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Abstract

The fermentation patterns of the soy sauce were investigated and membrane filtration technique was
applied to the sterilization of Korean traditional soy sauce. Nitrocellulose, nylon, and polyvinylidene dif-
luoride membranes with pore size of 0.45 um were used at the vacuum pressure of 74 mmHg. The ini-
tial flux, 2,941 LMH, of soy sauce treated with polyvinylidene difluoride membrane filter was the
highest among the membranes used. The viable bacteria and yeasts cell numbers in the soy sauce were
2.1x10° CFU/mL and 1.4x10° CFU/mL, respectively. Treatment of Korean traditional soy sauce with
membrane filters used in this study removed the microorganisms completely without the changes in

quality properties.
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AR 7Hge] eedalgAoll= 045 um nitrocellulose
9%, 045pum nylon¥, 0.45um polyvinylidene
difluoride(PVDF)8} (Millipore, USA)2 AME-3l9C
® ALelA 74 mmHge] AFEE HAEAT 4
3 HAe| A L& Whatman filter paper No. 58
AHg-Et THHE AR el F, 1998; HE
ok 1996).

njMETs 55

g Fol EAshe vlAEETE 48] Y8l
o % F4% Plate count agar(PCAMIA], AR+
Yeast extract malt extract agar(YM agar)dl=A|, &
o] Potato dextrose agar(PDA)IA] (Difco, USA)
€ AHgsiEen 10'~107H) 84 A EE
PCA #iA12} YM agar WiA|olli= 1 mL, PDA Bj=|o)
£ 0.1mL, PDA ¥ixjol= 0.1 mLY B33 & ¢
Fagn). & e 37°CAM 16~2047F wikst
A, EXe 25°CA 2~3, F%ole 25904 3~
49 g F A

SRR

742l ¥ X spectrophotometer (Shimatsu/UV-
1201, Japam)& ©|-&3l] HFg ng=E BN 7H
FAEE 500 nmollA9] FFEE 24393, pHE
pH meter(740p, Istec. Inc., Korea)d AMg-d}od 7Ha
Hd ] pHE ZHslAh

Az AMRA(MINOLTA CR-200, Japan)E ©]&
&l 8143k e 7 AR 10mLE 23

HEE Kang er al(1998)9] HHo) wl AgNO,
AYer 238t FFARE SRE7R]NA
550°CE 71@ste 3shst g 100 mLe] FFol
818k &, 22 FolA 10mLE s ALY E |
M-K,CrO, 1 mLE 7}3l3 0.1 M-AgNO,& ARS8l
o AQsArt.

FAa S Choi er al(2000)8] WHE |83}
o Kjeldah'§2.2 &3l AR 1g& #H3}
& H,80, 12mLE& 7§t & Tecator 2020 digester
& ARE-8l 420004 AlErF S wi7kx] 8
@ F AN g Ect ol& Kieltec system
1026 distilling unit® A3 FHSIL 4% boric
acid 25 mLell A ¥ 0.1 N-HCIE #HA 3}
ABlE 0.1 N-HCIY mL 8 3342 @43l
33Tt
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FYAYG712d 2 Conway unitE ARE-3le] bl
o 2t AE Sl FHRS 25mL
9} 20% TCA 5mLE i3] & E9st & 3087
A& o3sla] ool 29% TCAE 718k 50 mLE
AE3 895 AH BYoR AMLEUCH Conway
unit F]FHAHE7] oMol AFLAEL | mL 7}ElT
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71o] wlg] pH 842 XA ¥ formaldehyde &
20mLE 718k pHZE WolAH 0.1 N-NaOH £
o2 tHA] pH 847FA FHA3dtd ZLHlE 0.1 N-
NaOH 499 mL & sl oiv|efdd ¢
g Aatsldc

%< Phenol-H,SOHE AHg-3ted &33A)
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g3leod AT FEIMOoFZRE FF FEE AN
st
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< AAF F GC(varian 3350)°] FU3Act. Y
£ DB-5MS(0.25mmx30m), d &E& 40°C(5
min)-8°C/min-200"C(20 min), Y F L% 230°C,

HE7/(FID) €% 250°C, 9145 He(2 ml/min)
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Fig. 1, Changes in viable cell count during the
fermentation of soy sauce at different fermentation
temperatures. (A), Bacteria; (B), yeast; (C), mold. @ ,
Ambient temperature; O, 20°C,
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Fig. 2. Changes in turbidity (A), pH (B), and salt content
(C) of soy sauce during the fermentation at different
fermentation temperatures. §, Ambient temperature; O,
20°C.
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EA szt EE 25 FHE FHEA Folele @
A 85 FRE 3~5x10'CFU/mL $£&28 {3
At

