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Background

L a c t i c  a c i d  b a c t e r i a  ( L A B )  a r e  w i d e l y  u s e d  a s  s t a r t e r  c u l t u r e s  f o r  r e l i a b l e  a n d  c o n s i s t e n t  a c i d  p r o d u c t i o n  i n  v a r i o u s  f e r m e n t e d  f o o d s .  T h e  
i n h i b i t i o n  o f  o t h e r  m i c r o o r g a n i s m s  m a y  a l s o  o c c u r  b y  t h e  f o r m a t i o n  o f  v a r i o u s  c o m p o u n d s ,  w h i c h  p r o d u c e s  d u r i n g  f e r m e n t a t i o n .  A m o n g  t h e  
v a r i e t y  o f  t h e s e  i n h i b i t o r y  c o m p o u n d s  s y n t h e s i z e d  b y  t h e s e  L A B ,  b a c t e r i o c i n s  h a v e  b e e n  r e c e i v e d  m u c h  a t t e n t i o n  i n  t h e  p a s t  d e c a d e  ‘ ‘ 7 ) . N h a m  
i s  a  k i n d  o f  t r a d i t i o n a l  t h a i  f e r m e n t e d  m e a t ,  w h i c h  i s  n o r m a l l y  m a d e  o f  m i n c e d  p o r k ,  s h r e d d e d  c o o k e d  p i g  s k i n ,  c o o k e d  s a l t ,  g a r l i c  a n d  f o o d  
a d d i t i v e s ,  m i x e d  w e l l  a n d  w r a p p e d  t i g h t l y  i n  b a n a n a  l e a v e s  o r  p l a s t i c  b a g s .  T h e  p r o d u c t  i s  l e f t  t o  f e r m e n t  a t  t h e  r o o m  t e m p e r a t u r e  f o r  3 - 5  d a y s .  
T h e  m o s t  i m p o r t a n t  m i c r o o r g a n i s m s  d u r i n g  t h e  s p o n t a n e o u s  f e r m e n t a t i o n  o f  t h i s  p r o d u c t  b e l o n g  t o  t h e  L A B  g e n e r a  L a c t o b a c i l l u s ,  P e d i o c o c c u s  
a n d  M i c r o c o c c u s  8 ) .  A c c o r d i n g  t o  n u m e r o u s  r e p o r t s  o n  t h e  i n c i d e n c e  o f  s a l m o n e l l a e  i n  N h a m  9 ‘ ! 0 ) ,  L A B  a n d  b a c t e r i o c i n - p r o d u c i n g  L A B  w e r e  
a p p l i e d  a s  s t a r t e r  c u l t u r e s  t o  h a r m  v a r i o u s  p a t h o g e n s  i n  f e r m e n t e d  f o o d s 3 ’ 5 ' 7 )  a n d  t h i s  t r a d i t i o n a l  t h a i  f e r m e n t e d  m e a t 9 ’ n > . T h u s ,  a n  a t t e m p t  o n  
f i n d i n g  t h e  m o s t  p o t e n t  b a c t e r i o c i n - p r o d u c i n g  L A B  s t r a i n s  f r o m  N h a m  a n d  u s e  o f  t h e s e  p o t e n t  s t r a i n s  a s  s t a r t e r  c u l t u r e s  c o u l d  l e a d  t o  i m p r o v e  
t h e  q u a l i t y  a n d  s a f e t y  i n  t h e  p r o d u c t i o n  o f  N h a m .

Objectives
T h e  o b j e c t i v e  o f  t h e  s t u d y  i s  t o  i s o l a t e  b a c t e r i o c i n - p r o d u c i n g  b a c t e r i a  a n d  L A B  w i t h  p o t e n t i a l  o f  u s e  f o r  i n c r e a s i n g  t h e  m i c r o b i o l o g i c a l  

s a f e t y  o f  N h a m .  B e s i d e s ,  b r i e f  c h a r a c t e r i z a t i o n  o f  b a c t e r i o c i n s  f r o m  t h e  i s o l a t e s  i s  a l s o  r e p o r t e d  i n  t h i s  p a p e r .

