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Quality Characteristics of Soy Sauce Treated by
Countercurrent Supercritical Carbon Dioxide

and Natural Functional Compounds

Min-Kyung Lee

Department of Food Science and Technology, Graduate School,
Pukyong National University

Abstract

The quality characteristics of soy sauce were studied using
continuous countercurrent supercritical carbon dioxide (CC-SCO.) at
various conditions. The functional compounds extracted from natural
resources such as crab shell, brown seaweed and wasabi by SCOq
was added to the soy sauce recovered after SCO; extraction and the
soy sauce containing functional compounds were investigated for
quality characteristics and antioxidative activity.

The extraction column of 1,200 mm height and 19 mm I.D. was
used as a spray and packed with rasching ring modes respectively.
Treatment conditions of a raw soy sauce were temperature(35, 4
5C), pressure(100, 170 bar), the sort of column and the change of
continuous phase. Off-flavors of soy sauce were identified at
different conditions. During the storage period, the treated soy sauce
was examined for chemical and micro-organisms properties such as
amino nitrogen, browning, buffer action and total bacterial count,
Bacillus. sp., yeast. And then natural functional compounds

(astaxanthin, fucoxanthin and allyl isothiocyanate) extracted from the



natural resources(crab shell, brown seaweed and wasabi) by SCO.
were added to the treated soy sauce. The soy sauce containing
functional compounds were examined for chemical properties and
antioxidative activity .

In the treatment of soy sauce using CC-SCO,, there are no
considerable change in chemical properties, but crude lipids were
decreased by the removal of lipid from soy sauce. In case of change
in free amino acid, there is a little difference. The off-flavors in soy
sauce were decreased by CC-CSO; treatment. Especially, indole and
butyric acid which are main off-flavor in soy sauce were removed
completely. The soy sauce treated at 45°C, 100 bar, spray column
was most effective in aspect of decreasing of flavor of soy sauce.
During storage period, the soy sauce treated by the spray column
was lower than that of untreated soy sauce in the microbial
change, but the soy sauce treated by the packed column was
higher than that of untreated soy sauce. In chemical change of
the soy sauce was evaluated as improvement in quality. In the
soy sauce containing large amount of natural functional
compounds showed higher antioxidative activity In comparison
with the that of small amount.

Resulting of quality properties in the soy sauce treated by
CC-SCO; and containing natural functional compounds, the soy
sauce was slightly 1improved in quality. The sensory
characteristics of the soy sauce treated by SOC; was improved by
removal of off-flavors. In this study, it was founded that the
antioxidant activity of the soy sauce containing functional

compounds was higher than non—containing soy sauce.
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Table 1. The treatment conditions of soy sauce using CC-SCO,

Parameters Conditions
Solute Soy sauce
Solvents Carbon dioxide
Temperature 35, 45T
Pressure 100, 170 bar
Height of column 1.2 m
Diameter of column 19 mm

Sort of packing Rasching ring
Continuous phase CO,, soy sauce
Dispersed phase soy sauce, CO.

Sort of column spray column, packed column

_11_



A AAA R AR AAE Fetith
A, SCO, A7l Aol P8 dd, SCOE 3l

2& (&% 35T, o9 170 bar, A& W, 243 CO,, A9
£3: spray column, packed column)® & 459 ABE ol & &
ofu| :=iko] kS AT AR (M-S A etal o gk &
S433 Amino acid analyzer (Sykam, Gilching, Germany)ZS ©]-&
o frElobvite] S BA89 o, column size®™ 4 mm i.d.
X 150 mm, resin lithium form, analysis cycle time 160 min,

reactor size 15 m, reactor temperature 130T, flow rate(buffer:

0.45 mL/min, ninhydrin: 0.25 mL/min)e] o2 FA3}3t}.

2.3. LY 7 AR £

2 A% Fo Ay 4R FAL 949 A% D 9 A2y
(ATD; automatic thermal desorber, ATD-400, Perkin Elmer,
USA)ZF GC/MS(HP 6890/QP 2010A, Shimadzu, Japan)E ©|&3]
o 27 1 mLE 500 mL Aol ¥o] 50T Ax7]dA 30% &
Sk 3 Aees EAANA FHFE(Tenax-TA)° F2A3H
ZHFEE ATD| e 9 A3 88 § 2349 s34 A

o] GC/MSUIZ =y e= dom GC/MSE A Z71& Table 2
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Bacillus. sp., 5.2 A& pour plating methodZ 5 & W<
skl vAlE HAALE AAISEA . old, F 5 (Difco, 10th, a)
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Table 2. The condition of analysis of volatile compounds in soy

sauce

Parameter Condition

ATD-400(Perkin Elmer, USA)

Tube type Tenax-TA
2nd split ratio 7:1
1st desorption 320C (3 min)
2nd desorption 340C(1 min)
25t cryo temp -307TC

GC/MS(QP-2010, Shimadzu)

35C(10 min)
8 C/min - 120C(10 min)
12 Wi - 180°C(7 min)
15 C/min - 230TC(10 min)

Oven temperature

Column AT-1(60 m*<0.32 m x<1.0 um)
Column flow 0.62 mé/min
Interface temperature 250C
Mass range 20~350 m/z
Column pressure 15.7 psi
MS detector temperature 250C
Carrier gas He(99.9999%)
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Fig. 2. Diagram of SCQ; extraction apparatus for natural

functional materials extraction.
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o] 23} Bk A7} gas meterES E3sto w2 =A3Y T Astaxanthins
35T, 100 barelA, fucoxanthine 35T, 200 bar, AITCx 40T,
80 barel A F=3}3i T}

o)
o3
S 1o
all
rif
BN
R
ofN
N
O~
o,
o
30,
9
N
o3
kol
o
X
9,
kY
kI
%
av
i,
o N

1258 F53 7] EZ<Q astaxanthin,
fucoxanthin, AITCE WaAd &8ld Je= 27 0.1%, 0.3%,
0.5% L 1%E %713k

2.7. Astaxanthin %73

7V W g#5o & astaxanthing 54347 18] HPLC ¥4
S AA]ES Y methanol : hexane (1:2, v/v) £%§9 30 mLol
astaxanthin®] &+ 4 1 mLE =3 & AAEZ (3000 rpm, 3
min)ste] FHEE  EEH 0 Injectiondt$th.  Aglient C18
column(4.6 mm X 250 mm, US.A)°] ¥ Waters
600E(U.S.A) AAE ol &ste] &£4 &l er, d=7]= waters 484
tunable absorbance detector(UV/Vis|Detector, U.S.A)E ©]-& 3},
485 nmollA FAsleith. A4S A% &F &7 acetonitrile
methanol ( 70: 30, v/v)2 &FstR oM, A8 FUFS 20 wol
i, %<2 1.0 mL/mino]t}.  Astaxanthin  standard(99.9%,
Sigma-Aldrich Co.)E 300, 500, 700 2 1000 ppmo. = A Z3s}o]

AYRAS o] PP T,

2.8. Fucoxanthin 54
¢l ¥ fucoxanthing 437 93] HPLC #4& 4

Al Yt. methanol : hexane (1:2, v/v) =238 30 mLol

-
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1 mLE =% % 9AF2(3000 rpm, 3
min)ste] T35S ZE 3 Injectiond}tth. ZORBAX Eclipse Plus
C18 (4.6x 250 mm, 5-Micron)o] F2r¥l Waters 600E(U.S.A) &
Ag o]lgste A glem, HAE7|+ waters 484 Tunable
Absorbance Detector (UV/Vis Detector, U.S.A)E ©|&3to], 420
nmel A EA AT EA1S 91 &% &= methanol, acetone}
ammonium acetate solution (1 M)& o] &3}qlom, A5 FYU=F
2 20 wola, %52 1.0 mL/min°| Y (Zapata, et. al, 1987).
Fucoxanthin standard (99.9%, DHI Water and Envionment,
Denmark)E 1, 0.9 % 0.8 ppmo =z A Zsto] A AS o] g

& sl

,_._,
[
(@)
(@]
e
[eb)
=
=
=N
=
o
i
Jo
gl
L
( O}‘i

2.9. AITC &4

ge] FeE AITCY EA4st7] Y8 A% 4 g2 A2=E(
ATD-400, Perkin Elmer, USA)¥ GC/MS(HP 6890/QP 2010A,
Shimadzu, Japan)E o|&3ltt AITC7F sx=¥H® I 7+4 100
5 500 mL ZA ] de 50T A==7]eA] 30% st 3LAg A

7S WA 7 F dbay Ebyd RS S =5 H (Tenax—-TA)

ol

ZIA 71t} S&FHE ATDel| #2ks) 2uk 23
] AEo] GC/MSUHIZ EYEHES oy, GC/MSe
2 Table 29 #t}. AITC standard(98.0%, Fluke co, Germany)

10, 50 2 100 ppmo.2 AZFfe] AFFAL do} FFS T3

o,
X
T
o
05
&
A o

2
A =

il

32
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Superoxide dismutase(SOD) A 52 ZF Al5<9 0.2 mLdl
tris—HC19] 258950 mM tris+ 10 mM EDTA, pH 8.5) 3.0ml
¢} 7.2 mM pyrogallol 0.2 mLE 7}te] 25CoA 1047 wH-gA7
% 1.0N HCI 0.1mE 7Fsto] wbg-& AAAZ & w5 T Akshd
pyrogallol®] %<& 420 molA 43Rt (Marklund et. al, 1974).
SOD-frAtE d s A& FH7krek H7bskAl &2 459 3= &
SEE e

DPPH radical 2784 A|E49 0.2 mLel| 2x10™" M DPPH
(in Methanol) 0.8 mL& ¥ il vortex$ol| 30 min &<t A0|A 1
2l el 517 nmelA FFEE SAHSATY. 2724 A5 gAl &2
2 49| ethanols 718t FHEE SASATH Blois, 1958).

