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Summary

Kochujang, fermented hot pepper paste, was treated with combined high
hydrostatic pressure and heat. Viable cell counts and chemical compositions
of Kochujang were determined as a function of high pressure processing
conditions such as temperature, pressure and time, and during storage for
120 days at 37C. Viable cell counts decreased with the increase of
temperature, pressure and time. Viable cell counts in the treated Kochujang
decreased up to 0~3 log cycle with the temperature of 49~73C, 0~3 log
cycle with the pressure of 380~680 MPa, and 2~5 log cycle with the
treatment time of 10~70 min, compared with the untreated. pH, titratable
acidity, amino nitrogen, reducing sugar and ethanol content in the treated
Kochujang were comparable to the untreated regardless of the treatment
condition. Hunter L, a and b values in the treated Kochujang were higher
than those of the untreated. Viable cell counts decreased with the increase
of the storage period at 37°C. Viable cell counts in Kochujang treated at
380 MPa/30 min decreased up to 2 log cycle from 1.8x10° to 1.9x10*
CFU/g after 120 days of storage, while those at 680 MPa/70 min were not
detected after 60 days from the initial stage of 4.0x10" CFU/g. pH, amino
nitrogen and ethanol content decreased, and titratable acidity increased
significantly as the increase of the storage period. Hunter L, a and b
values also decreased significantly. The changes in physicochemical
properties of Kochujang treated at 680 MPa/70 min were greater than
those at 380 MPa/30 min.

Effects of high pressure and thermal pasteurization on the survival of

microorganisms and quality changes of Kochujang during 120 days of



storage at 37C were investigated. Viable cell counts were 1.4x10° CFU/g
in the heat-treated, and 1.5x10° CFU/g in the pressure-treated, and
decreased up to 3 log cycle, compared with 3.7x10° CFU/g in the
untreated Kochujang. Viable cell counts decreased up to 2 log cycle from
3.7x10° to 5.4x10* CFU/g in the untreated Kochujang, 4 log cycle from
1.4x10° to 3.1x10° CFU/g in the heat-treated after 120 days of storage,
while those in the pressure-treated were not detected after 90 days from
the initial stage of 1.5%10° CFU/g. pH decreased significantly during
storage. Titratable acidity increased significantly during storage, and the
pressure-treated Kochujang showed lower values than the untreated and
higher values than the heat-treated. Amino nitrogen content decreased
significantly during storage, and the pressure-treated Kochujang showed
higher values than the heat-treated and lower values than the untreated.
There were no significant changes in reducing sugar and ethanol content
regardless of the treatment condition and the storage period. Hunter L, a
and b values decreased significantly during storage. In the untreated
Kochujang, the changes in color accelerated compared with the heat and

pressure—treated.
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w3 FAAE] AAEE 1991 48833F ol 4 19980l = 86515E 0= 7
Abolell 772% ZF7Vete], dAFel AA st Hl&, 5 1Fo FEIe +
Ad] F7HE I ATHCEFF AR A, 2000).

Table 1. Annual Kochujang production(unit: ton)

Year Estirna.ted Fact?ry B/A(%)
consumption(A) production(B)
1991 149,300 48,833 32.6
1992 156,500 56,200 35.9
1993 160,900 64,600 40.1
1994 165,700 70,434 42.9
1995 160,200 77,058 48.1
1996 160,200 85,046 93.1
1997 159,700 85,586 53.6
1998 156,200 86,515 55.6
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7tE Aol &3 uFe F2 W

Kim (200002 a5 AlFel F8A TA7F H= 7t 2S4S oAshaL
b Fo HAES EAEEA ERE AMEAIE e W oE 50~70T
A 5~16% FF At 1FESs F5 A% 60TolA 158 7HEd A
e e AN SRV A FTAEHA @k
STk o] dAg FAAA a-amylase= DAl w2 ®37F gl o p
—amylase @A T =2 G777 Ascle IS BP9 A proteases 7HE
A2 609 olF WExTEY FUstRou A4 proteaser 809 ol % FHa

