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Screening of low-temperature fermentation lactic acid bacteria from
silage of Elymus nutans growing on the Qinghai-Tibetan Plateau

BAO An-An' ZHANG Juan' ZHANG Hong-Mei* KE Wen-Can' CHEN Ming'
JING Pei-Xin'  GUO Xu-Sheng'”

(1. State Key Laboratory of Grassland and Agro-Ecosystems, School of Life Sciences, Lanzhou University, Lanzhou,
Gansu 730000, China)

(2. State Key Laboratory of Grassland and Agro-Ecosystems, College of Pastoral Agriculture Science and Technology,

Lanzhou University, Lanzhou, Gansu 730020, China)

Abstract: [Objective] This study is aimed to investigate lactic acid bacteria diversity in Elymus nutans
silage, and selected out lactic acid bacteria which grew well at low temperatures of 10, 15 and 25 °C.
[Methods] Lactic acid bacteria (LAB) strains isolated from Elymus nutans silages were identified by
16S rRNA gene sequences. Meanwhile MRS medium was used to choose high absorbance LAB from
each species at different temperatures (10, 15 and 25 °C), and green juice fermentation was used to get
the low PH value one as the dominant LAB at different temperatures (10, 15 and 25 °C). [Results] A
total of 108 LAB strains were isolated from a variety of stages of fermentation at different
temperatures. Based on 16S rRNA gene sequence analysis and phylogenetic tree, these 108 strains were
classified into 6 genera and 18 species. In combination with the screening results of culture medium
and fermented green juice, we found that LS-24 showed obvious growth advantage at 15 °C (P<0.05),
and PP-63 grew faster in the early stage of fermentation, while LP-21 made pH value dropped to 3.9 at
15 °C and had the maximum number of viable cellseory. [Conclusion] The lactic acid bacteria found in
this experiment covered almost all common lactic acid bacteria genera found in silages, but species
were fewer as compared to the reported lactic acid bacteria from silages. LP-21, LS-24 and PP-63 show
a good growth and fermentation characteristics, therefore, these three strains were selected as preferred
candidates of lactic acid bacteria strains for low temperature fermentation of ensiling forage.

Keywords: Lactic acid bacteria,
Qinghai-Tibetan Plateau
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Silage, Low temperature fermentation, Elymus nutans,
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F1 ERENWESIERDILEER 16S rRNA EEFIISHTER

Table 1 Analylical results of 16S rRNA gene clone sequences obtained from Elymus nutans silage

SHTH® AR RS [Esk7=A L)
Reference strains Identity (%) Number Strains number  Percentage (%)

TSI 99 17, 26, 34, 36, 56, 58, 64, 65, 67, 71, 74, 83, 23 21.30
L. casei 84, 86, 91, 95, 101, 103, 111, 115, 121, 124, 130
TP FLFTF >99 21, 25, 32, 35, 40, 48, 59, 60, 69, 70, 75, 88, 17 15.74
L. plantarum 98, 114, 117, 118, 120
FFLATIA 100 85, 128 2 1.85
L. brevis
L LT 99 92 1 0.93
L. curvatus
LFAHE 100 18 1 0.93
L. crispatus
PRARFLFFE 100 30 1 0.93
L. coryniformis
T LA >99 24, 43, 50, 53, 6 5 4.63
L. sakei
P R Bk 100 63 1 0.93
P. pentosaceus
LR Fr BR T 100 11, 37 2 1.85
P. acidilactici
FLERFL KA >99 20, 82, 16 3 278
Lactococcus lactis
Ji B ER R PR >99 3, 8, 22, 29, 44, 45, 49, 54, 66, 76, 78, 80, 81, 19 17.59
Leuconostoc mesenteroides 93, 99, 102, 106, 122, 127
VW ER R >99 52, 73, 100 3 2.78
L. gelidum
LB B R A >99 27, 31, 33, 39, 42, 46, 51, 87, 94, 105, 107, 108 12 11.11
Leuconostoc lactis
T ) R R A >99 7, 41, 72, 109, 112 5 4.63
L. citreum
BESEBHTICH 100 57, 62, 96, 110 4 3.70
Weissella cibaria
E2Suky Liade] 100 5, 55, 61 3 278
W. viridescens
SRIGER# >99 23, 97 2 1.85
Enterococcus faecium
it AN 3R R >99 19, 77, 125, 129 4 3.70

Enterococcus durans
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100  Lactobacillus paracasei

91 Lactobacillus rhamnosus (JCM 1136)
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34 45 Lactobacillus brantae (SL1108)

99 24
Lactobacillus sakei subsp. sakei 23K (23K)

100 Lactobacillus graminis (G90 (1))

88 90
88  Lactobacillus curvatus (NBRC 15884)
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100 Lactobacillus coryniformis subsp. torquens (30)
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4'100 21

173 Lactobacillus plantarum WCFS1 (WCFS1)

Bl T
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— s
68 Pediococcus parvulus (NBRC 100673)
98 Pediococcus argentinicus (CRL 776)

9 100 63
78 Pediococcus pentosaceus ATCC 25745 (ATCC 25745)
Pediococcus acidilactici (DSM 20284)

00 37
93 Pediococcus lolii (NGRI 0510Q)

Lactobacillus floricola (Ryul-2)
Lactobacillus kalixensis (Kx127A2)

1 40
L

100 Lactobacillus crispatus ST1 (ST1)

Desemzia incerta (DSM 20581)

96 — Vagococcus carniphilus (1843-02)
Enterococcus pallens (PQ2)
| 96 23
1 Enterococcus faecium (NBRC 100486)

