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Effects of additives on the quality and microbial diversity of tea residue silage
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Abstract: The aim of this study was to investigate the effects of additives on the quality of tea (Camellia sinensis)
residue silage and its associated microbial diversity. Tea residue was used as the primary raw material, and six
additive treatment groups were established : a lactic acid bacteria (LAB)-only treatment group ('T,), a brown sugar-
only treatment group (T,), a cellulase-only treatment group (T;), a combined treatment group of LAB and brown
sugar (T,), a combined treatment group of LAB and cellulase (T;), and a combined treatment group of LAB,
brown sugar, and cellulase (T;). The experiment also included a control group with no additives (CK). Each

treatment group was replicated three times independently, and ensiled for 30 days. Upon completion of the silage
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process, silages were sampled to analyze their nutritional composition, fermentation quality, anti-nutritional factors,
and microbial diversity. The main results were: 1) Additive treatments significantly increased the contents of lactic
acid, soluble protein, and soluble sugar, as well as phytase activity in the tea residue silage (P<C0.05) , while
significantly reducing pH, propionic acid content, and phytic acid content (P<C0.05). Compared with the CK
group, the T, and T; groups exhibited significantly higher dry matter and total sugar contents (P<Z0.05) ; and the
T,, T,, and T; groups exhibited significantly higher acid detergent fiber content (P<C0.05). The total phenol
content in the T, group was significantly decreased (P<C0.05) and tannase activity was significantly increased in the
T, group (P<C0.05) compared with the CK group. Additionally, the volatile fatty acid content was significantly
higher in the T,, T,, and T, groups than in the CK group (P<C0.05). 2) In the microbial community analysis, the
dominant phyla across all groups were Firmicutes, Bacteroidetes, Proteobacteria, and Actinobacteria. At the genus
level, the dominant bacteria included Lactobacillus (relative abundance range: 20.0% —81.9%) , Acetobacter
(0.4%—24.7%) , Bifidobacterium (1.1%—16.7%), and Bacillus (7.0% —11.3%). The relative abundance of
Veillonella was lower in the T,, T,, and T; groups than in the CK group. Additionally, the Alpha diversity index of
the T, group was significantly different from that of the other groups (P<C0.05). In summary, the use of additives
significantly enhanced the quality of tea residue silage and effectively modulate microbial community structure during
silage fermentation. Moreover, the combined use of multiple additives demonstrated superior performance compared
with single additive treatments. These findings offer a practical reference for the resource-efficient utilization of tea
residue.
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Table 1 Main nutritional components of tea residue raw materials

i H Ttem & Content (%) i H Ttem & Content (%) Tji H Ttem # i Content
H IR Amino acid 13. 36 T#) i Dry matter 97.40 5 Ca (%) 0.53
HLZE 115 Crude protein 16. 64 MK 43 Crude ash 3.80 #Pb (mg-kg ") 1.64
HET 4k Crude fiber 36. 40 S Total phosphorus 0.14 fiff As (mg-kg ') 0.07
HLAE i Crude fat 2.90 S 1L Chloride 0.61 K Hg (mg-kg ") KA F) No detected

FLIR W (lactic acid bacteria, LAB) , H i & 45 4 Mk B} 2% B & Ho 5 B 0F 5 0T s 1 8 F o5 vh o0 S0 00 %8 A AE AR
(Arachis hypogaea) F&5 FF 8 WRE 43 85 T 45, 2 b B Tl 3l A= W o P OR A7 v o0 28 8 S A8 W) FLAT 18T (Lactobacillus
plantarum) , -4 %5 K Lactobacillus plantarum 37 1.1, ¥ Z R HKZEM T MRS W R (EAP 10.0 g 4 RH
10.0 g FEBESE Y 5.0 g Fi 4GB 20. 0 g ihiE 1. O mL B AR BE 0. 1 g WP RRE. 2.0 ¢ . ZTR¥N 5. 0 g Bk 0. 05
g HEIRE B 2.0 @), WS INEE S #2818 h i) i 6 T i, I AR TG R AL 10 CFU-mL 'L B o 208 O AR ) 1 B b
FRFERIE A BR A A . L YR B AR BN 71 =>5000 U-g ' [ ) 4 % 22 F) A2 ) R B0y A R 23 A .

1.2 XEakit

IR 64 4b FRZH 43 ) A LR TR PR Ab B (T 2H L Z0 B B sk kb R (T,) 20 (2T 4 R e sk kb R (T 20 FLIR
WA AP (TOH AR+ A REAA B (T IR 200+ 4k Z B4 A A B (T 4L, LK
T B (CK) AL, R4 3T AL o % 790 A9 8 o i D 5% o i o 1 350 - 4% 4 LAB A9 U8 i i O 345 78 48 5 < 10°
CFU-g ", ZBpas i 1%, 4 R/ IR mE-~ 0.5% .

