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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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(5) Jslee

Table 2 ANOVA analysis and lack of fit test for response surface model for formulation of rock candy
coating solution

Movement of the coating solution onto

Source of " Adhesion of coating solution Dripping the coating from rock candy the rock candy
variation Equation Sum of b Value Equation Sum of b Value Equation Sum of b 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
X4 1 -9.07 0.22 <0.0001 25.60 0.14 0.0027 109.16 3.68 0.0156
X, 1 -0.28 0.1 0.0001 0.22 0.33 0.0002 2.66 0.96 0.1492
X 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
X2 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
B: Sucrose --‘?-‘ ; Pre g0 A Carbeocymethyd eellulose B: Sacroee - a2’ o, i e be? Carbaxymethyl cellulose
B S . A
£
. 48" -
Fig 1 Physical properties of coating solutions affected by different concentrations of carboxymethyl cellulose and
sucrose
O3S &S 5 S S8 L Olser oalS 5 4y 35Ky a3l S oSS 4y LB 56 5 S odal s @ Cu
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coating formula. CMC: carboxymethyl cellulose.
Suc: sucrose.
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2. Thixotropic
3. Viscoelastic
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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 ¢ 15661+ 0.182°  0.374 +0.003 ¢ 0.565 + 0.001°
1 40 5.208+0.002 ¢ 8.703+0.065 ¢  0.207 +0.005 ' 0.314 +0.001"
45 8.306 £0.002 ©  11.683+0.194 ' 0.263 +0.007° 0.411+0.004
50 12.978 +0.003 ¢ 16.299+0.111 ¢ 0.378+0.021¢ 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.

S S domi 4
b Ol Clb a5 b S sl jid gy wddS gl b
NV gams (5 alb Closar 35 5 BLL il s
Gl Ll L JUsl Cer b Ol 6, e
53 Kl 315 e S (ol ax s 350 LSS sy 2
5 s eSS sl S S S e
23S I3 ealiial o0 e gl B Sl WS g 5L

112

b Ssmsn AL Casls gy -4-3
e L 4%3« @Loa.b'j M K] bbJs BS.\:J.'

J gae B uk

Sl 2l sl s Fe eliS 1l S Olse 4 L
3 S s SL 03533 el Iy sy oKl
L}Al}f’ 4.1..,«.7- )l J.LL: asls elfuh 4 b ch:}.glje L;}MA “
cC)L.) DL oalaa! S0 é.:’l‘j:d}ﬁ A g QJ\JLA eJu) » jj}‘
ol am s g oplal Of G35 S gl @ Ol o
oy LI cl Jee 50 0 K LSS
by ol Al Gk a4 Sldde glalgesl
(B3 h g T s Il G pde 5 el S
A ol (S Sas abiss gl ol S Sl a5 30 gles
S iz 03 2 5o e VSIS sl Sloslis L)
Sleedis p dul nl 56 ede 5 (Sl Jgame 045 K2
e 40 gl ol s cele ki Boidy 00D
eéjs jryre b )jﬁ- JLAOJ\.)‘) 3 o3y Ol C.AAJU.A )]qubb
[14]

Sl SL ol e (SSsesn dpeme S
Sl 5l S (S n sl St Sl ol e @B
Unique _¥,sTss osbol 10° cfulg 5 a5 90/39
2o OseVse b L) OU ae by 55 ek il 18-2
Looolle oy 0/97 chle U ol e oSe S lls
b pltS o 55855 o yd 5 SIS o yd o s 4615 clale
0 b SU sl 3 eslid (3 IK8) el (1o b clale
e 3l (SSsmsn SVpame 3 WOT 2y, e sl



1399 :‘:j:;- c17 69 ‘100 n)l.a.j:

DOI 10.29252/fsct.17.03.08

A o 5 o5l

[6] Soukoulis, C., Behboudi-Jobbehdar, S.,
Yonekura, L., Parmenter, C., Fisk, I. D. 2014.
Stability of Lactobacillus rhamnosus GG in
prebiotic edible films, Food Chemistry. 159,
302-308.

[7] Hosseini Nezhad, M., Hussain, M. A., Britz,
M. L. 2015. Stress responses in probiotic
Lactobacillus casei, Critical Reviews in Food
Science and Nutrition. 55(6), 740-749.

