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Effects of single and multiple inoculants on Hemarthria compressa silage quality
LI Xiao-ling™ ", GUAN Hao" ", SHUAI Yang, LI Xiao-mei, PENG An-qi, LI Chang-hua, PU Qi,
YAN Yan-hong™ , ZHANG Xin-quan

Department of Grassland Science, College of Animal Science and Technology, Sichuan Agricultural University, Wenjiang
611130, China

Abstract: In order to improve the silage quality of Hemarthria com pressa in hot and humid areas, three select-
ed lactic acid bacteria strains [ Pediococcus pentosaceus (PP04), Weissella cibaria (WC10) and Lactobacillus
plantarum (LLP694) ] were used as single or multiple additives during H. com pressa silage preparation. The
treatments tested were as follows: 1) PP04 (Pediococcus pentosaceus); 2) WCL0 (Weissella cibaria); 3)
LP694 (Lactobacillus plantarum); 4) M-1 [PP04 (Pediococcus pentosaceus) * WC10 (Weissella cibaria ) =
2 :1]; 5) M-2 [PP04 (Pediococcus pentosaceus) * LP694 (Lactobacillus plantarum) =1+ 27]; 6) M-3 [WCI10
(Weissella cibaria) * LP694 (Lactobacillus plantarum) =2 1]; 7) M-4 [PP04 (Pediococcus pentosaceus) :
WC10 (Weissella cibaria) * LP694 (Lactobacillus plantarum) =2+ 1: 1]; 8) CK (uninoculated control). The
ratio of NH;-N/TN in the inoculant treated groups was significantly lower than in the control group (P <C

0.05), while lactic acid bacteria (LLAB) treated silages had higher lactic acid content, dry matter content and
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recovery of dry matter than the uninoculated control (P<C0. 05). The pH value of all treated groups was less
than 4. 2, and the lowest pH value (3. 86) was observed in the M-4 treatment formulation. Furthermore, the
M-4 treatment group had the highest lactic acid content and lowest NH;-N/TN ratio (P<Z0. 05). Generally,
inoculation with one or multiple strains of lactic acid bacteria was beneficial and enhanced the quality of H.
com pressa silage. The optimal formulation among those tested, for preparing H. com pressa silage, was M-4
(PP04 : WC10 : LP694=2:1: 1).

Key words: silage; inoculants; Hemarthria com pressa ; fermentation quality; nutritional components
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2.1 Wit IR SR B T, 8 AN AR, 43 k- 1) PP04;2) WC105 3) LP694; 4) M-1 (PP04
WC10=2: 1);5)M-2(PP04 : LP694=1: 2);6)M-3(WC10 : LP694=2: 1);7)M-4(PP04 : WCI10 : LP694=
2+ 1+ 1) CKGHR, EAM AR . F 2017 45 8 H 20 H MEZE i A 2= $ 2045 15 00 ik 00 281 o5 0] 281 i 2~ 3
em, 7E B AL A 25 2 T 0 & 1 30 00 B PR AT IR AR B, FH KR ZE IR KK R FLER TR S I AR B R 1. 0 X
10° CFU « g~ ! FW(CFU,colony-forming units; FW,fresh weight) , 3 FH W a5 40 ) Wi W 76 5okt E IR G 45) LI
AT Z= K X I, BR b HE 3 IR, BAHEE 300 g HIRBFIIFEM R AJE b — R O Ii42(25
em X 35 cm; BEME, B ED , FHE S B B4 (Evox-30, Orved, K FD M H 25 % 5, fE Z IR (15~30 ‘C) P EFE 60 d,
1.2.2 500 B b BT S 3R oy oy B A8 )5, S ) 78 [ &l B 25 (Deutche Landwirtschafts Gesell-
schaft, DLG) J7 & P4l A [ b 31T e Aol 2 800 500 75 DU AL AR JERCEY 0 . B AR BRI 20 @ BE & IN A 180 mL ZE 1R
IKAE/NBIREIHLR S 1 min, SR 5 HT 8 JE 20 A i i DR WRH] 7700 € 45 AL B pH A JFLIR & 8 SR & & CNTR &
L TRMESA T &, KR H T IR S ORI R 3] 60 °C AR o T4 72 h W T B L G
WREENE 58w T4 5 & 09 AR E T4 BT m e, HIWEE MRy 148 55 U211 5 A A o 2 0. 425 mm i,
F i %€ #LFE A (crude protein, CP) A& K k& W) (water soluble carbohydrates, WSC) , 4 18 15 £F 4 (neu-
tral detergent fiber, NDF) FIFR M ¥k 1% £F 4k Cacid detergent fiber, ADF) , 1fij 48 %J 4d] F 4 {8t 2 2 [ (88. 9—0. 779
X ADF) X (120/NDF) J/1. 29 115 i 1%,