Ag2kst AASS 543571 913 linoleic acidg 71HE 3o
POVE =A3A . AHzbEe 2~ 39 linoleic acid (Fluka, 50%) 1 g
¢} ethanol 20 ml, A& 1 mlLS <35t 0.2 M phosphate
buffer(pH 7.0) 25 mLE 7}s}e] 2 313l Sof 37ColA HAsHH
A AAH o7 POVE %@ﬂ‘ﬁﬂ-(Hayase and Kato, 1984).
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Table 3. The comparison of general ingredients(total nitrogen,

amino nitrogen, crude lipid) of soy sauce by SCO.

treatment

Total Amino Crude
Condition nitrogen nitrogen lipid
(%) (%) (%)
Commercial soy sauce 2.59 0.72 7.76
Untreated soy sauce 2.42 0.89 6.73
35C-170 bar-SC”-S.8Y/CO,  1.74 0.95 1.60
35T-170 bar-SC-CO4/S.S 1.69 0.99 1.04
35C-170 bar-PC”-S.S/CO2 1.76 1.00 1.43
35C-170 bar-PC-CO4/S.S 1.63 0.97 1.86
35T-100 bar-SC-S.S/CO2 1.70 0.98 2.87
35T-100 bar-SC-CO4/S.S 1.45 0.82 2.04
Treated | 35C-100 bar-PC-S.S/CO, . ¥ | oL 1.16
szzze 35C-100 bar-PC-C0O4/S.S i I 093 1.20
Sv(vji(;;) 45C-170 par7SG=5 FCES 1.76 RO 1.30
45TC-170 bar-SC-CO4/S.S 1.64 1.20 1.32
45C-170 har-PC=5S YOGS iy 2 1.00 1.95

45C A 705bak; PC3008(5.S Flooding point
45C-100 bar-SC-S.S/COq e 1.01 2.70
45C-100 bar-SC-CO2/S.S 1.67 0.98 1.20
45C-100 bar-PC-S.S/CO2 1.73 0.96 1.97
45C-100 bar-PC-C02/S.S 1.75 1.01 2.60

YExtraction condition of soy sauce using SCOs : temperature(C)
—-pressure(bar) —sort of column- dispersed phase/continuous phase

2 Spray column ¥ Packed column D Soy sauce
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Table 4. The comparison of general ingredients (saltness,

browning, buffer action) of soy sauce by SCO,

treatment
. Saltness Browning Buffer
Condition %) (O.D. at ~ction
500 nm)

Commercial soy sauce 12.87 8.85 0.69
Untreated soy sauce 14.21 5.27 0.74
35C-170 bar-SC*-S.8Y/CO,  12.97 5.77 0.75
35T -170bar-SC-CO02/S.S 13.01 6.03 0.70
35C~-170bar-PC”~S.S/CO: 12.04 5.15 0.67
35T -170bar-PC-CO02/S.S 12.32 4.59 0.77
35T -100bar-SC-S.S/COq +2-41 5.23 0.70
35T -100bar-SC-CO02/S.S 1475 5.10 0.84
Treated | 35C-100bar-PC-S.S/CO3 12.43 5, 0.70
szzZe 35T ~-100bar-PC-CO2/S.S I S 5.14 0.70
S"g(;;) 45C-170bar-SC-S.5/C0O2 S | b2 0.80
45C-170bar-SC-CQ02/S.S 12.90 5.3 0.72
45C-170bar-PC=S.S/€03 g 6.22 0.63

45C-170bar-PC-C04/S.S Flooding point
45C-100bar-SC-S.S5/CO2 18.14 5.86 0.70
45C-100bar-SC-CO2/S.S 12.85 5.73 0.69
45C-100bar-PC-S.S/CO2 12.98 5.62 0.64
45C-100bar-PC-C02/S.S 12.43 5.34 0.65

DExtraction condition of soy sauce using SCO: @ temperature(C)
—-pressure(bar) —-sort of column- dispersed phase/continuous phase

2 Spray column Y Packed column ” Soy sauce
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o

7be 3 AohKim, 2004). Fx3del ok dAE 0.70%, A
S04 A9 0.5-07% AE2n Buw s gvklee, 1976; Song,
2001). ¥ Ao Al ofnnabd A4 FEFS 0.72%0°] a1,
Qo 7Hdo] A$ 0.89%=M AWM B} FeFe] o Eoku)l. Ea
CC-SCOzE ol &3kl AEd o] A9+ 0.82-1.20% He= A
Hel g ddr okt

ofo
ol

T 77%, A A e Agel=
6.7%R o, A olitstera AYE Bl A Ho] A wel A
Aol &7t °F 1% = Faste] oF 80%9 A4 AAES BTk 3
5C, 170bar, spray column® 7oA A elgt 7oA 7174 e A
ol ghfEe] glo] oF 84.5%9 AAES UEhdiew, W2 7H
S AF AAES Hel ZAE 45T, 100bar, spray column® *=7
o % ¢ 59.8%% AAES UEAT. ZAAGEH Y ojitstekA= W]
=49 =245 A9 o= Hejste A do] AAE L ojuf AAFE 2

s
A o geol TG 5 B A AY AEE TPy dagor
o

ol lojA 29de] Ty Aws HEAA TEo {83 4
S
(¢}

Mex oz zeA s (Mary, et. al, 1988), &<

AEE 28.9~30.96%0] 1, &
ol A& ste SAoletn & 5 A AN Ade A=A A
AL Aol 189, AW 52 2 T 5 3o Hole AdelA
Aol AT Folels o] S7kstaL Stk dubHo R A9 ¥
E=7F w2 Y] A9 sEE WE AYge] AiEa glow, o
o] HYEEs 12%00th & ATelA ARSE AlEzbdal dof 1he]
A T 12.87%9F 14.21%2 Adgbgo]l 49 s7t v Wokv
ol 7 el e Wyl s e ArbeES FRHAIRC w4
FR7F WA oR A2sgE Aow o] Ah. SCOE |83t
WS AP Aol 11.26~13.85% =M 113 Aol ws) 2 sx7h
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AT A dEd w W2 2E=G5T0)A ALl Aol AAe
E7F ¥ oskan, stEolut column®] F5 B ol de] Wstel thaiM =

—

2o 4?11 4gi(K1m 1995), el AW A 3F

FA st S FES Y ATIY AU A S EES TARA

S ym A dci(Jeong, 1981). 3+ S| 5

nmel A F3EE SAS A3 A e A5 5.27, Al A
5 =

o\

) e

o H7HAE Hrbsta Awtets AAS AAEA g Ao] o
Aoz B EZ CC-SCO; A2l F- tgel A=+ 5.10~6.22
A= A A Ao gl mvs 571 s, ol Ad A 22F 7t
ol wet 3o w5 @ A= Ho|m, 35T HT 45T A
7 o =skth = weiA s & 93] gle gleE Bt

$4ZF52 1/10N NaOH 6 mLS X 7FhS ) pH ®stE A9y
o A% 0.69, Ag A 1o A% 0.74EH A|HHAo] e 3g y
E} E‘r. Ee 29 74 A Foll ST 0.6+0.89 MAEHA A
g A A P HE) w2 ghe UEl= Ao E BT sHARE A
== web = 2ol & Holx| skttt =, 1HFe] el oA =
PA oliFstE A A FFS VAA Fe AR HelY U9
glutamic acid®} aspartic acid 59| ofv|w=2ky} ZAake] <ko] WolxH

