .7 7% Significance
Item Additives (AD) H M L Average SEM MC AD MC x AD
W 11.90a 9.92a 9.92a 10.58
WA 5.04c 3.05b 3.14d 3.74
AR/ W, 4.89¢ 3.04b 4.66b 4.20
NH;-N/TN/% W 2.63d 1.72d 3.94c 276 T - -
W, 5.34¢ 2.59¢ 4.61b 4.18
W 9.98b 9.38a 9.35a 9.57
“FH41E Average 6.63 4.95 5.94

6] — &K & R R R NG FREROR 22 7 3 (P < 0.05), MFESLFERRERANLEP>0.05), O RRZEFNEEP<0.01), *FRRZE
FE(P <0.05), “NS"ERRTLREZEEFP>0.05). NDERRARBME]. K4
Different lowercase letters within the same column along with the same water content indicate significant difference at the 0.05 level, whereas the same

letters or no letters indicate no significant difference at the 0.05 level. “**” indicates highly significant difference at the 0.01 level, “*” indicates significant

difference at the 0.05 level, whereas “NS” indicates there was no significant difference at the 0.05 level. This is applicable for Table 4 as well.

27 MBI MEBERIIN =S ERELFEN
AN [i) Ak B SR BURS A 5 0 A0 A A P S R
4 AN [) A 35 BRARURS AT 75 W00 R0 B 4 1 7 R B
R T I ) ZE K 8, 7F 20 h PR B g b, 7R
O BUOR, 1% R B AU R B AR O
& > MW, > MW; > LW; > HW3, 20 h &5 /= Sl 5
ToFfa, H MW, 5= S0l R i &, i Mw, fiE 75
(K 2). 48 h RFL= A & M s BMR AR O MW; > 1
& > MW, >LW;>HW;.
2,72 AS[RI AL BEBBRURS A 75 0OR R A SN R S H
J DM P& R =%

4 SRR IR B K PR S R A DM R g 2l s E
AR KN MW, > MW, > LW, >HW, (% 7), HZERE
# (P<0.05), KW NHy-N /£ MW, 5 MW, 2 [a] 2
BRI, HEEMT LW, F1 HW; (P < 0.05), LW,
FHW, 2 [8] 7= 5,38 56 R B pH 38 22 7t A B 3%
(P>0.05), 4> kb B BORURS A1 5 2 55 B 78 A LA
BAT P ARR R R R pH 2 R AN B E B
Bk K= [ENT MW, 5 MW, & EZR AR,
R NH5-N A F LW, fil MW, i 2 7 AR #;
DM BEfEZFALT MW3 MW, F1 LW; , B & T HW;.

3 g
31 BHUEFFE R B RS A
AW FU BB AT R CP s 20 N 15.90%,

2.7.1

58 15 (18.59%) 4t , NDF F1 ADF Ji & 43 ¥4y 5
N 34.97% F1129.30%, SIS T 7 (48.14%. 35.54%) Y,
DA, B ARURS FF 76 8¢ 1 REV. BF 78 iA A, 251 il
PR R RE, & ERS K B E, PR,
B ET 5% 1 WSC P AR BF T o, BOHURS FT
WSC JRE N 9.57%, BALT 2 EX (11.06%) %,
EL 3K B4R 5 5 0 JEORE X WSC SR K, it B AR IRk
BB 5 BRASURS AT BRI, /K =2 73%, A K&
B B AR (20 5 SRS T 10%), N2 SRS AT B &
A EREBAME, A& S HE R R RE.
TEASTIFFE 1, IR ISR BURS A A A8 R A AT VA8 Jon 1) L 4%
I, pH N 4.22~4.65, NH;-N/TN A 9.92%~11.90%,
HAE 73% /K43 B6 T 7= 4 /b & BA, S FAK T H
PRI FA BT e T, U B BORORS AT B4 AR A
B, A D7) Ak SR B A, I AT R 2 E T BOARURS AT
B BB IR PR B B B 4 A LR R & D B
32 BAKEXNHRMBEHEIN RN

