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Abstract

This study investigated the effects of gamma irradiation on microbial, physical, and sensory qualities as well as
the antioxidant activity of cooked spinach. At 3 kGy of gamma irradiation, microbial growth was inhibited until
4 weeks and 5 days at storage temperatures of 4 and 25C, respectively. The dose of 2 kGy did not
significantly affect hardness; however, Hunter color system values for lightness, redness, and yellowness were
changed. Low dose gamma-irradiation (up to 2 kGy) did not significantly affect the antioxidant activity of the
cooked spinach. Also, based on a triangle sensory test, the gamma-irradiated cooked spinach was not significantly
different from the control. These results, suggest that applying gamma irradiation to cooked vegetables at doses
lower than 2 kGy can be recommended to extend shelf-life and maintain quality.
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A ZAE AR B AR dFe) nxe &y 107

Table 1. Conditions of texture analyzer

Probe ® 3 mm

Force threshold 200 g
Contact area 7.07 mm?2
Contact force 50 g
Pre test speed 5 mm/s
Post test speed 5 mm/s
Test speed 5 mm/s
Strain 70 %
Time 0.5 sec
Trigger type Auto @ 5 g

A#E EMB agar(Difco, Co., USAMIAE AL&3tct &
&, AFFE 35T w74 48X HlY¥ ¥ Jepd
colonyg AF3tAed oW EH%LEES FEAE O T
=29 s AFIAT. nAEFE AS 1 g@ colony
forming unit(CFU)Z YeRf S0 73 2 9% Ha AF
A= 101 CFU/g °)ith

4 =3
ANFAYEY ZAE9 Y9 WHSLE Texture analyser
(TA/XT2, Microstable Systems Co. England)E ©] &3} A|
£ 23] d4H0E FHYNAE W LoyAE force-time
curveZHE ZA3YTE Texture analyser? ZSHZ7L
Table 13} 2t}
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ANE 10 goll FY SFTE 2L blender= F7A w4
3le]  ANAHA|(Digital color measuring/difference calculation
meter, Model ND-1001 DP, Nippon Denshoku Co. LTD.,
Japan)E A}-4-3l Hunter L3k(lightness), g#t(greenness), b
#(yellowness)S 33T

6. DPPH 2iC|2 A7 s

A& 03 gol methanol 10 mLE ¥& ¥ SE Z wwt
g ¥ 3,000 pmOE 4CoA 10837 A4l Eejsted dof
A ASHAE evaporatorZ LW E sl FHET AU
o #2E 10 mg % | mL methanolE H7}ste] 10
mgmL $59 FEE £94& AR AR §90=2 A
23tk AE89 50 pLol 1.5x10* mM DPPH(1,1-
diphenyl-2-picryl hydrazyl) €<% 150 pL& 713 & 30&
o] BFFEAE o] &89 517 molA FHFEE é%z‘f}
dow Gz AAF%E oY HoE AN T 74
FEE HUZ 2A% i3 AFHdA g 4£A%0]
50%7F HE = ICsee T3MATH

Free radical scavenging effect(%)

Abspppy - AbSsample 100

= AbsDPPH
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A M

9.

rﬂ

S4A

Feodre AEFIYSt st A 2499 5
QoA AP EHE SAAN F o) AEAA F AAAA
(triangle test)S @7‘13}9\31‘:]'. L F MY AEY A=
OE 3 79 "] Al o] ] Algte Hde oA o
NEE Y3z XV‘]G} A3 gt gEo] 130
=t ZA%S 3}”5] %ﬁ]EO]]/H A & Foll g A
g Huste EY3HthAAD T 2004).

mlo n{n
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EE A9 33 ol wEIPon, HolHE SPSS
(Statistical Package for Social Sciences. SPSS Inc., Chicago
IL, USA) software package T2 13& o]&3}e] B B4
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FH 948 (Duncan's multiple range test)&E A|E37re &
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143; HZATE 5.6 log CFU/gS YERAQ AL, WA ZA}
2 kGy A FoM= 2.7 log CFU/g, 3 kGy M FNH =
2.0 log CFU/go= B|ZAFFol| HlEte] &Gl th(p<0.05). Hl
ZATE A% 159 7.8 log CFU/gl.2 7571 5243
St RA R sigdste F4E YR i,
WA ZAL 2 kGy AP TF= A 159 3.0 log CFU/g, A

FAE2Y AR A 243 A 15 (2008)
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Fig. 1. Total microbial and E. coli profiles (log CFU/g) of
cooked spinach treated gamma irradiation during
storage at 4°C (@ : Total microbials at 0 kGy, m
Total microbial at 2 kGy, A : Total microbial at 3
kGy, < : E. coli at 0 kGy, o : E. coli at 2 kGy,
A 1 E. coli at 3 kGy).

log CFU/g

>

A
[2Y

A
Faay

Storage time(days)

Fig. 2. Total microbial and E. coli profiles (log CFU/g) of
cooked spinach treated gamma irradiation during
storage at 25C (@ : total microbials at 0 kGy, A
total microbials at 3 kGy, < : E. coli at 0 kGy, &
E. coli at 3 kGy).

& 250 5.5 log CFU/go.2 ks Z7}atgion, 3 kGy
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qFets FFE JERAT. A AL 3 kGy Aol
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Table 2. Changes in texture of cooked gamma-irradiated spinach during storage at 4°C

0kGy 222.3424.7 215.1+4.4
hardness 2kGy ®302.8+16.0" “b281.8+39.8" 213.7+12.8° °59.0+19.8°
3kGy 204.4+17.8" *204.1+10.7* 2200.7+8.4* °160.8+5.0°

0kGy 7961434 »78.4£12.6% *35.9+5.9° 40.1+4.8°

chewiness 2kGy °52.0+1.7* °43.4+18.9* *33.3+13.0"" °12.5¢1.6°
3kGy °30.8+6.8" ®31.949.0* 229.5+5.0" P24.1+3 4%

a® Different superscripts within a same column (irradiation dose) are significantly different by Duncan's multiple range test at p<0.05.
AB Different superscripts within a same row (storage time) are significantly different by Duncan's multiple range test at p<0.05.

