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Abstract

The aim of this work is to study the effect of hydrocolloids (guar gum, xanthan gum and
carboxymethyl cellulose (CMC) on the physical properties and sensory evaluation of ice cream
produced in order to investigate the potential of applying fermented glutinous rice (tapai
pulut) as a value-added ingredient. The addition of 25% fermented glutinous rice was the most
reliable amount to enhance the physical and sensory properties of ice cream when incorporating
hydrocolloids. The addition of hydrocolloids significantly (p <0.05) increased the pH, firmness,
overrun, and melting rate of fermented glutinous rice ice cream. The addition of guar gum
scored the highest firmness value (5403 g) followed by CMC (4630 g) and xanthan gum (3481
g). Fermented glutinous rice ice cream with xanthan gum added, induced a noticeable change
in overrun value (62%) while the addition of CMC decreased the melting rate compared to the
control. The FTIR spectrum of fermented glutinous rice ice cream with different hydrocolloids
containing carboxyl, amide and carbonyl group was appeared at 3362-3379 cm', 1639-1640
cm™ and 1026-1064 cm', respectively. In conclusion, the addition of xanthan gum presented
great potential to improve the quality of fermented glutinous rice ice cream produced in terms

of its firmness, overrun and melting rate.

© All Rights Reserved

Introduction

Fermented glutinous rice or tapai pulut is an
instant traditional food consumed in Asia, especially
in the South East region, which includes Indonesia,
Malaysia, Philippines and China. In Malaysia,
fermented glutinous rice (tapai puluf) is consumed
freshly after being chilled or added in a dessert
such as ice-cream or cendol (Law et al., 2011). It is
consumed in different ways in different countries. For
instance, in India, where it is known as tape Katella, is
consumed after frying in oil and made by fermenting
cassava roots (Joshi and Pandey, 1999). Tapai pulut
is a fermented food product that has a sweet, sour
and mildly alcoholic taste. The alcoholic taste comes
from the fermentation process of glutinous rice, which
involves starch hydrolysis by inoculum (fermentation
starters) also referred to as ‘ragi’ in Southeast Asian
countries or ‘koji’ in Japan (Nik ef al., 2010) where it
is produced using an ethanol compound. This process
causes the tapai pulut to have a higher acidic content
(pH range, 3.4 - 4.0) (Zaharah and Yeoh, 2004).

In many of the research conducted, fermented
food products have their own benefit on human
health. According to Steinkraus (1994), fermented
foods have great potential for nutritional significance
because they provide and preserve a vast quantity of
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nutritious food in a wide diversity of flavours, aromas
and textures that enrich the human diet. Steinkraus
(1994) also found that tapai pulut provided enrichment
through its protein content. To transform that benefit,
the fermented food, especially tapai pulut, should be
included in the most consumed and popular foods
such as ice cream. Cruz et al. (2009) reported that
ice cream is a highly accepted product by children,
adolescents, and adults, as well as by the elderly.

However, the development of a new food
product is increasingly challenging, as it has to
fulfil consumer expectations for products that are
simultaneously relished and healthy (Cruz et al.,
2009). According to Erkaya et al. (2011), the use of
some ingredients in ice cream manufacture that have
nutritional and physiological properties, such as some
fruits, probiotics, alternative sweeteners, dietary
fibres and natural antioxidants, has increased due
to the increasing consumer interest in healthier and
functional food in recent years. However, consumers
prefer products that contain natural ingredients
compared to artificial food products and prefer to use
probiotic products (Cruz et al., 2009), such as tapai
pulut, which contain natural ingredients from yeast
fermentation.

Many studies have been conducted to determine
the effects of hydrocolloids on the properties of ice
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cream (Mousavi et al., 2003; Murtaza et al., 2004;
Soukoulis et al., 2008; Moeenfard and Tehrani,
2008). The primary purpose for using hydrocolloids
as a stabilizer in ice cream is to improve the viscosity,
stabilize the mix, aid in suspension of flavouring
particles, produce stable foam, provides uniformity
and to produce smoothness in texture during
consumption (Marshall et al., 2003). In addition,
the selected hydrocolloids affect the storage quality
of ice cream (Soukolis et al., 2008). In rheological
properties, xanthan gels are freely flowing, and
thus, perform a strong shear thinning behaviour,
while guar gum and CMC are characterized by
a random coil conformational ability, which also
favours pseudo plasticity (shear thinning of fluid
mechanism), albeit to a lesser extent. Hwang et al.
(2009) also reported that the addition of hydrocolloids
as a stabilizer or polysaccharide to ice cream will
increase the viscosity and reduce the melting rate of
the ice cream. According to Murtaza et al. (2004),
the typical compositional range of hydrocolloids in
ice cream is 0-0.5%. Therefore, in our study we used
0.3% of hydrocolloids to incorporate into fermented
glutinous rice ice cream which was within the typical
compositional range that commonly used.

