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Abstract: In order to obtain candidate strains with strong colonization ability and excellent fermentation performance of
goji berry juice, 3 strains of lactic acid bacteria were isolated and screened from human intestinal tract. They were identified
by morphological, physiological and biochemical, 16S rDNA sequence analysis and phylogenetic tree construction, and
their acid resistance, bile salt resistance, artificial gastric fluid, intestinal fluid resistance and fermentation performance were
studied. The results showed that all three strains were identified as Pediococcus lactis, numbered NXU 220218,
NXU 220219 and NXU 220220, respectively. The growth rate from 2 to 8 h, the ability of NXU 220218 to produce acid
was stronger, and the tolerance to acid, bile salt and artificial gastric juice was better than NXU 220219 and NXU 220220.
The survival rate of NXU 220218 was 67% at pH2, 65% in bovine bile salt at 0.3% concentration, 72% tolerance to
artificial gastric juice, and 95% tolerance to artificial intestinal juice. Finally, the NXU_220218 strain was inoculated and
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used in the preparation of fermented goji berry juice. It was found that the reducing sugar content and the free radical

scavenging rate in the fermented goji berry juice were significantly reduced and increased, respectively, compared with the

unfermented goji berry juice, indicating that the NXU 220218 strain had good fermentation performance for goji berry

juice and could be used as a candidate strain of lactic acid bacteria for the fermentation of goji berry juice.

Key words: intestinal; Pediococcus lactis; isolation; identification; goji berry juice; fermentation properties; tolerability
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A EAEF RS2 BB EAT ISR AR A BRET

FLAL I (1actic acid bacteria, LAB)J&—Z5%H 5 3=
A 55 BTG PERUAE Y, PEADFEMAE B il s, REs S
i AR TS I — 52 AR E S BRI FLIR
PR LAYE T AP, I A ™ b i =32
LAY, AR R R R b, AT LA B i A
B A B AR B AR, 38 T DA B IR
{E1 eAh, FLIRR AR R W B v, 77 AR R R AR
FI P S 25 A i IR DT i, DR R YR ot
BRI s Rt S S5 o i AR S i) /N 31 ik
M2 M AR TR A5 o H: F B AN AT U5 4 3R Bl
B2, B3, B5 45, ifo 7] DA™ A HL LGy 2 22 B il Sk
PRATT A4, R PN e g5t 1 FLBREITEED
ATz, H R A IR s S HAB Ll it | 6%
LU Al L AEN St TAAS A B BEA R A
WR, I EL2G WA TR, A Ry M LI PR A 15 70 A2 I X
AT IRUARFN AL, 5200 T ZLIRR B R AT T
FAE R I R U  RIHE, T ARSHT A R IR A A
HOACT A9 24 Rk E AN B BAA BB S, TN
i T e — kR4 A Ak HORBEPERROL R 1 FLIRR i
PARSCHIFTE 4D o

ASWFFE N ANz 53 25 T e ZLIR B , 18 i 20
ZE. Sr T O I X HEA T S, X R | 1
RBER K A e REREA TIN5 , T e P RE L R A LR T4,
e S B A R AL T b . X R RIS PO MIAL
bR i sl P TAEALRE S A TS LE oA, LA
PR AR IAAAC T Yt BORTXULR,, Sy AR AL 9 Tl
e R A R Bl s PR IS5 AR
1 MRERE
L1 MRI5ER

ikl T E A AL L BT RS BedR A CR
WS Ta]: 2021 4F 6 H )5 40 AL 41 DNA $2 )
& AERTESRERMHIA PR F 5 6% AWy | WA |
3,5- " fif I /K 47 R (3,5-Dinitrosalicylic acid, DNS) |
0.2 mmol/L 1,1- " 2KF-2- =428 (1,1-Diphenyl-
2-picrylhydrazyl radical 2,2-Diphenyl-1-( 2,4,6-trini-
trophenyl)hydrazyl, DPPH) . 30 mmol/L Wy BAi R H
fis (Phenazine methosulfate, PMS) . 338 pmol/L ifs 5

