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ABSTRACT - In this study, we investigated the applicability of the photostimulated luminescence (PSL), ther-
moluminescence (TL), electron spin resonance (ESR) and gas chromatography/mass spectrometry (GC/MS) methods
for 5 seeds which are not allowed to be irradiated in Korea. All 5 seeds including evening primrose seed, safflower
seed, rape seed, sunflower seed and flax seed were analyzed. Samples were irradiated at 1~10 kGy using a *Co
gamma-ray irradiator. In PSL study, the photon counts of all the unirradiated samples showed negative (lower than
700). The photon counts of irradiated (1, 5, 10 kGy) samples showed positive (higher than 5,000). In TL analysis,
results showed that it is possible to apply TL method to all foods containing minerals. In ESR measurements, the ESR
signal (single-line) intensity of irradiated foods was higher than non-irradiated foods. The hydrocarbons 1,7-hexadec-
adiene (C,,,) and 8-heptadecene (C,,,,) from oleic acid were detected only in the irradiated samples before and after
the treatment at doses > 1 kGy, but they were not detected in non-irradiated samples before and after treatment. These
two hydrocarbons could be used as markers to identify irradiated safflower seed, rape seed, Sunflower seed and flax
seed. And then, the hydrocarbons 1,7,10-hexadecatriene (C ;) and 6,9-heptadecadiene (C,,,,) from linoleic acid were
detected in the evening primrose seed, safflower seed and sunflower seed. According to the results, PSL, TL and GC/
MS methods were successfully applied to detect the irradiated foods. It is concluded that PSL, TL and GC/MS meth-
ods are suitable for detection of irradiated samples and a combined method is recommendable for enhancing the reli-
ability of detection results.
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Table 1. The PSL determinations of gamma-irradiated sample

PSL photon counts (counts/60sec)”

Sample
0 kGy 1 kGy 5 kGy 10 kGy
Evening 2
Primo e 4 2857() 8.933(H) 156248(+)  96,791(+)
Safflowerseed  430(-)  5476(+) 36,715(+) 75,531(+)
Rapeseed  469(-)  79,299(+) 540,842(+) 166,776(+)
S“‘;S:(Yer 398(-)  23,158(+) 217,524(+) 272,222(+)
Flax seed 341(-)  10373(+) 38,017(+) 12,336(+)

UThreshold value: T, = 700. T,= 5000, (=) <T,, T, <(M) <T,, (+) > T,
?YMeans £ SD (n= 3).
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Table 2. TL ratio of minerals isolated from gamma-irradiated sample

Group Sample géj:l(agg;) TL ratio” Evaluation
Evem“i Zd“mr"se 0.7846  Irradiated
Safflower seed 1.0655  Irradiated

Seed Rape seed ! 0.8532  Irradiated
Sunflower seed 0.2793  Irradiated

Flax seed 1.7543  Irradiated

YGlow 1 curve integration/Glow 2 curve integration at tempera-
ture range 150~250°C.

A TH(Table 2).

A=E9] ESR B

gutol ], T3, FAA, aintetr1A 2 ofrbyof of
st ESR WS o]-8-8t] ZALAFE <1 319laL, 1 kGy
= 24 5 ESR AAW A8 /15AHL Sssith ESR
Y 23, FASET 55 BF A A5 =AM e S
©]Z<l ESR signalo] #zk=]=] ¢fol ESR HAY & 7}F
S0 wrhal At o, AR o] wet single-
line signal®] S7Fsl= 43S 2$97] Wil signal intensity
of thet A Zk(threshold value)e] AalFtiH AR 2=
o] Agede A& 7Fs/do] vkl HEE AT

X229 GC/Ms B
3, SAX, sfaler R 2 olupdl] T
3o} GOMS WHE olgdte] 2atelrg el S,
1 kGyZ ZAF 3 GOMS AAY 28 71542 213819
o} &8k, A ZAF Al hydrocarbonF2] F7F A o

