Nucl. Sci. and Tech., Vol.7, No. 3 (2017), pp. 42-51

Nuclear Science and Technology

Journal homepage: https://jnst.vn/index.php/nst

The effect of Combined Treatment with Sodium
Dichloroisocyanurate and Electron Beam Irradiation in
Controlling Mold (Lasiodiplodia theobromae) on Star Apples

Nguyen Thi Ly?, Doan Thi The?, Pham Nguyen Phuong Anh?, Cao Van Chung?,
Dinh Thi Anh Tuyet®, Le Thi Thao®, Do Thi Thuy¢, Trinh Khanh Son®

@Research and Development Center for Radiation Technology,
202A Street 11, Linh Xuan ward, Thu Duc District, Ho Chi Minh City
bPost Entry Plant Quarantine Center 2, Da Kao ward, District 1, Ho Chi Minh City
°Ho Chi Minh City University of Technology and Education,
Linh Chieu ward, Thu Duc District, Ho Chi Minh City
*Email: nguyenly2408@gmail.com

Abstract: Lasiodiplodia theobromae causes decay of star apple fruits (Chrysophyllum cainino) during
harvest, transport and storage. If the irradiation dose is higher than 800 Gy, this mold will be
controlled. However, the quality of star apple was significantly changed when they were irradiated at
the dose higher than 0.6 kGy by electron beam (EB). To keep irradiation dose under 0.6kGy, the
synergic effect of the combined treatment of EB irradiation and sodium dichloroisocyanurate
(NaDCC) was investigated. In this study, star apples were pretreated with NaDCC concentrations in
range of 10 -70 ppm in order to decrease the growth of mold and extend the shelf-life of treated star
apples. The results showed that pretreatment with 20 ppm NaDCC had also kept the color and reduced
disease of stored star apple. Dipping star apples into 20 ppm NaDCC solution before irradiating at 400
Gy and 600 Gy could be chosen as the best way to inhibit the development of Lasiodiplodia
theobromae and extend the shelf life of star apple in the trading condition (7 days, 9°C).
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I. INTRODUCTION chemical fumigation method has been used for
quarantine or for the preservation of fruit
quality from fungi. However, the use of
famous kind of fruit in Vietnam. It becomes  hemicals is unsafe for workers and

one of important fruits for exportation. 1t has  enyironment. In addition, the fumigation could
the best nutrient when ripen. Several not treat a large quantity of fruits
researchers have reported that mature star simultaneously and could take time to

apple is an excellent source of vitamins and  complete the treatment. So many researchers

irons [1]. However, they are harvested for a  paye focused on finding out the technologies
limited period from December to March [2],  {hat can contribute to replace the use of

and their quality will be lost and spoiled  cpemical fumigation. There were some
quickly during harvest, transport and storage  ethods reported such as heat treatment, ozone

by a number of disease moulds, especially  treatment, etc. However, individual treatment
Lasiodiplodia theobromae [3]. Traditionally,

Star apple (Chrysophyllum cainito) is a
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does not control fungicides (not clear),
scientists need to find other methods to
combine.

There are three primary types of
irradiation that are capable of phytosanitary
treatment such as gamma rays, EB and X-ray.
Although the minimum doses for quarantine
treatment (0.4 kGy) are sufficient to sterilize,
most of harmful insects and fresh fruits
irradiated at dose up to 1 kGy (US FDA,
2004), but it is impossible to fully control
postharvest fungal diseases [4]. Moreover, the
quality of fruits requited negative effect after
irradiation. So reduction of irradiation dose is
necessary to inhibit the development of
postharvest disease. One of the treatments with
irradiation to disinfect postharvest diseases is
chlorination. Chlorination damages microbe
cell membranes, proteins, and nucleic acid by
oxidative degradation [5]. This chemical is an
inexpensive and non-residual. It is used to
reduce bacterial and fungal diseases on fruit
and vegetable surfaces [6]. NaDCC is one form
of chlorine used for disinfection. It has been
approved by the United States Environmental
Protection Agency and the World Health
Organization for the routine treatment strongly
recommended below 100 ppm for foods. Using
NaDCC 70 ppm for the treatment pear fruits
was also investigated by Jeong et al [7]. In this
study, the effect of EB irradiation or combined
treatment with NaDCC to control mould
(Lasiodiplodia theobromae) on star apples was
investigated.