A4 T (Nicotinamide adenine dinucleotide, NADH) .
72 umol/L S AL Al L DU Sk 5 (Nitrotetrazolium blue
chloride, NBT)  [El 2448 Hfb2518500 48 BR AN 7l Bk
W AR YR A TRAE] 44 HER . HCL
IERT AR F; MRS 753838 F B @R Tk
MR AR BRAF

BXM-30R JEJJZ87R K PEAE RIS A
BRI H]; SW-CI-2FD i TAES  Jbat KBS ZRIX
PEHIYE A PR F; LRH-250 244055548 RS E
JT 28 M) ; BIO-RAD % i R &= 42 3% [ BIO-
RAD 4\ &l ; BIO-RAD CFX96 £ & PCR X & [H
BIO-RAD 7\ F]; FRO80 fHEIF#4  1igE HEME
fFRZN 7] ; SpectraMax iD3 £ I EERFFRY 557
TFALDE FIATBRAN F); S210 pH I HLRRS2AY
A RR A o
1.2 SEWFHE
1.2.1 BEMRSTETHRLE 3L 3 A TCTHIL R GERR I
AR, P H T 3 MHBEEZIUAERIGIT .
£ 10% (w/v) NZEZE(EER: FRUL 2 g Frfef NZE2E(E,
RS F A 10 mL JGIE PBS JEIR 1~5 min, {if
FEAE T T, B iE A Y . 500 t/min &0
5 min, {HZSE T T A DTRE 2R, B EIE & Ep
L, BRI PBS IR E 250, T S0 vp () i T DR 2
B, B 2 50 mL G Ep &, 158 A\
Bl

P NFEHE BB HICH PBS #fEE 10°, 107,
1075, 43 5iA T MRS EUASEAR. 37 °C 5537 24~36 h
J&, TR R BUE RS | B, R/ NARRI AR TR, 3
TR B SR ILIE 35, B a7 BRI 3 3 L RIZR 1535,
IR R R AR A 4l L e
1.2.2 HEERY(, G REFh T RIS IR, PR
RS FR fE AT 25 YL, BV A 12 o T INgd i
)5, Yt 1 min, ZKPE. WINALAS G4 1 min, 7K
Yo JH 95% BTG LZY 30 s, KPR, W d2/K 5. T
L), Jefa 1 min, AK¥E. W TS e T
J&, IhETsit
1.2.3 BEHRERE WP R AR RN 48
FAIS A SN BT 25 A0 B A AR RS 4 s
P PRI TEEE o

>R 16s iIDNA FERHAT /T EY2EAE 8, LIEL
P& FrBRIA NXU-220218, NXU-220219, NXU-220220
BRI FL N 4 AR AT PCR ¥4, IE/ A5 19N
8F: 5-AGAGTTTGATCCTGGCTCAG-3'/1492R: 5-
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GGTTACCTTGTTACGACTT-3'. PCR I Z Ky
(20 pL): itk DNA 2 pL, KOD [ (5 U/uL) 0.4 pL,
10xKOD buffer 2 pL, 2 mmol/L d NTPs 2 pL, 5[4
(F+R)1.2 uL, MgSO, 1.2 L, dd H,0 11.2 pL, PCR
PSSO BN 94 °C WAEME: 2 min, 98 °C ZE1E: 105,
55 C iRk 30s, 68 °C ZEffi, 75F]HY PCR ¥ ¥ 7=4)
AT 1.5% Ut i5380 B eHEE RS UK . BRI IR G
US4 38 B, 7 PCR # B4 #4E 1800 bp 2545, N
AL E, B 16s rDNA J¥31 T NCBI #£4T BLAST
[RIE T AR 2R 20, AR HH PR 5 L R PRI 3R 5
KB RFZMARGHL, AERFEEMHIT 99%, WA,
[F]—2E4E, f B Mega X AT RGUK BERIPT,
1.2.4 FLRRp AR HNER B 2% FLIR p B 3 Fh T
MRS BAEFEFEE 37 °C 1538, A O h 4R, 5% 2 h
WURE—WR, FS6CE R (P 600 nm) I IR G B {E