EE S

Table 3. Composition of main fatty acids in seeds
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Fig. 2. Typical GC chromatograms of the hydrocarbons from saf-
flower seed samples irradiated with a dose of 1, 5 and 10 kGy
detected with a mass spectrometer. 1,7-hexadecadiene (C¢,) and
8-heptadecene (C,,,) from oleic acid; 1,7,10-hexadecatriene
(C,;;) and 6,9-heptadecadiene (C,,,) from linoleic acid.
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o AAak 2445 53] palmitic acid (2-10%), stearic acid
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TS ﬁ%}a}l At o3l A 7Fsd 8 hydro-
carbon7F & 5T AN T3, A, HutetrIA
2L 0}”}5‘]4 Zd5el= A el hydrocarboni 7t A&
Ho] AxW Mg spsAo] B Ao WHEATHFig
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Hydrocarbon / Content (%) per total fat

Sample Fat (%)
Palmitic acid Stearic acid Oleic acid Linoleic acid
Evening Primrose seed 17.0 6 2 11 81
Safflower seed 38.5 2-10 1-10 7-42 72-81
Rape seed 30.0 - 7 54 30
Sunflower seed 49.6 2-10 1-10 14-65 20-75
Flax seed 422 6 2.5 19 24.1
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Fig. 1. TL glow curve for 1.0 kGy-irradiated (left) and 1.0 kGy-reirradiated (right) Rape seed product.
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Table 4. The summarized results of GC analysis in 5 seeds for this study

Fatty acid / Hydrocarbons

Foods Irradiation Dose

Palmitic acid

Stearic acid Oleic acid

(kGy)
Ciso Cip Ciro Cig Ci7. Ciga
0 - + + + - -
. . 1 - + + + - _
Evening Primrose seed
5 - + + + - -
10 - + + + - -
0 + + + + - -
1 + + + + - +
Safflower seed
5 + + + + + +
10 + + + + + +
0 - + + + - -
1 - + + + + +
Rape seed
5 - + + + + +
10 - + + + + +
0 + + + + - -
1 + + + + + +
Sunflower seed
5 + + + + + +
10 + + + + + +
0 - + + + - -
| 1 - + + + + +
Flax seed 5 ) N N . N N
10 - + + + + +

Table 5. The summarized results of GC analysis in Evening Primrose seed, Safflower seed and Sunflower seed for this study

Fatty acid / Hydrocarbons

Irradiation Dose v - - - - - - - -

Foods (kGy) Palmitic acid Stearic acid Oleic acid Linoleic acid
CIS:O C]4:l C]7:0 Cl():] Cl7:l C]6:2 C]7:2 C16:3

0 - + + + - - - -
. . 1 - + + + - - ++ 4+

Evening Primrose seed

5 - + + + - - ++ ++
10 - + + + - - ++ ++

0 + + + + - - - -
1 + + + + - + ++ ++

Safflower seed

5 + + + + + + ++ ++
10 + + + + + + ++ ++

0 + + + + - - - -
Sunfl d 1 + + + + + + - ++

nflower

untiower see 5 + + + + + + ++ ++
10 + + + + + + ++ ++

2). 53], oleic acidol|X] =% 8-heptadecene (C,,.), 1,7-
hexadecadiene (C,)°] AL AFE gelst= 38h4 nf
AR &8 7Fs/dol EUTHTable 4). ZAMIZ(, 5, 10
kGy)ell w2} 5] hydrocarbon?] intensity 5 7F2} GC/MS
AR F2lslSth(data not showed). E2o] &M 7§
o= oleic acidoAl 5% hydrocarbonF 7} HEZA] &
o AWM A& 7hs dol Wrka ddsiir 3, Eyle]
=X, T3 9 aluterIAolA rtelsdice] =8 9
E21 linoleic acidol|A] F=% 1,7,10-hexadecatriene (C,;)
3 6,9-heptadecadiene (C,,,)°] AEF ] ZAIAFRE 21

sk sheta] HA wiAR &8 7hs/dol Eohal Adsiil
t}. o]¢} 72 linoleic acidolA =% 1,7,10-hexadeca-
triene (C,4;)# 6,9-heptadecadiene (C,,,)¢l hydrocarbon¥
7t 3tehA A mAR F7FETHE linoleic acidS T
S AF] vE A5 282 7H7F mrha A7)t
A tH(Table 5).
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Figure B.2: Typical mass spectrum of hydroearbon 1,7,10-16:3.
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Fig. 3. Typical mass spectrum of hydrocarbons from 1,7,10-hexadecatriene (C,4;) and 6,9-heptadecadiene (C,,,) in safflower seed samples.
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sfefoz 24} AFS) HEANE FYsn BANFE F
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