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Abstract

Flat rice noodle is classified under non-wheat noodles due to the absence of gluten and
required gelatinization of starch during processing. It is also very susceptible to spoilage
and has a short shelf-life because of the high moisture content. This study was conducted
to investigate and compare the effect of gamma irradiation on the physicochemical
characteristics and microbiological quality of containing two different starches. Tapioca
starch (TS) and potato starch (PS) were incorporated into the formulations at 3 levels (3%,
8% and 11%) and was irradiated at 4 doses of 0 (control), 4, 6, and 8 kGy with dose rate
of 42.78 Gy/min by using “’Cobalt. Total plate count (TPC) was performed where samples
were stored at 8°C and examined for day 1, 3, 5, and 7. Results showed that all doses of
irradiation did not significantly (p>0.05) affected the moisture content and water activity
of samples. However, gamma irradiation significantly (p<0.05) decreased the pH value,
cooking yield, lightness, and hardness of the samples; whereas it significantly (p<0.05)
increased the cooking loss, colour (a* and b*), and breaking length. Meanwhile, cooking
yield, lightness, and hardness of samples containing PS were higher compared to samples
containing TS. Moisture content for samples containing both TS and PS was higher
compared to samples containing single starch. TPC showed that irradiation was able to
control microbial growth. Moreover, no microbial load was detected on samples irradiated
at 8 kGy until day 7. It was thus shown that increased doses in gamma irradiation could
improve microbiological quality of flat rice noodles.

1. Introduction

Rice is a staple food in most Asian countries where it

noodles (Zhafen) and flat rice noodles (Qiefen). Zhafen is
processed to have a round-shaped with a range of
diameter from 1-3 mm while Qiefen is processed to have

is commonly consumed as cooked milled rice on a daily
basis. Apart from that, a small portion of rice is ground
into flour to produce other food products. Rice noodle, a
rice flour-based product, is one of the most famous
varieties of Asian noodles and has been widely
consumed throughout Southeast Asia (Hormdok and
Noomhorm, 2007). According to Fu (2008), rice noodles
are traditionally made from long-grain rice with medium
to high amylose content (>22% amylose) where rice high
in amylose content provides bright colour to noodles.
Fresh rice noodles can be divided into two types
depending on the processing methods; extruded rice

*Corresponding author.
Email: wanzunairah@upm.edu.my

thin strips shape with a range of thickness from 1-2 mm
(Lu and Collado, 2010).

Generally, flat rice noodles or known locally as kuey
teow are products from a mixture of rice flour and water.
As the main ingredient used to produce flat rice noodles,
rice flour has low protein and its protein has no ability
like wheat gluten to help create cohesive dough structure
(Malahayati et al., 2015; Lu and Collado, 2019). Due to
this absence of gluten in rice flour, flat rice noodle
requires gelatinization of starch such as potato or tapioca
starches during processing. These starches can act as a
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binder for the batter and also can provide a structural
network to the noodles (Lu and Collado, 2010; Sandhu et
al., 2010). In addition, potato and tapioca starches have
been widely used as ingredients to enhance the texture of
rice noodle products.

Furthermore, flat rice noodle is one of perishable
food products because it has a high moisture content
(Sangpring et al., 2015). To eliminate food spoilage
microorganisms, they further stated that flat rice noodle
can be transformed into dried rice noodles where the
moisture content dropped to 10-12%; but causes hard
texture after cooking. Researches show that nowadays,
most people prefer fresh rice noodles rather than dried
ones because of its unique flavour, taste and texture
(Jianming, 1998; Li et al., 2011). Good quality of fresh
flat rice noodle has characteristics of soft texture, smooth
mouth feels and has the appearance of white colour.
However, fresh flat rice noodle has short shelf-life and
can spoil easily within one day if not refrigerated. Even
so, it may not last longer upon storage because of its
physicochemical characteristics that promote the growth
of microorganisms (Ismail et al., 2016).

In order to increase the shelf-life of fresh flat rice
noodle, artificial or chemical food preservatives such as
sodium benzoate and benzoic acid have been widely
used (Li ef al., 2011; Klinmalai et al., 2017). It must be
highlighted that consumers are very concerned about the
safety of the foods they consume. This situation has
increased the demand for fresh noodles free from
chemical food preservatives (Klinmalai et al., 2017).
Thus, non-artificial food preservatives or known as
natural food preservatives like chitosan is preferred.
Unfortunately, the usage of natural preservatives in
extending the shelf-life of fresh noodles could only make
it last for a few days more (Li et al., 2011).

Instead of using preservatives, methods of food
preservation can be applied to prolong the shelf-life of
fresh flat rice noodle. According to Odueke et al. (2018),
irradiation technology, a non-thermal treatment being
used in food processing can act as an alternative to
thermal processing due to its capability to preserve food
quality attributes. Gamma irradiation has been proven to
be an efficient method in reducing bacterial
contamination, improving food safety, extending shelf-
life of perishable foods and retaining its organoleptic
properties as well as nutritional attributes (Sung, 2005;
Li et al, 2011; Maherani et al, 2016). It is worth
emphasising that irradiated foods are not radioactive
because the absorbed energy not being powerful enough
to affect the neutrons in the nuclei of the food molecules
(Food Irradiation and Processing Alliance (FIPA), 2006).

