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This study investigated the effect of guar gum and arabic gum on physicochemical, sensory and flow
behaviour properties of frozen yoghurt. The results indicated that gums significantly affected the viscos-
ity, overrun and melting rate of frozen yoghurt. The highest overrun value was observed in sample con-
taining 0.5% arabic gum. Frozen yoghurt containing 0.3% guar gum had the highest viscosity. The
longest first dripping time was observed in sample containing 0.5% arabic gum. Flow behaviour of sam-
ples showed that all frozen yoghurts exhibited shear thinning behaviour. Guar gum at a concentration of
0.2% and arabic gum at a concentration of 0.5% presented the best total acceptability. The results of this
study revealed that the frozen yoghurt produced with arabic gum had the better overall sensory and phys-
icochemical characteristics.
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INTRODUCT ION

Frozen yoghurt is a refreshing and nutritious des-
sert that combines the flavour and texture of ice
cream and yoghurt. The ingredients used for frozen
yoghurt production are like those used for ice
cream, including hydrocolloids, emulsifiers, sweet-
eners and solid not fat. The viscosity of an ice
cream mix is considered a very important attribute
as it affects the body and texture of the finished
product. The most important factor in enhancing
the viscosity during ice cream processing is the
addition of stabilisers (Minhas et al. 2002).
Stabilisers also improve shape retention and melt-
ing behaviour (Soukoulis and Tzia 2008) and pre-
vent the formation of objectionable large ice
crystals in frozen desserts. They are used in such
small amounts as to have negligible influence on
foods’ taste (Issariyachaikul 2008). During con-
sumption, stabilisers provide uniform meltdown,
mouthfeel and texture. Stabilisers can also contrib-
ute to a smoother and more resistant body. Most
polysaccharide-based ice cream stabilisers influ-
ence the rheological properties of the continuous
phase. The amount of stabiliser used varies with its
properties, the solid content of the mix, the type of

processing and other factors. The amount used in
regular ice cream may be in the range of 0–0.5%
but is usually 0.2–0.3% (Issariyachaikul 2008).
In the food industry, guar gum is used as a thick-

ening and stabilising agent in a wide variety of
foods, usually in amounts less than 1% of food
weight (Slavin and Greenberg 2003). Arabic gum
is used for its nutritional and surface properties
(Sanchez et al. 2002). Some studies have been
conducted on the effect of some gums on the phys-
icochemical properties of ice cream. Soukoulis and
Tzia (2008) studied the effect of some hydrocol-
loids on the physical and sensory properties of fro-
zen yoghurt. They reported that the addition of
hydrocolloids increased viscosity significantly and
that the use of xanthan gum improved aeration,
leading to the highest overrun. Minhas et al.
(2002) studied the flow behaviour characteristic of
ice cream mix with various stabilisers such as gela-
tin, arabic gum, guar gum and karaya gum. They
concluded that all of the mixes indicated pseudo-
plastic behaviour.
The determination of rheological properties is

essential for design, process and quality control,
sensory evaluation, stability and consumer accep-
tance of a product (Arslan et al. 2005). To perform
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a quantitative comparison of materials, the experimental data
must generally be fitted to some form of best-fit mathematical
equation or model. The model is used to predict the viscosity of
a flow as a function of shear stress or shear rate. Some useful
flow models have been developed; the ones used in this study
for fitting the flow curve of frozen yoghurt were as follows:
1 Power law model (Ostwald-de Waele equation):

s ¼ kðcÞn ð1Þ
where k is the consistency coefficient (Pa.sn), c is the shear rate
(per second), s is the shear stress (Pa) and n is the flow behav-
iour index. For shear-thinning fluids, n < 1, and for shear-
thickening fluids, n > 1.
2 Herschel–Bulkley model (Bourne 1982)

s ¼ s0 þ kðcÞn

In this equation, s is the shear stress, s0 the yield stress (Pa), c
the shear rate, k consistency coefficient and n the flow behav-
iour index.
3 Casson model (Casson 1959)

s0:5 ¼ k0:50c þ kcðc0:5Þ
where s, k0c and kc are shear stress, intercept of the plot of
(s0.5)c0.5) and slop of plot, respectively. In this equation
,k2c ¼ lc and k

