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Abstract

During a one-year fermentation of naturally brewed soy sauce (gamjang), changes in the microflora and flavor were
analyzed according to the salt concentration. Ganjang was prepared by a traditional method with five different salt
concentrations. The total viable cell numbers of aerobic and halophilic bacteria from all ganjang samples showed
no significant changes. During the early fermentation period, mainly Bacillus amyloliquefaciens, B. licheniformis,
and B. subtilis appeared. During the late fermentation period, various species of bacteria were identified. Lactic acid
bacteria were identified only in the early fermentation period, whereas yeast strains were observed only in ganjang
with a low salt concentration of 4.8%. Small amounts of viable fungal cells were similarly isolated in all samples.
The amount of aldehydes, alcohols, and acids in low salt samples were higher than those of the other groups during

0 to 3 months of fermentation.
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gheFo] ®7gol Hlaf v gFo] A7k methionine> 7+
Tk Aol F58 Fall=d A A #
v, 4FL @ UFE sfEzrgon & e =
Zo] 7 vl gl ExpHoltt. HARo] giEo] Zelzw)
831514 (Yoo, 1997) 5948} o=t 18} Zshzt
SFch(Lee et al., 1971; Okamato et al., 1995; Choi et
. 2004). o]9loll® A FaL, G F=9A &

04 oS 5 s, vlEll e AW IS EZst=E A
T7F B E I I tH(Kobayashi et al., 2004a; 2004b; Park,

2010). °JA ¥ TFE 715do] Sl anAse] Az
e fal FgAAM ArtEe AEe] et 14 St
I glom, 2HRte] 715 B AE WHS &85t
A7 s w83 o] 7] FARE H7tste] 2 7]

FIN7e dA77h Eds] IFHL Ao P

a3
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Organization) AAZFEHE 5209 oF 24wl o]l23 3t}
T A7t BirEle] Slth(Lee et al, 2007). A~wo] 2ot
AAe A8 29, A, A% 244 53 34 Holsl]
wf 2ol o]e] HHFS Folele =go] AAH SR g
. THHe et al, 2010). 2011 A A7 F2A] w2
A, UEF AdHe 528 33U 25021 17.7%, 4
2A@FHA, F4AX D 2F7)) 2210%, FREA, 21T
&, 2 B 206%EA AA S AR AdFveRw

F 2TF 40% o)dE AFske Aoz muEh
EF AR Wl 22 A elol FRe] Eutel= defs)

Al ==, Jobet AR e Auky) FA 18} ¥
%, 9%, A3, 7S, WAREAS 5 AAdES
FHSIER, 7154 g AR ds Q8 gt =
Aol A e dE doAdo] tFHIL UHKim et
al, 1995; Park et al, 2002). Wt 2 A7 = AF
He g T HE gy Xﬂ}_é}l, zZ+ was| 7 ¥
microflora £A44 8-S F3 tpds &g HRE v E4
o}o;\u} 3 X{%ﬂ_o_i AZzH ATt s e AFCRA

ZHEe] M=
Aol AR WIFEFE N o 700 gy SFLE
AEAE A AZH HFE AL oY, HF=

rir
il
tt

23] A 5 o] 23 EQF WF=EH &7]7) 9
o]d w7tx] Ad AFREFART 7HFe Ads s zhzt
a3

48, 8.4, 12.0, 15.6, 192%2.2 a3t Azst90m, 7}
Al WF 78S ARt Y7 W 201 &
olZ|E FES o83t WHE &5% & HFE
Y AAFE o) gs HAFAIH A FE
2011 9 AJAHE ARMEH A HE o83 ﬂl;}}lé’ﬂ, 7}
A8 AHSF H&2 T3 2T} 48%: 720¢g salt/IS L,
84%: 1260g salt/15L, 12.0%: 1800g salt/15L, 19.2%:
2,880 g salt/1S L. WlF=7F 3738 < 2-3 Yol Ayl A =

