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Abstract: In order to screen lactic acid bacteria with good in vitro resistance and antioxidative effect in vivo, 12 strains were isolated from
natural fermented pickle in Chongqing farmhouse. 16S rDNA species analysis showed that 4 strains are Lactobacillus plantarum, 7 strains are
Lactobacillus fermentum, and 1 strain is Lactobacillus brevis. The in vitro resistance of lactic acid bacteria were tested using artificial gastric
juice (pH 3.0) and 0.3% of bile salt, it was found that all 12 strains of Lactobacillus had good resistance in vitro. The survival rate of 10 strains of
Lactobacillus in artificial gastric juice at pH 3.0 for 3 h exceeded 80%; the survival rate of 2 strains of Lactobacillus in 0.3% bile salt exceeded
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60%. L. fermentum CQPC-11, which has good resistance in vitro and is a usable strain of food, was selected as the experimental strain, and its
improvement effect on activated carbon ice water-induced oxidative damage in mice was evaluated. The results showed that the enzyme
activities of T-SOD, GSH-Px and CAT in the serum of mice in the H-LF CQPCI11 group were 67.73+5.42 U/mL, 2742.35+107.35 enzyme
activity units, and 136.59+18.72 U/mL, respectively, which were significantly higher than the model group (p<0.05), and the content of MDA
was 1.99+0.14 nmol/L, which was significantly lower than the model group (»p<0.05). In summary, L. fermentum CQPC-11 not only has good
resistance to gastric acid and bile salts, but also reduces oxidative stress response in oxidative stress model mice. The specific mechanism of the

anti-oxidant effect of this strain can be explored through subsequent experiments, so as to provide a theoretical basis and available strains for the

development of new micro-ecological preparations and functional lactic acid bacteria food.
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Fig.1 Colony morphology of strains

E 2 EREZRREER
Fig.2 Gram staining results of strains

2.2 H#tk 16SDNA 7 7| 47

MIERE i 2L B AL 12 AREEUTLIR B, S
S5 CQPC-1. CQPC-2. CQPC-3. CQPC-8.
CQPC-11. CQPC-12. CQPC-19. CQPC-21. CQPC-28.
CQPC-29. CQPC-30. CQPC-32. VAFEHX(K) 12 ¥kFLER
P DNA AR, 4 PCR ¥ 34 J5 H AR B la e s
PKBEATARI, A IUEE R ILE 3. tHERTAL SIS
THIEH S, HALT 1000~2000 bp 2 [, & FLERH
(TR 38 B KRS

MO1 234567 8 91011 12

2000 bp

e

1000 bp

[ 3 ft RFLELTE PCR 4 187=4 16S rDNA IRBEHEEEARFE IKE]
Fig.3 Agarose gel electrophoresis of 16S rDNA-PCR products
from excellent strains of lactobacillus

J£: M-2000 bp DNA Ladder; 0-FA#4xtB&40; 1-CQPC-1;
2-CQPC-2; 3-CQPC-3; 4-CQPC-8; 5-CQPC-11; 6-CQPC-12;
7-CQPC-19 ; 8-CQPC-21 ; 9-CQPC-28 ; 10-CQPC-29 ;
11-CQPC-30; 12-CQPC-32 #9H#k.

Wk 1 fin, %4 BLAST &7 iR, 12
WRFLIR B HAEFATE  (Lactobacillus plantarum) 4
e, KEEFLFTR (Lactobacillus fermentum) 7 Pk, Hi
AN (Lactobacillus brevis)1 tk, H'E415 Gene Bank
Hodls P b C N LR T A RIS 2938 99% [ P b