[8] Tapia, M. S., Rojas-Grau, M. A., Rodriguez,
E. J., Ramirez, J., Carmona, A., Martin-
Belloso, O. 2007. Alginate- and gellan-based
edible films for probiotic coatings on fresh-cut
fruits, Journal of Food Science. 72, 190-196.

[9] Valencia-Chamorro, S. A., Palou, L., del
Rio, M. A., Pérez-Gago, M. B. 2011.
Antimicrobial edible films and coatings for
fresh and minimally processed fruits and
vegetables: A review, Critical Reviews in Food
Science and Nutrition. 51, 872-900.

[10] Suput, D. Z., Lazic, V. L., Popovic, S. Z.,
Hromis, N. M. 2015. Edible films and
coatings-sources, properties and application,
Food and Feed Research. 42, 11-22.

[11] Ramos, O. L., Fernandes, J. C., Silva, S. 1.,
Pintado, M. E., XavierMalcata, F. 2012. Edible
films and coatings from whey proteins: a
review on formulation, and on mechanical and
bioactive properties, Critical Reviews in Food
Science and Nutrition. 52, 533-552.

[12] Romano, N., José Tavera-Quiroz, M.,
Bertola, N., Mobili, P., Pinotti, A., Gomez-
Zavaglia, A. 2014. Edible methylcellulose-
based films containing fructo-oligosaccharides
as vehicles for lactic acid bacteria, Food
Research International. 64, 560-566.

[13] Viclavi, A. V., Christian, E. W. 2008.
Essential of food science, In: Sugars,
sweeteners and confections, 3th ed., Springer,
pp 331-348.

[14] Adibpour, N., Hosseininezhad, M.,
Pahlevanlo, A. 2019. Application of spore-
forming probiotic Bacillus in the production of
Nabat-A new functional sweetener, LWT-Food
Science and Technology. 108277.

[15] Vercammen, A., Vivijs, B., Lurquin, 1.,
Michiels, C. W. 2012. Germination and
inactivation of Bacillus coagulans and
Alicyclobacillus acidoterrestris spores by high
hydrostatic pressure treatment in buffer and

113

Eb e G S5 w S phe Ol (S50 S
Lol Sns s O Ly enn S gl
Sl iy @MS Sl (Sl (g e glad ge b
Sy Bl chle b uld s sk Jo S 2 S clle
skl Gl 8L doys W01 e Slee
G ULl Sl o 4 WJpame pl 53 YT
Sl Slias gl B oo Y geames A5 50 1) gl (Slady 5o
s Glp s gl Lol S 5 Wy il s

ey o gl o bl e sl 58

dl:).@ 9 ’gmﬂ:“' _5

US| QAJJT V.A\J_e 9 JSL" Colam G W e e

e -6

[1] Pavli, F., Tassou, C., Nychas, G. E.,
Chorianopoulos, N. 2018. Probiotic
Incorporation in Edible Films and Coatings:
Bioactive Solution for Functional
Foods, International Journal of Molecular
Sciences. 19(1), 150.

[2] Wannissorn, B., Taengphan, W,
Klungsupya, P.,  Ruengsomwong, S,
Muangman, T. 2019. Health benefit screening
on 45 Thai human probiotics (TISTR strains):
their safety and immunomodulatory activity in
macrophage function, In Proceedings of
International Conference on Biodiversity:
IBD2019.Vol. 33, p. 40.

[3] De Prisco, A., Mauriello, G. 2016.
Probiotication of foods: A focus on
microencapsulation tool, Trends Food Science
and Technology. 48, 27-39.

[4] Coma, V. 2008. Bioactive packaging
technologies for extended shelf life of meat-
based products, Meat Science. 78, 90-103.

[5] Espitia, P. J. P., Batista, R. A., Azeredo, H.
M. C., Otoni, C. G. 2016. Probiotics and their
potential application in active edible films and
coatings, Food Research International. 90, 42—
52.



w S S b O g gleang

&\)Mﬁ)ﬁ“ﬁ:‘fﬂ“‘""

[25] Saha, D., Bhattacharya, S. 2010.
Hydrocolloids as thickening and gelling agents
in food: a critical review, Journal of Food
Science and Technology. 47(6), 587-597.

[26] Adibpour, N., Hosseininezhad, M.,
Pahlevanlo, A., Hussain, M. A. 2019. A review
on Bacillus coagulans as a Spore-Forming
Probiotic, Applied Food Biotechnology. 6(2),
91-100.

