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Screening and Functional Characteristics of Probiotics from Zuolajiao, a Traditional Fermented Hot Pepper Product
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Abstract: The present study was designed to screen 16 strains of lactic acid bacteria isolated from Zuolajiao for their
probiotic potential for the development of functional foods. The acid production rates and resistance to artificial gastric
juice of these isolates were comparatively evaluated. They were identified by biochemical tests and 16S rDNA sequence
analysis. In addition, their probiotic properties were evaluated with respect to stress tolerance, surface hydrophobicity,
auto-aggregation ability, antibacterial activity, antioxidant capacity, nitrite degradation ability and safety. Three potential
probiotic strains, namely Lactobacillus fermentum 17-1 and 18-2 and Lactobacillus brevis 1.3-5 were found to be tolerant
to 0.4% phenol, lysozyme and heat treatment and have high surface hydrophobicity and auto-aggregation ability. They
could produce broad-spectrum bacteriocins against pathogenic bacteria. L3-5 and 17-1 had stronger antioxidant potential.
All strains exhibited bile salt hydrolase activity and y-aminobutyric acid producing ability and were safe. In conclusion,
Zhalajiao is a new natural source of probiotics, and L. fermentum 17-1 and 18-2 and L. brevis 1.3-5 can be used as potential
probiotic strains.
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FRAENEARKE S Bl =W ESTSE R
Awl; LRHRESAEAEFRAE Bl —EREA A,
AIPHAPPHOT-2 YS2OU 2R 5B  HANikonA+#]; PB-
10 pHX  f&[E Sartorius/A #]; Mastercycle 3 & FHE=0x
M. (polymerase chain reaction, PCR) 1%  f#[EEppendorf
A7]; Tanon 16005HR MG FRG  HilEREEAF] .

13 &
131 FEBfplh o A SRR 1 1 7 5

H I S BURE 25 g2 N225 mL G 1 AR AR K R,
PEE) G b6 FERR RRUR A T MRS [ 14 8% 98 5 |, 37 CRE3%
48 h, EECEAR A BRI B YR, BT gl
o 38 I 22 T G R SR A S o Pl ST 56 077 a2k LR A A
FLIR T R Ak o
1.3.2 2 AR LR A 19k
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1322 N TIHAI 52 1 S5

AN TR B mEs!": BEAl (KEH
3000 U/mg) ¥%71°0.5 g/100 mL NaCliAEW H, F1 mol/L
HCUAW M TpH 2.0, &SR &K E N0.27 mg/mL; A LA
PR SR AREA T°0.5 /100 mL NaClE, A0
0.3%RH £5 31 F10.1 mol/L NaOHIZ WA 1ipH 8.0, &8k
f%50.4 mg/mL, IR AT E0.22 um B R TR -
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133 HkEE
1.33.1 A EE

WIS 43 W B A AR B AE , 45 4 W I R T S 00 71 4%
(APLRF %) AT A B AR Ab % 5 S0
1332  SraEmEEE

K 7S e i = W R R 82 (hexadecyl trimethyl
ammonium bromide, CTAB) -¥4 & i $#2 B #RDNA .
16S rDNAY R @A 514, 27FF11492R. PCR%
f£4: 94 CHIAEYE4 min, 94 ‘CAE1E1 min, 58 ‘CiBK
I min, 72 ‘CHEAH2 min, MPERILHIT29 MEHR. 72 °C
ZEfF10 min, 4 C{R1F. PCRFZ=HIZ0.8% L7 fg Bl H bk
Kl jEis 2 E TAMTRE (Bl ARME. BiEF
51| 5NCBIf¥)GenBank ¥4 & v A0 7 41 kAT Luxs,  IFH
Clustal X#AEFMEGA (version 6.06) #AE 47 AR AL 43
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GUREMN, WA E BRI SEZ R R
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A A ZIRR R s A N0 OB .
1.3.6 ik g AR A0 TR v 1 e

