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Abstract

Electron beam (EB) was applied to study the sterilizing techniques for powdered red pepper and ginger by
determining their quality over gamma radiation (GR) from the microbiological and organoleptic points of
view. The samples showed high microbial loads, such as 10°~10° CFU/g in total aerobic bacteria, negligible
levels in yeasts & molds and 10° CFU/g in coliforms. EB irradiation at 5 kGy resuited in the reduction of
microbial loads by 2 to 3 log cycles, thereby decreasing the levels of total bacteria to 10°~10° CFU/g and
resulting in negative in coliforms. Decimal reduction doses (D), value) on the initial bacterial loads in red
pepper were 1.50~1.54 kGy in EB and 1.68~1.80 kGy in GR, while powdered ginger showed 1.30~2.27 kGy
in EB and 1.45~2.77 kGy in GR, respectively. EB and GR showed a similar effect on microbial
decontamination for both samples. Microbial populations in stored samples for 4 months at room temperature
were not remarkably different from the initial loads in all samples. Irradiation caused little changes in
Hunter's color parameters, but that were changable during storage. Sensory evaluations on color and odor of
powdered samples indicated that no significant differences were observed among the all samples compared.
These results revealed that EB irradiation at optimal dose levels for microbial control was not detrimental to
the sensory quality of powdered red pepper and ginger.
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Table 1. Microbial populations of powdered Capsicum annum L. and Zingiber offcinale Roscoe

. CFU/g
Spice Sample type - ]
Total bacteria Yeasts & molds Coliforms

Red pepper I 1.6x10° 0 0
(Capsicum annum L..) Il 3.9x10° 4.7x10! 8.7x107

. 1 1.6x10° 1.2x10° 0

Ginger :

. : X n 2.8x10° 1.1x10° 1.1x10°

(Zingiber offcinale Roscoe) I 1 5%10° 0 0

Table 2. Comparative effects of electron-beam (EB) and gamma-ray (GR) irradiation on microbial populations of

powdered Capsicum annum L. and Zingiber offcinale Roscoe during storage (unit : CFU/g)
Spices Micro- Energy itgrria()%e Irradiation dose (kGy)
organism  type a0 25 50 75 10 15
EB 0 3.9x10° 5.0x10° 2.1x10° 3.0x10' 0 0
Total 4 3x10°  L7x10°  7.3x10°  33x10?  N.DV 0
bacteria GR 0 3.9x10° 1.2x10° 4.3x10° 2.8x10° 0 0
4 3.1x10° 2.1x10° 1.2x10% 1.9x1¢¢ N.D 0
]
Red pepper EB 0 47%10 0 0 0 0 0
(Capsicum annum ~ Yeasts & 4 1.6x10° 1.9x10° N.D 0 0 0
L) Molds GR 0 4.7%10! 0 0 0 0 0
(ID) 4 1.6x10° 6.5%10? N.D 0 0 0
EB 0 8.7x10° 0 0 0 0 0
Cori 4 2.7x10° 0 0 0 0 0
ol forms oR 0 8.Ix10" 0 0 0 0 0
4 2.7x10? 0 0 0 0 0
EB 0 2.8x10° 8.8x10° 4.0x10! 0 0 0
Total bacteri 4 48x10°  11x10°  4.0x10! N.D 0 0
e T 0 28100 19xI10°  1.0xI0? 0 0 0
4 48x10°  18x10°  13x10>  ND 0 0
Ginger B 0 LIxI00 53x10° 0 0 0 0
(Zingiber offcinale  Yeasts & 4 1.2x10°  1.0x10° N.D 0 0 0
Roscoe) Molds GR 0 LIx10"  1.9x10° 0 0 0 0
(I 4 1.2x10* 2.3x10° N.D 0 0 0
EB 0 LIx10° 0 0 0 0 0
Coii 4 9.1x10? 0 0 0 0 0
ot forms oR 0 [1x10° 0 0 0 0 0
4 9.1x10° 0 0 0 0 0

"Not detectable as the minimum detection level of 20 CFU per g.

F9 A=elA FAde] 10°~10° CFUg $FlH T,
Ay EF10kg 22 7HE Al HEET e AR
AME AR g FFo|7} 10° CFU/g, ATl 10
CFU/g 7825 &N S AFFAHNA 3
A8 FEE EEezy g A YR o
Aol $A22 A Ao, AFAEAA
M FEHI Qe VELEA $EE BHueEe A
Foll= FAHTES 5X10° o8y, WHATFEE), Bacillus
cereus, Salmonella, yeasts & molds, Staphylococcus
aureus, Clostridium perfrigens 52 2tz £4°2 1

Aol A meba 2 Agel A8E AR, F

FEEI Qe 2% 9 A 2L AFEAes 8T
i 7oz .