3

s
AA =, £1dd FFI dFsol 7ot ol #
(e}
A



StE T (Kim, et. al., 2001).
A7, QA olabste A A A A, 2dAl ojibstEA
= (%7: 45T, 170 bar, spray and packed column)¢]
= AT A¥= Table 58 #2dth Ao A4 A=
o g+ Hol e gl obv=ite] F gl 6.86%c°lal 1 el
49 7.95%=M ABPFRG b Aol fg] opm|nwite] ko] %
UTH 1 AN A2 F 1S vlas] B AN (7.95%)° BlE] A
gl F HT41%, 7.64%)0°1 w2 ofvlmal & o] Ao,
packed column® 74-%-(7.639%)7} spray column(7.407%)°l W& =
e UEHAT. ol T4 3] Wt 3 vl Aol Tt
ool Wde] fgl ohvxAihS SCO, e wE ¥WgE dAgg B
of &st SCO; A Al I opm=qbe] FAol o) 227l H] 3|
Aol A fre] opmwake] ko]l ©f Yntar &Itk (Chun, et. al,
2001). & A7 A= SCO. Aol 9 g ofv|=Aite] o] 2+
g Ax o] o2 WAt
8 olmxAlE A #d BES dEld R AEEA M

AARAE Bl 9d Bhe Wit (Park, el al, 1997). d¥tg o=
o

o
2
e

ut

= b
fllo
o

L

glycine, hydroxyproline, lysine, proline, threonine<> P

0
methionine, valine, isoleucine, phenylalanine, leucine2 &4k,
glutamic acid, aspartic acide % 2HS = o= A 9 tH(Im,
1990; Nishimura, et. al., 1988).

Al ofu kS A% Bae] w2 glutamic acid<]
ol 7Hd Wol gryo v sl e (Ko, et. al, 1986) °l=
AT Aot dAGFAT. FE o= T B gro] AHE<
glutamic acid®} aspartic acid®] =S H] w3 XA, glutamic acid®]
B 2 Aol HE SCOx= A2l A A2 ¢S Ui vhd,

%

]

O
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Table 5. Free

amino

acid

composition

of

commercial

and

untreated soy sauce and treated soy sauce using SCOq

Sample Commercial Untreated Treated soy sauce”

Amino acid SOy sauce SOy sauce Spay Packed

column column
Phosphoserine 0.006(0.09)  0.007(0.09) 0.007(0.09) 0.012(0.16)
Taurine 0.002(0.03)  0.002(0.03) 0.008(0.11) 0.003(0.04)
Phosphoethanolamine ND" ND ND ND
Urea ND ND ND ND
L-Aspartic acid 0.217(3.16) 0.294(3.70) 0.412(5.56) 0.360(4.71)
L-Threonine 0.251(3.36) 0.281(3.54) 0.298(4.02) 0.290(3.80)
L-Serine 0.339(4.94) 0.412(5.18) 0.430(5.81) 0.425(5.56)
Asparagine ND ND ND ND
L-Glutamic acid 1.411(20.56) 1.667(20.98) 1.350(18.23) 1.543(20.20)
L-a-Aminoadipic acid ND ND ND ND
L-Proline 0.351(5.12) 0.364(4.58) 0.365(4.93) 0.358(4.69)
L-Glycine 0.211(3.07) 0.211(2.66) 0.234(3.16)  0.220(2.88)
L-Alanine 0.564(8.22) .0.547(6.88) 0.454(6.13) 0.481(6.30)
L-Cytrulline ND ND ND ND
L-aAminobutyric acid ND ND ND ND
L-Valine 0.357(5.20)  0.436(5.49) 0.433(5.85) 0.418(5.47)
L-Cystine ND ND ND ND
L-Methionine 0.105(1.53) 0.094(1.18) 0.097(1.31) 0.101(1.32)
L-Isoleucine 0.360(5.25) 0.428(5.39) 0.415(5.60) 0.423(5.54)
L-Leucine 0.570(8.31) 0.693(8.72) 0.647(8.73) 0.675(8.84)
(Continued)
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L-Tyrosine
L-Phenylalanine

B-alanine
DL--Aminoisobutyric
acid
y-Aminobutyric
acid

L-Orinithine

0.069(1.01)
0.347(5.06)
0.034(0.50)

0.030(0.44)

0.013(0.19)

0.837(12.20)

0.069(0.87)
0.444(5.59)
0.043(0.54)

0.022(0.28)

0.011(0.14)

0.914(11.50)

0.073(0.99)
0.409(5.52)
0.041(0.55)

0.012(0.16)

0.014(0.19)

0.834(11.26)

0.051(0.67)
0.408(5.34)
0.033(0.43)

0.006(0.08)

0.010(0.13)

0.895(11.72)

L-Lysine 0.232(3.38) 0.270(3.40) 0.134(1.81) 0.208(2.72)
1-Methyl-L-histidine 0.475(6.92) 0.588(7.40) 0.575(7.76) 0.575(7.53)
L-Histidine 0.082(1.19) 0.150(1.89) 0.165(2.23) 0.143(1.87)
3-Methyl-L-histidine ND ND ND ND
L-Carnosine ND ND ND ND
L-Arginine ND ND ND ND
Total 6.862(100) ~ 7.947(100)  7.407(100) 7.639(100)

Values means amounts of each amino acid

In soy sauce and

values of parenthesis means percentage of amounts of each amino

acid in amounts of total amino acid

Y ND means quantity not detected.

? (Classification according to sort of column
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aspartic acid®] A% 23|14 F7}stdth. £9S Y= A E<l luecine,
isoleucine, phenylalanine®] &2 SCO, A& ol wel z}po]ES YERY
Al kAL, @oks W= glycine, alanine 9A] AFol7b uA| kot
lysine®] 7%= SCO; Azl Aol #Ae3ith. SCO= e AT
B el obnmARe] Aol Wkt flon Xpolrh Aol 1he] Thel=

2 gee mAA & Ao Az,

S|
g
6o Awzg W A A 7] AR e wolt
SCO,= Aelalr] A 7 QoA Selw Wy P HRe F
34Folm, Ag gl AL 31F0| AT P Ade] FuA F7] 4R

9] A% alcoholi 11, aldehyde® 6%, acidi 6%, ketonef 4%
7

hydrazine¥ 3%, furans 71E} 3t 5F0] #AHAL, Al %

lo

74§ alcoholf 10&, aldehyded 5%, acid® 7%, ketonedd 2%,
hydrazine¥ 3%, furans 7]E 3}§& 4L = T4 HAY. 244 3}
3 &% alcoholi7F 7FY ®ko W, area®% @A = acetic acid7} 7FF
2 HEE AAEL e AeE YEw

& SCO= Agstds .z Ag FdolA &4
71480 WA &5 Hald Fig. 35 B g d 3Hel vl SC

O
£ ol&st e A Al 2 dle] fA @A el A

it
Ho
T
z
2
ofk

&

(Gracia, et. al, 2007)°4 F3HEol= 3ol ol YA &
gk 3ol EYjdra o, ol ] A AT = ol

stebaell GA =& 5 A7) "elgta Hush A2 Add = v

(Senoras, et. al., 2001).

ZAA olibsterA Ao ofg 1 We] I Fr] A AA

&S AR, 45T, 100 bar, spray column, 9&AS oA slel A =2

2
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Table 6. Volatile compounds

commercial soy sauce

of untreated soy

sauce and

Area%
Compound name R.T

Untreated  Commercial

SOy sauce SOy sauce

Acetaldehyde 3.33 4.555 15.674
Methyl-hydrazine 4.45 12.525 0.839
Isopropyl alcohol 4.94 0.209 2.611
Acetic acid, methyl ester 5.24 0.545 0.277
Isobutyraldehyde 5.85 1.442 3.558
Propylalcohol 6.28 1.585 ND
1-Propanol 6.65 ND 0.044
2,3-Butanedione 6.72 0.343 ND
Hydrazine 6.94 0.015 0.011
2-Ethyl-butyraldehyde 7415 0.931 ND
2-Butanone 7.28 ND 2.132
Ethylhydrazine 8.04 3.465 5.463
Ethanol 8.04 2.328 5.463
Acetic acid, ethyl ester 8.19 51.964 53.439
2—-Methyl-1-propanol 9.29 7.339 2.026
Pentanal 10.23 1.600 2.537
2—-Methyl-butanal 11.07 1.322 1.982
1-Butanol 11.47 2.236 1.315
2,3—-Pentanedione 12.60 0.073 0.200
Isopropyl alcohol 13.16 0.139 ND
2-Pentanol 13.44 0.031 ND
2—-Methyl-3-pentanone 13.95 0.098 ND
Propanoic acid, ethyl ester 14.01 ND 0.117
(Continued)
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Dihydro-2-methyl-3(2H)-furanone  14.88 0.273 0.101

