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Abstract

The efficiency of Radio frequency sterilizer (RF) to disinfest Tribolium castaneum of life stage of Adult
in the processed oats has been investigated. A 40MHz, 10kw RF sterilizer with hot-air assisted system is
used to conduct the disinfestation studies in oats with and without packaging material. A treatment
protocol was set with different electrode height and exposure time for the disinfestation in open tray and
HDPE packaging treatment. Changes in moisture content, alcoholic acidity, enzymatic activity, pasting
properties are used to evaluate the treatment effect on the product quality for optimization. Results
showed that there is significant difference between the packaging in which HDPE showed good results
without significant difference of the quality attributes. The 100% mortality of adult insect was achieved
with 250 mm electrode height and 11.2 min exposure with no significant difference in the quality
attributes. The results suggest that the RF treatment as a post-harvest treatment has the potential for novel
disinfestation to control insects in the oats.

Keywords: Hot air radiofrequency, processed oats, exposure time, dielectric disinfestation

Introduction

Oats is ranked sixth after maize, rice, wheat, barley and sorghum in the world's cereal
production statistics. Oats have potential anti-cancerous property, (Butt, Tahir-Nadeem, Khan,
Shabir, & Butt, 2008) ; (Bode & Dong, 2009) ©: (H.-C. Wang et al., 2011) 1, lower blood
cholesterol level (Ripsin et al., 1992) *4: (Amundsen, Haugum, & Andersson, 2003) 12; (Chen
et al., 2006) 1. Increase in convenience food consumption and nutritional bioavailability of
the oats has led to ready-to-eat breakfast foods (Marathe et al., 2013) %; (G. Kaur et al.,
2012) [9I; (Rasane et al., 2015) 3 (Maegli, 1994) 271; (Slavin et al., 2000) 1, The processed
oats are referred as instant oats which are most processed than regular rolled oats. The regular
rolled oats are steamed, flaked, dried and cooled. The thickness is about 0.45- 0.60 mm and
cooking is less compared to unprocessed oats (Rasane et al., 2015) 431,

The oats which are stored during the summer have most chance of getting infested because it is
the hottest season of year which makes oats unpalatable due to decrease of specific nutrients.
The red flour beetle, Tribolium castaneum is the predominant, tolerant insect and most
destructive pest among the world and is generally found in stored oat grains (Burkholder and
Faustini, 1991) I']; (Dobie, 1984) 1% (Appert, 1987) Bl (Bhargava and Kumawat, 2010) [,
The disinfestation procedure can be used to reduce the losses due to insects in grain.

The traditional prevention of stored product insects is done by chemical methods by using
fumigants such as phosphine, sulphur dioxide, proponic acid, methyl bromide (MB),
chlorphyrifos-methyl in which phosphine fumigation is most used method (Kharel et al., 2014)
(201, The long term use of fumigants like methyl bromide causes environment pollution like
ozone depletion. The usage of synthetic insecticides for food has been limited because of the
high safe limits.

The adverse effect caused by chemical disinfestation methods has led to use of thermal
disinfestation as alternative method. The heat treatment techniques involve the use of hot air,
Infrared heating and Ozone. The use of hot air treatment effects the quality of product (Paull
and Armstrong, 1994) [ and the slow heating rate causes maximum disinclination of
conduction in the mass storage which leads to higher time of treatment and loss of quality
(Evans et al., 1983) 111, (Beckett and Morton, 2003) I, by causing the investiture of shock to
the insect proteins by heat (Yin, Wang, Tang, Hansen, et al., 2006) 4. Infrared radiation
cause moisture losses during disinfestation treatment (Kirkpatrick, 1975; Tilton and Schroeder,
1963) [21.49],
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The major problem involved in the use of heat treatment has
led to employ alternative method like dielectric heating. The
use of dielectric disinfestation techniques like Radiofrequency
and microwave has accomplished results in disinfesting
heterogeneous insects in food commaodities, fruits, stored
grains and vegetables (S.-J. Wang and Tang, 2004) DB
(Sumnu and Sahin, 2005) “8: (Marra et al, 2009) %, The
treatment of RF has the advantage over MW as it can
penetrate to a greater depth (22 m at 13.56 MHz) compared to
MW(0.3 to 7 cm at 2,450 to 915 MHz), because RF has less
frequency than MW (Jiao et al., 2011) [7). The indigenous
shallow penetration of MW (Microwave heating) is a
momentous restriction for using the microwave technology
(Halverson et al., 1996) (161, The RF simpler in construction,
and has higher electric to electromagnetic power conversion,
hence can be used for handling bulk samples (Shrestha and
Baik, 2013) [*1, The use MW technique has found drawbacks
during the disinfestation which made to consider the use of
RF technology. The literature has been scanned on the RF
technology which has been considered as the feasible solution
alternative to other chemical, thermal and techniques. The
radiofrequency