2
0c ¼ s0c that are Casson viscosity (Pa.s) and Cas-

son yield stress (Pa), respectively.
There is little information about the effect of gums on the phys-

ical properties and flow behaviour of frozen yoghurt. In this
study, we aimed to produce frozen yoghurts containing guar gum
and arabic gum at different concentrations and to investigate their
physicochemical, sensory and flowbehaviour properties.

MATER IALS AND METHODS

Preparation of yoghurt
Milk containing 2.5% fat and 8.25% Solid Not Fat (SNF) was
standardised to 11% SNF according to the Iranian standard for
yoghurt (ISIRI, NO: 695, 4th revision) using skim milk powder.
Milk was heated at 85 �C for 30 min and cooled to 42 �C.
Commercial yoghurt starter culture (YC-X11; CHR-Hansen,
Horsholm, Denmark) was inoculated at a concentration of 0.2%
in milk followed by incubation at 42 �C. When acidity reached
80 dornic, the yoghurt was cooled to refrigerator temperature
(approximately 7 �C).

Preparation of frozen yoghurt
Sugar (16%) and skim milk powder (to adjust total solid to
30%) were thoroughly mixed and dissolved in skim milk and
pasteurised at 85 �C for 30 min. This mix was cooled to refrig-
erator temperature and then thoroughly blended with yoghurt to
produce the final frozen yoghurt mix. The mix was refrigerated
at 7 �C for 15 h. The aged frozen yoghurt mix was frozen using
a laboratory batch home ice cream maker (Guda et al. 1993).
The same procedure was used to produce frozen yoghurt

containing different levels of guar and arabic gums. After freez-
ing, the samples were distributed among plastic cups (approxi-
mately 50 mL) and hardened at )18 �C.

pH measurement
The pH of frozen yoghurt mix was measured with a Methrom-
827 pH meter (Methrom, Herisau, Switzerland) after ageing.

Viscosity and flow behaviour
The viscosity of the aged frozen yoghurt mix was measured
using a viscometer (RV-DV II Brookfield, Middleboro, MA,
USA). Samples were tested at 5 �C using spindle No.6. Shear
rate and shear stress values were calculated using the viscosity
data according to Mitchka’s equations (Mitschka 1982). Plots
of shear stress vs shear rate were created for each frozen
yoghurt sample at speeds of 10–200 rpm. Flow behaviour
index (n) and consistency coefficient (K) values were calculated
for each sample. To select the most appropriate model of the
samples’ behaviour, the correlation coefficient (R2) was used,
with coefficients closer to 1 showing a better correspondence
between the values predicted by the model and numerical val-
ues derived from experiments.

Overrun
Overrun measurement was carried out by comparing the weight
of frozen yoghurt mix and frozen yoghurt in a container of a
known volume. Overrun was calculated according to the
following equation:

Overrun¼ weight of unitmix�weight of equal volumeof frozenyoghurt� 100
weightof equalvolumeof frozenyoghurt

Melting rate
The melting properties of frozen yoghurt were studied through
the examination of two parameters: melting rate and first drip-
ping time. A piece of frozen yoghurt (30 ± 1 g) was placed on
a sieve (mesh: 0.5 mm) on top of a beaker at 25 �C and
allowed to melt. The percentage of melted frozen yoghurt after
60 min was determined. The time required for first dripping of
frozen yoghurt was recorded (Akalin and Erisir 2008).