S A i AR 3 0 5 T bR 3 RO TR B R R
K12, &AM EPAOL . 488 075 % ER H ATCC6538)
MHsIER . RIS WS Ry A, 4321 mol/L
NaOHA K pHIE 1 426.0,  FH ik S b S A HE AN i 28 11 i
AOFE, ARSI PE KR« IO B L PR S5 T P AR g
M, KPR T4 CHCE4 h, B B @B+,
1637 ‘C&AF FHiFR24h, MEMEEER (mm) .
137 FRd Ak I HT A RE STl

W U PR R R B IS VA 9 SO RE AT, AR
i Xiao Yl AR (1 )75 A W E MR A S ML AL BE
1.3.7.1  1,1-=2K3E-2- =328 Bk (1,1-diphenyl-2-
picrylhydrazyl, DPPH) H &35 bk /1l 2

HURE S %2 mL52 mL 0.2 mmol/L DPPH A K I
&, WG RN30 min, FE517 nmig K AL iz BURE 5 VA ORT
DPPHYA IR FE

Ags— Ay,
DPPH [ ih 515 % %/ % = ””Ai** X100 (5)

R
A Ay NDPPHIE W GIE s Ay SRRV
FAAE T IO .
1.3.7.2  JHER2.27-BRE RN (3- £ K T WE MRk - 6 - R R )
(2,2"-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid),
ABTS) FHE T H HiZERE /110 2
B 1 mLAE VA 54 mL ABTSI AR S, =
TR N6 min 5 W 7E 734 nmik K AR IROERE .

. N AXT A#nﬁ%
ABTSPHE 1 H HEEBEBR T/ %= ———X100  (6)
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s A WA RE SRR ICRE A g AFE LTS
TAFAE T IIROG
1.3.7.3  WEE TIEJE /1 (ferric reducing ability of
plasma, FRAP) Jll5E

#1 mLAE 555 mL FRAPRAEA, 37 C
K R20 min, TE593 nmi K b i B O . T
100~1 600 umol/L FeSObr#EVE R, LAFeSO T it o
FRAEIIZE TN y=1.600 8x—0.0105 (R=0.999 6) , 1R
PEFRUE B R TH BRE F I FeSO, 24 Ik ¥ . FRAP#BEGE, i
AALBE FT R .
1.3.8 Ik E AR IHER KRS (bile salt hydrolase,
BSH) G y- 22 THE (y-aminobutyric acid,
GABA) figf1illse
1.3.8.1  BSHiGtENE

TEE40.37 g/ CaCl,F15 g/ LA 85 JIE R 9 1 % 55 ik op
FEE IR RE B RIZR, 37 CH59%3 d, WL 7% 4 2
E IR — P TIE R .
1.3.82  FLERW“GABARE 1 IE

B AR L2 % P T 1 % R R BN MR S 85 77 &
H, SR R ROR R E GAB A = &1
1.3.9 &Pk
1.3.9.1  ZGHses

FIFRAC R it AT 2z, 29al i e &5
BOBNAERLS pg, HHERI0 pg, KIAEHEE30 pg,
HMEE100 pg, PUFFE30 ng, MR ES ng, Htid
30 ng, HERME TR0 pg.
1.3.92 W IMIEMESES

R #EFoulquié Moreno" * 1 Pieniz" "4 7E 1fil £ fig T4 I
T s M. bR R4 2 e~ PR, 37 “CIREASE:
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1.3.9.3  DNAJGE M &

UFoulquié Moreno®"* T i PP DNAFIE M . 8
B 2R EUE MDN AR B G 55 77 B B A B AR E AT 5258 .
TUGE I AR S AR b, 37 C IR KRR FR48 he
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FRIGAELEI W, B RAx s FoR, £
SPSS 16.04tiH 83k 7 451154, K One-Way ANOVAI
ATARIR BB AT, PR 421 R Originl 2018315«

2 SRS
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Fig.1  Changes in pH and total titratable acidity of six strains in MRS broth