JFRe] 9 ulEel gt AFAEl SkGy
9] Az A v ER] FEE 2-3 log cycles A
& ZFaAE 4 AT, 10kGy AN E FA7
2] F2E ZHEWA 3= FFarzcK(Table 2). 53]
WAFTFE 2.5kGy, EE Y FFol:= 5kGy ol3h]
ZAM N M E HEGA o3l Zhte] AsElge
o, AzMde] o)g} e ANFEIN- Pl A
AFHE o 9 2dgleh(Table 2). A7FEZe] gleir:
Table 20 Yehdt wisl zho] @)l B9 HAMAM 7}
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Table 3. Radiosensitivity of total bacteria contaminated in powdered Capsicurn annum L. and Zingiber offcinale Roscoe

during storage

Spices Radiation type Regression equation for log survival curves D,, value" (kGy)
i Electron beam y=-0.0262-0.6326x 1.54
Red pepper Gamma ray y=+0.4604-0.5948x 1.68
{Capsicum annum L..) I Electron beam y=-0.0609-0.6688x 1.50
Gamma ray y=-0.0718-0.5551x 1.80
. I Electron beam y=+0.0250-0.4408x 2.27
Ginger Gamma ray y=+0.0727-0.3612x 277
Zingib inal
( ’"gl’{(fgc‘(’){)”"a ¢ I Electron beam y=-0.1935-0.7690x 130
Gamma ray y=-0.1482-0.6894x 1.45

"Decimal reduction dose for the initial microbial population (log,N/No=-D/D).

»

Jo] 1 Buks} A fAlslg o, diAEEe] A}
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"2 168~1.80kGy WHE TFEL 17 M
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atd Zholl= Adst A Abel & el o]
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< et wlg] Fe D GEE Hof Abfel] HQ3
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29| 2T AL 5475 kGy HHe) AR 24}
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meterE A28} Hunter color L, a, b ¥ AE #+&
ZA gt A3 Table 49} e} 5 3 Q7 Ete
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Table 4. Comparative effects of electron-beam and gamma-ray irradiation on Hunter color values of powdered Capsicum

annum L. and Zingiber offcinale Roscoe during storage

C Storage Irradiation dose (kGy)

Spices olor Energy t fod
pices gy type  perio

parameter (honth) 0 25 5 75 10 15

cB 0 4654 4621 4836 4887 48.86 49.60

N 4 3378 3060 3717 27.91 3286 30.14

L - 0 4654 4802 4838 48.33 49.90 48.89

4 3378 3059 3168 27.05 2887 30.67

B 0 2055 2075 2130 19.65 19.10 19.36

o 4 1959  19.38 19.81 19.62 19.16 19.08

Red pepper R 0 2055 19.15 19.56 18.70 18.90 1837

(Capsicum 4 19.59  18.68 19.56 19.38 18.34 17.94

annum L.) - 0 1626 1634 1773 14.45 14.40 14.60

an . 4 5456 4954  58.11 46.65 52.53 49.18

b 0 1626 14.66 14.54 14.16 14.32 13.98

GR 4 5456 4960 5097 4494 4755 49.32

eB 0 0 030 1.88 297 325 385

AE° 4 0 3.54 528 259 3.67 313

R 0 0 232 232 2.80 404 353

4 0 2,95 0.77 4.56 3.40 2.99

EB 0 8624 8669 8669 87.12 86.44 87.00

4 83.12 8902  89.66 92.74 92.10 93.55

L 0 8624  86.60 86.50 86.75 85.80 86.09

GR 4 83.12 9024 9093 91.80 92.57 9327

£B 0 0.08 0.02 0.01 2007 0.08 2002

, 4 0.53 047 061 -1.06 2093 121

Ginger a . 0 0.08 -0.05 -0.06 -0.12 -0.03 0.04

(Zingiber GR 4 053 069 083 088 097 097

(l)zﬁ:fgs EB 0 2406 2348 2329 2274 2311 22.63

) . 4 1645  16.58 15.84 13.65 13.47 12.90

- 0 2406 2271 23.17 2294 23.41 23.13

4 1645 14.93 14.42 14.45 14.06 1342

. 0 0 073 0.90 0.58 0.96 163

4 0 476 572 9.47 9.01 10.54

AE R 0 0 138 092 121 0.43 0.78

4 6.67 754 8.24 9.09 10.00

YDegree of whiteness (white +100 <0 black).
PDegree of redness (red +100 <> 0 < -80 green).