There have been studies on the use of gamma
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irradiation in increasing shelf-life of foods including
fresh noodles while preserving their nutritional and
sensorial quality. Fresh noodle product using wheat, after
being exposed to irradiation at 8-10 kGy killed most of
the bacteria and the acidity was kept around 6.0.
Jianming (1998) also observed the noodles looks fresh
and smells good as fresh within 10 days. However, less
study has directly examined the effects of gamma
irradiation on fresh flat rice noodle and the combination
on the shelf-life, physicochemical properties. The
purpose of this research was to investigate and compare
the effect of gamma irradiation on the physicochemical
characteristics and microbiological quality of flat rice
noodles with the addition of potato starch, tapioca starch
and the combination of both starches.

2. Materials and methods
2.1 Materials

Materials for flat rice noodles include rice flour,
tapioca and potato starches, salt and vegetable oil, were
purchased from Tesco Stores (Malaysia) Sdn. Bhd. at
I0I City Mall, Putrajaya. Unsterile deionised water was
used for the preparation variety of flat rice noodles.

2.2 Preparation of noodles

The formulations for flat rice noodle as shown in
Table 1 were prepared according to the method described
by Sangpring et al. (2015) and Thomas et al. (2014) with
some modifications. Firstly, rice flour, salt and distilled
water were weighed and mixed. Two types of starch
were added into the batter according to the percentage
stated in each formula. Then, the mixture was whisked
using stainless steels wire whisk for 1 min to allow all
ingredients to dissolve. Vegetable oil was brushed onto a
stainless steel round plate (circumference, 13.70 in).
Each 30 mL of the batter was poured onto the oiled
round plate and spread evenly to form a sheet at quarter
thickness. After that, a round plate with batter was
placed in a steamer closed with a lid and was steamed at
100°C for 5-6 min wuntil cooked to complete
gelatinization and to obtain a fresh sheet. Once
completed, the freshly steamed noodle sheet on the
round plate was removed from the steamer and was
again coated with vegetable oil. After that, the round
plate with the noodle sheet was cooled at room
temperature and the sheet was pulled from the round
plate. Noodle sheets were sliced into small strips with
approximately 1 cm in width. All noodles with different
formulations prepared were packed in sealed, clean
polypropylene (PP) bags (6 in x 9 in) and were kept for
one day in chiller (8°C) before given irradiation
treatment. Hygiene status of all the equipment was under
control condition.
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Table 1. Formulations for flat rice noodles with two different starches; Tapioca starch (TS) and potato starch (PS).

Ingredients (%) Formulation
11% TS 11% PS 8% TS &3%PS  3%TS & 8%PS

Rice flour 22 22 22 22
Tapioca starch 11 -

Potato starch - 11

Water 66 66 66 66

Salt 0.5 0.5 0.5 0.5
Vegetable oil 0.5 0.5 0.5 0.5

2.3 Gamma irradiation treatment

Gamma irradiation treatment for flat rice noodle was
done at Malaysia Nuclear Agency, Dengkil, Selangor.
Each formulation was treated at dose levels of 0
(control), 4, 6, and 8 kGy. Packages (250 g) were
individually packed in sealed, clean polypropylene (PP)
bags and were placed inside four cardboard boxes (17.6
cm X 27.6 cm x 8.5 cm) to maximise the dose received.
Three out of four cardboard boxes with samples were
then irradiated at different intended doses (4, 6, and 8
kGy) by using an irradiator with a “Cobalt source. The
dose rate was 42.78 Gy/min. All samples were stored in
the chiller for 7 days with a temperature of 8°C after
irradiation for further analyses.

2.4 Determination of physicochemical properties

Moisture content was determined by the AACC
(2000) moisture procedure 44-15A. Water activity (ay)
was measured and determined by following Nielsen,
(2017) and AOAC method 978.18 (AOAC, 2000). While
pH value determination followed the procedure by Ho
and Che Dahri (2016). Triplicates of each sample from
the different formulation with different doses were
analysed.

2.4.1 Moisture content

Moisture content was measured using the oven
drying method (AACC, 2000). The empty crucible was
heated for 30 min in a universal oven at 105+2°C. Then,
the crucible was cooled in a desiccator until it reached
room temperature, approximately 20 mins. The dried
crucible was weighed and flat rice noodle samples
(5£0.05 g) were placed inside the dried crucible. The
crucible containing samples was again placed in
universal oven at 105+2°C for 48 hr. After that, crucible
containing dried samples was cooled in a desiccator for
20 min and was weighed. MC was determined by using
the equation below:

MC (%) of wet-weight = (a-b)/a x 100

Where a = weight of the sample used, and b = dry weight
of the sample
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2.4.2 Water activity

Water activity (ay) of each flat rice noodle sample
was determined by using Aqualab Model Series 3 TE
(Pullman, Washington, USA) following the method of
AOAC (2000). It is a measurement method of Dewpoint
at 24-25°C. The reading was taken approximately 60-90
S.

