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Fig 1 3D surface of the simultaneous effect of different osmotic processing conditions (Osmotic solution
temprature and concentration and osmotic process duration) on the a) weight and b) brix of apple fruit slices
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Fig 3 3D surface of the simultaneous effect of different osmotic processing conditions (Osmotic solution
temprature and concentration and osmotic process duration) on the a) color and b) taste sensory score of apple
fruit slices during sensory evaluation

Table 1 Analysis variance of regression coefficients of predicted quadratic polynomial models for
predicting different quality attributes of osmotic dried apple fruit slices

Coefficient of

Qu'allty Source DF Sum of Mean of F-Value  p-Value Coefficient determination
attributes squares squares ®)
Model 9 1.962109  0.140151  22.57552 < 0.0001 0.681316

. X1 1 0.0722 0.0722 11.63 0.0039 -0.06333

3 X2 1 0.34445 0.34445  55.48414 < 0.0001 0.138333

§ X3 1 8.89E-05  8.89E-05  0.014318  0.9063 0.002222

3 X1 x X1 1 0.000312  0.000312  0.050177  0.8258 -0.01096

g X2 x X2 1 0.02291 0.02291  3.690411  0.0739 0.094035

g X3 x X3 1 0.003948  0.003948  0.635924  0.4376 0.039035 0.9547

° X1 xX2 1 0.002025  0.002025 0.326188  0.5764 0.01125

& X1 xX3 1 0.105625  0.105625 17.01412  0.0009 0.08125

; X2 x X3 1 0.1089 0.1089 17.54166  0.0008 -0.0825

.%D Residual 10 0.093121  0.006208

= Lack of fit 5 0.091438  0.009144  27.15976  0.0010

Pure error 5 0.001683  0.000337

Total 19 2.05523
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Model 9 705.9575  50.42553  433.6553 < 0.0001 27.15351
X1 1 9.827222  9.827222  84.51328 < 0.0001 0.738889
X2 1 192.7339  192.7339  1657.495 < 0.0001 3.272222
X3 1 363.6006  363.6006 3126.934 <0.0001 4.494444
X1 x X1 1 0.014067  0.014067  0.120975 0.7328 -0.07368
X2 x X2 1 0.852703  0.852703  7.333177  0.0162 -0.57368
E X3 xX3 1 60.35089  60.35089  519.0125 < 0.0001 4.826316 0.9975
aa) X1 x X2 1 0.050625  0.050625  0.435371 0.5194 0.05625
X1 xX3 1 0.225625  0.225625  1.940356  0.1839 0.11875
X2 xX3 1 4305625  4.305625 37.02801 < 0.0001 0.51875
Residual 10 705.9575 0.11628
Lack of fit 5 9.827222  0.163087  7.195014  0.0209
Pure error 5 192.7339  0.022667 -
Total 19 363.6006 - - -
Model 9 1182.408  84.45771  782.0012 < 0.0001 73.91219
X1 1 4982272 4982272  46.13129 < 0.0001 -0.52611
X2 1 160.3841 160.3841 1485.01  <0.0001 -2.985
X3 1 768.4507  768.4507  7115.151 < 0.0001 -6.53389
% X1 x X1 1 0.12045 0.12045 1.115255 0.3077 0.215614
% X2 x X2 1 2.466086  2.466086  22.8337 0.0002 0.975614
o X3 xX3 1 121.0183 121.0183  1120.519 < 0.0001 -6.83439 0.9986
E X1 x X2 1 0.294306  0.294306  2.725007  0.1196 0.135625
% X1 xX3 1 0.120756  0.120756  1.118092  0.3071 0.086875
p= X2 xX3 1 0.039006  0.039006  0.361162  0.5568 0.049375
Residual 10 1.62003 0.108002
Lack of fit 5 0.77323 0.077323 0.45656 0.8636
Pure error 5 0.8468 0.16936
Total 19 1184.028 -

" significant at 1%, * significant at 5%, ™ non significant
X1= Osmotic Temperature, X2= Osmotic time, X3= Osmotic Solution Concentration

