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Table 1. The Central composite experimental design and coding levels and response of independent variables
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Table 2. The feature of camel milk
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Figure 1. Changes of overrun in various quantities from xanthan gum and Arabic gum (A), xanthan gum and resistant
starch (B), Arabic gum and resistant starch (C) (Attention: In all treatments three texturized agents were used but one
of them was applied in constant quantity)
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Figure 2. Changes of first dripping time in various quantities from xanthan gum and Arabic gum (A), xanthan gum
and resistant starch (B) (Attention: In all treatments three texturized agents were used but one of them was applied in
constant quantity)
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Figure 3. Changes of melting rate in various quantities from xanthan gum and Arabic gum (A), xanthan gum and
resistant starch (B), Arabic gum and resistant starch (C) (Attention: In all treatments three texturized agents were
used but one of them was applied in constant quantity)
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Figure 4. Changes of first dripping time in various quantities from xanthan gum and Arabic gum (A), xanthan gum
and resistant starch (B), Arabic gum and resistant starch (C) (Attention: In all treatments three texturized agents were
used but one of them was applied in constant quantity)
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Figure 5. Shear rate - shear stress of different samples
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Figure 6. Effect of the shear rate on viscosity of different samples
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Table 3. The parameters of the Power Law, Herschel-Bulkley and Casson models for example ice cream mixtures

055 S S o J o5 Jas o
Casson models Herschel-Bulkley model Power model Treatment
K. Toc R’ T K n R’ K n R
0.714 20.01 0.9960 10.21 12.08 0.472 0.9991 19.48 0.38 0.9984 1
0.713 1697 0.9958 5.68 12.53 0.455 0.9998 16.58 0.40 0.9996 2
0.729 22.20 0.9970 13.99 11.84 0.483 0.9997 22.38 0.36 0.9984 3
0.709 7.19 0.9980 3.79 4.87 0.619 0.9999 0.72  0.55 0.9995 4
0.701 7.06  0.9980 3.68 4.17 0.647 0.9999 6.03 0.57 0.9997 5
0.627 4.16 0.9961 0.81 5.09 0.531 0.9997 4.62 0.55 0.9996 6
0.630 1.47 0.9930 3.12 3.75 0.594 0.9998 2.32 0.70 0.9990 7
0.709  7.19  0.9980 3.21 423 0.602 0.9997 6.24 0.64 0.9993 8
0.783 19.75 0.9960 12.53 10.36 0.537 0.9988 18.31 0.42 0.9976 9
0.589 6.51 0.9953 091 6.75 0.483 0.9998 6.20 0.50 0.9998 10
0.769 6.53  0.9980 0.74 522 0.613 0.9991 7.36 0.54 0.9987 11
0.731 7.23  0.9970 3.79  5.12  0.579  0.9999 6.22 0.53 0.9994 12
0.667 4.86 0.9963 0.61 533 0.558 0.9998 5.02 0.57 0.9998 13
0.577 0.61 0.9977 1.27 1.66 0.686 0.9999 1.17 0.762 0.9994 14
0.721 7.37  0.9970 332 5.17  0.598 0.9998 6.31 0.61 0.9997 15
0.616 0.96 0.9962 2.60 2.72 0.614 0.9999 1.60 0.730 0.9989 16
10.99 0.9980 0.51 8.00 0.563 0.9999 11.38 0.49 0.9995 17
0.805
0.730 13.82 0.9959 2.74 11.39 0.475 0.9999 13.18 0.45 0.9998 18
0.680 10.41 0.9940 0.19 10.32 0.458 0.9987 10.19 0.46 0.9987 19
0.695 7.34 0.9970 3.53 425 0.659 0.9998 6.58 0.57 0.9997 20

(Pa) 03lS ehed 25 = Toe (PA) wbod (25 =T0 03lS a3 Sy = K (P o153 i =k (Als 05 O U, asli=n

J<L%*A %ﬁfJ::Rz

n= Flow behavior index (no unit); k= Consistency coefficient (pa.s"); k.’= Casson viscosity; T, = Yield stress (pa);
To= Casson yield stress (pa); R’= Correlation coefficient
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Figure 7. Changes of hardness in various quantities from xanthan gum and Arabic gum (A), xanthan gum and
resistant starch (B), Arabic gum and resistant starch (C) (Attention: In all treatments three texturized agents were
used but one of them was applied in constant quantity)
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Figure 8. Changes of adhesiveness in various quantities from xanthan gum and Arabic gum (A), xanthan gum and
resistant starch (B) (Attention: In all treatments three texturized agents were used but one of them was applied in
constant quantity)
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Table 4. The specified conditions to optimize the formulation of ice cream

el W 4 ol A s Ll
Importance High amount Low amount Target Conditions
5l OLsl 3 A
3 0.3 0 # o
Minimum Xanthan Gum
Sl ;
3 0.6 0 A~ s
Maximum Arabic Gum
Sl o3 pglie anuwlis
3 1.5 0 . >
Maximum Resistant Starch
Ex . -
3 2594 524 S s
Maximum Viscosity
Sl
3 50.98 8.75 . o
Maximum Hardness
5la> $ Lor
3 -8.58 -33.98 Jﬁ < o
Minimum Adhesiveness
Sl Syl
3 50.75 28.02 # o
Maximum Overrun
R STRIEPEC
3 52.63 22.02 & N
Minimum Melting rate
Sl o bas J ol a3 Obe
3 1128 640 ! 8 Ll ot Sl
Maximum First dripping time

