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Effects of Additives on Fermentation Quality, Nutrient Composition and in
Vitro Rumen Fermentation of Stylo Silage
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(1. State Key Laboratory of Animal Nutrition and Feeding, College of Animal Science and Technology, China Agricultural University, Beijing

100193, China; 2. Sanya Institute of China Agricultural University, Sanya, Hainan Province 572024, China)

Abstract: The purpose of this study was to investigate the effects of different additives on the fermentation qual-
ity, nutrient composition and in vitro fermentation of stylo silage. Fresh stylo was ensiled with addition of
1.00% tea polyphenols (TPP) , coconut shell activated carbon (CSAC) or calcium lignosulfonate (CL) ,
along with additive-free control group (CK). After 42 days fermentation at room temperature, fermentation
quality, nutritional components and in vitro rumen fermentation were determined. The results showed that
compared with the CK group, the addition of TPP and CSAC significantly reduced (P<C0.05) the silage pH
value and in vitro rumen gas production, significantly increased (P<Z0.05) soluble carbohydrate, true protein,
lactic acid content and Flieg’s score comprehensive score, and the addition of TPP significantly reduced (P<C
0. 05) ammonia nitrogen content and proportion, but CSAC led to a higher number of yeasts and molds in Stylo-
santhes silage. The addition of CL increased (P<C0.01) lactic acid bacteria population, in vitro rumen fermen-
tation gas production and 30 h dry matter digestibility of the silage, and decreased (P=0.01) its neutral deter-
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gent fiber content. In conclusion, the results indicated that all the three additives had certain effects on the qual-

ity of stylo silage, with the comprehensive effects of tea polyphenols was superior. Adding 1.00% tea polyphe-

nols could reduce protein degradation of stylo grass during ensiling fermentation, increase the lactic acid concen-

tration, improve the silage fermentation quality and nutritional value.
Key words: Stylo; Fermentation quality ; Nutritional component; In vitro rumen fermentation

AL B (Stylosanthes guianensis) J5 7= T rg I P,
JE— MR Z AR R R AR, B AR KRG i
M 5iR KL 4 (Crude protein, CP) & & 5 % 55 45,
ARG E TR Z BRI & WA e B RORE
T I N X R T M A 7 e T S AN R A
WAR RS R MR 0 F R 1Ty S (R R A R AT
Wk 7K Ak & W1 (W ater soluble carbohydrate, WSC) &
I 3R T O A= L R TR R B /D T 22 BB A R, H AR
REh AN AR BT A ™ L, R R
AR T 0 B A 03 R P S 0 ) RT LA R A T
T B T 0 R T o 00 BB SR R AF AR

HIW AR 2RAR 2 K IEE L & 5,
N TR0 I 5 S O A% R 8 T M Ok B 22 1Y
IR T R W BRI . R 2 M (Tea
polyphenols, TPP)J& 7% M 1 i) £ B R 7y, & — 2K &
AR B R Znh KRG Y SPR, F 8 h o
F2E AEHRE MK ILRRKEY AR, B
APUEAL PO DU AT R R AR AU S AR
IEET . TPPIZ BRI H AR G EAR
f B8 77, A 3 5 I AR b AR B K g T T .
Huang %/ 76 K46 50 8 I h s in TPP, BEAR T4 52
P12 M &3S A (NH,-ND & &, 39 in 5 2 11 (True
protein, TP) % & , A B T 75 Wi £ v 38 0 O A7, S
ZEAREM . RIUNIE B R, TPP A W
FEPE RERE R A R e 22 5 U ok B b 4 ST L TR
i, 0F HoBe 3w o A ARR e . B e T Ik
(Coconut shell activated carbon, CSAC) 2 LI AT 5 #8
T7E N ERE, 48— R G0 Az 7 20K I T Y i PR
B, A AL R Gk W B RE G R R L S
Ae LR VT AR SO T M e DR L A g g
AE 1M A 4% Z2 Bh DI RE , S N i 0 3 PR e T DL s
- HE RN K AR AR B T AR R RS A R
Jt 2 fifh 12 £5 ( Calcium lignosulphonate , CL) & —f £
53 7 1 R A W B B 3R T PR R B R £
A 0 R, BT AR SR o ot RS S
AN A AW, H 1. 00% KB W pH
B R 4~6. AWFFETE T, AR BT 3 il R £ 58 98 14 Jin
ik R B AN TR A LB O R R AR

