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Quality Changes in Kochujang treated with High Hydrostatic Pressure
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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 37°C. Viable cell counts
were decreased with the increase of temperature, pressure and time. Viable cell counts in the treated Kochujang
were decreased up to 0~3 log cycle with the temperature of 49~73°C, 0~3 log cycle with the pressure of 380~680
MPa, and 2~5 log cycle with the 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 regard-
less of the treatment condition. Hunter L, a and b values in the treated Kochujang were higher than those of
the untreated. Viable cell counts were decreased with the increase of the storage period at 37°C. Viable cell
counts in Kochujang treated at 380 MPa/30 min were decreased up to 2 log cycle from 1.8 x 10° to 1.94 x 10
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 4.00 x 10' CFU/g. pH, amino nitrogen and ethanol content were decreased, and titratable acidity were
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.
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EolETi®, AubH o2 20~25°ColA 400 MPa o] 3L
o AR PAEY] JUEE A, ZAE APEA]
7171 HsiE 900 MPaol st vlEo] w2 Wik X7}t
f7HEE Ao dEA U,

e 2 AdAe £40] 98E a5 2ughd
WA S 83k AR pas 2 T} 37°C
A & F4d wske s

I Az I3RS DRREALATY] FHE) 6.4%,
WEIHE 6.4%, 7N 15.3%, AF(G)LEAE G 88%
o)) 77%, ER 29.8%° BE 34.4% E3tate] A zEHO
% o 150g¥ E¥|ol€dl WE0.15mm thickness, 15cmX
20cm)S 8 HTIAE 30°Co)A 90Y &4 T AFAR
2 ARSI T3 A B e SAF AES sk 2
28Tt

a3l EAE: 1FAS o | o 80°Ce] qe
ZoA 3087 AEE F FA] YA AT

FF3Ae) 23PN IFFS pressure medium® E EF
F7F AR AY7IMFP-7000, W82 600 mL, Mitsubishi
Heavy Industries Co., Japan)®] processing chamberol] 237,
hydraulic pump= pressurizing piston2 N5 A 71Y5HA
oh I3l 239 AEE 680 MPa/30%-olA] X8 &2(49,
57, 66, 73°C)E 2alsle], 73°C/30R04 A 219H (380, 480,
580, 680 MPa)2 @)3}ad, 73°C/680 MPaol| Al 21X 7H10,
30, 50, 70 EEIste AT AT ¢
22 olgst mysALH, HadH AN
"WjErtth chamber WH-] X5 2435 Hadl gros v
BRI SiTh

ALY 7HEAE S Y8l 233 A=l Aee v
off I 37°ColA LT AsIAA vhisdnit AEE
Fate] B89}

A AME F 10gd HaE A2 H94(0.8% NaCl,
0.1% Tween 80) 90 mLE 7}8lal Aol 1587 83
T AIEE UAEE 345, nutrent agar(Difco Lab. D%
T 7% H ajoksted 37°Co) Al 24X 7F wisk $of) b
ERE colony®] 55 AlG3idon, 33 whiE Z4ste] 3
3k

pH, AARAXNE, olug @A w3 oF 500 FHS 2

E 100 mL Hlo|A| Yo wtste] FA3AZ T pHE
£43303%, 0.1 N NaOH €02 pH 847} € uwj7}A] 3
Asted olu) 4B]E 01 N NaOH €99 mLF5E A8 I
4 10g Bo= Fidsle] AHAEE Vehth o7
U2l 0.1 N NaOH &9°% pH 848 %3¥ 36% EEY
3= & 20mLE 7}5ted, pH7} HolAH 0.1 N NaOH
SHoZ pH 847K oAl AASGTHA). 2 2FoZ (.1
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A: 0.1 N NaOH €92 A& HA % (mL)
B: 0.1 N NaOH £2] ulgAl S (mL)
F: 0.1 N NaOH &<2] factor

oehg: 1379 oehe T2 itsjeel
ST, F, 250 mL fAFepF| A o 10g3 &
g 1g 2 SFS4 150mLE 7FskaL, 712 100 mL W)
2EHAAE ARSIM 7] SRE Bt SRl
dlaFetae) Bl o|2d ¢71& AAIA wel 100
mLZ 4835t o] SFY 10mLE 250 mL H2-Eekia
of gk ¥ 02 N FAEME &A& 10mL 7Fshal, oA
A F2 10mLg 283 shet F£4E& 2a wHeAR
ok ZFF 100mLe} 8% 2.0 =3E 49 65mLe 713}
T, 1% AEEA F 1mLg 7HE F FA 0.1 N Hodt
UEF §do2 AT § i Aol wet Adsiait