A LR R 4 HE B -1260 #8208 €833 {X (HPLC) (Shimadzu Co. Ltd. , Kyoto, Japan) 43 #1 . Kl %y SPD-
10A VP, I 210 nm, NH;-N & K4 Broderick &80 75 1 408 . KA 1R AT 5 PE R K AL & 9 43 51 T L
PG G0 R TR B L €0 30 000 R TR U 45 12 T v e D A 2T 0 RN R P VR VAR T AT
1.2.3  GAEW R R B I e T I A AR b A B SE e DA O g FRE 20 g AR T 180
mL JoE A B ERK (0. 85% NaCD o &2 B, I 46 4 “C AR 1 ho I W H 4 2 50 B 3 B (10° ~
107D JF A T MRS B 55 9% 5 (Difco, i . B AU BT, EZ R R AR A R BB R 4 0 55 . T
37 CRIRAE T 3 11 B 5 3R D 85 57 48 h J5 Ge i+ LR 18 1% B V& . 76 B B0 38 4 4 4 Bl I 3% 3% & (Difco ., Bl
B, i E A, EZE R B Rk R A B R B IR, T 25 C A AR 4 4 TR T
B, TESE RS L IH AR 3OIR 1 37 5 (Difco, B, B AE 50, 2R 0 8 R CELBE R RE R AL AL ) B TR
fifR W, T 37 C A AR SR 24 h, I T A H L
1.3 HELRIT 5

H Excel 4% H1 SPSS 19 #AF X 50 B JE47 05 22 0 M 2 I il 45 R DL P<<0. 05 KRR E R &

2 HZREHSH

2.1 HEWT AL AR M 6 R R S
TR ML B A R R A SR 1 iR, T CHLAR 1L T T oK A B bk R R A A R T
L AEAY R 30.47% FW.13.26% DM.7.02% DM.62.68% DM #1 28.91% DM,
2.2 mARA e F AT U 6 AR M it S
1% 2 AT i R B IS A AL B FLRR TR B B = T R (P<0. 05) i T i A A #E
rh LR B e /b AU 2. 23 logy, CFU » g ' V5 , PP04 , LLP694 \M-1 F1 M-4 4b P 21 7| R o B0 i B 3 = T H
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i Ab HEZH (P<C0. 05) , d5 g 1 FLIWR P 450 B AE LP694 A BEAL .o 6. 48 log,y CFU « g ', I04h,PP04 M-2 M-
3 R M-4 Ab H 4 T A ARG I 30 e B T L 6T R L A T NS R R R S T 2 T E AT, AT RA 7R E IR A A
MR, 5 & BT AT BF RS 68 W . 28 1 e, M-4 Ab B4 JC e R T L FF o R TR, LR
PR B 2 LA A v R S A

1 BIAI'BER REFEEERNS

Table 1 Nutritional components of H. compressa cv. Ya’ an before ensiling

IR T Likis| L R KA A r P VR 2 4 % 1 Wk R 4T 4
Silage material Dry matter Crude protein Water soluble carbohydrate Neutral detergent fiber Acid detergent fiber
(% FW) (% DMD) (% DM (% DMD) (% DMD)
e A IR H. compressa cv. Ya’an 30,47 13. 26 7.02 62.68 28.91

% FW fl% DM -k R & fabn i s E M TR E 4. FH.

Note: % FW and % DM respectively represent the percentage of fresh weight and dry matter. The same below.

