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Abstract

Comparative effects of ethylene oxide and gamma radiation treatment of the microbiological and

physicochemical qualities of ground garlic and onions were investigated. The standard ethylene oxide cycle

employed was substantially less effective in reducing microbial counts than were 7 and 10 kGy of gamma

radiation, and was roughly comparable to 5 kGy. Effects of gamma radiation on pungency, nutrient and color

were relativey small in comparison with ethylene oxide which adversely affected physicochemical properties.

Sensory evaluation indicated that no significant difference was observed between the nontreated control group

and 10 kGy irradiated smaples.

Introduction

Spice is essential to food processing and its quality has
a great influence on that of processed food. Most spices,
imported or domestic, are highly contaminated by various
microorganisms such as thermophiles, aerobic spores,
molds, phathogenic bacteria and coliform grou.t* It has
been reported that the numerous contamination in spices,
occurring mainly during harvesting, handling, transpor-
tation and storage, might cause serious problems in the
food industry viewed from public health and quality con-
trol aspects of the products.** Even though there are
several methods used for sterilizing spices, such as heat
treatment, ultra violet and microwave energy, and
chemical fumigants, they have many problems in terms
of ineffectiveness and complexity of treatment, adverse
effects on the quality, chemical residues, and treatment
cost and capacity.s-®

Currently, ethylene oxide (ETO) 'fumigation is
domestically used to reduce the microbial load of spices.
However, it has been indicated that this treatment can
be costly and time consuming, and furthermore,
undesirable effects on the flavor and color qualities of

spices have been known in some cases.** Moreover,
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since the use of chemical fumigants for food and foodstuffs
has already been prohigited in some countries, " there
is an urgent need to develo an effective alternative
method.

Garlic and onion powders are widely used in many pro-
cessed foods or seasoning blends. Onions as well as garlic
are known to have antimicrobial activity and have been
used as natural antibiotics.'* However, dehydrated
ground garlic and onions usually do not undergo any
sterilization step in the course of their manufacturing pro-
cess and thus carry with them a portion of the microbial
flora present in the raw material. Even though the
dehydration process reduces some microbial populations,
the remaining microbial flora may cause spoilage when
they are used as ingredients in processed food.

Since food irradiation was recognized as a physical
treatment comparable to heating or freezing of food, the
Codex Alimentarius Commission (CAC) of the United Na-
tions (FAO/WHO), representing some 120 governments,
set specific standards for food irradiation and ruled in 1983
that any food commodities processed with up'to a 10 kGy
absorbed dose retained their wholesomeness. 4 Recent-
ly, with the awareness of the distinct advantages of food

irradiation over other methods, thirty-two countries have
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collectively approved 227 food items in 73 food groups
for hurnan consumption, especially for space food and
aseptic food suitable for hospital patients, on either an
unconditional or a restricted basis. "’

The decontamination of spices is one of the most pro-
mising applications in the field of food irradiation.
Therefore, the present study was a part of recent exten-
sive work undertaken in order to commercialize food ir-
radiation technology in Korea. The purpose of the study
was to ascertain the efficacy of gamma irradiation as a
means of sterilizing ground garlic and onions as compared
with that of the conventional Ethy Tene Oxide (ETO)
method.

Materials and Methods

Materials
Garlic and onion powders used were imported pro-

ducts and obtained from a local company near Seoul.

Ethylene oxide fumigation

The ETO treatment was carried out on spices in small
packaging bags, laminated 20pm nylon with 60um
polvethylene, according to commercial practices. The
ETO sterilizer resembled an autoclave chamber and a gas,
consisting of a mixture of 30% ETO and 70% carbon diox-
ide by weight, was used. The treatment conditions were
as follows: operating temperature, 50°C; humidity, 40%:
gas pressure, 0.8 kg/em?G; gas density, 1.77 kg/m?; treat-
ment time, 8 hours.

