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Screening and identification of low-temperature resistant lactic acid bacteria
and its effect on fermentation quality of oat silage

LIU Hongyu', ZENG Tairu', ZHANG Yunfei', WEN Xingjin"?, LIU Haiping',
ZHANG Lei', XIAO Qiyin’, LI Xiaomei', YAN Yanhong'
(1. College of Grassland Science and Technology, Sichuan Agricultural University, Chengdu 611130, Sichuan, China;
2. Sichuan Academy of Grassland Sciences, Aba 624669, Sichuan, China;
3. Agricultural Science Research Institute of Ganzi District, Kangding 626099, Sichuan, China)
Abstract: We aimed to explore the effects of lactic acid bacteria with good growth rate and resistant to low temperature
conditions on the fermentation quality of oat silage in Baihe Ranch of Ruoergai County. The low temperature-resistant strains
were screened using the restrictive culture method and identified using 16S rRNA sequence analysis. The results showed
that: 1) Lactobacillus strain YZ3 had the best growth rate and acid production performance at the low temperature of 4 ‘C
(pH could reach 5.38), and could tolerate low pH (4.0) and high salt concentration (6.5% NaCl). 2) The strain YZ3 was
identified as L. paracasei by physiological and biochemical tests, colony morphology, Gram staining, and 16S rRNA
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sequence analysis. 3) Under a low temperature environment, the lactic acid content of oat silage treated with YZ3 increased
to 63.7 mg~gfl, which was significantly higher than that of the control (P < 0.05), and the pH of silage decreased to 4.1,
which was significantly lower than that of the control (P < 0.01). In summary, the addition of lactic acid bacteria YZ3
improved the silage fermentation quality of oats and can be used as a low-temperature silage strain in the alpine region of
northwest Sichuan.

Keywords: low-temperature resistant lactic acid bacteria; acid production rate; oat silage; fermentation quality; Northwest

Sichuan Plateau; nutritional quality; anaerobic fermentation.
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B, AR T KRR O R 10 50, e RN < 5
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Feah, R RAJEE T oW R, B 10 Bk £ K #
JalRA, 153 BOKRERE . BT UM B KR IR 6, 4
Rig g, HT e w M n & .
1.2 R E
12,1 FLERHE M4 55 5 alifk

FREUFT A SR EEFE T % 20 g B T T B 4E I
BN 180 mL K [ A BE R /K, 75 4 C IR L 78
B 1.5 h, BURARHEAT 10 556 MRS, IR FE AR
FEBEEE (1x10 ', 1x10°, 1x10°°) 7E MRS (Man Rogosa
Sharpe, 3t 5 [t M B A PR 5745 2 7)) Br 7R 2% 53 3
HEAT IR, B R E T 15 °C [HiR B A % H &4
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Table 1 Collection sites and types of samples
. v . AR FI
TR A BRSO sz sz FHRE  BUENE
Sampling site Sample type Altitude/m  Longitude (E) Latitude (N) Annual Sampling time/
temperature/C  (YYYY-MM)
I E B W oA 1(19O9S!  HQORAI~ (101 (1 —
Lugiao Town, Luding County Silage oat 1 406 101°46'~102°25" 29°54'~30°10 12~22 2019-07
IWERZES HIEK 020711040 0O 22000! -
Anhong Township, Songpan County  Silage corn 2850 102°38'~104°15  32°06"~33°09 0~14 2019-03
QIEE:EJQJ%E %m’j?ﬁ@% O 1/~ o 05 1/~_22027" A~
Wagie Town, Hongyuan County Silage oat 3458 101°51"~103°22" 31°51'~33%33 4~ 2019-05
HRG R S HIEK 00R/~— 1(12020! 3798 KI 24010 2
Tangke Township, Zoige County  Silage corn 3431 102°08'~103°39" 32°56"~34°19 310 2019-06
TH R\ TR EEFE 029 101044 399911~ 2(037" -
Bamei Town, Daofu County Fresh corn 3500 100°32'~101°44"  32°21"~30°32 218 2019-10

