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ABSTRACT

Irradiation of dates (Khalas variety) at 0.9 kGy was sufficient to
eliminate single insect infestation (Oryzaephilus surinamensis) and
mixed infestation (0. surinamensis and Tribo/ium castaneum), whereas
0.3 kGy was effective only in controlling single infestation. Sensory
properties were not affected but irradiation contributed to some reduction
in microbial counts immediately after irradiation and counts remained
low till the end of 6 months' storage period. All sugars were
significantly .reduced immediately after irradiation but they increased
gradually with increasing storage time. Thermoluminescence (TL)
technique was useful. in discriminating between irradiated and
unirradiated dates during the entire storage period but was less sensitive
as far as the dose estimation is concerned.

Additional Index Word: Khalas, sensory properties, sugars.
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INTRODUCTION

The Kingdom of Saudi Arabia is one of the major dates producing
countries in the world. The date palms (Phoenix dactylifera L.) are
widely distributed in "SaudiArabia, and number of trees in the Kingdom
is estimated to be over 13 million (Ministry of Agriculture, 1994).
Although most of the dates produced in the Kingdom are used directly
for human consumption with little or no further processing, the quantities
of properly processed dates are growing rapidly due to gove~ental
support and subsidies to date production and processing.' The annual
production of d~tesjn Saudi Arabia was 563,000 tons in 1994 (Ministry
of Agriculture, 199.~)~.. . .

Dry dates are attacked by moth and beetle (Hussain, 1974).
Methylbromide, 'which is used in Saudi Arabia, is very effective for
controlling stored products insects (Cherif et aI., 1985). However, the
use of such gas will be banned in the year 2001 due to its suspected
carcinogenic effect (Council on Radiation Application, 1985).
Therefore, irradiation is the possible alternative to control insects' in
dates.

Studies on use of irradiation to control insects in dates are enormous

(Farkas et aI., 1974; Zaklandnoi and Ratanova, 1978; EI-Sayed and
Baeshin, 1983; Grecz et aI., 1986). However, only few studies were
conducted on either the effect of irradiation on nutrients of dates (Farkas
et aI., 1974; Auda et aI., 1977;Auda and AI-Wandawi, 1980; EI-Sayed
and Baeshin, 1983; Grecz et aI., 1986; Siddique et aI., 1986;Ewaidah,
1987) or the detection of irradiated dates (Khan ~~<pelinc.ee, 1995).

Khalas variety is dry fully-ripened dates known for its expensive
value and commercial demand. It is usually subject to insect infestation
during storage and this results in high economical loss if disinfestation
treatment was not applied. In this study irradiation was mainly used for
insect disinfestation and the efficiency of applied dose as well as their
effects on sensory, microbial, and chemical properties were investigated.
A method of detection of irradiated dates was also adopted.

MATERIALS AND METHODS

Preparation and Irradiation of Dates

The variety "Khalas" dates, marketed at Tamar or full-ripened stage
with moisture content of 7.3% were purchased from a farm in AI-Hasa
region in Eastern province of Saudi Arabia during the 1995 dates
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production season. Two hundred and twenty kg of dates were packed in
carton boxes (18 x 16 x 11cm), 1.5 kg each. The boxes containing the
dates were irradiated by Co60source (International Nutronic) at 0.3 and
0.9 kGy for exposure times of 32.15 and 96.46 min, respectively.
Irradiation facility at King Faisal Specialist Hospital and Research Center
was used. The dose rate was 933 rads/min (0.56 kGy/h). The absorbed
dose was monitored by ferric sulfate dosimeter (ANSI, 1972).

Insect Disinfestation

. Oryzaephi/us surinamensis and Tribo/ium castaneum were used.
Treatments were classified according to the infestation to 3 groups.
These groups were as follow: Dates without infestation (control) , dates
infested by 20 O. surinamensis adults per replicate (Single infestation),
and dates infested by 20 O. surinamensis and 20 T. castaneum adults per
replicate (mixed infestation). Two doses (0.3 and 0.9 kGy) were applied
2 and 45 days after dates be infested. Dates irradiated 2 days after
infestation contained adults and eggs, while dates irradiated after 45 days
contained adults, eggs, larvae, and pupae. Boxes containing dates were
kept under room condition before and after irradiation.

For infested treatments, observations and examinations were made
after 1 and 6 months of post-irradiation treatments. Four replicates were
selected each time from each treatment and were examined for the
presence of alive insects. Five dates were selected randomly from each
box, each was cut opened and numbers of frass were counted per date.