Irradiation freatment

The samples packaged were irradiated at ambient
temperatures by a 10 kilo cuie Co-60 gamma irradiator
(U.K., 30 Gy/hr) with doses of 5, 7 and 10 kGy.

All samples treated with ETO and with gamma radia-
tion were stored together with the nontreated control sam-
ple at room temperatures (12—18°C) for 3 months.

Microbiological examinations i

Enumeration of total aerobic bacteria was performed
on the spices according to the standard APHA method '®
except that the incubation temperature was 30°C. Z\erobic
spores and acid tolerant bacteria were counted using TGY
agar after treatment at 80°C for 10 min., and tomato juice

agar (Difco. Lab.), respectivley.'” Fungi were counted
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by MYG—chloramphenicol agar containing malt extract,
10 g; yeast extract, 4 g; glucose, 4 g; agar, 20 g and
chloramphenicol, 20 mg per liter (pH 6.0) with incuba-
tion at 30°C for 3-5 days.*®

Analysis of nutrients
The AOAC standard methods"'* were used in order
to determine moisture, protein, fat, ash and ascorbic acid,

while carbohydrates were calculated by difference.

Determination of pyruvic acid

Total pyruvic acid content was determined according
to the method of Schwimmer and Weston.*®

Determination of color

The color change in ground garic and onions was
determined using a Hunter Color Difference Meter (Model
D25-9) for the three parameters of color, i.e., L-lightness,

a-redness and b-yellowness.

Sensory evaluations

Immediately after the sterilizing treatment three
samples — the nontreated control, 10 kGy irradiation and
ETO fumigation group — were subjected to sensory
evaluation, which put emphasis on the overally acceptabili-
ty of the product in terms of the flavor and appearance
of the spices. The sensory test was performed by the rank-
ing difference analysis obtained from the Methods in Sen-
sory Evaluation of Food®® and the panel consisted of
eight individuals experienced in sensory evaluation. All
figures reported here represent the mean of triplicate ex-
periments.

Results and Discussion

Inactivation of microorganisms

The comparative effects of ethylene oxide fumigation
and gamma irradiation n the inactivation of microbial flora
contaminating garlic and onion powders were given in
Table 1 and 2.

The garlic powder shoed some higher microbial
populations than onion powder and the distribution of
microbial flora, including aerobic spores, acid tolerant
bacteria and fungi was found to be similar in both spices.
A dose of 7-10 kGy gamma irradiation could reduce the
load of microorganisms to below 10° or less per gram:
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however, ETO fumigation proved to the insufficient to
reduce the microbial flora to a level of 10° per gram, which
has generally been regarded as a hygienic standard for
spices.®

The gamma radiation treatment of spices indicated
that different doses would be required for the total
destruction of microorganisms and smilar results were
reported for some selected spices. ‘%" After three months
of storage, no apparent growth of microorganisms occur-

red in all stored samples.

Effect on nutrients

While garlic and onion powders are used primarily for
their flavor rather than their nutritional value, proximate
components were analyzed to determine the comparative
effects of ETO fumigation and irradiation at doses for
radicidation.

As shown in Table 3, the amount of all components,

including carbohydrates, was little affected by the steriliz-

ing treatments, showing a smilar tendency in both spices.
However, ETO fumigation seemed to have a larger ef-
fect on the ascorbic acid content than irradiation treat-
ment in both spices. Elias and Cohen**! reported that
although ionizing radiation at 10—150 kGy might cause
a loss in ascorbic acid content, the extent to which it
changed rarely exceeded 20-30%, and also in some cases
it remained unchanged or increased on irradiation treat-
ment. In this experiment, the result of the irradiation treat-
ment on ascorbic acid was in reasonable agreement with
that of Galetto et al.*»

Effect on pyruvic acid content

The galic and onion powders wer analyzed for pyruvic
acid content immediately after sterilizing treatments and
after three months of storage. Increasin doses of gzinma
irradiation resulted in an almost linear reduction of the
content of pyruvic acid, but there was no significant reduc:
tion within the applied doses (Table 4); while ETO fumiga-