A X TR 54 B IF IR A BRI A
ST g AT B LA T AT B T IR T
JoT s 1 AR ELAA R ORI A E

A0 LB 5 A 6 5y SRR AT S A T
36, 2 SIEs 1. 00% 9 TPP.CSAC il CL, #85¢
AN TR 0 70 % A R O R L B R A A
SR RIS DA O R AR B I 4R T 4R
BEHEAR S 2 Ta) it 8 0 R 7= 0 5 Y O % R

1 ##5FE

1.1 Ry

B FH AL A B CCTAT 184) Bt [ b [ #4 4k ll
T 27 G it o % WEAE 5 9T B V3 56 35 Ml DAk 2 A
SR D, ANTNE GZ E38E, Ho )Y E =
2 em ZE A A o R FH AR N R0 24 Sk v 5 0 S R
TPP 4l £ =98. 00% ; CSAC hy 4li 5 ¥y K ; CL 4l JiF
=98.00%

®1 HEESWERESE

Table 1 Characteristics of stylo silage raw materials

WH Ttem C(/ifnt
+ 4% (Dry matter, DM)/( % FM) 39.214+0.28
HLZE 11 (Crude protein, CP) /(% DM) 9.63+0.26
H# M (True protein, TP) /(% DM) 7.2640.26
3 % 11 & (Non-protein nitrogen, NPN) /(% DM) 2.36+0.11

FPPEBE LR 4E (Neutral detergent fiber, NDF)/(%DM)  59.7241.04
iR M 6 T 27 4k (Acid detergent fiber, ADF)/(%DM)  37.44+2.66
TR AT 2 (Acid detergent lignin, ADL)/(%DM)  8.8241.20
TE:FM 85 DM A TR A
Note: FM stands for the fresh matter; DM stands for the dry
matter. The same as below
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R OIEHFN AR 18X 22 em) , 448 2 200. 00 g, BEAb
3R E s B, EIE(25~30°0) A7 42 d
J& FEASHURE | 43 B L3 I & T o BT Ak 2 A3 SR
SR E R R
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(B LC-14 #, H A ; 435 41 : Shim-pack GIST
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Table 2 Effects of additives on fermentation quality and microbial population of stylo silage

i H Item CK TPP CSAC CL SEM P-value

pH {#i pH value 4.7340.08" 4.2540.05" 4.2040.16" 4.7240.07" 0.08 <0.01

FLAR LAC%DMD 0.3440.41" 3.04+1.32" 4.3940.59" 1.0440.55 0.65 <0.01

2R AACY DM 3.16+0.31 1.8040.34 2.99+0.68 3.23+1.16 0.58 0.12

FLER W LAB(log,, cfurg "FM) 6.7640.02" 7.16+0.07" 7.084+0.16" 7.12+0.06" 0.08 <0.01
% £F # Y east(log,, cfu- g 'FM) <4 <4 5.87 <4 —
F # Mould(log,, cfu-g 'FM) <4 <4 5.28 <4 —

HICLEE BT 4 S 89.3641.20" 115.63+4.61" 114.35+8.02" 92.684-2.06" 3.90 <<0.01

T CKG X HRLL; TPP, 28 Z W4 ; CSAC, MB7e 3G PE B4 5 CL, AR R Z B AR 45 40 ; LA, lactic acid,, FLIR ; AA , acetic acid, Z. g ; LAB, lactic acid
bacteria , LR T o« — "2 7% b BE R B 52 31 107 MRt R R BT 75 . AT A RN TRk o8 25 5 35 (P<<0.05) . F )

Note: CK, control group ; TPP, tea polyphenol group ; CSAC, coconut shell activated carbon group ; CL., calcium lignosulfonate group ;
LA, lactic acid; AA, acetic acid; LAB, lactic acid bacteria. Same row with different lowercase letters showed significant differences (P<20.05).
The same below. “—" indicated that the gradient dilution was measured to 10~ *, and no colonies have been observed during plate counting. The

same as below

BRI MEIIR. 5 CKAMEL, TPP & (P<<0.05) & 3 3 /> 5 CSAC 41 WSC, TP,
201 DM (P<<0.05), WSC,CP, TP % & i & ADL & & i 3 1 i (P<<0.01),CL 40 NDF & &
(P<<0.01) ,NH;-N & # | ANR(P<<0.01) &% NDF  FF&MK(P<<0.05),

