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Abstract: Food irradiation with high-energy electron from accelerator is a new type technique for storing and
refreshing food. This paper reviewed the fresh-keeping mechanism and characteristics of electron beam irra-
diation in fruits preservation application recently. Electron beam irradiation can especially inhibit germination,
delay maturate, sterilize and improve quality and so on. At last, we combined with other packaging technolo-
gies such as modified atmosphere packaging for fresh-keeping.
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1. Introduction

Fruits have an obvious seasonal character in growth and
harvest, and a series of changes of biochemical and phy-
siological processes will continue after harvest. During
these processes, many nutrients have being consumed.
The main causes boil down to two things: a series of
changes of biochemical and physiological processes were
mainly attributable to Enzymes and environmental fac-
tors; and the diseases and putrefaction caused by mi-
crobes. Respiration-inhibiting and mold-killing is very
important to fruits preservation.

There are many preserving methods in the market.
Their common characteristic is that they prevent spoilage
and maintain the fruits quality by controlling one or sev-
eral key points ™. Traditional methods cannot be con-
trolled artificially because of environment factors. MAP
or cold preservation needs large cold storage or machine
equipment.

In recent years, electron beam irradiation technology
in China is booming. Because of its sterilization, safety
and environmental protection advantages, this technology
is widely used in food preservation. Xie Zhongchuan @
used electron beam irradiation technology to restrain the
respiration rate of Ginkgo Biloba. Rahman R A ! ex-
tended the shelf life of bananas by electron beam irradia-
tion combined with hot water. Electron beam irradiation
plays an important role in fresh keeping technology of
farm products.

2. The preservation methods of electron
beam irradiation

2.1. The principle of electron beam irradiation

Low or high-energy electron beam radiation generated by
electron accelerator (usually 10MeV) can damage DNA
in living cells directly or get -H. -OH from radiolysis of
water or small molecules indirectly by high energy pulse.
Living radical with nuclear material can initiate cros-
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slink ™. Thus we can kill pets, postpone fruit and vege-
table ripening and senescence and also extend shelf life
of the farm products.

2.2. Characteristics of electron beam irradiation
preservation

1) Energy conserving and Environment protecting:
Electron beam irradiation of the generation and
disappearance can be controlled by power switch
without radiation, no pollution, no harm to the
operator.L].

2) Convenient and deep penetration :
beam has strong penetrability.

3) The ability of keeping fresh: Irradiation method
is cold pasteurization, which can be carried out at room
or low temperature &I,

4) Good effect of disinfection: In the appropriate
radiation dose, 99.9 % of common bacteria, such as:
Salmonella, Escherichia coli, Listeria can be killed [,

5) Suitable for large-scale processing: Irradiation
method is easy to operate and carried out fast [,

Electron

3. Influencing Factors of effect of electron
beam irradiation preservation

3.1. Irradiation dose

Dose affects the effect of preservation directly. When
radiation dosage was added to 0.1~1kGy, it showed the
inhibition of microbial growth and reproduction. Jiang
Yuging ® found that if the dosage is too low, it can only
inhibit after-ripening of farm products and cannot inhibit
the growth of microbes. Researches also showed that
radiation dosage was too high to be harmful to farm
products. Shi Jianxin ! found that if the record of
peaches storage was about 0.2kGy can extend the shelf
life. But when the dosage was high to 0.5kGy, it can be
harmful to the peaches.
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3.2. Storage temperature

Storage temperature has obvious effect on fruit preserva-
tion after irradiation treatment. If storage temperature is
too high, the microbial grow more easily and fruit respi-
ration rate or water evaporation rate will increase. Zhao
Yongfu " stored strawberry at 0°C after irradiation
treatment which shelf life can be extended to 30d. If the
storage temperature was 4°C, the shelf life of strawberry
can only be 15d; when it was stored at 25°C, all fruit had
already rotten.

3.3. Different kinds of fruit

Different kinds of fruit or the same types of species will
affect the effect of irradiation preservation. This is main-
ly due to the different fruit of the sensitivity of electron
beam irradiation, and different tolerance. Table 1 shows
the different tolerance of fruits.

Table 1. The Tolerance of Fruit on The Radiation @

Tolerance Tolerated dose Fruit
Mango, Longan, Straw-
Strong >1.0KGy
berry, Papaya.
Bananas, oranges, lychees,
medium 0.3~1.0KGy figs, pineapple, strawberry,
guava, melon, raspberry,
cherry, apple.
Pear, grape, lemon, peach,
weak <0.3KGy plum, loquat, olive, nectar-
ine.
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Figure 1. The effect of radiation dose on different fruits
about VC content 1,

3.4 Others

Requirements of radiation dose are different from fresh
degree of fruit. Generally high dose of fresh degree de-
mands smaller radiation dose. The water content of dif-
ferent fruit will also affect the effect of irradiation pres-
ervation, and lower water content of fresh fruit is more
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beneficial to preservation.

