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Inhibition Effect of Alcohol Production in Gochujang by Garlic and Chives Extract
Se Mi Lim'?, Jong Suk Lee?, and Myunghee Kim'*

'Department of Food Science and Technology, Yeungnam University
ZSirloin Corporation
3Division of Food & Nutrition and Cook, Taegu Science University

Abstract: Saccharomyces cerevisiae and Zygosaccharomyces rouxii are known to produce alcohol in gochujang. To reduce
alcohol production, garlic and chives were applied to gochujang solution to find their inhibitory effect on S. cerevisiae and Z.
rouxii. The 70% ethanol extract of garlic and chives showed significant inhibition activity against S. cerevisiae and Z. rouxii,
showing growth inhibition zone of 14.00+0.00~25.33+0.58 mm by disc diffusion method. In addition, the addition of 70%
ethanol extract of garlic and chives in 10% gochujang solution spiked with S. cerevisiae and Z. rouxii reduced the numbers of
total aerobic bacteria (below 7 Log CFU/g) and yeast (below 4 Log CFU/g), alcohol content (below 0.30%), respectively. In
conclusion, the addition of garlic ethanol (70%) extract or chives ethanol (70%) extract to gochujang inhibited the growth of
S. cerevisiae and Z. rouxii, resulting in reduced alcohol content in gochujang. For further study, it is necessary to conduct food

application experiments by using real gochujang paste.
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al. 2016a; Park et al. 2017). X372 2] 715744 =2<
FHre O VRE wFet S 7EYsE o an I
&, deHAst, Gt 59 71Fe]l A M(Chae er al
2008; Hong et al. 2013), 25373 QA5 F32] nj&
ok A5 capsaicine A|WA|ZE E3lsle] |tk g3e}
23k 40 BH|Z 247103 A vk (Chung 2016;
Kim & Yoo 2016). 3532 & 715=2] A glo] Az
HE EAlo] 1o)(Gil er al. 2016; Park er al. 2017), Y&
o] wigh vl&olyt B WH 9 A Aol w} a3
ZZo| tf =t (Park et al. 2016a; Park et al. 2017).
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Foll MAske vAdE +E
Streptococcus®y, Mucorss, Aspergillus®;, Penicillium% &
o] g Aot AaF7E de Ae® BalFo] 3l
(Kim et al. 2000; Lee at al. 2014; Park et al. 2016b).
upebA, vl o] v v =Eel o3 28 B A4S T
& Bgo] w22 ZAo] vehdtiy 8 4 Q)

a2y, R IR AFE BE B =4 Urzq et
2o} Z+e mAl &) FoJHalo g yEFo] &) BwloZ B
iter #oldHs) dne Aol BAMHC il 5
ojuf FEAE &0l Ao aglel HAL Uth(Jeong er al.
2001; Lee & Chung 2014; Hong 2015; Park et al.
2016b). V=2] ) WHAS AlEh7] fJste] L A
AN F3t A 3G AT FHS sk
< F& ARESIAL JOH(Gil ef al. 2016), o9 %= 15
AEFS FA3 7 A A, S AV W
A, A 35 Al FA WEE o A
selpe) qhl s e vigel Ble AL Sl @
A, 35 AFES A9 e 2o Ads) s
o QW AFE WHIE AR ol siel AL Aol
FE NS, AT A WEREoR A%
N EER
wFAge] dme A4 oA FA AR ALED vise
aERAe] Jeme oie AA71ee s f89
RS FHIL YoM ABRA 1% HFo e
A ) tHByun et al. 2001). vFES Gitsla s, g}
zﬂ—a].o]a] /\;g;y} 31—01;,;;]_ glu] 2 g3} Bl ol a]. b‘ﬂOWP
3 8 ARASAE 5 ABIARS a2 AR 7
3ol §5S HoltKSallam et al. 2004; Lopez et al. 2005).
2 F vhse) GaaAge AE, &R 2 290 5 O
FRe) WEe] el BN B AL Uepirkn
A2 4 QKO ef al. 2002; Lee e al. 2011). FE3F, H3
= a8 3 FHUZEE Astad, st FdES T
o] B=Eo] tPark et al. 2002; Boivin et al. 2009;
Murcia et al. 2009). ©|2} 7Fo] wlE3} H3=of st A&
7 78I RBsEo] BAHEA oS o83 7154 AF &
A= 0] 8= 3L ATHKim et al. 2002).
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1. AEae] M8 A A= FH|