3 AAFMFAMHEEESCEFRE S WM

Table 3 Effects of different additives on nutrient components of stylo silage

I H Ttem CK TPP CSAC CL SEM  P-value
T DM/ %EM) 36.85+1.05 40.25+1.65" 38.61+1.14" 38.17+0.30" 0.93 0.04
AR PR KA S P WSC/ s DMD 0.66+0.15" 1.7240.47" 1.53+0.09" 0.614-0.30" 0.24 <0.01
M CP/(%DM) 10.384-0.16" 11.6540.10" 10.584-0.35" 10.38+0.07" 0.16 <0.01
HEH TP/(%DM) 7.9240.10 8.58+0.10" 8.40+0.44" 7.7540.11° 0.20 <0.01
JEHEH A NPN/ (% DM) 2.4640.03" 3.06+0.07" 2.1940.41" 2.6340.16" 0.18 <0.01
HAAANH,-N/(%DM) 0.1440.01° 0.1040.01° 0.13+0.01° 0.13+0.01° 0.01 <0.01
BRI TPR/C%CP) 76.300.42" 73.70+0.51" 79.3543.74° 74.7041.45 1.66 0.04
ABA LB ANR/ (X CP) 8.244-0.0.38" 5.4640.65" 7.47+0.14" 7.60+0.45" 0.36 <0.01
Pk PR AT 4E NDE /% DMD 58.33+2.84" 52.9143.23" 56.5940.99" 50.8740.31° 1.81 0.01
PR LV T 2T 48 ADF /(% DM 35.784£2.91" 34.48+4.50 40.81+0.96" 33.1741.39 2.29 0.04
PR Yk VR U R i 2 ADL/ (% DMD 8.014-0.83" 8.584+1.78" 11.04-+0.63" 7.6840.78" 0.90 0.02
2.3 RMFANHEEE I ESMEE LB R0 A1 FFHRP 0. 0DG, BHEHERPP<0. 0DpH.., NH,-

ARFIFICTPP,CSAC, CLOX AL F RSN N, H TPP 41 5 3 25 (P<<0. ODF I WA fE ; CL
B AR INR AR, 5 CKAME, TPPAICSAC BERE GorpHLe NH;-N,, M D, (P<<0. 01,
4 FEFMANERESOEIMNES ZBH M

Table 4 Effects of different additives on in vitro rumen fermentation of stylo silage

T H Ttem CK TPP CSAC CL SEM  P-value
24 h B35S Gy (mL-g ' DMD 77.14+4.10 64.31+1.40° 65.99+0.47° 81.95+1.14" 1.84 <0.01
24 h pH {4 pH,, value 6.5140.01 6.5974-0.02" 6.5874-0.04" 6.5640.01" 0.02 <0.01
24 h A5 A NH,-N,,/( % DM) 0.41+0.03" 1.0040.20° 0.86-+0.22° 0.87+0.03" 0.12 <<0.01
30 h A B A6 % Do/ (90 36.57+0.11° 35.24+40.62" 36.08+1.84" 40.5342.35" 1.25 0.01
AR AE Ey/(MI-kg™ 7.96+0.14" 8.49+0.06" 7.8040.23° 8.0940.07" 0.12 <0.01
3 W54 TR A T R AR R B RS L 28 o B

LB I pH E B, — M AE 4. 0~5. 6, 7EARE

3.1 AMFAMERESTT R EMRMNMEDDH Wb AR F CK 4 (pH=4.73) , TPP 41 (pH=4. 25)
A M CSAC 4 (pH=4. 200 F# X T pH, X 5 7L & &
pH B 2 i 5t 75 WAk 25 a7 50 A 200 48 A I B — 50, v B S TPP A0 B 45 1k G o 5
TR F AR A KN TER R . R R P A A A A R AR B A E D L
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T W B A R o R e L IR T Kk B A
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JF 58T CPUALMR M WSC & &, ik % 7 I 5
it o SR, CSAC 4 7E 3 il 3 1 I I fifk 1) OC 58 48 b
(NH,-N & &8 & ANR) 5 CK 4 A Fb Jf A 3R 88 i