Il. MATERIALS AND METHODS

A. EB irradiation treatment

Fresh star apple were harvested from a
Global GAP model farm in Tien Giang
province (Vietnam) in the afternoon and
transported to laboratory in the early morning
of the following day. The fruits were sorted,
cleaned and dried in the air and spread on trays
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before irradiating at doses of 400,600, 800 Gy
and 1000 Gy by EB of 10 MeV accelerator
UERL-10-15S2. Non-treated star apples were
also studied as a control sample.  After
irradiation, they were moved and stored at
ambient temperature to determine color, brix
degree, vitamin C content and extent of
damage of fruits in duration of storage.

B. Postharvest treatment

Star apples were immersed for 10
minutes in  sodium dichloroisocyanurate
(NaDCC) at various concentrations (0 - 70
ppm) and then dried on a cleaned tray. All
samples were stored at room temperature of
28°C+2 for 12 days to determine the growth of
fungi on the surface skin of star apple, extent
of damage of fruits to choose the best
concentrations for pretreating star apples
before EB irradiation.

C. Combined treatment

To assess the effects of NaDCC on
trading value of the irradiated star apple, the
star apples were pretreated by soaking in
NaDCC and irradiated at 400 and 600 Gy by
EB. Non treated star apples were also studied
as a control sample. After 7 days storage,
weight loss, color and extent of damage of star
apples were evaluated.

D. Postharvest quality evaluation
Color measurement [8, 9]

Skin color of star apples was measured
by using a Minolta Chroma Meter (Model
CR200, Minolta Co., Japan). Each assessment
used 3 fruits from each of three replicate
groups. Measurements were taken on 3
different points of each fruit, and the mean
value calculated. The average value of L
(luminosity), a (green-red), b (blue-yellow),
color changes from green to yellow were
indicated by calculating the hue angle (H),
from tan™! b/a, and AE for each fruit was
collected for analysis.
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Fresh weight loss [10]

The weight loss of each treatment
included 3 fruits was tested. The percentage of
weight loss was calculated by the following
formula:

The weight loss (%) =100 x (Fresh weight —
Weight at storage interval)/ Fresh weight

Disease of stored star apple [11]

Incidence of disease caused by mould on
the stored star apple was determined by
observation every 3 days. Postharvest disease
index was assessed by using the scale (Table
1). The occurred mould was sent to The Post
Entry Plant Quarantine Center to identify.

Table 1. Scales used for postharvest disease

severity
Scales Percentage of fruit

infected by disease (%0)

0 0

1 0-5

2 5-10

3 10-25

4 25 -50

5 > 50

Insect infestation assessment [12]

Insect infestation was determined
initially on the fresh star apple and
subsequently on the deteriorating terminal test
sample. The star apples were cut opened to
observe the presence of insect larva.

Analyses of other properties

Soluble solids (°Brix) determination:
The brix was determined with the aid of hand-
held refractometer, also called able
refractometer (TIRBX32, Trans Instruments
Pte Ltd., Singapore).

Vitamin C content determination: The
vitamin C content was determined according to
the method of AOAC 967.21.

E. Statistical analyses
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Data were subjected to analyses of
variance (ANOVA) at P < 0.05 using SPSS
13.0 software and Duncan’s multiple range
tests were used to compare the differences
among the mean values. Percentages of weight
loss were arcsine transformed before analysis.
Data of disease severity was transformed to
(xi+0.5)Y2,

I11. RESULTS AND DISCUSSION

A. Effect of EB irradiation on quality of star
apple

Results showed that vitamin C and
diseased fruits decreased with the increasing
dose; while the percentage of weight loss
increased with increasing dose and changed
significantly in storage time (Table I1).