FHol9) A¢olE Fig. 1CH o] BE %7)
1.5~2.1x10°CFUML &0 FEAsirir} ¢&
6F FHE FaE7] AFEA 125 Aode 09
~1.1 x10°CFUMLL.E o7} 7+4Ash= 2%S B
Kt

olitel ARRRE ZHYe] EAlshs vYEL 2
ZF #AR] A 2004 FEIHNE o
U3 A50EE veErdE & 5 AU

=y & O|8EE M et

7+ gre 1 Efe ZuRE S35
st 500 nmelAM 9] FRER A sHed L&
7t Jaggel wet FHTUF L & F AU
(Fig. 2A). H& 127 Aol A2A gEAZ 7
Zol FHE7} 3201 20°ColA WEAF AL
228 &A= o] AoM SEAZ 7Hge] 20°Cel
A HEANZ R FEErt g F1ee ¢
+ ANt

Z+4e] pH ¥3he Fig. 2Bo JelIQiEd %27
76904 HEZL APE| Wt A&FHogw zHas)
o MR 1257 AdE 537K ghslgen Hie
Tole F%E wx 4t

2 A2 Al AEL 184%wh)7E HEE H7}
sied AY A7t AT EEE 38 29 17.6%
(wivE VEben 2 ¥ dxrt o7 F718t
dE & 35 AdEe 189%wv7F HeH ol
dF % g /KA SHAchFg. 20).

234, oL 28 FLAHE7|EL)
Hil= Fig. 3o e} Fd4 g A
wE 7| wel FrMERed d2oA SEAH
& W g w2 g JERAATHFig. 3A). 1257}
2] HEAHE A FHLHO] F 3.0% WA
sl ed AFFHAS Ay 3 FHA
Bek7)8e 6.8~ 7.0%wivie] Ayl £ ke
Bo oA WEvl SEHA ¥EE & F U
Fig. 3B8t Zo| olr|xefds T Wi/ 38
ol mel Awtnog Frtsle S Jehile
o ALo} 20°ColM zlelE Holz| Wit FHw
A971dAbe SRV g} FriEiEed A
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Fig. 3. Changes in total nitrogen (A), amino nitrogen (B),
and VBN (C) of soy sauce during the fermentation at
different fermentation temperatures. @ , Ambient
temperature; O, 20°C.
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Hro} & gk Jehhion Al HEAAS
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Fig. 4. Changes in total sugar (A) and reducing sugar (B)
of soy sauce during the fermentation at different
fermentation temperatures. @ , Ambient temperature;
O,2C,
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olde] olslEta EAE WIlERE 7hRe] ¢E
 20°CMETs dLdA wazE o ZEHe A
£ 4 F UNeH FHLH] JFUEEE B u
Ha2g oiY olg SEAAE 7hFe] BET ¢
B8E AoE o3y

O4ZA| 242] SR (IHE vacuum Y Initial flux2) B8}

A4 7Hge] oJells 045 um nitrocellulose =,
045 um nylon B, 0.45um polyvinylidene difluoride
(PVDF) =H& AHE3tgom o3 Ax|dy oz
Whatman filter paper No. 5& AMgsle] 7H3e o
FAFE, 1 A Fig, 5ol vebd vlel 7o) nylon
ko] -9 Z7] 20mmHgolA 100LMH ©]3}e)
flux& HAoH AF AHfA7e] HAH F
74 mmHg®] vacuum pressured] TEL delle o
200LMH ©|3l2] fluxE& HEo] vacuum pressure”}
F7Hgtell whe} initial flux® 9F7He] F7IEAE B
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Fig. 5. Effect of trans-membrine. vacuum pressure on
permeate initial flux. O, PVDF membrane; @ ,
nitrocellulose membrane; A , nylon membrane,
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Fig. 6. Comparison of flux of soy sauce when filtered
through various membrane with pore size of 045 pm O,
PVDF membrane; @ , nitrocellulose membrane; A,
nylon membrane.

Hov o4dd ZIdRde HAA FEH
Nitrocellulose 2Fe] 7% 20 mmHgelAl F 400
LMHS] fluxE, 74 mmHgolAl 1,500 LMHS] flux&
YeRY nylon =3 B 2@E o & initial flux
£ ERIsITt. PVDF 2] ZA9e A 7F4 st
Fol 71 5T flux F7HES BRen 1 3
+ £27] 20 mmHgol4 ¢F 1,300 LMH, 74 mmHge®l
A 2,800 LMHIT}. Nitrocellulose 9H& AMR-81%-&
A4 o3} &7) fluxe A9 AAFA FHREE
velidl eyt PVDFERE ARS§E Aol o 34
ol /TS fluxe] F7HEo] o ik
Aol Uelged ole ¥& 9 JUHUITFE
SREHAAM FEEFEGO] HstEo] B FHd] o
ek AR P WE AR AJZHErt. Kang
et al(1998)8] Aol P& A7 Al 4 FAY
o] B3} fluxell viXle 982 AMRYE FEYE
2] Z71 Aol B3} fluxe A< HEE JeRd