2
ol
oE
o
fru
A

2

GER(wit%) = 23X (10-F2XF) + A &% ()
H: 0.1 N E|3PIEF A9 48 %F(mL)
F: 0.1 N B3} ER 899 factor

A I & 1go SHTE Ut B4 £33k
500 mLE 43+ & Whatman No. 22 o#3}5., N4 1 mL
£ 2%kl 3mLe] DNS Aok Jhe & 5B SRk 4
< yzret & 550 nmollA SFEE F3AL glucose HEE
AL olgste] AR

Az, 7&EFo] M= color and color difference meter
(Tokyo Denshoku Co., Ltd., Japan)Z 33] =43td Lat(H
), aAEEE), bEAE)CE JEMSSH, AEE (AL?
+A+AB)POI ALY, o] W) WA 1 a, bR ZHZ 96.25,
-0.18, 0.24°13t}.

SAAY: £ 24g9 &4 ZI= SAS package'E o]&-
Blo) EA1x 215192, Duncan’s multiple range testol] 2]s}
o B39, oA AL a=0.05904 AlFTE

[

o} 2 D&
=00 XMeE|=Ho| e DA M WS

HA gL Bty IFFS JRF 40°CelA o
£ 400, 600, 680 MPaE A |ste] A4 W32 =45}
ded, nAE dgade o s o 254
Z9] nAE AAS e 2342 HEHY 4 7=
Aoz #4355 olE $8te WA gelA A2z
s =457 Y3l (Table 1) 2532 680 MPa/30%o]
A 49, 57, 66, 73°CE A=, A4 FHE 15
ol wlgked 0~3 log cycle ZA3tT) Ad2ddlA] LA
0] Agoll= Aradrt ARed Wele] 12 BEd A
- AFEHAT =A JEhdEd, ole 22 19ke] 279
A Alg AR Ao =AY Aol veRY, AlE
9w g4 R Aol HAEGY BEed RHoew F
At QA Taki FUOL Ao vl &gt HAd
A7t A = Bacillusgs o}FEA T tdted 60°Cel 71
< Hg3lo] A3 AgaasE A, Miyama 5% &
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Table 1. Changes in viable cell counts of Kochujang treated
with high hydrostatic pressure

Table 2. Changes in pH and titratable acidity of Kochujang
treated with high hydrostatic pressure

Temperature Pressure Time Viable cell count
O (MPa) (min) (CFU/g)

untreated 3.78£0.31X10°

49 680 30 1.83+£0.04 X 10°

57 680 30 1.54£0.38 X 10°

66 680 30 2.00£0.01X10°

73 680 30 1.56 £0.19 X 10°

73 380 30 1.88£0.01 X 10°

73 480 30 543+137X10°

73 580 30 3.89+0.15% 10

73 680 30 1.56+0.19 X 10°

73 680 10 3.41£0.83x10°

73 680 30 1.56+0.19 X 10°

73 680 50 320+ 1.13X 107

73 680 70 4.00£0.01 X 10'

& 600 MP/10E0A 60°CE A B8RS o] 27) Mok
7F ¢k 10%0A 10" CFU/mML7ER] Z4stgcky Barstdch
w2b &) gl 1000CY T FALEAE &
ol viable cell colonyE HA 3= Bacillusé: o lEZAMA 5
o] #oHo] e ZoE LA Yeut®, AT 9
g e 4 WiHde] 5o gt A9 oERe= A
Ad 71 AUk

g ¢g9 aHE FHs] Astd 1FES 73°CROE
ol A 380, 480, 580, 680 MPa® AT, AFFE &
28] 3157l Hl3led 0~3 log cycle A dle], MAYE 27
e AMEgEe St ulE SUK RoE Hol 3%
F9 AR AFE F8Me =2 ¢8o] 2= 3
Zele 297 do] oF i ded, ol AR 2
3% ANl 2 aFE dAlske AoE EEA Ydenl®, o
of ot o A AAEHE & 8o XHE 5 ).