JEORE B K B BB S e AL R ) R I R,
S KR LA KRG S pH AR, JoiEA 284
A R ALK, 5Ky & &l s, 78K sE
i T R B FRMTS R, AT B 7 0 i &
KA, SRR AR R R RS B e s, SRR A
2T, FRHFUAEARENZE, 55K
AP,

AHFCR I, K &R B A R B
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Table 4 Effects of moisture content and additives on the nutritional components of pepper straw silage

W[ I £ 7K & Moisture content (MC) S 3 Significance
Item Additives (AD) H M L Average SEM MC AD MC x AD
W, 25.91ab 37.52b 38.11c 33.85
W, 24.24¢ 38.57a 39.98b 34.26
Tl W, 24.87bc 36.68b 40.64b 34.06
Dry matter
(DM)/% W 26.73a 37.70ab  40.70ab 3504 6.65 o o o
W, 25.44b 37.01b 41.96a 34.80
W 24.14¢ 36.65b 37.14c 32.64
P Average  25.22 37.36 39.76
W, 13.22¢ 13.97¢ 13.51¢ 13.57
W, 14.34b 15.08b 14.89abc 14.77
FEH W, 14.37b 14.86bc 14.59abc 14.61
Crude protein
(CP)/% W; 15.96a 16.33a 15.77a 16.02 0.98 * *% NS
W, 15.13ab 15.68ab  15.01ab 15.27
W 13.11c 13.84c 13.77bc 13.57
T Average  14.36 14.96 14.59
W, 35.48a 35.21a 3591a 35.53
W, 33.75b 33.16b 33.43bc 33.45
Nfuﬁfﬁﬁf;it A 33.55b 33.11b 33.73bc 33.46
(Nfgg;)r/% W 28.33d 28.19d 28.51d 2834 249 wok *ox NS
W, 31.27¢ 30.28¢ 3231c 31.29
W 35.17a 34.6la 34.71ab 34.83
FH{H Average  32.93 32.43 33.10
W, 29.09a 29.14a 29.33a 29.19
w, 27.76b 27.66b 2791a 27.78
[l guRiinz TaR7i3 W, 27.84b 27.73b 28.06a 27.88
Acid detergent
fiber (ADF)/% W; 26.14c 25.21c¢ 26.44b 25.93 1.42 NS Aok NS
W, 25.76¢ 25.66¢ 25.91b 25.78
W 29.08a 28.76ab  29.11a 28.98
FIIE Average  27.61 27.36 27.79
W, 3.12b 4.84a 4.44a 4.13
W, 477a 5.33a 5.02a 5.04
ﬁ‘@%ﬁfﬁﬁf‘:% W, 4.78a 521a 491a 4.97
cazggél(yjc)l/r;es Wi 4.93a 5.69a 5.10a 524 o072 o o NS
W, 5.0la 5.68a 497a 5.22
W 3.15b 5.02a 4.39a 4.19
“E35{H Average 429 5.30 4.81
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Table 4 (Continued)
BiH FINF £ 7K & Moisture content (MC) S i M Significance
Item Additives (AD) H M L Average SEM MC AD MC x AD
Wo 2.41a 2.52¢ 2.48¢ 2.47
W, 2.43a 3.31a 2.76bc 2.83
BN =pil] W, 2.23a 3.16ab 3.12ab 2.84
Crude protein
(EE)/% Wi 2.89a 3.50a 3.22a 3.20 0.40 ok *ox NS
W, 2.56a 2.67bc 2.63¢ 2.62
W 2.34a 3.06ab 2.86abc 2.75
“FH51H Average 2.48 3.04 2.85
W, 53.39d 61.99d 60.21¢ 58.53
W, 64.08b 71.76b 70.33b 68.72
Capsaicin/(ng-g ) W, 67.06a 79.23a 73.41a 73.23 7.09 ok ok ok
W, 55.18cd 58.37¢ 57.22d 56.92
W 57.21¢c 60.12de 59.09cd 58.81
1414 Average 58.70 67.55 63.61
W, 173.70d 174.90d 171.13d 173.24
W, 185.45¢ 188.95¢ 186.92bc  187.11
AR FH AN B W, 186.39¢ 189.12¢ 184.93¢ 186.81
Relative feed value
(RFV) W, 225.08a 228.57a  222.95a 22553 18.53 * Hox NS
W, 204.78b 211.72b 197.75b 204.75
W 175.22d 178.76d 177.50cd  177.16
SEHIMYE Average  191.77 195.34 190.20
200 0 BWEW, =W, mW, 2 W, W, O E W, 73 AR, B DM B
180 | bl 2 2o X ) .
o | ¢ S HIRRAR T, AA BEIK 53 10 AR T I8 b, HE A
<= a — o Vo — v
W B MO = FFE bR AH LEEE, MK 1) W BRARRE AT 2E VA
S E 120 b N
2% 00 | ’ R . &:4% . CP. EE. i#lZ . RFV, LA AlH R 1 5
€2 o PR 7 i, F VR LRI H A TR, M 4L FE 41 NDF. ADF,
5 L
< w0l pH. PA F1 NH;-N/TN %, H k2 L H A #H 4 .
28 I B H &b B4 4 4 8 HW, A1 HW, & ) 21 i3 & BA
H M L Ab, LAy A EE EE) SR RGN B, 5 BH R RURE AT I B &
# 7K Moisture content B KR 65%, X 5 xR Bt 45 SO, i S
B 1 RELEHEMET LA Rk JE G630 5 T 45 SR 2 5 T R BARUR T
Figure 1 Aerobic stabilization of pepper straw silage with KA PRI A AR B & . 75 L AT T, &% 4b 38 3k