M ethods
Isolation of bacteriocin-producing bacteria from Nham: I n  o r d e r  t o  s e a r c h  f o r  b a c t e r i o c i n o g e n i c  b a c t e r i a ,  a  t o t a l  o f  3 0 0  s t r a i n s  w e r e  

r a n d o m l y  i s o l a t e d  f r o m  t h e  1 5  s a m p l e s  o f  N h a m  s o l d  i n  B a n g k o k ,  C h i a n g m a i  a n d  U b o n r a t c h a t h a n i  b y  s p r e a d  p l a t e  t e c h n i q u e  o n  M R S  a g a r  
1 2 )  +  0 . 5  %  c a l c i u m  c a r b o n a t e  a n d  i n c u b a t e d  u n d e r  m i c r o - a e r o b i c  c o n d i t i o n  ( c a n d l e  j a r )  a t  3 0 °  C  f o r  4 8  h .  E a c h  s t r a i n  w i t h  c l e a r  z o n e  a r o u n d  
c o l o n y  w a s  s e l e c t e d  f o r  d e t e c t i o n  o f  a n t a g o n i s t i c  a c t i v i t y .  9  s t r a i n s  o f  p r e v i o u s l y  i s o l a t e d  l a c t i c  a c i d  b a c t e r i a  ( L A B )  f r o m  N h a m  o b t a i n e d  f r o m  
T h a i l a n d  I n s t i t u t e  o f  S c i e n t i f i c  a n d  T e c h n o l o g i c a l  R e s e a r c h  ( T I S T R )  ( Pediococcus  s p p .  T I S T R  4 1 7 ,  4 1 9 ,  5 3 0 ,  5 3 6 ,  5 3 7  a n d  L actobacillu s  s p p .  
T I S T R  5 3 9 , 5 4 0 ,  5 4 1 ,  5 4 3 )  w e r e  a l s o  u s e d  f o r  d e t e c t i o n  o f  t h e i r  a n t a g o n i s t i c  a c t i v i t y  i n  t h i s  s t u d y .  A l l  s t r a i n s  w e r e  p r e c u l t u r e  o v e r n i g h t  i n  M R S  
b r o t h 1 2 * ( O x o i d )  a t  3 0 °  C  b e f o r e  u s i n g  i n  t h e  s t e p  o f  s c r e e n i n g  t e s t  f o r  t h e i r  b a c t e r i o c i n s  p r o d u c t i o n .

Indicator strains : I n d i c a t o r  s t r a i n s ,  s o u r c e s  a n d  c u l t u r e  c o n d i t i o n s  f o r  e a c h  i n d i c a t o r  a r e  l i s t e d  i n  T a b l e  1 .
Table 1 : Strains used in this study with their sources and culture conditions

Indicator strains 
(Source)"

Medium and culture 
conditionb

Indicator strains (Source)“ Medium and culture 
condition b

Bacillus circulans (JCM 2504 ‘) 
B. coagulans (JCM 2257‘)

TSBYE, 30° C, aerobic 
TSBYE, 37° C, aerobic

Lc. lactis subsp. cremoris 
(TUA 1344L)

MRS, 30° C, anaerobic

B. subtilis (JCM 1465 T) 
Enterococcus faeculis (JCM 5803')

TSBYE, 30° C, aerobic 
TSBYE, 37° C, aerobic

Leuconostoc mesenteroides 
subsp. mesenteroides (JCM 6124T)

MRS, 30° C, anaerobic

Escherichia coli (JM 109) TSBYE, 37° C, aerobic Listeria innocua (ATCC 33090 T) TSBYE, 37“ C,aerobic
Kokuria varians (LTH 1545) TSBYE, 30° C, aerobic Lis. monocytogenes (ATCC 19117) TSBYE, 37° C, aerobic
Lactobacillus plantarum 
(ATCC 8014)

MRS, 30° C, anaerobic Micrococcus luteus (IFO 12708) 
Pediococcus pentosaceus (JCM 5885)

TSBYE, 37° 
MRS, 30°

C, aerobic 
C, anaerobic

L. plantarum (ATCC 14917 r) MRS, 30° C, anaerobic P. pentosaceus (JCM 5890T) MRS, 30° C, anaerobic
L. sakei subsp. sakei (JCM 1157 *) MRS, 30° C, anaerobic Salmonella anatum (WHO-BKK) TSBYE, 37° C, aerobic
Lactococcus lactis subsp. lactis 
(ATCC 19435 ')

MRS. 30" C, anaerobic Staphylococcus aureus subsp. aureus 
(ATCC 12600 T)