2.3 RFSUBRE R e A AL A R AR B R S ®2 RESEEELIEOMEDITR
)}% ) % vy Table 2 The microbial counts of H. compressa

2 3 AT T LR A1) A W 0 R before and after ensiling {logw CFU - &)
JE TR SR U T Bk L S5 S5 A DRI AT R i 91 o GLME B B S
B AR E T HARINIL R E N B, § Period Treatment Lactic acid Yeast Coliform Mold
A FLARTE A TRAL T LP6OA A FRALY 1 A B LI e prterts
@E&Eﬁﬁﬁ:}: PP04 1 WC10 ﬂ‘fﬂéﬂ _ M-2 .M-3 Al HIPHT Before ensiling  — 2.23c 4.96 4. 90 ND

HITJG After ensiling X CK  5.24b  5.10 ND ND

M-4 AR 1 R R, M-1 8 2 ki, B 2 5% 3

SN N PN ™ N PP04 6.11a ND ND ND
AR IR S I A B2 i RCE S R &g s T8
s s WC10 5.12b  1.40 ND ND
A ZL R B N 0 RN JC LR B S 0 B X BB A Upson R w b
2.4 RRESLEHE KA A A T3 B AR e R R B S m 6'27 4'41 “w A\ID
)ﬁ 4 U@ M-2 5.22b ND ND ND
46 4 AN R LR A B AL 010 % 1 ORI s son b D D
FT XL (P<<0. 05) . AbBEAHAY pH EMILT M4 6.4 ND ND ND

4.2, Moo SRR oH ERAR 5 3. 865 TR VE: logio CFU « g~ AR BA 10 i 6 B 4277 1 g BF i o B2 0 B
SRELAY pH 5 TAEIRALCP<<0. 050, 2 4. 790 g g ND (UARAT KWt . ISR 5208 A 526 KF 1 2 5 1
AFHZA A NH,-N/TN A4 B E R T X B4 (P<< %, FA.
0.05), MEIMABRE YA G AL B4 8] 19 NH,-N/ Note: logio CFU « g~ ! represents the total number of microbial commu-
TN Eﬁtlﬁ/&ﬁi%?ﬁ%’i(lj>0 05). /ﬁ\:':F' ,M-4 ﬂ‘ nities per gram of sample in common logarithm values; ND stands for no
4 E‘J}L@Qﬁ\ifi%,jﬂ 72.32 mg - gﬂ DM;Xﬂ’ﬁﬁ detected. Different lowercase letters in the same column indicate significant
HEYFLIR & B Je ik (P<C0. 05), N 16.45 mg * g !
DM, AbFRA A LR AT FRAFAR T X5 FRZH L I Ah , 7
ABIE ST B R B IR . BRI S L R TR B TR A SN B A [ Ak B TR) 2R B B TC W 25 R (P>>0. 05) , Heh
BB ERANAY WC10 b 2R & B . 0 1.39 mg » g ' DM EIGME T X IMAH 2R &, A, LP694 FIE &
O I LR A A PEZE TR A o K T At Ak B A B (P<<0. 05) L BRI 7 mg ¢ g ! DM, Hi, M-2 AbH
TS ERMK, N 4.65 mge g ' DM,
2.5 FRLBRERAMANLE S BRFRISRR>GYH

i 5 AT, 75 05 VS 0 2L 2 T A B4 1) S o B v T IO TR ML RR TR A 0 BRI L 45 AL B ) T ) o

difference at the 0. 05 level. The same below.
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3.76% DM, 4% 4b $H 2 [a] (4 i Pk & £F 4k R M ok
WA SRR EHEZR(P>0.05) A B4 FI G
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x£3 AEAFMALENFESFERERRNZME
Table 3 Effects of different additive treatments on

the sensory quality of H. compressa

J&E 5 Sensory quality

Qb

R gl ERES J=% £
Treatment

Odor Structure Color Total score Level
X B8 CK 7 2 1 10 3 g4 Medium
PP04 10 2 1 13 2 Y M I Acceptable
WC10 11 4 1 16 2 % ¥ i Acceptable
LP694 13 4 1 18 1 9 B Excellent
M-1 9 3 1 13 2 % ¥ i Acceptable
M-2 14 4 1 19 1 24 KB Excellent
M-3 14 4 1 19 1 24t B Excellent
M-4 14 3 1 18 1 24t B Excellent

R4 TRFMALENBEFEEREERRAZME

Table 4 Effects of different additive treatments on the fermentation quality of H. compressa

Ak 3 pH (& NH3-N/TN FLIR LR N T
Treatment pH value Ammonia nitrogen/ Lactic acid Acetic acid Propionic acid Butyric acid
total nitrogen (%) (mg e+ g ' DM) (mg e+ g ' DM) (mg e+ g ' DMD (mg e+ g ' DM)