3—Methyl-1-butanol 15.19 2.940 0.858
2—-Methyl-1-butanol 15.37 1.404 0.089
Isobutyric acid, ethyl ester 16.32 0.097 0.060
Methylbenzene 16.61 0.270 0.198
2-hydroxy-propanoic acid,ethyl ester 18.39 0.697 ND
3,4-Dimethyl-2-hexanol 18.46 0.978 0.005
Hexamethyl-cyclotrisiloxane 19.31 0.259 0.327
2-Methyl-butanoicacid, ethyl ester 19.86 0.024 0.021
Pentanoic acid, ethyl ester 19.94 0.010 0.041
5-Methyl-5-nonanol 20.82 0.120 0.476
2-Ethyl-butanal 21.61 0.036 0.030
Nonane 22.00 0.135 ND
4-Nonanol 22.02 ND 0.064
Butanedioic acid, dibutyl ester 24.64 ND 0.002
2-Phenyl-1-(trimethylsilyl)-1H-indole =~ 25.87 0.012 0.041

DND : Not Detect
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—
1

0.0 400.0x10° 800.0x10° 12x10° 1.6x10°
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Fig. 3. The comparison of total area according to each treatment

condition of soy sauce using SCOq
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35T, 100 bar, spray column, AA1&4S o

2y
R

o

i

Au)

£

BN

r\l

rf

AsteaE g 2hoIglY =, B AT E =& EERU5T0)9F W
&= (100 bar)ell A 2d 71 AAEC] w2 A= e
CC-SCO; 4= AbEsted 1Mol FrAEY AAES AT B
FoE= 20CHY 40T 60TAAA AAEC] £, 52 dEdA A
Ago] i 9=l (Kitakura, et. al(1994), ol& ¥ A3 ZA}eol &
AN AAETdE LA sloy, AN s dAA &k

=
o},

e olF et #HFEE AESZ+=  3-methyl-butanol, indole,
butyric acids°] ¢+, 3-methyl-butanol ¥ FHA o] A ==
=2 (Sugawara, et. al, 1985)81 FAldl IHAo] MAsls @Rol 23
A 2 Yol EHAFHE YERH(Ahn, et al, 1988; Ji, et. al,
1992), Indole> =u|ZFY wf g F7]E AT, Fhafo] Wolx|H
THWE o] el & FHE dun Basoe] dtk(Seo, et
al., 1996). Butyric acid H3F ZHge] o]FHAFe = waso] grk(Kim,
et. al, 1990; Ji, et. al, 1992).

Table 7~102 7k A =zio] uhs Ege] o2y 7] 4&
area%Z UERA Folt) Z} 7oA AHdsk 7He] 3y AR F
o] o]FH o 933 ux|= 3-methyl-butanol?} indoleo] 7
A8 AAY A & F Atk SN d=d HF W olF
(3-methyl-butanol, Indole, Butyric acid)2 SCO, =g]o] <3 1 <&
o] Z+astREd E3] ol EHF F7]E W indoled 73—?% 4
5C, 170 bar, spray column, 91&7; o]itstebAal =13 3
bar, spray column, 1574 o]AbslebAQl oA w|=F
o2 2= 4ds] AAFJ LM, butyric acides BE 2E
3] AAE A, 3-methyl-butanoli= ZE A oA 54
T gbge] faEoe] ] olF RS AAHUH

N

N,

P

i)

32

ox,
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Table 7. Volatile compounds of soy sauce using CC-SCO; at 45T,

170bar
Area %

Packed

Compounds name R.T Spray column column

cp”: CP: CP:

Soy sauce CO: COq
Acetaldehyde 3.35 7.32 1.75 7.02
Methyl-hydrazine 3.92 NDV 80.22 85.19
Dimethyl ketone 4.37 ND 0.35 1.49
Isopropyl alcohol 4.75 9.89 ND 0.07
Propanoic acid 4.95 6.09 ND ND
2-Ethoxy—ethanol 5.50 0.11 ND ND
2—-Methyl-propanal 5.82 4.21 0.18 0.99
1-Propanol 6.04 4.60 0.05 0.24
Acetic acid ethenyl ester 6.68 1.01 0.06 0.45
Z2-Butanone 7.08 2.33 0.08 0.39
Ethanol 8.03 3.28 0.29 0.71
Acetic acid, ethyl ester 8K 35.89 0.34 1.05
2—-Methyl-1-propanol 9.08 9.16 0.05 0.26
3—Methyl-butanal 10.22 3.39 0.16 0.91
2—-Methyl-butanal 10.89 3.87 0.11 0.54
1-Butanol 11.53 3.56 ND ND
Paraldehyde 13.21 0.25 ND ND
n-Heptane 13.97 0.14 ND ND
3—Methyl-1-butanol 15.18 1.92 0.12 0.05
2—-Methyl-1-butanol 15.40 1.07 ND ND
(Continued)
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Methylbenzene

Octane
Hexamethyl-cyclotrisiloxane
3-Chloro—2-methyl-2-pentanol
Nonane
2-Phenyl-1-(trimethylsilyl)-1H-indole
2-Propyl-1-pentanol
Thieno[2,3-c]pyridine
2-(2-butoxyethoxy)—ethanol
n—-Decaldehyde
Benzothiazole
3,5-bis(1,1-dimethylethyl)-phenol
2-Ethyl-2-hexen-1-ol
n-Tetradecane

Diphenylamine

16.63
18.51
19.34
20.23
22.03
25.92
26.89
34.15
34.71
35.38
36.03
45.65
46.11
48.18
48.45

1.06
0.06
0.66
ND
0.12
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

0.26

ND
0.28
0.07

ND
0.06
0.10
6.57
0.27
0.16
5.27
0.10
022
1.57
%88

0.22
ND
0.13
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

DND : Not Detect

C.P : Continuous Phase
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Table 8. Volatile compounds of soy sauce using CC-SCO; at 35T,

170bar
Area%
Compound Name RT spay column Packed column
CP: CPp: CP: CPp:
SOy salce CO2 soy sauce COq

Acetaldehyde 3.35 22.25 6.12 3.79 4.14
Pentanal 3.75 0.09 ND ND ND
Methyl-hydrazine 4.79 66.70 86.21 92.04 87.77
Dimethyl ketone 4.40 ND 0.87 0.56 0.77
Isopropyl alcohol 5.08 0.33 0.09 0.62 0.35
4-Heptyn-2-ol 5.25 0.04 ND ND ND
2—-Methyl-propanal 5.88 0.50 0.22 0.21 0.40
2—-Methyl-2-propenal 6.21 0.12 ND ND ND
1-Propanol 6.42 0.86 0.14 0.14 0.30
iiss[;i(iethyhhw) ot 3a0 ND ND ND 0.05
Acetic acid ethenyl ester 6.67 ND ND 0.12 0.12
2,3-Butanedione 6.76 0.16 ND 0M3 ND
Butyraldehyde 6.92 0.90 ND ND ND
2-Butanone 7.19 0.47 0 gL ND 0.13
Ethyl alcohol 8.04 0.16 0.45 0.64 1.06
Chloroform 8.18 ND ND 0.42 ND
Acetic acid, ethyl ester 8.26 2.69 0.62 ND 2.67
3-Methyl-1-propanol 9.43 0.77 ND 0.21 ND
2—-Methyl-1-propanol 9.43 0.77 0.21 ND 0.41
2-Butenal 9.77 0.58 ND ND ND
3—-Methyl-butanal 10.28 0.78 0.18 0.26 0.47
2—-Methyl-butanal 10.94 0.40 0.11 0.13 0.27
1-Butanol 11.62 0.39 4.10 0.18 0.19

(Continued)
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2,2-Dimethyl-butane 13.97 ND ND 0.03 ND
2-Ethyl-furan 14.08 0.10 ND ND ND
Phenol 14.68 0.06 ND ND ND
3—Methyl-1-butanol 15.28 0.21 0.08 0.04 0.06
2—-Methyl-1-butanol 15.45 0.09 ND 0.03 0.03
Methylbenzene 16.62 0.44 0.14 0.19 0.51
2,4-Dimethylhexane 18.47 ND ND 0.06 ND
n-Octane 18.47 ND ND ND 0.15
Hexamethyl-cyclotrisiloxane 19.33 ND 0.25 0.19 0.11
Styrene 21.31 0.03 ND ND ND
1,2-Dimethyl-benzene 21.47 0.12 ND ND ND
UND : Not Detect PC.P : Continuos Phase
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Table 9. Volatile compounds of soy sauce using CC-SCO;, at

457, 100bar
Area%

Compound name RT Spay column Packed column

CP: C.p: CP: C.p:

SOy satce CO2 SOy salce CO2
Acetaldehyde 3.32 15.43 43.59 72.72 35.42
Methyl-hydrazine 4.54 38.15 9.33 3.63 52.78
Acetone 4.41 NDV ND ND 3.10
Furan 4.64 ND ND ND 1.85
Ethyl ether 4.85 ND ND ND 0.17
Isopropyl alcohol 4.88 22.25 1.09 0.97 ND
2—-Methyl-propanal 5.85 2.51 4.54 2.62 0.70
2—-Methyl-2-propenal 6.18 ND ND 0.29 ND
1-Propanol 6.28 L, 1e) 1.74 0.04 0.29
Acetic acid ethenyl ester 6.66 ND L3l 74 ND 0.34
2,3-Butanedione 6.72 ND ND 1.09 ND
Butyraldehyde 6.89 ND ND 0.49 ND
2-Butanone 7 A LSl 1.86 1.68 0.32
Ethanol T80 4.03 6.10 2.09 0.93
Acetic acid, ethyl ester 8.21 6.36 14.68 4.44 1.13
2-Methyl-1-propanol, 988 1.83 2.0 0.00 0.30
2-Butenal 9.63 ND ND 1.82 0.22
3—Methyl-butanal 10.24 2.03 501 3.75 0.87
2—-Methyl-butanal 10.90 1.39 3.00 2.03 0.50
1-Butanol 11.54 0.62 1.39 0.51 0.13
2-Ethylfuran 14.07 ND ND 0.39 ND
Phenol 14.66 ND ND 0.49 ND
Paraldehyde 13.21 0.39 ND ND ND
3-Methyl-1-butanol 15.24 0.14 0.91 0.19 0.09
2—-Methyl-1-butanol 15.41 ND ND 0.08 0.09
Methylbenzene 16.61 0.68 2.11 0.67 0.43
Hexamethyl- cyclotrisiloxane 19.32 1.32 1.05 ND 0.34

UND : Not detect “C.P : Continuos phase
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Table 10. Volatile compounds of soy sauce using CC-SCO; at

35T, 100bar
Area%
Compound name RT Spa‘y column. Pacl‘ied columr%
CP: CPp: CP: CPp:
SOy salce CO2 S0y salce CO2
Acetaldehyde 3.35 10.74 0.08 1.47 1.66
Methanethiol 3.74 ND 0.02 ND ND
Methyl-hydrazine 4.39 44,18 92.94 93.40 96.78
Isopropyl alcohol 4.84 3.30 ND ND 0.30
2-Methyl-propanal 5.84 2.30 0.09 0.05 0.09
1-Propanol 6.18 2.04 0.12 0.10 0.04
2,3-Butanedione 6.73 0.72 ND ND ND
Acetic acid ethenyl ester 6.79 ND 0.02 0.05 0.03
2-Butanone 7.10 1.16 0.07 0.03 0.03
Ethanol 8.00 3.50 0.09 ND 0.12
Acetic acid,ethyl ester 8.18 16.59 0.52 @. 12 0.28
Acetic acid 8.64 0.52 0.00 ND ND
2—-Methyl-1-propanol 9.20 4.23 ®. 13 0.04 0.03
2-Butenal 9.44 ND ND 0.03 ND
3-Methyl-butanal 10.24 2.88 0.08 0.04 0.09
2—-Methyl-butanal 10.89 2.29 0.08 Sl 1 0.05
Carbon tetrachloride 1198 ND 0.46 ND ND
1-Butanol 11.45 %50 0.05 2.17 ND
2-Propenoic acid,
ethyl ester 13.65 ND 0.09 ND ND
1-Methyl-1H-pyrrole 15.18 ND 0.19 ND ND
3—Methyl-1-butanol 15.18 0.97 0.05 0.02 0.01
2—-Methyl-1-butanol 15.38 0.51 ND 0.02 ND
Pyridine 15.36 ND 0.01 ND ND
Pyrrole 15.73 ND 1.93 ND ND
Methylbenzene 16.61 0.81 0.33 0.09 0.12

(Continued)
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1-Ethyl-1H-pyrrole
2-Hydroxy-propanoic
acid, ethyl ester
Octane
2-Methyl-pyridine
2-Methyl- 1H-pyrrole
Hexamethyl-cyclotrisiloxane
2-Methyl-1H-pyrrole
3-Methyl-butanoic acid
2-Methyl-butanoic acid
Ethylbenzene

Styrene
1,3-Dimethyl-benzene
Isooctanol
2,5-Dimethyl-1H-pyrrole
2,4-Dimethyl-pyridine
3-Ethyl-1H-pyrrole
Benzaldehyde

Phenol
2-Ethyl-pyridine
4-Methyl-phenol
3,4-Dimethyl-benzenamine
Indole
3—-Methyl-1H-indole

18.46

18.36

18.46
18.46
19.06
19.32
19.50
19.50
19.94
20.34
21.28
21.32
21.47

22.01

22.50
22.50
23.49
24.24
26.44
28.93
32.76

37.89
41.36

ND

ND

0.23
ND
ND

1.51
ND
ND
ND
ND
ND
ND
ND

ND

ND
ND
ND
ND
ND
ND
ND

ND
ND

0.03

0.04

0.01
0.03
0.33
0.02
0.07
0.07
0.06
0.06
0.15

ND

ND

0.19

0.02
0.02
0.10
0.32
0.14
0" 37
0.21

0.29
0.10

ND

ND

ND
ND
ND
0.12
ND
ND
ND
ND
ND
0.02
0.02

ND

ND
ND
ND
ND
ND
ND
ND

ND
ND

ND

ND

0.02
ND
ND

0.04
ND
ND
ND
ND
ND
ND
ND

ND

ND
ND
ND
ND
ND
ND
ND

ND
ND

UND : Not Detect

PC.P : Continuous Phase
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3. &4 &/ 2AA olitstgA A 1P A F W
3.1 7

=]
AspHA AA HOo® FS4, &5, Bacillus sp.& 33t}
e TaRAdS AXe 9 Y48 Fo duidn dAPde
g Eo] ALetHA BEHlelE aio e shgReE A, ol ¢
3 AFE ARA EAe R Aol o das wael 4k
27F dojubs sAlell o2l 7HA FwAdRe] FAET. oM " 1
of Z3te A Ed = fFolgt Aol Ja e o RE g FA
of M, EEe] dglo] Hol & 7t Aol gttty B
Ho] dthLee, 1997; Lee, 1975). 3tARF AFol FEHL U=
4 A FAA AR o] 0.7~1.2%4 o] o]21 glo] 1]

e FoolMe BEG SGE7F FAA Ha gltkLee, 1999).

WA 2HEe] SCO, Mg LEB5T, 450)d we A% 717 5
¢re] Tt Wshe Fig 494 28kt A% 713t whet W] F
TTe S7retlen, 149 SCOxE o83l 35TCalA A& 45
A8 A zbE3 vas] 2 o spray column® ¢ EFd<7F 0.5
log cycle 3% Ao, packed column® 74Fo= E457F 1
log cycle A% B2 3oz YeRT, Hel SCOE o] &3 45T
AN A A= 35ColA Ak Aol vlegt 43dFS Y

P

A 717 sk 2 ZF AE R%(35C, 45T) wWE &
il g A 72 AT B A st
3 Wufle] Qo] Hi= HoR AEH AE AT EE A
45 734 Aok dck(Lee, et al, 1996; Chu, et. al, 1976).
WA 35T 49 A A gy vlws] B 9 spray columne]
A9 F kE 2o &E7F 0.5 log cycle A A2, packed

column® 7% 100 barZ A Aele g A3} vx3 5 B
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Fig. 4. The change of total bacterial count during storage period

for treated soy sauce using CC-SCOs at 35TC(top) and 4

5T (bottom).

@® : Untreated soy sauce, O: 170 bar-packed column, V¥:

170 bar-spray column, V: 100 bar-packed column, W

100 bar-spray column
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Fig. b.
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The change of yeast during storage period for treated soy
sauce using CC-SCOz at 35T (top) and 45T (bottom).