TSBYE, 37° C, aerobic

Lc. lactis subsp. lactis (NCDO 497) 
Lc. lactis subsp. lactis IO-l 
(JCM 7638)

MRS, 30° C, anaerobic 
MRS, 30° C, anaerobic

5. camosus (LTH 2102) TSBYE, 37° C, aerobic

“ ATCC. American Type Culture Collection, Rockville, Md; JCM, Japanese Culture of Microorganisms, Japan; JM, commercial strain from Toyobo, Osaka, Japan; LTH, 
Lebensmitteltechnologie Hohenheim University, Stuttgart, Germany; TUA, Tokyu University of Agriculture, Japan; IFO, Institute for Fermentation, Osaka, Japan; WHO-BKK, 
World Health Organization, Salmonella-Shigella Center, Bangkok, Thailand. b MRS medium (Oxoid); TSBYE, Trypticase soy broth (Difco) + 0.6 %  Yeast extract (Difco)

Bacteriocin screening m edium  :  A  s p e c i a l  b a c t e r i o c i n  s c r e e n i n g  m e d i u m  ( B S M ) ,  w h i c h  w a s  d e v e l o p e d  o n  t h e  b a s i s  o f  M R S  m e d i u m  4 ) > 
w a s  u s e d  a s  b a c t e r i o c i n  s c r e e n i n g  m e d i u m  f o r  a l l  i s o l a t e s .

Determ ination o f antagonistic activity: T h e  a g a r  s p o t  a s s a y  w a s  p e r f o r m e d  e s s e n t i a l l y  a s  d e s c r i b e d  b y  F l e m i n g  e t al. 1 3 ) .  E v a l u a t i o n  
o f  b a c t e r i o c i n - p r o d u c i n g  s t r a i n s  w a s  s t u d i e d  u s i n g  t h e  m e t h o d s  d e s c r i b e d  b y  T i c h a c z e k  e t a l , 4 )  a n d  E n n a h a r  e t a l.6) w i t h  t w e l v e s  i n d i c a t o r s  
( T a b l e  2 ) .  A n t i m i c r o b i a l  p r o d u c e r s  w e r e  e x a m i n e d  a f t e r  2 4  h o u r s  f o r  z o n e  o f  i n h i b i t i o n .  T h e  m o s t  p o t e n t  s t r a i n s ,  w h i c h  s h o w e d  t h e  b e s t  
i n h i b i t o r y  s p e c t r u m  t o  t h e  t e s t e d  i n d i c a t o r s  ( m o r e  t h a n  5  i n d i c a t o r s )  a n d  e x h i b i t e d  a n  i n h i b i t o r y  e f f e c t  o n  f o o d  p a t h o g e n s  s u c h  a s  E. coli, Lis- 
m onocytogenes, S. aureus  a n d  Salm. anatum , w e r e  s e l e c t e d  f o r  f u r t h e r  s t u d y .

Determ ination of the concentration of antimicrobial produced, proteolytic enzym s sensitivity and heat treatm ent on antimicrobial 
activity :  T h e  s t u d y  w a s  c o n d u c t e d  b y  i n o c u l a t i n g  1 %  a n  o v e r n i g h t  c u l t u r e  o f  t h e  s e l e c t e d  p o t e n t  L A B  s t r a i n s  a n d  c u l t u r i n g  f o r  2 4  h o u r s  a t  
3 0 °  C .  T h e  c u l t u r e s  w e r e  t h e n  c e n t r i f u g e d  a t  2 , 7 0 0  x  g  f o r  1 0  m i n u t e s .  T h e  s u p e r n a t a n t  f r o m  e a c h  o f  c u l t u r e s  w a s  a d j u s t e d  t o  p H  7 . 0  w i t h  5 . 0  
N  N a O H  a n d  t h e n  f i l t e r - s t e r i l i z e d  w i t h  0 . 2 0  p m  p o r e - s i z e  p o l y s u l f o n e  ( C i c a ,  T o k y o ) .  T h e  c e l l - f r e e  s u p e r n a t a n t  w a s  d e t e r m i n e d  f o r  a n t a g o n i s t i c  
a c t i v i t y  b y  u s i n g  s p o t  o n  l o w n  m e t h o d  a s  d e s b r i b e d  b y  E n n a h a r  e t a l.6) a n d  M a y r - H a r t i n g  e t a l . I 4 ) .

