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ABSTRACT In this study, we evaluated fermentation characteristics of microorganism with antimicrobial activity
in makgeolli made from various kinds of koji and nuruk during fermentation. The pH of nuruk groups decreased
compared to the koji groups after 3 days of fermentation. Acidity and alcohol contents of nuruk groups significantly
increased compared to the koji groups. The total sugar contents of the koji groups were significantly higher than
those of the nuruk groups after 15 days of fermentation. Sensory scores of koji groups (DKB) were higher than
those of other samples. Antimicrobial activities of nuruk group (GND and ANF) against Salmonella enterica, Bacillus
subtilis, Escherichia coli, and Bacillus cereus were significantly higher compared to the koji group. ST-1, isolated
from (Geumjeonggu nuruk D), showed the highest antimicrobial activity and was identified as Paenibacillus polymyxa
strain RCP6 based on 16S rRNA sequencing. Our result suggest that Paenibacillus polymyxa from nuruk group produces
a bacteriocin-like substrate with antimicrobial activity.
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Fig. 1. Changes in pH (A) and acidity (B) of makgeolli added
koji and nuruk during fermentation period. Values are mean+
standard deviations of triplicate determination. Different letters
in the same fermentation day (a-d) are significant differences
(P<0.05). HKA, Hwaseongsi koji A; DKB, Dangjingun koji B;
CKC, Cheongjusi koji C; GND, Geumjeonggu nuruk D; GNE,
Gwangsangu nuruk E; ANF, Andongsi nuruk F.
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Fig. 2. Changes in alcohol (C) and total sugar (D) of makgeolli
added koji and nuruk during fermentation period. Values are
meantstandard deviations of triplicate determination. Different
letters in the same fermentation day (a-f) are significant differ-
ences (P<0.05). Samples are the same as in Fig. 1.
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Table 1. Changes in microbial cell counts of makgeolli added koji and nuruk during fermentation period

581

Day Makgeolli
HKA DKB CKC GND GNE ANF
1 3.6740.59 X 10 8.33+5.03X10™  2.64+0.10X10*°  2.76£0.23X10'®  6.07£0.70 X 10%  2.89+0.74 X 10'**
3 1.16£0.80 X 10'®  1.34£0.15X10"*  1.03£0.15X 10"  3.740.70x10'®  3.05+0.08 X 10'*  2.10+0.26 X 10'**
5 248+1.01x 10" 3.13£0.12X 10" 3.14£0.14X 10" 3.4£046X 10  4.80+0.40x 10*  4.90+0.70 X 10*
7 2.88+0.72X 10" 1.84+0.08X 10"  3.27£1.07X 10"  3.30£0.62x10°  3.83+0.47x10%*  2.50+0.70 X 10*
9 2704021 %10 9.60+£0.12X10°  8.40+£1.97x 10" 3.87+0.12x10°*  3.3020.44x10%*  8.33+8.39%x 10™
11 1.83+0.45X10®  3.30£0.85X10*  7.67£0.10X 10"  3.50£0.36x 10>  4.70£1.50x10*  3.67+2.89 X 10™
13 33040.42X10"°  1.10£0.40X10**  4.67£1.80X10%  3.33£0.32X10*  5.13£1.72X 10"  3.87+1.99 X 10*
15 3.4320.12X10°  433x1.53%X 10  1.33£1.53X10®  3.30£1.00X 10*  4.27+1.57X10°  2.05+0.50 X 10*

Values are meantstandard deviations of triplicate determination. Different superscripts in a row (a-d) are significant differences

(P<0.05). Samples are the same as in Fig. 1.