O SR JE R MR AT 4 22 IRt B WL 5% T Ak
BRI, W20 B e 2 IR BB L i A
FAE B B AR N FLIR 1, 5 B 48 € I AL R B I
SR H MR MRS #7380, T80 C 1A,
1.2.2 iR i L R T 7 ok

WA IR TR A7 1 FL R A PR i 7R ) 2 PP 2= MRS
AR RE IR I AL R IR (37 °C, 48 hy, BEAT IR ALAR
Je s 4% R 3% VR AR L (VIV) K TR B R R 2
MRS AR 7 390 15 °C #8532 72 0 ", R4 BI1E 4.
6+ 124 24, 36+ 48, 72 h F 73 M FETHTE 600 nm Akl
€ H OD {H (W) Al pH, 43 #7 7L BR 18 78 11K 5 &% 1
YRR e 7 S HORHIG IR & B BE T, Pk AR K
72 R M RE B AR 1 IR B . OD < 0.05 B id AN A4
£, 0.05<0OD < 0.1 B id AR5 4K, 0.1 <OD <
0.5 B A4 K, OD > 0.5 g g 4 K B 4727

15 °C 6 N AE K 72 BR M e A £ 1) T R R AT
B AR, JF AT 10 mL ) MRS R A B
gk, 37 C HIRIGFE, 7307 4. 6. 12,24, 36 F148h
£ 600 nm Kb 5E W AE A pH, [FILE 4. 10 A1 15 °C
SR 5 d, W e H A R IR 26 1R R I AR K PR R R
PR 2, DA e tH AR ol 28 d bR 7 IR 3R S v A
IR i 52 1 R e AR LR 1, I FARAF
1.2.3 i AR i 7L G 1 1 45 e

BRI A 37 CIRAKM THIE 48
Ji » A FH 4 22 R 2 DNA S BGRA 7 & b st KRR AR
e BH A BR A 71) #2 5L DNA, F#E47 16S rRNA §7 3,
S1¥F51): 27 F (5-AGAGTTTGATCCTGGCTCAG-3')
F11492 R (5~-GGTTACCTTGTTACGACTT-3"). %),
¥ PCR Y Wik AL R AW AR H IR A

yEi K e S T 95 71 I I <A S e T = 3 s S T
GenBank % ## /% 3t 17 BLAST, tb# % 71 A AU, FF
i MEGA 7.0 W2 RA K E W -
1.2.4 3% 1 PR 0 AR 3R AR AGRE 1 0

Xof TR ARG et LR T A U K (LPA, Lactobacillus
paracasei ATCC 334, W F 1 [E Tl £ 1) & Fh OR 5
L) M AEY FLAT B (LPC, Lactobacillus plantarum,
DY 1] s A A AR A BR A WD) 14T B RO
5, AR 5 K B AR B Fh & NaClik BN 3.0% 1 6.5%
) MRS Wik i 523k mh, 37 °C RiEFR 2d Jam, IE
fif £5 1 o 75K B AR 20 0 B T pH 8 3.0 3.5, 4.0,
4.5, 5.0, 5.5, 6.0~ 7.0 {J MRS ¥ #& 15 3= v, 37 C
TR 3R 3 dJa, I FLIR B A R e . 3 g b R
KT SE 3 Kk FL R B R 21 B OAS [F)RE AR FH S L
I 4. 104 15, 20, 30 i1 40 'C FRYAKMERE.
1.2.5 i

2022 4 8 H K, 1E45 /R i B 437 (102°08"~
103°39" E, 32°56'~34°19" N) Wit 1 1l f 1 1) 4=k ot
%, MEANYIRZE 1~2 em, 155 7KE 65%~70%, ¥
7 308 T8 AR Y Z3 7 0T 24 b 1) gt 2 b ) gk 4 A
7, BRI Jy 1x10° cfu-g ', FEZEARL N 25
AR TE TR 28 FKIEAT B, 1 T A, P I
TR 4~15°C, FE N THE, FI90d 5%
1.2.6 E IR E