Identification of the suspected bacteriocin-producing strains: T h e  s u s p e c t e d  b a c t e r i o c i n - p r o d u c i n g  i s o l a t e s  w e r e  i d e n t i f i e d  b a s e d  o n  
c a r b o h y d r a t e  f e r m e n t a t i o n  p a t t e r n s  b y  u s i n g  A P I  5 0  C H L  k i t  t e s t  ( b i o M o r i e u x  V i t e k ,  I n c . ,  H a z e l w o o d ,  M o . ) .  C e l l  m o r p h o l o g y  o f  e a c h  i s o l a t e
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w a s  s t u d i e d  w i t h  g r a m  s t a i n s  u n d e r  m i c r o s c o p e .  T h e  a d d i t i o n  o f  c a t a l a s e  t e s t  f o r  e a c h  s t r a i n  a s  r e c o m m e n d e d  b y  S c h i l l i n g e r  a n d  L $ c l e 2 )  w a s  
a l s o  p e r f o r m e d  i n  t h e  s t u d y .

R e s u l t s  a n d  D i s c u s s i o n
1 4  o f  3 0 9  s t r a i n s  w e r e  f o u n d  t o  p r o d u c e  a n t a g o n i s t i c  c o m p o u n d s  a g a i n s t  s e v e r a l  i n d i c a t o r s  ( T a b l e  2 ) .  S i x  s t r a i n s  o f  N 1 0 ,  N 3 9 , N 6 0 ,  N 1 0 0 ,  

N 1 9 0  a n d  T I S T R 5 3 6  s h o w e d  t h e i r  b a c t e r i c i d a l  b o a r d  s p e c t r u m  o n  m o r e  t h a n  5  t e s t e d  i n d i c a t o r s .  A m o n g  t h e s e  p o t e n t  s t r a i n s ,  N 1 0 0  a n d  N 1 9 0  
w e r e  o n l y  t h e  s t r a i n s  t h a t  e x e r t e d  t h e  b e s t  b a c t e r i c i d a l  b o a r d  s p e c t r u m  o n  m o s t l y  g r a m  p o s i t i v e  i n d i c a t o r s  i n c l u d i n g  f o o d  p a t h o g e n s  s u c h  a s  Lis. 
m onocytogenes, S. aureus  a n d  o n e  g r a m  n e g a t i v e  i n d i c a t o r  o f  E. coli. T I S T R 5 3 6  s h o w e d  a n  i n h i b i t o r y  e f f e c t  o n  t h e  o p p o r t u n i s t i c  f o o d  p a t h o g e n s  
s u c h  a s  E. co li  a n d  Lis. m onocytogenes,  b u t  t h e  s t r a i n  g a v e  n o  i n h i b i t o r y  e f f e c t  o n  S. aureus  i n c l u d e d  S. carnosus,  w h i c h  i s  w i d e l y  u s e d  a s  
c o m m e r c i a l  s t a r t e r  c u l t u r e s  i n  v a r i o u s  k i n d  o f  E u r o p e a n  f e r m e n t e d  m e a t  s a u s a g e s  i n  o r d e r  t o  e n h a n c e  a r o m a  a n d  c o l o u r  o f  m e a t  p r o d u c t s .  N 1 0 ,  
N 3 9  a n d  N 6 0  i n h i b i t e d  o n l y  g r a m  p o s i t i v e  s t r a i n s ,  b u t  n o t  a n y  o f  f o o d  p a t h o g e n  i n d i c a t o r s .  T h e s e  6  a f o r e m e n t i o n e d  s t r a i n s  w e r e ,  t h u s ,  s e l e c t e d  
f o r  f u r t h e r  c h a r a c t e r i z a t i o n .  T h e  r e s u l t s  o f  c a t a l a s e  t e s t ,  c e l l  m o r p h o l o g y  a n d  c a r b o h y d r a t e  f e r m e n t a t i o n  u s i n g  A P I  5 0  C H L  k i t  t e s t  o f  6  s e l e c t e d  
i s o l a t e s  ( T a b l e  3 ) ,  i t  c a n  b e  c o n c l u d e d  t h a t  w e  h a v e  n o w  a t  l e a s t  3  g r o u p s  o f  s u s p e c t e d  b a c t e r i o c i n - p r o d u c e r s  i s o l a t e d  f r o m  N h a m .  T h e s e  3  
g r o u p s  b e l o n g  t o  Lc. lac tis  s u b s p .  lac tis  ( N 1 0 0  a n d  N 1 9 0 ) ,  P. pen tosaceu s  ( T I S T R 5 3 6 )  a n d  u n i d e n t i f i e d  g r a m  p o s i t i v e  t e t r a d  c o c c i  ( N 1 0 ,  N 3 9  
a n d  N 6 0 ) .  T h e s e  3  g r o u p s  o f  i s o l a t e s ,  h o w e v e r ,  a r e  c u r r e n t l y  u n d e r  f u r t h e r  i d e n t i f i c a t i o n  s t e p  b y  1 6 S  r D N A  s e q u e n c i n g  m e t h o d .