4. The effect of electron beam irradiation
preservation on fruit

4.1. The effect of electron beam irradiation on
Vitamins

Vitamins are sensitive to the irradiation; the loss de-
pends on the radiation dose, temperature, and oxygen or
food type. In general, irradiation can reduce the loss of
vitamins in low oxygen conditions, and fruit can also
reduce vitamin loss at low temperature sealing state.
There is different influence of irradiation on different
types of vitamins. Figure 1 is the effect of radiation dose
on different fruits about VVC content.

4.2 The effect of electron beam irradiation on
Carbohydrate

Carbohydrate molecules by irradiation treatment are
relatively stable, and only after large doses of radiation,
oxidize reaction and decomposition can be caused. For
example, the sugar will release more carbon dioxide and
other gases. In general, carbohydrate is very stable
against irradiation.

4.3 The effect of electron beam irradiation on
fruit firmness
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Figure 2. The trends of irradiation on fruit firmness of
strawberry 3,

Changes in hardness to some extent reflect the character-
istics and changes of pectin content. According to re-
ports, due to the effect of after-ripening the degradation
of pectin slowed down and less by irradiation, and thus
it can be good for maintain the firmness of strawberry
(12 Figure 2 is the trends of irradiation on fruit firmness

of strawberry.

4.4 The effect of electron beam irradiation on
fruit Microorganisms

Inhibition and sterilization effect of irradiation has been
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widely recognized by the public. Table 2 shows that the
total number of bacteria and fungi of strawberry which
treated by irradiation were lower than total control. And
the higher radiation dose, the fewer the number of bacte-
ria and mold, the slower growth rate during storage.

5 Electron beam irradiation in the applica-
tion of fresh fruit

In the aspect of fruit storage, it mainly adopts controlled
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temperature storage, controlled atmosphere storage,
chemical storage and radiation preservation at home and
abroad. From the sides of cost, convenience, security
and storage effects, electron beam irradiation treatment
can extend the preservation time and ensure the fruit
quality. There has begun a large number of research ap-
plications in electron beam irradiation in fruit storage.
Table 3 is about the dose of electron beam irradiation
commonly used and its effect.

Table 2. Determination Results of The Number of Microbiological on Strawberry Treated by Electron Beam Irradiation !

Irra- od 3d 6d
diation - - -
dose Cglr';%;m bacteria/ mold Cglrgﬁgm bacteria mold Cglrgagm bacteria mold
/KGy /PN - (c»llz)u . / (C_lF)u . /IMPN - / (C.lF)U . / (c_lF)u . /IMPN - / (C_lF)u . / (C_1F)u .
(100g)"] 9 g (100g)"] g g (100g)"] g 9
0 430 1.38*10% 5.73*10% 270 1.14*10% 3.67*10% 110 1.60*10% 1.37*10%
0.5 <30 1.15%10% 5.63*10% <30 6.03*10% 9.50*10% <30 4.33*10® 2.36*10%
2.0 <30 5.87*10"* 2.07*10® <30 3.48*10% 5.47*10% <30 2.20%10% 9.33*10*
35 <30 3.33*10%° 1.39*10% <30 2.50*10% 3.53*10% <30 2.00*10% 2.05*10%
5.0 <30 1.00*10% <1*10¢ <30 1.50*10%* 4.33*10% <30 1.67*10% 3.33*10%
Table 3. The Dose of Electron Beam Irradiation Commonly Used and Its Effect 4]
category dose (kGy) effect
Irradiation inhibition 0.05~0.15 Germination inhibition;
(low dose) 0.15~1.0 Its maturing can be postponed for 16-20 days;
Irradiation disinsection 1.0~-3.0 Shelf-life can be extended;
(moderate dose) 1.0~7.0 Killing pests and parasites deep in fruit and seeds.

5.1 Inhibition of physiological growth

Inhibit physiological growth by electron beam irradia-
tion can keep fruit fresh. 1kGy dose of radiation can
inhibit the activity of enzymes in fruits and decrease
vitality in plants. Thus irradiation treatment significantly
delayed maturity, inhibited fruit rot and flesh browning,
kept firmness and fruit color, and prolonged the storage
life of fruit. Qiu Quanfa ™ reported that low dose irra-
diation can delay maturity of fresh litchi 5~7days.