JF 25 BORE 5 W o8 6 22 75 21 % B2 (dry matter,
DM). # & M (crude protein, CP). H 14 ¥ ¥4 &F 4k
(neutral detergent fiber, NDF). R £ I ¥ £F 4 (acid
detergent fiber, ADF). AJ¥ %Ak /KA (water soluble
carbohydrates, WSC). CP & & % /| GB/T 6432— 1994
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B a2t

M %€ , NDF & & % H NY/T 1459— 2007 J7 91 52 ,
ADF & &% il GB/T 20806— 2006 J5 vl 5 , 7 &%
WK A AP & 8K A T/HXCY 023—2021 il & -
1.2.7  RIBEIRFR I E

FHOCHURE J5, B 20 g 75 04 BHION 2K B HE TR
A, N 180 mL ZE 1K, 7E 4 C % fF NI 24 h
J& » f# F PHS-3C %Y pH i1 Wl & pH. & & & (NH;-
N/TN) & B4k 48 Broderick 25 Bir Fl 9 75 W 52, {1
FH B A 250 il A 2 FLIR (lactic acid, LA)s
Z. 1% (acetic acid, AA). PR (propionic acid, PA). ]
f% (butyric acid, BA) ] & &, Bt A €4 3% £ >4 Shodex
Rspak KC-811 S-DVB gel column, ¥ | #% Jy SPD-
MI10AVP, 5 I {137 5 A A 3 mmol- L™ 5 4R v W »
Y B I9E Y 1 mL-min |, AR 50 °C, R R K
79210 nm, HEFEE 5 pL.
L3 BRGSO

K M Excel Xt £ #% i3k 47 #) 25 4b 22, f# F SPSS
23.0 FAT H K &K 7 Z 047, Duncan VLT E T £

R, IR REAT $8 B 18] A AH ¢ 1 R0 [R] )9 4 4y A, 0
AN TR B A 5E 48 bR DA B AS [F) Ak B R 1% i ot K 4l
TEZEE SN (P<0.05, &3#; P<0.01, &),

2 HBRE5M

2.1 FLERE MY B 4L B R R K 7 i

PN PG Ab R R 5 AN Hh S0 A R0 Rk AT
YAl 2 IR BRI A AL AR, 3k
73 103 PRFLER B4, M HAE 15 °C & FREFR, 15814
o 2 A TR ZE SR AR R (48 h ODggg py > 0.5)
) 7 ¥k 7L B2 B WQ2. WQI16. WQI19. WQ20. YZI.
YZ2 F1YZ3, 7 PRFLIR B 3 AFIR (B 1),

1637 C 4 FF, YZ3 TERT 12 h 1 A= K 1 68 B
SAR T H AR bR, 76 12 h B B4, H =i ae
9T oAt SRR B Bk, 7E 37 C M RIS A TR B
(K 2). 15 C %M T, B WQl6. YZ1 1 4E K fill
g9, HAMEES R IE R A, FREN S EK TR
T —5G £ 10 °C &84T, WQI9. YZ3 BRI A K

BREMAERSMEE T EES
Figure 1 The cell morphology and colony separation morphology of seven kinds of lactic acid bacteria
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Figure 2 The growth rate (a) and acid production rate (b) of lactic acid bacteria under 37 C
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3 4 XN E

5+ T A1 it 7L TR AT A1 975 028 56

SE S G f e S 75 R I i O 4 R W 673

PERE B 0, 2 T AR B AR (P < 0.05), H YZ3 1
PR fE 1 5 E T WQI19 (P < 0.05); fE 4 C % 1F
T, WQI9 A K A8 e, YZ3 IR, 1H YZ3 P2 IR A
715 WQI9 #H bb & 25 3% 58 (P < 0.05) (K 3). % L,
1 3 MBI A6 1 N, YZ3 78 6 FR B AR b AR K P2 R 25
A RE R A

