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Abstract To explore the optimal combination and dosage of Chinese herb residues combined with Lactobacillus
plantarum to improve the quality of sweet sorghum silage and in vitro digestion characteristics of sweet sorghum,
using ‘Zhongke Tian 438’ sweet sorghum as the test material, 0% (mass percentage) , 0.5%,1.0% and 1.5%
of astragalus residue (HQ) and clove residue (DX) were added alone or in combination with 1X10° CFU/g
Lactobacillus plantarum (LP) in the silage process, and a total of 14 treatments were set up. The fermentation
quality, nutrient composition and in vitro digestive characteristics indexes of sweet sorghum silage were
determined after 30 d of fermentation. The results showed that: 1) The 1.5% clove plus Lactobacillus plantarum
(1.5%DX+LP) treatment had the highest lactic acid and acetic acid contents of 6.57 and 3.89 g/100 g,
respectively. Its ammoniacal nitrogen content was 1. 95 g/100 g, which was significantly lower than that of each
addition of HQ in combination with LP treatment(P<<0.05), 2) Compared with the treatment of either HQ or DX
alone, the addition of HQ or DX in combination with LP treatment significantly increased the in vitro dry matter
digestibility (P<<0.05), among which 1.5%DX+LP had the highest in vitro dry matter digestibility of 63. 46%.
In addition, the in vitro crude protein digestibility of 1. 5%DX+LP was 82. 46%, which was significantly higher
than that of 0. 5%DX+LP and 0. 5%HQ+LP (P<C0.05), and the in vitro neutral detergent fibers digestibility of
1.5%DX+LP was 56. 54%, which was significantly higher than that of each addition of HQ in combination with
LP treatment(£P<<0.05). In conclusion, adding astragalus (HQ) and clove (DX) herb residues promoted sweet
sorghum silage fermentation and significantly improve the fermentation quality and in vitro digestive characteristics
of sweet sorghum silage. The combined fermentation quality, nutrient composition and in vitro digestive
characteristics, and the order of each treatment on the improvement of sweet sorghum silage quality and from
high to low were clove plus L. plantarum (DX+LP)>astragalus plus L. plantarum (HQ+LP)>DX>HQ, of which
the treatment of 1. 5% clove plus L. plantarum (1.5%DX+LP) had the best effect on improving silage quality and
in vitro digestive characteristics of sweet sorghum silage in Ningxia.

Keywords in vitro
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Fig. 1 Monthly precipitation and monthly average temperature in the pilot zone from 2022 to 2023
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Table 1 Nutrient composition of sweet sorghum raw materials g/100 g
it H Gl
Item Content
F 95 Dry matter 25.35+0.75
#HLE A B Crude protein 4.6340.26
W 92k VR 25 ofy
MHETETREAE 57.78+1.56
Neutral detergent fiber
TR TR % 9% 47 4
33.334+1.50
Acid detergent fiber 7
AL PR T K AL 2
CIRGRER ¥ A7 10. 0441 22
W ater-soluble carbohydrate
TE M Starch 3.25+0.42
FHAE W57 Ether extract 2.71+0. 80
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& B R A %20

M 2 P, RO Ok R P, U R 2
(HQ) . T 7 24 (DXO FMAE 9 FLFF 18 (LP) X 5 I
At 3R SR CAAD TN R &% i (PAD B AT i F A8
H W (P<<0.05) , % pH FL AR (LAY &S A&
HONH,-ND TG 3 19 38 B 8% B (P>>0. 05) 5 Bl IR
JnHQ 5 DX 4 4k B rf pH LA . AA .PA I NH,-N
TR E S T IH IR (CK) (P<<0.05) ; 5
TSI LP X5 7 R S A LA CAA PA i H
A E 0 (P<<0.05), X%F pH Fl NH,-N 7 £ 5 1)
AN EP>0.05),

AT LP A # P, 1. 0% DX 5 pH #& ik, CK
B pH 55 1. 5% HQ . 1. 0% DX F1 1. 5% DX A LA
SR R T HAR A BE(P<<0.05), 1. 5% DX iy

LA &, 1L.5%DX M 1. 0% DX 1) LA & & 4
Bl B EE T 1L.5%HQ A 1.0%HQ (P<C0.05) ;
1.O%DX M AA & & W & & T 1.0%HQ (P<
0.05); CK 0. 5% HQ M H T PA, FoAth b ¥ o
R PA ;£ Ab BRI AR A H T R (BAD ;1. 0% DX
A1 1. 5% DX ) NHy-N 7 &5 ¥ i 3 (K F CK(P<
0.05), W% 2,

