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Bacteriostasis and safety evaluation of two lactic acid bacteria
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Abstract: In this study, two strains of lactic acid bacteria [Lactobacillus casei (S60) and L. plantarum (S72)] were tested by aseptic
technique, including routine biochemical detection, susceptibility test, in vitro bacteriostasis test and animal experiment. Their feasib-
ility and safety as probiotics for fishing were also verified. Results show that the two lactic acid bacteria could tolerate acid (pH 4.0)
and bile salt (0.1%), and exhibit different antibacterial activities against six pathogens including Aeromonas hydrophila. The results of
antimicrobial substances analysis shows that the effective antimicrobial substances were related to the organic acids produced in
metabolic process. The results of safety evaluation shows that the two strains of lactic acid bacteria had no ability to decompose
gelatin and hemolysis. The results of death statistics and blood biochemical indicators show that the intraperitoneal injection of live

bacteria as high as 1.0x10° CFU'mL "' did not cause serious death and body injury in experimental fish. It is included that the two
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strains of lactic acid bacteria have high safety as oral probiotics. Drug resistance studies show that the two strains of lactic acid bac-

teria had strong tolerance to aminoglycosides and sulfamethoxazole, and were sensitive to ampicillin, enrofloxacin, florfenicol and

doxycycline. Therefore, the application of the two strains of lactic acid bacteria should pay attention to the selection of drugs in man-

agement process.

Key words: lactic acid bacteria; probiotic properties; safety; drug susceptibility test
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1.1 FEMRFEE
SR P AT LR S60. S72 AR /R H Mg K < BA MBS
(Aeromonas hydrophila). #E[RSHMIE (4. veronii). JoF
BEERTE (S. agalactiae) . IRBEEELIRE (Edwardsiella
tarda). RGN (Vibrio vulnificus). B MINE (V. para-
hemolyticus) ¥IH AL % 53 B RAE, HZ 16S DNA Ik
PR 550
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BRI (CYRFERHCA IR AR, BY% A
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min WCHE IS AL I A= R4S (ALT . AST Al LDH), %
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Fig.1 Growth curve
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Fig.2 Acid production of two strains of lactic acid bacteria
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Tab.1 Acid and bile tolerance of two strains of lactic acid bacteria

n=3

FLERH lactic acid bacteria

B H4%/mm  inhibition zone diameter

HER/%
oit S60 S72 bile salt S60 S72
3.5 - - 0 8 8
45 + + 0.1 8 8
5.5 + + 0.2 12 12
7.4 + + 0.3 15 16
0.5 19 19

- REEK; AR
Note: —. bacteria can not grow; +. bacteria can grow
2.4 HDE Y RAE T

FRE AR S B BAE 48R B, LA 1 mol- L A Ak sh
(NaOH) Jh . 2R (AR [ K20 S Ah 30 % e L
VESgSEUv o, ARALTRAY % 2 LVl X R, 00 40 7 e
KN SRR, XA A, T SE G
VB 2 MRFLRR A J B T R B AR T R A A HLER (K pH)
SEPLT X K SRR A B R
25 MEFEE

PR SRS S B IR , 2 AR LR B XY BB AN [ R M A1 ]
6 HREE/RE IR (R 2), HAP XK AR . 46 R
) 003 I U0 BT R R, X O LI
Rk, X TC L AE R B R 4% 7% A48 I B 1Y B0 B RE 0
55, 2 WRPLFR BRI 78 R — Rl 5 P A I B AR 25 R B
(P>0.05), 11 [l — SPL 7 B B T A [ 5 ) 00 BRI 280 2 5
3 (P<0.05),

2.6 ZEMEITFM

RN BERP T4 24 b5, 2 MRILBRTEE B T 75 5 il
Te ARk, PR BRZE (K SRS rEE LT
WIS IR . 5 48 /NIRRT VA S B AR TR , W] W iE ]
Bl B, PR T IR 2L 3 I BB iE— 20 R (1 3), RSN I
S N, 2 AR DA R R VS IR X IR TE 3 2
5, EIMLARLY 5.0%, 118 7K E M B A IR 5 | A P32 o
BEETXRY (P<0.05), HILRL 72.0% (K 4), muLn]
W, 2 PR FLRR TR ASAEAEV A C R T I, ARFE ARV I
Jr B

2 BRFLIR e A B R SR 3R 48 h e, &4 C b
L, HPIHT B — R R ORI BE DR , MR R R T
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Tab.2 Antimicrobial activity of two strains of lactic acid bacteria against six fish pathogens

X+SD, n=5

i B 4%/mm inhibition zone diameter

HORH
pathogens 360 S72
WK S BNAET A. hydrophila 26.88+2.43° 24.9+1.48°
BRI A. veronii 28.85+2.45° 28.25+2.46"
BT V. vulnificus 33.87+1.96" 35.6+1.07"
TCFLEEIRT S. agalactiae 8.33+2.38° 9.7+0.96"
BIVEILIRE V. parahemolyticus 15.23+0.78° 13.1+1.82"
RFBAEEE E. tarda 9.23+2.42° 13.05+1.92"

E: ARDOUNETREFRIR 2 SRELBRE /0B A R SR AR RE I 922 5 23 (P<0.05); *.