2709k 2 FF 670 UKl 2 AIRE 309§
F AFAIZ FHel S wElet] PFoR "o,
20 L golg]el Fol wa sttt
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H A5l 1mLE FH3l 9mL ol 10°w7HA] 955
o2 3|A% tho] M AS ARgat] AATE S5
ot 37142 a5 =49+ nutrient agar(Difco Becton
Dickinson, Cowley, Oxford, UK)E AF&3}51.2.1, 30°ColA
297 wjeket & FAE colony = Al S9AF
A% Z46)E HM agar(KCl 2.0 g, MgSO,TH,0 1.0g,
CaCL7H,0 036g, NaBr 023 g NaHCO, 0.06g FeCl,
0.06 g, peptone 5.0 g, yeast extract 10.0 g, dextrose 1g,
agar 24.0 g, NaCl 100 g, distilled water 1.0 L)y& AMH8-3}
30°Col A 447E vigst & FAE colony 5 AlG3IATH
B8 AFT SAol= yeast mold agar(Difco Becton
Dickinson)®ll 20 ug/mL chloramphenicol(Sigma-Aldrich, ~ St.
Louis, MO, USA)S 7Fsted ARg-sl3l.om, 25°Coll A 447k
Hj ek & AlatdTt. fakt At
Z4 o= MRS agar(Difco Becton Dickinson)®ll anaerobic
system gas pak(Difco Becton Dickinson)2 ©]-&3le] 7]
Z7& WE F 37°CoA 397 wjFste] FAE colony
TE ATl F30] AdT S = potato dextrose
agar(Difco Becton Dickinson)©ll 20 pg/mL chloramphenico-S-
H7kste] AMEslgom, 25°Co A 447 viekst & A
colony & A3ttt H¥mlA] o] YEld colonyE
7}zke] FRol wet AlFdt § AR E Salf v e
H gL 3, 98T AF colony2] Az}
s et Zbzh EEEk, &R, ke A5
colony®] &73} light microscope(Olympus BH-2, Olympus
Co., Tokyo, Japan)E ©]-&3t] 1,000 |2 A7 st 2] st
Atk 1 2 BFE Tl 3¥e AUy & &5 £
H #Fe sEAx B

o

HAHE colony &

o[M=Ee| =4

7Hgol A dExr1e 270, 4704, 670, 97h €
12719l 2t &714 M+, £948 A, 85, 273
FFolE T MU F dolE 558 AHS FH 7+
slth = 2 ¥ 452 AW 24
(cellular fatty acid composition)S E3l TSt
(Sasser, 1990). & 40 mg2] M| EZE teflon-lined screw cap
tubel] %71 F, 50% methanoldl] 15.6% NaOHE #7}et
€9 I1mLg Y3l 100°ColA 3027t 7hdste] d2olA
Wzhale] 7hpRs] el ol 7)o methanolic-HCl 2 mL
(6.0N HCI 325 mL: methanol 275 mL)S Z7}ste] 80°Cel|
A 1022 7tk WMEsA Nzl v, olE FY @ &
1.25mL2] hexane/methyl-tert-butylether(1:1, v/v)= YolF
F 1087F REAA cellular fatty acidE F=3| W A
oM FAstd 2740 Tom FEAT FH ARk Al

O <~ B
= T 0

A3t 3mLe] dilute NaOH(SF 1.2% NaOH)E 3 7}s}o]
oAl 1037F etk 2 & AXTAE AA A2

A 5le] AN 9] 2/3S screw-capped tubeol] RSt
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Alge]l  EAo= Agilent technologies 6890 gas
chromatography(Agilent  Technologies model  6890N,

Agilent, Palo Alto, CA, USA)E ©|-&3}%t}. Separation
column  A30 mx0.320 mmx0.25 um Crosslinked Methyl
siloxane column(HP-1)(Agilent)S A}-&3tlom, EA4F
profile> Sherlock MIS Software(Sherlock MIS ver. 6.2,
Microbial ID, Inc. (MIDI), Newark, DE, USA)E ©]-&3}%
t}. Standard calibration -84 7}-9] H]E_Oﬂ 3l peake] 54,