2.4.3 pH value

The pH meter (Jenway 3505, UK) was calibrated
first before taking any reading by using buffered
solutions; pH 4.0 and 7.0 at 25°C. Approximately 10 g
of flat rice noodle samples were added into 100 mL of
distilled water and blended for 60 s using blender (MX-
898M) to obtain a uniform mixture. After that, the
mixture was filtered using a muslin cloth. The pH value
was then measured.

2.5 Cooking properties of flat rice noodle

Cooking yield of flat rice noodle was determined and
slightly modified as described by Zawawi et al. (2014).
Distilled water (50 mL) in a beaker was heated on a
hotplate until it reached 100°C. After that, 5 g of samples
were cooked in the beaker for 60 s while covering the
sample with aluminium foil during the cooking process
to prevent evaporation. Then, the cooked noodles were
immediately removed from cooking water and cooled for
3 mins. The samples were weighed. The cooking yield
was measured using the equation stated below:

Cooking yield (%) = (weight of noodle after cooked/
weight of uncooked noodle) x 100

While cooking loss was determined following the
method described by Finagenov and Glagovsky (2005)
with slight modifications. The cooking water from the
cooking yield method was transferred into a dried
crucible and left to dry to a constant weight for
approximately 24 hrs in the universal oven at 105+2°C.
After that, the crucible was cooled in a desiccator for 20
mins and the solid loss during cooking was calculated.
The cooking loss was measured using the equation stated
below:

© 2020 The Authors. Published by Rynnye Lyan Resources
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Cooking loss (%) = (A — B) x (100/(weight of uncooked
noodle))

Where A = weight of crucible + dried residue in the
cooking water, and B = weight of the crucible

2.6 Determination of colour

The colour for control and irradiated flat rice noodle
samples were measured using a calibrated handheld
chromameter (Minolta, R-300). Colour values of L*, a*
and b* were based on CIELAB (Klinmalai et al., 2017)
where L* (lightness/darkness), a* (redness/greenness)
and b* (yellowness/blueness). The samples were packed
tightly in a sealed polypropylene (PP) bag. During
analysis, a chromameter was placed on the surface of the
PP bag. All readings were conducted in the replication
of three for each formulation with different doses.

2.7 Texture properties analysis

To determine textural properties, the method used
was slightly modified from a previously published
method (Chin et al., 2012; Zawawi et al., 2014). The
Texture Profile Analysis (TPA); hardness of flat rice
noodle samples were analysed using an instrument called
CT3 Texture Analyzer (TexturePro CT V1.4, USA)
fitted with a 4.5 kg load cell and a probe of knife-edge
(clear acrylic 8 g, 60 mm) was used. Three strands of
samples were arranged at one time in a straight manner
on the fixture base table that had been set up. The strands
were cut using knife-edge probe (twice) at a test speed of
2 mm/sec. The distance of the probe from the base table
was set at 10 mm and five measurements of each formula
with different doses were determined. The same analyser
was used for tensile tests; breaking length with dual grip
assembly as a probe. A strand of each noodle sample was
griped at both ends of dual grip assembly. Trigger load
used was 6.8 g and five measurements of each formula
with different doses were collected under this test with 1
mm/sec pre-test speed, 1 mm/sec tests speed and 1 mm/
sec post-test speed (Sirichokworrakit ef al., 2015).

2.8 Morphological structure analysis

The analysis followed the method of Ismail et al,
(2016). Morphology of starch granules of flat rice
noodles was scanned using a Scanning Electron
Microscope (SEM). Control and irradiated samples were
wiped with tissue to remove the oil and were cut at the
dimension required for scanning area (approximately 0.4
cm x 0.2 cm) before mounted on the specimen holder
(aluminium stub) using the conductive adhesive (carbon
tape). The cross-sectioned surface of the sample was
observed from the top view. All samples were observed
under SEM at 300x magnifications at an accelerating
voltage of 20 kV.
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2.9 Determination of total plate count

All control and irradiated flat rice noodle samples
were stored at chill temperature (8°C) for 7 days.
Procedures of Total Plate Count (TPC) was examined
according to Ghaffar et al. (2009) and Li et al. (2016)
with some improvements. Noodle samples (25 g) with
225 mL of 0.1%, peptone water (Oxoid CM0009) were
homogenized in a stomacher bag using a stomacher
machine (Lab-blender 400, Seward Laboratory, US) for
120 sec. Serial dilutions were prepared by using 0.1%
peptone water. 0.1 mL of the appropriate dilutions were
spread plated onto sterile petri dishes containing Plate
Count Agar (Oxoid CMO0325), and then, was incubated at
37°C for 48+2 hrs in the incubator (Memmert INE-600).
TPC of samples (in triplicate) were analysed for day 1, 3,
5 and 7. The colonies were counted using the Colony
Counter (Galaxy 230).

2.10 Statistical analysis

All data obtained in this research were expressed as
mean values of three individual replicates + standard
deviation (S.D.), except data for the texture properties
analysis (five individual replicates). One-way analysis of
variance (ANOVA) using Minitab Statistical Software
version 18.0 (Minitab Inc., USA) was performed and
Tukey test was used to determine significant differences
between mean values among the treatments at a
significance level of 95% (p<0.05). Meanwhile, total
plate count data were changed into logarithms of the
number of colony forming units (CFU/g) (Li et al.,
2016).