Table 1. Comparative effect of gamma irradiation and ethylene oxide (ETO) fumigation on the microbial flora

of garlic powder

Number of microorganisms per gram

Treatments

Total aefobic Aerobic Acid tolgrant Fung;
bacteria spores bacteria
Control 2.08x10° 1.28x 108 6.00x 10% 1.00x 10°
5 kGy* 1.55x10* 7.40x 10° 3.80x10? 1.00x 10*
7 KGy 5.00x10% 1.80x 10? 2.98x10? 0.0
10 kGy 5.00x10* 2.00x10? 0.0 0.0
ETO* 1.23x 10¢ 8.10x10° 2.95% 102 0.0

* The unit used to measure an absorbed dose of radiation and 1 kGy is equivalent to 100 krad
* Treatment conditions are given in the text

Table 2. Comparative effect of gamma irradiation and ethylene oxide (ETO) fumigation on the microbial flora

of onion powder

Number of microorganisms per gram

Treatments
Total aerobic Aerobic Acid tolerant .
. . Fungi
bacteria spores bacteria
Control 7.20x 105 4.46x 10 4.25x10° 1.20% 107
5 kGy* 5.40x10? 4.40x10° 3.80x10? 0.0
7 KGy 2.50x10? 2.10x10? 1.40x 102 0.0
10 kGy 0.0 0.0 0.0 0.0
ETO* 5.46x10* 3.30x10° 2.20x10° 0.0

* The unit used to measure an absorbed dose of radiation and 1 kGy is equivalent to 100 krad
* Treatment conditions are given in the text
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the potential use of pyruvic acid determination as an in-
dicator for evaluation of dehydrated product quality. @2
The results on the measurement of pyrﬁvic acid was
shown to be well correlated with those of sensory evalua-

tions, which are to be presented later in this paper.

Color and sensory properties

The results of the Hunter color measurements for the
ground garlic and onions are given in Table 5. Gamma
radiation treatment somewhat increased only yellowness
of both spices in comparison to ETO fumigation which
brought about the changes not only in yellowness but also
in redness and lightness. Visually, ETO treated samples
were dull and darker in color, while no noticible difference

in color was observed between the nontreated control and

E A LI A E 83
the gamma irradiated samples. The color differences re-
mained during storage. Similar results were reporte for
ground onions, paprika and ginger.'-*2%

tion brought about a significant reduction (p<0.01) in
pyruvic acid content of both spices. The difference in the
amount of pyruvic acid among the treatment groups
gradually decreased with the storage period.

Since good correlations between development o
pyruvic acid and odor intensity in fresh Allium species
were reported,'*2* there have been several reports on

Immediately after the sterilizing treatments, sensory
evaluations were made on the nontreated control, 10 kGy
irrdiated and ETO fumigated samples in order to elucidate
the comparative effects of ETO fumigation and gamma
irradiation on the overally acceptability of the spices. The

Table 3. Effect of gamma irradiation and ethylene oxide (ETO) fumigation on the nutrients of garlic and onion

powders®
) Treatments

Components Control 5 kGy* 7 kGy 10 kGy ETO-

Garlic Onion Garlic Onion Garlic Onion Garlic Onion Garlic Onion
Moisture (%) 9.9 10.0 9.8 10.1 9.9 10.2 10.0 10.2 10.2 10.4
Protein (%) 14.2 8.6 14.1 14.2 8.7 14.0 8.6 14.1 8.6
Fat (%) 1.2 1.1 1.2 1.3 1.2 1.3 1.1 1.3 1.3
Ash (%) 3.2 4.1 3.2 3.2 4.0 3.1 4.1 3.2 4.1

Carbohydrates (%) 71.5 76.2 71.7 76.0

Ascorbic acid
(mg/100g)