different treatments
AEVING B IR R — 2K a3 26 A8 T AN R 0 70 b B ) BHOMORS AT
HIMERLE (P<0.05).
Different lowercase letters indicate significant difference in the silage of
pepper straw treated with different additives under the same moisture
condition at the 0.05 level.

FURE AT 75 I DM, NDF fIl ADF & & fi¢ 5, AA f (i,
J5 DAL AT R 2 JEORMIG  /K 2 5 35 4 MR R 8 K
BE I AT AN RO Bl 4 F ARG
A 4 i I % 41 o
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R 6 TELEHMAETETFERE CNCPS ZEAHESAE
Table 6 The content of CNCPS protein components in different treatments of pepper straw silage and alfalfa
%
WiH BMUFEFF T Pepper straw silage —
Project HW, MW, MW, LW, Alfalfa
PA 44,11 +£0.55¢ 46.72 +0.61a 46.01 £ 0.54a 45.11 +0.40b 40.52 +0.39d
PB1 12.53 £0.22¢ 13.23 £0.27bc 14.00 +0.18b 12.66 = 0.31c 15.85+0.25a
PB2 28.49 +0.39b 26.16 £ 0.87¢c 25.32+0.56¢ 27.89 +0.63b 29.30 + 0.66a
PB3 6.29 +0.39ab 6.79 £ 0.43a 6.56 £ 0.33ab 6.18 £0.29b 5.12+£0.55¢
PC 8.58 £ 0.41b 7.10+0.31c 8.11+0.39b 8.16 £ 0.51b 921 +0.41a

PA: JEEHAR; PBl: BUEEMEEAR, PB2: JURMEMEEAN: PB3: EEMEEN

=)

i; PC: AHMEAR. FEATARNG 7R

INZESERE (P <0.05).
PA: non-protein nitrogen; PB1: fast degradation of true protein; PB2: medium-speed degradation of true protein; PB3: slow degradation of true protein;

PC: unavailable proteins. Different lowercase letters within same row indicate significant difference at the 0.05 level.