3. Results and discussion

3.1 Effect of gamma
physicochemical characteristics of flat rice noodle

irradiation treatment on

The effect of gamma irradiation with different dose
levels on moisture content (MC), water activity (ay,), and
pH value of flat rice noodle samples are shown in Figure
1, Table 2, and Table 3 respectively.

MC of four samples with different irradiation doses
are displayed in Figure 1. Based on the results, MC of all
samples was in the range of 60-66%. Similarly, to the
preliminary setting of samples applied to Wang et al.
(2018), the MC of rice starch annealed treatment was in
the range of 50-70%. Results showed that MC was not
significantly affected by the irradiation as there were no
significant differences at (p>0.05) on 11% TS, (8% TS &
3% PS) and (3% TS & 8% PS) of different irradiation
dose levels. Such results were in accordance with those
obtained by Byun ef al. (1997) who observed MC of red
ginseng powder was not significantly changed with the
increase in gamma irradiation up to 10 kGy. Gani et al.,

© 2020 The Authors. Published by Rynnye Lyan Resources
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Table 2. Water activity (aw) of flat rice noodles.

1504

.. Formulation
Irradiation Dose 11% TS 11% PS 8% TS & 3% PS 3% TS & 8% PS
0 kGy 0.99140.00" 0.980+0.00%° 0.984+0.00 0.983+0.00%
4 kGy 0.99140.00" 0.988+0.00 0.986+0.00° 0.987+0.00*5°
6 kGy 0.989:£0.008* 0.985+0.00° 0.987+0.004 0.990-+0.0052
8 kGy 0.985+0.005° 0.986+0.00* 0.989+0.00 0.992+0.00*

TS: Tapioca starch, PS: Potato starch. Values with the same superscript uppercase letters within the same column are not
significantly different (p>0.05) while values with the same superscript lowercase letters within the same row not significantly

different (p>0.05).
Table 3. pH value of flat rice noodles.
Irradiation Dose Formulation
11% TS 11% PS 8% TS & 3%PS 3% TS & 8% PS

0 kGy 5.89:0.035 5.89+0.03% 5.79+0.06* 5.88+0.10

4 kGy 6.04+0.06"* 5.89+0.014% 5.84+0.10"° 5.87+0.05%%

6 kGy 6.03+0.024 5.73+0.01% 5.83+0.03%° 5.93+0.014°

8 kGy 5.87+0.05" 5.69+0.01<° 5.72+0.024° 5.85+0.034

TS: Tapioca starch, PS: Potato starch. Values with the same superscript uppercase letters within the same column are not
significantly different (p>0.05) while values with the same superscript lowercase letters within the same row not significantly

different (p>0.05).

Moisture content (%) versus Irradiation Dose

Moisture content (%)

0 kGy

Irradiation Dose

®11% TS »11%PS H8%TS&3%PS = 3%TS&8%PS

Figure 1. Moisture content of flat rice noodles. TS: Tapioca
starch, PS: Potato starch. Values with the same superscript
uppercase letters are not significantly different (p>0.05)
among irradiation doses with the same formulation. Values
with the same superscript lowercase letters are not
significantly different (p>0.05) among flat rice noodle
formulations with same irradiation dose.

(2013) also reported MC of starch extracted from lotus
stem did not show any significant effect of gamma
irradiation. Nevertheless, a study has shown the opposite
results where a higher dose (6 kGy) of irradiation causes
more rapid loss of moisture in apples (Wang and Chao,
2003). However, MC between samples with the same
irradiation dose, except 0 kGy irradiation showed
significant difference (p<0.05). 11% TS and 11% PS
alone had significantly increased in MC compared to flat
rice noodles contained both TS and PS at 4-8 kGy
irradiation. Base on the result, a similar finding was
reported that increasing amylose resulted in increasing
MC (Widjajaseputra, 2012). PS has higher amylose
content than TS which agreed by Breuninger et al
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(2009) as attributed in flat rice noodles. A combination
of these two starches might influence the MC of flat rice
noodles. But there is no report of the relevant literature
describes a study of effects on the combination between
PS and TS.

Table 2 shows the results of water activity, where
there were differ (p<0.05) statistically among the
irradiation doses as well as the type of formulation,
except (8% and 3% PS) at different doses and types of
formulation at 8 kGy irradiation dose. In contrast with
the results obtained for maize (Zea mays) genotypes
seeds, water activity did not change significantly with
the increasing of gamma irradiation dose (Yadav and
Singh, 2013). Byun et al. (2000) stated that the water
activity of squid was not altered with the use of gamma
irradiation. However, Aquino et al. (2010) explained that
changes in the water activity caused by gamma
irradiation doses were due to the water radiolysis after
the irradiation process which leads to the formation of
highly reactive free radicals. Flat rice noodle samples
had mean water activity value ranged between 0.983 and
0.992 which reported slightly higher value in comparison
to 0.979 which obtained by Li ef al. (2011) for control
noodle. This indicates that high water activity is
sufficient for the growth of microbial. According to Qing
(2016), due to more free water available for the growth
of microorganism activity, high water activity in noodles
can accelerate the spoilage process.