1.3 F e

PRICT Gy 25 i, B0y 1.5 kg, # BRGS0 43 4, 158 1158 55 I 4% 268 180 7K ORI 25 W45 Jim 7] 9 25 o i o 3 0 1) 3 349 ) T 38
ER R, FIRYERER AR BT A (30 cm X 20 em) , f4% 0.5 kg, B4 3N HE i E S B EH T,
BT R WAL BE 30 d 5 AR BORE (— 38 310 ) 43 Hr o
1.4 402
1.4.1 W HE SR & B E ORI B E 750 IR AR, 48 toRS B AR M 150 g AR & T 105 "CHEAR
h HEAT A% 75 A0 B 30 min, B JE 55 A 65 CHEAR FRZE LT 48 h 46 5, I % H 4 B (dry matter, DM) & 17, 6+
AR i 2R WEATUAE 4R 7 )5 3k 0. 425 mm FLAR AR HE T , T A ACIRAE i B B R TR TR AP & . 2%
) Rk a3 A7 B ) Rk o R RS T B R )OI RE R P Tk % £F 4 (neutral detergent fiber, NDF) | i 1 ¥t i £F 4k (acid
detergent fiber, ADF ) J¢ - £ 2 % (hemicellulose , HC) % & ; S &R & & 2 2 B GB/T 18246 — 2019 A5 i .

1.4.2 &[5 TR K& BRI 20. 00 g ¥E 5 T IC B #E I P, 4% 1 4B Fin A 80 mL #4818k , T4 °C
Yo AR (BPR-5V 298, U B £ DL P9 A W Ho R A IR ) R IR IR 42 24 he 22 XUZ B4R U455 12000 r-min '
B AL W VST T I RN . A PHS-3C B pH i (UM B8 7 Je A28 A BR S 7)) A 25 0 72 35 48 T IR el
BE i H FOSS Kjeltec™ 8400 4 H gL [% & A A (FF 22 48 Hir ) W 22 24 45 A (ammonia nitrogen, AN) 7 1 ; F1| FH 4K F
§ EClassical 3200 iy RCBUR €8 335% A (R 2Z AR AIRE 43 A A3 A BR 2% ) ) [6] 28 462 I FL 2 (lactic acid , LA) |, Z 1 (acetic
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acid, AA) .N 2 (propionic acid, PA) . T & (butyric acid, BA) i 5 & 5 F1) F UM (3% 43 (38 B 22 548 ) 4G I 45 % 1 g
JIi 2 (volatile fatty acids, VFA) & & .
1.4.3 7K fife T 1% P AG I FRELO. 1 g il , SR FH 0 1 0 2 500 0 (Fci vk 100 48 /48 %, I INBHER AL B
FRZA H1 ) 4 00 00 5 5 ot v 9 £ 4E 2R il (cellulase,, CLa) L7 Jff (tannase , T ANa) F14E 2 i (phytase , PAP) i 4 . il
T8 AR S RO B U P AT
1.4.4  HAb L& W) & & PRELO. 1 g # &b, R BCA 8 (1 % 12 I 7 3 7 & I 7 7T %5 7%k 2 1 (soluble
protein, SP) & f& , >k A ¥ B Mk (total sugar, TS) (A % M (soluble sugar, SS) (17" (tannins, TAN) | & (total
phenol, TP) K ## i (phytic acid, IP6) & f 2l 5 & 43 7 W & A i ) TS .SS . TAN TP J IP6 & 5 o b A6 I 771
& (T 5 10048 /96 FF ) 410 17 75 M B8 A= Wy F ARG BR A w0 7 A0 98 7™ % 2 B0 & Ud W 1 i AT
1.4.5 A 2R THAHE ARG T B X RS N REA S0t 78 70 IR ) o MERAARIR 0. 1 g 7 0RE
AT HE 20 DNA $2 05 R0 5 DA B J5 i 55 X 40 DNA B, fff H 4 Barcode BUFE R 514, 73 il X 16S V4 X
5195 (515F F1 806R) . 18S V4 [X 5| 4 (528F FI 706R) ¢ ITS1 X 5] ) (ITS5-1737F 1 ITS2-2043R) # 17 PCR; %I
PCR 7= #4711 AR A4k ; i | Thermofisher 23 & f%) Ton Plus Fragment Library Kit 48 rxns #4387 & 17
(R He A, b R G 8 SR 28 0 Quibit 22 i R SCEE RS 5 4% S5, 4 J Thermofisher (9 Ton SSTMXL ##47 EALIT
1.5 LT o4

FIH Excel % 25 IR 504 5 R SPSS 17. 0 84 4T P R 7 22 3 BT (P<<0. 05 25 R 3 ) L 47 22 57 b 35 W)
HH Duncan ¥ #4172 8 . fUAE P e 38 & 00 5 2504 A 3 - 25 47 45 VE % 43 25 5. 5T (operational taxonomic units,
OTUs) B AP Rb7ERE, 28— L FE S BUIE 5 6 1 Qiime B F (Version 1.9. 1) 35 Chaol \ACE $5 %4 s f# JH R #
(Version 2. 15. 3) {4 1] Tukey . Wilcox i 46 H- 22 € .