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

“Qverall color difference( «/ALZ + Aaz + Ab2 )

WAk FEA dehigsh 29T A 2
of Wlal STl A% Wbk AshA vhekdet ol
e Ak WA 24 F ARE U e 4
= wspesnmst gl AgoE, U AE 8
38 Fol7] AN P AL G 24 o
omz YHEAAN Mgt APl FPsd A2
o Aele] WaY ACE ARHL,

=5 53
A W ghepd 2Ab 23 g A7) Bge) #

3 FAYsRs Az 34 YAl g 7lse

24 ztzbel A dE2TE EFABRE 3l A
A8t A= Table 52} Zoh. 7+ Aol W& H7lo|
A BEAIRS} zpo|7) Ytk E SHOE sl Hris)
B2 Az, A2 3.13~588 HHE HRAlRe &
apol7) 8-S o 5 Usdeh 28y 15kGy] FeRd
A ME F AR BF Aol fejdez W
Heloh e AA Ao dab 333 (AERL)eR=
Akgl AbgHAY-S Holz] igieh. AZMETe] TREE
Aol dAME 7.5kGy o1 AeFllME SkGy o3}
gl gzA RS} fojHel xolE viehlddn. ol I

Ao 2| (B8] eidpls AR A5E Fool
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Table 5. Sample means and F-value for sensory color and odor of powdered Capsicum annum L. and Zingiber offcinale

Roscoe irradiated with electron beam and gamma ray

. Sensory Irradiation dose(kGy)
S Energy t F-val
pices parameter &Y WP 0 25 5 75 10 s value
Electron be 5.00® 5.88 5.63 5.00° 4.75% 4.75%
Red pepper Color  ——airoft Deam - : a _ il 123
(Capsicum Gammaray  5.00" 4,63 4.63 4.50° 425" 3.63
annum1..) Electronbeam  5.00° 5.75 5.75¢ 5.63 5.50° 5.38°
an Odor 5 ; , : = 044
Gammaray  5.00° 5.25 5.13 5.00° 4.88 4.50*
. Electron beam  5.00% 5.88° 5.88" 5.25¢ 5.00" 5.00%°
Ginger Color — — — - - o 1.78
(Zingiber Gamma ray 5.00 4.88 4.88 4.63 4.00 3.75
offcinale Roscoe) Electron beam  5.00° 5.88" 5.38% 5.00® 5.00" 488
n Odor ) b b b b b I 1.96
Gammaray  5.00% 438 425 4.13 4.00 3.13

®Means in the same row

A AR FASER A8l Az Jdae] WHE
29% 2o Amdd

olde] AstellM & of :F, A7t Fo Axlw
v FWEeM A s sz e 35
ks 99 Avideld AAd zAbge 49 A
HelME AEAe)r} sbedtes A4Ae] an ¥ 4
et 58] "] AxML 2 ArERs) 3l
At AR # ohdet #5H FA wHelME g3
Ao viept M2 AgTPges Ags) At 7)
Aot

L

e of

FA8e AF7IYEE A7 Fxoz AAA
(electron beam) °]&-3}e] T3 gl A7} Huko] myE
¢4 o FeA FA| u)He JIL Fvlds wim
H7letdet. AHEE A& FA7FE 10°~10° CFU/,
2R g Fgol 0~10°9 FF) g, HAFTEL
0~10° CFU/g A =2 E5o] U AA 2AKS
kGyyr UHPIFE 2-3 log cycles A= ZH4A|Z 4
AR, WAFTE 2.5 kGy ZAIME AEExR ¢
soh 2] uAE HEE 90% AFEAIF)=Y "eE
FAMVAEHD,, valueyd AAMele] HHE W, m3yul
9] A% AAM 150~154 kGy, ZoF 1.68~1.80
kGy A3, A7HEgel e AA 1.30~2.27 kGy,
vk 145-277 kGyE A|89 tlAdE %9} oy
28] ol uhel oha Aol 3t HAMY ZHpAlS el
Hleh ARtAE] & Al2oM alY 7F A A8
o] HAE FEE APzl E aje] glo] FAIHA
< 79l JehdA] gslel AlRe] 714" A5 (Hunter's
colorye ¥AMI ZAll] oj3t o33ke Ao} i, 4

with different subscripts are significantly different (p<0.01).

Y Aol W odeke A depdet PuEe A7
B Aol g WerAely AEdge] A 2
A 3 9 A7 2R WA B debed o
He Ao= debdieh

o

At &

B AT SV AU FH7e R
Ao S48 AFARY YA olo] AIEY
W,

=]
[2m
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