Fermented glutinous rice (tapai pulut) provides a
good supply of protein in ice cream production. This
is a good way to develop tapai pulut ice cream as a
source of protein since the protein requirement and
other sources of vitamin and essential amino acids
are provided in fermented food (Steinkraus, 1997).
The development of tapai pulut ice cream is one way
of providing a healthy diet that is convenient to be
consumed, which is in accordance with the preference
of consumers nowadays. Tapai pulut was evaluated
because it is a traditional food dessert that has great
potential to meet the modern trend for diversification
in the consuming style. Therefore, the objectives
of this study are to produce fermented glutinous
rice (tapai pulut) ice cream, as well as to determine
the best formulation of fermented glutinous rice
(tapai pulut) ice cream, to investigate the effects of
different hydrocolloids (guar gum, xanthan gum and
carboxymethyl cellulose (CMC)) on the physical
properties (pH, firmness, overrun, melting rate,
color, structure) and the overall acceptance level of
the fermented glutinous rice (tapai pulut) ice cream
produced.

Materials and Methods

Materials
The main ingredients for fermented glutinous
rice (tapai pulut) production were glutinous rice
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and fermentation starters (ragi). Glutinous rice was
purchased from the local market at Kuala Terengganu,
Terengganu, Malaysia. The fermentation starter
(ragi) was obtained from the Malaysian Agricultural
Research and Development Institute (MARDI)
Serdang, Selangor, Malaysia. The materials for ice
cream were purchased from the local market in Kuala
Terengganu, Terengganu, Malaysia. The three types
of hydrocolloids; guar gum (GG), xanthan gum (XG)
and carboxymethyl cellulose (CMC) were obtained
from Sigma.

Preparation of fermented glutinous rice (tapai
pulut)

Fermented glutinous rice (tapai pulut) was
prepared by using the steaming method. In preparation
of tapai pulut, 500 g of glutinous rice was washed and
soaked for 1 h before cooking. The cooked glutinous
rice was then steamed for 20 mins. At this stage, the
glutinous rice was half cooked. Approximately 300
ml of water was added into the steamed glutinous
rice and mixed well before it was steamed again for
15 mins. The steamed glutinous rice was cooled at
room temperature before 0.1% of ‘ragi’ (in powder
form) was spread over the glutinous rice and mixed
well. Fermented glutinous rice was obtained after
the fermentation process for 48 to 72 h at room
temperature.

Preparation of fermented glutinous rice (tapai pulut)
ice cream

The ice cream was prepared by mixing 125 g egg
yolk and 140 g castor sugar until thick and light as
described by Gisslen (2010). Approximately 500 ml
of fresh milk was gradually scalded and tempered
with the egg mixture. The mixtures were heated for
about 20-30 sec until reaching 80°C for pasteurisation
before each hydrocolloid was added. The mixtures
were then added to 250 ml of cold whipping cream
and stirred quickly to stop the cooking process. The
mixtures were kept in the chiller for 1 h at 4°C for
the aging process and 1.0 ml of vanilla essence was
added. Tapai pulut was added prior to the freezing
process, which was conducted for about 1 h using a
soft serve ice cream machine (GELATO PRO 3000,
UK). Ice cream samples were then stored at -18°C in
a blast chiller.

Different formulations of tapai pulut ice creams
produced such as Formulation 1 (F1) (10% tapai
pulut added), Formulation 2 (F2) (15% tapai pulut
added), Formulation 3 (F3) (25% tapai pulut added)
and Formulation 4 (F4) (50% tapai pulut added)
were developed and sensory evaluation of the overall
acceptance as described in sensory analysis was
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conducted in order to determine the best formulation
of tapai pulut with ice cream. The most accepted
formulation by the panel was used as a sample to
incorporate with hydrocolloids.

The result obtained from the first phase sensory
evaluation conducted (Table 1) showed that 25%
tapai pulut added in ice cream has been choosen for
the further analyses. Therefore, five samples of tapai
pulut ice cream were evaluated in further analyses.
These included the control, ice cream with 25% tapai
pulut added (F3) (the most accepted formulation),
tapai pulut ice cream with guar gum added (S1),
tapai pulut ice cream with xanthan gum added (S2)
and fapai pulut ice cream with CMC added (S3).
Each of ice cream samples was incorporated with the
same volume of hydrocolloid (0.3%) and the analysis
was conducted in triplicate.

Determination of pH

The determination of pH was conducted
according to the method by Hwang et al. (2009).
About 10 g of ice cream samples were dissolved in
90 ml of distilled water. After homogenization, the
pH was measured by using a pH meter (CyberScan
Series 600, pH-10° Merthom/Brinkmann, Brinkmann
Instrument Inc., Westbury, NY), which was calibrated
by using a standard pH buffer solution, (pH 7 and
pH 4). The values were presented as the means of
triplicate analyses.

Determination of firmness

The firmness of ice cream samples were measured
according to the method described by Hwang et al.
(2009). The firmness of ice cream was determined
by using a texture analyser (Stable Micro System,
Godalming, UK) with a load cell of 5 kg, cylinder
probe (diameter 50 mm). The samples were cut
into 2.5 x 2.5 x 2.5 cm cubes and compressed at a
speed of 10 mm/s and return strain of 50 mm. The
reading was the average of three determinations. The
firmness of the samples was determined as the peak
of compression force (in g) detected when the probe
proceeded to penetrate into the ice cream. The values
were presented as the means of triplicate analyses.