Table 1. Viahle cells of membrane-filtered soy sauce

(unit : CFU/mL)
Membrane
Vighle cell Non-filtered  Nitrocellulose Nylon PVDFE
Bacteria  1.41 109 ND* ND  ND
Yeasts 223109 ND ND  ND
Molds 600102 ND ND __ND

*ND ; not detected.
i Bgk Aueh vingle w YA AN

are| EFLl 042 AlZI0 (8 Fluxe| Hat

Fig. 6%l 7Vae] iz} Aj7kell w2 fluxe] W3}
E YeEIT. A3 E L 74mmHge] JIFER
AAEREY o8] &7 fluxE nitrocellulose Tt
2] A% 1,471 LMH, nylon 93} PVDF =& ztz}
184 LMH, 2,941 LMHZ PVDF 2 AM-3190E o)
Q& 7t 7H EUTh o= Kang et al.(1998)9]
Aol Tt fluxe -4 ARl 3%
71 F43] AFEHUAL o] A7t el g mE
3 fluxe] zol7t HA zZAiste] dAAIZE A
Helle ¢4l e £ fluxe] el A &9t
o3 Bael Ao AAgle] Aol oiet
o3t flux7t F43A HeEAed ol fouling?
FERES 7198 Aoy #WhEnh Amar ef al
(1990)2 FLAAE o831 AlHFE2E FAA
3 flux7t 27] 308 B]F WEA HaEo] A
HAow 2719 & YA AFEe A BT
AMAs GEg VMRS o B3 fluxb ©§ 2k
o Bk olake] F 7EX] Aol A4
7He] ofsfolli= PVDF wo] 714 488 & &
AT,

Of2h BH0H 2|8t D|MEL| At

etz e® MAgdtAl e 7HAYNE Bacillus &
5o dukAg g Mdel 22 10’ CFUML
olA &3t iAol 28] 10°~ 10°CFU/MmL
2 Zadhe R 9EA den IFRole FE
Aspergillus oryzae?t WR-E-ol3L 7€} Penicillium,
Rhizopus, Mucor 5E8°] EA8h= Zog duid 9l
Hlee et al, 1975). 0.45um Nitrocellulose =,
045pum nylon 2}, 045um PVDF & ARE-3to]
74 mmHg®] AFENM 3t F oz A Fef Al
g T8 vixs) ¥ Z3 Table 19 vepd wiet
o] ozt A A e HFE 1.41x10°CFU/
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mL, ARE 223x10°CFU/MmL, T3l 6.00x10°
CFU/mLe] #5282 EAsdey 19 Aj7k4) gt
g olgsly o § Fole el Ao #A
Qo] BE vAEe] AFHA Yol pore size
045 um9 & A8 A9 2] A= #A
glo] BE vAES 938 5 YL ¢ ¥ o
Fea=

XHzhal ZHEel Ofnf MFE O[3ty oE B
Aeh2] 7H-g o 71A] wMle kg ARS-Ehe
74 mmHgollA] o7} AFe] o]slata AHE-& B4%
A3} Table 20 JERARITE S3}38lR] e 7Hae)
8xE 32%ed & A¥d ARS8y kA g
& o] &3l ANAUE 3 FFHo| FAGl A
Aoz oF 30% =9 TAES JERIE,
ol AN ZHgel J™EIE Y BN YaAY)
7} Bl & o9RE, 283 o8 7k uAdE
E°] pore size 045 umsl =& 43R £Y7] o
#o2 Azhgc). Kang er al(1998)8] 7o 2)s}
H Fee] QA FAEEe] g§Erb 1.047904
0.077 °l3tE FA WolHthe Bides nAjA] 2
A g BE "ol oM 30% HAES HAE JE
H e FA AMES At AAI pore size
o] zpo] ]Il A|gS Aolo 7[Rl Ao W2}t

Table 2. Changes in physicochemical properties of
membrane-filtered soy sauce

Non-filtered Nitrocellulose Nylon  PVDF

Turbidi
(OD 500 ;ym) 37 22 22 23
pH 46 47 47 46
Acidity (mL) 16.8 16.8 16.8 16.8
Salt (?;;‘;‘e“‘ 189 189 1893 189
L value 46.2 46.7 469 46.4
a value 11.4 13.5 13.3 13.1
b value 59 7.0 7.6 9.6
Total nitrogen ¢ o 69 69 69
(%)
Amino
nitrogen 99.0 99.0 99.0 99.0
(mg%)
Volatile base
nitrogen 104 7.8 7.8 7.8
(mg%)
Total sugar (%) 1.6 14 1.3 14
Reducing sugar 08 09 09

