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Effects of Electron Beam Irradiation on the
Quality of Kochujang Powder
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Abstract

Electron beam (EB) irradiation was applied to study microbial decontamination effects for kochujang
powder by determining their microbiological and physmochemlcal qualities over gamma ray (GR) irradiation.
The samples showed a high microbial population, such as 10°~10° CFU/g of total aerobic bacteria, negative
of yeasts & molds and coliforms. Total bacterial counts were decreased by 1~2 log cycles with EB
irradiation at 5~75 kGy, and 10 kGy irradiation was enough to improve the microbiological quality by
reducing populations to below 10* CFU/g, which was similar to gamma energy. Such doses were effective
for controlling the microbial growth in stored samples during storage for 4 months at room temperature.
Decimal reduction doses (Dio value) on initial bacterial populations were 2.88 ~3.02 kGy in EB and 3.57~
3.59 kGy in GR, which were influenced by initial populations and energy types applied. Based upon the
above results, 7.5~ 10 kGy irradiation caused negligible changes in Hunter’s color, capsaicin, fatty acid
composition and organoleptic qualities. Considering the quality changes resulting from subsequent storage,
such as a decrease in capsanthin content and an increase in TBA value in the samples, it is recommendable
to irradiate kochujang powder at 7.5~10 kGy when used for food processing.
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A 5 Azl A= A ap7F47) (electron aceelerator)
AN Ao 2 A E e A9 o] & ATFS G
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2 A AL 2R T-E SALel A A 29 7]
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Algel 2998 A Ee] AFS glsle] Ak 2k
A 2. (14)2} Fe] electron beam processing facility (mo-
del ELV-4, 1 MeV, Samsung Co.)& ¢] &3} low den—
sity polyethylene bagell A| 5 7] & 4 mm °©] 3} 2 &}
A2l M 063 Gy-sec ') AFEZ & Ao 25~
15 kGy7t =& st om, 54032 cellulose triac-
etate(CTA) dosimeter& AH-8-3to] &l 8ol oh(+3.4%).
E3 7k Z2AbE *Co 7kl AR (KAERDS o]
G3te] Aol AT HAFER 25~15 kGy W49
% FPATEE JEE syt o)y A5 FviAd 24}
N Fradzke] 245 Zol7] ¢sle] 9453 PE £7)
(@ 5XH8cm)E AH4-3F5) o0, 4139 892 ceric
cerous dosimeterE AH-8-3F 51 tH :5.0%). ©]4ke] whA}Al
EAH Al Re vl 2A 2A B o Ao 4L 7E A
At A FAH L) AT

o|dE AL

A A Aok ez 2AR A 89 P EAANE F
Al(15), £ g T30 (16), AT Z(16) .2 23}
AlA] 82 CFU(colony forming unit) @ Al4=38}e] o] S-of)
& WA 2HEA (Do value, decimal reduction dose

for the initial microbial populations)-& &<1s}¢c}.

TIHH M 2X

AL g J)AA MEE ARA (Minolta,
model CR-200, Japan)& AH4-8ted Hunter M= L, a, b
2 JE & S5} olu Al mEuwe |,
b#t2 Zzb 97.32, -0.44, +2.140]¢ )
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Capsanthin &2f &5

5o Mel-g el & capsanthin £4-& Rose-
brook S(17)2] Wl e} A& 0.1 g& FHsled Ao
Fazel A o} A E 2.2 3047k 33] ubE 3&8}od 460 nm
AN FHEE S}

