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Effects of Lycium barbarum by-products on fermentation quality and microbial
diversity of alfalfa silage

ZHANG Huan, MU Yi-xiao, ZHANG Gui-jie
School of Agriculture, Ningxia University, Yinchuan 750021, China

Abstract: In order to develop additives that improve the fermentation quality of alfalfa silage, the fermentation quality
and microbial diversity of alfalfa silages prepared with addition of different Lycium barbarum by-products (LBP)
were studied. Alfalfa silage was prepared without (CK) and with 40 ('T,), 60 (T,), and 80 (T,) g-kg ' LBP.
After 60 days of fermentation, the nutrient levels, fermentation quality and microbial diversity of the silages were
determined. It was found that the concentrations of acid detergent fiber in the LBP silages significantly (P<Z0.01)
decreased, while polysaccharide significantly (P<C0.01) increased as the proportion of LBP increased in the alfalfa
silage. The pH value and ammonia nitrogen: total nitrogen ratio of CK silages were 4. 91 and 8. 58 %, respectively.
As the proportion of LBP increased in the alfalfa silages, the contents of ammonia nitrogen, acetic acid and pH

significantly (P<Z0.01) decreased, while lactic acid level and the ratio of lactic acid to acetic acid significantly (P<C
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0.01) increased. The silage aerobic stability was improved in LBP treatments, although the addition of LBP at 80 g-
kg ' decreased aerobic stability compared with addition of 40 and 60 g-kg '. The dominant alfalfa silage bacterial
genera were Lactobacillus, Weissella and Pediococcus. The relative abundance of Lactobacillus in LBP treatments
was lower than in the CK treatment, while the relative abundance of Weissel/la and Pediococcus in LBP treatments
was higher than in the CK treatment. The results confirm that LBP addition can improve alfalfa silage fermentation
quality and aerobic stability, and change microbial community structure. The 60 g-kg ' LBP treatment was more
effective than other tested treatments in enhancing silage fermentation.

Key words: alfalfa; Lycium barbarum by-products; silage fermentation quality ; microbial diversity
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— o M E 2018 4F , T E A IX My AT AR 1 Bk 6. 67 J7 hm, AE My AD TR R R Gk 14 07 400 MIAC B PS8 (Lycium
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ML AT R A4 sh YR B Rl T R B IR R A WS R M AL h W 2R T e R R S o R Ny
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H LG5 LBP X 78 75 008 SRR A T b BT A A W) 22 REVE B 52, LU LBP & BT % e RO ] S et 1 7
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1.1 X3t

G4 R xt BEZH (CK) I LBP A2, dhi 4 DA 30, RN Ab R A A5 o % B 1 8 SR, A 3R Ay 1 7
MR I =R A W, RS He 4 0 o B kg VDR (T fif B BT ) 40(T,) L60(T,) 80 g(Ty) My A &l 7 4y
(W TH) . LBP &/KE R 6.26% , 4% ik L6 5 8 1E 1R A J5 38 0 B W AT K o34 &K s 2 650 A4, 4
500 g % A% B & BEE O 1 B A% 92 mm, 3 35 5 97 mm, % E 248 775 kg m °) , B TEIRTAF60d. HI60dJE
W5 5 SR B3 R TR I S B A= ) Z2 Rk
1.2 RKEAH

A (P =5 ) A T R BSOS R A PR A R G R Bl MM, 106°037 E,38°33" N, T4k 1135
m),20194F 5 7 18 H W4k 5 37 Bliz [n] 5256 2 FH i) JJ V)5 28 1~2 em 45 H -