2 HBREHSH

2.1 REFmHSREFEERRD G0

HCKAMIL, T, T4 DM & 7 B2 T (P<0.05,% 2) , & A0 F 4L Y SP & 71 1 2 42 %5 (P<<0.05) ,
T, T, T A8 SSH TS &8 & i (P<<0.05), T, . T, & T- 405 NDF Ml ADF % #44  % J+ 5 (P<<0.05), T, 44
1) HC 7 i 8 2 BEAT(P<C0. 05) 5 £ ¥ s Ak B2 19 20 3 1R B B 3998 CK AL B B 3 22 57 (P=>0. 05) » IR 45 SR %W,
LR P 5 200k £F 2 2R I A A0 BE RE A8 B R 2R T U R LB R AL G (R e IR 4
2.2 REA AR st 5 E e K S R 69 ¥ om
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Table 2 Effects of various additive on nutritional composition of tea residue silage

215 T4y AR MR A A PEE sy PREERAT4E TRTEVE IR AT 4 R RS N IR MR
Group DM (%) SP (mg-g ') SS(mg-g ') TS(mg-g ') NDF(%DM) ADF (%DM) HC (%DM) TAAC (%)
CK 21.204+0.10b  29.60+£1.57b 3.94-+0. 24c 25.054+1.62¢ 51.3241.45d 29.3341.58¢ 22.0040. 13a 20.92=+1. 30ab
T, 21.2740.21b  35.03+0.56a 4.5640.20c  26.81%2.06bc 55.8742.04abc 36.1941.76ab 19.6840.41b  18.17=3.96b
T, 21.7040. 40bc  35.38+0.74a 5.3240.29b  27.60=£1.40bc 57.6641.66a  36.99-+1.28a  21.224:0.83ab  22.17+0. 69ab
T, 21.5040.36bc  34.88+2.67a 4.4640.43c  26.07=0.74bc 53.46741.33bcd 32.24%1.8lbc  20.6641.44ab 19.42+3.70ab
T, 22.2540.35a  36.48+0.84a 6.0341.02ab 32.4242.50a  53.4440.27bcd 32.57-1.46bc  20.8841.20ab  22.78+0. 24a
T, 22.3040.10a  34.7040.60a 5.5640.43b 34.1142.16a 56.6743.10ab  35.57+3.96ab 21.104-0.92ab 21.77+0. 37ab
T, 21.9740.2ab  34.42+1.74a 6.6740.18a  28.92-1.73b  52.304:0.46cd  32.24-1.25bc  20.064-1.07ab  18.07-0.89b

DM: Dry matter; SP: Soluble protein; SS: Soluble sugar; TS: Total sugar; NDF: Neutral detergent fiber; ADF: Acid detergent fiber; HC:
Hemicellulose; TAAC: Total amino acids content; [&] #1 A [f] /N5 4 /R 22 5 i 2 (P<C0. 05) , F [A] Different lowercase letters in the same column

mean significant difference (P<C0.05), the same below.
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0.05), A T, T, &% T, 4HH VFA S B & m T CK4L(P<<0.05); 5 CKAHM I, PA & 875 T, M T, 40 % B & T+
15 (P<C0. 05) , 78 A4 4% Ak 3 20 ) & 25 R IR (P<<0. 05) , [l B T,~T 41 (1 BA & & ¥ W 3 BRI (P<<0. 05) 5 % 41 [H]
B AN FIAA F #3002 5 (P>0.05) . AR R, 200 ol b 28 5% 1 5 2L I8 18 45 4k R B Ik & Ak 38 v] B
b v A U Y A B

K3 FRIFMFIEEE L B R RR MW

Table 3 Effects of various additive on fermentation quality of tea residue silage