Capsaicin gzF 24
2.52] w5t Al 29l capsaicin®] WAMA =4} 2
AL Falslr] $lste] FFEPFF )Y ¥y
ozt A8 10 g& #3le] et S S8 2258
31 7ksk 72514 hexane 50 mLol| o] BoljZAr] 2
71 % 80% methanol 50 mLE 7}ate] A1 8kslgic). of
28 33] WH5-3}32 methanol-- 3] =82 3<% meth-
anoldll 38494 150 mLE 7}t & dichloromethane
< 50 mLA 33) 7}s}e] A A%k 3 dichloromethane=&
3|43} tl. DichloromethaneZ el F-53AEH-S 7}
sle] @, A3 F 2 mLE F2 470 5 gas chroma-
tograph(GC, HP 5890 seriesIT )& o] &-&}o] B sl¢dc}.
EFEAL Sigmarl AEel 8-methyl-N-vanillyl-6-
nonenamide(capsaicin)®} 8-methyl-N-vanillyl-nonana-
mide(dihydro-capsaicin)S A}-&3}¢ic}h GC #4242
column BP-10, flame ionization detector, column temp.
250°C, injection temp. 280°C, detector temp. 300°C, Na
flow rate 1.8 mL/min %%t}

2

N g n2 2 oX

TBAZ} &H

A B2 WALAl ZAlol] ubE XA X B2 A 5 oto}
3.7] $)3le] TBA~Hthiobarbituric acid value)+ Turner
5199 wel w2} isoamyl alcohol-pyridine(2: 1,
v/V)&AE FAH R s1e] 538 nmell A FHEE S

WAL ALY mExr 2ol zawpdl ek Hn
] ol &3 diethyl ether& 47} = 3

Atk AAE BA-2 25 22 9h-2 Metcalf $(20)9)
o] $3}o] IN-KOH/methanol® 7F4=43] Al 7] 3
BF-3€ 7i8te] oldo2d 284 7) o1& GCR #4 3
At} o] of AFg-E B4z 0 2= GC Hewlett Packard
5890 series II, detector FID, fused slica capillary column
(Supelcowax 10, 60 m*0.25 mm ID), column temp.
180°C, injector temp. 240°C, detector temp. 250°C, N3
flow rate 0.8 mL/min 5°]}%r}.
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A BH Y (21,22) 2.2 H 7 LA Sttt ol uf zF A "o
N 55 panel zHalo] 98] “AFol7} glvt"E 5 “RE
o digs] Eo's 1, 282 “‘RET digs) Jmg’ s
92 F AT 4 A 579 BAH FAA HAL sta-
tistical analysis systemol €3 E25E 23 Duncan's
multiple range test(23)& o] &3t A A5}t

My
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HRL ARED)
2 A A5 w3A R L] A7 292 Table

13} 7o) A & g3 10°~10° CFU $-&olglo} a2 4
THelE & FE(20 CFU/g )8 A&=g o, d#
T2 S0 2 veytr) o] 28 v E 452 Kwon
T3] B Aol FEEH L U429 24 9 AT
gz 89 vYE 457 fAlskd o0, o) F v
ATEL dpgol vdA e EAHA AT el uhaa

vl 9lth(3,8). AAP Q] AHFEFAE &l vzs] B A3
(Table 1), Aol E91g FAFL 5~75kGy2]
AR A ] 25 10t~ 107 CFU9 =% &, 1~2 log
cycles =2 HFEAE 7HA gk 2m], 10 kGy o)) =
ALl A= AT AHFARE A gt o Aba e A
A9 g aste et R o 958 Ao 2 e
Wk 2| a A2 40 7 A AR A E] A2
AE ASAEE FlE) B A, "k e s 2wl

4 el FA6 vlAE 3% 657
7F RSl ol FEIFO] & FUARY A5 WAt

A Al F AF Foll= vl E9 F40] A9 gdke
B 824)%) fAlslg o, MBS 24L& 2A} & A
FY 23 -A% 55 240 4L @A H=g Fo0)
Fasieh 2y A2 el A A4lE e FASLEE
T 2, 254 AL 5 AFET L v EY oy

7Fed o] w9 ot d o A$- AF At L7 e
AAo|th(3). el & A7 Aol & o FjellA A
FEde 3718 7 kGy ol%}ﬂ et Ak Pl B
A FANA A EF 2T A2 Jehd s gk A
ZAo] ag oz r&%%n}.