retention time, peak®] ©H, B] &S F3lSTh
si0| Aol w4

=
-
F713 8 £42 Head-space SPME(solid phase micro
extraction) WH S AFE-3] GC-MS(Agilent 6890N, Agilent
5973 network mass selective detector, MSD., Agilent Co,
Palo Alto, CA, USA)Z 4133t SPME Fibere= 50/
30 um DVB/ Carbpxen™/PDMS Stable Flex™ for manual
holder gray(Agilent)E AF&3tiTth  Column> DB-5ms
(60 m lengthx0.25 mm 1.Dx0.25 pm film thickness, J&W
Scientific, Folsom, CA, USA)Z ©]&3}3t}h 20 mL SPME
vialol A5 38 7H7} YolE H water bathE ©] 83l
40°CellAl 30 ot HIFsEAT o e
equilibrium state®] vialol SPMEE FY3sle] 30 2 &<t
E2AF T §2E SPMEE GC-MS injectorol] =91 3}o4
10 ¥ &< ©2FAIFTE Oven temperature setting 40°Col|
A 5% R fAE 200°C7HA] 5°C/mind] $EE 2%
SH0H, 200°ColA] 20 & F<F AT

!

7J°ﬂ et Ao ® 3
) ZHE ATk 171 %
o= 12.0%, 15.6%1A4 7} JRa, 2 7/ME3 47
4 2 E 4.8%, 19.2%7F 7P Wo] FHo] Yt o
B 10 A Ao R FAEE sk Edo] W 7t
& AA DA, dart Rl met 6 Y o] FHE
= O ol AFEHA FUTE AEEE BHS o, AHS
g gl met vt o Hokson. vi=
o7 Z4E HE7l ol th(data not shown). 4.8%
7o) 75 Bol A&, 84% 1] A 4
511 7] wiell ARkl A E e
= AsEAE S oz Add
] o] sgxég]gj\l—cq] A}l O ALSE
oJEZ, éi—% Aot o 24 of e Hof+
Z 4= Ath(Jeonl et al., 2013). F-ul
1l ‘?zJ—%(Lee et al,, 1985)°|1} 724
S HA & FE IAT AR
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7t AlekRl @] AFE T o] UTtHOh et al,
2002; Oh et al,. 2005; Lim et al.,, 2010). ¥ 7oA =
Wl Aol FAEO AT, S4do] WaH
of me} BE 6 /MYFEE dAFHoR AR, o)e
4.8%°] AEE FF WA= LI o tE H7hEol
ol Ahete] o] AAEM o= Fr FYPAHRI )&

FeA e HAT 5 At

BE AR

M= =8 4 microflora 44

—

g BRI Bt 58, SR8, AR, f
At Fgole] Atrs SAsklrh. =ud Zhzke] A
FolM FHH LR e dFE del= Akl £2lskl

o, Z/IAE 102, 3 ?.%“é& 1205, 85 5%
F 25%F FHo) 27 %0 E I

Fat] s AT 7147 *3&—’? W3S Fig. 19 Y
E}uﬁ;} x{xﬂﬂ oz 7]_;<]—/\]§_‘—- o= —17]21-0]] ﬁ;q e

s} glo] #E3] F7helal 21 o, o] & 48% A9A 71
A 192% A8 g dgrt A&Hdd wet Sotst
ot ase A4S UrE‘ﬂH AT 4.8% H=o] 7 AR
o] Afole L' 971¥€dl 9.08log CFU/golA #d

12 7§ €ol 8.84 log CFU/go 2 ZFA3IA A, 19.2% 7+ Al
BE 28 6719l 849 log CFU/ge2 HI X5 B
o7t dE 9, 12 70Dl ke ZHASEe] 7.81 log
CFU/g2 ZA&st9 Y. a8y o =50] A 54 7]17F &<
A FHAHA &3 B2 4FE FAGe AeE Hol,
4 gols S04 Mol e 9% A

2 Addn. 223 3714 Al —Orxé%oﬂ g 2E
Table 191 YERHSATE. 4.8%S} 84% AH A EAA Ta %
719 B. amyloliquefaciens’t =2 28] WIETE HAoH,
g 3/ EollE 4.8%2 8.4% EFONA B. licheniformis, B.
subtilis7t eI 4.8%N X T B. amyloliquefaciens, 8.4%