IO LP )AL BE A 7R HQ () 45 4b 2 pH 441K
F A IMAE & DX WA B, 7 DX 1 & Ab BE LA & &
Im T o R HQ M AL, {H 22 R 3 R i 3 (P>
0.05),CK i LA % & 5 ik ; 1. 0% DX Al 1. 5% DX
M AA FE Y E S T H R A (P<0.05),
0.5%HQAM 0. 5% DX iy AA FHZ 5 A FH P>
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BRI 1 BA U HQ 4 ¥ iy NH,-N & &= 34 12
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Table 2 Fermentation quality of sweet sorghum silage treated with Lactobacillus plantarum in combination
with Chinese herb residues

FLIR AL B (1D

; . P
o LUES QY Lactic acid bacteria treatment
Item Treatment
—LP +LP C L CXL
0.5%HQ 3.8740. 05" 3.8840. 04"
1.0%HQ 3.90=+0. 05" 3.84=+0.05%
1.5%HQ 3.8740.03" 3.8740.02"
pH 0.5%DX 3.87+0.03"" 3.91£0. 02" 0.034 0.287 0.075
1.0%DX 3.8640.02" 3.9140.02"4
1. 5% DX 3.88+0. 05" 3.95+0.01"
CK 3.944+0.05% 3.93+0.05"
0.5%HQ 4.744+0. 38" 5.6240. 17
1.0%HQ 5.07+0. 12 5.95+0. 08"
y 1.5%HQ 5.5840. 17" 6.3240.09"*
FLER/(g/100 @)
ZL%./ g' & 0.5%DX 4.68+£0. 14 5.7240. 354 <0.001 0. 001 0.226
Lactic acid
1.0% DX 5.95+0. 50" 6.20+0. 36
1.5% DX 6.12+0. 26" 6.57+0.28"
CK 4.254+0. 21" 5.2740.55%
0.5%HQ 2.4440. 17" 2.3340.04%
1.0%HQ 2.24=+0. 16 2.484+0.02"
1.5%HQ 2.2940. 16" 2.564+0.06%
48/ (g/100 @)
M, & . g 0.5%DX 2.4940. 05" 2.37+0.07 <0. 001 0.002 0.020
Acetic acid
1.0%DX 2.5240.11" 3.3040. 78"
1.5%DX 3.25+0.12" 3.8940. 29"
CK 2.47+0. 12" 2.5340.03
0.5%HQ 0.41%0.18" ND
1.0%HQ ND ND
1.5%HQ ND ND
2/(g/100 g)
ViR /(g/100 g 0.5%DX ND ND <0.001 0.019  <0.001
Propionic acid
1. 0% DX ND ND
1.5%DX ND ND
CK 0.46+0.17* 0.4740.13%
0.5%HQ 2.624+0.15* 3.0040. 44
1.0%HQ 2.60+0.03" 3.04=+0. 20"
1.5%HQ 2.7340.09* 2.9340. 24"
AR/ (g/100 g)
HAR . & . & 0.5% DX 2.3640. 10" 2.3440. 04" <0. 001 0.288 0.058
Ammonia nitrogen
1.0%DX 2.06+0.21" 1.874+0. 21
1.5%DX 1.98+0. 28" 1.9540. 11
CK 2.75+0.37" 2.4940.11"

TEHQ, G s DX, T & 250 ; LP AEYFLAT o A BP0 i 230 Bk B R 25 T 4t 24 i DL g 338 6 0 1) ot 7 0 B o /N5 5
FORZE S W E(P<0. 05, AT AR KRS PR R85 .35 (P<<0. 05)sND , RigW . T,

Note: HQ, astragalus residue ; DX, clove residue; LLP, Lactic acid bacteria. The percentage in the treatment is the mass percentage of astragalus residue
and cloves residue added with the fresh weight of sweet sorghum. Different lowercase letters within the same column indicate significant
differences (P<20. 05), and different uppercase letters within the same column indicate significant differences (P<<0.05) ; ND, not detected.
The same below.
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F T DX CK(P<<0.05),1. 0% DX iy NH,-N &