The results showed from Table Il also
indicated that the vitamin C content in fruits
also decreased gradually in storage time from
4.27 mg/ 100 g at the first day to 3.05 mg/ 100
g after 12 days. The difference in vitamin C
content was not significant different between
the control and samples irradiated up to 800
Gy. Similar results have been shown by
Thomas and Beyers in papaya, lychee and
mango fruits [13].

Fresh weight loss of stored star apple
was not significant different between control
and irradiated sample up to 800 Gy, but
significant different at 1000 Gy under storage
conditions. The results indicated that the
irradiation treatment with high doses (0.8—
1 kGy) would cause a change in the membrane
function of the irradiated star apple which

increased in permeability causing higher
respiration [14].

The total soluble solids had no
considerable changes in both treatments

(P>0.05). These values significantly decreased
after 9 days of storage (Table Ill). The result
can be explained that, the star apple is a non-
climacteric fruit so it must mature on the tree
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before being harvested. At the time of mature,
the TSS content of the fruit was the greatest.
After harvesting, the TSS did not increase any
more. In addition, respiration of the fruits and
their structural polysaccharides were used for
this process.

The development of fungi causes the
fruit rot of star apples. The presence of fruit rot
can cause significant postharvest losses and
can negatively affect the fruit’s quality. In the
3 conducted trials, the fruit rot of star apple
fruit was not observed after harvest. However
by 12 days the disease was appeared in all
samples (Table I1).The onset of development
of this disease can be seen in latent stage of

peel color development of star apple fruits. The
non-irradiated fruits exhibited with the higher
score compared to irradiated fruits. Disease
severities on star apple decreased with
increasing dose (Table II). The results
indicated that irradiated star apple from 400 to
1000 Gy could not constrain the development
of fungal diseases. On the other hand the fruits
were not treated with fungicide prior to
storage. Furthermore, ripe fruits are more
vulnerable to biodeterogens and high humidity,
high moisture inside containing bags were
convenient conditions for disease growing
during storage time [12].

Table I1. Effect of EB irradiation on chemical ingredient and weight loss during storage time

Dose Storage period (days) Mean of
Parameter
(Gy) 0 3 6 9 12 Dose
Control  12.0+16 118+09  116+05 102403 9.2+07 10.96A
400 11.9+20 121404  11.6+17  101+04 8.8+25 10.92A
TSS,% 600 11.9+0.1 11.3+0.8 11.2+0.3 10.2+0.3 8.3+ 1.4 10.59A
800 12.9+05 11.8+13  111+08  10.6+04 93+21 11.14A
1000  12.3+1.1 121+11  11.3+10  103+06 92420 11.03A
Mean of Time 12.2a 11.83a 11.38a 10.28b 8.95¢c
Control  449+0.00  438+08  344+015 338+048 3214051  3.78A
Vitamin 400  449+083  439+000 338+096 321+029 316+011  3.73A
rtamin 600  414+111  394+048 320+000 311+048 3.04+004 3.50AB
800 4214048 417+048 338+096 3.26+009 283+0.00 3.57AB
1000  4.04+048  394+048 3.11+048 3.08+047 3.03+007  3.44B
Mean of Time 4.27a 4.16a 3.32b 3.21b 3.05b
Control 0.19+0.01  11.49+039 1527+130 2341+284 2393+255  1520A
400 018+0.02 10054206 1425+507 20.86+832 2272+7.37  13.93A
Weight loss,.% 600  0.18+001  1310+377 14844354 2155+594 2612+7.30 1548A
800 019+0.01  567+308 2088+202 2617+1.80 28.03+0.64  16.53A
1000 0.18+001  13.13+657 2126+515 2683+6.71 37.84+540  20.17B
Mean of Time 0.18a 10.69b 17.30c 23.76d 27.73e
Control  071+0.00 071+000 196+0.14 220+013 235+000  1.58A
o 400  071+000 071+000 168+017 227+013 235+0.00 1.54ABC
seif:zie 600  071+0.00 071+000 178+017 227+013 2354000 156AB
y 800 0714000 071+000 135+021 235+000 235+0.00  1.49BC
1000 0714000 071+0.00 1.35+021 227+013 235+000  1.48C
Mean of Time 0.71a 0.71a 1.63b 2.27¢c 2.35d