MRS R T 7 B A IR A D RRCA R H) L B IR
1.3 Az
1.3.1 ERESE A5 W10 g 7 W ADRHEE T 90 mL 281K , 29 1 min, 4 CTF 42 24 h, & 4 Z 2 4
FAL)ZE U8 A0 ) 8 S5 A4S 75 W ARDRHR 32 W, B HE B Ay IR 32 W — 20 “CLRAF . 43 3 8 G PHS-3G A5 % pH 1t .
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AR — CE RN L vk FLIR I A (A019-2-1 Y | B ot A ) TR AU % ) ZL R It S0 i i A H A B 1 GC-
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JEURE K T 4 75 AR R 200 g 26 A S $ T 105 ‘CA& T 30 min, 65 CHLAGHE T 48 h E4E &, & T i & & . %
W JE L 2 mm G HEAT A2 2 BT . S BRI O 1 Dy vk T v R 1 B P b R A AT A R R M R R AT A i SR
BT e v R K AL A W B i S 2 A R & (ZDT-1-Y AL G N RS AR ) Sl iR I £
1.3.2 f1 AR K60 d JF B iR ORE ke A BTk BE A4S R B 2 SR {X (HOBO Pendant
Temperature, 32 [8 ) LA K& BEAS JLA Hho b B O AE W 4S AL i AT LA M AL P B8 TEER TR
£ o [a) B 7 3 PR B R B A SR A, 4 30 min i — WU BE o A5 AR bR R R T R 2 °C, D U Y A IR RL T 4
VAR 5T, 1153 WA T 48 28 i 03R4 i [) B A AR R 1k
1.3.3  JER N H W 4E R A 9 £ R P T 2 i F FastDNA® Spin Kit for Soil (MP Biomedicals, Santa Ana,
CA, 3£ B ) ik ) & 48 ORE & v S04 9 5 DNAL 38 B 4 181 16S rRNA 1 V3~V4 /] 48 X, 5k H 51 9 338F (5'-
ACTCCTACGGGAGGCAGCAG-3") 1 806R (5 -GGACTACHVGGGTWTCTAAT-3") %f FF $#2 B 19 DNA #
P17 PCRY™ 4 . {8 H] Tllumina Miseq #ll /¥ °F- & (Illumina Corporation, San Diego, & &) #4700 )7 , By F i 3575 4
Yy = 25 BB BR 2 W 58
1.4 H¥pEam

K H IBM SPSS 18. 0 A4 #4T ANOVA J5 22 3 By , 4 18] 22 53 #| H] Duncan [R5 2 5 L &L, P<<0. 054k
22 5 W E AR . 8 Uparse 000 X7 80% 51 3547 OTU H 2 (M ALEE 97% L 1), FI A RDP classifier X}
Silva ¥4 (SSU132) , X 4 45 5 S FEAT Wy A 43 S50 R, B XTI 7026 o 2k ] Mothur 441 &5 i#£ 47 Alpha
ZFEYE W

2 HBRESH

2.1 HFERAHFH®

G ETE M LBP B 00T E IR oy K RUE A o B W 1 &K 1, LBP A CP & & & ik 17. 16 %, NDF Al
ADF & i A XK. LBP R AL 15 £ BB IE Ml o 20 & i L T ) /30 1. 70% A1 1.30% . K H
1 B A 2B W b, FLAF B R (Lactobacillus) BRI G & (Weissella) e Fr 3R 18 & (Pediococcus) #H X = B 43 i 4
2.65%.1.10% J2 0.06% ; LBP & 37 [C 18 J& AH X F B 0.23% , &4 0. 12% FERW R . R HH P ZHE
(Pantoea) KX F K 13. 21 % , 1 LBP thiz B & AR A 2 B A%, R 12, 11% .

F1 BPEBMLERS
Table 1 Nutrient composition of fresh alfalfa and LBP

Tji B Ttem HALE TS Alfalfa FFC = LBP
T# % Dry matter (DM, %FW) 35.74 93.74
HMLEE 115 Crude protein (CP, % DM) 21.62 17.16
ik 1 Pk A £ 4k Acid detergent fiber (ADF, % DM) 24. 86 15.97
P VR I 4T 4 Neutral detergent fiber (NDF, % DM) 40.73 22.05
Al Pk K4k A ¥ Water-soluble carbohydrates (WSC, % DM) 2.13 6.67
Z B Polysaccharide (% DM) 1.30 1.70