Color ¢ HKA DKB
——CKC ----- GND
----GNE —--ANF
Overall acceptability Sweetness

Texture { ~3 Sourness

Flavor Bittersness

Fig. 3. Sensory evaluation of makgeolli with different levels
of koji and nuruk. Samples are the same as in Fig. 1.
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uebstth g 794 9] 3 HKA 288+71.53x10%,
DKB 183.5+7.78x10"!, CKC 326.67+107.04<10", GND
33+6.24x10°, GNE 38.33%4.73x10°, ANF 25+7x10*
© 2 HKA® GNDollA a7t 5 78 2 e el
3 7Y o] F adte ATE Hol BE 1594 FdFE
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Table 2. Antimicrobial effect of makgeolli added koji and nuruk

o UrE}LH E}. DKBL— Ak g Bl 7 s =Tt
F %I GNDE AIBh} &5ke A 7] 527k E3kvh, [uhs
7] & %A HKA 5.15, DKB 5.46, CKC 5.04, GND 2.96,
GNE 3.15, ANF 2.58% BollA 7} =& Fto] gkt
EAA R FEI = ko] oA ApolE HAFAI 9

ol A o Bhe] Foh= AaE A

Paper dlSC agar dlffu51ont” Oﬂ EE}E]- clear
= *%O}C’ﬂ‘:} TAAZx I AR HF FE 10
mg/mLZ FYsR Y. HKAO A= Klebsiella pneumo—
niae, Escherichia colil~] 10 mme| clear zone©] ¥4l &
CKCol M=
Escherichia colil ] 10 mm, Bacillus cereusll~] 10 mm
9] clear zone®] A=A}t GNDOA = Salmonella en-
terica, Klebsiella pneumoniae, Escherichia coli 9 mm®]
clear zone©°| 3% Atk GNEON A= Salmonella enter-
ica’l A 12 mm, Bacillus subtilis®|X 10 mm, Bacillus
cereus 4l 9 mm2] clear zone°] ¥4 ¥ AL, ANFAA =
Salmonella entericadlXi= 12 mm, Basillus subtillus®|
21 10 mm, Escherichia colilX= 10 mm, Bacillus sub-
tlisol A 11 mm2] clear zone®] A H Tt DKBolA =
opt-el o] YEhbA] 9kt whEbA] clear zone -l

R, Salmonella enterica®l~] 10 mm,

Makgeolli (clear zone: mm)

Bacterial stains

HKA DKB CKC GND GNE ANF
Salmonella enterica - - 9+0.1° 10£0.1° 12+0.1° 12+0°
Bacillus subtilis - - - - 10+0.1* 10+0.1°
Klebsiella pneumoniae 10+0.1* - 9+0.1° - - -
Escherichia coli 10+0.1° - 9+0.1° 10+0.1° - 10+0.1°
Shigella flexneri - - - - - -
Bacillus cereus - - - 10£0.1° 9+0.1° 11£0.1°

Paper disk 8 mm. Values are meantstandard deviations of triplicate determination. Different superscripts in a row (a-c) are significant

differences (P<0.05). Samples are the same as in Fig. 1.
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Table 3. Antimicrobial effect of bacterias isolated from makgeolli

Bacterial stains (clear zone: mm )

S. enterica B. subtilis K. pneumoniae E. coli S. flexneri B. cereus
ST-1 120.1° - - 110.1° - 100.1°
ST-2 - 120" - 110° - -
ST-3 - 9+0" - - - -
ST-4 - 100" - - - -
ST-5 - 9+0" - - - -

Values are meantstandard deviations of triplicate determination. Different superscripts in a row (a-c) are significant differences
(P<0.05).

49 EU982498.1 Paenibacillus polymyxa strain 1170

01 Paenibacillus polymyxa ST-1
28 HE981770.1 Paenibacillus polymyxa strain KCTC 3627, clone 5
19 HE981777.1 Paenibacillus polymyxa strain KCTC 3627, clone 12

10 HE981780.1 Paenibacillus polymyxa strain KCTC 3627, clone 15

39 HE981785.1 Paenibacillus polymyxa strain KCTC 3627, clone 20
26 HE981786.1 Paenibacillus polymyxa strain KCTC 3627, clone 21
50 FJ178378.1 Paenibacillus polymyxa strain L1-9

0 0.002 0.005 0.007 0.010 0.012 0.015 0.017 0.020 0.022
l l l l l l l l l l |

Fig. 4. Phylogenetic tree of Paenibacillus polymyxa. ST-1 isolated from nuruk based on 16S rRNA sequence.
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