Table 1 Continue

Quality

Sum of

Mean of

Coefficient of

. Source DF F-Value p-Value Coefficient determination
attributes squares squares (Rz)
Model 9 53.15496  3.796783  53.74288 < 0.0001 8.908772
X1 1 2.722222 2722222  38.53264  <0.0001 -0.38889
X2 1 0.5 0.5 7.077424 0.0178 0.166667
X3 1 0.5 0.5 7.077424 0.0178 0.166667
X1 x X1 1 0.382464  0.382464  5.413721 0.0344 -0.38421
N X2 x X2 1 4.964282 4964282  70.26866  <0.0001 -1.38421
E X3 xX3 1 0.982464  0.982464 13.90663 0.0020 0.615789 0.9805
5 X1 x X2 1 53.15496 0.25 3.538712 0.0795 0.125
= X1 xX3 1 2.722222 0.25 3.538712 0.0795 0.125
X2 x X3 1 0.5 0.25 3.538712 0.0795 -0.125
Residual 10 0.5 0.070647
Lack of fit 5 0.382464  0.078637 1.43849 0.3609
Pure error 5 4.964282  0.054667
Total 19 0.982464
Model 9 44.80013  3.200009 10.8266 <0.0001 8.362281 0.9099
X1 1 16.05556 16.05556 54.3208 <0.0001 -0.94444
X2 1 2 2 6.766605 0.0200 0.333333
X3 1 0.5 0.5 1.691651 0.2130 0.166667
§ X1 x X1 1 0.078949  0.078949 0.26711 0.6128 -0.17456
8 X2 x X2 1 7.265313  7.265313  24.58075 0.0002 -1.67456
X3 xX3 1 0.078949  0.078949 0.26711 0.6128 -0.17456
X1 x X2 1 0.25 0.25 0.845826 0.3723 0.125
X1 xX3 1 0 0 0 1.0000 0
X2 x X3 1 0 0 0 1.0000 0
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Residual 10 4.433538 0.295569
Lack of fit 5 4.278538 0.427854 13.80174 0.0048
Pure error 5 0.155 0.031
Total 19 49.23367
Model 9 27.33523 1.952517 32.311 <0.0001 9.048246
X1 1 0.055556 0.055556 0.919355 0.3528 0.055556
X2 1 0.5 0.5 8.274194 0.0115 0.166667
X3 1 3.555556 3.555556 58.83871 <0.0001 0.444444
X1 x X1 1 0.083782 0.083782 1.386455 0.2574 -0.17982
X2 x X2 1 3.606509 3.606509 59.68191 <0.0001 -1.17982
% X3 xX3 1 0.2656 0.2656 4.395253 0.0534 0.320175 0.9679
ﬁ X1 x X2 1 0.0625 0.0625 1.034274 0.3253 -0.0625
X1 xX3 1 0.0625 0.0625 1.034274 0.3253 -0.0625
X2 xX3 1 0.0625 0.0625 1.034274 0.3253 0.0625
Residual 10 0.906433 0.060429
Lack of fit 5 0.698099 0.06981 1.675439 0.2961
Pure error 5 0.208333 0.041667
Total 19 28.24167
" significant at 1%, * significant at 5%, ™ non significant
X1= Osmotic Temperature, X2= Osmotic time, X3= Osmotic Solution Concentration
Table 2 The optimum conditions for apple fruit slices osmotic drying process
. Lower upper Lower upper Optimum
Constraints Goal limit  limit  Weight  Weight  TPOM@Rce
Osmotic solution temperature ("C) is in range 45 55 1 1 3 50.66
osmotic processing time (minutes) is in range 60 180 1 1 3 144.64
Osmotic solution concentration (Y%ow/w)  is in range 0 60 1 1 3 60.00
moisture content (%) minimize 58.81 78.73 1 1 3 59.67
Brix maximize 23 40 1 1 3 37.93
wighet after osmotic process maximize 1 2 1 1 3 1.12
Texture score maximize 5 10 1 1 3 8.79
Taste score maximize 6 10 1 1 3 9.22
Colore score maximize 5 9 1 1 3 9.09
Desirability 0.786
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Table 3 Water rehydration of apple fruit slices during osmotic drying and 180 minutes of water
rehydration process

Osmotic solution

Osmotic solution concentration

osmotic drying processing time (minutes)

temperature (°C) (Yow/w) 60 120 180
45 40 1.99 2.14 3.43
60 2.04 2.27 2.69
50 40 2.1 2.09 1.96
60 1.80 1.71 1.68
55 40 2.11 2.08 1.94
60 1.69 1.69 1.79
mushroom. Journal of Food Science and Lo —0
Technology, 38(4): 352-357. &

[8] Moreno-Castillo, E. J., Gonzalez-Garcia,
R., Grajales-Lagunes, A., Ruiz-Cabrera, M.
A., and Abud-Archila, M. 2005. Water
diffusivity and color of cactus pear fruits
(Opuntia ficus indica (subjected to osmotic
dehydration. International Journal of Food
Properties, 8: 323- 336.