The pH value of four samples with different
irradiation doses are presented in Table 3. The pH values
for all samples ranging from 5.69 to 6.04. This is
because rice mnoodles made from rice and water

© 2020 The Authors. Published by Rynnye Lyan Resources
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contribute to an initial pH of 7 (neutral) condition (Li et
al., 2015). Tapioca starch contribued to the lower pH
value due to its naturally present low pH. Nearly the
same initial pH value was observed by Li et al. (2011)
ranging (6.21-6.48) in fresh noodles. Based on the results
obtained, there were significant differences (p<0.05) in a
pH value of 11% TS and 11% PS at different irradiation
doses. The pH value was observed to decrease as the
dose of irradiation increased. Similarly, pH values in all
types of kidney bean starches were also reported to
decrease as the irradiation dose increased from 0 kGy to
20 kGy (Gani et al., 2012). The results are in agreement
with those found by Gani et al. (2013), they reported that
the breakdown of starch molecules by the action of free
radicals caused an increase of carboxyl content in
irradiated starch. The decrease in pH value was due to
the formation of degradation products (carboxylic acids)
during irradiation which also increases the carboxyl
content of samples. The pH value observed on 11% PS
was found to be the most affected as the irradiation doses
increased. In contrast, finding obtained by Romano et al.,
(2016) shows neither raw, uncooked nor exposed to
treatment, PS contain high pH value (7.26) compared to
TS (4.86), which showed that it has low acid content.

3.2 Cooking properties

The effect of gamma irradiation with different doses
on cooking yield and cooking loss of flat rice noodles is
shown in Figure 2 and Figure 3 respectively. Based on
Figure 2, there were significantly different (p<0.05) in
cooking yield among formulation at different irradiation
dose levels. The cooking yield was observed to decrease
as the irradiation dose increased where control (0 kGy)
samples showed the highest value of cooking yield
compared to the rest of the irradiated samples. The
ranges of cooking yield for control samples were from
153.91% (11% TS) to 161.85 (11% PS) which were
slightly lower from the value obtained by Qazi et al.
(2014) who reported that noodles from pure PS had
rehydration value of 168.50%. According to Chin et al.
(2012), high cooking yield determines the ability of
water absorption in noodles during the cooking process
and gelatinisation process of starch which might help in
increasing the weight of noodles after cooking. However,
gamma irradiation caused decreases in the cooking yield
of flat rice noodles. This is because, gamma irradiation
breakdown starch molecular to form low molecular
weight fractions and degrades the starch structure (EIl
Saadany et al., 1979; Gani et al., 2013). By contrast,
Sirisoontaralak and Noomhorm (2006) study, found that
water absorption increased after irradiation. Besides that,
the cooking yield of flat rice noodles contained PS
significantly (p<0.05) increased compared to flat rice
noodles contained TS alone. This may due to the
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differences in the swelling power and pasting properties
of the starches (Qazi et al., 2014).

Cooking yield (%) versus Formulation

Ac a Ab Azb

B0 kGy
B4 kGy
m6 kGy
B8 kGy

Cooking yield (%0)

3%TS & 8% PS

11%TS 11%PS 8% TS & 3% PS

Formulation

Figure 2. Cooking yield for flat rice noodles. TS: Tapioca
starch, PS: Potato starch. Values with the same superscript
uppercase letters are not significantly different (p>0.05)
among irradiation doses with the same formulation. Values
with the same superscript lowercase letters are not
significantly different (p>0.05) among flat rice noodle
formulations with same irradiation dose.

Cooking loss (%) versus Formulation

Aab

§ B0 kGy
2 04 kGy
o0
% 06 kGy
S

o8 kGy

i it
11%TS 11%PS 8% TS & 3% PS 3% TS & 8% PS

Formulation

Figure 3. Cooking loss for flat rice noodles. TS: Tapioca
starch, PS: Potato starch. Values with the same superscript
uppercase letters are not significantly different (p>0.05)
among irradiation doses with the same formulation. Values
with the same superscript lowercase letters are not
significantly different (p>0.05) among flat rice noodle
formulations with same irradiation dose.

Cooking loss is a term used for the particles that
leaked from the noodles into cooking water (Chin et al.,
2012). It is undesirable to have a high value of cooking
loss because it shows that noodles had low tolerance
during cooking, a greater amount of solubilized starch
present and caused noodles to have sticky texture
(Sandhu et al., 2010; Thomas et al., 2014). Sandhu et al.
(2010) also reported that rice noodles had a cooking loss
of 1.53%, which slightly lower from the range of
cooking loss obtained for control samples in this research
(1.55-1.98%). There was a significant (p<<0.05) increase
in cooking loss among samples at different irradiation
dose levels as well as significant difference (p<0.05)
observed in the different formulation of flat rice noodles
samples as shown in Figure 3. According to Gani ef al.
(2012), irradiation contributes to the damage of starch

© 2020 The Authors. Published by Rynnye Lyan Resources
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into simpler molecules form like dextrins, maltose and
other sugars that have a higher affinity for water than
starch.

3.3 Colour of flat rice noodle

The effect of gamma irradiation with different doses
on colour values of L*, a* and b* for flat rice noodles
are shown in Figure 4, Figure 5, and Figure 6
respectively.