=1 N2HMRABRELEEER
Table 1 Identification result of the selected 12 strains

ARG T ETHL LA FRE % Gene Bank &% 5
CQPC-1 Lactobacillus plantarum D FATE 99 NC_004567.2
CQPC-2 Lactobacillus plantarum AN FATE 99 NC 004567.2
CQPC-3 Lactobacillus plantarum HHIATH 99 NC 004567.2
CQPC-8 Lactobacillus fermentum REIATH 99 NC 010610.1
CQPC-11 Lactobacillus fermentum REBIATE 99 NC _010610.1
CQPC-12 Lactobacillus brevis f3ATH 99 NC_008497.1
CQPC-19 Lactobacillus fermentum REIATH 99 NC 010610.1
CQPC-21 Lactobacillus fermentum REBIATH 99 NC_004567.2
CQPC-28 Lactobacillus plantarum AAHIATE 99 NC_004567.2
CQPC-29 Lactobacillus fermentum REIATH 99 NC 010610.1
CQPC-30 Lactobacillus fermentum REBIATH 99 NC _010610.1
CQPC-32 Lactobacillus fermentum R EEIATE 99 NC _010610.1
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Fig.4 Phylogenetic trees of lactic acid
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1 h EREER, Hh6 HRAREIAERLT
68%~91% [a), FIAR 6 PRFLER I IIAATE S IIAE 100%
MUl L. 5PN EWFRELL, AR A Lactobacillus
plantarum CQPC-2 . Lactobacillus fermentum-30 F
Lactobacillus fermentum-32 FIA7iE WIS 100%,
51579 107.69%. 104.12%1 110.02%. ALt BiEsE
T B AL B A BT IHTIRRE /), BB EE M
BB I A ai ARV E I RE

=2 ABREWS pH 3.0 ALBRLIGER
Table 2 Resistance of lactic acid bacteria to artificial gastric juice

AT 0 h & % &/(cfu/mL) 3 h B %40/(cfu/mL) BB 1Y%
CQPC-1 5.75%10" 5.20x10’ 90.43+8.26
CQPC-2 5.85x10’ 5.30x10’ 107.69+8.75
CQPC-3 6.30x107 5.80x10’ 92.06+6.91
CQPC-8 1.12x10® 7.65%107 68.61£2.20
CQPC-11 7.25%10’ 6.10x10’ 84.14+6.06
CQPC-12 1.22x108 1.01x10° 82.79+10.61
CQPC-19 1.26x10° 1.07x10’ 84.19+7.39
CQPC-21 7.3x10’ 5.0x10’ 68.49+11.02
CQPC-28 7.75%107 7.50x10’ 96.77+2.83
CQPC-29 4.25x107 1.32x107 91.76£7.92
CQPC-30 2.55%10’ 1.56x10’ 104.12+3.49
CQPC-32 2.15%10’ 2.66x10’ 110.02+3.53
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Fig.5 Growth efficiency of lactic acid bacteria in bile
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Fig.6 T-SOD, MDA, GSH-Px, and CAT levels in serum of mice



MK EmBHL

Modern Food Science and Technology

2020, Vol.36, No.9

i B RRMAZAFERRAFAALLRRS
(p<0.05) -
H A1 N A 32 EE I E S04 N & Pt g

(T-SOD. GSH-Px 1 CAT %) (A5 (L5 L MDA

I BRI FLER B P A /KT . Kullisaar 2554
FRIIRH L. fermentum ME-3 KRG A] B &
PR ARIZEH T-SOD 7KF, EHEFEK MDA 7K.
B B ST 7 % 90 8 1 R e SR 2F R v A
WIFLFTT XM5 RERE T KRS+ GSH-Px.
T-SOD % /i1 T-AOC &, [N F#(K MDA
HE (p<005) . EEPUES WM Lactobacillus
paracasei M9-1 F1 Lactobacillus fermentumLP4 %} /)N
AN IMEEAER, 45 FRHMPRILER T nT LA [
P2 BE IR B AIC S8 A /N BRAR ) MDA & &, 11
T-SOD F1 GSH-Px i 7). @i 5H e g5 R LB AT LA
F i, L. fermentum CQPC-11 RIHEUTHEE /N AL
W ISR N, FEE— 2 Ak B E R /N R ZH 2
BE AR b L fermentum CQPC-11 P&/
BRI AR A8 BRSO o] e S5 AR B SR
TRE T LB A= i S E AR, (B3R
A it — P T E

3 Zig

MESR R ERASE Ry B A 2] 12 PRILRAT
W, 2 16S tDNA FlE TR, HEYFAH 4 1,
REEFNTEE 71k, HHMESy B Atk R T 1 1o
pH 3.0 AN LB AN 0.3%MIIHERE R L. fermentum
CQPC-11 MFEINHE CQPC12 BA K IF KIS M,
Hp L. fermentum CQPC-11 J& TR & FHw M, AIAHH:
FE— RV G A VESRS . W RUKIKIE S/ R
FMRTHSLIRZE R, L. fermentum CQPC-11 AJiH
N RIS S T-SOD. GSH-Px. CAT %5444k
/K AR MDA &5, JEmiFRE N R b R
473, ARG B8 TR FAZ IR B PR AR L
il BeAh, AHFFCHR A 11 PRILER B [RIRE A 5T
RSN, AR ORI e A R AR
e R ] R P9 15 P S 7 T AR Gt ey
IR R LR B B AR IR TR LR B AR A 7
B LR B B o S AR