S A4S HAXL, ohwmay ArFe WIANT noh e FFE ug

(o

o aFFe] MEe L, oa, b gko]l FAsty Had A8 2elAe AE
kel o]zt . A AEEQ 5-hydroxy-2-methyl furfural(HMF)2 <7}3}

A3 F carotenoid % capsanthin &% 7l1Ex82 #HAsE FdS HA

Ohmic heating®] @& 2F7e £ W3
Cho 5(1994)& Aol il dFEZ7) shof 7] dAe 7t o=
T Z9AQ Hito] AHE IFY, HF T HoAREA AE &%

At F3E JEetr] fske] A7 A4 (Ohmic heating) 7FE Al&=¥lS 11
hatih g @ FEdEe] F% Vw2 E 30% olstd wWe dir
7} 324 go} Ohmic heating®] #§o] E7FsstA o, 30% ol dol A+

B F7kel Wk SRR 353 Fbekgnh

Kim $(1998h)& HEH wyow uFxds bt & Yoo #npde 15+
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golth. mehe
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o1l wel °F 0.1 MPa A

107 €

7hake, 7}

&3

300~900 MPa

1
o

sl =,

o] W37} dojkrt 400~500 MPasl A

dojubr], 500 MPa o]/l A=

bl 4 LhER

S

=t 200 MPa
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A sl8t2 WslE o] 83t o] tH(Hayashi, 1989).

GAP)E 2E(T) AF e duAFor EAstnm, Bd9 S
HstA7ls 98 JAARA Zmok FdstA olgd & sk wEA
FeE Ao o= Ao 9sle] A= aHE 7| FrF A

il

Z319te] durA ¢l Pel= Le Chatelier W&o w=m A
é_

Lin, 1996).
222 MAE g 214 AHEFH

2221 FHF W3

g Az PEjel FFE WA F =, Zobell# Cobet(1962)+=
MW gas vacuolesi= 0.6 MPa<2] <2 oA I %™ Escherichia coli®
A EE d7|telA] ASsAS o 1~2 m7b AAA<D Aol ksl 40
MPa @A 10~100 mel 7 HHWEES FAsdvtan Husisich AT

A o] @E% Escherichia coli AXE2l @9 ZAold AHEE el ¢

d

ot

olr

mycoides= °F 27 MPaollA 2~3w] o 21 AMEES FAsta, HAH
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7] tel Al ZetwlEe] oF 100w X1 HepWEE A3 tH(Zobell# Cobet,

53] Protozoa$t #& &4 AHAL A= 20~40 MPa®l ¢g=Ho=
AGAE Agstd aLgtel o3 Fx WslE $E57|ec] ZAAET. dF
S E. coli, Vibrio, Pseudomanas+ 10 MPa°l A flagellas AU+ w40
MPadll A= 1o FtH(Zobell?}  Cobet, 1962). ¢l 3 d4L F
7H9A e s vy, 9 5 Ao dEHE Ay gr s e
A% Ao (Kitching, 1957).

2222, HWAEA A ZL& T

durxlo g mAES o] hd WIZHA (baro-sensitivity) gram %A
A, &5, gram SAATe A2 =73t gl AL JUdAEE=E
A 719 Ao u|sfe]  sbEe]  WZFel i (Mackey &, 1995), €l g
A FAek Al ad Aol ad SATl Mgt gl Fis
Agdo] =Y Larson 5(1918)2> 300 MPa<2] txglel] <lslte] Ao
% Ao FAoA o= WEEH, ol Ade Ax¥ 27t
ot
Aste] EA= relol 78HtHCoughi, 1993). Shimada 5(1993)& 100 MPa
olgte] oA mEO Mt JFS wrom 400~600 MPa o]l A=
MEZ=golet Alxde]l WS 7hAHew, 300 MPa ©]%e] ¢dolA+=