=k EZ . DARHE AL BR, WG (B S A AL FR,

HEA R g,

1.2.5 FLEREF=MEAE ST HU 2% FLIR B B 4
T MRS WA zadtich 37 °C #53%, N Oh JF4R, 4 2 h
BURE—R, IAE L pH.  LAZES IR SRIAE A G RE, —Ff
PR B R BREAS = 52 . DARSHR] AR AR AR, pHL R

AR, HIE R ZPY

1.2.6 FLERMTNARGE S FHERMRK: MRS WA 7
L pH P8 2.0, 121 °C KB 15 min, B HI&H . #%
Bl R S PR R AT 2] pH oA 2.0 1 MRS K
R SRHRE T, 37 °C K597 4 h, R PLIR B il =

52, SRV R V& 310 I 5 25 LR B 1 G PR 2

ARG RE IR IEIE IR RV EXT L, 1A ZLER

PR AE R A BRI, BTG 3R

HEH A K H (%) = % % 100

2. N, BRI 5Z Hif 7% R %%, CFU/mL; N, iy
BRI AZ 4 h HUTEERI%L, CFU/mL.
1.2.7 AMREMAREERE S H— W HEE T
MRS AR 57 IR I, LB 8 508055 R 0% (%5
F1). 0.3%. 0.5% 1 0.7%, J&45 pH £ 6.5+0.2, 121 °C
KB 15 min, REIFEH o F&6 108 1 FRh i B IR
Sy 5 P & A ) B AR IR ER i) MRS K% 38 S,
37 C 3537 24~36 h Jii WSS A [k B IR EE 35 552w b
PR A9 A AR L, I 52 4 A 600 nm B OD 1A,
T FLRR A AR AR ER AT BE S0,

SBBRILEL 7% = 1 X 100

o Ny AR A= aER A9 OD 8, Il P
600 nm; N HESIIA R LA AHER Y OD {EL, I5E %
£ 600 nm,
1.2.8  ZLI& B X AT WA TR W it 52 S 5
AT B EIBCH]: NaCl 0.20%. B2 11 0.30%, HC1

JE pH = 2.5, FHFLEE 0.20 pm FALIE RS HE R TR, Hl
AT B e P,

N T i 25 BRNR: BRER I 0.10%, Y8 pH
= 8.0, i UEBRTE A A . AHV: ABER 1.80%, 4 pH =
8.0, I UEERH A H o AR AR L, 2: 1 VR -G RP
SN TR

FRARFR ST H0 1% R B2 Fh 2 pH o 2.5 19
N T HWPIEAT, 37 °C. 100 r/min FEERAEEFE, 4351
T 0. 1. 2.3 h J5HUE, 78 600 nm 71 AR I 5 L7
Y6, IR TRLRR B TS B AR

G FE(%) =
AT 5 AL #E3 h)G i B £0(CFU /mL)
AT B 146 % $(CFU/mL)

FRARFROTE 1% R 2 mh BT, 1R
%J,37 °C. 100 r/min $EREFFE, 4331 T 0.1.2.3.4h
JEHURE, 7E 600 nm IR K AR HE 'R, FEUE T FL
P AT PR T

1 (%) =
N T ab 4 h/5 5 # (CFU/mL)
N il 146 7 % (CFU /mL)

1.2.9 FLER B & At ml g R uAC K DA

1:10 By EL IR G120 5~6 h, HTA 0.15%(w/v) B SR
TR BT, SR G AT 1L U BRAT, I A A

VTR pH = 4.5 284, IRAIEHE4T 65 °C, 30 min
IR ELRA o R H & SR BT 4 LR o B
BRAE 5% MREFh R AMIACTT T, R S, A
37 °C ¥EFFE PR SR 48 ho X R ERT)S AL T UE
EREZ N %Y e el PN T 2 W gy e O A