WELF7R, EMRSHAEK24 h)5, 6 PRALEEFH pH
R EE40~4.4, BRITEEN1.28%~1.71%. pHIH
FERTERT10 hGE N [, BE& TR AE KBRS € I 2218
TR PTA R BRI 14 AR R E AR K, L3-S
MT7-177 BRI, AEREFR4 hfa RIgE AR B E K. B9
R, BRRApHAE AR 5 FLRR R 1 AR K B 2% DA
KW, B Em T e R B, A M4pHIEKT5.5
i, E LR BR A AR P A o O B
22 RHPREBIER 2 e

#1 BHRERDE. BRPERBTER

Table1 Survival rates of isolates in simulated gastrointestinal fluids
e By o 3 o
%ﬁ J\Ir;:i (g <CFU/;nhL>> p— }\Iﬁff (Ig (CFU/;n}];H —_—
72 8524004 2024003 2371£024"  858+0.09  585£0.04  68.10+£0.07°
L35 849001 331001 38991007  8.63+004 6312002  73.12£011°
6-1 8601001 2312001 26861008  856+006 4204003  49.07+001°
L34 7702008 3.09%016  4142+164° 8591005 361001 41.96+0.32°
182 7822001 4612002  5895+0.18  791+0.01  574+005  7257£0.76"
17-1 8481001 4561003  53774£029°  834+007 6341001  76.02£052°

Ee AN FREARRORZER B (P<0.05) , .

MRIFTHD, 6 PRFLEL 1 fEpH 2,01 B A 58 T ks
I3 hETE B HE — RSN TR A EK18-211
EEERE, B358.95% (P<0.05) , Hik&17-1

(53.77%) . L3-4 (41.42%) FIL3-5 (38.99%) . Hitk
7-2F06-1IAETE A X BRAR, 735 823.71%F126.86%,
Wi B L1 52 RN R 1 2 . TERRL IR X3 b T AR
17-1 (76.02%) AFiG % f i, HAIRZL3-5 (73.12%)
18-2 (72.57%) H17-2 (68.10%) . FLERHAHANE W
N, R A E s smms A, g
ERPI AR RIEH S AEVE . 4 B a8 B kT2 17-1.
18-2F1L3-53k 2 A 1E 25 AE AR B HEAT R — B AL .

2.3 4 BRIETE o A FLIR B B R 1 4

APIAN T %5 78 RGN 2%, K560 Bk B X 49 Fi ik R
MR BE F7, B BRAE g B M S5, R W R )
MAE RN, SR ER2, EKT-2. L3-5. 18-2f1

17-145r B AT ORI 24 8. 14 FHAIL3 Rl . K B
g5 R N FLIR B AR SC A T S R, KPR M B IR
B, B7-2% 2 NEM A E (Lactobacillus
plantarum) ; L3-5% & NRL AN (Lactobacillus
brevis) ; 17-1F118-2%5E NABEAATE (Lactobacillus

fermentum)

#2 APIS0 CHLEM&R Piss R

Table2 Results of API 50 CHL strip reaction
MR 72 135 182 17- MR 72 135 182 17
hfict - - - - LR + -+ -
i - - - - il + -+ -
P - - - = Eab + -+ -
D-Fififfrs - - - - FH + + + 4+
LBfiffr + -+ Ak + + - 4+
4 + -+ B + + - 4+
DK - - - - it + + + 4+
LAHE - - - - MR + - - 4+
oy 3 - - - - itk - - - -
FHREDARE - - - - = + - - -
FAR + 4+ 4+ 4 v + - 1+
WER + 4+ 4+ 4 et - - - -
Rk + 4+ 4+ 4 TR - - - -
Lk + - 4+ o+ Kb - - - -
IES - - - - kR + - -
R - - - = D-WHE + - - =
T7E - - - - DK - - - -
e - - - - DBt - - - -
T + - - - D - - - -
ilgdc - - - - L1 - - - -
EHCH + - 4+ - D st - - - =
R + - 4+ - Lhfifame - - - -
oPEDHERE + - - - HERRS + -

DAY - - - - |[EEEERE - - -

NOBVERR O+ -+ - ||sEiEEERE - - - -

e A BITER B — BT R .

