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Introduction

The demand for non-dairy and reduced-calorie products has increased substantially for several reasons. Almond
(Prunus dulcis) milk is highly appreciated by lactose-intolerant, hypertensive people and celiac patients whom are not
able to consume animal's milk. Thus, the development of various non-dairy products is essential. Desserts are the most
common and popular product containing high amount of fat and sucrose. The consumption of sucrose is restricted for
diabetic people due to its high glycemic index. Stevia as a low-calorie sweetener is one of the sucrose substitutes in
food products. Sucrose substitutes must mimic the techno-functional properties of sucrose. Generally, commercially
available sucrose substitutes do not possess all of the required characteristics. Therefore, using them in blend form with
sucrose is suggested. Moreover, sucrose replacement especially in desserts generates a negative effect due to low
firmness or higher syneresis. In this regard, hydrocolloids can be used to overcome those drawbacks. Therefore, the
current study was carried out to investigate and optimize the non-dairy dessert formulation based on almond milk
containing Tragacanth gum and stevia. For this purpose, the effect of Tragacanth gum and stevia as a sucrose replacer
on the physicochemical properties such as hardness, viscosity, color coordinates including lightness, redness-greenness
(a*), yellowness-blueness (b*), total soluble solids and syneresis was evaluated and optimized using Response Surface
Methodology (RSM).

Materials and Methods

All of the materials used for the manufacturing of non-dairy dessert including raw almond, stevia and Tragacanth
gum were purchased from a local market of Zanjan, Iran. For the production of non-dairy dessert, the almond milk
warmed up to 40 °C and then stevia as a sucrose substitutes and tragacanth gum powder as a stabilizer were added in the
ranges of 25-75% and 0.4-1% wi/w, respectively. Later, the temperature of the mixture increased to 72 °C and kept for
10 min and then, the temperature decreased to 42 °C to inoculate the starter culture (a mixture of Streptococcus
thermophilus and Lactobacillus bulgaricus, 2% w/w). The fermentation process was completed at 37 °C for 24 h.
Finally, the temperature of non-dairy dessert based on almond milk was decreased to 4°C and kept at the same
temperature until further analysis. The pH of the desserts was measured using a pH meter model AZ 86502 (AZ,
Taiwan). Total soluble of the desserts was determined using a refractometer (ATAGO, Japan). Firmness was
determined using a STM-5 texture analyzer (SANTAM Co., Iran) equipped with a 20 Kg load cell and 10 mm probe.
Viscosity was measured using a programmable Viscometer (R/S-CPS+, Brookfield, USA) equipped with a cone-plate
geometry at shear rate of 100 s™*. Instrumental color measurement was carried out by a handheld colorimeter (TES135-
A, Taiwan) considering L*, 2" and b* as color coordinates. Syneresis was measured by a centrifugation test. Fifteen
semi-trained panelists (7 male and 8 female) were selected to evaluate sensory properties of the control (only contains
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sucrose) and optimized formulation samples for texture, color, appearance, taste, flavor, total acceptance using a 5-point
Hedonic scale (1= dislike extremely and 5=like extremely). The RSM-central composite design was used to build up the
experimental design and identify the conditions that yield highest firmness, viscosity, L, and total soluble solids as well
as lowest a”, b™ and syneresis.

Results and Discussion

The results obtained revealed that the hardness, viscosity, a* and total soluble solids increased significantly
(p<0.05) while the lightness, b* and syneresis decreased significantly (p<0.05) with increasing the Tragacanth gum in
the formulation of non-dairy dessert based on almond milk. In addition, increasing the replacement of sucrose with
stevia significantly (p<0.05) reduced the hardness, viscosity, total soluble solids, and increasing lightness and syneresis.
However, increasing the percentage of sucrose replacement with stevia had no significant effect (p>0.05) on the
changes of a* and b*. Optimization of non-dairy dessert formulation based on almond milk was carried out using
numerical technique. The optimal formula was 1% Tragacanth gum and 45% replacement of sucrose with stevia. Under
these conditions, hardness 0.08 N, viscosity 1.20 Pa.s, lightness 82.77, redness-greenness 0.95, yellowness-blueness
5.60, total soluble solids 8.29 °Brix and syneresis 11.88% were obtained. The results of sensory evaluation showed that
addition of Tragacanth gum and replacing stevia at the optimal levels improved the total acceptance score compared to
the control sample.