=

Olr

FHFS e Aow FAY F vk AR FFole bl w9z

FHES SHAA Axdzde
71%& A3tA710] amino acyl-tRNA$} ribosome 3 mRNAS] A3, F&

AE WA 'Bae] E243E xdss AeR FA4EF Ut =3 Yano

L
4
o
ot
o
iy
A
=
o
2
S
N
rot
>
ﬁ
g
7
@
o
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(99 IV s VA ST Alxdoel  ¢hge

Hol DHASH 2 Exst Ak aststelA Axde] fFaids

EMARE o] g3te] EAM3+=4, Saccharomyces®< 250 MPaz 8-S

FshE A Ho] 250 FEHATIE Yo B9 10%we] wtgHoR

o

T FagAE F AEe Lol dojd ¢ Sle=H, Ao

sge fEEAR, Aol

i
£V

2.2.2.3. AF9 19t
2 Foll digh st aveE 2
sk=dl, 1899 Hite?} $-#2 690
AastdvhE Bt 9l
Horie (199D 7H47tad #AAe /Mdsida 199196 Afo=

Ane bsd Qe ARl Led

Pa, 102 A2 23 $-F52 nAdEo]

N
= )

.ﬂ

A dsl7] A AZAE (=, ER(S. cerevisiae®t Zygosaccharomyces rouxii)
ot ofyegl M (Staphylococcus sp., Salmonella sp., Escherichia coli)
TMA e A E vk Baska vk gk YT ew & u vk vhed
2] AR 27 w7l HlEke] 95%¢] HlEtwlS $Hrekal vk

Yukizaki(1994)+= ®| B2l 2% 3F(V. parahaemolyticus. V. holerae, V.
mimicus)< Al HFsted 0TelA 102 msrAgs 23 200~300
MPacll A w7} 5438 A% Avkal Barskith

Parish(1998)+= % *]2] Hamulin orange juice(pH 3.7)°] Zi1%+S A&

rot
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A3}, S cerevisiae®l AFEAE 350~500 MPaz  7}4A] D-valuee
4~76x= AF AL, S cerevisiae G FMT S D-valuer= 1~38% STt
g 57 ZagA A et TR AbEo]l #AEHULN, THEA
Aol agEdvoem WstEdva Basta ok 3lefE slice 340
MPa, 15% Al st AFdS A=A, HFAe] aRy AT
AP B ZHA 9] pH wiEel o E A o] i tH(Aleman 5, 1994).

nAEel] i tHe] S UMY Ake =8 ASEA wiHe =24,

N

Ab&ro]  tiwhe] Wk AWtz ow pH 46 oldte] AHAAES HE
g 7tE7lse &< wWg EHR7F Fow(Lechowich, 1993), A&

o FHe 49 A REAE&S dohDelfini 5, 1995). wEbA o] &3}

e FAAES AR AFEH>46)o) Ave A iR gEy 2k

sk glow ol gk A7k wol s At

2.2.2.4. EA XA ngAT
Aol 7he B AR Aol dEe FH T stuvl Al E AR
dteltt,. EE HEEZES 22 JtE¥Ae  oste] A Aol
b shAI Ry, a0 dA e AE Fdd 4 ¥& dF%S vA7] it
vz 5hA] et
o] FYgAEE 300~600 MPaol Al A=A vk Aldte] A= 1000
MPa ©]’¢] vf§ =2 g Ax oS 4 A thH(Smelt, 1998). TimsonZ}t
Short(1965)%= & 13TColAl 830 MPa9 I¢AHZ + YA mAES
wolsle vAlE XAl Haskal vk Tagi 5(1990)2 &5 < (pH 7)ol A
600 MPa® 60CoIA Az ste] Aite] ZTAAbHo] 7bssltia Kashsdt.
Johnson¥} Zobell(1949)2 B. subtilis®] XAE 9R6TAA 7FE =g shH
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FHEasE A, BEA MR Fvud =4e] sk

| 2&sith. AAE 100~500 MPa<
g ¢ 23 AdFE 400 MPa o]/de] AglelA A FAHAoH,
kol AT 300 MPa ool ¢tEAdgz ATt s mgtA e
ojstel B4 B o] Wzt A9 yehubA FRTh(E, 1996). HE=3F Hong
¥ Park(1998b)2 pH 4.07FA waA|zl SXxnvE 400 MPaolA 5&3F
Agstel AgsteE b AR ZRE HEFS AN, pH Astet
Lsdoel ogk A Abdle dojubx] @kom, xAZF  #ost=