- HW, & MW, MW,

R
Gas output/mL
[

T

LW, - E7% Alfalfa

3.3 B ACIEAR NS ERELFE AT B N dR BT AY 20
O AR R R R S PSR AR, i
PRAACFL R T A T AR D 30 ) 25 ol 2 T BB, D TR
IR ARG, AT O JEURE A . (H A SR JRURE D B B
AT AN L BN ST RE M 0 R R R R, X IEEA
& AN IR O LR T B 3G B AR A B A B . AT

Fe b BB VAN 0 R BHARURE AT O I AR A R
EMREW . 5 Wo M, &3 N7 4 21 4H pH 2454
4.20, NH;3-N/TNTK T 10%, & 248 57 75 0 1 k) 1 b
WL R R K 20 2% 1 R 5 5 P R om0 4 2 A
B, W W 7 RS 55 E CPL EE. WSC. Bl

0 5 10 15 20 25 30 35 40 45 50
& I [H] Fermentation time/h

B2 4 M FELBRRRFERMERENEN =SS

Figure 2 In vitro gas production of four different treatments
of pepper straw silage and alfalfa Z Ml RFV # 5, NDF. ADF fll PA &%, & & 3]
RT TELEFRMBETFSTSCMERBRBRIILBES YR TYRERE
Table 7 In vitro fermentation parameters and dry matter digestibility of pepper straw
silage and alfalfa under different treatments
b 75,24 Gas production parameter . AR ?}i@jﬁnﬁiﬁrﬁ
Treatment A/mL C/AmL-h ") lag/h NH;-N/(mg-L ) degradation rate/%
HW; 21.20+0.41d 0.10 +0.03a 0.38 +£0.09 6.87 £ 0.16a 0.033 +£0.03a 53.00 + 0.96¢
MW, 25.04+0.31a 0.13+0.02a 0.31+0.07 6.84+0.21a 0.019 +0.02¢ 64.05 +1.33a
MW, 2421 +0.52b 0.11+0.02a 0.68 +0.03 6.85+0.19a 0.023 + 0.04bc 61.65+2.01b
LW; 22.99 +0.55¢ 0.10 £ 0.03a 0.63 +£0.05 6.88 £ 0.24a 0.027 £ 0.02b 56.64 +2.36¢
B 15 Alfalfa 24.73 +0.26ab 0.12+0.02a 0.65+0.03 6.89+£0.18a 0.025 +0.02bc 54.06 + 1.55d

A: BB RO

C: PR lag: PCUFMET ORI FFIRFNG F R % R E (P < 0.05).

A: theoretical maximum gas production; C: gas production rate constant; lag: the time delay to the start of gas production. Different lowercase letters

within the same column indicate significant difference at the 0.05 level.
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BA, %54 U 8 VP 4 5% 5, 15 W A 40 L FT T R A B
2 A FT B — SR R A, X SRR e & R
GO o P B Wi o A4 L FF B B 0 T RS
T 75 0 790 30 7L R B8 10 i, bR s 7 2B K B LR 3
AR T S R RO R, AT 9D CP 45 3% R
Gy Ay IR, AN K IR S5 LR £ IR R MRS AT
27 i BE, A NDF 25 & B A", 5 i R 25 28 f 4T 1
B Zy Wb 4 5 . VE M BB SE 2 R R, W o
MRS AT o 2F 48 28R VE B 45 R4 S T VA TR, BE
35 B 4 R 41 i B NDF R ADF (016 fl, i 0 3L i
REEANFS T M. MILL W, 4 F W, 78 0 750 75 167 2%
SRS G, B [ AR 0L AT T RO AR
T8O R N R A TLFT B T RS R TE BOURS FT R R
o (7 B A R 0 AT R R, B R B T A
B T B, S L R S R R AR T T
Py, 3% 5 00 P B g 4 R — 8. AR A R, Af
FI W, 5 10 7055 T 2O T W R W, 6 9 78 B
R FT 75 0070, 490 LT T 0 2T 4 % 6 O 1) A P 2%
SR T W s TR T B AT 4 X A
— 3 ¥ ARG T 20 M B 45 K4 T S W DR AR 9 B
HATRRBARGEE 2 A, Bl ARE R
I g S W IR i VA I BN GOR = &
T T 75 I 45 48 R 5 Mk B v T i R I 1 T 4
SR T v g s,

