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Usueus,  1978) were used

to study the an t im icrob ia l  a c t i v i t y  
o f  crude m etabo l i te .  So l id  cu l tu res  
with steamed r i c e  and YEB inoculated  
with 3-5% l i q u id  cu l tu re  o f  Monascus 
spp. and kept a t  30°C f o r  20 days.
The an t im icrob ia l  substance was ex 
t rac ted  with ethyl acetate  from the 
s o l i d  and l i q u i d  cu l tu res  and i s o l a t e d  
by s i l i c a  gel adsorpt ion  chromato
graphy using e l u t in g  so lvent  o f  ben-  
zene:methanol x h lo r o f o r m  (30 :10:9  or  
30 :20 :9 ,  v/v/v)  and c o l l e c t e d  by a 
f r a c t i o n  c o l l e c t o r .  Further  p u r i f i 
ca t ion  was c a r r i e d  out by s i l i c a  gel  
TLC p la t e  and developed with c h lo ro -  
form:methanol (9 8 :2 ,  v / v ) .  Micrococcus  
candidus 11273, B a c i l l u s  cereus 10250, 
Sarcina spp. Escher ich ia  col i 10675, 
Clos t r id ium  butyricum 10750, B_. 
s u b t i l  i s ~T0255 , Staphylococcus aureus , 
Salmonel la  typhi and Pseudomonas spp.  
with were obta ined from FRDI (Taiwan)  
were used as t e s t in g  organisms to 
i n v e s t i g a t e  an t im icrob ia l  a c t i v i t y .

Pork obta ined from the loca l  market 
soaked in 0 ,  1, and 5% o f  crude a n t i 
mic rob ia l  substance by l : l ( v / v ) ,  and 
incubated a t  25°C and 2-4°C condit ions,  
and then taken out o f  the pork samples 
a t  d i f f e r e n t  incubat ion times f o r  
determining to ta l  b a c t e r i a l  counts ,  
anaerob ic  b a c t e r i a l  counts and pH 
va lue  o f  pork to study the e f f i c a c y  o f  
Monascus an t im icrob ia l  substances on 
the p re se rva t io n  o f  pork. Ethanol and 
organ ic  ac ids  presented in the 
Monascus mash were a l s o  determined by 
Boehringer  Mannheim GmbH (1986 ) ,  and 
HPLC (Shimadzu L C -4 A ) , r e s p e c t i v e l y .

RESULTS
The r e s u l t s  showed that  M. p i lo su s  , M. 
purpureus 31499 and M. anka had the  
h ighest  an t im icrob iaT  a c t i v i t y  a g a in s t  
the growth o f  the t e s t in g  organisms  
(Tab le  1 ) .  Ant im icrob ia l  substance  
as we l l  as pigments production by M. 
p i lo s u s  and M. purpureus was a f f e c t e d  
by d i f f e r e n t  s t r a i n s ,  medium and c u l 
tu re  co n d i t ion s .  A f t e r  incubat ion a t  
30°C f o r  9 days ,  the c u l t u r a l  f l u i d  o f  
pH 3 .5 -4 .0  showed in h i b i t i n g  a c t i v i t y ,  
wh i le  the s o l i d  c u l t u r e  medium con
s i s t i n g  o f  steamed r i c e ,  g lucose  and 
ye as t  e x t r a c t  needed 20 days P r o 
paga t ion .  The changes o f  an t im ic ro 
b i a l  a c t i v i t y  f o r  M. p i l o s u s  and M.
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purpureus in s t a t i c  and shaking l i q u i d  
c u l tu re s  as shown in Table  2. The 
an t im ic rob ia l  a c t i v i t y  o f  the s t r a in s  
a l so  var ied  with the c u l t u r e  cond i 
t ions  such as i n i t i a l  pH and tem
pera tu re .  As i n i t i a l  pH increased  up 
to 6.5 more ac id  was produced but no 
an t im ic rob ia l  a c t i v i t y  was detected .
No d i f f e r e n c e s  among the d i f f e r e n t  
incubat ing  temperatures f o r  a n t i 
microbia l  substance product ion ,  but  
the an t im ic rob ia l  a c t i v i t y  was found  
in the c u l tu re s  a t  30°C and 35°C e a r 
l i e r  than in the c u l tu re  at  25°C