&9 pectinesterase(PE)$} polygalacturonase(PG)E= &) & 2o

_\7‘_1‘

<= 7tsted (Hong ¥ Park, 1998a) =#9] ddst =& {FX ¥t Hishal
A

Delfini 5(1995) S. cerevisiae®} ZAHt& X353 sweet wined} A X%
= 350~600 MPaollA Ad¥FHo=w AdHEAvta B ustar 9t} Castellari &
(2000)2 @ Fo] A7]+= EEE A (crude cloudy)S 600 MPa/5 min, 60C/10
min Akl LS AT A, dAEet 2ugAY F TdTFe A
Aol Hlel 4 log cycle #Adtton FRo; AE HEHA FAUuT £
ZaskAd W s AP et Hlaste] AR RS FA

=
b Axey Alg¢ A a-value®t b-valueZt WEtdow Zagt A gA B9
=



W ZERE= 400 MPaol A= ¢4

66°C/400 MPa/60 min, 600 MPa/10 min # 2] =

A

[e)

R

o, dnkARt

Ao
H#E AT a-Amylase?]

1 AHE = 3

S

ofy

)

7
NJo

ol
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HEH - glucoamylase 2]

)
oj

ko] =

°

7}

=

650 MPaol A
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3f

5

°©

19 3
al
9]

o
e

Fohar \

)

%1—

EENOP RN

]’
;___':

k<]
hA

2001).

=
o,

FaLYg A
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. ## R

W
REFFL WHHEHALADY FHR) 64%, WFFT 64%, LEHT
15.3%, 2F((F)LEAFFF 8% ol4) 7.7%, B9 208%] &5 344%

Z3tele] A xZIHKIm 5, 1993) & oF 150 g¥ Edegd ZHE(0.15 mm

o

thickness, 15 cm x 20 cm)o. 2 & ¥%3}o] 30TCoAA 908 <A T A

AR AHESHATE B ARH T U S AFS FUSt BHtAT

249 gl W O 0TS FeFzolA 0B AR F FA WAA

al
Ak,

3.3. AFFY XA WH
23S pressure medium . 2 EH/H57F AY A 297 (MFP-7000, W& %]
600 ml, Mitsubishi Heavy Industries Co., Japan)®] processing chamber®l

2 31 hydraulic pump® pressurizing pistons A5AlA 7Hgstgoh 2549
2319 AP)E 680 MPa/30Rol A A& w49, 57, 66, 73C)F galatel, 7
3C/30ol A A 2] 4= (380, 480, 580, 630 MPa)S & &l3ste], 73 /680 MPacl
A A2 AIZH10, 30, 50, 70:) s EElste] AAEH. Ages w3dex
Aol A A A7k FoF vjEvlth chamber W

RO 2EE Z4stel GRF RO LhEhRIAT
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Yoke frame

r—

Top cover - |
ermocouple
Overflow piug \ P
————— Cross-section area B
Processxng /
chamber T High pressure container
- Aﬂ Constant temperature
I " water circulation jacket
2l I
{ Pressurizing piston
Constant temperature | «———Hydraulic cylinder
water circulation unit
(optional) |
|-
_ —
Low pressure piston | >
I
Cross-section area A —] :

Hydraulic unit
d

Yoke frame —
High pressure unit

Fig. 1. Schematic diagram of high pressure processor.