AFAL T2/TY F, 73°C/680 MPacllA] 10, 30, 50, 70
o8 AZke ggste Azedet, Adse §38 2
Fael vt} Ax| 7| waEt 2~5 log cycle 43T
ol AFE IO E A3 ¢EHol £HHoE MY

9 FAY 23S FAY AFFe] Aais) e
Z7e® Farrox A @B CANRE)IR=H, Bitre
1.43X10° CFU/go2 Fxg] 25372 3.78X10° CFU/g} ¥
et B W 2 A48 dE vttt ole AlEEHIT 3
© SAH AFEE B4% 43 A7 834X 10° CFU/g
A ZoR Hol, EXWORE IFA vAlEo] 1A
EA F3 JTE AR FAL gk oo ARy
B 353% F9 nAE Age 18 - IgelME AgAzE
o

47 sefof FYsAL 4 AL ¢+ AT

3 Titratable
Temperature  Pressure Time pH acidity

(°C) (MPa) (min) (mL/10 g)
untreated 476+0.08 154%0.1*
49 680 30 481+001* 158%£0.1*
57 680 30 478+0.01* 156%0.1%
66 680 30 480+0.07* 153£03%

73 680 30 475+004* 158+0.2%

73 380 30 477£001* 156+03®
73 480 30 47910.06"° 156102
73 580 30 478+0.02* 152£0.9°
73 680 30 475+0.04* 158£02%

73 680 10 475+£0.01* 16.1+£05°
73 680 30 475£0.04* 158+02*

73 680 50 473+£0.02* 16.0£0.1*
73 680 70 473£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

sto] A, oFF, Al #AGlel Fo4d Aol7t @l
Ark 2] ARNEE ¥ AYz7AAE Zolrt 3
dou MAHoZ B v FALH vwstd ALk, ¢
g, Akl Aol frel&Ql zpol7h i

o] AT} BHo) e ofnlikeE AL L o
APzA e 27t ARy AAHeR E of 74
FFAH vwste Mk, g, Azt ARl #
JA zpol7t AXTHTable 3). 2532 ©@itdl] €F< 7l
£ 399 FFe pH, AT, opeld i TE A
il B} Be Aolg Hoy AAFHeR & W F
g 2343 vlaste] Mz wet foHd &el7t
el kU

e
2

o} 5] Fvjel BA] YUe EE FFE FA
A7l §2l A Aol7t gITh. ol FH
d WA Ee 25339 pH, A4 E, o}
el da g%, UG I, dE FF 5 olssrd A
Ao A FIF& vA G AR AGHUL

FIEFE 234-E A st A WstE S48
(Table 4). 237 ¢-E HEAT 2339 L FAg 2
7 o)) Blsld FolFoR e Aoz Hol, 2I-E H
dxg 2 2FFe] Ao] golAle AYS Ueills AE ¢
F Ut 2394 HE A= AR F203d Zelzt
e, Mg zAd e FRS AgE FE 7 U™
o I3 a9t b IR AR §oHA Zpolrt
RPon FAE IFFAe FHE {95 xjolg HA =
g WX R FHa o] HojRl= AEgS e
Attt Maillard ¥H8-2 Azt oz opn|e 39HEF 7
315} Eo] 2gukeS doyl Fo o]xFHOE melanoidin F
Az 2% AAHE B3 ZAs g AXA =Hed,
melanoidin®. 2R stable free radicals®] AAdo] L=l <35t
o AdAHER, 23 HE|E Maillard ¥H3ol o3 243}
g YAlskes Foz gEA IT
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Table 3. Changes in amino nitrogen, reducing sugar and ethanol of Kochujang treated with high hydrostatic pressure
Temperature (°C) Pressure (MPa) Time (min) Amino nitrogen (mg%) Reducing sugar (%) Ethanol (%)
untreated 158.0£5.7% 18.6+1.2: 1.32+£0.05°
49 680 30 161.0+£1.3* 174£2.1% 1.294+0.04*
57 680 30 1612+2.8% 174£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% 193+0.1%* 1.32+0.16*
73 380 30 159.9+2.4% 20717 128+0.16
73 480 30 157.3+4.1® 15.8+3.7¢ 1.31+0.01*
73 580 30 167.4+£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% 17.742.1% 1.29+0.01*
73 680 30 159.4+33% 19.340.1%° 1.324£0.16*
73 680 50 162.0+4.5% 21.3£1.1° 1.26+0.01*
73 680 70 156.8£5.0° 18.1£2.2% 1.34£0.13*
The same superscripts in the same column are not significantly different at 5% level by Duncan’s multiple range test
Table 4. Changes in Hunter L, a and b values of Kochujang treated with high hydrostatic pressure
Temperature (°C) Pressure (MPa) Time (min) L a b AE
untreated 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 1 0.14* 9.76+0.05> 82.74+0.11%
57 680 30 15.58+£0.28%* 17.14 1 0.69% 9.29+0.40° 83.03+0.10°
66 680 30 15.94+0.12+ 17.53+0.24™4 9.71+0.12% 82.80 £ 1.04%
73 680 30 16.38+0.37* 17.69 1 049 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% 9.98 £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%
73 680 10 16.07+0.01° 17.77£0.21%4 9.59+0.08* 82.7240.05
73 680 30 16.38+0.37™ 17.69 £0.49% 9.97 £0.30° 82.45+0.24%
73 680 50 17.27+0.10° 18.20£0.09* 10.36+0.08* 81.74+0.10°
73 680 70 16.331+0.11™ 18.04+0.10° 9.96 £0.09"¢ 82.57+0.07%

