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2. Tapia
3. Methylcellulose (MC)
4. Hydroxypropyl methylcellulose (HPMC)
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3. Response Surface Methodology (RSM)
4. Central composite design
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Table 1 Responses for carboxymethyl cellulose-based edible coatings
Standard Factor 1 Factor 2 Response 1 Response 2 Response 3
Order of Run  CMC concentration Sucrose Dripping the Movement of the  Adhesion of
concentration coating (g) coating (cm) coating (N)
4 1.2 50 0.98 2.5 0.879
13 1 45 1.2 5.8 0.223
2 1.2 40 0.94 3.5 0.466
1 0.8 40 0.28 4 0.17
8 1 50 1.4 4.5 0.378
11 1 45 0.99 7 0.276
5 0.8 45 0.62 5.3 0.205
3 0.8 50 1.11 4.6 0.374
6 1.2 45 1 3.2 0.545
7 1 40 0.87 6.5 0.207
12 1 45 1.15 6.5 0.269
10 1 45 1.25 5.6 0.249
9 1 45 1.11 6.1 0.214
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Table 2 ANOVA analysis and lack of fit test for response surface model for formulation of rock candy

coating solution

Adhesion of coating solution

Dripping the coating from rock candy

Movement of the coating solution onto

Source of df the rock candy
variation Equgti_on Sum of b Value Equgti_on Sum of b Value Equgti_on Sum of p Value
coefficient squares coefficient squares coefficient squares
model 5 10.03 0.45 < 0.0001 -18.11 0.95 0.0002 -104.62 21.39 0.0027
X1 1 -9.07 0.22 < 0.0001 25.60 0.14 0.0027 109.16 3.68 0.0156
Xs 1 -0.28 0.1 0.0001 0.22 0.33 0.0002 2.66 0.96 0.1492
X2 1 3.83 0.06 0.0005 -7.97 0.28 0.0003 -47.54 9.99 0.0012
X,? 1 0.0028 0.01 0.0261 0.00023 0.00009 0.9087 -0.02 1.17 0.1164
Xi2 1 0.05 0.01 0.0414 -0.19 0.16 0.0019 -0.4 0.64 0.2275
Residual 7 0.01 0.04 2.56
Lack of fit 3 0.0093 0.1014 0.0077 0.8486 1.30 0.3709
Pure error 4 0.0029 0.03 1.26
Cor total 12 0.46 0.99 23.95
R? 0.9734 0.8931 0.9527
Adj- R 0.9544 0.8167 0.9189
Coefficient 12.23 12.08 8.25
of variation
28 osl
3¢ o4 :

a0 08

Mavement of the coating solution

“o0a

omio the product {cm)

A Carboxymethyl cellulose

-2 - 39 A- Carboxymetiy] cellislose

w0 o8

A Carbaxymethyl cellulase

A

Fig 1 Physical properties of coating solutions affected by different concentrations of carboxymethyl cellulose and

sucrose
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Table 3 Consistency index and fluid flow behavior index for formulations of coating solution

Carboxymethyl cellulose Sucrose n K
(%) (%) (Flow behavior index) (Consistency index)
0.8 40 0.66 9.27

45 0.63 11.12

50 0.58 14.23

1 40 0.53 21.68
45 0.46 26.91

50 0.36 40.82

1.2 40 0.32 50.66
45 0.24 66.42

50 0.19 82.62
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Table 4 Textural characteristics of different formulations of coating solution

Textural properties”

Carboxymethyl  Sucrose  Viscosity index Consistency Adhesiveness Hardness
cellulose (%) (%) (Ns™) (Ns™) (N) (N)
0.8 40 3.477+0.462 "  7.329+0.056 "  0.17+0.002 ¢ 0.260 +0.002'
45 5.371+0.002 ¢  8.491+0.072 °  0.205+0.006 0.329 +0.009 ¢

50 11.961+0.002 ©  15.661+0.182°  0.374+0.003 °

0.565 +0.001°

1 40

5208+0.002 ¢ 8.703+0.065 Y 0.207 +0.005 0.314 +0.001"
45 8.306+0.002 ©  11.683+0.194 T 0.263+0.007°¢
50 12.978 +0.003 ¢ 16.299+0.111 ¢ 0.378 £ 0.021¢

0.411+0.004
0.580 + 0.019¢

1.2 40

15.247 +0.005 © 20.928+0.166° 0.466 = 0.003 °
45 18.395+0.002 ° 22.257+0.168 ®°  0.545+ 0.003°
50 27.216+0.002 * 31.283+0.209 * 0.879+0.011°%

0.694 +0.002 ©
0.755 +0.002 °
1.249 + 0.005 ?

Different letters indicate significant difference between samples (P<0.05). * Mean £ SD.
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Fig 3 Viability of B. coagulans Unique 1S-2 in coated
rock candy at room temperature and dry condition
during storage period.
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During the last decade, application of edible coatings as efficient carriers for the transfer of bioactive
compounds including probiotic microorganisms has become more prominent for production of food
products with stressful condition for these bacteria. In this study, the effect of optimizing a coating
formulation based on carboxymethylcellulose and sucrose as carrier of probiotic strain for rock candy
coating was evaluated. Response surface method based on the central composite design was applied to
evaluate the coating movement on the rock candy, the amount of coating remaining on the product after
immersion and texture characteristics of the coating, such as adhesion. In addition, the textural and
rheological properties of the coating solution under different concentrations of carboxymethyl cellulose
and sucrose were investigated. The optimized formulation for rock candy coating was obtained with
97.9% carboxymethyl cellulose and 46.5% sucrose. The results showed that by increasing carboxymethyl
cellulose concentration (from 0.8 to 1.2%) and sucrose (from 40 to 50%), the viscosity of the coating
solution ranged from 9.27 to 82.62 Pa.s. Also, the flow behavior index of the coating solution confirmed
the pseudoplastic behavior of the coating at carboxymethyl cellulose concentrations of 0.8 and higher.
While, increasing the concentration of sucrose at a constant concentration of carboxymethyl cellulose had
a greater effect on the textural parameters of the coating solution. In addition, the use of Bacillus
coagulans spores in this product showed high viability of this strain (more than 90%) under product
storage conditions (ambient temperature and dry place).

Keywords: Bacillus coagulans, Carboxymethyl cellulose, Edible coating, Textural properties, Rock
candy
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