ANXRE B. methylotrophicus’} &8 =Ath. a6 7 Loll=

48% A ZAME= th&FS B amyloliquefaciens$t B. subtilis,

ut=s
>
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Fig. 1. Aerobic bacteria cell numbers in soy sauce (ganjang) at
4.8%, 8.4%, 12.0%, 15.6% and 19.2% salt content during
fermentation.
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Table 1. Dominant species of aerobic bacteria in soy sauce (ganjang) at 4.8%, 8.4%, 12.0%, 15.6% and 19.2% salt content during

fermentation.
Salt Fermentation Period (month)
concentration 0 3 6 9 12
B. amyloliquefaciens
B. amyloliquefaciens B. atrophaeus
4.8 B. amyloliquefaciens B. licheniformis B. subtilis B. subtilis B. subtilis
B. subtilis Paenibacillus macerans
Paenibacillus polymyxa
B. licheniformis e
. ) . o B. artophaeus B. subtilis
8.4 B. amyloliquefaciens B mzh)s/luobl;f;ihlcus Paenibacillus macerans B, subtilis Paenibacillus macerans
12.0 B. subtilis B. subtilis B. artophaeus B g réZlI;ZZiuS Paenibacillus macerans
B. artophaeus
B. licheniformis
15.6 B. amyloliquefaciens B. subtilis B. artophaeus B. subtilis Paenibacillus larvae
Paenibacillus macerans
Staphylococcus cohnii

Staphviococcus Paenibacillus macerans

19.2 B. licheniformis npe J; lonsis B. artophaeus B. licheniformis Virgibacillus
P pantothenticus

B. atrophaeus, Paenibacillus polymyxa, P macerans 5 TF%
3t o] RIFRN O, 84% AlFAME P macerans’t F-
HAEo2 eyt 48% AQ 7HgeA= da 9L}
12 MLANME B subtlis?} SHE AL, 84% HA 7¢I
= 97N €el B atrophaeus®} B. subtilis7}, 1271 €Qoll= P
macerans®t B. subtilis7} &7 =1 ATF. 12.0% Al 50014 2|
18] $HEL FaZINE 3NL7A B subtilis
H&S 2R, Ta 67/hLd= B
atrophaeus’t F-ES A8k EE 9 7fLDoll= 8.4%
A DA TS B subtilis®} B. atrophaeus’t 573 =
Aok Ha 1271EE P macerans’t =2 H|E&Z UERS
ok 15.6% AlEA 8 571479 ¢85S daxT]
o= B amyloliquefaciens?t ¥ ¥ &S AA|SIA AL, TE
6 WL\ % B. arophaeus’t $-3ES AT HE 9 7N
¥l = B. licheniformis, B. subtilis, Staphylococcus cohnii, B.
atrophaeus, P macerans®] TFFst Fo| 2] = AL, #pA
g 1270 l= P larvae7t 8= AT 192% 7S]
7184 $AFL Bax7NM = B. licheniformis7t 7V
=2 HE&S XA, 2 3L = S nepalensis7t
w2 o HEsS AAY 28 e7fdeds 12.0%.
15.6%} 72 B, atrophaeus7t =2 Y& 2 A4S
vtg 9/NDol= B licheniformis7t A= oM, &g
12 WA= V pantothenticeus®} P macerans’} =& H &2
FAEAG 1P SHAF] AT HIHE Fig. 20
EFATE 4.8%9t 8.4%, 12.0%, 15.6% A5 ZdA ol
st AT BEEE 37189 AL fARE o=
eI 4.8% A H 73S A9 3 74 Al8olA] HE
7t Aol wet Aarrt STV, 4.8% A 7] A5

S
7t =

o 1|

T

TR 9/RLEH A Aasdvh v 192% 29 ZH
o] NEE I IE TE AEFE B e, T8
3MERE AFsrt & FEoE hdte dazT]olA
o] Aa4 FEREY o B2 593log CFURSY] 52