HOEAR, &R 2,

2.3 EYEIAHESFEAEEAMNESRETR
BEFRKSHZM

H R 3 AN, I A Wi HQ DX A LP
Xof i e BT I R A% IR S A G B Y 28 B AN
(P>0.05) ; DX Fl HQ X} 7 I 4 4 it (DM) A
HE T (CP) (B YE PE ¥ £F 4 CADF) | 1] 3% 1 % 7K 1k
AW (WSC) I ¥E By (starch) & ¥ 45 B 3% % W
(P<C0.05),LP X} DM & &t 1 3 5% i (P<<0. 05) ,
Xof H b F5 B 5 1 AN B 3 (P=>0. 05) .

TEARTRMLP A3 rh 0. 5% DX 1975 4 kL T
TP AR T CK(P<<0. 05) , HiA b ¥ 5 CK I i
FH 225 (P>0.05) s B HQUS & iy 35 , 75 s e
(9 CP &t i i 8 in L I HQ £ A B CP 7 1 =

TR N4 DX P AL B BRE N 1. 0% DX b # i l ¥
PERKL A Y & B TN 10X HQ P AR B, HAY TR
i DX A B ) AT PR OK AL A B KT AR R
I HQ AR ; CK ek & f fierms , & = T- 1. 026 DX
F 1. 5% DX(P<0. 05) , #s i DX b Y JE # 7 i H 1%
TSN HQANFE ; HQ A1 DX Ab F (4 HLAR W5 75 =
ZRBIAN R E(P>0.05),

TEG N LP Ab B A 38 in DX 1) 25 4b B9 5 %
RTINS & ) HQ AL B, {H 22 R W 3 (P>
0.05);L.5%HQM CP ¥ EHT 1. 0%HQ.
0.5%HQM CK,3 DX ZEMCPEEER
AN (P>0.05) 545 HQ . DX &b B iy rp M vk 15 &1
e FRYEVER A4 TEMAHLIE S R ER AR
F(P>0.05);1.5%HQ M 1. 5% DX f§ WSC & fit

ZRAREP>0.05 (BT H A, WL 3,

®3 HEYAHESPEASTHALENHBEREDANNERAS

Table 3 Nutrient composition of sweet sorghum silage treated with Lactobacillus plantarum