34 ZBABHHFEFSI CNCPS ZEAKERDH

PA. PBl1 5 (% f# T/ B, PB2 /> E /LR H N %
fift, KB4y k98 B 2N 5 % B, PB3 AT TE IR T P U
A B i, PC W HE DABE S 4 B B B A T
PRI RIE AT 5t 4 AR 7] 4k B JBRABURS T 55 10 A By
& PA O E37E 33% UL b, TiBH NPN & &85, M NPN
AR A FIH, BT BRFE I PA B &
TETE, VLB AT 5 T4 R A 3P B £ n)
FIF NPN, BHUFSFT PB3 &% = T 574, i PC. PB1 Al
PB2 & AR T E 45, Ul B BOBURS FT 75 2 B2 B Ak
FAEESTEHSE HEaFEELEmBREMN, #
B2WEEAEERAK. 4 MEE R, MW, fl
MW, ] PA. PB1 & 3% & T LW3 A HW;, 1 PC & T
LW; Al HW3, $68 MW Rl MW, 8 B 5 78 1k 5 R
EAFMAEET LW, Ml HW5. 1 MW; 5 MW, Lt
B, B MW, [ PC 2 Z LT MW b, R $ErE R
ANEE, UL MW, IELE A SR &

35 BREBHEMBHEILMEBERIN=SHMNE

PR AT R BEDREA B O B A R H
(4% L, BF 9T 2 B, TRDRRAR A1 r= S B e, 0BT
R AN E™, AHF R R, 4 A F b5
BRBRURE 7 I A AE AR A P2 SR B s B AR IRO2
MW, > B 5 > MW, > LW, > HW;, ¥ MW, 5 &
MR TEE, MEEm THRIADLHE, HY
MW, ZF AR E.

pH 2R ZZNWJHE B i B HZ 1) — TR
fabr, f@REsh 9% B pH 6~7, J& K &2 3% B 1 pH fE
e RFR H AR IR R, W pH A AK, B E
MR ) W5 i 3 BB W it 7R U B A1 T A
IR IE W R IR Lk B AR bR
B pH # AL T 150 [, LW B KR IR

NH;-N & & B AL & V)£ R B B g 1 e 277
Yy, (5 A2 08 B AR A R AR R R R R, R
HILE ke E HE R H N NHy-N IR B . B {51
T, M RE RV A R R A AR 2 A R B A
2, 498 B N NH3-N K BERRAK . AR50, 4 b3
FR) SRR AT 75 0 A0 B A AR Ah K9 48 h e, R
pH 7E IE %y [ A, Ul B 44 4 & 8% IR %, T HW 5.
HW, FIE 75 K W NH,-N IR EZ R AR Z, HE
AT LW, M1 HW5, 1t B 58000 1) A 201 1 432 =
HW;. HW, F1E 75 & B0 A4 B 3 I8 %2, NH;-N F H
R, T LA B NH;5-N 3 B A R4

DM [ fif 22 g e Bt H 4Rk 1 3 A6 M R, FLAE B
1o N T AT R, AR T IAT 4 A A B BORURS AT
RS 45 DM Y 46 2R i s 2K MW;5 > MW, >
LW; > E 75 > HW;3, HZ 7R B 3E, Ui MW;. MW,
LW, BOBURS A 5 s A MR R B 2 = T A, i
B R T 2 3 W ik JE K e e AR e, X AT RS B
BHELSA - E2AMEA K.

4 4

SRS FT 75 00 R 32 4 K B RN B L
15 FH 820, 25 7K B9 65%, ¥ 07145 FiT 4% 40 L FF
T+ R B T B R BT, O R LT +
W, AR A P S R P AT . 5 A MRS AT
T A5 — 52 R (5% AL B 75 00 P 2 16 63.29
ug'g ), A G IR A 7] R
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