Determination of overrun

To determine the overrun, the ice cream mix was
put in a standard 200 ml cup and weighed. Once the
ice cream mix was made into frozen ice cream, the
same volume of frozen ice cream was cut and put in
the container. The overrun was calculated according
to the standard equation as below (Laaman, 2011).

The overrun = (W, - W) x 100
W

B
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Where, W, = weight of mix for fixed volume

W, = weight of finished product for fixed
volume
The sample in the same volume was weighed before
and after the ice cream mix was made into frozen ice
cream. The sample was performed in triplicate and
the result obtained was expressed as mean + SD.

Determination of colour

The colour changes were measured according to
the method described by Hwang et al. (2009). The
colours of the samples were determined by using a
Colorimeter, Chromameter (Model CR-400, Konica
Minolta Sensing, Inc., Osaka, Japan). The colorimeter
was calibrated with a white tile (L*= 93.80, a’ =
0.3111, b"= 0.3196). The sample was placed in a 25
ml plastic cup with an upper diameter of 5.5 cm. The
screen on the glass light projection tube was pressed
on the sample for light penetration. The results were
shown on the screen of the colorimeter and were
recorded according to the value of lightness (L),
greenness/redness (a”) and blueness/yellowness (b").
The result was expressed as mean + SD.

Determination of melting rate

The melting rate tests were conducted as
described by Sofjan and Hartel (2004), with some
modification. The melting rate was measured at
room temperature (20°C). About 50 g of ice cream
sample was weighed and placed on a 2 ¢cm cooling
rack above a small aluminium bowl, which was
used to collect the melted ice cream. The timing
of the melt down rate began when the first drop of
material that melted touched the bottom of the bowl.
The amount of melted sample was recorded every 5
mins until the ice cream completely melted. The first
dripping and complete melting times of the samples
were determined in seconds. The melting rate was
determined based on graphs of the melted portion as
a function of time. This analysis was performed in
triplicate and the results obtained were expressed as
mean + SD.

Sensory analysis

The sensory evaluation was conducted by 30
untrained panellists. A 7 pointhedonic scale, anchored
by ‘dislike extremely’ and ‘like extremely’ was
employed and the score test used comprised flavour,
body and texture (firmness), colour and appearance,
resistant to melting and overall acceptability
(Klesment et al., 2011).

Two phases of sensory evaluation were carried
out in this study. The first phase of sensory evaluation
was to determine the best formulation of different
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quantities of tapai pulut (fermented glutinous rice)
in the ice cream produced. The samples included
control (original ice cream), formulation 1 (10% of
tapai pulut added), formulation 2 (15% of tapai pulut
added), formulation 3 (25% of tapai pulut added) and
formulation 4 (50% of tapai pulut added). The second
phase of sensory evaluation involved 5 samples,
which included control, formulation 3 (25% of tapai
pulut added), sample 1 (formulation 3 + 0.3% guar
gum), sample 2 (formulation 3 + 0.3% xanthan gum)
and sample 3 (formulation 3 + 0.3% CMC) in order to
determine the most accepted fapai pulut (fermented
glutinous rice) ice cream among these three different
hydrocolloids used.

Fourier Transform Infrared (FTIR) analysis

Fourier Transform Infrared (FTIR) spectroscopy
(Bruker Instruments, Billerica, MA) was used in
order to identify the functional groups obtained
in the fermented glutinous rice (tapai pulut) ice
cream produced. In FTIR analysis, samples of the
ice cream were placed on the sample compartment
of the spectroscope. The FTIR spectra of samples
were obtained using a Golden-gate Diamond
single reflectance ATR in a FTS 7000 FTIR
spectrophotometer with a DTGS detector (Nicolet
380). The spectra of fermented glutinous rice (fapai
pulut) ice cream were recorded at the absorbance
mode from 1000 to 4000 cm™ with a resolution of 4
cm! with 128 co-added scans (Pavia et al., 2009).

Statistical analysis

Statistical analysis was performed using software
MINITAB14 for windows version to calculate the
mean = SD of values for each sample. All data were
analysed using the one-way ANOVA method and
the level of significance used was 95% (p < 0.05);
using Fisher’s test. The graphical treatment data were
imported into the graphics package of MS Excel.

Results and Discussion

Production of fermented glutinous rice (tapai pulut)
ice cream

Table 1 shows that there was no significant
difference (p > 0.05) between the formulations on
aroma, colour, sweet and sour taste, after taste and
overall acceptance between all samples of tapai pulut
ice cream in the first phase of sensory evaluation
conducted in order to determine the best formulation.
However, a significant difference was observed
between formulation 1 (F1), formulation 2 (F2)
and formulation 3 (F3) with formulation 4 (F4) for
texture.

Table 1 presented that the result obtained for taste
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Table 1. Sensory evaluation (I) on determination of
formulation

Attribute
Texture Sweet and

Sample Aroma Colour After taste Overall
acceptance

4.65+1.77*

sourtaste
526+1.54*  4.17+1.92*

Control 5.13+1.55*  5.39+1.20° 4.30£1.74*

F1l

. 39¢
(10%of tapaipulury ~ +7+1:39
F2

5.09+1.31%  4.74+1.51°  4.44=134%  452+1.56° 4.52+1.53¢

4.61£1.70*  5.17£1.64"  4.65£1.61° 4.48+1.90° 4.56+1.53 4.48+].65%

(15%of tapai pulut)
F3

@5%of tapaipuiury  +O1E123
Fa

5.35+1.11°  4.65+1.34*  4.78+1.28* 5.00+1.35*  5.30+1.02*

4.52+1.56°  4.83+1.70°  3.04£1.46° 4.13+1.39%  430+£142°  426+1.71°

(50% of tapai pulut)
“Data are expressed as mean =+ standard deviation. *® within a row with different letters
are significantly different (p < 0.05).