B Lk

[1] Behera S S, Ray R C, Zdolec N. Lactobacillus plantarum with
functional properties: An approach to increase safety and
shelf-life of fermented foods [J]. BioMed Research
International, 2018, 2018: 1-18

[2] SHEN Qing, WANG Meng-ting, TIAN Jin-hu, et al. Effects of
Chinese pickled and dried mustard on nutritional quality,
sensory quality, and shelf life of steamed pork belly [J]. Food
Science & Nutrition. 2018, 6(4): 747-756

3] JAAHES. B AR R ERE G DS AR5 IR 7T (]9 B Tl K
AR (E RBIRR),2005,26(2):72-74
ZHOU Xiang-ling. Study on the flavoring compounds of
spontaneously fermented cabbage sauerkraut [J]. Journal of
Henan University of Technology (Natural Science), 2005,
26(2): 72-74

[4] 0 FLBR VA AR AR T A K B VA AR P S LR BF 5 (D). A 5t
RO A5E,2010
SUN lJie. Studies of autolysis properties and mechanism of
lactobic acid bacteria starters [D]. Beijing: Chinese Academy
of Agricultural Science, 2010

[S]  Aesh,ak N, 54 55 DU TS h PIRR AL R FLRR T (1 425
JLANTR) T 2 At %ok JF R I 356 ot J FR) 52 WL D). B B 27,
2011,32(11):152-156
AO Xiao-ling, ZHANG Xiao-ping, SHI Ling, et al
Identification of two lactic acid bacterial strains isolated from
Sichuan pickles and effect of fermentation conditions on the
quality of pickles co-fermented by them [J]. Food Science,
2011, 32(11): 152-156

[6] Kim MK, Lee M A, Lee K G. Determination of compositional
quality and volatile flavor characteristics of radish-based
Kimchi suitable for Chinese consumers and its correlation to
consumer acceptability [J]. Food Science and Biotechnology,
2018, 27(5): 1265-1273

(71 ZEAK AR B, BRI, 55 KR AR AR S vh FLIR AT 70 5
SE AR AR &[], £ iRl 5#,2014,35(1):150-154
LI Xin, WU Jun-rui, TIAN Tian, et al. Isolation, identification
and preliminary screening of acid-tolerant lactic acid bacteria
from naturally fermented pickle juices from Daqing [J]. Food
Science, 2014, 35(1): 150-154

[8]  1AaE, E v, RS, S5 AL GUR GO i SR FLRR A ) /)
B SRR ()] B S R T, 2014,40(11):33-40
XU Xin, WANG Qian-gian, WANG Xiao-rui, et al. Isolation
and identification of salt-resistant lactic acid bacteria in
farmers' soybean paste [J]. Food and Fermentation Industries,
2014, 40(11): 33-40

[9] Davis E C, WANG Mei, Donovan S M. The role of early life
nutrition in the establishment of gastrointestinal microbial
composition and function [J]. Gut Microbes, 2017, 8(2):
143-171

[10] LI Jing-jie, ZHANG Wen, WANG Chuan, et al. Lactococcus

23



MK EmBHL

Modern Food Science and Technology

2020, Vol.36, No.9

[16]

[17]

(18]

24

lactis, expressing food-grade f-galactosidase alleviates lactose
intolerance symptoms in post-weaning Balb/c mice [J].
Applied Microbiology & Biotechnology, 2012, 96(6):
1499-1506

Keita N, Makoto S, Takao M. Adhesion properties of lactic
acid bacteria on intestinal mucin [J]. Microorganisms, 2016,
4(3): 34

Diego Curro, laniro G Pecere S, et al. Probiotics, fibre and
herbal medicinal products for functional and inflammatory
bowel disorders [J]. British Journal of Pharmacology, 2017,
174(11): 1426-1429

2R, FURN, 5K 7, 55 TR R R AH £ 3L IR
FhAHE2015,36(21):123-128

LI Li, KONG Li, ZHANG Ning, et al. Identification and

T ) 55 i [)]. &

selection of lactic acid bacteria resistant to acid and bile salt [J].