2.2 MAeal Al B A AR E R RS 5

LBP A $2 5 15 5 ikl 2 05 & 2 (3 2) , FLBE LBP Fu i I i @ 25 3% fin (P<<0. 05) ; NDF % 2 Fifi LBP % Jin
N 2 N B (P<<0.05) ; T AR 3 rh WSC & & 83 & T HAb AL 3L (P<<0.05) .5 T, . T, M CK Z [A] JC B &
25 (P>0.05),
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A BEAEHETE Alfalfa

AT 8 Bacteroides: 1.44%
111 5% [C 14 )@ Burkholderia-Caballeronia-Paraburkholderia: 1.61%
B ZE MR 1 & Saccharibacillus: 1.67% \
FEI% % JHu i J& Stenotrophomonas: 1.79% /\
A2 )@ Paeniclostridium: 1.85%

1% B Y0 5 J@ Sphingomonas: 1.85%
B A7 I 1 JE Romboutsia:1.96%

3% J@ Massilia: 1.79%
F|ER 14 J& Paracoccus: 1.96%
DA S BEAT 5 & Glutamicibacter: 2.60%
WK JB Devosia: 2.60%
HEFF B 8 Corynebacterium_1:2.71%
1B % 1 1% J& Pseudomonas: 1.90%
%50 [R B J@ Kocuria: 3.69%
H & ER T & Staphylococcus: 2.94%

Zh 1% ER 1 J8 Planococcus: 13.44% PR R Pediococcus: 0.06%

HAthOthers: 37.20%

FLAF B Lactobacillus: 2.65%

P 1R 8 Weissella: 1.10%
12 I J® Pantoea: 13.21%

B Hyid &4 LBP

Motk 2 HUAT B IR Amphibacilius: 1.15%

K54l # Unclassified & norank d_ Bacteria: 1.73%
T/INFF 1 & Exiguobacterium: 1.15%

38 J® Massilia: 0.35%

WEB AT B4 s Natronobacillus: 2.19%
Kushneria: 2.19%

B P IR Aerococcus: 1.61%

B0 1 )8 Alkalibacterium: 2.31%

{5 ¥ u i J& Pseudomonas: 1.15%
ST 8 Bacillus: 2.31%
F4r 252 HUFF 18 Unclassified f Bacillaceae: 3.69%
kT i J& Enterobacter: 4.73%

K5 K T )@ Unclassified f Enterobacteriaceae: 4.84%
WP FLERAT )8 Marinilactibacillus: 8.30%

H1 % BR 1 J& Staphylococcus: 6.23%

BN 1EER 1 J8 Planococcus: 1.04%

HAhOthers: 9.70%
BT IS B JB Weissella: 0.23%

V2 i J@ Pantoea: 12.11%

J BR1# J&@ Pediococcus: 0.12%

+h * U 1# J& Halomonas: 17.65%

S & Vibrio: 15.22%

1 BSTETEEERBMAICE YR EYER
Fig. 1 Microbial composition of fresh alfalfa and LBP

R2 MR FYMEREESPAMERMI BTN
Table 2 Effects on nutrient composition of alfalfa silage prepared with LBP

7235 H Ttem CK T, T, T, SEM  P{fiP value
F B Dry matter (% FW) 33.03a 33.47a 33.19a 32.28a 0.21 0.22
HMLEE % Crude protein (% DM) 21.35a 21.33a 21.85a 22.91a 0.32 0.26
PR 1 Uk M £F 4 Acid detergent fiber (%4DM) 27.33b 29. 48a 27.02b 25. 58b 0.41 <0.01
RV 4T 4k Neutral detergent fiber ( % DM) 39. 46a 37. 44b 36.82b 35. 42¢ 0.47 <0.01
AL K AL A ) Water-soluble carbohydrates (% DM) 0.47h 0. 46b 0. 44b 0. 58a 0.01 <<0.01
% B Polysaccharide ( % DM) 0. 46b 0.71a 0.73a 0.76a 0.42 <0.01

TE: AT ARG 50308 28 5 W 2% (P<<0. 05), [l

Note: Different lowercase letters in the same row mean significant differences at P<<0. 05, the same below.