(RF) technology involved in usage for drying, sterilization,
pasteurization, pre-treatment to drying, product development,
extraction of phytochemicals, etc. (Orsat et al., 2007) B7;
(Giri et al., 2007) 0%, (Marra et al., 2009) B0, All the life
stages are ultimately eliminated by using RF technology
which leads to volumetric heating in the stored product
insects (Shaojin Wang et al., 2010) 3. The reproductive
system of insects are also overblown by using RF technology
which is caused by the change in the structure of DNA (Lu
HH et al., 2011) 24; (Lu Huanghua et al., 2010) %1, The
dielectric loss factor of insects is more than the host material
in which more energy is absorbed by insects than the product
when subjected to alternating electric field thus the quality of
the product can be retained (Jiao et al., 2011) I'); (Shrestha et
al., 2013) 181, (Hung, 2016) [ has done experiment on
rectangular polystyrene container which revealed that
dielectric properties and the density of the container influence
the heating uniformity. (Alfaifi et al., 2016) ™ has done
experiment on the sterilization for insect control in different
geometries of package by using RF system with hot air (60
°C) which showed that heating uniformity has also improved
by reducing the electrode length than the horizontal
dimensions of rectangular container with less damage to the
quality in the packaged dried foods. The necessitates of using
of Radio frequency without causing effect on quality
attributes has led the objective of disinfestation of processed
oats with and without packaging material.

2. Materials and Methods

2.1 Procedure of experiment

The processed oats samples procured from the processor with
moisture content of 9.86% (w.b) was used for the study. The
red flour beetle, (Tribolium castaneum) of all life stages of
adult was selected for disinfestation studies which are reared
on the diet of wheat flour at IIFPT, Tamil Nadu. The culture
was maintained at room temperature and adults were collected
using standard sieves after 30 days of growth, respectively
from the wheat flour. The ten adult insects were introduced
into the HDPE package and on open tray each of processed
oats samples before the RF treatment.
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Fig 1: Process flow chart of RF treatment

2.2 Radiofrequency treatment

The RF treatment is conducted using Radio frequency
sterilizer (MAKE: Lakshmi INSTA 10/4, INDIA) at Indian
Institute of Food Processing Technology. The RF system
consists of general assembly, electrode assembly, conveyor
assembly, hot air system and control panel. The RF power of
10 KW was applied to disinfest the product at frequency
40.68 MHz + 0.05 MHz. The RF system consists of general
assembly, electrode assembly, conveyor assembly, hot air
system and control panel. The spacing of electrodes 180-
395mm, conveyor belt width and length of 400mm and 120
mm respectively with conveyor speed of 2.5 - 25 m/hr can be
set in HARF. The product is kept on the conveyor belt
(400mm length) at different exposure time and passed through
an flat electrode system containing 2 flat plate electrodes (top
and ground), which is subjected to high RF voltage at a
frequency 40.68 MHz (i.e., 40680000 times/second). The
electrode height can be adjusted from 180mm-395mm and
conveyor speed from 2.5m/hr-25m/hr. A treatment protocol of
electrode height (225mm, 250mm, 275mm and 300mm) and
exposure time (7.8 min, 8.6 min, 11.2 min and 17.2 min) were
adjusted for conducting the treatment.