I n  o r d e r  t o  c o n f i r m  t h e  c o i n c i d e n c e  o f  ‘ b a c t e r i o c i n ’  d e f i n i t i o n  f r o m  t h e  p r o d u c e d  o f  6  i s o l a t e s ,  i n h i b i t o r y  s p e c t r u m  p r o f i l e  o f  a n t a g o n i s t i c  
p r o d u c e d  f r o m  3  g r o u p s  o f  i s o l a t e d  L A B  w a s  l a t e r  c o m p a r e d  t o  t h e  s p e c t r u m  o f  k n o w n  n i s i n  A  a n d  n i s i n  Z  p r o d u c e r s  ( T a b l e  4 ) .  I n  a d d i t i o n ,  
p r o t e o l y t i c  e n z y m e s  a n d  h e a t  s e n s i t i v i t y  o f  t h e  p r o d u c e d  f r o m  e a c h  s t r a i n  h a d  b e e n  p e r f o r m e d  ( T a b l e  5 ,  6 ) .  W e  f o u n d  t h a t  v a r i o u s  p r o t e o l y t i c  
e n z y m e s  a n d  c o r r e l a t i o n  b e t w e e n  p H  a n d  h e a t  t r e a t m e n t  e x e r t e d  i n a c t i v a t i n g  e f f e c t  o n  t h e  p r o d u c e d  f r o m  6  i s o l a t e s .  T h e  a n t a g o n i s t i c  p r o d u c e d  
b y  Lc. lac tis  s t r a i n s  N 1 0 0  a n d  N 1 9 0  e x h i b i t e d  t h e  i n h i b i t o r y  s p e c t r u m  p r o f i l e  r e l a t e d  t o  t h e  b o t h  o f  k n o w n  n i s i n  p r o d u c e r s .  T h e  p r o d u c e d  o f  
t h e s e  2  s t r a i n s  w e r e  s e n s i t i v e  t o  v a r i u o s  p r o t e o l y t i c  e n z y m e s  e x c e p t  p e p s i n  a n d  t r y p s i n .  B e s i d e s ,  t h e  p r o d u c e d  f r o m  b o t h  s t r a i n s  w a s  s e n s i t i v e  
t o  h e a t  t r e a t m e n t  a t  1 2 1 °  C  f o r  1 5  m i n u t e s  u n d e r  p H  7 . 0  a n d  s t a b l e  u n d e r  l o w  p H  ( 3 . 0 ) .  W i t h  t h e  c o i n c i d e n c e  o f  m o s t  r e s u l t s  t o  t h e  k n o w n  n i s i n  
p r o d u c e r s ,  i t  i s  a s s u r e d  t h a t  p r i o r  i d e n t i f y  a s  Lc. lac tis  s u b s p .  lactis  o f  N 1 0 0  a n d  N 1 9 0  a r e  a  g r o u p  o f  b a c t e r i o c i n - p r o d u c e r s  a n d  t h e i r  p r o d u c e s  
a r e  r e l a t e d  t o  n i s i n .  T h e  c o n f i r m a t i o n  o f  t h e  p r o d u c e d  f r o m  o t h e r  2  g r o u p s  o f  P. pen tosaceu s  T I S T R 5 3 6  a n d  u n i d e n t i f i e d  s t r a i n s  o f  N 1 0 ,  N 3 9

lable_2 : Preliminary screening results of antagonistic substances produced by 14 of 300 strains 
________ isolated from Nham against 12 indicators using colony spot on lawn______________
Indicator strain New isolates (N) LAB obtained from TISTR