Xt CK 4.79%a 2.45a 16. 45¢ 1.62a ND 46. 56a
PP04 3. 98bcd 1. 49b 50. 65ab 0. 86ab ND 19. 20bc
WC10 3.90cd 0.93b 40.61b 1. 39ab ND 33. 04ab
LP694 4.06b 1.08b 65. 21ab 0. 85ab ND 6.02c
M-1 4. 01bc 1. 24b 43. 89ab 0. 86ab ND 5.65¢
M-2 4. 05b 1.02b 43.97ab 0. 84ab ND 4.65¢
M-3 4. 02bc 0.73b 38.87b 0.73b ND 5.40c
M-4 3.86d 0. 89b 72.32a 1.11ab ND 6.78c

TE : NH3-N/TN AR A0 B4 7 45 1L, DM Fo8 T8 )5, ND 3RoR 3 Rl il

Note: NH;-N/TN represents the percentage of ammonia nitrogen in total nitrogen, DM stands for dry matter,

ND stands for no detected.

RS AERMF AR RS E 5 SRR
Table 5 Effects of different additive treatments on the nutritional components of H. compressa

fb 3 Ty R/ EE &S HEA T PR K AL A rb M U U 2T 4 FRPEVR R4 A A (E

Treatment  Dry matter Dry matter recovery Crude protein ~ Water soluble carbohydrate Neutral detergent Acid detergent Relative feed
(¢7P) rate (%) (% DM) (% DM fiber (% DM)  fiber (% DM) value (%0)

Xt # CK 28.18b 88.87d 13. 30abc 4. 42ab 67.35a 31. 86a 88.51
PP04 29.17ab 92.43c 12. 88¢ 3.76¢ 64.59a 31.02a 93.23
WC10 29.52a 94. 99abc 13. 34ab 3.76¢ 65.09a 31. 35a 92.15
LP694 29. 89a 95. 44ab 13.51a 4.71a 65. 23a 33.28a 89. 81
M-1 29. 04ab 93. 50bc 13. 03bc 4. 14abc 66. 48a 32. 28a 89. 21
M-2 29. 30ab 95. 95ab 13. 44ab 4. 15abc 63.76a 29.99a 95.62
M-3 28. 81ab 96. 74a 13. 22abc 3.91bc 64. 94a 31. 44a 92. 26
M-4 29. 29ab 94. 76abc 13. 28abc 4. 05bc 67.46a 31.70a 88. 54
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T DA K TR T BTG 34 T B e 4 B0 IR e TR o IO 7 R A (R AER Sl kS 2L R A T A R I
LR TR 1 B8 5 1 0, AT P I A IR R L I E A AR, DD SR A B RE S AT AR B0 AR BT 1% A 4
R ARG 5 I JEOR LR T AR AR D AR 2. 23 logy, CFU » g ' H )5, PP04 . LP694 . M-1 Hil M-4
LR TR R S N v Y FL R B B T R AE LP694 Ab PRI LR 6. 48 logy, CFU » g ' iX FWAUS N i LR
TEF I K& B AR AR A R R E F FLBR I A 2 MR i Wb W G AR AN — B, — R M B R AL IR W R B I
WG FRE E T R R R R LR B B Ah M4 Kb B A v ARG I B R T L A R N L FLIR A AR B
FXFHRAL . 2 I Medonald 80 00 575 0 A9 AR o, M4 21 604 0 40 R Sme A8 & 10 0 75 I i b o . I 45 SRS M4 &b
FHZH 0 J T o B A5 e T — L R T VS o A 3 R I L TR A AN I P X B R B

TSN L TR TR Ak P A ) SR B A e T B R RE R TS N B FLRR T e % K i AR FLIR L BRI pH MH
UK 2% R 77 L 7 Ao R v Rl A I Tk BEZE DR Sy SR T I R TR R AT I, FLIER R D T T A R
BRI AE T B E SR Y AR R TR (R W RDRE DY Fr kAR g, HA R Rk, H R TERE R
I PEAN 2 X 55 5, JUT 3R 45 SRR 5 Bk — 25 40 1 5 BGHIE .
3.2 HLBAS AL RRFREFTELEBSRG YR