Sensory analysis
Sensory analysis of the samples was conducted by seven expert
panel members who evaluated flavour, colour, texture and total
acceptability on a 5-point scale (1 = unpleasant, 5 = pleasant).
Flavour was evaluated by the sample’s closeness to an accept-
able standard and intensity of refreshing yoghurt flavour and its
relative freedom from any cooked or whey aroma. The colour
of the frozen yoghurt was evaluated as either white or clear.
Some attributes of texture (uniform and without gummy, sandy
and icy defect) were evaluated. Overall acceptability was also
evaluated, based on characteristics including colour, texture
and flavour.
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Statistical analysis
Statistical analysis of the data was performed using SAS soft-
ware (version 9.1, SAS Institute Inc., Cary, NC, USA). Each
experiment was replicated three times. Analysis of variance
was conducted as a completely randomised design, and Dun-
can’s multiple range test at P = 0.05 was used to compare
means when the effect was significant.

RESULTS AND DISCUSS ION

pH
Neither guar nor arabic gum had any significant effect on the
pH of the frozen yoghurt samples (Table 1), which ranged from
5.05 to 5.017.

Viscosity
Table 1 presents the effect of different gums on the viscosity of
frozen yoghurt. The viscosity of samples containing guar and
arabic gums was significantly higher than that of the control
sample (P < 0.05). It was also found that increasing the levels
of both gums increased the viscosity. The lowest value for vis-
cosity belonged to the control sample (1522 cp) and the highest
to the sample containing 0.3% guar gum (3305 cp). There was
no significant difference between guar gum at concentrations of
0.1% and 0.2%, but a concentration of 0.3% increased viscosity
significantly. The viscosity of samples containing different lev-
els of arabic gum differed significantly from each other
(P < 0.05). Viscosity is an important characteristic in that a
specific viscosity amount is required for achieving desirable
whipping ability and retaining of air bubbles (Tarkashvand
2005). Stabilisers have a high water-holding capacity and can
influence the rheological properties of ice cream mix; in other
words, an increase in concentration of stabilisers in ice cream
causes an increase in viscosity (Moeenfard and Mazaheri
Tehrani 2008). Higher viscosity in sample containing gums can
be explained by the interaction of gums and liquid part of ice
cream mix (Akalin and Erisir 2008). Similarly, Soukoulis and
Tzia (2008) showed that hydrocolloids such as carboxymethyl-
cellulose, xanthan and guar could increase the viscosity of ice
cream mixes.

Flow behaviour
Figures 1 and 2 show curves for shear stress–shear rate and vis-
cosity–shear rate, respectively, in frozen yoghurts containing
guar gum. It could be seen that the shear rate–shear stress relation
in all of guar-containing samples was not linear. Results showed
that the viscosity decreased when the shear rate increased
(Figure 2). The decrease in viscosity was initially sharpened and
slowed gradually. An initial reduction in viscosity in the control
sample was slower than that in the guar-containing samples,
showing stronger shear-thinning behaviour in samples that con-
tained guar gum. The flow behaviour index of these samples also
was below 1, indicating non-Newtonian behaviour. Increase in
the concentration of guar gum resulted in decrease in the flow
behaviour index and increase in the consistency coefficient
(Table 2).
The relationship between shear rate and shear stress in frozen

yoghurt containing arabic gum was similar to that of frozen
yoghurt containing guar gum (Figure 3). The increase in shear
rate was not linear with respect to shear stress. Arabic gum at
concentrations of 0.1% and 0.3% was not noticeably different
from the control, but arabic gum at a concentration of 0.5%
resulted in a different shear rate and shear stress from the other
samples. Figure 4 shows the effect of shear rate on viscosity in
frozen yoghurt containing arabic gum. The flow behaviour
index in these samples was below 1, and it was enhanced with
increases in gum concentration. Viscosity reduction in these

Table 1 Effect of guar and arabic gum on physicochemical properties of frozen yoghurt

Frozen
yoghurt

Concentration
of gum (%) pH Overrun (%) Viscosity (cp)

First dripping
time (s)

Melting
rate (%)