[27] Zyzelewicz, D., Nebesny, E., Budryn, G.,
Motyl, I., Rosicka-Kaczmarek, J., Krysiak, W.,
Libudzisz, Z. 2012. Probiotic Confectionery
Products-Preparation and Properties: INTECH
Open Access Publisher.

[28] Majeed, M., Majeed, S., Nagabhushanam,
K., Natarajan, S., Sivakumar, A., Ali, F. 2016.
Evaluation of the stability of Bacillus
coagulans MTCC 5856 during processing and
storage of functional foods, International
journal of Food Science &Technology. 51(4),
894-901.

[29] Majeed, M., Majeed, S., Nagabhushanam,
K., Arumugam, S., Beede, K., Ali, F. 2018.
Evaluation of probiotic Bacillus coagulans
MTCC 5856 viability after tea and coffee

brewing and its growth in GIT hostile
environment. Food Research International,
121, 497-505.

[30] Jafari, M., Mortazavian, A. M., Hosseini,
H. 2017. Effect of Household Cooking
Methods on the Viability of Bacillus Probiotics
Supplemented in Cooked Sausage, Nutrition
and Food Sciences Research. 4(1), 47-56.

[31] Marcial-Coba, M. S., Pjaca, A. S,
Andersen, C. J., Kngchel, S., Nielsen, D. S.
2019. Dried date paste as carrier of the
proposed probiotic Bacillus coagulans BC4
and viability assessment during storage and
simulated gastric passage, LWT-Food Science
and Technology. 99, 197-201.

114

tomato sauce, International Journal of Food
Microbiology. 152(3), 162-167.

[16] Behnia, A., Karajian, H., Niazmand, R.,
Mohammadi Nafchi, E. R. 2014. Effect of
cress seed gum on the rheological and textural
properties of low-fat yogurt, Research and
Innovation in Food Science and Technology.
3(3), 255-266.

[17] Cevoli, C., Balestra, F., Ragni, L., Fabbri,
A. 2013. Rheological characterisation of
selected food hydrocolloids by traditional and
simplified techniques, Food hydrocolloids.
33(1), 142-150.

[18] Myers, R. H., Montgomery, D. C.,
Anderson-Cook, C. M. 2016. Response surface
methodology: process and product
optimization using designed experiments. John
Wiley & Sons.

[19] Ebnesajjad, S. 2013. Handbook of
Biopolymers and Biodegradable Plastics:
Properties. Processing  and  Applications.
William Andrew.

[20] Rozema, H., Beverloo, W. A. 1974.
Laminar isothermal flow of non-Newtonian
fluids in a circular pipe, Lebensmittel-
Wissenschaft and Technology. 7(4), 223-228.

[21] Cancela, M. A., Alvarez, E., Maceiras, R.
2005. Effects of temperature and concentration
on carboxymethylcellulose  with  sucrose
rheology, Journal of Food Engineering. 71(4),
419-424.

[22] Ghannam, M. T., Esmail, M. N. 1997.
Rheological properties of carboxymethyl
cellulose, Journal ~ of  Applied  Polymer
Science. 64(2), 289-301.

[23] Edali, M., Esmail, M. N., Vatistas, G. H.

2001. Rheological properties of high
concentrations of carboxymethyl cellulose
solutions, Journal ~ of  Applied  Polymer

Science. 79(10), 1787-1801.

[24] Sworn, G. 2004. Hydrocolloid thickeners
and their applications. In: Philips GO,
Williams PA (eds) Gums and Stabilizers for
the Food Industry, vol12. RSC Publishing,
Oxford, pp 13-22.



JEST No. 100, Vol. 17, June 2020 ABSTRACT

Optimization of probiotic edible coating formulation and evaluation
of physical and textural properties for rock candy coating

Adibpour, N.%, Hosseininezhad, M. ?*, Pahlevanlo, A.?

1. PhD. student, Department of Food Biotechnology, Research Institute of Food Science and Technology,
Mashhad, Iran.
2. Associate Professor, Department of Food Biotechnology, Research Institute of Food Science and
Technology, Mashhad, Iran.
3. Assistant Professor, Department of Food Biotechnology, Research Institute of Food Science and Technology,
Mashhad, Iran.

(Received: 2019/09/03 Accepted:2020/04/04)

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

* Corresponding Author E-Mail Address: m.hosseininezhad@rifst.ac.ir

115