— N pH E/NT 4.2 BF, W A 5 B A RE 2 B0 AR UE T R R B R AE Y & R
A i — S S IR AL A pH EA /DT 4.2, Hrp M4 A B Y pH (H f K (3. 86) , i KA 5
0 % T W O 0 Y 3 MR LR B O R PR — IR IR R A VRN, B RE AT AL AR A M T Y pH (L 5 AT B 1
WFFEEE R — B, ASHRFE U0 LR A1 Ak B2 1 2L 1R 5 b 3% v 1 ) R L 3R WD OAS T 2L 1 e A T o LR A A
Ko, T4 & T HAR S = AL A T RO S R Y T 25 % ~ 35 Y6 i 2L IR B R Ol
6%~10% DM™, [H BLAHE5E b LP694 Fl M-4 kb FHZH A LR & B4 A 0 7 AR . NH,-N/TN fg Sk 7
WAL Ak v B T R SR IR 1 A R Y NHL-N/ TN BRI S 150 B 2 i R BTG . (2 g A5 O LR P TS B
5 (Medicago sativa) TEFI 45 5 8 WG N W B8 (7 logy, CFU « g ') By B — A8 4 FUAT 18 Ak B A0 B 5 5 0 & B
wn BT A, AR LA 5 T IS FLAT R A 2 S W Re IR 37 T 2 09 8 OB B . 7R A 58 b, B NeobE v sk
155 B0 D TR R W LA TR A2 5 TR Y M4 A 32 1Y) e IR o Jo A i B 1B R R R 1Y 0 i R T IR, U ] 3 el
FLIR P 14 T L e A A5 o) 2 10 0 I A JEG DR IR — 5 1D AT BB AR M4 i, FLRR TR K i A L R T & A
J T TR 45 A 3 A W ) AR B R AR T A G W R R v R 1 JBORT SRR R A A A R s 0 — O T AR
pH A0 TR W B R A T M BRAR T R IR B R RN R R

BEAN, [ 7Y % T L TR TR A6 T I e e B I AR FLIR L I S5 78k 1 L TR 1A N AN BB 2 AR FLIR L 36 7 AR O TR A A Bl 4
o T I ARDRE B A EURR E E A LR X 0 % 58 B Lk I AR Uk R A B AR R AR S S R R
T FL IR A (W C10) Kb FR2H 22 % 5 W6 e T U5 0[] 28 % 1% 2L IR 1 (PPO4 8 PL69 AL FR A, T 3 2= 5% (AR T
X B X AT RE R T AR R E AR S E R Z M R AR BARE, B RAF SR ETEZH L
g, 5 0 A, FLRR A AN AR R EO IR pH LR INE 4.2 IR . 3 FhELIR I E A iy M-4 4b B4 1)
FLIR & v T 2 P LR e 52 G S in A 390 4 0 B — 2L 1 A 3 2L L X 3R W AN ) A T A AR 1 3L IR T AN [m) 1) O TR
BRI F U AR FH A AR AR TR 50 0B e 22 TR 2 dan ] B ) A/ FH O 5 22 B 2 IR S E 5K
3.3 ABMAAmA LS BRFRETRERG YA

b B2 () T T A AT o R CR R v X R v R e TS N ELIR A S L B T RLR B i T R R
R BEP R RS pH (B 10 4G 5 ik 2 W 0 B L R AR T B AR L I R ER N AT M oK A
B SR T R bR LP694 AbFRZH AF  H AT IR I ZL IR B AL FRL AL Y WSC 5 i #4908 T X B4, 7T B8 2 ¥ Jin 1) 7L 1R v
I WSC EF7 4 K B0 = Ak KB I FLIR L 1 i35 IV 5 WSC & PR %1, &AL BRZH 18] i NDF #l ADF JC &2
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2 BT R B A R ORI A R BUAR AL, FL e 2O 32 LR AU 0 R B S O R LR T 1 b
L PR AR A P 55 T 0T B 5 B o 2L R R RE 8 1 65 55 I AR ) R e O R e AR A (L A AT R A
4 H 7 R S

4 Hig

W — N NIE 2 2 5 USRS ) 3R (PPO4) L £ 52 BT IR TR (WC10) FAE ¥ FLAT T (LP694) 24 F T
oA A A TR o ORI 3R A0 (ELR] 8L A R LR B (PPO4 B0 LP694) Sl 73 i T 4= i 5 35 I MO B T 5%
R BEFLIR A (WCL0) Bt s i, LR B P 52 8 U N B 75 I ROR 4 5 AH R G 3 b FLIRR B 4% e 49 52 & v
25 LTk R BRI PPO4 + BT ICE WCI10 = MWFLAT R LP694=2: 1 : 1 &5 AL B M4 3T 4~ ¥
BRI ROR B L A AT O T R AR 2R S BT IR ABESE
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