The same superscripts in the same column are not significantly different at 5% level by Duncan’s multiple range test

Z09F M=ol mE DFEFe| MEAF dEFHs}

stee] 27l w2 ZaZo] oW, 700 MPa A2

&=
=E 3L 229-E WIrA g 3 37°ColA AA & %27 ¢ 10° CFUMLAA 59 Fofl= ¢F 10° CFU/mL
e &
)=}

e B¢ Ao WslE SA5thFEe 1) Ad¥ew o7
HET A& st W gHEoR 380 MPa/30E4] A7 = A
278 AHE I, 680 MPa/70E 2] AFAL uAdE A s}= o]

dRA7F 7P BT AEsted A @S gttt 2

A8 adgla 139 Fole AEHA Wk, o
o elste] gako] £4E ol ATl A
L A7e) Aol we) AbdE Ao s

Fe] e A7 wet MAe] gaske A =gk X2|=Ho e Do NE F olsEy 4FE
BAh ARl Ak AEE 380 MPa/30E AElEe] Az 9| s}
A5 1.88X10%0A1 A 1204 ¥ 1.94X10°Z °F 2 log ES

cycle 7ZHA3 whH| 680 MPa/70% A&+ A4 7] 4.00 Hsls AT oL
X104 604 & HEHA @sirh. 713G HAF AAT 2 oo

7b Adshe olfe RA-E WIAYRE udEe] dHE MPa/70% A#e] Fha

ZFFe] MG F olsietA A9
o] pH(Table S)= 717k wh

Zo] © Zith 380 MPa/30% Az

ol BHo] ARUORY, =i A4 F pH Bh R A 2& AF 458 7AE AN FESAE 105WAE

Harms] F71m Alwe] o] Asig wekr) HRgl

R

Ao 23
Z FAEYUD Tanaka®l Hatanaka®@E LT EEE 23 70+

zol7b giglont 2 o)F FA3] A3t 680 MPy/

ADEE A4 459 e AN BLsEt 902

o7 Al 10°C AT itre FAEEH 100~300 TS oA Apol7h fgleyt o o)F zhasiilnh A4t
MPa A2l AA717F F<t A9l "sigle]l YFFE /A T A7 ot fefHom AAE]
g B, 400 MPa A2 AA7I7el wiel Aaskial, A 7} e AR 2odle AR Wkew, ARk A

Z7Fto & pH
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L 380 Mpa/30 min
8 —0— 680 Mpa/70 min

Viable cell count, Log CFU/g

0 = = —

0 30 60 90 120
Storage period(day)

Fig. 1. Changes in viable cell counts of Kochujang treated with
high hydrostatic pressure at 73°C during storage at 37°C

Il w2} pHO A3k} HEo] ARAAEE FUHH 380
MP2/30% X 2]F32T} 680 MPa/702 A E|7e F71Eo] o
Zt}. Miyama 9 ZAE 100, 200 MPa A E7-& 10°C
oA 308 A T pH= AU, dFNEE F71819
S1}, 300 MPa o’ A& ¥t glo] Aol oA
Aoty Budgrh B A7das E3) 680 MPa/702 A
e AS AR AFEaAF o T3 60 AAE
ujAEo] AEHA @ol AT FAY W3t v|gd Ao
Z 71dslH ey pH 2 A= fodoz WaEHdE
b, ol& PIAEY ¢g adr|Eths | 38k 9
3 Ao FAHHY, old W3 A7y} aHch