F (P<0.05)

2 BREFLBR R X [ — i S B R S T i ) 22 57 .

Note: Different letters indicate statistical difference in bacteriostatic ability of the same lactobacillus strain among different pathogenic bacteria

(P<0.05); *. statistical difference in bacteriostatic ability of different lactobacillus strains on the same pathogenic bacteria (P<0.05)
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Fig.3 Hemolysis activity of two strains of lactic acid bacteria on blood plate
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Tab.3 Results of antibiotic susceptibility test of two strains of lactic acid bacteria

Hitk 2 T e JE /ug-mL” drug concentration
bacterial strain S60 S72

I Bl B A%/mm

inhibition zone diameter 256 128 64 32 16 256 128 64 32 16
N HEZR ampicillin 30 26 24 20 17 40 35 32 30 28
iR R IRE & kanamycin 8 8 8 8 8 11 8 8 8 8
HERFR streptomycin 8 8 8 8 8 12 9 8 8 8
B Ub B enoxacin 26 21 19 17 10 19 16 13 8 8
FARJEF flufenicol 32 29 26 20 15 34 29 25 24 18
MR Z VG 2K doxycycline 37 34 28 24 21 34 28 24 21 16
fisk e F sl sulfamethoxazole 8 8 8 8 8 8 8 8 8 8

H3EERIK physiological saline 8 8 8 8 8 8 8 8 8 8
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T ARG A AAE AN MR, AR AT AT
RIS o HA R RSO ARG . X R4 A
S60 ZH FF#EAN LY HA M A TCE M B, BRI X IR A e
24 h R BRI AT TE DL, 7RSI A s i R AET %
ik 46.67% (1 6), HACT-ZSAEFESHHRAIA JERE S 1R
G, A A T A IS . 96 h JE XA )
WYt AT A A, 45 R WoR S60 Al S72 A A LR
iR FAE T IR S RO S IR S, T — 2B g
Koty s, RIS IO KAAAE, RIS TCH S0 B L o

WHESLE 96 h 5, a2 iR AR IS R TR S60 F1
S72 42K ALT. AST il LDH HIZKF-Fxf BEZH T B 3%
ZF(P>0.05, F4), i S60 Fl S72 WA i 2
UG, Bk 1.0x10° CFU-mL ™ Y40 I s i 45 HE R
T 1 RS M psET:, HAS 96 /NG ML A ARG A 45 R R
P S N B T AN A A /TR N [ - <A )

R4 20RFLER BT SR 6 M % A AL FE AR
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Fig.6 Artificial infection experiment
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Tab.4 Effects of two strains of lactic acid bacteria on blood biochemical index of C. auratus challenged

with two lactic acid bacteria UL n=5
Iﬁi El X‘T,Hﬁgﬂ ?LM% lactic acid bacteria %7}(/{ pﬁﬂ@—[%—éﬂ
index control S60 72 Ah
AN E N ALT 6.39+1.94 6.19+3.24 4.96+1.84 421+1.19
B RGN AST 323.52+65.91 321.44+105.27 391+133.81 330.55+118.34
FLERM A LDH 116.53+38.97 88.54+43.39 65.14+37.26 73.35+31.90
3 THE FLERTERETIZ 2% i 8 v R 57355
N e e b s 3.2 ABERERKSFE. B HNEE YR
3.1 FEEX & RFEREREN S N
AR HAT AN IGE A 25, ReEtRi2n

THALIE Y pH A AE R X 20 T 0 A K B S
F, TRIE RS AR AR T A8 9 25 A VR A S W S LB 3R 5
YT 32 fe 1 B VIAH G, NZKEE A m%%%ﬁ%LpHiﬁ
UL, B FE A AR 3 = a5 A TR AR BN R
s, ﬁ%ﬁ#i%ﬁﬁ%ﬁ%ﬂ@ 137 L B
2 = 25 A TR AL pH 4 #Tmmﬂzmoﬁﬂﬁ%ﬂ
R E a2 E N pH Felitagis 21 IIHSZIKE?%?EPH"J
2 BRFLER AT B4 LMK . AR o el g — B i Rl Y
Tt AL A BT fep 37 T %%oﬁ%aﬁé,w
wERL a2, HOAE A pH TN, BRI ARRFSE
2 BRFLRR VA eI 0 HAH ki pHe