@® : Untreated soy sauce, O: 170 bar—-packed column, V¥:
170 bar-spray column, V: 100 bar-packed column, W

100 bar-spray column



Qom, 170 bard Ao+ 1 log cycle A% ] B Ao=x 1}
2378

45C9 A A= 35T AHg ¢ w7 &2 spray columné]
57} packed column® ZA$HUY g7} A2 Aoz e
83l 2L column AEIY W packed column® A9+ @& ¢
(100 bar)ellA spray column® A3+ =& (170 bar)olAd &=
7 e Aoz YehfSdth

A 713 E_kel bEel Zh Ae 2X(35T, 45T)d wE
Bacillus sp.2] W3l= Fig. 632 2t} Bacillus sp.i= & AHA 9
MAE Y Ao xuAFoR FH7F Al EApe] Holel m AL
A o8 22 99L& §WE B R Bacillus sp.d] E&A¢l At
o] "3ttty BWiEo] 9tHSong, et. al 2001). HA 35T 7
S Ag A HF3} vlas] B W spray column®] H-$- Bacillus sp.
7} Agk o} packed columnel 7§+ Bacillus sp.7} B Ao
2 Yelstth 283 22 column AH|Y u packed columne] 7
& & 4170 bar)dl Al Baeillus spZF B2 Ao2 UEIE oL
spray column®| -7 Stell wEbA 2 Zpo|7b yEhubA| 3kt

45C9 A7 Ald%E 35CY A zlek mR7IA 2 spray column
o] AL7} packed column® AL BB Bacillus sp.”} A& Ao=w
Uels ok 28lar 22 column JEIY w packed column®] 7 -5-%}
spray column® 7-$¢ E oA F& 4(170 bar)ollA Bacillus sp.
7t B2 Aow YEy:

319H(31.5 Mpa)d} 71 A1ZH120-180 min)e] A& F3l T4
Lo A Staphylococcus aureus®] WMAE FAS AHETL Ha
¥ 31 9l o (Sirisee et. al, 1998), COE 22 <= (6.1 Mpa)oll A
71 A ZFEot "3 A 71" Brocothrix thermosphacta®l & =
°F 5 log ¥ AN F vtz B89 tHErkmen, 2000). ©]

=
Ad asHdEle] olitste vt v T ndEe] 24E Ha
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Fig. 6. The change of Bacillus. sp during storage period for
treated soy sauce using CC-SCO; at 35C(top) and 45T
(bottom).
® : Untreated soy sauce, O: 170 bar-spray column, V¥:
170 bar-packed column, V: 100 bar-spray column, W

100 bar-packed column
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A e AE BHaso] glon, 53 & AToAN THE F
3 Q= BacillusE3 @R g A dEje] o]ibsieiae] 4
Tadd #FIAME Hixo] JquH(Spilimbergo et. al, 2003;
Isenschmid et. al, 1995). 7o W=W 90 bar, 60TelA
Bacillus subtilluss Z9A ZeEje] olitsterae] 6A17Fe] Az A
o E&8X43l7F 7Fsstttar Y (Spilimbergo et. al, 2003). o] gk
g9 MAYEES olitstetae fFeAdd HFEAY SUke s
4 99 Gl wet gA AxTS S ded
i (Isenschmid, A et. al, 1995), Al &= stollA Hrpgk o]
sletas AAY AxS Fyd] A Urzkal cell poole] 5% 9]
pH 7Hl¢} proton motive force®] Ao 9ol &3] g w}
g} U3-o] pHE 37| wj&olgta(Hong, 1999) A 3dtar Q. 2
Aol A Bacillus sp.9] QA FEje] o]itsters Ao oz ¢
A a2 HA Fokrt ol= old Aol Ay AHT HE
2ok &2 Ay A wEolgta Bz o] AW (Spilimbergo et.
al, 2003), 7+&<] gbds Wi ads ol YA olAtstE A
g A 20 GEE A AE d77F 87 E 3o® Helth

B Ao A spray columnell4 EY packed column® 7457}

ZFdF, &%, Bacillus sp. 2594 H &2 S 7HA = Zo=
Fa=s

i~

> ¥ 1o o

narh ol 7 A Zdd WE Al a4 e A %
2 498 & Qud $42 FES ARl A4t JYPon
o188 & ol MABY FH& W AL, 4G FE} o

A H A= ASe] gAldnar BaEo] tk(Lee, et al, 1975).
Table 3°14 KXol 2zt Ag] =1 ¥H FHA4 dFole= F3lgh Ao
7} $ley spray columns ©]-§ & wlET} packed columne ©]-&
3l S A A @ s=E7F ¢ W2 Ao ® Yy spray column
o8 Ag Al @ = Y3 A=Y BFo] AAE Holv. kA
9k packed column= °]-&3lo] Al gk 7Rl wAE A7 BH

PN
T
e AFEC ZAE HA e AR olmz e A
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S5O = o) -
= s A o

3.2. A% 71zl M e dutydE W3t

o] Z7oA SCO, A& B3l Ndo] AAR & 37T,
el A AetHA GAHom ofniibd A4, AR, 4550
Hsts SAsT

ofe] ZxoA HES SCO; AP sidle 45 ofrxibd dA
W3l A3S Ul Fig. 72 B A% 77kl uial 7hasks= Ae
S B3ow, A 60€A wAT FAE BT ol T AT
g AE g A4 713 Foll opveAbd AAvF faske B

=7

2001; Lee, et. al, 2002; Park, et. al, 1996; Chou, et. al.,
1998; Park, et. al, 1997).

olu| =AM A AE 7o =4 AR
o] AFE7F =Hm, olElacAt Al Sjuohgofes 2 Ay

TR E. A de 9l HFe AeHU=

SCO= A o] 2 #h= HEeH, A4 713k
T =2 #%S Uehid=E oZ2A $SCO: A 1Hgo] ofm| =i
A "ol B o 9Fd HFolglar Bzt (Song. et al
2001). 7+ A2 =3 Rglel wEt = Z Aels HERRA &Gkl
L, 35ColA Azlgh bl vlsf 45CelA AHelgh o] A7 7]
Tl ¥ oE2 obneAty da %k# el ATE. EE 100 bar
A2 7Bk 170 bar Aol £ #e BT

e A v ol ghrd Ak JAAVRE T AFoR &
Z9AY +AW Y carbonyl 38 E 3 amino acid, peptide,

protein 59 amino 3}3ES 7] = 3= maillard reaction®] Ak

N

A% £& 140w ¥
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Fig. 7. The change of amino nitrogen during storage period for
treated soy sauce using CC-SCO; at 35C(top) and 45T
(bottom).
® : Untreated soy sauce, O: 100 bar-spray column, V¥:
170 bar-spray column, V: 100 bar-packed column, l: 170

bar—-packed column
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E<Ql melanoidin &l 93] FAJEAHKim, 1995; Jeon, et. al.,
2002). SCOzE o] &sto] ofe] oA AHg el 4471t
e Aol WstE Ae d do 1y vlasty] 91 500 nm
oA FHEE At Ay Fig. 8% #Zdd. BE A9 1+
Z1zbe wey 7tk Ade Hlew, 53 A% 60
S7He Beld. ol sA7Igbel mE 1P 2w
A=A 7IRbe] dojdaE =
ol thJeon, 2002).
7l dd el FFE9F SCO, Ao &3
= et oy, AA7|zte] Frhstel welk SCO: A
7b mobth AY 2l wE WEE B 35C
2, 170 bar, spray column® 7%l 7F4 & 7= B3, 100
bar, spray column® ZA97} 7FE @e =712 By 943 o
& 100 barol A& Packed column®] 170 bardl 4]+ spray column
o] ZAME7}l =kom spray column® AfdE =& 4d A5
(170 bar)ol 4] packed column® 49 w2 (100 bar)dlA =
2 ZAATE Yetfidt 45C<Y A$, 170 bar, packed column®]
AL V¢ & =712 BYPar, 170 [bar, spray column® 7$-7}
F 2L S71E\ H1 St R% sl W J00 barclA+= spray
column®] 170 barel4+= Packed columne] &A%7}F E=9kom,
spray column® 7 $-o+= w2 (100 bar)el A packed column®]
B =2 99 49170 banolA & AMEE e
2 A= 1HES SCOE A atgls 45 AMEe] Ao
Atk A7 & ¥ SCOA g wE o] Apsto] tigk 7]z
= el A AT AR 714 98] 7] $elA = model systeme©ll
& Aom AAZIT
SCOE ol&ste] 7t oA A 3 Hde] A% 7]3kel] w

2 9359 WHEs 543 A3 Fig 99 2t
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Fig. 8. The
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change of browning during storage period for treated
sauce using CC-SCO: at 35C(top) and 45T (bottom).