2.3 AT R AeH 5E KBS R AT

LBP b2 1) pH A A2 A8 2 & it B E R (P<<0. 05) , Jf B 3 3 2Lk & & K FLIR &% Lt (P<<0. 05) , i f7
HIHEM BRGNS TR (K3, BEAREKEFHG LIS hEAEZER (K 2), LBP A4 B 4 A A
Fa o W ) 3 S AE 4 2 214 213,170 h, R W] LBP o] 2 5 B 4 & WD A As e M. LBP BN L 9 2o 6 %0 B A 48
T s P WS A R AT L AELAT oo 1 X B
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Table 3 Effects on fermentation quality of alfalfa silage prepared with LBP
i H Item CK T, T, T, SEM PA{H P value
pH 4.91a 4.45b 4.39b 4.31b 0.07 <0.01
44 A%/ B Ammonia nitrogen/total nitrogen ( %) 8.58a 7.53b 7.24b 5. 74c 0.32 <0.01
FL& Lactic Acid (LA, g-kg 'FW) 3.71d 4. 55¢ 5.83b 6. 86a 0.37 <0.01
2T Acetic acid (AA, g-kg 'FW) 7.33a 6.47a 6.36a 3.31b 0. 54 <0.05
FLIR/ LR LA/AA 0.51c 0. 73bc 0. 94b 2.07a 0.18 <<0.01
2.4 Mikal Al H i A AR A Y SRR — 250
A2 T H : 2
Alpha ZEHEM BT 11 BT A BEK Coverage 09 £ | .
fE0.99LLE (R 4) R R R HEAIS  E2 100]
KRS B W R A . R A PR B R 10 w2
OTU %k H 43 31 57(CK) \59(T,) ,72(T,) .94(T,), ﬁ% 00T =
OTU % H B LBP %5 i ke i 3% hng b7+, § 9] LBP n] £ sl
BEIE A F P RE Y e R e SRR AR A . T AL é’
HR4L Chao 45 B0 % (P<<0. 05) % T %F &L, 56 W1 V5 fin "k T T, T

— W LBP Al B 45 F W A Y L i 4% A
HEREH LR E 2%, #WLBPX B fE F i
) R TC B (P>>0. 05) 54

&4 Alpha ZH 58
Table 4 Alpha diversity index

E2 MR ~HNEEEETTANEREEENFIE
Fig. 2 Effects on aerobic stability of alfalfa silage prepared
with LBP

T H Item CK T, T, T, SEM P P value
OTU 57¢ 59¢ 72b 94a 3.30 <0.01
F 4435 #% Shannon index 1.73 1.65 1.76 1.69 0.02 0.09
Chao 5 X Chao index 97.06b 96.67b 109. 59b 156. 98a 6.75 <0.01
Coverage 48 %1 Coverage index 0.9994a 0.9993ab 0.9992b 0.9989¢ 0.00 <<0.01
2.5 MRel FhlERE AR RAEDFEEY T, T
Venn B 5 #
CK T,

4AS A Ja] b 3 A AR S 2854 OTU (& 3) , Hip 3k
AHOTUEHEHRN67TA, dilk i 23.51% . CK.T,. T, M
T, 43 3% 4 137,138,176 A1 2084~ OTU, F B fifi LBP
WG i , OTUSHREZ 7. CK.T,. T, T,
PR AR OTU X H 2051 o 15,14 .24 F1 414>, T,
T, AR B 21340 OTU w34 10149 OTU, 15
LR 47.42% 5 T8 Ty WA B 241 OTU | 3k
A 1054 OTU, & bk 43.57% ; T, 80 T, 9 A &b B i
2514 OTU 4647 1334 OTU, fi ek 52.99% , i
WY T, R T s A W 28 BT R 42230 . TR CK MG A 4 B

B3 ETOTUKFEMBFTMHAEEEEDN Venn &

Fig.3 Venn map of silage bacteria community on OTU level
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B 1934 OTU W 364 8240 OTU, il 42. 49 %5 T, A CK RN AR B 2184~ OTU L, HF 954 0TU, S el
43.58% ; T, CK i~ Ab B 237 A~ OTU w45 1084 OTU, (5 Lt 45. 57 % , R B T, il CK i AE 9 4 i 3 hy
B2l .
2.6 AT REBARFAGMATE Z A Y iEF AR A D FESH