22 MREIABREEEFESH

iR ARG il 7L R B A 3R 1 4 BT R B (3R 2), YZ3.
LPA F1 LPC 0] F H % %0« /K1l B4R L TR B
D-3 05, D-H Bl IR ZZFWE. i 0. D-1
FebE. KM E . FLAE. D& S R ALE AR
FAARBE BRZEME . YZ3 A A] R B B2 A0 85 | F [ 4
G, B TORE. AV ATAE . DA . LPC (R R
FH Y6 B e ), YZ3 [ BE IR G B A2, (H 5 LPA
FEG, YZ3 W] R B4 4 bk .

il A1 L LR B (Y Z3). 55 3BT ik (LPA)AN 7 Ml A

— WwQ2
- WQ20 == YZI

20

—=a WQl6
= YZ2

== WQI9
= YZ3

Yo

OD()UO nm
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1.0}

05H S
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W% Temperature/C

B3 FEIRE FTABRERNE KRG
Figure 3 The growth and acid production capacity at
different temperatures
NG B R R ) 2 5 5% (P < 0.05).
Different lowercase letters indicate significant differences between the
different treatments at the 0.05 level.

x2 ABREELBESMN
Table 2 Characteristics of sugar fermentation
of lactic acid bacteria

BiH Item YZ3 LPA LPC
%¥7 Inulin W + i
K% H Salicin + + n
#-4 ¥ Cellobiose + - 4
LAY Sorbitol T " n
JEHE Saccharose + + +
Fi[Hi{F k% Arabinose - + ¥
D-2## D-Fructose + + +
AKBE Xylose - — _
D-H # ¥ D-Mannitol + + +
L JREZ Hippuric acid W + W
7 2 H Maltose + + n
- A2 HE Semi-solid agar - - ¥
F5+¥¥ Raffinose + + i
# % Melibiose - + n
D-H #%## D-Mannose + + +
K#E Salicin + 4 4
FLHE Lactose + 4 n
D-#ii % §# D-Glucose + + +
- FLBE Galactose + + +
AT Amygdalin - + +
D-¥##0 D-Trehalose - + +
5 2= 4% Rhamnose - - _

YZ3 AR LPAJYBE AU MR B IS ALAT B LPCOURDAEY)
FUFFE . 7 RAERKRIFEPATE, “— AN, WAL
K. F3[E.

YZ3, the screened strain; LPA, model strain of Lactobacillus paracasei
ATCC 334; LPC, commercial Lactobacillus plantarum. “+”, good growth
or positive, “=”, no growth or negative, and “W”, weak growth. This is

applicable for Table 3 as well.

Y1 FLAT B (LPC) 2 3 AR 1 i 56 45 SRR B (3% 3),
3 PR FLIR TR ¥ D B 22 PG PH PR RN i SR Ak S R P
RYB, LPA M1 YZ3 53 ot K 8% LR w1, LPC 9 [F)
BT B o i R, R ILYZ3 Fil LPA 7 4 Al
10 C 2 N LA, 7E 15, 204 30, 40 C & T
A K R 4F; LPCTE 4. 10 15 C % F R84 K, £
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Table 3 Physiological and biochemical characteristics
of lactic acid bacteria

TiH Item YZ3 LPA  LPC

Sk FIR PR FER

R Shape Rod Rod Rod
22 LA Gram'’s stain + n 4

TS A Catalase test - - _

i % 77" Gas production n + _
K& B%25 R Fermentation types H%t%o Hj‘? E‘fo IE%JO

4°C W W W

10 C W W W

B I5C + + W

Temperature 20 °C N N .