AR Slskel nFY AFAY wel exdel 2HE TN 449
% A w15 vhoh A RE Askel wAS,

0 goll "y A2 A54(0.8% NaCl, 0.1% Tween 80) 90 mLZ 7}
st A2olA 1683 e = AEE gdAE=Z §A3e], nutrient
agar(Difco Lab. &% 7%)°lA] H3 wjetsto] 37TAA 244 3F v k3t S

=

Uehhs colonydl % ASstgen, 38 w8 ZAste] Hitetdl



3.6. pH, AANE, olvl el d s 23
aFEF ok 5 go] =HS 25 mLE 100 mL ®lo] Ao Yol uwksle] A3}
=439, 01 N NaOH €402 pH 847F € w7t 2 A3}

it

A1zl % pH
of o] Wl 4u¥E 01 N NaOH €4 mL+E AR 15% 10 g Gz 3
Abate] At E YERddTh o479 mle] 01 N NaOH €422 pH 84%
ZAE 36% EXEddsl= &9 20 mLE 7Fste], pH7F "olXW 01 N
NaOH &4°x pH 84 7bA oAl AABsATHA). 22 =428 01 N
NaOH £9¢] ulegAgds st (B) thg 2ol wet Aitstdthlee %,
1997).

Aminonitrogen(mg%) = A ,% %(

A: 0.1 N NaOHE 2] A5 &A= (mL)
B: 0.1 N NaOH &<°] H}&A] & (mL)
F: 0.1 N NaOH & 99] factor

g cehs e Astsd g er S48 v(Shin 5, 1997d).
=, 250 mL @A ZepxFo] uFg oF 10 g @A dE 1 g 2 S/ 150
L o =1

o] wlaEFetiaae] HAo olzw Y& A A wlo] 100
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& 7betar, 1% A28 o 1 mL& 7hE

F %4 01 N HOodIES §
do A F ohe Aol wek ANsar

o= Y 0 _ H X F

T

H: 01 N B3 YESR §H2] A2Q2(mL)

F: 01 N gt EeF &4 factor

38. &G AF

13 o 1 goll SFFE 7ot #4 E£Fste] 500 mL= B&3 %
Whatman No. 2% o33tz o) 1 mLS #H3le] 3 mLe DNS A]eFS 7}
S 5E7F TEel A2 WZAs 31550 nmol A §HEE 5tal glucose &

TS o] g3te] FHALSHY tH(Miller, 1959).

rob

aFAe] A== color and color difference meter(Tokyo Denshoku Co.,
Ltd., Japan)® 33] Z743dto] LiH(E®), agt(H=%), bat(FH =)o 2 Yy
oM, AEE (AL? + Aa’+ab)'? o]}, o] W Wae] L a bt 247
96.25, -0.18, 0.24 ©] A},

3.10. T4 A
B Age] =3 A= SAS package(SAS, 1996)= o]-&3te] EA4 Agls
% ©™ Duncan's multiple range testoll ¢Jste] ®A3A 1, FJ94 HALS a

=0.05°11 4 A 23} 3A
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V. BR R B

4.1.1. 231 Ag=zdd & 1F37FY Ads dst
AA duAdRSs ot 1L

MPa® Agste] Ao Wsts A0, MAds ddads e v
efetitt. webd aFF Fo wAE dds fEHe 2

a74" Aow FAHAT olE fte] WA ugelA AHexd EAE F
st flete](Table 2) 115745 680 MPa/30%- A 49, 57, 66, 73C & A g
sk, Avdas T8 57 Bldte] 0~3 log cycle #AsEATE 2
oA AT Agos AdEIdsE HAeH wete] s HES 44
A E vt =4 dewed, ole 223 age] A A A7 A
gto] =& A AY ddoe] YERY, AlEY F ¥ Ui gy Ho] MAgE
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Table 2. Changes in viable cell counts of Kochujang treated with high