23%+-4 WA a1FFY AR 5 olnjxegEA &
F(Table 6)2 A7|7tel wie} Fol8 oz 743 380
MPa/302 A HT} 680 MPa/70% A 7+AEo] 4o

ok

Table 5. Changes in pH and titratable acidity of Kochujang
treated with high hydrostatic pressure at 73°C during storage
at 37°C

Treatment Storage period H Titratable acidity
(MPa/min) (day) P (mL/10g)
0 4.77%0.01° 155103
15 4.75+0.01° 16.7 £0.4"
30 462+£001*  174%01°
45 4.57+0.01° 182£0.18
380/30 60 459£001¢  19.110.1¢
75 4.57£0.09° 18.9+£ 0.4
90 459+0.01" 1951+0.5°
105 4.54+0.01° 19.5+1.3°
120 4.31£0.018 21.6+0.2°
0 4.73+0.02° 16.1+0.19
15 4.64+0.01° 174+£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° 21.240.1¢
75 4.48+0.02° 20.5+0.2¢
90 4.42£0.01° 214£0.1°
105 4.35+0.018 2241+04°
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.

ZATh 380 MPa/30E Aa2e A% 15Y] goldoz =7}
AT A 457 E Feld A7t glol 2 e F
Aslgen, 1 & oA AT F W0E7HE 2 FEE
ATzt 248kt 680 MPa/70% a2 AR 45Y
7] feFQl Zolg HolA FUtyt A% 604l Hast

Table 6. Changes in amino nitrogen, reducing sugar and ethanol of Kochujang treated with high hydrostatic pressure at 73°C during

storage at 37°C
Treatment (MPa/min) Storage period (day) Amino nitrogen (mg%) Reducing sugar (%) Ethanol (%)
380/30 0 159.9+£2.4° 207 £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%%
60 161.0£1.7° 18.5+0.1 0.79 +0.01%f
75 161.7£1.6° 17.90.1>¢ 0.99 - 0.01 0%
90 157.8+2.7° 19.9+£0.2* 0.93+0.01°%
105 148.1 £4.3% 19.8+02* 0.91+£0.01%%
120 144.1£3.6° 17.2£0.3¢ 0.80£0.01°%
680/70 0 156.8+5.0° 18.1£2.2¢ 1.34+0.13
15 161.8+2.4° 18.6+0.1% 1.06+0.01%%
30 1624+1.1° 19.440.1% 1.00 £ 0,01
45 1584+ 1.7° 18.7£0.1™ 0.94 £0.01%%
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£3.5¢ 19.7£0.1% 0.75+£0.01%
105 138.9+1.2° 19.5+0.4% 0.7410.01¢
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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Table 7. Changes in Hunter L, a and b values of Kochujang treated with high hydrostatic pressure at 73°C during storage at 37°C

Treatment

Storage period(day)

(MPa/min) 0 15 30 45

60 75 90 105 120

380/30 L 16.65+£0.40° 13.18£0.33° 11.95+0.13° 11.57+0.10° 10.61-0.068 1026+0.12" 9.66+0.27
9.84+0.12"
6.2240.041

a 1726049 12.78£0.35° 10.96+0.22¢
b 10.16+0.30* 7.40%£0.22° 6.55£0.04°

8.65£0.15 835+0.16

AE82.111+0.25" 84.40+0.26° 85.28+0.10% 85.51+0.09° 85.01+2.38% 86.50£0.14% 87.30+£0.31% 87.93%0.13* 88.19+0.13*

680/70 L 16.33+0.11° 12.86£0.07¢ 11.74=0.04* 10.31£0.11% 897+0.11% 9.30+0.11
7.82+£0.05"
5.39£0.01"

a 18.04£0.10* 12.12+0.12° 10.78 +0.09°
b 996+£0.09 7.20%0.06" 6.55+0.03°

9.18+0.118 7.38+023 658+0.14 590+0.19 5.29+043
567+0.03 5212009 4891006 421+0.09™ 4.38%0.14"

853+£0.14" 7.36%0.13" 794+0.16™
6591006 56510249 4741007 468+0.13" 3891020
4561003 4521004 4.14%0.11™ 3.48+0.06" 3.661+0.02"

AE 82.57+0.07" 84.59£0.08% 85.46+0.05°%86.50+0.12% 87.66£0.11* 87.29+£0.13* 87.93+0.15™ 89.11£0.13* 88.49+0.16®

The same superscripts in the same row are not significantly different at 5% level by Duncan’s multiple range test
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