Mean values within same a row or column followed by the same letter are not significant different at P < 0.05.
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Table I11. Observation appearance of moulds and insects on unirradiated and irradiated star apple during
storage time

Storage period (days)

Subjects Dose (Gy) 5 3 5 5 P
0 (Control) - - - - -
400 - - - - -
Insect 600 - - - - -
800 - - - - -
1000 - - - - -
0 (Control) - - + ++ ++
400 - - + ++ ++
Mold 600 - - + ++ ++
800 - - - + ++
1000 - - - - -+

(-), (+), and (++) were not appearance, beginning appearance and a lot appearance, respectively

time and significant after 9 days storage at
room temperature. This discoloration of the
star apple could be attributed to the browning
reaction, fungal activity and water loss in the

L* and b* values did not change by an
irradiation dose, but these values were
significantly affected by the storage time.
While a* value increased with increasing

irradiation dose (Table 1V). The lightness and
yellowness of star apple decreased with storage

fruits.

Table 1V. Effect of EB irradiation on color of star apple during time storage

P Dose Days of storage Mean of
arameter
(Gy) 0 3 6 9 12 Dose
Control  58.245.33 62.04+1.14  60.55+3.04  56.05+4.15  40.54+6.96  55.48A
L 400 57.9+3.12 58.95+1.35 60.71#6.01  57.244572  38.45+4.43  54.65A
600 56.74+0.53  61.610.81 61.64+1.73  53.63+2.16  40.06£557  54.74A
800 60.31+4.28  63.3745.14  60.97+1.84  51.18+2.87  47.99+0.79  56.76A
1000  57.92+#1.53  63.14%6.86 63.1621.08  49.47+275  4588+091  5591A
Mean of 58.21b 61.82a 61.41a 53.51c 42.58d
Time
Control -13.65+137 -11.67+3.77 -539+121 -031+335 356+228  -549A
- 400  -12.61+1.03 -11.17+329 -500+2.76 -0.14+3.05 3.61+042  -5.06A
600  -11.77+220 -1025+324 -599+445 -068+355 4.80+3.11  -478A
800  -12.73+1.80 -10.69+0.88 -356+348 400059 4.80+158  -3.64AB
1000 -1043+128 -1021+131 -157+276 345+060 584+199  -258B
Mean of -12.24a -10.8a -4.3b 1.26¢ 4.52d
Time
Control 31.75+0.01 3024+116 2889+090 26.44+305 1563+7.80 26.59A
400  30.00+399 3156+285 2045+370 2617+193 1681+626  26.80A
b* 600  30.16+1.09 2945+154 3025+337 2599+141 1272+491  2571A
800  30.32+127 2896+1.30 2842+170 2244+082 1921+346  25.87A
1000  29.13+1.32 29.08+1.63 2651+085 2256+121 20.14+067 2548A
Mean of 30.27a 29.86a 28.7a 24.72b 16.9¢
Time

Mean values within same a row or column followed by the same letter are not significant different at P < 0.05.
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B. Effect of NaDCC on star apple

Radiation at high doses could be
completely control diseases, but it also has a
negative effect on the skin color and texture of
stored fruits and vegetables [15]. Chlorination,
sodium dichloroisocyanurate (NaDCC), is one
of the promising treatments with irradiation to
inhibit the growth of postharvest diseases.

The microorganism detected initially and
in the deteriorating star apple was presented in
Table 5. The results showed that increasing the
concentration of NaDCC would increase the
time to detect the appearance of fungal
infection on the star apple. The fungi appeared
after 6, 9 and 12 days in 0, 10 and 20 ppm

respectively. However, NaDCC in
concentration higher than 30 ppm did not
extend time to detect fungal. In addition, the
lightness and redness of these higher
concentrations were not significant to compare
with the control sample (Table 6). Similar
result was reported by Lai and Phan (2006) that
total microbial populations reduced by using
chlorine solution to wash Salad-cut lettuce.
However, high concentration in chlorine
decreased the time to observe the browning on
the Salad-cut lettuce [16]. So, the results
indicated that NaDCC concentration of 20 ppm
could be used to treat star apple before
irradiation to keep color, reduce disease and
extend time to detect fungal.

