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(Enterococcus faecium) , MM1 1.6
MM4 , Microsoft Excel ,
MM1 MM4 (Vibrio metschnik- SPSS11.5 , Duncan
ovi) (Vibrio harveyi) o
(Staphylococcus aureus) ,
3 2
MRS , 2.1 pH
la , MM1 MM4 pH
1.2 , 24h , 48h
MM1 MM4 MRS .2 pH
24h 5% (VIV) MRS 1b , 48h
(Panigrahi et al, 2005), 3 , 28 , 2
(140r/min) 24h pH 48h ,
1.3 :
: , MM1 MM4
5%(V/IV) MRS , 28 (P<0.05), MM1
(140r/min) (4000r/min, 30min)
7.5 . . ; ;
( , 1999) , 2 24h
48h 72h 96h 120h
, 48h ,
MRS MM1 MM4
pH (pH5.2 5.1) , it . . . .
48h 0 24 48 72 96 120
. MML BYE/n
MM4 0.5mg/ml 21 ' ' ' '
, 28 2h , -
=
1.4 \_g,
MM1 MM4 60 %
80 100 15min, ﬁ
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Fig.1 Variations of pH (a) and lactic acid concentrations (b)
with incubation time
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2.2 25.4% 22.0% (P<0.05);
1 , MM1 MM4 , MM1 8.7% (P< 0.05),
MM4 2.1% 2
2 :
, 30mm ; 2.5
, 4 , 60 80 100
27.7mm  28.6mm; , , 15min |2
18.8mm  21.6mm 60 15min  , MM1 3
2.3 (
2 , 2 3 ) , MM4 3
: ( MRS (P<0.05), 86.0% ;
pH ) 80 15min 2
, 2 , (P<0.05), MM1 3
, 84.0% 60.2% 90.2%, MM4
2.4 79.2% 82.8% 72.7%; 100 15min
3 , , 2 , 2 (P<0.05), MM1
745% 43.3% 56.3%, MM4
, MM1 68.1% 53.8% 57.3% 2
41.5% 48.9% (P<0.05), MM4

*1 IHEBRELFRNEEERZ@MM)
Tab.1 Diameters of the inhibition zones of culture supernatant
of lactic acid bacteria (mm)

4 TEBELERIBREMIEBRERZ(MM)
Tab.4 Diameters of the inhibition zones of lactic acid bacteria
after different temperature treatment (mm)

MM1 18.8+0.7° 30.7+1.6° 27.740.3"
MM4 21.6+0.3° 30.3+1.2° 28.6+0.7°
(P<0.05)

F 2 HERRFLEE 3T FLEL B A E R AY F20E (mm)
Tab.2 Inhibition activity of lactic acid bacteria after eliminating
the effect of lactic acid (mm)

MM1 18.8+0.7°  30.7¢1.6°  27.7+0.3°
0.0£0.0° 0.0£0.0° 0.0£0.0°
MM4 216£03°  303%12°  28.6:0.7°
0.0£0.0° 0.0+0.0° 0.0£0.0°

(P<0.05)

# 3 WEAUSEEXMIABRENEREEZAEE@mm)
Tab.3 Effect of catalase on the diameters of the inhibition zones
of lactic acid bacteria (mm)

MM1 18.840.7°  30.7+1.6° 27.740.3°
11.0£0.1° 15.6+1.5 25.3£0.7°
MM4 21.6+0.3°  30.3x1.2° 28.6+0.7
16.1¢1.1° 23.7£2.0° 28.0£1.1