TR F Al st AP A S 238 By
Table 2¢f v}eht v}e} zro) mFgR=o] Hapd 2
oA ZAA] 7] G 5 kA E e HAAMNS €
S 5 Atk 283 27) 29 VAR FEE 90%
Al A1 7] =1 B 27 2AR 2Dy value)S Al4rsted 1B
& o, AR A2 % 288 kGy, 47019 A7 F 3.02
kGyel% em, z4ald& 357 kGy 2} 3.59 kGy =2 Z+zh ot
et A2k 2AR Diogte] W2 ghS vrebi gl e o) 9
2L Aole F A 249 A =E(dose rate, Gy/min)3}
FZAF A 829 FA M E v FE £ gt &3 A gt
(1,13).

v A E o] WAL AL AR 25 B, vl
A 2 i}f‘f}ﬂ A3 B2 A, 249 #4524}
F AZ27 Sl w2} delde A 224 (25), AT
(F2A4 ‘;l 141%-»11*&*3)4 726l 10 kKGy2) 7Hebd
ZALE M 3~4 log cycles A EQ] A AAS, ST
= YA = 15~20kGy ] o) 2 7H ¢t ¥ s}
of A Aol FAR AE¢D-L & 5 Aot =3
FAF, EEAE 9 g2 g9 4o Wg A7(26-

Table 1. Comparative effects of electron beam (EB) and gamma ray (GR) irradiation on the microbial populations in

kochujang powder during storage at room temperature

(unit : CFU/g)

Micro-  Energy Sgglrii%e Irradiation dose (kGy)
orgamism - type  (month) 0 25 5 75 10 125 15
EB 0 97x10°  20x10°  53x10'  93x10°  23x10° 68x100  NDY
Total 4 L1x10°  28x10°  53x10'  10x10*  28x10° 70x10'  3.0x10'
bacteria 0 907x10°  28x10°  LOX10°  47x10°  86x10°  12x10°  24x10°
4 Lix10®  29%10°  10x10°  55x10'°  87x10°  16x10°  25x10?
EB 0 N.D. 0 0 0 0 0 0
Yeasts & 4 N.D. 0 0 0 0 0 0
Molds GR 0 ND 0 0 0 0 0 0
4 N.D. 0 0 0 0 0 0
0 0 0 0 0 0 0 0
, EB 1 0 0 0 0 0 0 0
Coliforms 0 5 0 0 0 5 0 0
GR 1 0 0 0 0 0 0 0

DNot detectable (the minimum detection level as 20 CFU per g).
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Table 2. Radiosensitivity of total bacteria contaminated in kochujang powder

Radiation type Storage period

Regression equation for log survival

Dy value” (kGy)

(month) curves
0 y=-0.3468x +0.2095 288
Electron beam 4 y=-0.3310x - 01534 302
G 0 y=-0.2803x - 0.3296 357
amma ray 4 y=-0.2786x +0.3038 359

YDecimal reduction dose for the electron beam and gamma ray irradiatied kochujang powder.

28) A WAk ZdgeAd o] e Wl A AlE-S 4~10kGy
2At24 10° CFU/g ol 8k 7ol 7Fs3ldm, A 4
T& #3141 15 kGy o4 AHetd 247 2 sigivka
sto] A A o2 AR Lot EF2AR ALoE
HlY 2 A WAkl 24 L 7E S Felsin
ole AR frAst Ador a3 v, A &
FEo AFEEe AT AT e A=A Y kg
A Z4E e Az gel U8 10 kGy )3t
2 37M%E A ske o] Bastvha Boh(2,14).

AN M wis

AR okl 2Apo) o8] AFAD 22 ¥
o] A=W 3E gelslr] $16ke] Hunter color L, a, b
4E & 34§ A= Table 39 o}, £29] W &
ehil Lt 2Ap ek Ao obE fol A Aol &

[ =)

i

el kot A A% (agh)e AR Rl A 10 kGy
o] Ao ZAlA gkoll A th4 ZHAaE Gl o H, B4 = (bghe
ZAMA B ZAA A 1 f-2 A Q] 2ol & Vel ] ¢
skt Aubd AaLE el 4B W3S NBS
(National Bureau of Standards)®] 7|&eA AEs) &2
o, 75 kGy7HA = o}F 23 (~05, trace) & FF(0.5
~15, slight) Hx=2] HAo] slwqdr}. = Algs
Aol 470 7 A F A vlws] 2ohe o,
FAEE AL wsr} ool x4 e =714
Aol Fr gt} WX & blackol 4] white Z0.2 A
X+ redoll X green &2 2 okz7ro] W2 Jehliglon
ZAAA Zhell FARRE A 3-E eb gl WAL AL
A7 A me] e sts AR 2 EE 12100 E #
AREHA BaE gl ow ) kAl g o] MW ELE Folr] 93
A it 219 of gk a3 x| ghom 2 b ¥ AbA) 9