30C + n i

40 °C + + N

3.0% + + +

NaCl

6.5% + + +

3.0 w - _

3.5 Y W W

4.0 + W +

4.5 + + +

pH 5.0 + + n

5.5 + + +

6.0 w + +

6.5 - + +

7.0 - + n

20. 30. 40 C %1 FAEK R % YZ3. LPA F1 LPC ¥
AE1E 3% 1 6.5% NaCl # B '~ Fa € A K ; YZ3 7£ pH
A 3.0. 3.5, 6.0 FF 218 4E K, 7F pH N 4.0~5.5 I 4=

K R IF; LPA 5 LPC 7 pH N 3.0 If A 4E K, LPA 7£
pH 4 3.5~4.0 B §5E K, H4R pH B A R 4F; LPC
76 pH N 3.5 WP i35 42 K, Hofk pH B R iFAE K.

23 WREIBEND FEE

X FLIR B YZ3 A AR U RR AR 1Y 16S tRNA X 35
AT R G0 E 0 (K 4), #4E NCBI I GenBank
I RGER, B EARE YZ3 A 2 AR E 1 16S
RNA [FH AT LU, B RAE K EW, AR W YZ3
5#i0# Bk Lactobacillus paracasei R094 1E [7] — 43 3¢
B, HiIFLEZE N 100%, 4546 Homss s e
RAFFIR CA R Foqth A= 2R AE {38 b, FLER B YZ3 %
N BT B LA B (Lactobacillus paracasei), Wtk YZ3
= RAN =N KA e
24 MEERARENHEEZSTIRKRA

EMEEFE RN YZ3 5, fHEASELRE (P<
0.05) = T X IR, T, Pk a4 | L e
Ak, A PR KA A ) RO R PR AR 5.41%, TR
PEBe AR A 4 & BBOW IR T 1 6.1% (3% 4)0 H YZ3
T #e g v AT H I K, WIN YZ3 J5 pH FRIC &
411, BEM T XL 5.1% (P<0.01), ARSTEN
63.7 mg-g ', Bt I T 48.10% (P < 0.01).
W YZ3 )5, ZIR X R4 B K 128 mgg | (P <
0.01), NEE & &M 0.55 mg-g |, BEx B 20 5 2 PR AR
76.69% (P < 0.01), T & 84 0.1 mg-g |, B fE 4
BEAR 19.2% (4 5).

3 e
SN O STE RS SN AL
0 B 88 R LR 0 O 40 4 AR

75 D8 o 770 £ L I 1 8 PR L L AT R 1 e ZE
R PR AR AL, A T I TR] A B pHL 390061045 55

x4 FMARENEREEFMRHNTMN
Table 4 Effects of adding lactic acid bacteria on the nutritional quality of oats

Qb3 Treatment DM/% WSC/% CP/% NDF/% ADF/%
CK 24.96 +£0.29 591+0.17 4.57£0.05b 52.67 +£0.37 37.12+0.24
YZ3 24.11+£0.24 5.59+0.19 5.13+0.03a 51.93+0.36 39.38+0.61

DM, F#i; WSC, VMK ILEY); CP, HEMA: NDF, ThEPRRL4E: ADF, BMRIMEMRHRELE. FSIARNG FEERORA R LB A %

S5 (P<0.05).

DM, dry matter; WSC, water soluble carbohydrates; CP, crude protein; NDF, neutral detergent fiber; ADF, acid detergent fiber. Different lowercase

letters within the same column indicate significant differences between the different treatments at the 0.05 level.
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Figure 4 Phylogenetic tree of the YZ3 strain
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Figure S Effects of adding lactic acid bacteria on oat pH, ammonia nitrogen, and organic acid

AR, TR T2 R R & OB R, 7E KR
2 IR 4 AR R T B A KT AR g )1 P L
Hb DX A R DL R B R R O A B Y PL R B
YZ3, oA K AN R M R AF, 7E 6.5% NaCl 2% 1

TNIEF ALK, K5 E Pk Lactobacillus paracasei
RO94 A4 3K 2 FE O 100%, 45 45 B Wk 28 2 2R AL 5 1

5 e HoON BT B LA B (Lactobacillus paracasei), e
b5 Xu 227 G5 2 H IR R E FBR B (Pediococcus
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