hydrostatic pressure

Temperature Pressure Time Viable cell count
(C) (MPa) (min) (CFU/g)
untreated 3.7 x 10°
49 630 30 1.8 x 10°
57 630 30 15 x 10°
66 630 30 2.0 x 10°
73 630 30 15 x 10°
73 380 30 1.8 x 10°
73 480 30 54 x 10°
73 530 30 3.8 x 10
73 630 30 15 x 10°
73 630 10 34 x 10"
73 630 30 15 x 10°
73 630 50 3.2 x 10°
73 630 70 40 x 10"
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Table 3. Changes in pH and titratable acidity of Kochujang treated with

high hydrostatic pressure

Temperature Pressure Time Titratable acidity

(C) (MPa) (min) pH (mL/10 g)
untreated 4.76+0.08" 15.4+0.1%
49 630 30 4.81%0.01° 15.8+0.1%
57 630 30 4.78+0.01° 15.6+0.1%
66 630 30 4.80+0.07 15.3+0.3%
73 630 30 4.750.04° 15.8+0.2°
73 380 30 4.77+0.01° 15.60.3"
73 480 30 4.79+0.06 15.6+0.2%
73 530 30 4.78+0.02° 15.2+0.9
73 630 30 4.75+0.04° 15.8+0.2%
73 630 10 4.75+0.01° 16.1+0.5%
73 630 30 4.75£0.04° 15.8+0.2°
73 630 50 4.73+0.02° 16.0+0.1%°
73 630 70 4.73+0.02° 16.1+0.1°

The same superscripts in the same column are not significantly different at

5% level by Duncan’s multiple range test.
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Table 4. Changes in amino nitrogen, reducing sugar and ethanol content of

Kochujang treated with high hydrostatic pressure

) Amino Reducing
Temp. Press. Time n Ethanol
(C) (MPa) (min) futrosen sugat (%)
(mg%) (%)

untreated 158.0+5.7% 18.6+1.23 1.32+0.05°
49 680 30 161.0+1.3" 17.4+2.14 1.29+0.04°
57 680 30 161.2+2.8% 17.4+2.3% 1.26+0.02°
66 680 30 159.1+6.4% 19.2+1.4% 1.31+0.06°
73 680 30 159.4+3.3% 19.3+0.1%" 1.32+0.16°
73 380 30 159.9+2.4% 20.7+1.7" 1.28+0.16°
73 480 30 157.3+4.1% 15.8+3.7¢ 1.31+0.01°
73 580 30 1674+1.3° 17:7+1.9" 1.33+0.01°
73 680 30 159.4+3.3% 19.3+0.1% 1.32+0.16"
73 680 10 164.8+0.1% 17.7+2.1" 1.29+0.01°
73 680 30 159.4+3.3% 19.3+0.1% 1.32+0.16°
73 680 50 162.0+4.5% 21.3+1.1° 1.26+0.01°
73 630 70 156.8+5.0° 18.1+2.28bcd 1.34+0.13

The same superscripts in the same column are not significantly different at

5% level by Duncan’s multiple range test.
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Table 5. Changes in Hunter L, a and b values of Kochujang treated with

high hydrostatic pressure

Temp. Press. Time

L b AR
(C) (MPa) (min) 5

untrt 15.38+0.21°  16.53+0.19° 9.26+0.14° 83.09+0.15%
49 680 30 16.11+0.08° 17.94+0.14™  9.76+0.05™¢  82.74+0.11™
57 630 30 1558+0.28% 17.14+0.69%  9.29+0.40° 83.03+0.10°
66 630 30 15.94+0.12°¢ 175340249 971+0.12°¢  82.80+1.04%
73 630 30 16.38+0.37% 17.69+0.49°"¢  9.97+0.30""¢  82.45+0.24
73 380 30  16.65+0.40° 17.26+0.49°  10.16+0.30"  82.11+0.25°
73 480 30  16.35+0.34™ 17.40+0.41™¢  10.08+0.23"™  82.42+0.21¢
73 580 30  16.32+0.23" 17.42+0.22"¢  998+0.12  82.44+0.17
73 680 30  16.38+0.37% - 17.69+0.49™¢ . 9.97+0.30™™  82.45+0.24%
73 630 10 16.07+0.01°  17.77+021°9  959+0.08%  82.72+0.05™
73 630 30 16.38+0.37™ 17.69+0.49"¢  9.97+0.30""¢  82.45+0.24
73 630 50 17.27+0.10°  18.20+0.09° 10.36+0.08"  81.74+0.10'
73 630 70 16.33+0.11™ 18.04+0.10°  9.96+0.09°™¢  8257+0.07"¢