20 511) Group pH AN (%DM) LA (%DM) AA(%DM) PA(%DM) BA (%DM)  VFA (%DM) LA/VFA
CK 4.2940.02a  0.1440.00a  0.4740.06c  1.6540.21a 0.5940.11b  0.53:£0.08a  3.244+0.36c  17.7042.75¢
T, 4.2740.03a  0.1640.03a  0.53+0.15¢c  1.8140.05a  0.8240.06a  0.5540.02a  3.7140.16bc 18.3044. 21c
T, 3.9640.03d  0.1340.05a  2.7340.06a  1.5040.24a  0.2240.05¢  0.0040.00c  4.4540.25ab 64.67-+3.92a
T, 4.264£0.0la  0.1740.02a  0.504£0.10c  1.9140.34a  0.8340.23a  0.3240.28b  3.6420.58bc  18.1745. 60c
T, 4.02£0.0lc  0.134£0.00a  2.700.28a  1.4040.08a 0.14+0.0lc  0.00£0.00c  4.234+0.21ab 65.8543.61a
T, 4.1940.01b  0.1540.03a  1.1340.06b  1.6490.20a  0.1940.03c  0.00£0.00c ~ 3.0140.23¢c  40.2742.77b
T, 3.9040.03¢  0.1240.02a  3.0040.26a  1.3940.14a  0.1940.02¢c  0.0040.00c  4.5840.26a  68.27-+3.52a

6

AN: % # % Ammonia nitrogen; LA : FLf Lactic acid; AA: Z & Acetic acid; PA: P2 Propionic acid; BA: T & Butyric acid; VFA: 48 %& ¥ I i ik
Volatile fatty acid.

2.3 KRB HmA sd B FH 0 KRB R x4 FEFMATFE S KRFEEENZ L
T,~T, 240 WA R i (PAP) TE P #5 CK 41 5 % Table 4 Effects of various additive on hydrolase activity in tea
L . residue silage
f& i (P<<0.05, % 4) , [f] W T, T 41 B9 57 ;
4151 CLa TANa PAP
(TANa) &P CK 4 & #2 5 (P<<0.05) ,{H T, Group  (pgemin 'og ") (pmol-min '-g ) (nmol-min '-g ")
21 21 4 Rl (CLa) 36 M 38 CK 41 8 3 PRI (P<< CK  1222.32£24.7%9  23.07-+2.24c 12.2741. 55¢

0.05) . ZLEERFH, ARG Ak B HE 08 A [6] f2 T,  1196.37-£97.98ab  24.07-3.10c 15.88-1. 90de
BE | s S8 I K AR T A T M T,  1229.03+29.78a 27.52+1. 67he 30.41+3.63b
2.4 FRAMRANEEEFERELAATF AL S T, 1149.60+28. 31ab 33.80+4. 28a 24.5343.00bc
WU Yh T,  1180.84415.58ab  25.66-0.49bc 43.0248.12a

5 CK4UA T, T, T, T, 41 1 #  (1P6) & T,  1119.13+42.30b 30. 88+ 3. 95ab 18.99-+2. 35¢d
B AR (P<0.05.35 5) o T, T, 4119 4 T,  1133.69+43.26ab  29.35+3. 75abc 22.8142.82¢

%(TP)@%‘@E%F&{E&(P<O 05) ,{H 2 kb 23 25 fry Cla: £ 4 il Cellulase; TANa: ¥ fiff Tannase; PAP : #ifiZ i Phytase.
BT m B CKAT W % 2% 57 (P>0.05) . X244
T FLMR B L CLa 28 VR 30 20 0 kb B 5 5 21 RS AEAFMANFEECREFEFREBEENID

N N s e I Table 5 Effects of various additive on anti-nutritional factors
WK A A 3 BE % WY W i /D T I v BT E SR I T TPG6
and total phenol content in tea residue silage(mg-g™)

DI TP &,
21 5] Group ¥ Tannins Hifi& Phytic acid A& Total phenol
2.5 RRGEMANNSRSHFEHRAEY ZHEEG YA
. o . \ CK 3.5040.03ab 10.58+0. 84a 60.31+2. 31a
2.5.1 AEHE I EBERY RorAE L TETTK
. . R T, 3.5040. 06ab 8.35+0. 37bc 55. 20+ 3. 13ab
B IA) AT K B P8 3 S 0 i) 2 A
s SN N T, 3.4340.05b 9.5840. 45ab 56.56=+2. 96ab
FEIEREE ] TR U E . 5 CK4 ML,
N ‘ N T, 3.5440.03a 8.44+0. 84bc 53.68=+3. 20bc
T, T, T 2 JEBE BA 114 AR X 32 B2 386, $OUFT 741 171 1)
‘ s s T, 3.50+0. 04ab 8.88+1.88bc 55.86=+3. 90ab
AT B D JERE R T S AR T T 89 B (F/B)
L N L T, 3.434+0.02b 9.57+0. 36ab 59.43+0. 57ab
B B4R T M T A F/BIE® CKAA Tt m e
T, 3.414+0.07b 7.934+0. 34c 49.214+4. 20c

SN T4 F/BE® CK A T AL
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Fig.1 Relative abundance of tea residue silage bacterial communities at the phylum (A) and genus levels (B)
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