1.2.10  MyFcyt b EobiE i a2

1.2.10.1 fafoytrh ZPE S riliae PRS-
PRI Z2 bl Fr i 00 BRI i ol AS [ e o
&l 0.3 mL, TEVKK ISP 0.2 mL 6% ZEBENAW; 7
WA EHGENIA 1 mL MERRAER, A S G E DK
LA, s s BRI, DAAS iR B Ak e i 34k

Ho. IRAGHE/KES 20 min, BB =R . BEbR{GE
T E . LI A 150 pL % %, 76 490 nm
M A5 LG

1.2.10.2 Myfc it b OB & &l 55 DNS
R 5 3 OB B, AR T A it BN [R] ¥ B s 1 il

0.4 mL, iILA 0.8 mL DNS i, IRAVUSF /KA 5 min,
WHIEEWE . B T I o BEFLImAE i A

150 pL M58 V&, E S RIS AR (540 nm) i %E £5
FLWCEE .

1.2.11 My bae 1 i

1.2.11.1 DPPH HHHIEEREEIINE =% Bai 5507
BT A B, PR TS 2 mL 0.1 mmol/L
DPPH H EEAW, FRIMARIACHE SIS 2 mL, IR51)5
TF+ 37 °C, BEYGSZ Y 30 min, 517 nm &b E WG,

x 100

x 100
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1145 DPPH H H3EAGTERRR .

AS

DPPHH Elﬂ%i%ﬁf%%(%):(l—A )xlOO

C

o, A: 2 mL PBS+2 mL DPPH L5 ¥ (91
SEAE; Az 2 mL FESTARA+2 mL DPPH H 45 % 19 W%
JGAH
1.2.11.2 A7 A B S RIE N E =%
L g P B 7 vk, 1A 96 FLAR HR AR YJm A 50 uL
338 umol/L NADH % #& A1 50 uL 30 mmol/L PMS
W, ISR SIS A 50 L 72 pmol/L NBT %%,
TREIJE A 50 pL ASR] & R AR ACAE &, IR AT =
WV 15 min, ££ 560 nm A 52 WG HEE, 1Bk A,
JHAREMATR Y PBS A AR s, I a2 W56
B, ich Ao

BT 1 LT R (%) = (1—%)x100
S, A XA A BE SRR

1.2.12 EEVFMRE ST R BT
Hr, 12 I HA R E VST S0 i As A
® 1 REEDIRIE

Table 1 Sensory scoring criteria
iH WoARiE I3
. jLFARuN 6~10
it RELEE, B TR 1~5
i BRI, RIS R 6~10
- TR MRS, A —E R B P I 1~5
Py HRLFRR AL, JO5tTR 6~10
A Hue F b b, TSk 1~5
AR B 5], R R, oo 6~10
FEVERLS, AT 22 1~5

NXU 220218

NXU 220219

ZH BB B PVRE /N, X R BEAAC TR i . HER . A
S HBURZS AT 1~10 0TFE, PR FRMEInZR 1
7R o
1.3 HIEAIE

S E AL =R DA b, SEESEE S DS I E bR 2
TR, KR MEGA-X #1144 3 &2 52 & B #; Excel
2020 AT EAE ST 53875 Al Graph Pad Prism 8.0.1
AR S B E L
2 GBR5HH
2.1 ANBEIARENSBENEE
2.1.1 BERIEZR M MRS FAR I F15 3 BREATE .
B 1A J& = MREATR I HA RIS E, AT LAFE 1 R 2 2L
M, FEER/IN B e B6H, g5,
JHEEF RGP, Bk R . AR ssdcmad H2s
YL 58T TANRIERS, WKl 1B iR, X = FP ek
YA) A 2 G SH AN B, LA B JEE, 5 25 FQYL a5 )
ShER A, 5ARETFERY (ST AE R FE AR T
P AERIREAT IR, Bext . b sl 2R ALIRHES, JoZFAL .
2.1.2 SrFAEYEFERE REGABRAYIEEZ4 DNA,
R R SRS |9 1 16s rDNA ., 4NE 2 iR, ST
PR B RREL N4 DNA #E1797 18, XE 1600 bp [ffiT
WELE T Hr-y, 4075, R PCR 77l T
UL S v

it 16s IDNA Sf—QEEEF, 248 NCBI 244
PEIEAT LEXT, 85808 = ARRIRIY S ZLIR BT, 5351
firssh NXU 220218 . NXU 220219, NXU_ 220220,
AR Pn R g JEAe A 25 SR aT i (& 3), B AR NXU_
220218 5 Pediococcus acidilactici SRCM103367 [A]
PR, NXU 220219 5 NXU 220220 [6] Pedio-
coccus acidilactici SRCM 102732 [a] 5 M f% ey, AHAL