The same superscripts in the same column are not significantly different at

5% level by Duncan’s multiple range test.
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Fig. 2. Changes in viable cell counts of Kochujang treated with different

high hydrostatic pressures at 73C during storage at 37TC.
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Table 6. Changes in pH and titratable acidity of Kochujang treated with

high hydrostatic pressure at 73°C during storage at 37T

Treatment Storage period Titratable acidity

I
(MPa/min)  (day) b (ml/10g)
0 4.77+0.01° 155+0.3!
15 4.75+0.01° 16.7+0.4"
30 4.62+0.01™ 17.4+0.1"
45 457+0.01¢ 18.2+0.1%
380/30 60 4.59+0.01 19.1+0.1¢
75 457+0.09° 18.9+0.4°'
90 4.59+0.01¢ 19.5+0.5°
105 454+0.01¢ 19.5+1.3°
120 4.31+0.012 21.6+0.2°
0 4.73+0.02° 16.1+0.17
15 4.64+0.01° 17.4+0.1"
30 4.54+0.01¢ 18.6+0.1'
45 4.45+0.02° 19.5+0.1°
680/70 60 4.43+0.01" 21.2+0.1°
75 4.48+0.02° 20.5+0.2¢
90 4.42+0.01° 21.4+0.1¢
105 4.35+0.01% 22.4+0.4
120 4.18+0.01" 23.8+0.2°

The same superscripts in the same column are not significantly different at

5% level by Duncan’s multiple range test.
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Table 7. Changes in amino nitrogen, reducing sugar and ethanol of
Kochujang treated with high hydrostatic pressure at 73°C during storage at
37T

Treatment Stor.age Amino nitrogen Reducing sugar Ethanol
(MPa/min) Izzz;);i (mg%) (%) (%)
0 159.9+2.4" 20.7+1.7" 1.28+0.16™
15 168.0+2.0° 19.7+0.2* 1.09+0.05">
30 167.8+0.9° 18.0+0.1" 1.09+0.01**
45 169.9+0.1° 18.3+0.2" 1.07£0.02°>%
380/30 60 161.0+1.7 18.5+0.1" 0.79+0.01°%
75 161.7£1.6" 17.9+0.1> 0.99+0.01"%
90 157 8+2.7" 19.9+0.2° 0.93+0.01°%"
105 148.1+4.3% 19.8+0.2% 0.91:+0.01°%
120 144.1+3.6° 17.2+0.3° 0.80+0.01°%
0 156.845.0 18.12.2" 1.34+0.13"
15 161.8+2.4" 18.6+0.1" 1.06£0.01°>%
30 162.4£1.1° 19.4+0.1° 1.00£0.01°><"
45 158.4£1.7° 18.7+0.1" 0.94+0.01"%
680/70 60 149.0+2.0% 18.0+0.4" 1.13+0.01*
75 149.9+2.6° 17.5+0.4% 0.79+0.01°%
90 147.3+35% 19.7+0.1% 0.75+0.01%
105 138.9+1.2° 19.5£0.4™ 0.74+0.01¢"
120 134.0£5.2° 16.7+0.2° 0.71+0.01"