00  Enterococcus hirae (ATCC 9790)

57 Enterococcus thailandicus (NBRC 101867)

79 19

69 Enterococcus durans (NBRC 100479)
| Streptococcus saliviloxodontae (NUM 6306)

100 182
100 Lactococcus lactis subsp. cremoris SK11 (SK11)

100 57
] 8 Weissella cibaria (11-1-59)
95 Weissella oryzae (SG25)

Weissella hellenica (NBRC 15553)

Weissella minor (NRIC 1625)
100 5

100 Weissella viridescens (NRIC 1536)

100 94 44
99 Leuconostoc mesenteroides (ATCC 8293)

Leuconostoc pseudomesenteroides (LMG 11482)
100 Leuconostoc kimchii (IH25)

71 98 72
Leuconostoc citreum KM20 (KM20)
96 27

0.01 oo 52
77 Leuconostoc lactis (JCM 6123)

1 &S EHK 16S rRNA EE FF| Rt L
Figure 1 Phylogenetic tree of lactic acid bacteria from silage using partial 16S rRNA gene sequences as base
T RGUHEA T BRI 3R7R Bootstrap {H; 55 NIVEUTRTE GenBank ERYFIIE 55 G EALHIE.

Note: Numbers at nodes present bootstrap percentages. The numbers are accession numbers of sequences in GenBank. Bar “0.001”:

Sequence divergence.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



DRZE T4 T D Rl e 77 D AR R v LR T 114 2 A B AT, e TR G R 4 1

1791

E8h N12h mM24h BE36h ©[£O48h E60h
2.5
2
E 20
ig 8
§ 15} =
e = =
g = -
< 10t = =
0.0 = =
\ 1S PA 05 o ad y R >
ot 0 or® oS o & ¢ ¢ ¢
o L ; ﬁmﬁ 1.© o o \)_\0 .\0000 o
. ¢ AVE . ?06' “\0
FLRERNR
Lactic acid bacteria species
2 15°C THRREFBEEFRERLE
Figure 2 Absorbance value of different lactic acid bacteria at 15 °C
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251 @ L. plantarum-21
% 20F m L. sakei-24
o E L. coryniformis-30
1.5}
§ ..g L. casei-17
Q
-5 10} L. curvatus-92
L. brevis-128
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L. lactis-82
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Temperature (°C)

B3 FHBRAENELIREXE 24 h 155 RRAE
Figure 3 Absorbance value of different lactic acid bacteria cultured for 24 h at 10, 15 and 25 °C
T ARE/NG FREFRIR R —IREE T AR B bk 2 1] 22 53 5. (P<0.05), T[]

Note: Values with different letters show significant differences between different lactic acid bacteria at 0.05 level, the same below.

Kig® 36 h (S5 AR WR)E, 15°C T OD {H# 10 °C
AR BB T o AR FLIR T B PR AE Rl — LB T 2R
KAERES S, 1E 10 °C ), L. sakei-24 H K541
Ff, —HAERRAER, 12 h JFOGET A 0.18,
H oD {5 ¥ m T HAFEKP<0.05), 24 h J§ OD
3N T3 10 %, OD {EHAN & & T HA Wk
(P<0.05), JEIBEEITAIAAELR: , OD {EBHHE AN,

ARETRESN, 60 h (B55RA Bn)a OD (HIETRE ;
HAAREEKHEE, JtH L. curvatus-92 I L.
casei-17 A1 B 3508 T HAB E K (P<0.05), HEFRHT
48 h, [ L. sakei-24 F L. lactis-82 ¥, HAxTEkkE OD
EABEEESRAE 0.5 LIF, FTA R OD (K%
B IR ) ) 2 K AR BT e g . K EERi
12 h, 15°C AbFAEEFR OD {5 10 °C Ab3 T8
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Figure 4 Absorbance value of different lactic acid bacteria cultured for 48 h at 10, 15 and 25 °C
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Figure 5 Green juice fermented liquid pH value at 15 and 25 °C

B3N, 7ERT 24 h, BR L. sakei-24 5F, HARTAME
RS, 24-36 h J5 P. pentosaceus-63 537 OD
{ELAN 0.08 B A% 1.66, MMM, 1H L. sakei-24 ¥
FRil oD EA R = THAE K, 36-48 h J5 L.
casei-17 F1 L. plantarum-21 ¥53#W OD 18 0. & KT
HAHMP<0.05), 48 h J5rEHE oD (E4%R
2.00, TEHY 48 h FE& M E AN, FrAEkk OD (4
B HR ; 7E 25 °C B, K550 12 h L. plantarum-21 .
L. sakei-24 Fll P. pentosaceus-63 ¥;3# OD {H .3
B T HAHER(P<0.05), 12-24 h, FraHkk OD i
A, JHlaTRE, ARNSE 24 h JFiR, L.

plantarum-21 OD 18 1. 3& & T HAB E R (P<0.05),
RIGEHEEL, 36 h JFUfA L. sakei-24 Fl L. brevis-128
OD {8 i E LT HAR R (P<0.05),

T LRI E 45 R, WI2b1EHE L. plantarum-21 |
L. sakei-24 Fl P. pentosaceus-63 1£ R K & FH T
2L HTIE .
2.3 GRITREERTFIAGR

Ry TSR A R AR I N IR SE PRI, il
TP R ZLIR T o R Bt RS 3 d IS
KB 5), 7E 15 °C B, L. plantarum-21 . L. sakei-24
R BER pH (AFEIRE 4.0 LIT, HEERTHA
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BIMR(P<0.05), 35Fl L. brevis-128 KW pH (H RS,
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JB . BUNICHE)E . AT R LR E Y, sk A
SN E T TR B R3] 39 HRILRE, 1R
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J& . REkEE . Bk E AT R A
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