B HEFRM16S tDNAKPCR =Y 7 J, AT [R5
IHT, MR RG R BN, 7 GenBank A 2 1 A U5 1 v
WA RAES T4 . WAk T-25 1P 30 1 8 1 0
PRKC887524. 1IA EI99% ¥ [Rl YR P ; 1L3-55 %%+ ka3,
FFEHMO058973. 1A PEIE £]99%; 18-2H117-111 43 51 5
KEEAFT HGU138568.1H1AY929282. 134 F]100% F199%
MIFEVRTE . A TEEY IR BESLIRER, e s 3 E
BRT-2 NV AN, L3-5NEAFE, 18-2f17-1 8K
P AT 1A
24 SRR T I A 52 R

£33 REXNPRGE, REBRERZN

Table3 Tolerance of strains to heat treatment and to lysozyme
itk AUbE (g (CFUML) ) AT (g (CFUML) )
g 2R g WML e R (g (CFUL) )_
Gi'5 0 min 5 min 0 min 30 min 90 min

72 9524005 7.00£0.04 73.53+0.81° 9424005 947£0.02 9.56£0.02
L35 9574002 8424002 87.98+0.03" 934+005 9.39+0.04 9.59+0.01
182 920+0.05 8.67£0.03 9424£029° 9324002 9.18£0.03 9.40+0.07
17-1  9.62£0.01  7.93£0.04 8243+033° 9.60£0.09 10.08+0.00 9.50£0.03
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FKIKW, 4 ELT G EENAER. H
HHTR AR 18- 2 A BT AN 52 ), FAF IS I8 $194.24%
(P<0.05) , HWRBWIL3-5F17-1, fFi5R3 5N
87.98%F182.43% . FLIR bl X A BTt 52 J3 % T 2 A2 I 7 B
st R M HR R B AR R

TR B S, AL FRAT S E AR BT B
(3D, d B % B AR X 100 mg/mL 5 ik FE A v 1
iy BA R b B 52 77

K4 IBEN0ADEBNRZ N
Table4 Tolerance of strains to 0.4% phenol

Witk W (g (CFU/mL) )

Gy 0h 24h A
7-2 8.03+0.03 8.40+0.07 0.37+0.01°
L3-5 7.954+0.04 8.4740.03 0.52+0.07
18-2 7.95+0.01 8.87+0.03 0.92+0.04°
17-1 7.8740.02 8.0940.02 0.22+0.04"

MEATTLLE H,  BIRE0.4% K Ty i Ak B A1 5 i
BB WD o IR R v 05 A TR R S R 1 WL
P, TR BRI B R B T AR A N ARV I RE DY
25 A WY 19 T PR T AR mh 1 ) 30 R A
2.5 IREEAREIERKIEN B R G RE

00r DIEtAk DZEIE B &)

sof
S
#
Z 30t
B ool
“L
1 1 1
075 18-2 17-1

L3-2
R
2 HHRREHAME

Fig.2  Cell surface hydrophobicity of strains

WE2FT 7R, B kX &R 2R B8 o H
IR K, fEShekh IR T b, ISR ISR
5 ARG FEARIR], AN R FLIR B R A7 (9 57K P I
TR TE 7S ot B B ok 1D 10 T 86 P A 0 2 2 A B )
BUREE G T T R K AN R A RS I LR T R
TR VE, Bl T IA) 2 P 2 A T IO B B Bk 0% bk
17-1. 18-2FIL3-55i /K A iy, 3 BH T iz f 288 i 1k T
RERL5H .

HE3 W, rAmMkEEREMEREGR . %
2. 4 hAI24 W3t B R AR JITEH 2 51086.8% ~19.7 %,
7.2%~28.1%H48.4%~70.7% . Hh KREEAATHE18-2
(70.50%) FIRFEAFHELIT-1 (70.67%) LI H =1
HEEGR . CAWARN, FHHKRTE KSR IXIE K
AW BB, XA BT R i LR Y B giE
0TS 7 S

O2h O4h m24h

£
H
N
S
T T T T T T T 1

7-2 L3-2 18-2 17-1
B bR S

H3 SEERNARGEN

Fig.3  Auto-aggregation of selected strains

2.6 i T AR A A

P>

BT TE,
S N

A KT HKI2: BAIGHRAMIEPAOL: C.4x 8 A & R ATCC6538
El4 4#RIFLBREX3 PR d A IRIfER

Inhibitory activities of four strains against three indicator strains

Fig. 4

WEAFTR, 4 PRILER A K L3 W8 sedi i) Kig
BEK 1204 2 (08 & 3R 5 ATCC6538, /N i 3 b1 4 27 o
M PAOL, iX 5 Tulumoglu®s ™ i iH ()45 B —F.