5.2 Extending Shelf Life

The irradiation preservation could restrain the activity of
enzyme and respiration rate. Irradiation has no effect on
quality of fruit such as VC content, acidity, sugar, aroma
and taste. Table 4 is the electron beam irradiation dose
and effect on fresh fruit.

5.3 The application of the degradation of harm-
ful residues

Electron beam irradiation has strong degradation effect
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on chemical pollutants degradation. Tsinghua University
found that electron beam irradiation has degradation
effect on Hydrochloride, furazolidone, nitrofurantoin
and some metabolites solution. Among them, the degra-
dation rate of clenbuterol hydrochloric solution can be
95% 2. Switzerland, Zhejiang and Jiangsu academy of
agricultural studied the irradiation degradation of
chloramphenicol in chloramphenicol solutions or aquatic
products. The possibility of irradiation degradation of
chloramphenicol was verified %!,

5.4 Sterilization, disinsection and quarantine
treatment

Irradiation can kill microorganism, insect and para-
site.The safety of international trade law often require
safe disposal of imported fruits (especially tropical and
subtropical fruit ) to kill flies and other infectious dis-
eases. The irradiation dose of Kkilling drosophila
(0.15kGy) does not change physicochemical properties
of fruits and 0.1kGy irradiation can prevent drosophila
egg to grow.
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Table 4. The Preservation of Electron Beam Irradiation Dose and the Effect of Fresh Fruit 624

Fruit name Treatment and dose effect
_ Soluble pectin decreases slightly
strawberry 0.1-2kGy The hardness decreased with increasing radiation dose;
Sweet cherr 0.15~0.90kGy No effect on soluble substances, acidity and flavor
y >0.3kGy Brightness is variable low on surface, and red is increased,;

Combination of controlled atmosphere

melon (4%0?%, 10%CO?)
1.0kGy
cantaloupe 1.0kGy~1.5kGy

Green berry

mango 1.0kGy

1.5kGy. 3.1kGy

0.25. 0.15. 0.75. 1kGy

Respiratory rate is more stable
It can be stored 20ds at 3C;

It can be stored 12ds at 10C;

No effect on hardness at 1°C for 3ds

The hardness decreased when the dose is above the 0.75
kGy for 7ds;

Can be stored 21ds at 12°C

Flesh will be soften at the high dose

Table 5. The Comprehensive Fresh Keeping Process of Irradiation and Modified Atmosphere Storage

process characteristics

Purpose and effect

1 Post-harvest selection

cleaning and grading tion(size, weight, color)

2 Pre-cooling and warehousing ~ shade. ventilation or cold storage

Manual measuring mechanical grade selec-

Remove the damage , pests

Lower fruit transpiration, respiration and fruit physiological

disease

Inner packing materials should be food grad,

3 packaging
high radiation and protective.

Appropriate dose electron beam irradiation at a

4 irradiation treatment

certain temperature
5 MAP Regulate the ratio of CO,,0,
6 storage, transportation and

Low temperature
sale

Easy storage, transportation and sale

Sterilization, biological growth inhibition, inhibition of
enzyme activity, extend the ripening period

Decreasing respiration, and inhibiting microbial growth
Avoid the temperature effect of the respiration and microbial

growth in transportation of sale process

6. Comprehensive applications of codified
atmosphere packaging technology and elec-
tron beam irradiation

Since the factors affecting fruit storage not only fruit
quality but also environmental factors, a single method
such as irradiation cannot meet their storage require-
ments. Radiation dose increased had a marked effect of
inhibition of microbes and bacteria, but a bad effect of
fruit quality. Modified Atmosphere Packaging (MAP)
reduces respiration, inhibited the enzyme activity, thus it
can delay fruit ripening and has a useful role on VC con-
tent, soluble solids and fruit flavors.

Screening effective irradiation dose and combined
with scientific storage methods (such as modified at-
mosphere packaging, frozen) can significantly extend
the storage period of fruits. Table 5 is the comprehensive
fresh keeping process of irradiation and modified at-
mosphere storage.

7 Conclusions

Electron beam irradiation preservation technique is effi-
cient, safe, no pollution, no residue, and keeping the

367

original color, flavor and so on. If combined the irradia-
tion treatment and other methods, we can get good re-
sults. For example, USA, South Africa and Chile com-
bined with irradiation and heat treatment method to stor-
age fresh papaya, mango and so on. Shanghai china
combined irradiation with cold storage method can ef-
fectively control postharvest corruption of apple and
strawberry. Synergistic effect of combined treatment can
reduce the amount of reagent and irradiation dose, both
to extent the shelf life and ensures the safety of the food.
With the development of the science technology, elec-
tron beam irradiation processing agricultural and side-
line products, especially fruits can further improve peo-
ple’s living standards and is of great significance in the
commercial production.
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