JIEL Y FitE B L 200 VT 285 BT 381 i T 280 A %) T, s 4t L
B3, (X FLRR T B A A 72 T Il . ARBTFE Y 2 Bk
FLRRTHAEMTSZ 0.1% RYIEEE, WS Bk a5, HEN
HHEE 5 BETE 0.2%~1.0%, H#EAME S8 —Lme" Jf
HHER B AR 0.03%~0.3% J0 B NI Sh R i s, i

REZMESFURTSZ 0.1% MRsh ik B FLIa . il 2 bk

FLRR XTI ek s Rt 5 A RUK SR
o @RS YIAE, ATES (Oncorhynchus mykiss)!' ™. JL
PEXTUF (Litopenaeus vannamei)'"™ F1iF2: (Apostichopus ja-
ponicus)” S FRF ST TR AE FUR A R INELR B B A
FEPMER, REPUR I FGENA EFR T E RS,
R IERE R ARF SRS R SR LR S72 1
S60 HYZAHH LT, LIS TR L, RN E 74
Jiti b R A B 2 3R L) R s
fsERE Y sk, ARRERSE R AR mEE .
T A A BN TR 5O PR %) i T8 B B 7
PSR BEER, PR B 0 R ) th B R A T 20
B FEAE, T A A T 5 I B SR B AR . AR 4 SR
IR 2 BRFLIR AR A B A AR R R A R
PR, 556 T FLRR B 1 3 W B BF e 45 102 2k
1, FAE— R LR T A RE S AL BT 25 B P B, Wl
DLFLRR TR A PN P BRI TEE . BIFIA 2. T Kiymaci
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3.3 FEREEKFT N R A B & 2 1 A

AL R S M O 4 R I T, RS R T I
EAKRI g, HARSRFELLET . BRMHETE
SR T PEAE FHRES 0 2 Fh AL, 5 A 2 M 0 1 2 1
AR E T TPLIR A — S AR A LR A 4
FGRR, Hr e R A i A S, iR Bk
B, PR 48 BRILFRE P A 9 MREA W I, I,
it SE0F 06 2 £E B A A I BE Jy EATAS DN, DA T SR G A SG
TR o AAITFE R 2 B PL IR B9 L5514 A D00 45 2R

TR, TEMEASE I B 5205 0 (48 h) LI I 1 v JE LA i
ARG OL L, SIEDREET BFFE i 68.75% MIFLIREE

bR LRI R 48 ) O IR — 5, I X —
BE 5% pH K136, HLAEHE— 25 I PR AN I 52 5 v 45 5 TIE
SC, AT, 2 BRFLEREEAS AR G PER T
PUEZGWIE RAE AR S FE R TR ), ook T
PR T 2GR, B OB R, K IR S AN
PR R 25 g A e BB R RS £
P4 PR 2% IR Iz P 0 s 2 T D 2K 7 3 B 50 0 40
PR E BT BT IR R TR R SR
KO D AR 2 AT 24 P R L 2
IR IR o AR SCEE B2 SC et e, kR T4
WFEh 2 BRLRR 70 AT B | BRI B L TU IR £ i 25
VRS 07 06 R o T 24 0 0 T 25 B 2 75 R 3 A5
HMNBVETT 253 (sull . sul2 A sul3) > A0 6 i — AL 0
58, JEHRTI LI sull THZGIED . DO 2G A
B BS54 A, ROUKTPHBMERRS, i B0
HEZ I R AT T A 2y
PR REA S BRI 25 5 R XU, LR FH 24 B 48t

RFEM.
TENIE RS R, HW 2 B AIRS, B

AR BOR RL EOR 245 0 BRSBTS B
WA B 5 R O™ LR P Bk 7 S B 4 oy — e
TR B ST R, — B AR 7R
R A B (Huso huso)™" B T LW, NItt, K
AN 2 BRFLITR B TE (9 S (P BOR R, ASHIFSE R IUIE I 1
BB, ARSI 1.0x10° CFU-mL ™' BYWIEHET T 3k
FR, LR RVITLRE S60 7L TR Skt AR A5
RS AT TIFLIRE S72 LSBT 1| RS st
(BET2% 3.33%), ARBETURIEILH 5.0x10° CFU-mL ™ Bk

AR (SRR FBUR R B ORI 50% 1Y S5 At
o, 2 BRILAR B A9 2 A AR AR W o JF BLAE B Ak B
96 h ML A AL /T AT R AR, SCU A R AN B 20 £ 2
TEHBH T HF R KB R F =5, il WL, fe5
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