Table V. Detection of growing fungi on star apples treated with different concentrations of NADCC during
storage time

NaDCC Storage period (days)
concentration
(ppm) 3 6 9 12
0 - - + ++ ++
10 - - - + ++
20 - - - - +
30 - - - - +
40 - - - - +
50 - - - - +
60 - - - - +
70 - - - - +

(), (+), and (++) were not appearance, beginning appearance and a lot appearance, respectively

Table VI. Effect of NaDCC on color of star apple during time storage

Parameter NaDCC Storage period (days) Mean of
(ppm) 0 3 6 9 12 NaDCC

0  5846+353 6285+452 57.67+626 5274+103 4000+349 54.34A

10 61.06+501 6122+349 59.01+470 56.79+822 4250+7.95 56.12A

20  6373+400 6285+308 63234591 5635+231 5206+483 59.64B

L 30 6340+363 6304+387 5880+808 5823+175 5511+393 59.72B

40  6113+314 57.08+4195 57.03+455 5475+365 48.85+7.85 55.95A

50  6220+267 6110+421 61164252 49.94+883 4347+727  5559A

60  6208+260 5845+325 5643+6.60 5580+556 4359+402  5520A

70 6291+188 59.81+388 58.63£242 56124302 4352+1302 56.20A

'V'Te.""” of 61.88a 60.91ab 59.00b 55.10¢ 46.14d
Ime
a 0  -819+301 -494+338 -282+435 047+245 455+143  -2.10A
10 -948+393 -710£367 -601+539 -1.99+514 447+330 -4.02AB
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20  -1382+141 -1191%241 -1165%2.08 -2.10+418 204+136  -7.49C
30  -1011+324 -728+305 -6.12+486 -133+453 165+264  -4.64B
40  -8.02+365 -441+3638 -085+680 -1.21+6.38 048+552 -2.80AB
50  -954+545 661606 -540+670 -1.15+6.47 152+453 -4.24AB
60  -1031£1.88 -7.46+220 -489:t416 -148+307 550£290 -3.73AB
70 910+273 -676+287 -495+220 3.12+300 120+3.30 -3.30AB
Mean of -9.82a -7.06b -5.34¢ -0.71d 2.68e
Time

Mean values within same a row or column followed by the same letter are not significant different at P <

0.05.

C. Synerygistic effect of combined treatment
on Star Apple at trading condition

Using 20 ppm NaDCC in pre-treatment
before EB irradiation extended shelf-life of star
apple when keeping them under the trade
conditions (7 days at 9°C in transportation by
air to destination). The weight loss, color and
disease were showed at Table 7. Means of L*
and AE values did not have any significant
difference between N-400 Gy, N-600 Gy and
control (non-treated, unirradiated). Meanwhile,
there was the significant difference between
the N-0 Gy and the others. The weight loss was
not changed during 7 days for all applications.
Sample N-O Gy was the lowest weight loss
(2.82%) while the control was 4.4% for 16
days at room temperature. Disease and a*
value in control sample were_significantly
higher than the others. The results indicated
that the combined treatment with 400 Gy; 600
Gy of EB irradiation and 20 ppm of NaDCC
significantly inhibited the fungal development

0 ppm + 0 Gy

in star apple fruits (Fig. 1 and Table VIII) and
had no detrimental effects on the fresh weight
of the star apple fruits. So treatment star apples
with NaDCC combined to irradiation can
extend the shelf-life of fruits. Similar results
were reported by Salem and Moussa (2014) on
pear fruits [17]. These results can be explained
as the combined treatment can sufficiently
damage the membrane of the fungal pathogen,
leading to a release of intra cellular contents
and eventually cell death. NaDCC seemed to
have more effect to physiological changes than
EB irradiation of fungal spores. Irradiation
mainly damaged DNA, whereas NaDCC
significantly affected cell membrane, resulting
in the loss of intra cellular contents. Thus,
NaDCC treatment was an important factor in
combined treatment. In  addition, the
integration of EB irradiation and ecofriendly
agents has a potential use in the control of
other pathogens such as bacteria and viruses.