Table 3. Comparative effects of electron beam (EB) and gamma ray (GR) irradiation on Hunter color values of kochujang

powder during storage at room temperature

Color Energy S;;{i?)%ie Irradiation dose (kGy)
parameter  type (month) 0 25 5 75 10 125 15
EB 0 7547 75.66° 75.20° 74.81° 75.22° 75.80° 76.05"
" 4 79.19° 7872 79.97° 80.61° 80.60° 7852 7952
CR 0 75.47° 74.97° 74.99° 74.47* 75.06° 75.74° 75.45°
4 79.19° 79.07° 79.41° 80.11° 79.23° 80.08° 79.95°
0 12.86° 12.60™ 12.20% 12.34™ 11.10% 11.18" 10.28°
EB ab ab ab ab ab a C
» 4 964 971 941 9,37 9.23 10.04 9.00
a
GR 0 12.86° 12.54° 11.862 11.61%° 11.45% 11.12% 10.68°
4 9.64° 10.25° 9.49% -9.22% 9.17%* 9.01™ 8.61°
EB 0 36.37° 36.06° 36.42° .36.59° 36.09° 36.26° 36.08°
9 4 3744®  3735°  3658™  3668° 3621° 38.13" 37.29%
GR 0 36.37° 36.12%° 35.54° 35.65° 35.86% 36,13 35.93%
4 37.44% 37.80° 36.93® 36.77° 37.66 37.31% 36.88°
EB 0 0° 0.38"™ 0.71™ 0.87* 3.24° 1.72° 2,662
g 4 5.04* 463% 567" 6.22% 6.29° 451° 5.70%
GR 0 0° 0.41% 1.39° 1.76% 155 178%™ 2.20°
4 5.04" 467° 5.21™ 591% 5.42% 6.08" 6.20°

br: Degree of whiteness (white +100 < 0 black).
Da: Degree of redness (red +100 < 0 < -80 green).

I Degree of yellowness (yellow +70 <> 0 < -80 blue).

Y 4E: Overall color difference (V ALZ+ da’+ 4b°).

*Means in the same row with different supercripts are significantly different (p<0.01).
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183} 2pgo] Fbadt ARz o Adule] F g slria o
] 9lrh(3,24).

Capsanthin &2

23R carotenoidst= FL FAA 224 cap-
santhin®] <F 40%, B-carotene®] <F 20%, capsorubin®]
2k 10% A= §=e] olow, o3y FHL A1
3%, & capsanthin®] @33 AARAG)E nAE)
A 2| $1% AR ZAE capsanthin 3ol W] A
£ 9% A¥e) £ A3 (Table 4), =AM 7ot
HEo] thh FAste AS Boch Adadskel 75~
10 kGy &Abell A A A4S 7hukAl Bk capsanthin 35
9] a7t FAa = A vhebgeh AR FAF 3 Al 2ol A
4784 AA % capsanthin ¥ W3 Ay o o}
4 ZFAskg) o} vl ZAVETE ZAe) H[8le] capsanthin
o) Zrart & A2 E el o, Hel T ke Aol A
Al ZraE o] WA ZARFAA Bl PR A 22 et
%}, Osuna-garcia (29)-2 WA ZAF & Al 2o A
79 paprika®] 7% A A7)17}ke] 71kl ube} capsanthin
9] b a7t = A Vel zabidEkel o7 QB XA
717 el M2 golo] ¥ & Ao R ¥ wate] B Axftel o
2j8}9] 21}, Chen® Gutmanis(30) 2 Farkas®} Beczner
(31)% pepper?] AL A g e A7t W3irt A9 ¢
Aebz g vt 9lel £ B} ohk Abo)slslth