16.8 18.4 16.4 18.4

71.4 75.9 71.6 76.0 71.2 75.6

16.0 18.1 15.4 17.6 14.6 15.7

« Each value is the mean of triplicate experiments

* The unit used to mesure an absorbed dose of radiation and 1 kGy is equivalent to 100 krad

< Treatment conditions are given in the text

Table 4. Effect of gamma irradiation and ethylene oxide (ETO) fumigation on the otal pyruvic acid content

of garlic and onion powders®

. . Treatments
Spices Storage period
(month) Control 5 kGy* 7 kGy 10 kGy ETO-
Garlic 0 47.14 46.03 45.47 44.10 31.61¢
powder 3 41.48 41.18 41.14 39.16 28.86
Onion 0 15.65 14.84 14.61 14.10 13.40¢
powder 3 13.40 13.16 13.20 12.82 11.68

« Pyruvate content is expressed as umoles per gram of samples on the basis of dry weight and each value is the

mean of triplicate experiments

* The unit used to measure an obsorbed dose of radiation and 1 kGy is equivalent to 100 krad

< Treatment conditions are given in the text

“ Significantly reduced as compared to the control sample (p<0.01)
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data for three samples were analyzed statistically by
analysis of variance and a Duncan’s multiple range test,
as summarized in Table 6. The results showed that the
sample fumigated with ETO was significantly different
in the flavor evaluations from the 10 kGy irradiated sam-
ple as well as the nontreated control samples, in garlic
(p<0.05) and onion (p<0.01) powders; whereas no signifi-
cant difference was observed between the nontreated and

the gamma irradiated spices.

From the results of this work, it can be concluded that
gamma radiation treatment is not only more effective in
reducing the microbial population of spices but also less
detrimental to their physicochemical and sensory quali-
ty than ethylene oxide fumigation. Therefore, it seems
that a suitable application of irradiation dose, depending
on the kinds of spices, successfully contributes to the im-

provement of hygienic status and storage stability of

spices.

In Korea, the approval of the wholesomeness of ir-
radiated food was declared by a Presidental decree in July
1985. And also the procedures for permission of individual
items and the construction of acommerical multipurpose
food irradiation facility are in progress.

2 o
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Table 5. Comparative effect of gamma irradiation and ethylene oxide (ETO) fumigation on the color of garlic

and onion powders®

Lt at bt
Treatment
Garlic Onion Garlic Onion Garlic Onion
Control 77.78 70.39 1.36 -0.11 17.88 24.86
10 kGy* 77.57 70.99 1.42 -0.09 18.83 25.58
ETO* 73.45 63.71 1.73 1.45 20.75 26.18

< Each value is the mean of triplicate experiment
* L: Degree of lightness (white x 100 <= 0 black)

a: Degree of redness {(red + 100 <= 0 <= 80 green)

b: Degree of yellowness (yellowness + 70 <= 0 == ~80 blue)
< The unit used to measure and obsorbed dose of radiation and 1 kGy is equivalent to 100 krad

4 Treatment conditions are given in the text

Table 6. F value calculated by the analysis of variance and Duncan’s multiple range test of ranking difference
test for the sensory quality of garlic and onion powders treated with gamma radiation and ethylene oxide (ETO)

Sample mean*

Spices F value?
Control 10 kGy ETO
Garlic 441 0.32 0.21 -0.53
powder
Onion 31.00 ) 0.43 0.43 -0.85
powder

= Sensory evaluation was conducted by a panel of 8 members immediately after the sterilizing treatment, putting
emphasis on the overall acceptability of the product in terms of the flavor and appearance of the spices

® F value must exceed 3.47 to be significant at the 5% level and it must exceed 5.78 to be significant at the 1% level

< A common underline in the row means that both the nontreated control and 10 kGy irradiated samples are significantly
different from ETO treated samples at the 5% level in garlic powder and 1% level in onion powder, respectively

from the Duncan’s multiple range test
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