[71

Fig 1. Star apples in different treatments after 13 days storage under trade conditions
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Table VII. Color, weight loss and disease of star apple during storge time at trade conditions

Time (Days) Mean of
Parameter Sample 0 - 10 13 16 sample
Control 61.03+4.18 60.50+4.13 60304395 59.76+6.33 54.42+3.86 59.20B
L* N-0Gy 6405248 63.52+252 62.98+2.68 61.80+2.30 59.42+539 62.35A
N-400Gy 62.41+290 61.89+291 62.32+1.87 62.07+228 48.65+846 59.47B
N-600Gy 61.60+1.85 61.07+1.91 61.65+1.38 58.22+2.17 48.05+3.94 58.12B
MTei"‘m”e‘)f 62.27a 61.74a 61.81a 60.46a 52.63b
Control 6.36+3.21 -389+461 -224+517 044+251 651+134 -1.11C
a* N-0Gy  -1082+1.41 -747+290 -563+323 -1.18+2.89 062426 -4.90A
N-400Gy -6.79+254 -589+253 -583+346 -150+3.61 524+312 -2.97B
N-600Gy -7.56+2.69 -6.21+246 -500+280 -209+272 575+203 -3.02B
Mean of -7.88a -5.87b -4.67b -1.10c 4.53d
Time
Control 40.88+4.77 4021+477 40.12+503 38.85+427 27.90+3.83 37.59B
Deltae N-0GY 43873405 4320+405 4250:457 4054%3.11 38.12:6.00 4166A
N-400Gy 4257+248 41.90+248 41.74+150 4117+3.14 2657+8.99 38.79B
N-600Gy 42.35+175 41.68+175 41.24+174 37.03+227 2552+525 37.56B
Mean of 42.42a 41.75ab 41.42ab 39.40b 29.52¢
Time
_ Control 0714000 071+000 097+051 1.24+067 235+000 1.19A
Disease ¢ gy 0.71£000 071000 071+000 0.80+029 143+071 0.87B
SeVerity  N.400Gy 0.71£0.00 071+000 071+0.00 100+044 225+012 1O7A
N-600Gy 071000 071+000 071£000 1.03+049 230£010 1.09A
Mean of 0.71a 0.71a 0.77a 1.02b 2.08c
Time
Control 017+0.01 3.63+0.13 6.53+326 9.29+3.10 11.75+3.24 6.27A
Weight N-0Gy 018+001 414+012 6.10+168 7.76+095 9.57+1.15 5.558
loss%  N-400Gy 0.18+000 424+011 568+022 823+090 10.77+123 582AB
N-600Gy 0.18+001 428+018 616+037 825+053 1219+205  621B
Mean of 0.18a 4.07b 6.12¢ 8.38d 11.07¢
Time

Mean values within same a row or column followed by the same letter are not significant different at P <

0.05.

N - 0 Gy; N - 400 Gy and N - 600 Gy were NaDCC + 0 Gy; NaDCC + 400 Gy and NaDCC + 600 Gy,
respectively

Table VIII. Appearance of fungi on star apples in combined treatments during storage time

Day after treatment

Sample
0 7 10 13 16
Control - - + ++ ++
N-0Gy - - - - -
N - 400 Gy - - - - +
N - 600 Gy - - - - +

(), (+), and (++) were not appearance, beginning appearance and a lot appearance, respectively
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111. CONCLUSION

EB irradiation at 800 and 1000 Gy could
inhibit the development of fungi on star apples.
However, at these doses, physical properties
and quality of fruits were changed
significantly. Pre-treatment of star apples with
20 ppm NaDCC and before EB irradiation at
400 Gy could be applied in extending the shelf-
life of fruits and inhibition of fungal growth.
The quality of star apples in treated
combination was evaluated to be equivalent to
the control (untreated NaDCC, non-irradiated)
after 13 days storage under trade conditions (7
days, 9°C).
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