Untreated soy sauce, O: 100 bar-spray column, V:

170 bar-spray column, V: 100 bar-packed column, l: 170

bar—-packed column
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Fig. 9. The change of buffer action during storage period for
treated soy sauce using CC-SCO; at 35C(top) and 45T
(bottom).
® : Untreated soy sauce, O: 100 bar-spray column, V¥:
170 bar-spray column, V: 100 bar-packed column, l: 170

bar—-packed column
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o< 1/10N NaOH 6 mLS H7FglS o pH W3tz SCO,
2 Age o] M de do ] Ms) =g A 7R
Eoto] 7HHo] ETHizlE Ay, 35°C 100 bar, spray
columng o|-&ste] A3 HFE Aefstis B Ao
o] &=Alo] Y=ol ulg}l glutamic acid, aspartic acid &2 o}v| =
Abab ZAE Sheko] FUbeke] fkEs o] wolxiths Halel dAEitt
(Joo, 1997). atAIRF A el wetxs= 7Y FARRE @& 2o

H7te =4 (Lee et. al, 1976), ¥ 23 A}
2 & o SCO, A7 o3 7+geo] A &

4. 7% W A4 7158 E29 54
4.1 Astaxanthin #7} 7+ W9 astaxanthin &% 53
74 Ule] astaxanthin®] &S EA4157] 948l standardE
300, 500 ¥ 700 ppm == AlFxsle I HIFAHALS Fig. 1034
2o P A S JjEow Y A Ad FEE HUF 1+
W] astaxanthin®] &S £8l4d, 0.1% < 0.3% H7F 7+ =
sheFo] zpol Aol HXA ekl 0.5% 1.0%<] H7F gl A9

astaxanthin %< 7H4 1 mL3 Z2H2F 509, 581 ppme] &}

4.2 Fucoxanthin 7} 1+ W9 fucoxanthin 3%F &4

g W9 fucoxanthin® FS 435171 98 standardE
0.8, 09 ¥ 1 ppm F&=2 wEo] 2 HJFAL Fig. 113 £
no FEFE H7F 1 W9l fucoxanthin®] ¢S tshd 0.1, 0.3,
0.5, 1.0% 7} 7+42] fucoxanthin &> ZF 7H4 1 mL 9 8.77,
11.17, 51.94, 88.09 ppm?] 422 FHfi=o] U3ith
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Fig. 10. The calibration curve of astaxanthin standard.
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v =122693x - 3250.1
R =0.9377
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Fig. 11. The calibration curve of fucoxanthin standard.
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4.3 AITC A7} 77 W9 AITC &% &4
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SR XA o] o]l F7ksl ol = SCOsE ©]8-3Fo] astaxanthin
& FEStE AHA Al Ad W] AAE T FEH e A

of 1 gl FUME Aoz wolth AT tzio] 6.039]
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Fig. 12. The calibration curve of allyl isothiocyanate standard.
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Table 11. The comparison of general ingredients of soy sauce

containing astaxanthin extracted from crab shell using

SOCs
Control! Soy sauce containing astaxanthin
0.1% 0.3% 0.5% 1.0%
Total nitrogen (%) 1.69 1.71 1.70 1.70 1.72
Amino nitrogen (%) 0.99 0.68 0.69 0.74 0.86
Crude lipid (%) 1.04 1.68 1.70 1.71 1.74
Saltness (%) 300, |\ MSUMA 3.4 4825 13.76
Browning

6.03 1Y 4.83 549 5.61
(0.D. at 500 nm)

Buffer action 0.70 0.79 ORI 0.81 0.82

D' Soy sauce extracted using. SCO. at 35C, 170 bar, Spray

column, continuous phase(soy sauce)/ dispersed phase(COs)
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Table 12. The comparison of general ingredients of soy sauce

containing fucoxanthin extracted from brown seaweed

using SOC,

Control! Soy sauce containing fucoxanthin

0.1% 0.3% 0.5% 1.0%
Total nitrogen (%) 1.69 1.71 1.66 1.75 1.71
Amino nitrogen (%) 0.99 0.87 0.92 0.93 0.97
Crude lipid (%) 1.04 1?1 1493 1.92 1.95
Saltness (%) 13.01 13.67 13.25 R0 7 14.03

Browning

6.03 Rl 7 5.91 o415 6.66
(0O.D. at 500 nm)

Buffer action 0.70 0.81 0.80 0.81 0.82

D Soy sauce extracted using SCO, at 35C, 170 bar, spray

column, continuous phase(Soy Sauce)/ dispersed phase(CO»)
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5.3 Allyl Isothiocyanate @7} 7+3¢] dutAgd B

AF Yol ZHE SCOE o83l AITCE FEdto] Mol 944
F5(0.1%, 0.3%, 0.5%, 1.0%)% A7t Al 1Hg9] drvkgi wiss
SCOxE o] 83t A3t 7+ (treatment condition : 35T, 170
bar, spray column, d&7% (XH4), EAMHCO))F wlwg A=

Table 133} Z3tt}.

>

g vhehiA ergra obvliiby Wl F§ ATl 0.99%9 W
e 1 gol Paslth Ade vE J5y 2a9 A7 3
39 BUs 2.55-3.01% WAZ FAAGA0w, H7} HEA} o}
Wl mek 4ol gFol T 49 wEE dETe nEd 3
S vehgon AITC A7t w2 Aele] waht gglth dawt
gaTol vl gaBor Wk FEt wFE BAT @F5e
ASE daTol wa A7t BErk ¥55S 5SS vehid

. A Vs EE H7H R AR ast

6.1 Astaxanthin #7} 7+3e] A% T s18-4 wis)
Astaxanthing F7} b 749 op]a=gbA = Ao 7|7HE WH3t=

Fig. 133 2y, ) = (astaxanthin| F87}F 7+ 35C, 170 bar,

spray column, A& (), FAHHCO))Y A5 A% 7|3kl o

2 0.9~0.7% WE YEFSE W, astaxanthin 7} &

L
uet A x27)9] opmmAaltyd o) el S7F vk S AT

rr

Aol o Zalld FR(EA T 2mhe] opmt dAAs M

o] SAEE AAsts TRI AN, 1 AFe] 2reA 44

= Fogt EAlel Aty THAE Fodivtar BaeEnk glvk(Jang
= )

et. al.,, 2003). He|SAHE =
Hge] 4 9-2] 7|3t wE ok WSlE Agele e 2y E
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Table 13. The comparison of general ingredients of soy sauce

containing allyl isothiocyanate extracted from wasabi

using SOC,
Soy sauce containing
Control” allyl isothiocyanate
0.1% 0.3% 0.5% 1.0%
Total nitrogen (%) 1.69 1.69 1.89 1.76 1.65
Amino nitrogen (%) 0.99 0.71 0.89 0.92 0.70
Crude lipid (%) 1.04 2.33 2.8 240 3 3.01
Saltness (%) L 2 Laal 1 d 21 N30 11.35
Browning

6.03 4.75 5.04 547 5.69
(O.D. at 500 nm)

Buffer action 0.70 0.82 0.80 0.78 0.79

V' Soy sauce extracted using SCO, at 35C; 170 bar, spray

column, continuous phase(Soy Sauce)/ dispersed phase(CO»)

_59_



Fig.

0.6 1

Amino Nitrogen(%)

0.4 H

0.2 T T

0 30

T
60

Storage Period(Day)

90

Browning(O.D. at 500 nm)
>
|

60

90

0.9 1

0.8 1

0.7 4

Buffer Action

0.6 4

0.5 1

0.4 T T
0 30

60

Storage Period(Day)

13. The change of amino nitrogen(top),

browning(middle),

buffer action(Bottom) during storage period for soy sauce

contalning astaxanthin.

@®: Non-contained soy sauce,

O:

astaxanthin 0.1%, V:

astaxanthin 0.3%, V: astaxanthin 0.1%, B astaxanthin 1.0%
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Hdt(Lee, et. al, 2002; Jang, et. al.,, 2003).

Astaxanthine 7} g -89 A% 7)3te] mE ZAAE W=
z2=T-9F vl 2AE] $18] 500 nmelA FFEE SHT A=
Fig. 133 #Zskth. A% %71 28 =¥ ATy 243t A
(4.5~5.6)= tZE7(6.0)el Al stetov A 7Ixke] F7heel
gt 7z} sk H AP Ae] AAst AErE Skt A 90L A=
ZToll vldl] ol Tth 90949 astaxanthin 7} F=H s
B AAE7E 18.2~19.39 ®flR =7t SUF a5 AAE Ax
<7F &3lvh. o= ZHol A7Fek= astaxanthin®] Ajo] FHAol
qgFS = Aoz AtmE,

g Al BAZHRE F5$ astaxanthing #H7F & o 1+
o] 4 wsts #Esh7] 93] 0.1 N NaOHE €S #e] pH W3}
24 4555 71 A3 Fig. 133 £kt Astaxanthing 3
SHA] @2 e HlE TR HEZ HUEeE 3Hgo] xUlde dFEe
< s UetHTE AR Rbrlel= A wARRE e UEYW
T Astaxanthin®] 7} &&= 2207t UEUEA] @gton,
1.0% s=A 7P 2 %e YHeideh ol=4 1.0% 79
T F20] JHE Fou ol AR 7IREe] S7tekel whet tixThe
S E=a 1= a0 B = 4

H

6.2 Fucoxanthin ¥7} 7H3< AF F 33k« w3

o FEES HUME e olmxAtd d4o WElE Fig 14
o Zokrt. A% 7]zte] HAojdF A o™, fucoxanthin &
25 HubskA & 7Hgel M8 fucoxanthin FEES = HE

5
7heE ] A9 opnmabd AaTE wokth M7 sl weEbA
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s z

Fig. 149} &t A4
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Fig.
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14. The change of amino nitrogen(top), browning(middle),
buffer action(Bottom) during storage period for soy sauce
containing fucoxanthin.
®: Non-contained soy sauce, O: fucoxanthin 0.1%, V¥:

fucoxanthin 0.3%, V: fucoxanthin 0.1%, B fucoxanthin 1.0%
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%2 He vl fucoxanthin FEEES &% HE H7bsk 7H49]
BF7F = e UEAT H7F skl wEkbde & Aol uE
WA ek skt

6.3 AITC 7l 39 A% T 33H3 wist

AITCE H7be zH3e] opmmsbd Ao 7178 W3lE Fig.
159} 2k A% 7|zke] AAAGSF ofneiby v Haskgle
o AITCE H7FskA] && Ho] Hls] AITCE v%= H=E H713
el 97 Ee 3s YT H7F s EE 0.5% H7F Al

2
o]
~
(o4

s

ol

=2,

L

oft
==

o “HEE S tPel B9t =2
e Jehg9th H7r sxdaE Z ZolE JEehgH @gtornt
1.0% #7F Aol 7F8 &2 ZHS YeRRIth. AITCE 713 7+

J
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Fig. 15. The change of amino nitrogen(top), browning(middle),
buffer action(Bottom) during storage period for soy sauce
containing AITC.