Table 2. The effect of different hydrocolloids on the
physical properties of fermented glutinous rice (fapai
pulut) ice cream

Firmness (g)

Overrun (%) Colour
L
88.36£0.36"
86.27£0.58¢
89.2540.06"

Ice cream sample pH

a* b*
-4.06£022¢  +30.82+0.82%
-5.2240.02¢  +33.84+1.10°

Control 6.71£0.00°

F3 6.01x0.01¢

Sl(guargum)  6.13£0.02

S2 (xanthan) 6.08£0.01¢ 3480.73%® 61.86+34.86°  91.15+1.41%  4.76+0.13>  +28.48+0.24°

S3(CMC) 6.1540.00° 4630.38¢ 23.87423.46°  88.47+0.09"  4.53+0.02>  +31.05+0.82°
“Data are expressed as mean + standard deviation. ** within a row with different letters
are significantly different (p < 0.05).

1423500
2721.92%®
5402.50°

40.59+31.62%
6.48£747¢

38.06+37.30 -4.65£0.04°  +30.54£0.11°¢

acceptance was higher for F2 and F3 than control.
However, F4 presented a less acceptance as compared
to all samples which the score was only 4.13. The
addition of 50% fermented glutinous rice (fapai
pulut) in F4 probably caused the taste of the original
ice cream to change and resulted in the strong taste of
fermented glutinous rice (fapai pulut). The addition
of fermented glutinous rice (fapai pulut) decreased
the acceptance level of aroma, colour and texture
compared to the control sample (Table 1). However,
there were no significant difference (p > 0.05) in these
attributes between control and all samples except for
the texture acceptance of S3. The addition of 25%
fermented glutinous rice (fapai pulut) in F3 increased
the acceptance level of sweet and sour taste, after taste
of fermented glutinous rice (tapai pulut) and overall
acceptance when compared to other formulations
(first phase sensory). Therefore, tapai pulut ice cream
with 25% of tapai pulut added (F3) was considered
to be selected as the best formulation to carry out for
further analyses.

pH determination

The addition of tapai pulut significantly decreased
(p <0.05) the pH value of F3 as compared to control
(without ftapai pulut), as shown in Table 2. This
was due to the acidification of the medium during
fermentation process of fapai pulut (Kimaryo et al.,
2000). Conversely, the pH value slightly increased
when the hydrocolloids were added into tapai pulutice
cream. Tapai pulut ice cream without hydrocolloids
(F3) had the lowest pH value (6.01 £ 0.01) and was
significantly different (p < 0.05) among all the ice
cream samples. However, the use of hydrocolloids
significantly (p < 0.05) increased all the pH of the
different tapai pulut ice creams. The pH of the sample
ice cream with guar gum and CMC added was not
significantly different (p > 0.05) while xanthan gum
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shows a lower pH compared to the ice cream with
guar gum and CMC added. A study by Soukoulis et
al. (2010) showed that there were similar effects on
the pH with the addition of guar gum (5.41 £ 0.09),
xanthan gum (5.22 £ 0.09) and CMC (5.49 £+ 0.11)
to the probiotic ice cream. The results indicated that
guar gum and CMC had increased the pH value
for the acidic content of ice cream compared to
xanthan gum. The increased of pH may result from
the hydrocolloid characteristic of being a stabilizer.
According to Regand and Goff (2003); Soukoulis
et al. (2007), the stabilizer must be used in partially
or fully acidified frozen dairy desserts because the
vulnerability of stabilizers to acidic conditions is of
particular importance for their action, which is stable
in fermented milk and assists in thickening.

Firmness properties

The firmness of ice cream is related to the structure
and texture, which would affect the acceptance level
of the ice cream (Lim et al., 2010). Results obtained
showed that the firmness of F3, S1, S2 and S3 ice
creams produced were significantly increased (p
< 0.05) by the addition of fermented glutinous rice
(tapai pulut) into the ice cream as compared to the
control (Table 2). The increased of firmness values
of the ice creams was due to the starch contained in
the rice granule that thickened the ice cream mixture
(Abbas et al., 2010).