10 17 19 39 44 53 60 75 100 190 419 530 536 543
E n te ro c o c c u s  fa e c a l is + + - + + + + - + + + + + +
E sc h e r ic h ia  c o li + + . . + .
K o c u r ia  v a r ia n s + . . + . . + . + + _ + +
L a c to b a c il lu s  s a k e i  subsp. s a k e i +++ . - +++ - - +++ - +++ +++ . - + .
L a c to c o c c u s  la c tis  subsp. la c tis + . . + . . + - - - . - . .
L is te r ia  in n o c u a - + + - - + -
L is  m o n o c y to g e n e s + + - - + -
P e d io c o c c u s  p e n to s a c e u s + + + + + + + + +-H- +++ ++ + + +
E- p e n to s a c e u s + + + + + + + + ++ ++ . - + +
S a lm o n e lla  a n a tu m
S ta p h y lo c o c c u s  a u r e u s  subsp. a u r e u s ++ ++ - - - -
S • c a rn o su s ++ - - ++ - - ++ - +++ +++ - - - -

Table 3 : Catalase test, morphology and carbo
hydrate fermentation (API 50 CHL) 
of potent strains

Test N10 N39 N60 N100 N190 TISTR536

Catalase + + + . _
Cell- tetrad tetrad tetrad short short tetrad
morpho- cocci 
logy

cocci cocci rod rod cocci

Gram stain + + + + + +
API 50CHL ? ? ? Lc.

la c tis
L c .
la c tis

P. p e n to 
sa c e u s

+ = positive result, - + negative result, ? = unidentified

-n o  inhibition. + = inhibition zone 1-5 mm., ++ = inhibition zone 6-10 mm.. +++ = inhibition zone > 10 mm.

indicator strains (Source) N10 N39 N60 N100 N190 TISTR
536

NCDO
497

IO-1
JCM7638

B-s c ir c u la r s  (JCM 2504 T) 800 800 800 1.600 6.400 0 800 3.200
Ba  c o a g u h m s  (JCM 2257T) 400 400 400 1,600 6,400 0 3,200 6,400

su b ti lis  (JCM 1465 T) 200 200 200 800 800 0 200 800
Lnt. f a e c a l is  (JCM 5803 T) 100 100 100 400 800 800 100 400
E- c o li (JM 109) 0 0 0 0 0 0 0 0
*• va r ia n s  (LTH 1545) 200 200 200 400 400 6,400 400 400
L  P la n ta ru m  (ATCC 8014) 200 200 200 400 800 0 200 400
, t’ta n ta ru m  (ATCC 14917T) 0 0 0 200 800 6,400 100 400
, sa k e i subsp. s a k e i (JCM 1157 T) 3.200 1.600 1.600 3,200 6.400 6,400 6,400 12,800
, . 'J actis subsp. la c tis  
(ATCC 19435b

100 100 100 100 200 0 100 200

j  ' la c tis  subsp. c r e m o r is  (TUA 1344L) 0 0 0 200 800 1,600 100 400
W- n ie se n te ro id e s  subsp. m e se n te r o id e s  

(JCM 6124 T)
800 800 800 800 1,600 1.600 800 1,600

L‘s- in n o cu a  (ATCC 33090T) 0 0 0 400 1,600 6,400 100 800
“ • n ro n o c y to g e n e s (ATCC 19117) 0 0 0 800 1,600 6,400 nt nt

p lute“s (IFO 12708) 0 0 0 400 1,600 0 200 800
p  P en to sa c e u s  (JCM 5885) 0 0 0 200 800 400 200 400
s P e n to sa c e u s (JCM 58901) 0 0 0 200 200 200 0 100
f m - n n a tu m  (WHO-BKK) 0 0 0 0 0 0 nt nt
V a “reu s subsp. a u r e u s  (ATCC 12600 ') 0 0 0 200 400 0 100 200
hi“ '’“* '«  (LTH 2! 02) 1.600 1.600 1,600 3.200 3,200 0 1,600 3,200
N i'"  A producer (NCDO 497) 0 0 0 100 0 0 0 100
Ttc.'"_z  producer strain IO-1 (JCM 7638) 0 0 0 0 0 0 0 0