@®: Non-contained soy sauce, O: AITC 0.1%, ¥: AITC
0.3%, V: AITC 0.1%, l: AITC 1.0%

_64_



7.

A4 7Isd EF H7F Y FsA
7.1 Astaxanthin 7} 7+32] 3tk

7154 B4 b wE el axaAgS Hrber] 98 SOD
FAFRA, AARbFols, POV Asatksl AAsS d4d dAksiAQl
BHT$} vl ulste] A3 skl

el SOD FAMEA & bt A(H0) = ASA7]= R+
Zwjsl= pyrogallol®] %S FAste] yeiloe, o1 Aye=
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Fig.

16.
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Inhibition of  pyrogallol autoxidation(top) and
electron—donating ability(bottom) of five different soy
sauce containing astaxanthin and BHT.
Symbols are as follows: 1. soy sauce(control), 2.
astaxanthin 0.1% soy sauce, 3. astaxanthin 0.3% soy
sauce, 4. astaxanthin 0.5% soy sauce, 5. astaxanthin

1.0% soy sauce, 6. BHT 0.01% 7. BHT 0.1%.
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17. Change of peroxide wvalue of linoleic acid mixture with

the addition of soy sauce containing astaxanthin during

oxidation reaction time at 37TC.
@®: Non-contained soy sauce, O: astaxanthin 0.1%, V:

astaxanthin 0.3%, “: astaxanthin 0.1%, B: astaxanthin
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7Hg Skt
SCO.E o] g3ate] A3k 7Hol astaxanthin H7Fe3 S w2
rkstss ¢olr 7] 9& SOD FAFEAY, AA3ols, POV As4t
st A AdPeglth. 2 A43d Z3E HPLCE o|&& 3 72 &
=W astaxanthin 7} g9l astaxanthin®] 3} Aste] A
wof gttt 0.1%%F 0.3% H7lol A= astaxanthin®] W] = o
Azol A gk= FAksts A= FHIS w23k A
2 Yok 0.5%8 1.0% H7Ftel A FE b vlE w2
gitslss 7MY 237 YERTE o]24 astaxanthinFE &
0.5%°17% A7t Al 1Pl Aksts S S7HZE F s AoE Hel

7He 733k 3234 9 free radical scavenging A4S 7HATH
g A %QF‘%, el A sheEe] 1HEY ksl AA
719938k 84 F9 sueta dEA gled, maillard BHE9] HEA
&<l melanoidino]gfal &&Hx A Edo] 149 3atks) 2 7]
oqg3te 7HE F83I Ed=2 BasHol St (Yamaguchi, et al,
1974). Astaxanthine ASHAZA 9] s & = JoH(Lim, et.
al, 1992; Palozza, et. al, 1992), Z3sk ait3ixz 4#Z a
-tocopherol Bt} #-& 34tsh 58S 7R Qvtal B x| ¢l
(Schroeder, etf. al, 1993; Miki, 1991). 7F&3} astaxanthin Z}A| %k
o] 7}A= 3ibstsel Hla] A FastEERE ¢ astaxanthing
A7t qAstsS S A w2 dREES AYL Y= AeE #
ZE AT P AA T 7HA = @AbEsell astaxanthine] 7FA= 3

Aebee] Zgom Qe Aszhgol dojt Aotk (Cheigh, et. al,

v

7.2 Fucoxanthin 37} 7H39] dAtsA
SOD A4 543 DPPHe| tigh dx} 3ol A= Fig.
1837} #Z¢kar, thx+2 M= 32%A 3L, 0.1% fucoxanthinF=

_68_
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Fig.
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Inhibition = of  pyrogallol autoxidation(top) and
electron—donating ability(bottom) of five different soy
sauce containing fucoxanthin and BHT.

Symbols are as follows: 1. soy sauce(control), 2.
fucoxanthin 0.1% soy sauce, 3. fucoxanthin 0.3% soy
sauce, 4. fucoxanthin 0.5% soy sauce, 5. fucoxanthin

1.0% soy sauce, 6. BHT 0.01% 7. BHT 0.1%.
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Change of peroxide value of linoleic acid mixture with
the addition of soy sSauce containing fucoxanthin during
oxidation reaction time at 37 C.
@®: Non-contained soy sauce, O: fucoxanthin 0.1%, V¥:
fucoxanthin 0.3%, V: fucoxanthin 0.1%, E: fucoxanthin
1.0%
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(Giovannucci, 1999). o]# 3} fucoxanthin®] 3Hitslso] -3¢l kit
3t A3 HsadE YERNO fucoxanthin #H7F 1Hgo] FH7F 1+
Fol vl =2 gtst €4S YEd Aot

7.3 Allyl Isothiocyanate 37} 739 d&ataiA

A7t AITC 2% vk we 1149 ikslss SA
SOD A& d ¥ DPPHel of¢t HAaolso 54 ZA¥+= Fig. 207
Zokth. SOD frAb&Ad e A% F37F 2033 0.1%, 0.3% H7F 1+
o] 32%% W3 S YHelew, 05% H7F HFe B¢
46%, 1.0% -4 A% 50%< &4 Jepdch 34 ksl
BHT 0.01% ¢ SOD fAFEA =R %8 golu 0.1% H7F+9
AS-Hoe 9o 248 Y.

_4

DPPHel ¢Jg AAgds HAl SOD FARE S A A s
‘JrE‘rlﬂML‘?ﬂ 0.5% H7Hret - 1.0% F7HelA FH7En w2
A R} S Rygom AdEst Az dEF BHT 0.1% £H

ol Hl‘éﬁf‘i% @2 AATAq s BT

Linoleic acidg& 712 =2 sty HA3EZLE A3 Z3+= Fig.
213 zow v HzlAd Bl aAsse] »e Ao B
FA2719 0.1% F7ta = FAAstE717F Hisset A3 S Biloen, A
7HgE AITC &9 %ol a5 HAstE7E gAlso] & A=
B A

AITCE F2 44 SZENY 7w LeAdA old w3t
A7 Bol Fafxa o AstE AAEtE VTR TR AR
A A Atk Seo, et. al, 1995; Kumagai, et. al, 1994). ¥ A
oA zHge] mFge] FEES 1.0% F7F Al AITC7} 17 ppmeo] &
FrEol AJar ol wet FistEd S HEhlle o2 AT EH
AITCE H7FeE HgelM el Atetas A5 Ast a3s HAYs B
o] Ayjof ol At A A el AITC 20 ppm= 3 7Fsle] 30T A4
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Fig.
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Inhibition  of = pyrogallol  autoxidation(top) and
electron-donating ability(bottom) of five different soy
sauce containing AITC and BHT.

Symbols are as follows: 1. soy sauce(control), 2.
AITC 0.1% soy sauce, 3. AITC 0.3% soy sauce, 4.
AITC 0.5% soy sauce, 5. AITC 1.0% soy sauce, 6.
BHT 0.01% 7. BHT 0.1%.
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Fig. 21. Change of peroxide value of linoleic acid mixture with
the addition of soy sauce containing AITC during
oxidation reaction time at 37 C.

@®: Non-contained soy sauce, O: AITC 0.1%, ¥: AITC
0.3%, V: AITC 0.1%, B AITC 1.0%
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3043t A Al Abeta el o] AsfE o] wro] FAEA vt
(Kim, et. al, 2000). wetA] -] °F 20 ppme] AITCE 713
B Ata R S AsE ¥ oty kst S AL 5 9l
= ZoE 7|thEo] it

ool A AHE Al 7HA T 7T EEE UM e
drkstes gk A3 7bY w2 Akst A4S Yeidle s A
54 #H7F 4L astaxanthing  H7kgE pgoe= b AT
Astaxanthin® 723t dtstAl= &7 a-tocopherol®.th &4tst
sol Astvhar el el H7F e W= JHE AR kst 24
o°

S UEd Aew Y
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