LBP FlE 78 5 078 & KOS R =F BE AT 10 M3 A= Wy A0 L 5 WL 4. B 75 35 IO 45 08 0 23 50l LA B ) (BT
FC PR @ A1 BRERJE o LBP BEAK T 4 7 107 b 2L AT 5@ AR 6 5 B, 1 n T R30T S TR R AN 5 Bk TR (P<<0. 05) AH Xt
F R, ) B ZH FLAT B R AR B 70.60% , R AN LBP 5 4: B F FE E 66.40% (T,) .64.92% (T,) F1 56.77%
(T,) 5 XF B 4 B0 307 1G58 @ A X = B8 o0 23, 73%, B3 I LBP J5 4 B3 n 2 27.92% (T,) . 26.03% (T,) #l 32. 24 %
(Ty) 3 %t B R R B AR X =2 8 R 2. 82 %0, IR I LBP J& 43 538 i %2 3. 19% (T,) .6. 19% (T M 7.20% (T, .
R JE (Enterococcus) VIR & (Aerococcus) Mz 1 & (Pantoea) W i 35 (P<<0. 01) 52 W) A ] Zb B A 43 A 90 B 7%
PR AR R = B

| —
AN EIE Lactobacillys PRI L LT T LT T T T F—— 0.1062 1 cK
I T,

%»ﬁ\ﬁﬁﬁﬁ Weissella @( 0.4887 m T2
T
F ¥R & Pediococcus %_( 0.0181*

RAEFSTH H AT FHE 732K

0.8112
Unclassified_o__Lactobacillales
RIEFT RT3 7028
Unclassified /| Enterobacteriaceae 0.1773 i
g
:
HZ}H‘%E Enterococcus 0.0006 *%* %
S ERE B Aerococcus 0.0005 *#*
T & @8 E nterobacter 0.0601
V2 # @ Pantoea 0.0042 #+
HH 5 Bk W JB Leuconostoc 0.1260

0 10 20 30 40 50 60 70
FH XIS Mean relativeabundance (%)

B4 BHBEVENFE(EI0NE)EL
Fig.4 Microbial abundance of silage based on percentages on genus level (top 10 genus)

*: 0.01<<P=<C0.05; **: 0.001<<P<<0.01; ***. P<<0.001.

3 itit
3.1 #MAd STy F AT AR YR

TR PE 2 B AR R AR Y, LBP Y CP  NDFE fTADF & 84350 17. 16% .22. 05% Fi115. 97 %
AEGT 58 8 1 CP 75t RN A IR 1) &1 4 5 1 3% B LB P B mT A A o8 A6 A1 52 o0 0 85 1 ) e ol R, S LA 3 i 1R i Ab e RE .
WSC & & ok i 5 0 R & B R BB E 22— ARWFIE & BT, 40 40 nl 2 v 5 0 4 kb WSC & &=
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TSI L B T 80 g kg " WX B A VARG R0 . ARG P, LBP AR b 220 A B B T X AL (ER T
TSI LA 22 ) TG G 3 2 S, 3 T M AT 22 2 I 2 K TR I T RE SR A O T B WA /NS AR LBP
T AL RS R AT N PR TR PR LR 2 R MR . IR 2 S A R W A I R R X AT RE S I
T v BE S Gl A R 2 R B TRAG O6 . THIR R S R T SR U, M AT 22 W T 1 O 25 28 ook LR AR B0 B4
B R AR ST e 5 2 A G 28 BT, 8 b % 7 I 50BN IEGRDREE IR o 1 43 BT 2R
LBP A Bl F 4 &5 546 5 75 5 0 iaDRk 8 35 (8 A0 36 1 A0
3.2 MA@ M E iR A e SR R 6 R