2 AR A3 e AT e AE
aAlE Ak, A AR, A9, o, ikt EE
Z B 7K, 49 niE, RS EH}ZJ'.Q_E(KI & Park

1996; Hong et al. 1999; Ahn et al. 2005; Kyung 2006;
Yoon 2009; Jung & Park 2013) &<+ &5 v, A48
A8 A AFE BRI TH(Srinivasan ef al. 2023). A1)
AT AelA mhEd F59] 3 0] 7P =307 o
ol o] AAES WFor 150 d3s A A =
7t A=A A E A} ST
thed B AAEE A LA mrE A F]iste]

A 2 AECER 0.5 emx A2 0.5 em)t H, —20°C Y5
Aol ByshHA ARSIt 5 EES 271 flske, vt
=3 FF Y 450 sFshe = e 70% FEE
A ey 7} ste] 60°C2] 4=ZF(Jeio Tech; Seoul, Korea)ollA]

] FZ3F ¥, Whatman No. 1 93X & A3t o
Z28-537](Eyela; Tokyo, Japan)S ©|-&
0}051 %‘% ]Z_ % A 7AZx7](1IShinBioBase; Seoul,
Korea)e /\}9—0}0:1 FZ TS g5

A5G AFS Ao T F4 Hst WiiaA 2as
22kl AJFAE 4% (Go-10, Go-16, Go-30, Go-35)2 vl
alo] ARE-3I3ATE

gletarat, ar
Aok gzl
Saccharomyces cerevisiae (KCTC 7920), Zygosaccharomyces
rouxii (KCTC 7880)(Kim ef al. 2000) & £¢] &= A}
£3FAT}. S cerevisiae, Z. rouxii= Potato Dextrose Broth
(PDB; Becton, Dickinson and Company, USA)} Potato
Dextrose Agar (PDA; Becton, Dickinson and Company,
USAYE ©o]-&ste] 28+£2°CellA 3~5U7F nljste] ARE-EH3]
tH(Seo et al. 2010).

Hsk ¥ 22 299l fe e
M TS Y S

3. MEXoiet =4

A g B2 paper disc WHS ©]83F agar
diffusion H'HOZ =H3IATHBae & Chung 2014; Kim et
al. 2019). k=3 ¥ & 295 Hrket] Axg 20%
(w/v) 89 30uLS F3ste] B3 paper discoll 20~30%
A= FFAAY. B8 wgH-S PDACY ZHz} 20 uly w5
st =Sl A7) paper discE HiA] ™ 9ol Eof
28+2°CAIA] 3~4Y Bt & paper disc TR A-SA ]S
339 A% (mm)S 33| ¥hE FAgste] Hpho 2 el
o HUHERTEE veEd 5 FEF 2T gl
fluconazole FAYAI} 70% eSS ARSI
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7 AE(Go-10, Go-16, Go-30, Go-35) o] &3]
AZ3F 10% (wiv) 253 89 100 mLoll mFs3 ¥5=9] F
HA(70%)FE BHS 717} 25g W3, E5(S. cerevisiaeSt
Z. rouxii) WF 1 mLS HES ¥, 37£2°CollA 3€7F wj
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aAe] H7bde 2.5 g0 A4t olw 3 A4 ¢
UAATE lstalat e a8 wigels H7kskA]
B 10% IFE SAE ARSI AnkAllte] S
213Z-37el 7121 ¥ (Korea Food and Drug Administration
2019)0l <=sted AAJEIGATE &, AR 10 goll Bte 0.2%
peptone water (PW; Becton, Dickinson and Company,
Sparks, MD, USA) 90 mLE 7}l stomacher (Interscience;
Saint-Nom-la-Breteche, France)S ©|-&3lo] 13&7F #2353k
T AFLAoZ ARG A EEAE 0.2% peptone
waterS: ©|-8-ato] SAMERE A5 A s om, 345k &l
I mLE WA petridisho]l Y2 ©]E] 4|3k Plate Count
Agar (PCA; Becton, Dickinson and Company, USA)E 7}
g &, 37+2°ColA 12 wlidsted FAE HEE Algeka
NE g JE4(CFU/g)Z YERIALE