£5 HERIONERD
Table 5 Antimicrobial activity of isolates
L Y HEEE R imm
#rd  Raite 12 135 182 171
R LI 141520087 (£4) 151550087 (+4) 147200087 (+4) 14692005 (++)
K PR 4DE0077 (H4) 151220077 (+4) 16220033 (+4) 146340036 (+4)
K12 ELERE 10082002 (4)  1L08£002 () 13321001 (+4) 12330018 (+4)

REARLH - - 9030013 () -

REELIERI 100540063 (+) 120510063 (+4) 123120033 (+4)
Artamng PIRE 1034003 (4) 120320032 (+4) 122520034 (+4) 110240033 (+)
ATCCOS3 g/ an® 9230034 (+) 102320034 (+)  1LO4E0045 (+) 106520025 (+)
REnRLE - - - -
e HAA<9Omm, LMEEME, N =7 omm<EA<12mm, f
WEENE, eA ‘47 . BEfA=12mm, FWEFEER, i ‘47 .
ST A, BMk18-2. L3-5M17-1(#M B fe /158
0, FROREHERR A LR A A AL S B VE T . HERR I A
A e PR A AN E G, RS AR 4 A Bk R B2
AT O EE, 25 RN AR A B R G, #E JTIEY
B Esa RS EARMERME R LR KR L
RT3 SR AR ) P 1) B 0 EL A VT N R, FLIR B nT LA
JE 3 P B AR SR ORIl B T, T GE AR
@}%[14]0
2.7 GEIE R PUAAGTETE
W3 AW TR PUA L TE Y, SR K6
Fizw, I EARERR I — & MABTSFE S 7 H B2k

11082002 (+)
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Ae1, HEERREIMHERK (P<0.05) . HHL3-5,
T2F17- 1 A B m M ABTSFH S 1 H G BRAE )1 (43931
H65.95%. 56.91%F161.13%) . TMiX4 HREEFEDPPHH
FIERRE N ERARIRYE . FRAPYE & i il &£ &
(R340 SR 7K = e =188 (tripyridyltriazine, TPTZ) -Fe'"
W R R TPTZ-Fe® ' (11 8 7 ok i B £ (0 5 S AL R
SER R IRLI-5. 7-2F8017-1R 3 8 a8 s
(565.55. 571.61 umol/LF1547.22 umol/L) . &Rk
TEIE B LR T 11 6 B AN i AE Mk 9 LA B TE . A
5] 7 00 5 I PU AR DA E], AT R A IR 7L RS B R bt
AALTEH SR IAF, 2 a i, REEAATE
17-1. AT 3R 7-2 05 FLAF BEL3-5 K 8% g W A AR
PR RE 77, HAE R AR K ) pR T R R PLA
3% T SRk B AR R AR A SR AR A
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Table 6 Antioxidant activity of isolates

Wtk ABTSPHE THHE  DPPHE M FRAP/
Ui TG BRI % EBRERI% (umol/L)
7-2 56.91+2.04° 73.67+1.27" 571.61+2.22"
L3-5 65.95+0.68° 73.2240.13" 565.55+1.32°
18-2 23.3441.95" 74.5040.07° 314.05+3.77
17-1 61.13+1.50° 73.18+0.39° 547.2240.76
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Table7 GABA production and BSH activity of isolates
Pdhi s GABA &/ (mg/L) BSHiFE M
7-2 142.67+2.42° +
L3-5 101.37+2.21° +
18-2 130.20+2.34° +
17-1 101.57+3.40" +
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Table8 Resistance of LAB strains to different antibiotics
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