Control 0 5.17 ± 0.04a 22.37 ± 0.9c 1522 ± 13e 1032 ± 161d 96.4 ± 1a

0.1 5.15 ± 0.05a 32.39 ± 1b 2729 ± 58b 1744 ± 40b 84.51 ± 6ab

Guar 0.2 5.07 ± 0.01a 35.34 ± 1ab 2828 ± 33b 1788 ± 152b 75.66 ± 4b

0.3 5.07 ± 0.003a 38.22 ± 0.5a 3305 ± 295a 1945 ± 112b 74.72 ± 3b

0.1 5.14 ± 0.02a 30.19 ± 0.8b 1828 ± 148d 1402 ± 220c 77.62 ± 1bArabic

0.3 5.05 ± 0.04a 30.56 ± 2b 2257 ± 33c 1893 ± 163b 75.94 ± 4b

0.5 5.07 ± 0.1a 39.38 ± 0.2a 3278 ± 53a 2363 ± 102a 72.03 ± 4b

Means in the same column followed by different letters were significantly different (P < 0.05).
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Figure 1 Flow curve of frozen yoghurts containing guar gum.
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samples is attributable to the disruption of molecular entangle-
ments of the polysaccharide by the applied shear (Santipanich-
wong and Suphantharika 2009). At a concentration of 0.5%
arabic gum, viscosity reduction at initial shear rate was greater
than for concentrations of 0.1% and 0.3%. Although the slope
of curve in control sample was less than that of frozen yoghurt
containing arabic gum, shear thinning behaviour could be seen.
Table 2 shows the results of fitting of data with rheological
models. Our results showed Power law model satisfactorily
fitted the experimental data for each sample with a good corre-
lation coefficient when compared to other models. Minhas
et al. (2002) studied the flow behaviour of ice cream mixes
containing various stabilisers and reported that ice cream mixes
having arabic gum exhibited shear-thinning behaviour.

Overrun
The overrun value of frozen yoghurt in this study ranged from
22.37% to 39.38%.The lowoverrunmay be due to using a batch-
type household ice cream maker. Akalin et al. (2008) and Issar-
iyachaikul (2008) also reported low overrun values when using
batch freezers. In the current study, the addition of gums had a
significant effect on the overrun of frozen yoghurt samples
(P < 0.05) (Table 1). Moreover, increasing concentrations of

different gums improved the overrun of samples. Frozen
yoghurts containing 0.5% arabic gum and 0.3% guar gum had
higher overrun values than other samples. The lowest value for
overrun belonged to the control frozen yoghurt. The difference
between overrun for guar gum at concentrations of 0.1% and
0.2% was not significant. Protein, fat and hydrocolloids are
important for air incorporation (Marshall et al. 2003). Frozen
yoghurt with high concentration of hydrocolloids and therefore
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Figure 3 Flow curve of frozen yoghurts containing arabic gum.
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Figure 4 Effect of shear rate on apparent viscosity of frozen yoghurts
containing arabic gum.
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Figure 2 Effect of shear rate on apparent viscosity of frozen yoghurts
containing guar gum.

Table 2 Values of power law, Herschel–Bulkley and Casson model parameter for frozen yoghurt containing guar and arabic gum

Treatment
Concentration
of gum (%)

Models

Power law Herschel–Bulkley Casson

n k R2 n k s0 R2 K2
c s0c R2

Control 0 0.51 6.51 0.998 0.83 1.49 12.04 0.992 0.36 7.77 0.995
0.1 0.4 15.45 0.996 0.76 3.18 19.56 0.98 0.48 16.05 0.993Guar

0.2 0.31 20 0.997 0.74 3.04 21.5 0.956 0.34 19.72 0.988
0.3 0.36 20.92 0.992 0.79 3.53 22.38 0.96 0.58 19.04 0.995
0.1 0.44 9.14 0.997 0.72 2.53 12.51 0.997 0.36 10.25 0.997Arabic