s

A F(Go-10, Go-16, Go-30, Go-35)< ©]&-a}o]
ZF2F 10% (wiv) 2157 88 Azstal of7]e] nled F
F FHAT0%FZE 22 72 25¢ Y3, RS, cerevisiae
9} Z rouxii) MY 1 mLES HES F, 28+2°CollA 3~5Y
7k wiFetHA ERFE SN o, I AH|9] &
BFE YolR il gt &8 ugde HUekA &2
10% 257 845 A3l

AR E AikEge) $US o R FH|S WA 4]
g det gl | mLE 3M Petrifilm (3M Health Care;
Maplewood, MN, USA)ll E=2ak 3 28+2°Col A 5~7d7F
Hj et A7l HEks Alste] AR gd JEHE(CFU/g)
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10% 237 §H 0T AFxtL of7]d d2EE YAsh=
ol S. cerevisiae == Z. rouxii S 45
S 747 2.5 g8 H7bste] 28+2°CellA] 3U7E vl kgt
U3 FFS BT

d3E FAE A AlFY AAgs aFE AR 0.5 g7
dimethyl sulfoxide (DMSO, Sigma-alcrich, St. Louis, USA)
9.5 mLE Alg¥el] At vhilE B2 F, 40°CE 7F2st
WA 1,300 pmol| A 1A17F wkslGieh 2§ AAES S
3] 71} eke]aL A elwt Fsted 71E =717F 0.45 pmel
Whatman syringe filter2 43543 (Choi e al. 1992; Gil
et al. 2016; Lee et al. 2016), EFEN O Z = 99.9% ol
=5 02% (VR Axste] AREetATh GFHEES gas

chromatography & ©]-8-3t] A1t o™ Aol ARE-&F
columng Zo] 30mxH7d 0.32 mm, =954
(Shimadzu, Kyoto, Japan)o]lom EXFH4S 0B o=
40°C7HA] A1 F SR AE o 27 10°CH
240°C7HA] S2AI F- 97 w=RTh AR
uL, injector®] &= 160°C, detector <
carrier gas= HeS AFE3l] 8L 40kPa, A&4E= 554
cm/sec, %452 1.0 mL/min, split ratio= 40:1, washing
volume 8 uLZ AME-319th
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7. 84 24

BE ARE 33 RiES AA3E PAETUAE B
Row, fol4 Fele SPSS (Statistics Package for the
Social Science, Ver. 25.0 for Window) 221318 o]-8-3}
of FAREA (ANOVAYS A8t o, 9281 fe] 7t
ATHHE p<0.059] F<=ollA] Duncan®] UEHAAES ol &

sol AL AN

A7 = S22 HR S cerevisiaeZt Z. rouxiiol TSk
47 AATS S8 T<Table 1> FHUNZFZ ARSSH
YA fluconazole S. cerevisiaed TH3lA 15.33+0.58 mm,
Z. rouxii®l THalA 33.00£1.00 mme] A5 AL A3}
ATk A3 Az AGAIE 1Fge] Be 9 A &
A T A AYHAE oA B0 =® 70~100% T4
< HTAF 3% A= Hrietal guA 9o, | At
A 70% T8-S L7 ATl A7HE o, ol g
AS A7 doAA eeteh. 28y, viEd 725 74
(70%) 52 oA = 11.67+0.58~25.33+0.58 mm®] A5
Asgte] Yebdt). 3, vk 25 E5E EdMe S
cerevisiaed| g A3 71 dofuA] egkom nls 5% &
wto] 7 pouxi®l thEFd 11.67+0.58 mme] A A s)skS
FAsATh vt F5o doide = FERYE 74
(10%)yFZ°] &9 44S JAlsk= Ao= Yepdtt.
2. QMR 24
10% (wiv) 237 Sfoll vhsat 329 4 (70%)7=
T 9 (S cerevisiae®t Z. rouxii) W F 1 mLES 7F
Sk H, 3742°CelA] 397E wisiHA ARl E SA S
AFE <Fig 153 2tk 7 25 899] dlzTolx A
MAFFE Go-10914 7.1040.12 Log CFU/g, Go-16°14]
8.93+0.12 Log CFU/g, Go-30%4] 9.31+0.09 Log CFU/g,
Go-35°14] 9.09+0.08 Log CFU/g® UtEbstth 537 g8
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Table 1. Inhibition zone by garlic extract and chives extract (Inhibition zone: mm)
Saccharomyces cerevisiae Zygosaccharomyces rouxii
(KCTC 7920) (KCTC 7880)