L* versus Irradiation Dose (kGy)
84

82 1
80 -

78 A

Azb B11%TS

L
R

@a11%Ps
B8%TS & 3% PS
B3%TS & 8% PS

76

B
iy

N

74

72 A

70 -
0kGy

4 kGy
Irradiation Dose (kGy)

6 kGy 8 kGy

Figure 4. Colour value of L* for flat rice noodles. TS: Tapioca
starch, PS: Potato starch. Values with the same superscript
uppercase letters are not significantly different (p>0.05)
among irradiation doses with the same formulation. Values
with the same superscript lowercase letters are not
significantly different (p>0.05) among flat rice noodle
formulations with same irradiation dose.

Resultant colour values of flat rice noodles samples
treated with different irradiation dose levels are
presented in Figure 5. L* value is a measurement of
lightness (0; dark - 100; white). Based on the results
obtained, all samples appeared to have light colour closer
to white where the value of L* was 74 and above.
According to Thomas et al. (2014), fresh noodles shall
retain a white coloured appearance. There was a slight
decrease in L* value of flat rice noodles samples with
increased dose levels where irradiated samples showed
darken in colour compared to control samples. A study
found that gamma irradiation at any dose levels did not
give a significant difference in the L* value of potato
starches (Teixeira et al., 2015). This research contradicts
the present findings. Nonetheless, results obtained agreed
with the findings of Mir et al. (2015) who reported that
all brown rice varieties showed decreased in L*
(lightness) as irradiation dose increase up to 10 kGy. The
same goes to result obtained by Byun et al. (1997) for
red ginseng powder up to 10 kGy. The enzymatic and
non-enzymatic darkening reactions by high water content
in fresh noodles could be accelerated by high dose of
irradiation which leads to slight changes in colour
(Lacroix et al, 2004; Asenstorfer et al, 2010).
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Moreover, flat rice noodles contained PS showed higher
L* compared to contained TS. This is because high
amylose concentration provides noodles with bright
colour and low bulk density due to their ability to reduce
swelling powder (Ahmed et al., 2016). Generally, rice
flour, tapioca starch and potato starch containing
amylose at 16-20% (Etsuko er al, 2016), 17% (Riaz,
2016) and 11.9-20.1% (Talja et al. 2008) respectively.

a* versus Irradiation Dose (kGy)

B11%TS
011%PS
B8%TS & 3% PS
B3%TS & 8% PS

4kGy
Irradiation Dose (kGy)

6 kGy

Figure 5. Colour value of a* for flat rice noodles. TS: Tapioca
starch, PS: Potato starch. Values with the same superscript
uppercase letters are not significantly different (p>0.05)
among irradiation doses with the same formulation. Values
with the same superscript lowercase letters are not
significantly different (p>0.05) among flat rice noodle
formulations with same irradiation dose.

There were significant increases (p<0.05) in a* value
of flat rice noodle samples irradiated with different dose
levels except 11% PS sample as shown in Figure 5.
Colour of a* value indicates the degree of redness (+a) to
greenness (-a). Flat rice noodle samples increased in a*
value after being irradiated at the 8 kGy. Similarly, there
was an increase of a* value as an irradiation dose
increased in brown rice (Mir et al., 2015). This can be
supported by Teixeira et al. (2015) who reported
parameter a* increase with the doses on potato starches.
Meanwhile, significant differences (p<0.05) were also
observed in a* value among flat rice noodles samples.
However, the differences in a* value of flat rice noodles
samples could not be differentiated visually.

Figure 6 showed b* value of flat rice noodles
samples with different gamma irradiation dose levels.
Colour value of b* represents the degree of yellowness
(tb) to blueness (-b). Results showed that b* value of
flat rice noodles samples was slightly increased at 8 kGy.
According to Jianming (1998), fresh noodles when
irradiated up to 10 kGy turns yellowed slightly.
Meanwhile, Sirisoontaralak and Noomhorm (2006)
stated that due to the breakdown of glycosidic and
peptide linkages when irradiation dose increased resulted
in increased colour value. There were no significant
differences (p<0.05) observed among flat rice noodle
samples. Thus, gamma irradiation in the applied doses
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changed the colour of flat rice noodles samples with
different types of starch.

b* versus Irradiation Dose (kGy)

@11%TS
B11%PS
B8% TS & 3% PS
E13% TS & 8% PS

TIrradiation Dose (kGY)

Figure 6. Colour value of b* for flat rice noodles. TS: Tapioca
starch, PS: Potato starch. Values with the same superscript
uppercase letters are not significantly different (p>0.05)
among irradiation doses with the same formulation. Values
with the same superscript lowercase letters are not
significantly different (p>0.05) among flat rice noodle
formulations with same irradiation dose.

3.4 Textural properties

The effect of gamma irradiation with different doses
on hardness and breaking length of flat rice noodles is
shown in Table 4 and Table 5 respectively.