8 B, TR TR RN B AR A e e, R
B A K A 0 30 RO A B LT R — R
A R M KU

T 005k R v 7L R TR A A W R S K 2T 4 3K 5
WAy Ak WSC #EAT R . W in TPP b ¥ 5 | H
WEF N NDF & &k >, ADF & o B 25 5, 7T
fE 2 T A WX A 4R AR A WSC
L 6 TR RIS T R I 3R 3 B T W SC BT R 1 R
o AR, CSACHMR MR B AR E BT
AREEH THEMERSEARSESFHTHRARE
(7= A, s T B8 45 T 1 R A 2T 4 I 3k R R R
A . CLALRF WA T NDF & &=l fig 5 CLAE
oy BF B 7 2 T80 05 PR R A AR =T AT 4 TEORL Y il A
FEPE L R 2E T AR K A LY

3.3 RMMFI AR E I SME S K B 0

IRAN =R —Fh T 2 )4 s e kL E FR A
e 5B B T, A ] DUE— o R b R AR
RHAE I B R i R S B0, 7 A 22 U B ) ) T
o T A P R s {EL e (] s A2 30 4 R 35 R A0 2H K
RS H R FZ e o FEAS R0 v, S 0 50) b B 20 ¥ <
I TR B, AT R S 0 R ab BEAR 3 T F I R
TR KB AR O PREA LR, F B AN
W n] & A o F b . O pH B AT
AR E NI EE S R K E SRR —
£ PG L 5. 5~7. 5% 3 a1 2 5 R E R
Fe AP AL AR B 4% 2L 9 pH (5 2978 ML R .
F 4k B0 2H 1 pHL L X 8 2H 5 T R S 4 k) T
B A S Bl LR R A R il — 2P R 5T

T 5 b 32 B8 08 F W )Rl £ & AR AR Bk
T8 T ) R i 0 RE B, AL R A LA 4 SE
(78 A s AR g 45 R R, & B 30 h iF TPP,
CSAC BT 9 o i A 2 5 % B4l Ot 8. 3% 25 5%, 1 CL
HEEmTHAAY., TPPRIEER SEAKZ
() P9 AH B AE 0T BB S e B 1 S Ak R . R Ah
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R S T AR SR R A ) A A R YT 4 A
HALRA, BARJER A i — 2558 . NH,-NJ&J H



1092 B

S

o534 5

TR W RSV A R 1 R OB LR R O R
TIRE WA A AR R A A R R
S, 2 IS BT AY NHL-N ¥R B X T B 0 I % & B
FEREE® | 24 hit}, TPP,CSAC 4 NH,-N & &
¥idd IR e et AR AR I AR R AR D
WAlfe 5 TPP.CSAC H Z R & T H LR F I E
1 A O, (TR 1 oA A B 2] R A B ok
PR, NH,-N 2 83800 .

4 Zig

BN 1. 0020 B2k Z2 By R 5 i 1 e 1 AT e Bk
FE T I FURR Al B T I R AR 2R A IO R I
% 22 Wy i T LA A 2 A AR AR SN R
4R I IO A RE AR, (LS A o 1 kS
BOME B R W R RO B BB O TS
1. 000 A J5T 28 i R 4% % % W R WA AR BT 2 o 25
B A S E T BN 1. 0000 25 2 B 0 A AR
T JoT AR RO A

2% 3k

(1] AR T, 8, MR IDe BH L 45 . g i i R e 32 8 i o R 4 200 27 0
B[], R A4, 2022, 44(2) 1 89-97
ZOU X,WANG C,CHEN X Y, et al. Effects of eucalyptus oil
and rosemary oil on silage quality of stylo[J]. Chinese Journal
of Grassland, 2022,44(2) :89-97

(2] MR, BT, e A A, 45 . 4 i oo i O o L R T A
e B T I A BT R R CR [T]L Bl B oA, 2024, 41
(2):468-479
PAN J X,LI X F,LONG S H,et al. Screening of high quality
thermotolerant lactic acid bacteria in stylo and the improving
effect on fermentation quality of its silage[J]. Pratacultural Sci-
ence,2024,41(2):468-479

(3] BHCH/R L, £EZE, 55 . R[] FLER W 7% 50 % K 4K 55 4
R AR T I R R R [T ] BB R AL 2024, 36
(5):3352-3362
ZHAO M Q E,BAO J, WANG Z J, et al. Effects of different
lactic acid bacteria additives on silage quality of natural pasture
grass silage [J]. Chinese journal of animal nutrition, 2024, 36
(5):3352-3362