The highest score for firmness was obtained by
the addition of guar gum (5402.50 g) followed by
CMC (4630.38 g) and xanthan gum (3480.73 g) to
the fermented glutinous rice (fapai pulut) ice cream.
In comparison, ice cream with guar gum and CMC
added was firmer than the control while F3 and
xanthan gum was not significantly different from
any sample. The higher firmness score for the ice
cream with guar gum and CMC added was because
both hydrocolloids were stable over the range of pH
and have a high viscosity (less air was incorporated
into an ice cream) (Phillips and Williams, 2000). The
results obtained by Hwang ef al. (2009) showed that
the firmness of ice cream decreased with the increase
in grape wine lees concentration. Conversely, in
this study, the addition of tapai pulut increased the
firmness of the ice cream compared to the control
sample however, there was no significant difference
(p > 0.05) between both samples. Xanthan gum was
a good hydrocolloid to increase the smoothness of ice
cream with the lowest score of firmness compared to
the ice cream with guar gum and CMC added and
was able to maintain the viscosity over a broad pH
range compared to ice cream with guar gum and
CMC added.
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The lower firmness resulting from the addition of
xanthan gum was due to the higher overrun property.
Less firmness means that more air was incorporated,
which resulted in the higher overrun and increased
smoothness of the ice cream. In the preparation of ice
cream, more air corporation with the smaller size is
needed to stabilize the ice cream. The results showed
that the addition of xanthan gum was the best choice
to increase the smoothness of the ice cream. However,
based on the results in Table 2, the firmness of all
ice cream samples were not significantly difference
(p > 0.05). Therefore, it can be concluded that the
incorporation of hydrocolloid did not influence the
firmness of the fermented glutinous rice (tapai pulut)
ice cream.

Overrun properties

The results in Table 2 showed that the addition
of xanthan gum into fermented glutinous rice (tapai
pulut) ice cream presented the highest value (61.86%)
followed by guar gum (38.06%) and CMC (23.87%)
in overrun property. Meanwhile, the addition of these
hydrocolloids into fermented glutinous rice (tapai
pulut) ice cream significantly increased (p < 0.05)
the overrun values as compared to F3 and there was
a significant difference (p < 0.05) in overrun value
between control and S1, S2 and S3. The overrun
value was influence by the whipping force applied
to the ice cream mixture during freezing and the
aeration process in the ice cream freezer, which was
strong enough to break and distribute air bubbles into
the same shape and size (Sofjan and Hartel, 2004).
The air bubbles in these mixes were immediately
trapped in the unfrozen serum phase by crystallized
fat partial coalescence and fixed by ice crystals during
the freezing process (Thaiudom et al., 2008). Based
on the results in Table 2, it showed that the whipping
force of fermented glutinous rice (tapai pulut) ice
cream with the incorporation of hydrocolloids had
strong whipping force to break and distributes air
bubbles in the mixture.

There were several studies on overrun of ice
cream made by different types of hydrocolloids. A
research conducted by Moeenfard and Tehrani (2008)
showed the overrun range of 39% - 47% in ice cream
type frozen yogurt incorporated with different type
and concentration of stabilizers while Murtaza et al.
(2004) showed the overrun range of 53% - 58% inice
cream prepared with different stabilizers. The other
research conducted by Soukoulis ez al. (2008) showed
the overrun range of 50% - 100% in ice cream with
different hydrocolloids and k-carrageenan. Based on
the results from other studies, it can be concluded that
the overrun values of ice cream with the incorporation
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of hydrocolloids from our study with the exception of
overrun value obtained by ice cream with CMC were
within the range of the overrun values obtained from
other studies.

Colour measurement

As shown in Table 2, the L* value indicated
the lightness of the sample colour. The control
sample presented a similar result (88.36 + 0.36) as
obtained by Herald et al. (2008) for the L" value of
vanilla ice cream (88.11 £+ 0.18). The L" value was
significantly (p < 0.05) lower after the addition of
25% of tapai pulut as in F3. However, the addition
of hydrocolloids significantly increased the L°
value but was not significantly different (p > 0.05)
from the control sample except for the fermented
glutinous rice (tapai pulut) ice cream with xanthan
gum added. Tapai pulut ice cream with xanthan
gum scored the highest L™ value (91.15 + 1.41) and
was significantly different (p < 0.05) among the
other formulations, which may due to the higher
overrun and low firmness properties as it was able to
incorporate more air during the freezing stage. The
increased value for lightness in this study was similar
to the finding by Laaman (2011), in which products
incorporating hydrocolloids were brighter. From the
results obtained, it can be concluded that the addition
of xanthan gum would improve the L" value of the
ice cream as compared to the control. Therefore, ice
cream with xanthan gum had the highest lightness
as compared to other ice cream formulations. This
is supported by Izydorczyk et al. (2005), in which
xanthan gums are able to give excellent suspension
to ice cream mixture thus contribute to the lightness
property (L" value).

The negative value in a” indicated the green colour
of the sample. As shown in Table 2, the addition of
fermented glutinous rice (fapai pulut) significantly
increased the a* value (p < 0.05). Although, the
addition of hydrocolloids into fermented glutinous
rice (tapai pulut) ice cream decreased the a” value,
there is no significant different (p > 0.05) between all
samples. This indicated that each type of hydrocolloid
had a similar effect on decreasing the greenness of
fermented glutinous rice (fapai pulut) ice cream.