The hardness of four flat rice noodle samples with
different irradiation doses were compared in Table 4.
The hardness values among formulations observed did
not differ significantly (p>0.05); however, was affected
by the irradiation doses. It was significantly lower in
hardness values among irradiated samples if compared to
control flat rice noodles samples. The highest hardness in
non-irradiation flat rice noodles was observed in 11% PS
(2.72N), followed by 3% TS & 8% PS (2.7IN), 11% TS
(2.61N) and 8% TS & 3% PS (2.32N) formulation. The
value of hardness was proportional to the amylose
content in the formulation. After treatment of 8 kGy

Table 4. Hardness of flat rice noodles.

Ahmad Zainuri et al. / Food Research 4 (5) (2020) 1500 - 1512

gamma irradiation, the hardness of flat rice noodles
among the formulation reduced to 1.99N, 2.08N, 1.92N
and 1.55N for 11% PS, 3% TS & 8% PS, 11% TS and
8% TS & 3% PS formulation respectively. The results
showed that the increase in gamma irradiation dose will
decrease the hardness value. Sandhu et al. (2010) stated
that amylose content plays a major role in noodle’s
texture. It was proven that high amylose content
appeared to be positively related to the hardness of
noodles (Jeong et al., 2016). This is because amylose and
amylopectin  might go through degradation or
modification during irradiation which loosens the
compact structure of starch granules which contributes to
the differences in hardness (Mir et al., 2015). The same
trend can be observed in beetroots where the lowest
hardness was obtained at a dose of 10 kGy (Nayak et al.,
2006). They further stated that gamma irradiation caused
softening of the tissue. This observation was in
agreement with the work of Jianming (1998) who
reported that hardness of the fresh noodles changed
according to the absorbed dose. Similarly, Noomhorm et
al. (2005) stated that the breakdown of the starch
molecule had been encouraged by gamma irradiation.

On the contrary, the breaking length of flat rice
noodle samples increased when the dose level increased
as shown in Table 5. Control flat rice noodle samples
showed significantly lower in breaking length value
compared to irradiated flat rice noodle samples. It can be
seen clearly when dose levels increased, values of
breaking length also increased. Those trend of result are
in agreement with Wan Zunairah et al. (2019) on the
study on watery spinach yellow noodles but, in
disagreement with other previous studies. Research

Hardness of sample (N)

Irradiation Dose

11% TS 11% SPS 8% TS & 3% SPS 3% TS & 8% SPS
0 kGy 2.61£0.06™* 2.72+0.73% 2.32:+0.54" 2.71£0.58"
4 kGy 1.97+0.31% 2.10+0.23% 2.13+0.61 1.55+0.35%
6 kGy 1.99:0.16" 2.09+0.51% 2.13+0.50™ 1.78+0.07%
8 kGy 1.92+0.47% 1.99+0.28" 1.55+0.33" 2.08+0.23452

TS: Tapioca starch, PS: Potato starch. Values with the same superscript uppercase letters within the same column are not
significantly different (p>0.05) while values with the same superscript lowercase letters within the same row not significantly

different (p>0.05).
Table 5. Breaking length of flat rice noodles.

Breaking length of sample (mm)

Irradiation Dose

11% TS 11% PS 8% TS & 3%PS 3% TS & 8% PS
0 kGy 4.29+0.98" 2.19+0.46" 3.24+0.245% 2.92+0.41%

4 kGy 5.710.8945 2.67+0.38"B¢ 3.82+0.50"%° 3.53+0.57480
6 kGy 6.13+0.43% 2.53+0.23"B¢ 4.63+0.79"° 3.57+0.44°5

8 kGy 5.07+0.86"5 2.94+0.33"° 4.55+0.87" 4.25+1.13%

TS: Tapioca starch, PS: Potato starch. Values with the same superscript uppercase letters within the same column are not
significantly different (p>0.05) while values with the same superscript lowercase letters within the same row not significantly

different (p>0.05).
eISSN: 2550-2166
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conducted by Koksel et al. (1996) who reported that
gamma irradiation doses did affect durum wheat where it
altered the gluten and starch components especially at
high levels of treatment. They further reported that when
gluten damage, it caused the dough to lose strength and
reduce breaking length value. Meanwhile, the use of PS
in flat rice noodle samples showed lower breaking length
value compared to flat rice noodle samples contained TS.
PS was believed to contain high amylose compared to
TS. Contrary with the finding from Fari ef al. (2011) and
Guo et al. (2003) who reported that high tensile strength
caused from high amylose content as cited in Thomas et
al. (2014). This is supported by Lu and Collado (2019)
who explained that higher amylose content gives greater
elastic properties to noodles. However, there were no
related studies found on the relationship between PS and
TS in the production of rice noodles with tensile tests.

3.5 Morphological structure of cross section in flat rice
noodle

Scanning electron microscopy (SEM) photographs of
11% TS (Tapioca starch), 11% PS (Potato starch), (8%
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TS & 3% PS) and (3% TS & 8% PS) samples are shown
in Figure 7.

Results showed that there was no presence of starch
granules observed for each flat rice noodle samples in
each dose of irradiation. Similarly, Kasemsuwan et al.
(1998) reported that starch granules were gelatinised and
ruptured as there were no intact granules observed in
cross section of the clear noodles. They further stated
that this was due to the retrogradation process. Starch
retrogradation occurs during cooling where amylose and
amylopectin macromolecules in gelatinised began to re-
associated and united with swollen starch in an ordered
structure (Mason, 2009; Bao and Bergman, 2018) These
process might further being modified where the starch
granules are ruptured. Thus, the effect of gamma
irradiation was not able to be observed and compared
due to the absence of on starch granules in both starches;
TS and PS.