(4] Z=J0M 3, Ui v 58 . TR A 0 500 X 6K FF 75 I
A BRI SER LT ] DR Y , 2024,47(5) :99-103
LIX Y,DONG Y,YOU H Y, et al. Effects of different types
of additives on quality of corn straw silage[J]. Feed Research,
2024,47(5):99-103

(5] FE %, FBH, BRIFP:, 55 2 SR W 0 AL A6 555 I 0 28 A R
SRR 240 TR 9 S AT L SR R BRI [T, AR, 2025, 33C1)
317-326
WANG Y,GUO T X,CHEN D D, et al. The effects of chloro-
genic acid on the quality, protein degradation, bacterial commu-
nity, and their interrelationships of stylosanthes silage[J]. Acta
Agrestia Sinica, 2025,33(1):317-326

(6]  BOOMIM, 5k, BRPEPE, 55 BRI S IR0 X A 7E B 5 55

Wt ST e LT ] AR, 2023, 31(7) : 2194-2202

HUANG P S, ZHANG C, CHEN D D, et al. Effect of leaf

extracts of moringa oleracea on the quality of stylosanthes guia-

nensis and pennisetum purpureum silages [J]. Acta Agrestia
Sinica, 2023,31(7):2194-2202

(7] 20 UFIE . 282 B iAW DR BOLTE sh W A5 i .
TRRHIFSY, 2024,47(6) : 165-168
WU H, XU J. Biological functions of tea polyphenols and their
application in animal production[J]. Feed Research, 2024, 47
(6):165-168

[8] HUANG Y C,QIUC C,WANG Y M, et al. Effect of tea poly-
phenols on the fermentation quality, protein preservation, anti-
oxidant capacity and bacterial community of stylo silage [J].
Frontiers in Microbiology,2022,13:993750

(9] RJURN, skfe BBV , 45 . VS 700 Xof 4 bk 8 22 75 0 s 42 18 it It
FA SRR E PER AR [T]. RE 24, 2020,28(6):1756-1761
ZHU J G,ZHANG J,SHAO T,et al. The effects of additives
on fermentation quality and aerobic stability of whole-plant oat
silage[ J]. Acta Agrestia Sinica,2020,28(6):1756-1761

[10] BRALMS AR B4R /e, 45 . MR Z2 id M e 2k —Ju & 5ot

TR 5 PR e it T S e RE (T ). B B R e i CERE

Ji2),2024,46(3):285-291

ZHANG S P,ZHU J H,XIE X Y, et al. Synthesis of activated

coconut shell carbon based ternary composite and investigation

on its photocatalytic performance for soluble pollutants [J].

Journal of Nanchang University (Engineering & Technology

Edition), 2024,46(3):285-291

gk B JE AN BRREAT A LB/ XA JE PR B A T P R X

K AsCID M £ BROFFE[T]. 5535 e 5 iR, 2024,46(7)

947-952

ZHANG L Z,ZHOU Z J, CHEN Z L, et al. Study on the

removal of AsCIll ) from water by modified coconut shell acti-

(1

o

vated carbon loaded with iron/silver bimetals[J]. Environmen-
tal Pollution &. Control,2024,46(7) : 947-952
SANCHEZ-MONEDERO M A, CAYUELA M L, ROIG
A, et al. Role of biochar as an additive in organic waste com-
posting[J]. Bioresource Technology,2018,247: 1155-1164
[13] ZHOU Y W, KURADE M B, SIROHI R, et al. Biochar as
functional amendment for antibiotic resistant microbial commu-

[12

[}

nity survival during hen manure composting [J]. Bioresource
Technology, 2023,385: 129393
[14] CEYLAN H, GOPALAKRISHNAN K,KIM S. Soil stabiliza-
tion with bioenergy coproduct [J].
Record, 2010,2186(1): 130-137
PNEH A5 W SCIR S HE AR . R BT 28 B R 5 0 IR B b X 98 g
WY L DE AN B B LB 9T [T]. JK BRI A5 K TR 2241, 2025, 36
(1): 183-190
SUN Y J,HU WL, ZHANG SX, Filtration and anti-seepage
mechanism of calcium lignosulfonate-modified loess for landfill