Microbial Examination

Dates were analyzed microbiologicaly for total bacterial counts and
molds and yeasts according to the procedures recommended in the
Compendium of Methods for the Microbiological Examination of Foods
(APHA, 1992). Plate count agar (Oxoid, Basingstoxe Hampshire,
England) was used for the total bacterial count. Inverted plates were

incubated at 32°C for 48:!: 3 h. Acidified potato dextrose agar (Oxoid)
was used for the enumeration of molds and yeasts and plates were
incubated at room temperature (25°C) for 5 days.

Sensory Evaluation

Sensory evaluations were conducted on irradiated and control
(unirradiated) samples. The quality attributes, including color, texture,
taste and overall acceptability were evaluated by a trained panel,
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consisting of 10 judges from the staff of Food Science and Nutrition
Dept., King Saud University. The evaluation was based on a nine-point
hedonic scale with 9 representing like extremely. and 1 representing
dislike extremely (Larmond, 1980).

Sugars Determination

Analysis of reducing sugars was performed on Shimadzu HPLC
(Shimadzu LC-10 AD, Shimadzu Corporation, Kyoto, Japan) according
to AOAC method (1995). Sugars separation (fructose, sucrose and
glucose) was performed oh a 250 x 4.6 mm column packed with 5 Ilm
Supelcosil LC-NH2 (Supelco/INC., Bellefonte, PA) connected to the
Refractive Index Detector (RID-6A, Shimadzu Kyoto, Japan). The
mobile phase (20% water and 80% acetonitrile, HPLC grade) was
introduced by a delivery pump model LC-10 AD (Shimadzu) at a flow
rate of 2.5 ml/min. The system was attached to an injector (Model SIL-
lOA, Shimadzu) through which a 5 ilL sample was injected. The running
time was 15 min. The peak areas for the calibration curves and for the
calculations of sugar amounts in the date samples were measured by an
integrator model C-R7A (Shimadzu chromatopac data processor). Sugar
standards (glucose, sucrose and fructose) were purchased from Sigma
(Sigma Chemical Co., St. Louis, MO.). Sample preparation and
chromatographic procedure were conducted as described in AOAC
(1995).

Determination of Total Sugars was carried out according to the
procedure of Lane-Eynon method in AOAC (1995).

Detection of Irradiated Dates

Minerals extraction and thermoluminescence (TL) measurements
were conducted according to the procedure of Khan and Delincee (1995)
to detect irradiated dates at applied doses. Thermoluminescence
measurements were carried out using Harshaw 3500 TL reader (Harshaw
Bicron, Solon, Ohio, USA) with preheat temperature 70°C, heating rate

6 °C/S and final temperature 350°C. The heating chamber ofTL reader
was flushed with high purity nitrogen before depositing the mineral
samples (0.5 - 2.0 mg) on a clean stainless steel disc (10 mm diameter,
0.5 mm thickness) for thermoluminescence determination.
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Statistical Analysis

Data were analyzed using analysis of variance (Steel and Torrie,
1980) and SAS programs (SAS, 1985).

RESULTS AND DISCUSSION

Insect Disinfestation

Radiation at dose of 0.3 and 0.9 kGy two days after infestation led
to a complete control without causing any damage to the irradiated dates
in the single and mixed insect treatments (Table 1). However, insects
were detected in all replicates in the infested non-irradiated treatment.
The mean number of O. surinamensis adults in the infested non treated
sample was 10366 and 9522 in single and mixed infestation, respectively.

Deferment of irradiation 45 days after infestation caused damages to
dates. Eighty-l 00% of irradiated dates were found contaminated by frass
(feces). Regardless of the dose, no alive. insects were detected in the
irradiated single infestation treatment. In mixed infestation, dose of 0.9
kGy was sufficient to cause 100% mortality. But, five adults of O.
surinamensis were found alive in one replicate of mixed infestation
treatment when dose of 0.3 kGy was applied. The dose of 0.3 kGy,
which was used in this study, is laid within the range of sterility dose of
this pest. Zaklodnoi and Ratanova (1987) reported that the sterility dose
of this pest was 18 kard (0.18 kGy), whereas Auda (1980) found that
dose of 0.7 kGy was sufficient for sterilization of O. surinamensis.
Brower and Tilton (1970) found that 0.4 kGy is a sufficient dose to
control this pest. Therefore, a few individuals might not be sterilized by
dose of 0.3 kGy. Tilton and Brower (1987) stated that the use of
sterilizing dose might mean that a small proportion of the insect
population is not completely sterilized. Therefore, dose higher than 0.3
is recommended here to control this pest and other pests that could be
found in stored dry dates.