Food Science, 2015, 36(21): 123-128

Gy b, B R S FUAT R YS-1 IRETER T/

ERBATRBA 1 L] Bl Rt #,2017,17:238-243

YI Ruo-kun, QIAN Yu, WANG Qiang, et al. Preventive

Effect of Lactobacillus plantarum YS-1 on activated

carbon-induced constipation in mice [J]. Food Science, 2017,

17:238-243

LI AT R FI TS A5 R UC RN T 24 A 18

FAM TR T RSN SR R B IR AT IR

[T BUAR AR PG BE 4 A 24 5,2018,27(19):2120-2123

LI Hong-ni, FU Cheng-bao, YAN Ling-ling, et al. Effect of

acupuncture at shugan, qi-tiao-point on post-stroke slow transit

constipation and its effect on oxidative stress index and

gastrointestinal hormone level [J]. Modern Journal of

Integrated Chinese Traditional and Western Medicine, 2018,

27(19): 2120-2123

24, PTG, INI I, 55 FLIR 11 G M e AL e Tt
JE[T]. 3008 77 2411,2016,28(1):27-32

LI Wei, SUN Kai-ji, SUN Yu-li, et al. Research progress of

lactic acid bacteria in intestinal oxidative stress [J]. Chinese

Journal of Animal Nutrition, 2016, 28(1): 27-32

AR, 25 = AR PRI 70 5 AL LT B AL S ) F 3500 T

BRI TE[T]. B i R42,2014,35(17):236-240

ZHAO Xin, QIAN Yu. Gastric ulcer-preventive activity of

Lactobacillus fermentum Zhao isolated from yak yogurt [J].

Food Science, 2014, 35(17): 236-240

Owusu-Kwarteng J, Tano-Debrah K, Akabanda F, et al.

Technological properties and probiotic potential of

Lactobacillus fermentum strains isolated from West African

fermented millet dough [J]. Bmc Microbiology, 2015, 15(1):

[19]

[21]

[23]

[24]

[25]

[26]

261

Liong M T, Shah N P. Acid and bile tolerance and cholesterol
removal ability of lactobacilli strains [J]. Journal of Dairy
Science, 2005, 88(1): 55-66

SRANY, F AN %, A [, 55 70 8 B NS AR SR IR
L L.casei Zhang TEE 38 A RR I A 7T [T]. AR E FL &L T
Wr,2006,34(4):4-10

ZHANG He-ping, MENGHE Bi-lige, WANG Jun-guo, et al.
Assessment of potential probiotic properties of L.casei Zhang
strain isolated from traditionally home- made Koumiss in
Inner Mongolia of China [J]. China Dairy Industry, 2006,
34(4): 4-10

W5, X L8, T3, 55 9 52 AR DR M X AR Gt R 3L
T LR T ) 22 AR PR AT (0] S A E 4 238417, 2016,43(5):984-
990

HU Si-leng, LIU Hong-xin, YU lJie, et al. Diversity of lactic
acid bacteria associated with traditional fermented milk from
Hulun Buir in Inner Mongolia [J]. Microbiology China, 2016,
43(5): 984-990

Pereira D I A, Gibson G R. Cholesterol assimilation by lactic
acid bacteria and Bifidobacteria isolated from the human gut
[J]. Applied and Environmental Microbiology, 2002, 68(9):
4689-4693

Rémond Didier, Shahar D R, Doreen G et al. Understanding
the gastrointestinal tract of the elderly to develop dietary
solutions that prevent malnutrition [J]. Oncotarget, 2015,
6(16): 13858-13898

Kaewnopparat S, Dangmanee N, Kaewnopparat N, et al. /n
vitro probiotic properties of Lactobacillus fermentum SKS
isolated from vagina of a healthy woman [J]. Anaerobe, 2013,
22:6-13

Lee H, Yoon H, Ji Y, et al. Functional properties of
Lactobacillus strains isolated from kimchi [J]. International
Journal of Food Microbiology, 2011, 145(1): 155-161

W, B =0, R I, S5 P PR LA e A SR AR R ST FE 11,
P E FL T E,2006,34(6):16-19

YANG Yin, TIAN Feng-wei, CHEN Wei, et al. In vitro study
of two Lactobacillus strains as potential probiotics [J]. China
Dairy Industry, 2006, 34(6): 16-19

Tigu F, Assefa F, Mehari T, et al. Probiotic property of lactic
acid bacteria from traditional fermented condiments: Datta
and Awaze [J]. International Food Research Journal, 2016,
23(2): 770-776

T IEEE A/l BB, 5 7 20 W LI T PR A sk P
WA [I). PR A B 541%,2016,32(3):84-87



MK EmBHL

Modern Food Science and Technology

2020, Vol.36, No.9

(31]