0.3 0.43 11.75 0.997 0.88 1.58 14.6 0.994 0.43 12.67 0.997
0.5 0.35 22.36 0.995 0.79 3.82 24.14 0.968 0.61 20.53 0.992

n, flow behaviour index (dimensionless); k, consistency coefficient (Pa.sn); R2, correlation coefficient; s0, yield stress (Pa); s0c, Casson yield stress (Pa);

K2
c , Casson viscosity (Pa.s).
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high viscosity could trap air cells better than low-viscosity mixes
that could not trap enough air. Soukoulis et al. (2008) and Sou-
koulis and Tzia (2008) also reported that increasing levels of guar
gum increased the overrun of vanilla ice cream and frozen
yoghurt.

Melting properties
Meltdown of ice cream involves both heat and mass transfer.
Heat gradually penetrates from the exterior to the interior of ice
cream owing to the melting of ice crystals. The water of melted
ice crystals diffuses into a concentrated serum phase (Soukoulis
et al. 2008). In this study, samples with high consistency coeffi-
cients had more resistance to flow and thus melted more slowly
(Muse and Hartel 2004). The first dripping time of frozen
yoghurt increased with the addition of both gums (Table 1).
However, there was no significant difference between the drip-
ping times of samples containing different levels of guar gum.
While guar gum at a concentration of 0.1% showed no signifi-
cant difference from the control sample, concentrations of 0.2%
and 0.3% could slow the melting rate significantly (P < 0.05).
Levels of arabic gum had a significant effect on first dripping
time. The longest time was obtained for the sample containing
0.5% arabic gum (P < 0.05). Arabic gum also decreased the
rate of melting compared with the control sample, but there was
no considerable difference between the three concentrations of
this gum. Stabilisers can form sticky network in yog-ice cream
that results in more resistance to melting (El-Nagar et al. 2002).
Furthermore, it has been previously showed that ice creams
with higher overrun melt more slowly (Sofjan and Hartel
2004). Our results confirmed the same for frozen yoghurt.
Increase in the time of melting might be attributed to the lower
heat transfer rate of air trapped in the mixture (Moeenfard and
Mazaheri Tehrani 2008). Sofjan and Hartel (2004) also found
that air acted as a good insulator, slowing the rate of heat trans-
fer in ice cream and thus decreasing melting rate.

Sensory properties
Figures 5 and 6 show the mean scores for the samples’ colour,
texture and flavour. Result showed that the addition of arabic
gum and guar gum had no significant effect on the colour of
frozen yoghurt samples. Guar gum and arabic gum had signifi-
cant effect on flavour, texture and total acceptability. Addition
of gums decreased the formation of ice crystals, improving tex-
ture. Similar results have been reported by Moeenfard and
Mazaheri Tehrani (2008) who found that increases in concen-
tration of stabilisers result in increase in score of texture.
El-Sayed et al. (2002) reported that the addition of xanthan
gum had no adverse effect on flavour of yoghurt, whereas it did
affect texture and body.

CONCLUS ION

This study investigated the effects of guar gum and arabic gum
on physical and flow behaviour characteristics of frozen yoghurt.

The results showed that both gums had significant effects on the
properties of frozen yoghurt. Increasing the concentration of
gums led to greater overrun, viscosity and melting resistance.
The greatest improvements in these physicochemical properties
were obtained in frozen yoghurt containing 0.3% guar gum and
0.5% arabic gum. Results for flow behaviour showed that the
flow behaviour index of all samples was below one, in other
words, that they were non-Newtonian. We observed shear-thin-
ning behaviour in all frozen yoghurt, and the addition of gums
enhanced this property. The power law was the best model to
predict the flow behaviour of frozen yoghurt samples containing
gums. Guar gum at a concentration of 0.2% and arabic gum at a
concentration of 0.5% resulted in the most favourable sensory
evaluations. In conclusion, frozen yoghurt with arabic gum
could be recommended for better physicochemical and sensory
properties as well as its lower cost.
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