Table 5. Optimized formulation for the manufactured ice cream
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A 3 LB 2 5 CE-
0.50 -30.0 40.1 2295.5 886.3 29.53 32.01 0.49 0.23 0.60 1
0.49 -30.0 40.1 2297.8 886.1 29.49 32.01 0.49 0.23 0.60 2
0.49 -30.0 39.9 2289.3 883.8 29.65 32.03 0.50 0.23 0.60 3
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Table 6. The results of sensory evaluation samples of ice cream

Ji:t:lm ) b s ke Ol b sl 4555 s =™ &3 Sl
acceptance Color Flavor Melting rate Softness Viscosity Hardness Coldness Treatment
440.0bcd 4.5+0.5ab 3.8+0.4c 3.5+0.5abc =~ 3.8+04b  3.6+0.5b 4+0.6b 3.6+0.5¢d 330
4.3+£0.5d 4.6£0.5ab  3.6+0.5bc 3.1+0.8ab  3.6+0.5ab  3.8+0.4b 4+0.6b 3.5+0.5bcd 1
3.5+0.5ab 4.8+0.4b 2.6+0.5¢ 3.5+0.5abc 3.1+04a  3.8+0.8b 3.8£04b  3.5+0.5bcd 2
3.8+04abcd  4.6+0.5ab  3.6+0.5bc 3.3+0.5ab  3.6+0.5ab  3.8+0.4b 4+0.6b 3.3+0.5bc 3
3.6+0.5abc 43+0.5ab  3.5£0.5bc  3.5£0.5abc  3.8£04b  3.8404b 3.5+0.5b  3.6+0.5cd 6
3.8+0.4abcd  4.5+0.5ab  3.5+0.5bc  3.6+0.5bcd 4+0.0b 3.6+£0.5 3.5¢0.5b  3.8+0.4cd 7
3.5+0.5ab 4.5+0.5ab 3+0.6ab 2.8+0.8a 3.1+0.8a 4+0.6b 4.2+0.4b 2.6+0.5a 9
440.0bcd 45+0.5ab  3.6£0.5bc  3.5t0.5abc  3.8+0.4b 4+0.0b 42404b  3.6+0.5cd 10
4.1+0.4cd 4.6t£0.5ab  3.6£0.5bc  3.6+0.5bcd  3.8£04b  3.8404b 3.8+04b  3.3+0.5bc 11
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Abstract

Background and objectives: Camel milk and its products have different physicochemical
properties from those of cow's milk. The present study was aimed to investigate the feasibility
of production of a functional ice cream from camel milk by application of resistant starch (RS),
Arabic and xanthan gums. The resultant ice creams were evaluated in terms of their
physicochemical, rheological, textural and organoleptic properties.

Materials and methods: In this research work, maize RS, Arabic and xanthan gums were used
as stabilizers in ice cream formulation. Different ingredients including skim milk powder,
stabilizer-emulsifier, sugar, and vanilla were mixed to set the dry matter of camel milk ice
cream on 30%. To prepare one kilogram of ice cream mix, camel milk was mixed with 160 g
sugar, 3 g stabilizer-emulsifier, 1 g vanilla powder, and RS or gums; then the dry matter was
adjusted to 30% by using skim milk powder. Ice cream mix was pasteurized at 68 °C for 30 min
and then aged at 4 °C for 24 h. The aged mix was then frozen using a laboratory ice cream
machine. Ice cream samples were evaluated for their textural and rheological characteristics.

Results: The least overrun value (28.02%) belonged to the sample containing the maximum
amount of gums and RS, while the control sample had the highest overrun (50.75%). Ice cream
mix prepared with the maximum amount of RS showed the highest viscosity, while the control
sample had the least viscosity. The least (22.02%) and highest (52.63%) melting rates belonged
to the samples containing the maximum amounts of RS or gum and control sample,
respectively. Xanthan and Arabic gums and RS were significantly affected by the first dripping
time in the linear parameter. Both gums showed a significant effect on hardness and
adhesiveness (p<0.01), while RS had no significant effect on adhesiveness (p>0.01). Results for
the fitting of rheological behavior of ice cream mixes showed that the Herschel-Bulkley model
could predict the behavior of fluid with a high correlation coefficient. Sensory properties of
camel milk ice creams were significantly improved by increasing the amounts of xanthan and
Arabic gums. Results of formulation optimization revealed that the best amounts of RS, Arabic
and xanthan gums were in the range of 0.48-0.5, 0.6, and 0.23, respectively.

Conclusion: It was concluded that maize RS, Arabic and xanthan gums had a significant effect
on physicochemical properties of camel milk ice cream. These ingredients have the potential to

be used as stabilizers in ice cream formulations.
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