in combination with Chinese herb residues

FLRR A AL (LD

HH LLELRAep Lactic acid bacteria treatment r
Item Treatment
—LP +LP C L CXL
0.5%HQ 27.2340.38"  26.83+0.51™"
1.0%HQ 27.58+0. 22" 26.83+0.50™
) 1.5%HQ 27.33+0.62™  27.08+0. 04"
;ri%ri:j/loo & 0.5%DX 26.30+0. 29" 26.21+£0.12 <0.001  <<0.001 0.647
1.0% DX 26.74+0.32"*  26.3940.29"*
1.5%DX 27.40+0.10™  26.7240. 24"
CK 27.03£0.39™  26.6240. 08"
0.5%HQ 5.1840. 17" 4.9840. 27"
1.0O%HQ 5.24+0.16™ 4.9640. 40"
1.5%HQ 5.66+0. 21" 5.61+0. 23"
iﬂrij‘pif;i/loo & 0.5%DX 5.04=+0. 35" 5.08+0. 23" 0.005 0.828  0.701
1. 0% DX 5.18+0. 35" 5.2240.13™
1.5%DX 5.09=+0. 36" 5.3140.30™"
CK 4.93+0.19" 5.02+0. 11"
0.5%HQ 61.67+0.80™ 60.74+0. 87
1. 0%HQ 59.48+1.60"  60.08+0.43"
TP PR TR AR 4/ (g/100 @) 1.5%HQ 59.28+0.60""  58.30+1.13" 0. 062 0 698 0 812
Neutral detergent fiber 0.5%DX 57.34+1.82"  59.50+1.83"
1.0%DX 58.37+1.61" 58.81+4. 35"
1.5%DX 57.9041.93" 58.0541.33%
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FLRR W A3 (LD
HH LUEL RSO Lactic acid bacteria treatment P
Item Treatment
—LP +Lp C L CXL
CK 59.96+1.39"  60.5142. 73
0.5%4HQ 37.0940.85"  36.7040. 40°
1.0%HQ 35.5841. 62" 36.2740. 73
‘ ‘ 1.5%HQ 35.5540. 52" 34.5041.13*
iﬁgiﬁiﬁﬁffoo & 0.5%DX 33.4741.24"  35.03+2. 05 0.041 0. 625 0.815
1.0%DX 34.5041.51"  34.4743.03%
1.5%DX 34.2041.46"  34.37+1.34%
CK 34.9841.39"  35.634+1.51%
0.5%HQ 0.8340. 23* 0.7440.01%
1.0%HQ 0.65+0.01"  0.6740.16™
AT Ok G/ g/ 1.52%HQ 0.69+0.02"  0.5640.03"
ix(;gtf:_soluble 0.5%DX 0.700.04™  0.6340.03™ 0.012 0. 140 0.776
carbohydrate 1. 0% DX 0.66£0.04™  0.6640. 09"
1.5%DX 0.57+0.02" 0.5840. 06"
CK 0.70£0. 07" 0.6440. 02"
0.5%HQ 4.1140.64"  3.9840. 23"
1.O%HQ 4.3040. 45 4.0041. 01
‘ 1.5%HQ 4.2240.30"  4.04+£0.75%
ﬁﬁfg/loo &) 0.5%DX 4.014£0.54"  3.6140. 33 0.003 0.292 0.961
1.0%DX 3.5240. 18" 3.5240. 28
1.5%DX 3.2240. 11 3.3640. 14
CK 4.5640. 27 4.354+0. 21
0.5%4HQ 1.9840. 87 2.1240. 95"
1.0%HQ 2.7040. 09 2.9540. 93*
1.5%HQ 1.9241. 28 2.77+1.33%
ﬁgiiiigoo & 0.5%DX 2.4941. 30" 3.2020. 60** 0.205 0.068 0.788
1.0%DX 1.6141.01% 2.67+0.52"
1.5%DX 3.2140. 15" 2.8740. 25
CK 2.66+0. 48 3.40+0. 34"

2.4 EYIAMBSHEABBEAMMEERENE
FHA Sh 1 1L 45 1 B9 B 1

R AP, F I A W HQ . DX A1 LP
Xt IR R SR AR A T Ak R R AR S ok
Ve WA L R H A W A H RN (P<
0.05) , X 44 1L 2 11 5 1 Ak % T 3 19 38 B AR
i (P>>0.05),

TEARRINLP A b, 1. 5% DX 1Y 5 I 4 f} 44

A B I AR R L B3 R T CK A0, 5%0HQ
(P<C0.05) ; 640, 1. 5% DX B4R S+ 8 5 14 1k 3 A%
L TR 1. 0% DX DL A i H: 4y Ak B (P<
0.05) ;1. 5% DX (44 Sb i 4 Pk W 2T 4R TH Ak R e i
3 TR 1. 0% DX AR Ay H Ay Ab B (P<C0. 05) .
TERNLP 43 v 1. 5% DX A4 4 HL & (5
MR R, BE S T CK.0.5%HQ M 0. 5%DX
(P<<0.05) . RSN & A1 T H AL R B HF HQ DX IR
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T A B B Y . B A Ak B O R A A T
Yy IE AL R A B R (P<<0.05), 1.5% DX/
R AN PR R AT R A R o, B R TN HQ

B4 A B(P<<0. 05) . FEE HQ . DX Y ¥ &= 1
T4 RE A A A p P I AR R AL R BBEZ T,
SRS A B R A R — 2, Wk 4.