I\
!m_
I o |1 ;

Lh

OO
s
1 —|4a
| 0

L L

Fig 2: Schematic diagram of hot air assisted RF sterilizer

1. Bottom electrode 2. Top electrode 3. Regulatory system 4.
Viewing port 5. Fluorescent tubes 6. Hot-air heating system 7.
Radiofrequency switch 8. Air outlet 9. Drying chamber door
10. Conveyor belts 11. Hot air distribution chamber

~ 1209~


http://www.chemijournal.com/

International Journal of Chemical Studies

2.3 Quality analysis

2.3.1 Mortality

The mortality of adult Triboilium castaneum in oats at
different exposure time and electrode distance was analyzed
by considering the number of alive and dead insects after
24hrs by visual observations. The number of dead and live
insects were recorded, and expressed in percentage mortality.
The insect mortality was calculated by using equation (1)
(vadivambal, 2007) 59,

Mortality =

2.3.2 Moisture content

The moisture content of the oats was determined by equation
(2) FSSAI (1.S 4333). Sample of 5g of RF treated oats were
dried for 2hr in the hot air oven at 1300C, cooled in desiccator
containing desiccant and weighed. It is again dried for
additional half hour intervals till constant weight is achieved.
The observations were recorded and the moisture content on
wet basis was calculated using the following formula

Moisture content (M.C.), % = ... @

Whereas,

W1= weight in gms of the dish with the material before
drying W2= weight in gms of the dish with the material after
drying W = weight in gms of empty dish

2.3.3 Colour

Hunter color lab flex meter (Make; Hunter Association
Laboratory, Inc., USA) was used for measurement of color. It
provides reading in terms of ,L*, ,,a“, ,b“ where; lightness
(L) forms the vertical axis, which indicates whiteness to
darkness. Chromatic portion of the solids is defined by: a
(+red to —green), b (+yellow to —blue). The total colour
difference (AE) was calculated using the equation (3).

\ e ®)

2.3.4 Pasting properties

The pasting properties of RF treated samples were
analyzed using the rheometer. The pasting properties was
widely used to known the oat product quality and it
describes the thickness of the oats during cooking (M.
Zhou et al., 1998) B A rheometer (Modular compact
Rheometer Anton Paar, MCR 52, Austria) with
concentric cylinder assembly was used for measurement.
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The oats samples were sieved for equal particle size and
were determined with 3g of sample suspended in 25ml
distilled water. After the sample preparation, samples were
stirred for 1min and filled in aluminium can. The peak
viscosity was recorded from the obtained curve.

2.3.5 Alcoholic acidity

Alcoholic acidity of the RF treated oats was determined by
the method (FSSAI 12711:1989). The percentage of
alcoholic acidity was calculated using the following formula

2.3.6 Enzyme activity

Enzyme activity of the RF treated samples was determined by
the method AACC (22- 80). The enzymatic activity indicates
the presence of peroxidase enzyme in the samples.

2.3.7 Sensory analysis

The sensory evaluation was conducted for the untreated and
optimized RF treated oats samples using the 9 point Hedonic
scale method.

2.4 Statistical analysis

The is subjected to statistical analysis using CRD ANOVA
(AGRESS software, Microsoft excel) for examining the
significance of the different electrode height and exposure
time of the rolled oats with and without packaging material.

3. Results and Discussion

3.1 Effect of RF treatment on Mortality of insect

The mortality of the processed oats obtained during different
process parameters with and without packaging was given in
fig.3. From the figure, 100% mortality was observed at
minimum exposure time of 8.6 min at electrode height of
225mm for the HDPE and open tray RF treatment. There is no
significant difference between the mortality of insects treated
with and without packaging but there is significant difference
between the process parameters. As the electrode height was
increased and exposure time decreased the mortality rate
decreased which would have led to increase in the volumetric
heating. Similar results were observed by (Jiao et al., 2011)
[17]

When the RF is applied, molecules of bipolar substance re-
align themselves with above RF field and generate frictional
heat within the insect body and insect temperature gets raised.
There is a change in DNA structure of the insects, which
affects their reproductive behavior which eventually kills the
insects (Lu et al., 2010) %,

H78min @86min @112 min ™ 172 min M 7.8 min M8.6 min #11.2min & 17.2 min
120 120
100 100
BN £
£80 £30
E =
560 360
=] -
. 40
20 20
0 - - - 0
225mm 250mm 275mm 300mm 225 mm 250 mm 275mm 300mm
Electrode height mm Electrode Height mm
(@) (b)

Fig 3: Effect of RF on mortality of Adult insect (a) HDPE (b) Open Tray
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3.2 Effect of RF treatment on the moisture content