The crude an t im ic rob ia l  substance was 
ex t rac ted  with ethyl a c e t a t e ,  and the 
pigments could be p r e c ip i t a t e d  and 
removed p a r t i a l l y  from the concent
ra ted  crude an t im ic rob ia l  substance  
moistened with d i s t i l l e d  wate r .  No 
an t im ic rob ia l  a c t i v i t y  was detected in 
the pigments. The crude an t im icrob ia l  
substance was separated  and p u r i f i e d  
by s i l i c a  gel column chromatography  
and TLC deve lop ing  in ch loro form:  
methanol ( 9 8 : 2 ) .  The r e s u l t  was found  
that  the substances with Rf va lues
0.22 and 0.36 showed an t im ic rob ia l  
a c t i v i t i e s .  As methanol l e v e l  in 
e lu t in g  so lve n t  mixture in c reased ,  the 
e lu t io n  o f  the an t im ic rob ia l  sub 
stance was hastened ( F i g .  1 ) .  The 
crude an t im ic rob ia l  substance was 
a c id i c  and h e a t - r e s i s t a n t .  I t  d id  not 
l o s s  an t im ic rob ia l  a c t i v i t y  when 
heated a t  70°C and 100°C f o r  30 min. 
and 121°C f o r  20 min . ,  but l o s t  a n t i 
mic rob ia l  a c t i v i t y  when the substance  
d i lu t e d  ten times with pH 6 .0 .  P a r t i a l  
biochemical c o lo r  re ac t ion  showed 
a c id i c  re ac t ion  and m ic rob ia l  sub
stance was c o n s i - e r e d  as nonpetide  
s t ru c tu re  compound. The minimum 
i n h i b i t i o n  concentrat ion  t e s t  showed 
that  Staphy. aureus was the h ighes t  
s e n s i t i v e  to the Monascus an t im ic ro 
b ia l  substance ,  the MIC was 2ug/ml.
The enzymatic a n a ly s i s  f o r  ethanol  
t e s t  showed the c u l t u r a l  f l u i d  con
ta ined 10-25% o f  methanol. The organ ic  
ac id s  determined by HPLS showed that  
there  were fumaric a c i d ,  o x a l i c  a c id ,  
g lucon ic  a c i d ,  su cc in ic  ac id  and 
c i t r i c  ac id  presented in the c u l t u r a l  
f l u i d .  The crude an t im ic rob ia l  
substance added to pork and s to red  at
2 - 4 °C could  decrease  to ta l  b a c t e r i a l

. 1 £ 0̂
counts and anaerob ic  b a c t e r i a 1 j 
s i g n i f i c a n t l y ,  and 5% o f  antim 
substance was more e f f e c t i v e

fit5.

i n h i b i t  b a c t e r i a l  orowth.

d i s c u s s i o n  . icr r
Growth r a t e ,  pigments and a n t i ^  w1'* 
b ia l  substance production variV  I u  I O U U O  U U I I ^ C  p i  U U U C  U  I I

s t r a i n s ,  media, i n i t i a l  pH a!? or 
c u l t u r a l  co n d i t i on s .  A lcoho^  ^
organ ic  ac ids  or  antimicrobia in
stance were detected in the m q|1 
l i t e s .  I t  is  needed more w° r ti- 
which is  r e sp o n s ib l e  f o r  the 0ye
microb ia l  act ion  and how t o 1 
the production o f  the antimic ted 
substance from these three se fo^ 
s t r a i n s .  The optimal conditi ^ t i
the an t im icrob ia l  substance P ^ gd  

more s tud ied .  Since the Pr ?^UugUa
from these s t r a i n s  a re  a l so  d ^ i o f1.

o f  an t im icrob ia l  substance lS t 
accompanied by increase  p i 9 ^  ts 
product ion ,  both t a r g e t  P r 0 . lLe ^  
be used to re p la ce  the nitr"1 
in meat products p a s s i b l y .

CONCLUSION 31499 /
M. p i l o s u s  and M. purpureus he
M. anka which could produce aCfiv
m etabo l i te  with antimicrobia l  
were detected .  The optimumwere ueueccea. me upu"1“" . 
cond i t ions  f o r  producing a ! ] L f ,cond i t ions  t o r  producing  
substance were pH 5.5 and 3U •d
a n t im ic rob ia l  substance was a 0f
s t a b l e  and h e a t - r e s i s t a n t .

i tncrude so lu t io n  combined W i - . j  
temperature to cure pork c0ii. n*s , 
i n h i b i t  m icrob ia l  growth. 1 
an t im ic rob ia l  substance had ^.w1*tyII1.1 III I C l U U  I d  I SUD5 C d l i e e  w

pectrum o f  an t im icrob ia l  a!r DreS®Lr 
I t  may be a v a lu a b le  natura
v a t iv e  and seems to be nee 
work.
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Fig. J|. E ffect o f d iffe re n t e lu tin g  solvent on the anti

bacteria l a c t iv ity  of H oniscvs  by column chromato

graph.
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Tablet. Effects of shaking culture and static culture on pH and antibaclterlal activity of Monascus sp.

I tea pH value Diaaeter of Inhibition zone (ae)
“

treatient static culture
*

shaking culture static culture
m

shaking culture

tlae ( day ) 9 1 5 9 1 5 9 1 5 9 1 5

N. pllosus 4.19
a

3.G7 3.87
c

7.24 13.4 14.25 14.63 _m
±0.82 ±0.52 ±8.42 ±1.23 ±0.28 ±0.32 ±1.30

N. purpureus 4.25
a

3.97 4.89
b

6.48 13.3 13.8 14.30 _
±0.68 ±0.45 ±0.42 ±1.07 ±1.28 ±8.89 ±8.69

_  i no inhibition zone , Incubation teap. 35t!
* :  shaking ,100-128 rpi.
a.b.c. Means vlthin each coluan with different superscript letters are significantly different

( p<0.85 )
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