F4 EMIAFES P E B A R T R T R O N AL A
Table 4 In vitro digestive characteristics of sweet sorghum silage treated with Lactobacillus plantarum
in combination with Chinese herb residues %
FLRR B 2L (1D
M LUEE JAOY Lactic acid bacteria treatment r
Item Treatment
—LP +LP C L CXL
0.5%HQ 73.51+0. 64" 76.64+1. 25"
1.0%HQ 75.60+0. 43" 79.83+1. 62"
. 1.5%HQ 80.81+1. 68" 80.72+1.16"
1@@11)&%% RBH e 0.5%DX 79.83+3. 31" 76.34+0. 70" <20.001 0.061  0.056
1.0%DX 80.59+0. 68 81.1140. 31"
1.5%DX 81.7040. 52" 82.4640. 44"
CK 72.45+6.23" 76.74+2.91"
0.5%HQ 48.6540. 35" 55.88=+1.26%
1.0%HQ 51.654+0.93" 59.92+1.17"
) 1.5%HQ 52.514+1. 35" 62.54+1.19*
ﬁ]ﬁ;g%ﬁﬁ%$ 0.5%DX 49.4040. 39" 57.17+0. 70" <C0.001 <C0.001  0.021
1.0%DX 54.71+0. 27" 61.77+0.80™
1.5%DX 55.76+1.10" 63.46+0. 36"
CK 45.65+0. 94" 51.46+0. 82"
0.5%4HQ 39.84=+1. 36" 49.45+2.05%
1.0%HQ 39.34+0.83" 52.1240. 65"
i » 1.5%HQ 39.13+0. 90 52.51+0. 63"
ﬁ]i\:l;%%‘{%ﬁgﬁﬁ e 0.5%DX 45.3941. 20" 53.45+2.47"  <C0.001 <<0.001  0.007
1.0%DX 49.8242.89™" 55.97+1. 69"
1.5%DX 52.76+£1.79 56.5442. 52
CK 35.67+5.47" 44.8641. 94"
3 W Y B AR bR FLRR B 2 R DA M oK AL

3.1 EYIAAESHEAEHEANHSRELE

& B & R A &0

FET It A pHR ARIE 5 I & B Ra e RS 1
EEHE R, X REHE I, I R
pHE T 4. 2 8 . AR IS rf, JE 3 st B (CKO
1 pH<C4. 2, 3¢ B H % I BN A G . 72 8 n 3% 8
(HQ) T & (DX) 24 i 1 it A 4b B2 pH 4/ 4 #5 78
4.2 DT, B HQ DX 1 i F I R X & e & 5t 7= 2k
GUTH R W o A LR B b [R5 e 7 4R

Y, B BFLER (LA I 2R CAAD SR P ™, A
R, TR HQ DX 14 4% &b 2 34 v] i 25 42 = it
SRR R R LA i, FLRE A IO om, LA
S b2 TR, U HQ A1 DX 6 AT LA F LA 1
A, XWRERKN I HQM DX FHKELMZL
B, R LR B BRI T TR A RRUE A2 U T R AL
FRR (LPO M A K EH . RS S aRE
LA K /b AA IR (PAYFI TR (BA) . Br CKHI
0. 5% HQ 4b B Ab , 4y 4% 4b #5355 5K 45 T 21 PA Al
BA™Y X — 45 R R B HQ A DX ] fig HAT I A %
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WA AR MEN ., DX 5 LPBH Gl i 3
o T IR e S LA B i, 22 B DX At B A
B 1) [T B, 9 A 6 LP A 3% 1 7 A= AR A . HQ b
P A R R AA R A B E R, MR
1. 5% DX Al E i AA S, X EHHQAM
DX EAE R T X Ll REAFFE 22 57 . PNIE S5 0 B
B, DX ] il 7E & Bt B b A E T R R R R, NI
BOAA TR MBI e R AR R L AR S
KBTI HQRE S H2 T B e iy & ik o Uk, 4
FE T e B 0 & W v HQ 38 o £ i LP %558 A 1 £
LA F= i, BRAIK & 5 2R 58 10 pHL, DT 4 i A 3 2y
BB, XS5 R R - B
1.0O%DX #1 1. 54 DX J5 2 & A (NH,-ND & & 1 3%
B AIK (P<<0. 05) , Bifi % DX 8 Jin 2t 9 38 i NH,-N &
o H AR B X E ST T DX X 2% B A ]
FERTE € SN N A A S DW= S v T}
WIMHQ G NH,-N % 5 JF K I 3% B K, X AT RE 2 7R
AN FE . AW AR B, DX &R i
(1.5%)5 LP B AT LB R4 1 & e RO o

DX 7€ 410 il Z% B R AR 47 8 1 5T 5 i AR AR
PFOHQE TR ML & W 5 1 AW E M . AL
55 v HQ Pl 2 1 J5 40 A 265028 R A, T BB S Rl v B
) e B B0 DL S HQ N I R R 6 . AR R 58 vl
L3 3ok 8 R HQ W TR I i, 32F — 25 56 UE 0% R WAk
BRI .
3.2 EYIAMESHEABBEAMMEESRENE