Transportation Research

[15

[t}

leachate [J]. Journal of Water Resources and Water Engineer-
ing,2025,36(1): 183-190

[16] KILLERBY M A, ALMEIDA S T R, HOLLANDSWORTH
R, et al. Effect of chemical and biological preservatives and
ensiling stage on the dry matter loss, nutritional value, micro-
bial counts, and ruminal in vitro gas production kinetics of wet
brewer’s grain silage[ J]. Journal of Animal Science, 2022, 100
(5) :skac095

[17] BRODERICK G A,KANG J H. Automated simultaneous deter-
mination of ammonia and total amino acids in ruminal fluid and
in vitro media[ J]. Journal of Dairy Science,1980,63(1): 64-75

(18] W&t , LR T7 , RTME, 45 . 75 WDk v 32 A BILIR Y i 2L



%3

SIS < SN XA A A 1 O L TR I AR SR R I R 5

1093

[20]

[21]

[22]

—
Do
w

—

[24]

[25]

[26]

[27]

[29]

[30]

BATEE D H B[ T]. FHCS B, 2015,47(10) :47-52
LIU J C,JIANG J F, SONG X M, et al. High-performance
liquid chromatography separation and analysis of major organic
acids in silage feed[J]. Animal Husbandry & Veterinary Medi-
cine,2015,47(10) :47-52

F, E A5 S B, AF . R FLRT BRI K R X B T 0
BT SRR [T ] Tl A, 2019, 28(6): 109-118
WANG C, WANG Y,ZHOU W, et al. Effects of Lactobacil-
lus plantarum (LP) and moisture on feed quality and tannin
content of Moringa oleifera leafl silage[J]. Acta Prataculturae
Sinica, 2019, 28(6):109-118

VAN SOEST P J,ROBERTSON J B,LEWIS B A. Methods
for dietary fiber, neutral detergent fiber, and nonstarch polysac-
charides in relation to animal nutrition[J]. Journal of Dairy Sci-
ence,1991,74(10) :3583-3597

MCDONALD P, HENDERSON A R. Determination of
water-soluble carbohydrates in grass[J]. Journal of the Science
of Food and Agriculture, 1964,15(6):395

TRENAE . Rl BT R BUER AGIE R (M. bt E ARl R
Hi BT, 2016:53-58

ZHANG L Y. Feed analysis and quality testing technology[ M].
Beijing: China Agricultural University Press,2016:53-58
LICITRA G,HERNANDEZ T M, VAN SOEST P J. Stan-
dardization of procedures for nitrogen fractionation of ruminant
feeds[J]. Animal Feed Science and Technology, 1996,57(4) :
347-358

HE L W, LI S, WANG C, et al.
dynamic fermentation parameter, nitrogen distribution, bacte-

Effects of vanillic acid on

rial community, and enzymatic hydrolysis of stylo silage [J].
Frontiers in Microbiology, 2021,12:690801

MENKE K H,RAAB L.,SALEWSKI A, et al. The estimation
of the digestibility and metabolizable energy content of ruminant
feeding stuffs from the gas-production when they are incubated
with rumen liquor invitro[J]. Journal of Agricultural Science,
1979,93(1):217-222

NIK K,WANG X K,LU Y,etal. Exploring the silage quality of
alfalfa ensiled with the residues of astragalus and hawthorn[J].
Bioresource Technology,2020,297:122249

KUNG L J,SHAVER R D,GRANT R J, et al. Silage review:
Interpretation of chemical, microbial, and organoleptic compo-
nents of silages[J]. Journal of Dairy Science, 2018, 101 (5) :
4020-4033

FENG Q X,SHI W J,CHEN S Q, et al. Addition of organic
acids and lactobacillus acidophilus to the leguminous forage
Chamaecrista rotundifolia improved the quality and decreased
harmful bacteria of the silage[J]. Animals (BaseD) , 2022, 12
(175:2260

LIJ,FENG C M,JINJ Y, et al. Current understanding on anti-
bacterial mechanisms and research progress of tea polyphenols
as a supplementary disinfectant for drinking water[J]. Journal
of Water and Health,2022,20(11):1611-1628

IS . A T VR RS 55 A A R v B IR R E Y 2
FEHERYSZEM[ D], SEE: SN R4, 2023:3-4

NA B B. The effect of tea residue addition on the nutritional
quality and microbial diversity of alfalfa and sweet sorghum[D].
Guiyang: Guizhou University, 2023 : 3-4