Positive control-1 (Fluconazole) 15.33+0.58" 33.00£1.00
Positive control-2 (70% Ethanol) 0 0
Negative control (Distilled water) 0 0

m:tzs:ial Water extract of garlic (30 puL/mL) 0 11.67+0.58
70% Ethanol extract of garlic (30 pL/mL) 16.33+0.58 25.00+1.00
Water extract of chives (30 pL/mL) 0 0
70% Ethanol extract of chives (30 uL/mL) 14.00£1.00 25.33+0.58

YMean+SD
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T

Aerobic bacterial count (Log CFU/g)
o

Go-30

Gochujang samples

Fig. 1. Aerobic bacterial count in 70% ethanol extract of garlic or chives supplemented gochujang
“DDifferent lower case letter on each bar is significantly different at p<0.05 in Duncan’s multiple range tests.

M : 10% Gochjang solution (Control)

: 10% Gochjang solution+Saccharomyces cerevisiae

: 10% Gochjang solution+Saccharomyces cerevisiae+70% Ethanol extract of garlic

: 10% Gochjang solution+Saccharomyces cerevisiae+70% Ethanol extract of chives

: 10% Gochjang solution+Zygosaccharomyces rouxii

: 10% Gochjang solutiont+Zygosaccharomyces rouxii+70% Ethanol extract of garlic
i 1 10% Gochjang solution+Zygosaccharomyces rouxii+70% Ethanol extract of chives

o S. cerevisiae Fi¥N = Z rouxii FlU¥Y 1 mLE =
g AlETol A= URIAIET7E 8.50+0.30 Log CFU/g~9.35
+0.24 Log CFU/g®] W& VER} thx7-9] URbAlt2t
T ZpolE YERA] AY ot STtshe AES BT
aeu, 3R wjglS He 459 35 & vk
I FF FHT0%)FE TS Ariete] dikilrE 24
gk A3}, 7 Log CFU/g ©|3t= tlZ&7Eth WA AEEH AT
A A O R, Go-16 ALF% &Q9 75, 7] dWHAHEF
8.93+0.12 Log CFU/g¢} frAFgh <7<F(8.12+0.24 Log CFU/
2~8.87+0.34 Log CFU/g)0. = Auki|l#57 S om,

-

Go-30 2 SdNNME Z rouxii WASNS 1 mL HE3
5, 7 FARFE TS Wlele] dvHlaE S8 4
3}, Z27] DukAlHES 9.31+40.09 Log CFU/g the] 8.22+0.16
Log CFU/gZ YEPsiT) o9} M2, Go-35 ZF7 8-
S. cerevisiae WUl L= Z rouxii BIFHS 1 mL HESH
5, v 75 FH(70%)FE B2 H7Este] 28+2°C0
A 3UZ wFeE & At E S8 A, vl o
WA 92(9.09£0.08 Log CFU/g)Et} 5 Log CFU/g o4
42819 (2.69+0.09 Log CFU/g~4.22+0.25 Log CFU/g) 5
e AS Al a2 #ET A}
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Fig. 2. Yeast and mold count in 70% ethanol extract of garlic or chives supplemented gochujang
*®Different lower case letter on each bar is significantly different at p<0.05 in Duncan’s multiple range tests.