BEFRKSH M

WA (HQ) . T & 25 (DX) 51 ¥ FLAF
CLP) B i 58 7 4l o8 3% A 43 45 30 48 A 3
T LR (3D, X —L5 AT RE A o 2 Fh
Hh R 28 3 A /R AL AR BB ST HQ A DX i ) Ho g
MRS A> CAn B B 220 LT A D) B B R s U W e IR
FUR P ARG i LP = 238 i i i AR A R 1 o
A E W R AR . ST 5 R B, W
1. 5% HQRe U 34 in s 2 sh W98 8 vh A 25 12k )
M FEE, EARKE D, L5XHQ+LP I Al i
MRl K AL A & i B A, U0 BH S A i HQ T RE &
S8 LR AR R X T R B s R R K AL S
MR . R HQ MM E AR (CP) & &/ T ok
IR HE CCRO AT LA DX /45 40 2, nT i 5 HQ
BETAMLA YR I E A RS A
PRV B 21 4 (NDF ) FI R P U6 % 47 4E (ADF) & & 4o

1o 23 LR T A RORE T HQ AL B AT 4
A0 WSS, R] RE SR N Ry R 2 AR B gl AT A
T I £ 4 R AR B MR TR R HQ i T
NDF #1 ADF B & & . 5 %0 Bk Bk 255 0F 5% 25 SR A1
L, A5 v CP & St BIC, T B2 IR O 7 = M XS
i A0 iy EL A 85 ) D DAL T DA ECE 3R A A1
3.3 EYIHESHEATHEANMHSRENE

P 50 i 1L 45 B9 BT

RN T4 5T Ak 2R (TVDMD) J2 4 5 7] 1 % 37
W A8 0 DGR bR 2 — , TR 2 B D) S 2 3l 1 fml BL 3 57
Y (B A5 DL SE B A SE A, 32 R B o )RR O
{5 BA IF ) 9 B 2R 0 B O P DA R AR AR ks L Y
R SR R — T4 5 T 1L %
o Gk e R SR B AT R R R e R AR
rh, 1. 5% DX+ LP B A & & i IVDMD, iX 1] fig
2 R R FE AR BT R I R B 2 LR
it CCP) & d , A b B2 B A0S, BT DL AT 38 1
IVDMD"™ . JE /NN ik A0 HL 2R 53 Ak %
5 CP & & 5 1E A0 256, 7R AF o v 3 &1 48 78 1k oK
(IVNDFD) 5 o M 3 1% 21 4 R IR 1 0 4% 21 4 % &2
BRGNS, ARG 1. 5%HQ M 1. 5% DX kb 3
Py H AT B m i CP & i, JL AR AR B 1 T 1 e 4
B B 1. 5% DX Al 1. 5% DX+ LP B A &AL
PV U6 41 2 AR M Uk Uk £ 4 5 B BT AL TVNDFD
B WA, 5 RIS AR P FLAT B CLPOAH E, AP IR
N LP &b B A PR A1 rp v e U £F 4k AL R T
WIS in LP B8 % 14 0 3 I 4n)RE 09 9 Ak 5, i 5 1 v
R - BT A3 7 A0 R 5 4 SR — B

4 F

IR R 25 (HQO M T 7 25 1 (DXO fE % {2
T SR T DR R T oA I R R Y
s 0 RLR S 05 AR R 1, 255 77 07 0 A4 A0 T AL e
P, 25 Kb 31T R 3R T I ARDRL T 4R T R R e )
KT FH+EYIAFE (DX +LP) > W+ YT
FHE (HQ+LP)>DX>HQ, H# 1. 5% DX+LP K
L (LAY FI 4R CAA)D & & fe i, 4 3l R 6. 57 il
3.89 g/100 g, & A A (NH,-ND & & 8 # % T %
HQ+LP 1145 b 3 AR G in ) B CCKD 5 5 it [ B
1. 5% DX+ LP M5 19 B il A3 Ak SMRLEE B 5
TH AL AR A1 rp P v U £F 4 T8 AL R B B, 4 ok
63.46% ,82.46% ,56.54% . KL, 76 T 5 Hb X it
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