KONDO M, KITA K, YOKOTA H O. Evaluation of fermen-
tation characteristics and nutritive value of green tea waste
ensiled with byproducts mixture for ruminants[J]. Asian-Aus-
tralasian Journal of Animal Sciences, 2006,19(4) :533-540

[32]

[33]

[34]

[38]

—
w
Nej

[t}

[40]

[41

[l

[43]

STV, VR T /S 20 LR TR S IR K R R R 0 R
FEME A Zm [T]. R~ 4R, 2024, 32(12) : 3980-3987

KOU J T, ZHANG ] X. Effects of adding homo-and hetero-
fermentative lactic acid bacteria on nutritional value of rice straw
silage feed[J]. Acta Agrestia Sinica,2024,32(12):3980-3987.
B W B B A S TR R B LR O bk R
IRk it S A R B9 S [ 7). P 4R, 2023(18) 2 73-78
HANF R, TIAN G F,LIJY,etal. Effects of heterofermenta-
tive lactic acid bacteria on the productquality and animal perfor-
mance of whole crop corn silage[J]. China Feed, 2023 (18) :
73-78

JARAE RGeS, 1 b, A 3SR B JEUR ) B 2 DR
TSR [T]. Gk Tk, 2023,44(8) : 46-51

ZHOU JH,ZHOU X Q,XIAO Z Z, et al. Effects of Additives
and Granularity on Silage Quality of Siraitia grosvenorii Pomace
Silage[J]. Feed Industry,2023,44(8): 46-51

LI X, TIAN J, ZHANG Q, et al. Effects of mixing red clover
with alfalfa at different ratios on dynamics of proteolysis and pro-
tease activities during ensiling [J]. Journal of Dairy Science,
2018,101(10):8954-8964

IGALAVITHANA A D, MANDAL S, NIAZI N K, et al.
Advances and future directions of biochar characterization meth-
ods and applications[J]. Critical Reviews in Environmental Sci-
ence and Technology,2017,47(23):2275-2330

BATY F,RAFIQ M K, LI S S, et al. Biochar from pyrolyzed
Tibetan Yak dung as a novel additive in ensiling sweet sor-
ghum: An alternate to the hazardous use of Yak dung as a fuel
in the home [J]. Journal of Hazardous Materials, 2021, 403:
123647

SHU F,JIANG B, YUAN Y F, et al. Biological activities and
emerging roles of lignin and lignin-based products horizontal line
areview[J]. Biomacromolecules,2021,22(12): 4905-4918

G AT RO X SCE L AR LRI A A B v R AR
BB WRMT]. a5 PO PR 24, 2017,48(9) 1 1683-1693
JINY Q,ZHAO J X,LIU W Z, et al. Effect of dietary wine
grape pomace supplementation on rumen metabolism and devel-
opment in lambs [J]. Acta Veterinaria et Zootechnica Sinica,
2017,48(9):1683-1693

BN . A ECREFE X P R AR AN R S B T W B AL SR
AP R BRI [D ] WFRIERE - A 52 R, 2023:20
WEI M L. Effects of Astragalus Membranaceus straw on
rumen fermantation parameters, dry matterdigestibility and
microflora of beef cattle in vitro [D] Hohhot: Inner Mongolia
Minzu University. 2023:20

FEUEL W 4, DUBRES 45 282 W 5 W aE 1 AR R
BRI mT]. i 5 R EE Tk, 2010,36(2):76-79
DU S X,0U SY,BEIH L,et al. Effects of tea polyphenols on
in vitro protein digestibility in milk tea[ J]. Food and Fermenta-
tion Industries, 2010,36(2):76-79

YANG J, ZHAO Y J, SHAN B S, et al. Study on the interac-
tion and functional properties of Dolichos lablab 1.. protein-tea
polyphenols complexes [J]. International Journal of Biological
Macromolecules, 2023, 250:126006

Kb B P AR, ARFISC, 45 [ A 2N T ORI AR S
ik A2 W R O AT ST LT ] BB T, 2023,44(12) 1 55-61

DU R P,ZHANG L H, SONG L W, et al. Study on rumen
degradation and fermentation characteristics of different forage
species in vitro[ J]. Feed Industry,2023,44(12): 55-61

(FHEHRE F &