The effect of electrode height and exposure time on the
moisture content of the processed oats is given in fig.4. It was
observed from the figure that the moisture content of the RF
treated samples ranged between 7.89-9.46% for the HDPE
samples and 6.69-8.86% for the samples treated on open
trays. It was also found that while increasing the electrode
height and decreasing the exposure time there is a decrease in
the moisture loss. This may be due to the decrease in the RF
density as electrode height increased and exposure time
decreased which led to less volumetric heating. Similar results
were observed by (Shrestha et al., 2013) 61,

The moisture content with respective to the package, there
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was less moisture loss of 0.4-1.9 % in the samples treated in
the HDPE package compared to samples treated on open trays
of 1-3 %. This may be because of the difference in the heating
uniformity which was influenced by the dielectric properties
and density, geometry of the package. There is significant
difference between the moisture content of open tray and
HDPE packaging. Similar results were observed by the
(Huang et al., 2016) [ and (Alfaifi et al., 2016) M. The more
moisture loss was observed in the open trays may be because
of the direct exposure of oats. Since the dielectric loss factor
of insects is more than the sample, the insect absorb more
energy than the sample when subjected to the alternating
electric field than the product (Nelson, 2004) 61,

W225 w250 w275 @300 wCONTROL
12 -
10 4
SRR
IS
o] 4
c
8 6
o 4
2
2 4
[S)
2 4
18 84 112 172 Control
Exposure Time min

w3225
12 -

@250 w275 w300 = CONTROL

o

(=]

(=%
1

Moisture content %, .

78 84 112 172

Exposure Time min

Control

Fig 4: Effect of RF on moisture content (a) HDPE (b) Tray

AE of 0.42 and 0.568 is recorded for HDPE and tray samples
respectively and 0.568 for tray samples at 300 mm electrode
height with 7.8 min exposure time whereas the maximum AE

value of 1.12 and 1.563 is recorded for HDPE and tray
samples respectively at 225mm electrode height and 17.2 min
exposure time. It was found that while increasing the
electrode height and decreasing the exposure time, the AE
value was decreased. It was also seen that colour difference

was slightly varied for the Tray treated samples and HDPE
samples. This may be due to the difference in moisture
content of the sample which is influenced by the volumetric
heating. Similar results were found by (Jiao et al., 2011) 7],
The statistical results revealed that there is no significant
difference in the AE value while changing the exposure time,
electrode height and packaging material at 5 per cent level.
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4 |
l I
35
I I
31 ) -
2.5 1
-
< 7 _
].5 { i
1] -
0 25mm  0mm  Z5mm  300mm
Exposure time min
—T G0N — i =112 min 17.2 min
(@

ﬁ L

1.8 -
1.6
14
1.2 A T

1
(N—-—

1 -
0.8
0.6 -
0.4 ~
0.2 4

225 mm 250 mm 275mm 300mm
Exposure time min

s ] i s— 8§ min 11.2min s 172 min

(b)

Fig 5: Effect of RF on AE value (a) HDPE (b) Tray
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3.3 Optimization of process parameters

The RF treated samples obtained from 250 mm electrode
height for 11.2 min has obtained superior results followed by
225 mm electrode height for 8.6 min and 11.2 min exposure
time based upon the 100% mortality with less exposure time,
less moisture loss and AE value. These three superior resulted
combinations have been taken for further quality analysis.

3.4 Effect of RF treatment on pasting properties

The effect of electrode height, exposure time and packaging
material on the pasting properties of the RF treated oats is
given in Fig 6. The peak viscosity in the pasting profile
described the thickness of the oats during cooking (M. Zhou
et al., 1998) B51, It was evident from the figure that peak
viscosity was increased for the RF treated HDPE and tray
samples compared to the control. It was found that while
decreasing in the electrode height and increasing in the
exposure time, peak viscosity increased. This may be due to
the increase in the intensity of waves as electrode height
decreases leads to pre- gelatinization of starch. This starch
when dispersed in cold water and heated, more water
absorbed and more swelling capacity takes places

3000 - WHDPE m®Tray wControl

2500 - e

[
(=3
=3
S

1500 -

Peak viscosity

1000 -

500 -

225mm/8.6min 225mm/11.2min 250mm/11.2min Control
Electrode Height (mm)/Time (min)

Fig 6: Effect of process parameters and packaging material on the
peak viscosity of processed Oats

Which leads to increase in viscosity. Similar results were
absorbed by (Ovando-Martinez et al., 2013) 8 (Ghiasi et al.,
1982) [ and (Ragaee and Abdel-Aal, 2006) 1. The
statistical results revealed that there is significant difference in
the viscosity while changing the exposure time, electrode
height and but there is no significant difference in the
viscosity treated with different packaging material at 5 per
cent level. It was also found that 250mm electrode height with
11.2 min exposure time has less peak viscosity of 2512 cP for
HDPE and 2465 cP for tray. It was evident from the figure
that HDPE packed RF treated samples recorded high peak
viscosity compared to tray may be because of the less
moisture content of samples may increase the swelling
capacity of granules which leads to high viscosity.