It can be concluded that in addition to the reliability of the RSM to select the optimal formulation conditions,
Tragacanth gum and stevia can be used to produce a new, reduced-calorie and customer-friendly non-dairy dessert
based on almond milk.
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Table 1- Central composite experimental design matrix and experimental values

Independent variables Responses
JEe (5l e bawl
Run Gum concentration  Stevia Firmness Viscosity Brix Syneresis
(%) (%) (N) (Pas) L" a* b* (°B) (%)
&ovo ks b gins! s & joSmnsy e R
1 0.28 50.00 0.021 0.161 84.5 -0.630 6.870 6.5 25.26
2 0.28 50.00 0.020 0.163 84.7 -0.636 6.840 6.40 25.29
3 0.40 25.00 0.032 0.269 87.66 -0.333 6.230 7.30 18.12
4 0.40 75.00 0.024 0.220 88.38 -0.298 5.938 6.70 21.10
5 0.40 25.00 0.031 0.268 87.68 -0.336 6.200 7.31 18.15
6 0.40 75.00 0.024 0.221 88.35 -0.290 5.940 6.72 21.00
7 0.70 50.00 0.050 0.730 85.58 0.230 6.181 7.30 17.60
8 0.70 50.00 0.050 0.730 85.59 0.240 6.180 7.60 17.55
9 0.70 14.64 0.071 0.850 85.64 0.110 6.800 8.00 15.42
10 0.70 85.36 0.041 0.680 87.89 0.350 6.300 7.01 18.66
11 0.70 14.64 0.069 0.860 85.65 0.110 6.820 8.00 15.39
12 0.70 50.00 0.052 0.729 85.55 0.210 6.180 7.30 17.58
13 0.70 50.00 0.050 0.730 85.56 0.230 6.181 7.50 17.61
14 0.70 85.36 0.040 0.682 87.87 0.330 6.320 7.00 18.69
15 0.70 50.00 0.051 0.731 85.56 0.220 6.179 7.30 17.59
16 1.00 75.00 0.065 1.060 86.19 0.535 5.410 7.60 13.55
17 1.00 25.00 0.083 1.269 80.87 0.790 5.332 7.90 12.26
18 1.00 75.00 0.064 1.050 86.21 0.530 5.430 7.70 13.57
19 1.00 25.00 0.082 1.268 80.88 0.78 5.331 7.89 12.28
20 1.12 50.00 0.100 1.400 82.27 1.825 5.214 9.50 8.00
21 1.12 50.00 0.101 1.402 82.25 1.826 5.216 9.40 8.12
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Fig. 1- (a) Goodness of fit and (b) Response surface plot showing the effects of Tragacanth gum (A; %), and stevia
substitution (B; %) on Firmness (N)
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Fig. 2-(a) Goodness of fit and (b) Response surface plot showing the effects of Tragacanth gum (A; %), and stevia substitution
(B; %) on viscosity (Pa.s)
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Fig. 7-(a) Goodness of fit and (b) Response surface plot showing the effects of Tragacanth gum (A; %), and stevia substitution
(B; %) on syneresis (7)
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Table 2- Analysis of variance (ANOVA) of the regression models for studied responses

Source Sum of squares Df ngji?gs F-value p-value
&o Slu o g9 $3ljl e Olag po b F sl P o9i)
Firmness
(e
Model
o 0.012 2 5.79x10°3 185.66 <0.0001
A-Gum conc.
o il — il 0.010 1 0.010 335.26 <0.0001
B-Stevia
bz 1.12x103 1 1.12x103 36.07 <0.0001
2wl T
Residual 4 5
oslasdl 5.62x10 18 3.12x10
Lack-of-Fit
- 5.53x10 6 9.23x10° 133.28 <0.0001
Uiy pis
Pure Error 5 5
oAl olas 8.31x10 12 6.92x10
Cor Total 0.012 20
s .
R? Adj-R? CV.%
. . 0.9538 O . 0.9486 g . 10.47
O Gyl ol sy oy Zorsbly cups
Viscosity
Al 595t g
Model
3.29 3 1.10 809.82 <0.0001
NEY
A-Gum conc.
oo il — il 3.22 1 3.22 2371.85 <0.0001
B-Stevia
b et 0.064 1 0.064 47.50 <0.0001
2ol T