el 28l 2 5 2g 9 7)ol 8.88log CFU/g7t
A Bt EXx7F 2 FOF FUISIT w12 709 A}
A& 2 FF& FASH STtk AA R e A
B7F =2 AT g e, 37184 iRV E
g gel Slo] =2 HFS AR ek ZoE ddEn
SHA Ao $HF-E Table 20 JERARATE 4.8% A<D
geA FEldh s8] SHES HrxTldAe S
nepalensisSt B. amyloliquefaciens’} =& H]&& A3}
on, w8 3/MLole ITUAHEH PIRRIZ B
amyloliquefaciens$} B. licheniformis, B. subtilis7} =4 1}
Elstth &g 6 /NEol= V pantothenticus7t ol =S
o, g 90} 12 7/0Lol= B subtilis7t $31E 2 e}
STh AAH Q) S HS AFS 57187 AL frAkst
Al VRt 84% A A 7Pl g S99 84
HE At A3} #ax7)dd= B atrophaeus’t 7V =&
v &S XA, 37/MEd= B amyloliquefaciensSt B.
licheniformis7} T E T H& 6 7 Doll= 4.8% 1H33} 7
o] V. pantothenticus’7t =& $o2 B AL, 127149
ol= B. amyloliquefaciens?7t =& HlE4E HAFQTh
12.0% Al5e] 749 &8 271 B amyloliquefaciens’} =<
&2 FAHENL, wa 3/0Lol= B. licheniformisS} B,
subtilis, B. amyloliquefaciens, S. nepalensis7} T3 &
A=A} &a 6 ML= V pantothenticusS}t S. cohnii7t
Uebgth & 9 /fLellE B subnlis7t $HES AA S



|
=

252

ro

Tou

=

. BEX

é‘ﬂ * HHJO%'

Table 2. Dominant species of halophilic bacteria in soy sauce (ganjang) at 4.8%, 8.4%, 12.0%, 15.6% and 19.2% salt content during

fermentation.
Salt Fermentation Period (month)
concentration 0 3 6 9 12
B. amyloliquefaciens  B. amyloliquefaciens o
4.8 Staphylococcus B. licheniformis Z:gg;jgg;s B. subtilis B. subtilis
nepalensis B. subtilis p
8.4 B. atrophaeus B. amy IOliqyef ac{'ens Virgibacil{us B. subtilis B. amyloliquefaciens
B. licheniformis pantothenticus
B. amyloliquefaciens i i B B aéc?.l opP hzlu;
Staphylococeus B. licheniformis Staphylococcus cohnii . amyloliquefaciens
12.0 cohnii ' B, subtilis Virgibacillus B. subtilis B. subtilis
Staph locbccus nepalensis pantothenticus Paenibacillus larvae
Py P Paenibacillus validus
B. amyloliquefaciens
Staphylococcus B amy lolzqyef aciens Staphylococcus Paenibacillus B. lzchemff)(mls
156 lensi. B. licheniformis cohnii macerans B. subtilis
nepalensis B. subtilis Paenibacillus macerans
Virgibacillus pantothenticus
.. B. amyloliquefaciens
Staphylococcus Staphylococcus Staphy IOC.OCCZ.‘S cohnii Paenibacillus B. subtilis
19.2 it . Virgibacillus o
cohnii nepalensis . macerans Paenibacillus larvae
pantothenticus

Staphylococcus cohnii

S, 12 70L= P larvae?} B. subtilis, B. alcalophilus,
B. amyloliquefaciens, P. validuss TF¥et dE°] 4=
o 15.6% A8 AS L x7dd= S nepalensis7t =A|
FAENL, B 3NLA= B. subtilis?} B. licheniformis,
B. amyloliquefaciens7t =2 ¥ &S YERNATE &3E 6 71
o= S comii7t -85S JeRer, &g 97l
P macerans, W& 12 WLoll= B. licheniformis, B. subtilis,
B. amyloliquefaciens, P. macerans, V. pantothenticus 5 Tk
&g Fol LU 192% 39 7] A9 HE 34
Yol = S. nepalensis7t =2 w8 NEFE AR,
6 ML= S. cohnii®t V. pantothenticeus’t -85S 4]
St AT wE 9 MLelE 12.0%, 15.6% 783 7220
P macerans7} HEF710l GEFS viFoH, 1271L= B.
subtilis, B. amyloliquefaciens, P. macerans, S. cohnii, P
larvae 5 THEFE Fol T HAth AR = AA O 2 4.8%
1 A 7] a7 R 226 log CFU/ge] @&
T8 BEXE B, 2 99 & A RdM e He Ee
HA] ST o] =M, 1ol WRee & dFS XA
BE o R ALRHETH 48% M WE R EEE &R
5143 B¥ Pichia guilliermondiidu$l THdata not
shown). -2t A4 BEXE HA =W dAZH =2 Wy
Z71NAMRE Aol dAEAN oW, GRe npRrA R
3log CFU/g ©l3t= UEFSTE 4.8%2F 8.4% AN 7Hd2]
utg 2 7)o M= P pentosaceus’t SN, 12.0% 7+
oM Weissella paramesenteroides, 15.6%%} 19.2% I
7HEo M= Trax79l Enterococcus faecium’t =& H|&
2 $HEFE AR A th(data not shown). #8°] A+

fr

2

5 m48%
E

o 8.4%
il

2 ; 12.0%
E 100 4/

£ 95 W156%
(=]