Thepositive value inb" indicated the yellow colour
ofthe sample. The addition of fermented glutinous rice
(tapai pulut) in F3 significantly increased the b* value
(p <0.05). This showed that the presence of granules
of fermented glutinous rice (fapai pulut) in ice cream
increased the yellowness of the ice cream sample.
However, when fermented glutinous rice (fapai pulut)
ice cream were incorporated with hydrocolloids, the
b* value was significantly decreased (p < 0.05). The
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addition of xanthan gum in fermented glutinous rice
(tapai pulut) ice cream presented the lowest score
and was significantly different (p < 0.05) compared
to that to which guar gum and CMC had been added.
This indicated that the use of xanthan gum resulted
in different effects on fermented glutinous rice (fapai
pulut) ice cream. It showed that the highest score
for lightness (L" value), greenness (a” value) and the
lowest score for yellowness (b* value) compared to
the addition of guar gum and CMC. The positive value
in b indicated the redness and yellowness colour
of the sample. The addition of fermented glutinous
rice (tapai pulut) in F3 significantly increased the
b" value (+33.84) (p < 0.05). This showed that the
presence of granules of fermented glutinous rice
(tapai pulut) in ice cream increased the yellowness
value of the ice cream. However, when fermented
glutinous rice (tapai pulut) ice cream incorporated
with hydrocolloids, the b" value was significantly
decreased (p <0.05) in S1 (+30.54), S2 (+28.48) and
S3 (+31.05). In contrast to the lightness, the b” values
of all samples were decreased with the incorporation
of hydrocolloids in ice creams. The addition of
xanthan gum in fermented glutinous rice (tapai pulut)
ice cream presented the lowest score of b* value and
was significantly different (p < 0.05) compared to the
ice cream with CMC added.

In conclusion, ice cream with xanthan gum adeed
showed the highest score for lightness (L* value), and
the lowest score for yellowness (b* value) compared
to the addition of guar gum and CMC. According to
Keshtkaran and Mohammadifar (2013), the intensity
of the light scattered is proportional to the particle
size. Therefore, the intensity of the light scattered
difference in L*, a* and b" values of all formulations
was due to the presence of the rice granules with
different sizes that contained in the ice cream.

Melting rate

The addition of 25% of tapai pulut (F3) resulted
in the increased melting rate, which was completely
melted in the shortest time (13 mins) as compared to
other samples. This was possibly due to the low acidic
content of fermented glutinous rice (fapai pulut) inice
cream. A similar result was obtained by Hwang et al.
(2009), who confirmed that an increase in the acidic
component of ice cream increased the melting rate.
Sofjan and Hartel (2004) found that ice cream with a
lower overrun value might possibly melt quicker than
that made with higher overrun due to other factors,
such as the difference in fat destabilization or air cell
and ice crystal size.

Figure 1 demonstrates the effects of the addition
of different hydrocolloids on the melting rate of
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Figure 1. The effect of hydrocolloids on the melting rate
of fermented glutinous rice (tapai pulut) ice cream

fermented glutinous rice (tapai pulut) ice cream.
The addition of xanthan gum resulted in a higher
melting rate (completely melted within 15 min)
compared to guar gum and CMC. Based on the
previous results, the score for firmness and overrun
(Table 2) determination for fapai pulut ice cream
with the addition of xanthan gum was higher than
fermented glutinous rice (fapai pulut) ice cream with
the addition of guar gum and CMC. These results
demonstrated that xanthan gum was able to increase
the melting rate of fermented glutinous rice (tapai
pulut) ice cream compared to guar gum and CMC.
This may due to the natural characteristic of xanthan
gum which quickly dispersed into the mixture when
it is added (Naresh and Shailaja, 2006). However, the
dispersion of xanthan gum in the ice cream mixture
might be disturbed by the presence of glutinous rice
which not well grinds during sample preparation,
thus resulting in the disability of the xanthan gum to
disperse uniformly. Sofjan and Hartel (2004) found
that a higher overrun decreased the hardness and
increased the melting rate of ice cream, which was
similar to the results obtained.

In this study, the extent of fat destabilization and
ice crystal size was not measured. However, based
on Sofjan and Hartel (2004), a slower melting rate
was due to greater fat destabilization, which was
influenced by the higher shear stress that occurred
with higher overrun. Another potential cause of the
slower melting rate with higher overrun may cause
by the difference in heat transfer rate due to the
greater presence of air. Air is a good insulator and
undoubtedly slowed the rate of heat transfer into the
ice cream with higher overrun.

In addition, it has been reported that the addition
of a hydrocolloid stabilizer or polysaccharides in ice
cream reduced the melting rate (Goftf and Sahagian,
1996; Segall and Goft, 2002). CMC was observed to
slow the meltdown and improve resistance to dripping
(Phillips and Williams, 2000). However, the use of
xanthan in fermented glutinous rice (fapai pulut) ice
cream has greater potential compared to guar gum
and CMC. The lowest melting rate scored by CMC
also supported the research by Murray et al. (2000),
where the addition of CMC slowed down the melting
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Table 3. Sensory evaluation (II) on different formulations
of ice cream incorporated with hydrocolloids

Attribute
Bodyand
texture
5.30+1.342
5.03£1.162

Overall
acceptance
5930912
5.20+1.382

Resistant to
melting
5.20£1.50°
4.78£1.312

Colourand Flavour
appearance
5.33+1.272

547+1.220

Sample

5.90+1.232
5.40+1.55°

Control

S1 (guar gum)

S2 (xanthan gum) 5.03+1.52¢  530£1.428  4.40£1.16*  4.60+£1.28*  5.17£1.37*

S3(CMC) 4.97+1.40°  527+1.64°  4.67+£1.38%  4.73£1.39°  5.03£1.67°
“Data are expressed as mean + standard deviation. *® within a row with different letters are
significantly different (p < 0.05).

rate and improved its resistance to dripping.