T 2 — T 5 T LR K I8 14 AR I A 0k TR R GRS R L % 11 40 A W 28 7= 2B R LR L T LR AN
b LR (4 7= 2, SR pH A [, I 400 486 D0 T8 R DB A 1 S0 BRI G L B LBP HG 138 i pH (B
BT, R LBP il g f B 78 35 PG BEAS pH H . LR JE SR R =, A A T & 75 0 A AR e L 3L
W2 £ 1% LU R B e [ 760 Jh e i 1B o ) 0 R T R 2 8 ™ 0 LBP WS A o 80 g- kg MY BEAR T 2 R & & , A Al
THWMA ARE M. 55X AR L, LBP A 3R] 34 i 5 78 35 DRk A SR v (1 2) , T B 5 4 A 22 M 56 00 1
) AN R W) 56 e 40 R 60 g-kg S N AR AE o A v LR A o= B LB B 1 (3 18 i i 3
FLIE S L3 A, X AT BB B O M AT 28 R IS A FLIR A TR R R S A MR NN B T RL R
S AR T I B AR S U TR AR, S U R R A2 A ) AR T R R T M S L Y pH
HILF] 5. 0~6. O BF , B20IR 25 76 FF o AR 400 2 F K A BT MRS R, AT A RK A A IRA A S A & B
o5 I J5E DR AT R pHAE (4. 91) i, LBP W] FR AR 76 & ikl vh 208 AU &, vTRE 2 i T pHE AT B . k4t
AL ) 7 4 B A T 3 T S e AN R A A D R K
3.3 MR FHHERFEMEN S HRAY A

T JRLE S e RT3 B2 o 23 7= A — R A A AR ) B R AR AR, SR B A e P 2 T 8 (Pantoea)
A P AR G =E 8 Sy 13 2196, 12 TR J@ SR 0 HE IR SR 1F R R B 1R TS IR RN BR IR L X R T A
HICR & FLR O AR I G . AR S b, R 8 56 BUG (9 7 TEARDRHAR LU 7 0 J50RE I A ) 2 AR MR R AL
Rt 2 5T R W 1 o 0 R v R R T8 58 B B0 0 i AL B AR S = e R A AR A T TR R R AR R TR
T AR A R R, B AE T OTU B, Chao 45 ¥ BE LBP Lb 1) 1 fin i 14 i, 3% 30k 35 LBP ol g2 1 75 75 It
VSR EE R L T 32 LBP U I b s B A A W S i S A Y 2 R R R N m PR R R
S O A s A 0 6 R SRR P 5 P 355 7 e 4 22, P T R U A T T R E B W B VE R R B — . il 3t Venn & 4B
A5 1 AS Tr] Ak 3 ] Bl 2 0 20 A Ry B — B 508 . RS SR I B S T T ) R e R RE TR ] T FLAT TR R L BR T
Jo R AR 0T PGP AR A A IR B0 A AR L2 I . 7R B8 D B ) L R R A (A i K A L BR R R 2K i B s
BR ) 38 A Ik W BN A LAT R U O T R M R BB AR SE R BRI R E 60 dJ , FLAT B R BRI
PR AN BR T R R B I R RO BEE . SRR WE S R R R A T A U E W REIE A5 B
TG RN AT R B I i AR R L M IR 2R R Tk T IR PR AR Ak
KF L LBP Ab B REAR T OB AE T P LA B R S A 4 0 AR T B B T B S B R R B SR 0 0 A X R
JiE W] LBP #2028 AE I SR AR SR DA SE— 25 5 e B R BRI A, R Bk JE 0 AR S
Bt S AR 2 R, BE— P UESE LBP al I E A b LR A i, G R IR R
4 it

AFF R, BT RN LBP 5 pHE MEAS A T REEAL, 28 LR & LA M O iR & . S E 7
AR 2 S R oM LT B R BT S R A0 BR B R, LBP MR T B 8 75 00 LA B @ A X S 3 T B
CTEJE A R B AR £ B . B 45 5 LBPIR & & 0 A T8 i 5 0 R e il I S A SRR M, O B8 7 1 W
TELER LA KA L) 60 g kg RN B AR St
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