The mean number of O. surinamensis adults six months after
treatment in the infested nontreated sample was 10670 and 10430 in
single and mixed infestation, respectively. Moreover, all dates were
damaged and filled by frass. In mixed infestation, number of T.
castaneum was not increased as much as O. surinamensis. This probably
could indicate that T. castaneum is not a good competitor in dried date.
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Microbial Examination

Although irradiation treatment of dates in this study was mainly for
insect disinfestation, it also contributed to some reduction in microbial
counts of the irradiated dates (Table 2). Total bacterial counts were
reduced immediately after irradiation to a greater extent compared to the
reduction in molds and yeasts since the later are generally less sensitive
to irradiation (Jay, 1986). The microbial flora of both irradiated and
unirradiated dates remained low till the end of storage -periodof 6 months
with irradiated samples being lower in microbial counts. Dates (Khalas)
are considered dry type date fi'uit(7.0% moisture content) and this low
moisture content along with high sugar contents have made the
conditions unfavorable for the growth of microorganisms.

Sensory Evaluation

Table 3 shows the sensory evaluation of irradiated and nonirradiated
dates during storage for up to 6 months after irradiation. Irradiation (0.3
and 0.9 kGy) followed by 3 or 6 month post-irradiation storage at room
temperature did not effect the sensory properties of Khalas dates.
Literature on organoleptic changes induced by irradiation treatments of
fully-ripened date like Khalas date was very rare. El-Sayed and Baeshin
(1983) found no change in sensory quality of four irradiated varieties of
dates at 0.2 kGy. In another work by Grecz et al. (1986), panelist could
not discriminate between unirradiated dates and those irradiated at levels
of 1.0 to 6.0 kGy. Khalas is a dry-type date fi'uitand its insensitivity
towards irradiation is probably due to the low water activity and low
protein content as compared with many other fi'uits and vegetable where
threshold for undesirable organoleptic changes was found in the range of
a few hundred krad (Dowson and Aten, 1962;Hasegawa et aI., 1969).

Sugars Determination

The effect of irradiation and post-irradiation storage of dates on
sugars is shown in Table 4. Fructose, glucose and total sugars were
significantly (p ::;;0.05) reduced immediately after irradiation. Fructose
and glucose of irradiated samples increased gradually with increasing
storage time, whereas those of unirradiated samples showed inconsistent
decrease or increase during the 6-month storage. However, maximum
levels of both sugars were obtained at the end of storage and were
significantly higher in unirradiated samples compared to the irradiated
ones. Reduction in sugars immediately following irradiation could be
due to the formation of some radiolytic products of carbohydrates.
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Thomas (1986) reported that radiolytic products of carbohydrates could
be formed when foods treated with ionizing energy, such products
include glucuronic, gluconic, and saccharic acids, glyoxal, arabinose,
erythrose, formaldehyde, and dihydroxyacetone. Oligosaccharides yield
monosaccharides and products similar to those obtained trom simple
sugars. Polysaccharides (starch, cellulose) yield smaller units, such as
glucose, maltose, and dextrins, and the radiolytic products of these
substances. In this study, no sucrose was found in Khalas dates, and this
is in agreement -with Kanner et al. (1978) and Jaddou and AI-Hakim
(1980). These authors found that fully matured dates contain no sucrose.
Hasegawa and Smolensky (1970) indicated that the enzyme invertases
are fully active in the fully matured stage (late stage of Rutab) and this
would explain the reduction in sucrose content during the storage period
of fully matured Zahdi dates.

Auda et al. (1977) studied the effect of irradiation (0.3 to 2.7 kGy)
on the reducing sugars of completely ripened dates (Tamar) of several
Iraqi varieties. The results showed no effect of gamma irradiation on
reducing sugars and major carbohydrate components. EI-Sayed and
Baeshin (1983) studied the effect of irradiation on total carbohydrates,
reducing and non-reducing sugars and tree sugars of two varieties of
dates (Tamar stage) produced in Saudi Arabia. Irradiation dose up to 25
Krad (0.25 kGy) had no effect on sugars even after storage up to 12-
months at 20-350 c.