Sensory evaluation

The sensory analysis conducted in this study,
would be a great advantage to investigate the effects
of different hydrocolloids on the sensory profile of
fermented glutinous rice (tapai pulut) ice cream.
Table 3 shows the scores for the acceptance level
(second phase sensory) of fermented glutinous
rice (tapai pulut) ice cream. The results obtained
showed that there were no significant differences (p
> (0.05) between each of the hydrocolloids for colour
and appearance, flavour and resistance to melting
attribute. This showed that each hydrocolloid had
similar effects on the colour and flavour of fermented
glutinous rice (fapai pulut) ice cream, in which the
panel found it hard to identify a difference. For the
body and texture, there were no significant differences
(p > 0.05) between guar gum, xanthan gum and
CMC, however, guar gum also had no significant
difference (p > 0.05) to the control sample. In overall
acceptance, there were no significant differences (p
> 0.05) among the types of hydrocolloid that were
added but there was a significant difference (p < 0.05)
with the control sample.

The  results indicated that none of the
hydrocolloids added have a different effect on the
sensory evaluation of fermented glutinous rice (tapai
pulut) ice cream. However, the overall acceptance
was the control sample which obtained the highest
acceptance score compared to the fermented glutinous
rice (fapai puluf) ice cream with hydrocolloids.
Although the ice cream with hydrocolloids
incorporation did not score the highest acceptance,
the average score was still within the ranged of
acceptance level (4 to 6) (like moderately-very like).
A study conducted by Soukoulis et al. (2008) showed
that ice cream with xanthan gum had the highest
score on the flavour. The same result was also shown
for the resistant to melting attribute as xanthan gum
was the most efficient cryoprotectant based on the
instrumental data. However, Table 3 showed that
fermented glutinous rice (tapai pulut) ice cream with
xanthan gum obtained the same score with guar gum
and CMC in terms of flavour, resistant to melting and
colour. Meanwhile, fermented glutinous rice (fapai
pulut) ice cream with guar gum had higher score on
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colour and body and texture compared to xanthan
gum and CMC. The result of the higher score on body
and texture of fermented glutinous rice (tapai pulut)
ice cream with guar gum was in the same agreement
with the study conducted by Klesment ez al. (2011).
As a conclusion, the development of fermented
glutinous rice (fapai pulut) ice cream was accepted
by the panellists.

FTIR Spectroscopy

The application of infrared spectroscopy on dairy
products is a valuable technique to investigate the
condition of the structure on the texture and flavour
properties (Karoui et al., 2003). Thus, the application
of FTIR techniques would be valuable in this study
and have broad applications in understanding the
food structure and properties. The FTIR results have
been shown in the abstract. The structure properties
of fermented glutinous rice ice cream produced
has been investigated through the functional group
detected from the FTIR spectrum. While, the
flavour of fermented glutinous rice ice cream has
been evaluated using FTIR through the present of
functional group such as hydroxyl and carboxyl
group which was 3362-3379 cm™ and 1026-1064
cm’!, respectively.

Figure 2 demonstrates the FTIR spectra of ice
cream for sample C (control), which was in the
range of 4000-700 cm™. The peak at 3371 cm™ was
responsible for O-H banding, which is associated
with water. According to Safar et al. (1994), water is
a very strong infrared absorber with prominent bands
centred at 3360 cm™ (H-O stretching band), at 2130
cm™ (water association band) and at 1640 cm™ (the
H-O-H bending vibration). However, the addition of
fermented glutinous rice (tapai pulut) increased the
transmittance percentage (%) of water to 3385.1 cm™,
as shown in Figure 3. Figure 3 presents the spectra of
F3 (ice cream with 25% of tapai pulut). The increased
wavenumber was possibly due to the presence of
alcohol in the fermented glutinous rice. According to
Coates (2000), the high degree of association between
hydroxyl and the ether compound results in extensive
hydrogen bonding with other hydroxyl groups. A
strong hydrogen bonding will be presented at lower
frequency. Therefore, the wavelength increase of 14.1
cm™ (3371 to 3385.1 cm™) was due to the presence of
weak bonding of ethyl alcohol in fermented glutinous
rice (tapai pulut), which interacted with the water
solution in the ice cream.

Furthermore, the amine group of the ice cream
with and without fermented glutinous rice (tapai
pulut) added were presented in the range of 1641-
1640 cm™, as shown in Figure 2 and 3, respectively.

%Transmitance

% Transmittance

Shukri et al./IFRJ 21(5): 1777-1787

2 8 8

2500 2000 1500 1000

Figure 2. FTIR spectrum of control sample of ice cream
in the range of 4000-700 cm™!
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Figure 3. FTIR spectrum of Formulation 3 (25% of tapai
pulut ice cream) in the range of 4000-700 cm™!

According to Fox (1989), Amide I and Amide II
bands (1700-1500 cm™) are known to be sensitive to
the conformation adopted by the protein backbone.
Coates (2000) observed that the amine and amino
compounds group frequency ranged between 1650
and 1550 cm™! for the secondary amine (N-H bend).
Based on the results observed in Figure 2 and Figure
3, it showed that the addition of fermented glutinous
rice (tapai pulut) was not strongly affected by the
amino group in the ice cream.