3.4.1 Effect of RF treatment on alcoholic acidity

The effect of electrode height, exposure time and packaging
material on the pasting properties of the RF treated oats is
given in Fig 7. It was observed that as the electrode height
decreases and the time increases there was an increase in the
alcoholic acidity than the control. The alcoholic acidity is
directly proportional to the deterioration of the samples in
which the RF treated samples has similar values as the control
which is in safe limit i.e, below 8ml.

http://www.chemijournal.com

It was recorded that HDPE samples at 250mm electrode
height and 11.2 min exposure time recorded has least
alcoholic acidity of 0.17 ml and the highest value was found
at 225 mm electrode height of 11.2 min exposure time of
0.198 ml. This may be due to the less moisture content of
samples which results that their no hydrolysis of fats by lipase
into free fatty acids and hydrolysis of proteins into amino
acids by proteolytic enzymes. Hence, it shows that samples
did not undergo any type of deterioration after the RF
treatment. Similar results were observed by (Frankel, 1984)
(131, The statistical results revealed that there is no significant
difference in the alcoholic acidity value while changing the
exposure time, electrode height and packaging material at 5
per cent level.

0.25 @HDPE gTray Control

02
0

225mm/8.6min 225mm/11.2min 250mm/11.2min Control
Electrode Height (mm)/Time (min)

=
—
L

Alcoholic
=

Fig: 7 Effect of process parameters on the alcoholic acidity of
processed Oats

3.5.1 Effect of RF on enzymatic activity

The effect of electrode height, exposure time and packaging
material on the pasting properties of the RF treated oats is
given in Table 1. The results reported that, all the RF treated
samples has negative values which indicates the adequate heat
processing of the samples. This may be due to inactivation of
the peroxide enzymes which is more thermal stable than
lipase enzyme for maintenance of adequate flavor in the
samples. Similar results were observed for the dielectric
heating of cereals by (Fang et al., 2008) [ and (Malekian,
1992) [281,

Table 1: Effect of process parameters and packaging on the
enzymatic activity of processed oats

. . .| Enzymatic activity
Electrode height mm | Exposure time Min HDPE Tray
Control Negative | Negative
8.6 Negative | Negative
225 11.2 Negative | Negative
250 11.2 Negative | Negative

3.5.6 Sensory evaluation

The sensory evaluation has been conducted for the optimized
parameters for varieties of oats treated with and without
packaging material. The effect of the RF variables on the
sensory parameters of the processed oats was given in Fig 8.
The optimized RF samples treated in HDPE and Tray samples
at electrode height 250 mm with 11.2 min exposure time were
accepted according to the scores given by the panelists for the
Aroma, Taste, Chewability, Pastiness, and overall
acceptability. The HDPE samples gave equal acceptance as
control compared to the tray samples in terms of Taste and
overall acceptability. The score of 8 is given to the RF treated
HDPE samples is equal to the score for control sample i.e
“Like Very Much”.
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Aroma

9

8

Qverall Control
Acceptability -, Taste ~ LDPE
e Tray
Pastiness
1 Chewability
0

Fig 8: Effect of RF treatment on the sensory quality of the
processed oats

Conclusion
The current study has provided the optimized condition of

radio frequency sterilizer for 100%

mortality without

affecting the product quality of processed plain oats using
HDPE package and without packaging as the dielectric loss
factor of the insect is more than product in the Radio
frequency sterilizer by maintaining heating uniformity using
the hot air assisted Radiofrequency sterilizer. The experiment
showed that there is significant difference between quality
parameters of the open treatment and the HDPE package. The
HDPE package attained no significant changes of quality
parameters when electrode height and exposure time of 250
mm and 11.2 min respectively. As the electrode height
increases and the exposure time decreases which gives less
effect of the product quality. This study helps in industrial-
scale disinfestation which can be used alternative to the
chemical fumigation.
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