Capsaicin &tat

A Al m3Rde) o 2ot AR Wizl E oo}
7] 91319 capsaicin®} dihydrocapsaicing GCEZ ¥4
gk A= Fig. 13 2t} 2F A1 89 capsaicin®} dihy-
drocapsaicin 8- WA FALA Bk wle} ghutgk zb
2 8AE el et} &, capsaicin® dihydrocapsaicin
& 42} 315~3.73 mg%e}t 3.18~3.46 mg% WY EA] =
AR A} Z w2 Aol vle] A g X T ghel| wE 3k
Atel= A9 ¢ldch Farkas 5(31)-& Al 2~16
kGy®] 7-4l AL Alv] Aol 4212 25 71 e
vl o & Aol v)sle "4l of go] Agitiw Myt
vl gloh ze|a WAk 2AF F Al2olA 40 AR F

= 9% 659
a0
—~ 35
.4
2
£
g 3.0
oD
=y
=
Ep —e— Capsaicin EB
25 —o— Capsaicin GR
~v— Dehydrocapsaicin EB
—v— Dehydrocapsaicin GR
2.0
0.0 2.5 5.0 7.5 10.0 12.5 15.0

Irradiation dose (kGy)

Fig. 1. Comparative effects of electron beam (EB) and
gamma ray (GR) irradiation on capsaicin and di-
hydrocapsaicin contents of kochujang powder.

FAMA el o} & Aol =R Ygton, B3] FalbTel
v & A2 otz wf-gut AR 4har) oA 2
Z et} Byun $(32)2 A1F9] capsaicing dihy-
drocapsaicin®.t} gt &}n, o] & A ¥-2 ZHohd ZApel
heted b g Ao 2 B ssled B od o} {413 7 3]
ek gt mEabo tisle] Kwon 5(12)-& A
o] Z7be} v Bey 3~15%9 AAa g viehidiche &
zle] Al8e] AF A A FH 2, AFE Tl &
gefo] o A AL3tE o ALEFHH

TBA7} s}

SARake) X kA gk A o] o AbE A el g
& oelr ] 915ted TBAZHE 243 Ao& Table 59}
zZt}, 22| 2% pFAEete] TBAZE 15 kGy7HR] 9
ZAM S Zrbet vlH A o 2 Frls o] AR 2ANE
y=0.0089x +0.2269(R*=0.9603), 77} ZAH= y=0.0087x
+0.2477(R*=0.9868)2] #AA S el d A ZAHI Y 7hel]
A9 Aleolrl 168 & 5 qlsloh Wbl & =ALsle
A 49 A H S o TBAZHE Aty o2
7hale Ao g A7 ZAI ST U & 48E
yYehl ok BAbd 2k AR o] AbsE 235y
malonaldehyde, glycoxal £-& A sl 22 TBAS} A2

Table 4. Comparative effects of electron beam and gamma ray irradiation on capsanthin content of kochujang powder

during storage at room temperature

(unit: O.D. at 460 nm)

Storage period

Irradiation dose (kGy)

Energy type

(month) 0 25 50 75 10 125 15
0 0.154* 0.149° 0.138° 0.125° 0.125° 0.114 0.107°
Electron b
ectron beam 4 0.132% 0.120° 0117% o7 o1n® 0.106" 0.104°
0 0.154° 0.150° 0.148° 0.140° 0.135° 0.115° 0.107°
Gamm
aray 4 0.132" 0.106° 0.101% 0102  0.100% 0.098% 0.094°

PData followed by different superscripts are significantly different (p<0.01).
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Table 5. Comparative effects of electron beam and gamma ray irradiation on TBA value of kochujang powder during
(unit: O.D. at 538 nm)

storage at room temperature

Energy type (month)

Storage period

Irradiation dose (kGy)

0 25 50 75 10 125 15
. 0 0.226" 0.245" 0.261° 0.309° 0.324% 0.332f 0.356%
Electron b ) ' : : : : :
cetron beam 4 0.276 0.314° 0.334" 0.349° 0.362° 0.375° 0.391™
0 0.226" 0.281' 0.301%" 0.328' 0.330" 0.351° 0.372°
G .
amma ray 4 0.276' 0296 0331 0.341 0.379° 0.398° 0.409"

UData followed by different superscripts are significantly different (p<0.01).