NXU_220220

3 I AN B9 2 U D A i
Fig.1 Lactic acid bacteria colony morphology and Gram stain analysis

TE: A HFLRR A BREIR A7, B SRR A BRER A 22 [ (0.2



%44 5 22

e, A NBIEFURR BRI B E SR REAACTHPERE AT

- 147 -

bp

2000

1000
750

500 —
250
100
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16s rDNA amplification product electrophoresis

Fig.2
7 : M A 2000 DNA Maker, 14 LR A Bk B B Bk NXU_
220218, 2 A FLER 1 BRIA A #R NXU_220219, 3 S FLA2 F BRIA
bk NXU 220220,

BERRE] 99% LA b GG HIER A0 E = AR
FLIR F BRI Fh (Pediococcus lactis) -
2.2 3 HRELBR R EKERVAE KRR

A A T =R AN A KA E . & 4 7T
N, “RRFLER - ERTEAE 2~8 h [T K301, 30 h
JauE AR EW] . HAh, NXU_ 220218 By K8 T &%
bf, ZARAN RIS FE S S 600 nm B <& 119

OD {HITE 1.0 ZeA45, LAl 0, FLER A BR B o LAYE
MRS AR R % 3 b A K AR 4, I FLAF IS R,
i NXU 220219 1 NXU 220220 A= 3 BF JC b 2
PE2E 5, H 48 h WZE RS SRR 55 450 iF T2 1
FERL.
23 3 HREABRIKERFEREE 17

W s Fros, 0~2 h BRRAL T A Kl 2 3, =R
B, RIS, TEXTEON T~ R £, BRI,
pH TR, —HRANBETE 24 h 5 r=fREEAIE AT
AW, Ho, NXU_220218 P& B AT PIRR B 45
PR, AR = ARG B =R RE 1 TC B B 2E
24 3 HRILER R EREAVTIER . MIABELMERE AR

TS P ik FIE 1 Ay 2 72 L T o ik 32 4 1 BE AR AR
A H TR T AR ER B F7 ke, AN AT A ImiE IEE
JIisE . MIE 6A TTLAE H, T pH A 2 BUBRTERS
FRILETFE 4 h )5, REXTTR YA —E B 3286 77 o
Horp, NXU_220218 B MR A5 52458 0 T H AW ik
AN, HATIE RIRF T 67%, 22 HS X 2 48 5 114 i
PE

ME 6B AT LR Y, ZEHEE S 0.3% my4-JHER

WAREEFRIE T, A TRAR A1 R 88, — R4 P
H NXU_220218 BYAFHGE R EEH, i8] T 65%, Higy
PIRRBEAETE RIEF) T 50%. TEHREE N 0.5% 14-HH

32

0.01

100

85

NXU 220220
Pediococcus acidilactici SRCM 102732 (CP028249.1)

100 F NXU 220219

100

61

Pediococcus acidilactici SRCM 103367 (CP035151.1)
90 NXU 220218
Pediococcus pentosaceus KT3CE27 (AB481102.1)
100" pediococcus pentosaceus DSM 20336 (KX886792.1)
Pediococcus claussenii JCM 18046 (LC258161.1)

Pediococcus cellicola JICM 14152 (LC258134.1)

100 Pediococcus parvulus NBRC 100673 (NR 113922.1)
Pediococcus parvulus JCM 5889 (LC071841.1)
Pediococcus damnosus DSM 20331 (NR 042087.1)
Pediococcus inopinatus JCM 12518 (LC145572.1)
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