M : 10% Gochjang solution (Control)

: 10% Gochjang solution+Saccharomyces cerevisiae

: 10% Gochjang solution+Saccharomyces cerevisiae+70% Ethanol extract of garlic

: 10% Gochjang solution+Saccharomyces cerevisiae+70% Ethanol extract of chives

: 10% Gochjang solution+Zygosaccharomyces rouxii

: 10% Gochjang solution+Zygosaccharomyces rouxii+70% Ethanol extract of garlic
i 2 10% Gochjang solution+Zygosaccharomyces rouxii+70% Ethanol extract of chives

vhed 5 tAgo] uig ety AAES v
Epdity By v 9o, gy 8%, F30)e B2 Y
AsEol = ASAsgE0] e AeE dEA o (Kyung
2006; Lee et al. 2011), e 2] & E= FH(70%)

2% Rgo] I SN AMAFFE BAATE @

A7} FARIACE

3. 82T &4

10% (w/v) 578 &H nls3t H5 FH(10%)FE &
S Azt 25g WAL, SE(S. cerevisiaeS} Z. rouxii) W]
M 1 mLS FEF FH, 28+2°ColA] 3~5U7F wjgEHA &
BEE S da= <Fig 229 2ok g2 7 (10% 25778
SNyl FFFE= Go-10014 6.94+£0.05 Log CFU/g, Go-16
oA 7.09+0.04 Log CFU/g, Go-30914 4.69+0.02 Log
CFU/g, Go-35°14 4.55+0.04 Log CFU/g= YEPsT) 25
A Golo)| S cerevisiae WISFN = Z rouxii PIFNS H
T3 5 7} F=2 BTE Aksle] wiY & aRE 4%
A7}, 0 CFU/g~4.63+0.09 Log CFU/go 2 tx7o] H]a}e]
fFeld oz A p<0.05)8t= A& UeRlL. 53], S
cerevisiage MFNS HES Go-160M= FF T4 (70%)7F
E TS ARIeEA Ut AESEHA 8%k, Z rouxii
Hjekel-S- HE3 Go-103 Go-3591-% ks T4 (70%)y+%

oS Ao EA AUt HEEA 943 ol
= ARE I3 2R ¥ 4T Fviet F2E AAst
= T8 AR AGSIAIRE, o Rl o3k 3ol A
W23} 7hse] Ao s v AlFe] dFE E 5 3l
Th(Lee & Oh 1996; Kim & Kyung 1997; Cho et al.
2014). wWEpA, a5 F AAel vk Y (710%)FE
T e B FH(10%FE U e §5 2
Wy T aRe] o7t e FE HIE Hastd ¢
ezt Acter

It & A
o

N
o
I
o
ol
I}
T
e

ns3 B3 FH(70%)5FE B "l o3 154 &
Hof| A o] A& T WstE A4S A7<Fig. 3>, Go-10
o] A-1 AEZTF)PIME 0.38%, Go-162] B-1 AR )lIME
0.17%, Go-302] C-1 (N=T)llAE 0.05%, Go-359] D-1
AE=TFIME 235%] GFE S BATh 5ol A
GF LS AT R S, cerevisiae o 7. rouxiis
AEs 134 g9 g4FE IS 4T 2, Go-10,
Go-16, Go-30 A|F2] &3 o] 0.05~1.94%= 2=+
ATE R 0.05~0.38%ET} S7tste] F+ £ aR7F o
&S A= A 1T F AU ow, S

cerevisiaes H7Fet A5 §do] LG FFS 0.05~

o
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Fig. 3. Alcohol content in Saccharomyces cerevisiae and Zygosaccharomyces rouxii spiked gochujang

A-1:
A-2:
A-3:
A-4:
A-5:
A-6:
A-T:
B-1:
B-2:
B-3:
B-4:
B-5:
B-6:
B-7:
C-1:
C-2:
C-3:
C-4:
C-5:
C-6:
C-7:
D-1:
D-2:
D-3:
D-4:
D-5:
D-6:
D-7:

1.94%, Z rouwxiiez H7Fe 157 &9 U3E Feke F(10%FE BEs AUk 354 &
0.06~0.35%=% YEFF Z rouxiifTh S. cerevisiae’7} T] e HAaske Ao Hol, J_’—ér;g' AE =

oL S AN TITR=

o

S.
=
cerevisiage = 7. rouxiis FES H, vle FHO0%FE AAE 71T = U Ao =E AlsH.

10% Gochujang-10 solution (A Control)

