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Antimicrobial activities of Monascus koji extracts

Eun Young Kim and Mee Ra Rhyu*
Korea Food Research Ingtitute

Abstract Currently, natural food colorants and preservatives are being used for their general hedth benefits. Monascus
koji, the product of certain fungi that grow on rice grains, has been added to many foods for coloring and preservation.
In this study, the antimicrobia activities of Monascus koji ethanol extracts were investigated. Six Monascus strains (M.
araneosus KFRI 00371, M. kaoliang ATCC 46597, M. pilosus IFO 4520, M. purpureus IFO 4482, M. ruber IFO 32318
and M. sp. ATCC 16437) were selected based on their relative intensity of red pigment. Two Monascus extracts, M.
kaoliang ATCC 46597 and M. purpureus IFO 4482, displayed antimicrobia activities against Bacillus subtilis, B. cereus,
Micrococcus luteus, Saphylococcus aureus and Salmonella typhimurium in concentration-dependent manners. The two
extracts showed their strongest antimicrobial activity against S typhimurium, a cause of food poisoning. Therefore, these
results suggest that Monascus koji could be used as a natural food colorant and preservative.
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Table 1. List of bacteria submitted for antimicrobial activity test

Microorganisms Address
Clostridium botulinum ATCCY 19397
Bacillus subtilis ATCC 6633
. Bacilluscereus KCTC? 1012
Gram(+) bacteria i rococcus luteus ATCC 9341
Saphylococcus aureus ATCC 25923
Listeria monocytogens ATCC 19111
Escherichia coli ATCC 10536
Gram(-) bacteria  Salmonella typhimurium ATCC 19430
Proteus vulgaris KCTC 2433
YVeast Saccharomyces cerevisiae ATCC 9763
Candida albicans ATCC 10231
Fungi Aspergillusflavus KCTC 1375

DATCC: American Type Culture Collection
AKCTC: Korean Collection for Type Culture
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Table 2. Antimicrobial activities of Monascus koji ethanol
extracts”

M. grains Inhibition zone (diameter, mm)
Microorgani 12 2 3 4 5 6

Gram(+) bacteria
Cl. botulimun - - - - - -
B. subtilis - 89+11% - 98+15 - -
B. cereus - 90+06 - 8609 - -
M. luteus - 9805 - 103+23 - -
S. aureus - 8306 - 90+02 - -
L. monocytogens - - - - - -
Gram(-) bacteria
E. coli - - - - - -
S typhimurium - 153+34 - 160+00 - -
P. wulgaris - - - - - -
Yeast
Sacch. cerevisae - - - - - -
C. albicans - - - - - -
Fungi
Asp. flavus - - - - - -
DConcentration of test sample; 0.0625 g/mL
21, M. araneosus KFRI 00371; 2, M. kacliang ATCC 46597; 3, M.
pilosus IFO 4520; 4, M. purpureus |FO 4482; 5, M. ruber IFO 32318;

6, M. sp. ATCC 16437
IMean+ S.D (n=4)
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Table 3. Effect of culture periods on color of selected Monascus koji
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M. kaoliang ATCC 46597, M. purpureus IFO 44822 o]&-3}
o] T g AP (100 pg/mlL, 200 ug/ml, 400 ug/ml, 800
pug/mL)yS A28t agar diffuson tesoll Al 2448 LR AJ30]
A& 5%(B. aubtilis, B. cereus, M. Iuteus, S aureus, S typh-
imurium)ol] thale] 0, 3, 6, 9, 12, 24, 30, 33 & 4877+ ¢
A EHE HESIA

M. kaoliang ATCC 465972 tiZ7-9} ¥]w A] ZE l?:; IR
Eof tigte] AIZF Aol wet Hrket FEEC| ¥ o
2 mAE A g} AXE HAem L}E‘rk}D}(Fg ) B.
cereuss A|2Jg T2 AR RN E g 2487 o] FHE &
€ FRoM AEe 34 JAEaAE LPE}LH ou B. cereus &
gk 30AIZF o] HEE BRE FRoA F4 JAEIsF YeRY 48