[32]

FENG Mei-qing, ZHAO Xiao-qian, WEI Xu-dan, et al. Acid
and bile salt resistant ability of exopolysaccharide-producing
lactic acid bacteria [J]. Journal of Jingling Institute of
Technology, 2016, 32(3): 84-87

AT 7K BUE N 7, 55 S BT LR R T S Rk
WL B i 5 AR, 2010,46(4):50-52

PENG Deng-shui, YAN Zheng-cai, TANG Chun-mei, et al.
Studies on tolerance property of lactic acid bacteria [J]. Food
and Fermentation Technology, 2010, 46(4): 50-52

FAN lJing, FENG Hai-bo, YU Yu, et al. Antioxidant activities
of the polysaccharides of Chuanminshen violaceum [J].
Carbohydrate Polymers, 2017, 157: 629-636

B R AR SRS B e AR A2
[D]. g Figagid kA, 2010

HAN Xue. Effects of compound antioxidants on oxidative
stress and free radical metabolism in animals [D]. Shanghai:
Shanghai Jiao Tong University, 2010

Tsikas D. Assessment of lipid peroxidation by measuring
malondialdehyde (MDA) and relatives in biological samples:
challenges [J].

analytical Analytical

Biochemistry, 2017, 524: 13-30

and biological

[34]

[35]

[37]

S-transferase pi in canine mammary tumors [J]. BMC
Veterinary Research, 2014, 10(1): 49

Kullisaar T, Songisepp E, Mikelsaar M, et al. Antioxidative
probiotic fermented goats’ milk decreases oxidative
stress-mediated atherogenicity in human subjects [J]. British
Journal of Nutrition, 2003, 90(2): 449

R B, ] S, 5 A, A5 75 e R A R A P B AT LA
PEFURR A IR P A3 AR PE D). & i BH,2017,38(23):178-
183

CHEN Ming, KE Wen-can, ZHANG Juan, et al. Probiotic
properties in vitro and in vivo of antioxidative lactic acid
bacteria from yak yogurt in Tibetan Plateau [J]. Food Scinece,
2017, 38(23): 178-183

FH PR E LR B PRI ST I L] &S
WHIE[D]. FaEL: P 5T KE2,2016

WANG Ying. Screening of antioxidant probiotic lactic acid
bacteria, antioxidant mechanism and application research [D].
Nanjing: Nanjing Normal University, 2016

RGN LR bR B U T B R/ BR 2 T e A SRS
TIBTTED]. Jo, VLR K, 2009

HU Xiao-li. Study on antioxidant of Lactobacillus and its

[33] Leonel C, Gelaleti G B, Jardim B V, et al. Expression of adjusting on antioxidant redox state in colon [D]. Wuxi:
glutathione, glutathione  peroxidase and  glutathione Southern Yangtze University, 2009

(HEE 167D

[24] ZEENER ANFFERIEAE R . P AR RAL g3 A S B LI Yang, MA Wen-ping, NI Zhi-jing. Study on the

[25]

[26]

MG LRI FE D] A3 VE AR MBI 22,2018

LI Li-xia. Analysis of phenolic components and antioxidant
activity of different varieties of kiwifruit peel, meat and seeds
[D]. Yangling: Northwest A & F University, 2018

R KA, 2 A AT B SRR I L Z A S AR S
SEMTEYEHTI]. B Tk AHE,2019,40(24):165-171

LU Lu, MI Jia, LUO Qing, et al. Optimization of extraction
process of total flavonoids from wolfberry and analysis of its
antioxidant activity in vitro [J]. Science and Technology of
Food Industry, 2019, 40(24): 165-171

TEVE, SO SIS, 7 A A ST A LB T[] &
mEFE,2014,35(1):79-84

[27]

(28]

anti-oxidation mechanism of Ningxia wolfberry in vitro [J].
Food Science, 2014, 35(1): 79-84

WANG Yue, QIAN Jing, CAO Jin-ping, et al. Antioxidant
capacity, anticancer ability and flavonoids composition of 35
citrus (Citrus reticulata Blanco) Varieties [J]. Molecules,
2017,22(7): 1-12

B, PO A%, RO 55 AN R AR B SRR TR R R 5
W] 6 i 7 5 K, 2018,39(4):47-52

JIANG Ping, HUANG Ye-chuan, WANG Yan-rong, et al.
The effect of different treatments on the antioxidant activity
of apples [J] .Food Research and Development, 2018, 39(4):
47-52

25