In this study, the range of 1172-1058 cm™' for the
control sample and the range of 1197-1090 cm! for
the F3 sample was expected due to the presence of
glucose in the samples. This result showed that ice
cream with fermented glutinous rice (tapai pulut)
increased in the C-O-C group due to the glucose
molecule production as the end product of starch
hydrolysis during fermentation process. According
to Nik et al. (2010), a glucose structure was shown
in the FTIR spectra in the range of 1152-1078 cm™
with the C-O-C group in a six membered ring while
the alcohol compound was shown in the peak range
of 1420-1228 cm’".

Furthermore, secondary amine with C-N stretch
was presented in the range of 1190-1130 cm'
(Coates, 2000). There were several components in
the same range due to the chemical interaction of fat,
protein and glucose from fermented glutinous rice
(tapai pulut) during the mixing process. Based on
the spectrum obtained, the major compound involved
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Figure 4. FTIR spectrum for fermented glutinous rice
(tapai pulut) ice cream with hydrocolloids. S1-guar gum,
S2- xanthan gum, S3- CMC

was in the range of 1197-1058 cm™ in both the
control and F3 sample. This was probably the amine
group, which is equal to the protein compound, and
was due to the increase in transmittance peak after
the addition of fermented glutinous rice (tapai pulut)
into an ice cream that contains high protein. Thus,
the FTIR application provided excellent analysis to
explore the effects of hydrocolloid to the ice cream
properties in this study. Figure 4 demonstrates the
FTIR spectra of fermented glutinous rice (fapai
pulut) ice cream incorporating guar gum, xanthan and
CMC, respectively. Several peaks of the FTIR spectra
were affected by different types of hydrocolloid. On
line (a) (Figure 4), the wavenumber range of 3379-
3417 cm was responsible for O-H bonding, which
is associated with water (Safar er al., 1994). The
addition of different types of hydrocolloid resulted
in the different wavelengths on the O-H bonding.
Xanthan gum showed the lowest range of wavelength
(3362.6 cm™) while CMC showed the highest range
of wavelength (3417.3 cm™). The low range of
wavelength as xanthan gum added was due to its
viscosity properties. Xanthan gum in solution is also
able to form intermolecular associations that result in
the formation of a complex network of weakly bound
molecules (Sworn and Monsanto, 2000).

The results obtained by FTIR also confirmed the
previous results on firmness and overrun (Table 2).
The lower the range of O-H bonding in the water
group as xanthan was added shows that the water
was weakly absorbed, which resulted in a lower
firmness and higher overrun. The high water content
affected the smooth texture of fermented glutinous
rice (fapai pulut) ice cream with xanthan gum more
than the other hydrocolloids. In a study by Phillips
and Williams (2000), CMC added was observed to
affect the slow meltdown and improve resistance to
dripping. This supported the result of the high wave
number obtained by CMC added, which is more
stable and has strong hydrogen bonding.

In addition, a wave number of 1741.6 cm’!
was detected in the fermented glutinous rice (fapai
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pulut) ice cream with the xanthan gum added. The
wavenumber of 1750 cm™! (C=0) was responsible for
triacylglycerol’s ester linkage, which determined the
fat and only occurred in the xanthan structure (Karoui
et al., 2003). Research by Belton et al. (1987) also
found that the fat was identified at the wave number
of 1744 cm™ (C=0; ester). Other fat related bands
occur at 1477-1400 cm” (C-H bend), 1240 cm!
and 1195-1129 cm?! (C-O stretching). This result
showed that the fat structure was stable and strong in
fermented glutinous rice (fapai pulut) ice cream with
the addition of xanthan gum.

Line (b) shows the structure of the amino group.
There were no difference in the wavelength of each
hydrocolloid, which ranged between 1639 and 1640
cm™'. This shows that the amino structure in ice cream
was not affected by the addition of each type of
hydrocolloid. Subsequently, line (¢) was responsible
for alcohol group in this fermented glutinous rice
(tapai pulut) ice cream. CMC presented an increase
in the wavenumber followed by xanthan and guar
gum.

Conclusion

Based on the results obtained, it can be concluded
that hydrocolloids are able to increase the quality
aspect of the physical properties of fermented
glutinous rice (tapai pulut) ice cream in terms of
increasing the overrun, decreasing the melting rate
and increasing the smoothness properties. Therefore,
xanthan gum was the best stabilizer to enhance the
smoothness of fermented glutinous rice (tapai pulut)
ice cream. The higher overrun will affect the high
stability of the fermented glutinous rice (tapai pulut)
ice cream. The use of CMC resulted in slowing the
melting rate compared to other hydrocolloids. In
conclusion, xanthan gum was presented to have great
potential in order to enhance the quality of fermented
glutinous rice (tapai pulut) ice cream, which resulted
in increasing the smoothness, overrun and stability of
ice cream with acidic condition. Overall, research on
the development of fermented glutinous rice (tapai
pulut) ice cream will indirectly optimize the variety
of usage of fermented glutinous rice (fapai pulut) by
using ice cream as a medium.
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