Detection of Irradiated Dates

Thermoluminescence (TL) technique was used for detection of
irradiated dates. The intensity of first glow curves (glow curve 1)
showed difference between the unirradiated and irradiated dates (Figs. 1-
3), and integration areas are used in discussion (Table 5). Therefore,
discrimination between irradiated and unirradiated dates just on the basis
of the first glow curve trom separated minerals seems possible. These
glow curves were normalized by re-irradiation at 0.5 kGy (second glow
curve or glow curve 2 -figures are not shown) to improve the reliability
of the results by eliminating the problem associated with the different
amounts and composition of insoluble minerals trom different lots of
samples. It has been found that origin of this TL signals in food samples
mainly lies in the insoluble minerals and dust particles adhere to food
items and not in the organic matrix (Sanderson, 1990). By separating
these minerals from the food samples and performing the
thermoluminescence analysis on these minerals alone produce much
better results. This will enable to distinguish between the irradiated and
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unirradiated food samples. TL intensities of whole samples mainly
depends on the degree of mineral contamination. However, even isolated
minerals (quartz, feldspar, etc.) emit intensities after irradiation which
may differ by several orders of magnitude (Autio and Pinnoja, 1990).
The ratio of the integration area of the first and second TL glow curves
(intensity of glow curve) was much less than 0.001 for the unirradiated
samples (0.00056) and greater than 0.1 (0.34 - 0.57) for the irradiated
samples at zero time. The area of glow curves for the irradiated samples
was 125 and 592 times higher (0.3 and 0.9 kGy, respectively) than the
area of glow curve for unirradiated samples. The ratio of first and second
glow curves intensity was also much less than 0.1 for the unirradiated
samples (0.000562 :. 0.0008067) and greater than 0.) for the irradiated
samples (0.153 - 0.522) after post-irradiation storage of 1, 3 and 6
months (Figs 4-7). The signal still persisted even after 6 months of post-
irradiation storage and this made TL method reliable for the detection of
irradiated dates.

Four types of dates have been studied by Khan and Delincee (1995)
for the detection of irradiation treatment using thermoluminescence for
the mineral contaminants adhering to the dates and ratio of the first glow
curve as a whole to the second glow curve was more than 1.0 for all
irradiated samples and much less than 0.1 for unirradiated samples which
made detection of irradiated dates more reliable.

Thermoluminescence (TL) is an important routine method for the
detection of irradiation treatment of food items (Delincee, 1993; Khan
and Delincee, 1995).
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Table (1): Effect ofIrradiation at 2 and 45 Days After Infestation of Dates (Khalas-variety)on Oryzaephilus surinamensis (single infestation)
and O. surinamensis and Tribo/iumcastaneum (mixed infestation).

OS = Oryzaephilus surinamensis, Tr = Tribo/ium castaneum, . L = Larvae, P = Pupae, F = Frass

137

Time of Time of
irradiation Examination

Treatmentafter after
(kGy) Single infestation Mixed infestation

infestation irradiation
(days) (months)

Mean No. / date Mean No. / rep. Mean No. / date
Mean L P F OS Tr L P F
No. of
as/rep.

0.0 11 0.6 0.6 114.05 11.7 3.5 0.5 0.1 99.1
1 0.3 0 0 0 0 0 0 0 0 0

2 0.9 0 0 0 0 0 0 0 0 0
0.0 10366 3 2.3 4400 9522 58 2.3 1.75 2232

6 0.3 0 0 0 0 0 0 0 0 0
0.9 0 0 0 0 0 0 0 0 0
0.0 430.5 0.45 0.4 314.75 763.5 14.7 1.6 0.4 555.1

1 0.3 0 0 0 285.6 0 0 0 0 450.2
45 0.9 0 0 0 248.1 0 0 0 0 432.3

0.0 10670 1 2.25 5091 10430 29 1.7 1.25 4722
6 0.3 0 0 0 114 1.25 0 0 0 55

0.9 0 0 0 40 0 0 0 0 17.65



.

Table (2): Effect of Irradiation and Post-irradiation Storage at Room Temperature on Microbial Flora of Khalas Date.

*TC = Total Counts

**Y+M = Yeasts + Molds
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0.0 0.3 0.9, , -,

0 TC* 1.6x 104 2.7 x 102 1.7x 102
Y+M**

3.3 x 102 1.1x 102 5.0 x 102

3 TC
8.5 x 102 4.0 x 102 3.0 x 102Y+M
2.6 x 102 1.5 x 102 1.5x 102

6 TC
Y+M 1.1x 103 3.3 x 102 2.1 x 102

4.5 x 10 1.4 x 10 1.5x 10



Table (3) : Sensory Evaluation Scores for the Quality Attributes ofNon-irridiated and Irradiated Dates (Khalas) Stored at
Room Temperature.