Table 3. Changes in texture of cooked gamma-irradiated spinach during storage at 25C

0kGy *380.626.4 351,198 .4 229.548.3 #153.7£7.0 71.7440.8

hardness b A a A b AB a B a B

3kGy 204.4+17.8 201.0+8.1 179.6+23.8 148.9+23.6 157.8+5.1

hew 0kGy *79.6+14.3% #53.2+17.5" 34.0+6.2%C 20.0+3.3° *16.6+1.5°
cnewiness a

v 3kGy °30.8+6.8* 36.8+6.7" 34.5+6.4" 927.0+11.24 25.8+1.8*

@ Different superscripts within a same column (irradiation dose) are significantly different by Duncan's multiple range test at p<0.05.
AC Different superscripts within a same row (storage time) are significantly different by Duncan's multiple range test at p<0.05.
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Table 4. Changes in Hunter color of cooked gamma-irradiated spinach during storage at 4°C

22.96:0.08 *)3.8620.19

0kGy 22.00+0.13 27.54+0.79

L-value 2kGy #23.79+0.29" ®22.76+0.45° 28.85+0.18" ®23.25+0.23B¢
3kGy 21.2240.27° °23.26+0.63° 24 33+0.44* ©21.954+0.34¢
0KGy °.9.75+0.10¢ €.9.95+0.13" °.8.84+0.03" ®.6.30+0.05*

a-value 2kGy *.9.85+0.18° °.8.84+0.20° %.6.44+0.06" %.6.05+0.10%
3kGy .9.34+0.12° 1.8.32+0.22° ®.8.07+0.115 2.5.96+0.15"
0kGy *10.44+0.09" 11.76+0.40" ®10.47+0.05" 210.49+0.09"

b-value 2kGy *10.30+0.26° °10.15+0.19° *12.03+0.06" *9 38+0.14¢
3kGy °9.46+0.15¢ °9.93+0.31" ®10.50+0.23* °8.29+0.14"

*® Different superscripts within a same column (irradiation dose) are significantly different by Duncan's multiple range test at p<0.05.
AD Different superscripts within a same row (storage day) are significantly different by Duncan's multiple range test at p<0.05.

Table 5. Changes in Hunter color of cooked gamma-irradiated spinach during storage at 25C

Lovalue 0kGy 222.000.13% £20.91+£0.11¢ *23.86+0.70" ©19.42+0.07° 22 34+0.14%
3kGy ®21.22+0.27°¢ 222340332 24.04+0.09" 21.2840.19° ®19.20+0.06°
0kGy ®.9.75+0.10" ®.7.66+0.10° ®_5.3940.09° ®.2.69+0.10" %.3.14+0.02°

a-value 2 B a C 2 B b A b A
3kGy -9.34+0.12 -6.97+0.10 -4.82+0.23 -4.37+0.19 4.3320.08

bvalue 0KGy *10.44+0.09" *9.63+0.06" #10.38+0.30" °8.04-+0.12° 11.01+0.06"
3kGy 9 46+0.15> °9.16+0.19° 29 78+0.02" 9 4120.15° °8 30+0.03°

P Different superscripts within a same column (irradiation dose) are significantly different by Duncan's multiple range test at p<0.05.
AF Different superscripts within a same row (storage time) are significantly different by Duncan's multiple range test at p<0.05.
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of Tha9 Z4AEFE Yehdts 279 FASFATHLee
HI 5 1996). A% 5 F9E &2 AR 0¥4A v =AH
7} 0.0045 mg/mL, WA ZA(, 2, 3, 5 kGy)7t &7
0.0034, 0.0027, 0.0025, 0.0028, 0.0029 mg/mLo]A o, A
A 4R 2472 0.0059, 0.0022, 0.0034, 0.0033, 0.0031,
0.0031 mgmLE WA ZAMFAA F7hste dAE UE
woh olgld A WA ZAME AFRS 4ToA 103
¢ AAst Hegdge] WiEs ARE A AR 254
o F He@Fel o n HA AR O F
7}Eo] Aths Bi(Yun HI 5 2007)9F L X)813Th.
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Fig. 4. Changes in total phenol content of gamma-irradiated
and cooked spinach during storage at 4°C. * Different
superscripts within a same row(irradiation dose) are signi-
ficantly different by Duncan's multiple range test at p<0.05.
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Ho|z| oksky, AALe] /TS 72+ A% wat {9
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& A" fElVle fAY Asdstd 3A #AsL =
AF A i EAE AREY AHE SAATE AL
2 B1E3 kSon IS 5 1999). A7t wE AA
kgl A5 Bd HlZAH‘aJr FAE BN AR
b B AAstd AR 4FA HIZRATH ZA(, 2, 3,
SkGy)AA 27 135, 109, 7.9, 2.8, 1.7%& FAHAE &
To HlE 2F @A JEstou 2 kGy 7HAE ARFG
Bho Jo] AA AUtk WA 3 kGy oY ZAMIFC]
e} A g A AY Fox ALHA st 3
PH I Y& AT F AW o2 BFS Byun MW
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2 Aol e Ul 37 AAE FUT s,
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Fig. 5. Changes in inhibition of lipid peroxidation(%) of
gamma-irradiated and cooked spinach during storage
at 4°C. ° Different superscripts within a same row(irradiation
dose) are significantly different by Duncan's multiple range
test at p<0.05.
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