Table 6. Comparative effects of electron beam and gamma ray irradiation on fatty acid composition of kochujang powder
(unit : relative peak aera %)

Irradiation dose (kGy)

Fatty acid Electron beam Gamma ray
0 5 10 0 5 10
Palmitic acid 16:0 12.48 13.04 12.87 12.48 12.69 12.98
Palmitoleic acid 16:1 0.30 0.34 0.38 0.30 0.37 0.32
Stearic acid 18:0 2.54 343 312 2.54 2.75 3.02
Oleic acid 18:1 20.40 19.59 1955 20.40 20.11 19.87
Linoleic acid 18:2 57.95 55.71 57.29 57.95 57.49 57.08
Linolenic acid 18:3 6.34 7.89 6.79 6.34 .6.59 6.73
SFAY 15.02 16.47 15.99 15.02 1544 16.00
MUFA? 20.70 19.93 19.93 20.70 20.48 20.19
PUFA? 64.29 63.60 64.08 64.29 64.08 63.81

'”SFAZ total saturated fatty acids.
MUFA: total monounsaturated fatty acids.
YPUFA: total polyunsaturated fatty acids.

FTHAE dAdstz, 53] Aba A3 oA A WA A g2
DA A& AL 2 wle AAEEe] peroxide
S} carbonyl 313 o] A HE A2 44 9lrH(19).

AR 2AHE, 10 kGy)E 2373 o] Aupil A
W stE A2 2% 24 ¢ A3 Table 654 7}, 7}
ARl A 6F2] TR 4te] FE e, A A
w4k A" S BolFgdn) 8 AWML linoleic acid,
oleic acid, palmitic acid®] 2.2 <F 90% 9] &2 §reko)
%3, L oFE-9] linolenic acid®} stearic acid®] £<lth.
283 AT relle f9Ael 2olst fgich

AFAETe] AuAl g X84 AR A8 Ak
A ALEE 7] 418 A 58 ks B ow) Bke] At S
= AW AR wMsbr) dojd Ao e AzbEgl o]
HlZARY A2 2 ek 2AREZ ) 10 kGy7hA] @)
FAMA G A = Adgzdell o8l WSS Wolx] ¢k
o} oheba] AgAdake] A 4 Zhubd e Ao
A pAE EA O A2 o L w A A e %} s
o o] 2 A= 10kGy7HA ol BY Ad L depo g
ZAE Faka) wlabell ] oF 8899} 73% #&.o_z TR
% EZIXHHHTUFA) 242 W3ls) glds B us)
o B Age] Aol §a}sledrh(33),

.
sy £2

AT AelD mFFERe) DA FAL o] 4
ated 1073 2] AR el —°4 8 2 FH(EEAE, R), 5
kGy 2 10kGy=] AAHA 2 b 2409 A 29 472,
=t 2 JAel diF 713 e s Hrkgk 2= Table 73
Rtk A2l AF “EFA £} Hol7} Gk S 5PO 3}
of Frta) B A, 10 kGy7hA1 9] AAA 9 71ekad 24}
AEE BEHO L Sojdal o] & vhehiA] okeh 1
et AAA] B Al M= 10 kGy o] AFe] Al 2 Aol A
53] TBAZ}FS] Argo] FAHQ LR o]o) wha} 35
A 4 Hste A 2R o]of digt AE} Als Fof
Table 7 Sample means and F-value for sensory param-

eter of kochujang powder irradiated with electron
beam (EB) and gamma ray (GR)

Sensory Energy Irradiation dose (kGy)

parameter  type 0 c 10 F-value
Color 2§ 55'%);: 3;;8: jggi 063
Taste gg 288: ?)?18: i;lg: 0.43
O Gn _sw sw s Ol

YMeans in the same row with different superscripts are sig—
nificantly different (p<0.01).
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