6

Storage Time
(Months)

o

3

* Means in the same column for each individual storage time with unlike superscript differ significantly (p < 0.05).
Scoring scale: 1= dislikeextremely,9 = like extremely.
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Dose
Score (mean+SD ; n = 10

(kGy) Color Texture Taste

0.0 7.4 :t 1.4 a* 6.4 :t 1.5 a 7.5:t1.0a

0.3 6.8 :t 1.6 a 6.4 :t 1.8 a 7.3 :t 1.0 a
0.9 6.9 :t 1.6 a 6.7:t 1.3 a 7.4 :t 1.0 a

0.0 7.6:t 1.3 a 6.8 :t 1.5 a 7.4:t 1.1 a 7.5 + 0.8 a
0.3 6.6 + 1.5 a 6.4 :t 1.8 a 7.0 + 1.5 a 6.7:t 1.3 a

0.9 7.0:t1.4a 6.5 + 1.6 a 6.9,:t 0.9 a 7.1 + 1.2 a

0.0 6.3 :t 0.6 a 6.3 + 0.7 a 6.6 + 1.2 a 6.6 + 1.0 a

0.3 6.4 :t 0.8 a 6.3 :t 0.7 a 6.5 :t 1.2 a 6.2 :t 0.9 a
0.9 6.6 :t 1.0 a 6.5 :t 0.8 a 7.0:t 0.9 a 6.8 + 0.9 a



Table (4): Effect ofIrradiation and Post-irradiation Storage at Room Temperature on Sugars of Dates (Khalasr

*
**

% Dry weight basis
Mean + S.D. (n = 10). Means in column for each individual storage time with unlike superscript

significantly (p~0.05).

differ
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StorageTime Dose
(months) (kGy) Fructose Glucose Total Sugars

..
0 0.0 29.7 :f:0.1a 34.1 :f:0.6a 71.9 :f:O.oa

0.3 . 29.2 :f:0.1b 33.7 :f: 0.1a 66.4 :f:0.1c
0.9 27.1 :f:O.oc 31.3 :f:0.3b 68.4 :f: O.Ob

3 0.0 27.0 :f:O.4b 30.6 :f:O.3b 67.S :f: O.Oc

0.3 33.2 :f:O.Sa 38.6 :f:0.1a 79.0 :f: 1.3a
0.9 32.87 :f:0.3a 39.98 :f: 1.2a 72.6 :f: O.Ob

6 0.0 3S.0 :t: O.Sa 39.6 :t: 0.2a 76.2 :t: O.Sa
0.3 34.0 :t: O.Ob 38.1 :t: O.4b 76.1 :t: O.Oa
0.9 33.7 :t: 0.1b 38.7 :t: O.Ob 73.7 :t: O.Sb



Table (5) :. Integration Area (nc) of the First and Second TL Glow Curves for the Khalas Dates.
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Dose First Glow Second Glow FGC

(kGy) Curve (FGC) Curve (SGC) SGC

0.0 0.1303 232.7 0.00056
0.3 16.26 47.81 0.34
0.9 77.15 136.9 0.57

3 0.0 0.2738 339.4 0.0008067
0.3 30.22 154.7 0.1953
0.9 44.94 166.1 0.2705

6 0.0 0.1287 229.0 0.000562
0.3 98.57 644.6 0.153
0.9 668.6 1282 0.522
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Fig. (2) TL Glow ClIIve I for the Minerals Isolated from the Irradiated
Dates (0.3 kGy) at Zero Time.
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Fig.( d ) TL Glow CurveI for the Minerals Isolated from the IrradiatedDates
(0.9 kGy) at Zero Time.
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Fig. (4): TL Glow Curve I for the ~Iinerals Isolated from
Dates (Khalas- Variety C) after One ~Ionth.
Unirradiated Dates (Top), 0.3 kGy-Irradiated
Dates (Middle) and 0.9 kGy-Irradiated Dates
(Bottom).
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Fig. (5): TL Glow Curve I for the Minerals Isolated from t"'nirradiated
Dates (Khalas-Variety C) After 31Honths (Top) and 6 ~ronths
(Bottom) at Room Temperature.

146

--- - - - - --- - --



1

7s.n nC
30.22 no 11

278.2 nC
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Fig. (6) : TL Glow Curve I for the ~Iinerals Isolated from 0.3 kGy-
Irradiated Dates (Khal:ls- Variety C) After 3 ~ronths (Top) and
6 Months (Bottom) at Room Temperature.
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Fig. (1) : TL Glow Curve r for the .:\-finerals Isolated from 0.9 kGy-
Irradiated Dates (KJl:.1I:1S-V:lriecyC) After 3 )-[onths (Top) and
6 ~Ionths (Bottom) ae Room Temperature.
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