3.6 Microbiological quality of flat rice noodles

The effect of gamma irradiation with different dose

C) 8% TS & 3% PS

D) 3% TS & 8% PS

Figure 7. Morphological structures cross section of flat rice noodles A) 11% TS, B) 11% PS, C) 8% TS & 3% PS and D) 3% TS
& 8% PS samples at different dose of irradiation at a) 0 kGy; b) 4 kGy; c) 6 kGy; d) 8 kGy at 300x magnification.
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Table 6. Total plate count (TPC) of flat rice noodles after stored at 8°C for 7 days.

Irradiation Dose

Total Colony Count (log CFU/g)

Day 1 Day 3 Day 5 Day 7
11% TS 0 kGy 4.18+0.08" 7.11£0.014° Spoiled Spoiled
11% TS 4 kGy <]Be 3.20+0.17" 4.23+0.03" 4.67+0.034®
11% TS 6 kGy <1® <1 1.20+2.08" 22019148
11% TS 8 kGy <P <1< <18 <18
11% PS, 0 kGy 3.66£0.10*° 7.2440.08" Spoiled Spoiled
11% PS 4 kGy <1B 3.30+0.30% 3.58+0.485% 4.2340.08%
11% PS 6 kGy <1Ba 2.00+1.735¢ 2.39+2.165 2.65+2.305
11% PS 8 kGy <1™ <1< <1< <|Ba
8% TS & 3% PS 0 kGy 4.30+0.08"* 7.044£0.054° Spoiled Spoiled
8% TS & 3% PS 4 kGy <1® 3.58+0.17% 4.02+0.08" 4.78+0.03
8% TS & 3% PS 6 kGy <18 <1< 3.32+0.28% 3.86+0.07%
8% TS & 3% PS 8 kGy <1® <1 <1 <1©
3% TS & 8% PS 0 kGy 3.83+0.134° 7.04+0.024° Spoiled Spoiled
3% TS & 8% PS 4 kGy <18 2.33+2.035 4.19£0.114 4.58+0.02"°
3% TS & 8% PS 6 kGy <" 1.00+1.735 2.10+1.835¢ 3.23+0.40%
3% TS & 8% PS 8 kGy <" <15 <1 <1¢

TS: Tapioca starch, PS: Potato starch. Values with the same superscript uppercase letters within the same column are not
significantly different (p>0.05) while values with the same superscript lowercase letters within the same row not significantly

different (p>0.05).

levels on a total plate count of flat rice noodles after
stored at chill temperature (8°C) are shown in Table 6.

The log CFU/g for each flat rice noodle sample was
calculated at 2 days interval starting from day 1 to day 7.
According to Jensel et al. log 6 CFU/g is considered to
be an unacceptable level (as cited in Ghaffar et al.,
2009). TPC results showed that control flat rice noodle
samples for all formulation started to spoil on day 3
onwards while irradiated flat rice noodle samples were
able to withstand lower microbial load up to days 7.
There were significant (p<0.05) increase in TPC for all
flat rice noodle samples during 7 days storage at
different dose levels while no significant difference
(p>0.05) observed on irradiated samples at the same dose
levels upon storage. TPC for irradiated flat rice noodle
samples (4kGy to 6 kGy) stored at 8°C did not exceed
the selected deterioration limits. At the irradiation dose
level of 8 kGy, there was no presence of colony in the
flat rice noodle samples for all formulations until the end
of storage day. Jianming (1998) on his finding found that
wet noodles irradiated at 8 kGy can be stored at room
temperature up to 10 days or more. In addition, higher
dose levels also showed the lower log CFU/g in flat rice
noodle samples. Control flat rice noodle samples were
observed to prolonged lag phased for microbial growth a
day only even when stored at a lower temperature.

4. Conclusion
Effect of gamma irradiation doses (4, 6 and 8 kGy)

eISSN: 2550-2166

on physicochemical characteristics and microbiological
quality on flat rice noodle with two different starch
combinations was discussed in this research. Gamma
irradiation had some changes in physicochemical
properties including cooking quality, texture, and colour
of flat rice noodle where the increase in dose levels
decreased pH value, cooking yield, lightness, and
hardness of noodles and increased cooking loss,
greenness, yellowness and breaking length of noodles.
Moisture content and water activity were not
significantly affected by irradiation dosage. Irradiation
showed no effects on the morphological structure of flat
rice noodle. Other than that, result in this research also
highlighted that gamma irradiation dosage up to 4 kGy
was proven to impart a lower microbial growth. Potato
starch gave higher cooking yield, lower cooking loss,
more lightness, and better hardness on flat rice noodle
than tapioca starch. Thus, the outcome of this research
suggested that gamma irradiation up to 8 kGy was
effective in prolonging shelf-life if flat rice noodle.
However, it induced the degradation and modification of
amylose and amylopectin in starch and slightly affect the
properties of flat rice noodle.
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