(%)

Holat. pHe 93 A 463904 A F 4.6~47
2 & WP} glslen, 2hme} ke ofx A
F 9ol /ol AAgle] Wl gl ¢+ 3
Ak Aro] ALE Z WIE Holxle YRR
o3 A Lake o3 A 46.2904 46.7(nitrocellulose
9h), 46.9(nylon®h), 464(PVDFEHE, agtL o3 2
114914 13.5(nitrocellulose ®}), 13.3(nylon®}), 13.1
(PVDFEhE, bt o3} A 5904 7.0 (nitrocellulose
9}, 7.6(nylon®}), 9.6(PVDFEHR & of3} & 7139
Mol A HolHE & F AU ol o33}
A F vl oA 1Hgol ESAjEtd 1HEF 2
EZEC] Y7 AAH7 HELE AgEHY ol
g7t 30% Ax adithe Aol AadAst o
v ez peldk Baumann er al(1986)& 2ol
pore size’t ZHolApE Fo] Mo] ¢ HiolH T
ol %o} pore size?t FolASE DFEON HH
EFES 93T 4 e 5o #HA7] gFolgt
3 RBIE v Atk FAL) opv)ke] HA
o] A4 oAl BAIRle] 22t 6.9, 99.008
ez, LG 7I "8 F, FUFS A7)
ZHAFNE BRvd HYA 9713829 Aee
A 104004 =] FRHO] FARlO] BFE 782
#adged ol AT F ol FIFAHAY
s Aoz AE I} 3 o7 A
160l g3t & 13~142 9F 20% o)&te] ThE
& B 92 o3 A 13904 o3 & 08
~098 ¢ 30% A% T4 ol 94 ¢
A7y HZE E FREC] oF3E A el
e FHEe] oiut B FFHAN FHer
A zhE o) At

Xzl ZHE2| O3 MF &0 HE 84

7hare] ol Jge FE 8R002E 4
A F ALAE o dadwAdr AAdEe
olu|iike] FE st WAE HER YAHHE
F714 B Foll ob ERE A BEQ] AW
Arolut glycerol Fo| FJFriy deld UAthAF
T+ 5, 1995).

B AFtelME GCE AMEsle wtodsel] 9gt 7+
A Foll EA3e iR HEE AHRrT.
Fig. 7(A, Byl VERd vis} Zho] A3 vroz A
¥ 045pm PVDF 2H& ARR-3l o33 7hgs
S 7H3g vlas Ay iR FulgEe
A2HEA S BAENeH o3 ot 9
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Fig. 7. Gas chromatograms of soy sauce during the
membrane filtration before (A) and after (B) Hitration
with PVDF membrane.
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Mg AR PrE B EAE I
A ARAE Eol7l 3l ] ER AWE ¥
A ¥ g3y e ol gl Ay HFE viE
AaE F olEEty 548 ARG AHA
e ool 045um nitrocellulose®t, 0.45 pum
nylon®}, 0.45um polyvinylidene difluoride(PVDF)
g AMgE o on HAe#H 2 Whatman
filter paper No. 5& AME-dt 7H4E oA,
23 74mmHge] AFEE A old
o] &7] fluxe nitrocellulose 2H¢] 7% 1,471 LMH,
nylon?}# PVDFERE zbz} 184 LMH, 2,941 LMHE
PVDFEHE ARE-EHE o Sa&ert 7P wdth
o3 A A A BAshe & FFE 2.1x10°
CFU/mL, A2 1.4x10°CFU/mLeIed] i
F e go| FHo #Agel nAEe] #F
A @Adch. EF 7Hge] ol EHdHeE F ¥

BE BolA ggton g§rjARe] L4 WA
EUTE. oo H¥AAERE 7o) niAd A
foulings} TSI 28 3 4271 At
= EAREE ATGHE Aot ofdl nlgag
o] 7+ie] AFFH EHHow =UE F UL
Zag g,

HAlel @

£ AT d33thaAge] B4 729 7AME (98-
0402-01-01-3)2] AQOE FaEjgion, ojo] A}
=gyt
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HED. 1996, HFNAAN ] g o8 Eal¥
&71&: 4FFY N2 /e 2 TFHE
Ay

AEF, A9, AEE, o)2F, Y, AAH, AL
d. 1995, ABLANES g 47 - A5
A stel B¥ A7 FHried ME/EMNEA
AFEIA, i

ARzE, o143, olFF, s, 1988 IcM)e] H717h
obr]edt Zhate] FFA wAe g AT E
7] 31 145-151
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