VFeY Clligmoyl = (29908 ) oylods N ol |l 2108 o luo g pale Ldunrghy 4yl YA

AB 0.014 1 0.014 10.10 0.0055
Residual 0.023 17 1.35x103
olasil .0 .35x10
Lack-of-Fit
- 0.023 5 4.58%103 502.83 < 0.0001
Qeilp pas
Pure Error 1.09x10* 12 9.12x106
oAl ol .09x10 .12x10
Cor Total 3.32 20
s .
R? Adj-R? CV.%
. . 0.9931 . R . 0.9918 g . . 5.00
O o 00l 85 e g T bl oy
L*
Model
91.70 5 18.34 23.11 < 0.0001
Jse
A-Gum conc. 37.63 1 37.63 47.42 0001
oo clile il . . . < 0.000
B-Stevia
bt 21.07 1 21.07 26.55 0.0001
2wl T
AB 10.72 1 10.72 13.50 0.0023
A? 8.34 1 8.34 10.50 0.0055
B2 6.08 1 6.08 7.66 0.0144
Residual
olasdl 11.91 15 0.79
Lack-of-Fit
- 11.88 3 3.96 2119.11 < 0.0001
Gy pis
Pure Error ” 1 1 10°
oAl olas 0.0 .86x10
Cor Total 103.61 20
s .
R? Adj-R? CV.%
. . 0.8851 R . 0.8468 g . 1.04
Ome o pd oid a5 (el i T ibly oy
a*
Model
7.36 2 3.68 54.21 < 0.0001
LY
A-Gum conc. 7 1 7 1 1
oo e — il .35 .35 08.38 < 0.000
B-Stevia
bz 3.20%x103 1 3.20x10°8 0.047 0.8303
2wl T
Residual 122 18 0.068
o.\ila.,..'élg ' !
Lack-of-Fit
ol 1.22 6 0.20 2913.95 < 0.0001
Gy pis
Pure Error » 5
oAl olas 8.37x10 12 6.97x10
Cor Total 8.58 20
U .
R? Adj-R? CV.%
. . 0.8576 R . 0.8418 g . . 4.42
Ome oy b JAe e Ty oo o
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Continue of Table 2-
Source Sum of squares Df Mean squares F-value p-value
& Sl po oo &35l a4 Sl il F 85 P syl
b*
Model
3.66 2 1.83 14.27 0.0002
Jse
A-Gum cone. 3.46 1 3.46 26.99 < 0.0001
oo clale —ill : : : :
B-Stevia
bt 0.20 1 0.20 1.56 0.2278
gl T
Residual
oulasdl 231 18 0.13
Lack-of-Fit
- 231 6 0.38 3061.83 < 0.0001
ooln e
Pure Error 3 "
oAl ot 1.50x10 12 1.25x10
Cor Total 507 20
U .
R? Adj-R? CV.%
" . 0.6133 . . 0.5703 g . 5.92
O oy odd b5 ymtd oy T obyly oo
Total soluble solids
5 Joloma el 2136
Model
9.59 2 4.80 28.55 < 0.0001
Jse
A-Gum conc.
oo il — il 8.33 1 8.33 49.58 <0.0001
B-Stevia
bt 1.26 1 1.26 7.51 0.0134
Lyl T
Residual
oxlagl 3.02 18 0.17
Lack-of-Fit
- 2.93 6 0.49 61.44 <0.0001
Geiln pas
Pure Error 3
oalls olas 0.095 12 7.94x10
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Table 3- Sensorial properties evaluation scores for optimized and control formulation of non-dairy dessert based on almond

milk
Total
Treatment Texture Color Appearance Taste Flavor
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Control
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“Different lowercase superscripts in a column express significant difference between means (p<0.05).
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