The same superscripts in the same column are not significantly different at

5% level by Duncan’s multiple range test.
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Fig. 3. Changes in viable cell counts of Kochujang treated with heat and
high hydrostatic pressure during storage at 37C.
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Table 9. Changes in pH and titratable acidity of Kochujang treated with

heat and high hydrostatic pressure during storage at 37C

Storage ) .
) Titratable acidity
Treatment period pH
() (0.1 N NaOH mlL/10g)
ay
0 4.76+0.08" 15.4+0.1'
15 4.65+0.01™ 16.4+0.4"
30 455+0.01¢ 18.2+0.1°
45 4.50+0.01™" 19.3+0.3"
Untreated 60 4.46+0.01%" 21.0+0.3
75 4.40+0.06' 21.8+0.2°
90 4.42+0.01" 21.9+0.1%
105 4.34+0.01' 22.6+0.8%
120 4.08+0.03" 24.9+0.1°
0 4.76%0.05" 15.6+0.1'
15 4.62+0.01>4 17.5+0.1'
30 4.59+0.01°% 17.6+0.1°
fg i
Heat treated 45 4‘52to.o1f i 18.3i0.3h
(S0T/30 i) 60 450+0.01% 19.6+0.1
i 75 4.44+0.,09" 20.8+0.1%
90 4.47+0.01%" 20.7+0.1"
105 4.35+0.01 21.9+0.4%
120 4.15+0.01™ 23.0+0.4>
0 4.75+0.04% 15.8+0.21
15 4.67+0.03" 16.7+0.2
Pressure 30 458+0.01% 17.8+0.2'
45 4.48+0.015™ 19.3+0.1"
treated 60 4.49+0,021" 20.5+0.1°
(73C/680 75 4.46+0,02¢" 20.9+0.2%
MPa/30 min) 90 4.47+0,02¢" 21.5+0.2¢
105 4.34+0.01' 237+15°
120 4.15+0.03™ 23.3+0.2"

The same superscripts in the same column are not significantly different at

5% level by Duncan’s multiple range test.
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Table 10. Changes in amino nitrogen, reducing sugar and ethanol content

of Kochujang treated with heat and high hydrostatic pressure during

storage at 37C

Storage ) ) )
. Amino nitrogen Reducing sugar Ethanol
Treatment period
(day) (mg%) (%) (%)
0 158.0+5.7°% 18.6+1.27d 1.32°
15 168.2+1.2° 18.4+0.170cdef 1.13%
30 168.3+4.5 19.3+0.1*" 1.00™¢
45 167.8+1.5% 19.4+0.17 0.80°"=
Untreated 60 158.0+1.9°% 18.3+0.17cdefe 0.76%
75 150.7+1.1® 18.6+0.3%¢ 0.78%
90 153.2+1.6% 19.5+0.47 0.68%=
105 145.4+0.1%" 18.7+0.17d 0.65°
120 139.4+1.4™ 16.7+0.6°% 0.54*
0 161.1+4.8™ 18.6+1.3™ 1.28%
15 158.6+0.1¢ 19.7+0.4% 0.96°%
30 157.2£0.4°% 18.5+(.1%cd! 0.94°%"
Heat treated 45 o ee e 18.1+0.17%® 0.93°
) , 60 145.6+0.7™ 17.6+0.3°' 0.86°4¢"
(B0C/30 min) 75 140.8+2.17 17.0+0.2° 0,79t
90 134.7+7.79 18.8+1.6% 0.75%
105 130.9+0.6™ 19.1+0.4™* 0.64°
120 127.4+0.7 16.5+0.2° 0.61%
0 159.4+3.3° 19.3+0.9" 1.32°
15 165.3+1.4% 19.1+0.1% 1.13%
Pressure 30 160.6+2.3" 19.7+0.1*" 0.92°%f
treated 45 157.1+2.4%% 20.2+0.2° 0.87°!=
60 150.6+0.8" 18.8+0.27¢d 0.83°4f=
(73°C/680 7 148,741 3% 17,94 Abeete 0.88°f
MPa/30 min) 90 144.9+2.6" 20.3+0.1° 0.91°%f
105 134.8+3.41 19.8+0.1% 0.64°
120 135.8+2.7™ 16.6+0.4" 0.73%"

The same superscripts in the same column are not significantly different at

5% level by Duncan’s multiple range test.
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