Monascusstrains  Culture periods (day) L b C Hue angle value
8 60.1+ 0.2V 22.1+0.1¢ 16.3+0.1° 275+0.1° 36.3+0.12
M. kaoling 9 50.0+ 2.0° 224+03° 120+ 1.0° 254+ 0.7 282+ 18
ATCC 46597 12 536+ 0.7° 235+02° 156+ 0.2 283+0.3° 336+0.3°
22 339+ 0.3 276+ 0.3 152+ 0.2 315+ 0.3 288+ 0.4°
8 546+ 0.0° 250+0.3 134+ 0.1° 284+03° 282+ 0.7
M. purpureus 9 450+ 1.3° 29.1+0.6% 141+ 077 324+08 259+ 0.9
IFO 4482 12 46.6+02° 230+0.1° 10.3+0.1° 253+ 0.3 241+03°
22 41.1+ 0.3 222+ 0.6 97+03 242+ 0.7 236+02°

"Mean+ SD (n=4)

AValues within the same column with different superscript are significantly different at a:=0.05 level among groups by Student-Newman-Keuls test.
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Table 4. Effect of ethanol concentration on color of selected Monascus koji extracts

Monascus strains  Ethanol Conc. (%) L a b C hue angle value
0 186+ 0.97@ 03+0.2 51+0.1° 51+ 0.2 866+ 1.7°
V. ke 30 79+ 00 36+ 05° 36+0.1° 5.1+ 0.4° 449+ 31°
- Xaolng 50 41402 6.6+ 0.1 26+ 0.1 7.0+ 0.0° 213+ 10°
ATCC 46597
70 34+ 00 6.4+ 0.0° 21+ 00 6.7+ 0.0° 182+ 00"
100 75+ 20 43+ 09 43+12 6.1+ 1.4% 448+ 2.0
0 132+ 0.7 02+0.1° 06+0.1° 07+01° 69.6 + 14.2°
" 30 104+ 1.3° 42+09 26+ 06 49+11° 319+ 0.1°
- PUrpureus 50 49+ 03 6.4+ 0.3 29+02 71+04° 243+ 0.0F
IFO 4482
70 38+02 6.0+ 0.5 23+02 6.4+ 05 208+ 0.3
100 133+ 37 42+15 52+ 16 6.7+21° 516+ 1.6°

YMean+ SD (n=4)
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AValues within the same column with different superscript are significantly different at «=0.05 level among groups by Student-Newman-Keuls test.

Incubation time (hr)

Fig. 1. Inhibitory effect of 70% ethanal extracts of fermented ricewith M. kaoliang AT CC 46597 on the growth of (a) B. subtilis, (b) B. cereus,
(c) M. luteus, (d) S. aureus, () S. typhimurium. -@-: Control, -O-: 100 ug/mL, -¥-: 200 pg/mL, -7-: 400 ug/mL, -l-: 800 pug/mL.

NZWIA A&} 58] B4 AFEA7 S typhimurium  aureussl] Tstod Mok 2407 B o|EH 0w mAREA0]
of tisiFE 200pgmL ool FEeA FE oEHozm Y ATAHL Uehity 3 Ryu 5149 AT At fAre A
g mAES4 oAl 2dE Yehlo] Monesus #EF7E S & YeEhhSith
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Fig. 2. Inhibitory effect of 70% ethanol extracts of fermented rice with M. purpureus | FO 4482 on the growth of (a) B. subtilis, (b) B. cereus,
(c) M. luteus, (d) S. aureus, () S. typhimurium. -@-: Control, -O-: 100 ug/mL, - ¥-: 200 pg/mL, -\/-: 400 pg/mL, -Il-: 800 ug/mL.
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Gram <d o (Clogtridium botulinum, Bacillus subtilis, B. cereus,
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