N io 536 0 0 0 400 400 0 100 400
N39 0 0 0 1,600 1,600 0 1,600 1,600

i960 0 0 0 800 1,600 0 1.600 1,600

Nloo 0 0 0 800 1,600 0 1,600 1,600
N19q 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0
n t '  not tested

Table 5 : Sensitivity in AU/ml of the antimicrobial 
compounds produced by the suspected 
bacteriocinogenic producing LAB from 
Nham to various enzymatic treatments

Enzyme/Treatment ______ Residual activity f All/mli_______
NI0 N39 N60 N100 N190 T1STR536

Control pH 3.0 1,600 1,600 1,600 12,800 6,400 6,400
Control pH 7.0 1,600 1,600 1.600 12,800 6,400 6,400
Ficin pH 7.0 0 0 0 100 100 0
a-Chymotrypsin 0 0 0 1,600 800 0
pH 7.0
Trypsin pH 7.0 0 0 0 12,800 6,400 0
Pepsin pH 3.0 0 0 0 12,800 6,400 400
Protease type XIII 200 200 100 800 400 200
pH 3.0

L  sakei subsp. sakei JCM 1157T was used as an indicator strain 
for the remaining activity.

Table 6 : Sensitivity of the antimicrobial compounds 
produced by bacteriocinogenic strains from 
to heat treatments.

Strain Control pH 7.0 pH 3.0
100° c
0 min

121°C 
15 min

100° c
10 min

121°C 
15 min

N10 1,600 400 0 800 400
N39 1,600 400 0 800 400
N60 1.600 400 0 800 400
N100 12,800 800 0 6.400 1,600
N190 6.400 800 0 3,200 1.600
TISTR536 6.400 1,600 0 3.200 1,600
L  sakei subsp. sakei JCM 1157T was used as an indicator strain
for the remaining activity.
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a n d  N 6 0  w a s  r e v e a l e d  t h e  s i m i l a r  r e s u l t s  i n  t h e i r  p r o t e i n a c e o u s  n a t u r e  a n d  h e a t  s e n s i t i v i t y .  B u t  t h e  b a c t e r i c i d a l  s p e c t r u m  o f  t h e s e  2  g r o u p s  w a s  
e x h i b i t e d  m o r e  n a r r o w  s p e c t r u m  t h a n  N 1 0 0  a n d  N 1 9 0 .  I n  v i e w  o f  t h e i r  p r o d u c e d  b e i n g  p r o t e i n a c e o u s  n a t u r e ,  n a r r o w  i n h i b i t o r y  s p e c t r u m  o n l y  
g r a m  p o s i t i v e  i n d i c a t o r s  a n d  s e n s i t i v e  t o  h e a t  t r e a t m e n t  u n d e r  p H  7 . 0 ,  w e  a r e ,  h o w e v e r ,  c o n f i d e n t  t h a t  b o t h  o f  t h e s e  2  g r o u p s  a r e  a l s o  i n  t h e  g r o u p  
o f  b a c t e r i o c i n - p r o d u c e r s .  D u e  t o  t h e  i n h i b i t o r y  p r o d u c e d  w h i c h  e f f e c t  o n  a n  o p p o r t u n i s t i c  f o o d  p a t h o g e n  o f  L. m onocytogenes  a n d  i n e f f e c t i v e  
o n  c o l l a b o r a t e  m e a t  s t a r t e r  o f  S. carnosus,  p r i o r  i d e n t i f y  a s  P. pen tosaceu s  T I S T R 5 3 6  i s  i n  o u r  i n t e r e s t  f o r  f u r t h e r  a p p l i c a t i o n  a s  s t a r t e r  i n  
N h a m .  N e v e r t h e l e s s ,  a l l  i s o l a t e d  L A B  a r e  c u r r e n t l y  u n d e r  f u r t h e r  s t u d y  f o r  t h e  s t r a i n  c o n f i r m a t i o n  b y  1 6 S  r D N A  s e q u e n c e s ,  t h e i r  b a c t e r i o c i n  
p u r i f i c a t i o n  a n d  i d e n t i f i c a t i o n ,  a n d  i n v e s t i g a t i o n  t o  i m p l e m e n t  t h e i r  a p p l i c a t i o n  f o r  t h e  b e s t  q u a l i t y  a n d  s a f e t y  i n  N h a m  p r o d u c t i o n .
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