= 90 1/ L 19.2%
3 85 {/ 192

E 80 1556 -
g 75 120 o
3 70 1 \ 84 g
o 65 1 | \ag & B
g 60 4 1 t I r E
s 0 3 5 9 12 -

Fermentation period (month)

Fig. 2. Halophilic bacteria cell numbers in soy sauce (ganjang)
at 4.8%, 8.4%, 12.0%, 15.6% and 19.2% salt content during
fermentation.

BYXE 29 7HEQ0 192%5 AL =g g 7H3ol
A wtg 37 E7HA] 2.3-4.0 log CFU/ge] @& FFo = 3
o) &k ] 5

T dglen, 28 671do] A

Aspergillus oryzaeZ. &= AT 84% A H HgNA =
4.8% A =9} o] wa 3/ML7HA] 2.8-4.0 log CFU/g A
455 1T F ddoeH, B 475 LT 4
oryzae= 8 E AT 12.0%}F 15.6% 1HgllA = #80]]
Ada BE7) oF 2log CFU/g =2 Aukzog ub

FrolA azxr)eh g 3 /1AM EEEHAT F Al
BE BHgz7)oE 4 onzae’t 8FES YERAL, &

37N Loll= A versicolor7t A T EATE 192% 2L



g Fge] A BEE e AgEEde tEA o
LEZZCM T B HA0H, A onyzaert 578 = AT (data

not shown). AR 22 ¥& 27| B amyloliquefaciens,
B. licheniformis, B. subtilis7} & ©|FJa &a $7]dd=
P maceransS}t B. subtilis, S. cohnii, B. atrophaeus, B.
amyloliquefaciens & TF¥et #4350 F+& olFAt 7H3 Wi
oA tpeFsl #Fo] 7R o3l = AL B F
Aer, &3] 1 FoXME P macerans, B. licheniformis,
B. subtilis7} 7H7g2] </do] 1ol o] FFH U= +F
o= #Hkd F AU M= S0 S8
o] #Fo] AEEE wlg thdFsiA vUepsor, A5 5
A zboldle HolA ISkth. fraktoluh #golo] w4
& I dHe HE A8 FAFHAl YEbs e
o, olefg AR B3-S wl A 7E 4.8%°F A7
AR 192%E A d YA A golMe AA AR A

=y
BEEY9x

3t E4o] aA t2A LA YelEth 3 25714
ATdE oE ArAgets 3A 2R 2StH(Yoo et al.,

2000; Cho & Seo, 2007; Nam et al, 2012). °o]& ZHA
84% AE o] ZAMNAME War|7te] A7t R o]FolR
o

= 2ay Fet MR

pul BA=E AN
= Azhsoj itk
ElISELEY
0] 72 F7|AFREL 71Fe Aol BFASS

#3131 aldehydes, alcohols, acids, pyrazines, miscellaneous -
Z U3 O H(Arctander, 1982; Sugawara, 1991; Kim et al.,
1992; Park et al,, 1997), & A3 o] TR 7}7}e] 4]
559 Tar7 Foll mE g W3l ihS SPMEE
°]-§-3F GC-MSE &3l B4 s THFig. 3). Aldehydes
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Different salt content samples during fermentation period(menth)

Fig. 3. Main aroma compounds in soy sauce (ganjang) of 4.8%, 8.4%, 12.0%, 15.6% and 19.2% salt content during fermentation

by Head-space SPME (Solid Phase Micro Extraction) method.

Aldehydes: 3-methyl butanal, benzaldehyde, benzeneacetaldehyde. Alcohols: 2,3-butanediol, 1-octen-3-ol, 3-octanol- phenethyl alcohol.
Acids: acetic acid, 2-hydroxy-benzoic acid. Pyrazines: dimethyl pyrazine, trimethyl pyrazine, tetramethyl pyrazine. Miscellaneous: dimethyl

trisulfide, 2-pentyl-furan.
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