10% Gochujang-10 solutiontSaccharomyces cerevisiae

10% Gochujang-10 solution+Saccharomyces cerevisiae+70% Ethanol extract of garlic 2.5 g
10% Gochujang-10 solution+Saccharomyces cerevisiae+70% Ethanol extract of chives 2.5 g
10% Gochujang-10 solution+Zygosaccharomyces rouxii

10% Gochujang-10 solution+Zygosaccharomyces rouxii+70% Ethanol extract of garlic 2.5 g
10% Gochujang-10 solutiont+Zygosaccharomyces rouxii+70% Ethanol extract of chives 2.5 g
10% Gochujang-16 solution (B Control)

10% Gochujang-16 solution+Saccharomyces cerevisiae

10% Gochujang-16 solution+Saccharomyces cerevisiae+70% Ethanol extract of garlic 2.5 g
10% Gochujang-16 solutiont+Saccharomyces cerevisiae+70% Ethanol extract of chives 2.5 g
10% Gochujang-16 solution+Zygosaccharomyces rouxii

10% Gochujang-16 solutiontZygosaccharomyces rouxii+70% Ethanol extract of garlic 2.5 g
10% Gochujang-16 solutiont+Zygosaccharomyces rouxii+70% Ethanol extract of chives 2.5 g
10% Gochujang-30 solution (C Control)

10% Gochujang-30 solution+Saccharomyces cerevisiae

10% Gochujang-30 solutiont+Saccharomyces cerevisiae+70% Ethanol extract of garlic 2.5 g
10% Gochujang-30 solution+Saccharomyces cerevisiae+70% Ethanol extract of chives 2.5 g
10% Gochujang-30 solutiont+Zygosaccharomyces rouxii

10% Gochujang-30 solution+Zygosaccharomyces rouxii+70% Ethanol extract of garlic 2.5 g
10% Gochujang-30 solution+Zygosaccharomyces rouxii+70% Ethanol extract of chives 2.5 g
10% Gochujang-35 solution (D Control)

10% Gochujang-35 solution+Saccharomyces cerevisiae

10% Gochujang-35 solution+Saccharomyces cerevisiae+70% Ethanol extract of garlic 2.5 g
10% Gochujang-35 solution+Saccharomyces cerevisiae+70% Ethanol extract of chives 2.5 g
10% Gochujang-35 solutiontZygosaccharomyces rouxii

10% Gochujang-35 solution+Zygosaccharomyces rouxii+70% Ethanol extract of garlic 2.5 g
10% Gochujang-35 solution+Zygosaccharomyces rouxii+70% Ethanol extract of chives 2.5 g

=
Ag & F AJh IFE & 8. =

2 e ﬂﬁr‘ﬂz FHO%FE LS Friste] Wi A

oo e kA
b5 mzﬁ

off

|Me gL o] 0.04~0.30%= YEREOH ) thx Iv. @<k al 74%
g ?:} ol 2.35%21 Go-3594% vk 4 (70%)F

Gt B FHO%)FE HEE ReEN 45 o<

o] 0.04~0. IS%E 22t o)gf 7o) m

- g
S9l B3 Awel o FA WsE AdAAL

tlo
PO



o= diEE v FFE 4579 15 89 A&
sto] gweo] A% A9} g A AAlTES H =
a2 Az, IFFA RS AT dEzl s
cerevisiae, Z. rouxiioll T3l vls 4 (70%)F=E &2 &
Wy} BF FH(T0%)FZF EE2 14.00+1.00~25.33+0.58
mme| AL A E Yeploh. 23 S S cerevisiae
WS 1 mL == Z rouxii Y 1 mLE HS38lL vl
FRA0%TE T Ee 5 FHO0%TE 28 A7t
sk 5 wjekste] At aRTE S A, 2]
AbAlt= 7 Log CFU/g ©l3t= SR =S oM, aRTE
4 Log CFU/g oldt= ZA=HJct E3h, dxg TS
0.04~0.30%= YAl e webr], 34 vks 77
(10%)F% B = 13 FH0%)5FE 22 Hrsit
H S cerevisiae®} Z. rouxiidll 3+ &% 33} e A
e AT 5 S Aolt}. o] AFE v o= % IF
b

o=
A ol8T HF A8 AFE YD davk sls Ae=
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