MM1 18.80.7° 30.7+1.6° 27.7+0.3°
60 16.5+2,0® 30.5+2.0° 27.8+0.4°
80 15.8+0.5" 18.3+0.6" 25.1£0.4°
100 14.00.6° 13.3¢1.2° 15.6+1.6°
MM4 21.6+0.3° 30.3+1.2° 28.6+0.7°
60 19.7£#1.3° 28.8£0.5 24.6%0.6
80 17.1+0.5° 25.1+0.4° 20.8+0.5°
100 14.7+0.7° 16.3+0.8° 16.4%0.7°
2.6
5 , 3 , 2
3 2h
, MM1 3
(P<0.05), (
) 71.3%
2h | MM4 3
(P<0.05),
63.4% K , MM4
(P<0.05),
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%5 HEAMWIREIEEERZHNE(mm)
Tab.5 Effect of proteases on the diameters of the inhibition zones of lactic acid bacteria (mm)
MM1 18.8+0.7° 30.7+1.6° 27.740.3°
(Pepsin) 13.741.2° 24.640.1° 23.310.6°
(Tripsin) 15.6+0.4° 21.9+15° 23.7+0.4°
K(Protease K) 15.4+0.5 23.9+0.7" 25.9+1.6"
MM4 21.6+0.3 30.3+1.2% 28.6+0.7%
(Pepsin) 13.7+0.6° 26.4+1.1° 26.4+1.4°
(Tripsin) 18.3+0.6 21.8+0.5° 23.1+1.6°
K(Protease K) 22.4+15 28.240.1° 29.0+1.2°
3
Vazquez  (2005) 9 Bromberg ~ (2005)
) ) , 121
Sugita  (2007) 4500 (2005) .5
(Silurus asotus Linnaeus) 2 70 /30min 100  /30min
' 120 /15min ,
Campos (2006) : (Psetta 92% 7
maxima) 2
2 80 15min |
' 60.2% , 100 15min 2
43.3%
' , 80 10min
' 3 ' ( , 2007), 2
2 )
, , 2 3
(Sugita et al, 2007; Juven et al, 1988) , 2 ( K) ,
(C74 C80) , , MM1 MM4
(Sugita et 71.3% 63.4%
al, 2007) , MM1  MM4 2
' ' (Tagg et al, 1976;
MM1 41.5%  48.9%, MM4  Arekova et al, 2007; Chen et al, 2006; Bogovic-
25.4%  22.0%, Matijasic et al, 1998)
,MM1 MM4
8.7% 2.1% , , (Tagg et al,
(MM1) (MM4) 1976; Bogovic-Matijasic et al, 1998)
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ANTAGONISTIC PROPERTY OF LACTIC ACID BACTERIA MM1 AND MM4
ISOLATED FROM THE INTESTINE OF GROUPER EPINEPHELUS COIOIDES

YANG Hong-Ling*, SUN Yun-Zhang™2 ~MARu-Long’, SONG Kai®? ~WANG Kun', LIN Wen-Yan"?

(1. The Key Laboratory of Science and Technology for Aquaculture and Food Safety, Fisheries College, Jimei University, Xiamen,
361021; 2. Xiamen Key Laboratory of Feed Detection and Safety Evaluation, Fisheries College, Jimei University, Xiamen, 361021)

Abstract Lactic acid bacteria can produce inhibitory substances, such as lactic acid, hydrogen peroxide, bacteriocin
and bacteriocin-like substance, and therefore can be used as probiotics to modulate the composition of gut microbiota and
maintain the health of the host. The most rapid and experimentally simplest means for evaluating potential probiotic effects
was to determine the inhibitory activity of the cell-free culture of lactic acid bacteria on pathogenic bacteria. In this study,
two strains of lactic acid bacteria, MM1 and MM4, were isolated from the intestine of orange-spotted grouper (Epinephelus
coioides). Lactic acid production and antibacterial activity of two strains were studied in vitro. The results showed that
MM exhibited more rapid production of lactic acid than MM4; and the amount of lactic acid produced by MM1 was sig-
nificantly larger than that by MM4 in the whole incubation period (P < 0.05), but the pH values in the cultures of two
strains were similar. MM1 and MM4 exhibited strong inhibitory activity against the pathogenic gram-negative Vibrio
metschnikovi and V. harveyi, and gram-positive Staphylococcus aureus. However, lactic acid did not contribute to the in-
hibitory activity of the two strains. After 2 h of treatment with catalase, the inhibitory activity of MM1 and MM4 against V.
metschnikovi and V. harveyi decreased significantly (P < 0.05), while the inhibitory activity against S. aureus was only
affected slightly, suggesting, in addition to hydrogen peroxide, other inhibitory substances might be produced by the two
strains. After 15min of heat treatments at 60 , 80 and 100 , the residual inhibitory activity of MM1 and MM4 were

above 86.0%, 60.2% and 42.9%, respectively, indicating the inhibitory substances secreted by the two strains were heat
stable. The residual inhibition activity of MM1 and MM4 were more than 70.0% after being treated with pepsin, trypsin
and protease K, revealing that the inhibitory substances secreted by the two strains were partially sensitive to protease.
Therefore, the inhibitory substances might be bacteriocin-like as they were heat stable and partially sensitive to protease,
and could strongly inhibit both gram-negative and gram-positive pathogens. In summary, MM1 and MM4 can produce
hydrogen peroxide and bacteriocin-like substances, and have showed strong inhibitory activity against gram-negative and
gram-positive pathogens, suggesting that the two stains might have the potential to function as probiotics in aquaculture.
Key words Epinephelus coioides, Lactic acid bacteria, Antagonistic property, Hydrogen peroxide, Bacterio-
cin-like substance