[9] Mujaffar, S., and Sankat, C. K. 2006. The
mathematical modeling of the osmotic
dehydration of shark fillets at different brine
temperatures. International Journal of Food
Science and Technology, 41: 405- 416.

[10] Nassu R.T, Lima J.R, and Souza Filho M.
de S.M. 2001. Consumer’s acceptance of
fresh and combined methods processed
melon, mango and cashew apple. Revista
Brasileira de Anestesiologia, 23: 551-554.

[11] Saputra, D. 2001. Osmotic dehydration of
pine apple. Drying Technology, 19 (2): 415-
425.

[12] Oliveira, 1. M., Fernandes, F. A. N,
Rodrigues, S., Sousa, P. H. M,. Maia, G. A.,
and Figueiredo, W. 2006. Modeling and
optimization of osmotic dehydration of
banana followed by air drying. Journal of
Food Process Engineering, 29: 400- 413,

[13] Tavakoli Pour, H. 2000. Principle and
methods of food drying. Tehran, Aeej, 30-
40.

[14] Lazarides, H. N., Fito, P., Chiralt, A.,
Gekas, V., and Lenart, A. 1998. Advances in

YA

[1] Azuara, E., Garcia, H.S., and Beristain,
C.I. 1996. Effect of the centrifugal force on
osmotic dehydration of potatoes and apples.
Food Research International, 29 (2):195-
199.

[2] Barat, J.M., Fito, P., and Chiralt, A. 2001.
Modeling of simultaneous mass transfer and
structural changes in fruit tissues. Journal of
Food Engineering, 49: 77-85.

[3] Delvalle, J. M., Aranguiz, V., and Leon, H.
1999. Effects of blanching and calcium
infiltration on PPO activity, texture,
microstructure and kinetics of osmotic
dehydration of apple tissue. Food Research
International, 31 (8): 557-569.

[4] Ertekin, F.K., and Cakaloz, T. 1996.
Osmotic dehydration of peas: influence of
process variables on mass transfer. Journal
of Food Processing and Preservation, 20:
87-104.

[5] Ertekin, F.K., and cakaloz, T. 1996.
Osmotic dehydration of peas: II influence of
osmotic on drying behavior and product
quality. Journal of Food Processing and
Preservation, 20: 105-119.

[6] Gomes, D., Barbosa, J.L., Colato, G. and
Fernando, E. M. 2004. Osmotic dehydration
of a cerola fruit (malpighia punici folial).
Journal of Food Engineering, 25: 176-183.

[7] Kar, A., and Gupta, D.K. 1001. Osmotic
dehydration  characteristics of  button


http://dx.doi.org/10.52547/fsct.18.117.65
https://fsct.modares.ac.ir/article-7-48293-en.html

[ Downloaded from fsct.modares.ac.ir on 2024-05-22 ]

[ DOI: 10.52547/fsct.18.117.65 ]

Ve LT OA 6553 DIV 6les

Olpl 2HE mlo 5 sl dle

Assurance and Safety of Crops and Foods, 6:
201-214.

[19] Mandala, I.G., Anagnostaras, E. F.,
Oikonomou, C. K. 2004. Influence of
osmotic dehydration condition on apple air-
drying  kinetics and  their  quality
characteristics. Journal of Food Engineering,
20 (6): 1227-1242.

[20] Souti, M., Sahari, M. A., and Emam-
Djomeh, Z. 2003. An evaluation of the
process affecting conditions of dehydration
rate in peach slices. [ranian Journal of
Agricultural Science, 34 (2): 283-291 [in
Persian].

[21] Ponting, J. D. 1973. Osmotic dehydration
of  fruits- recent modifications and
application. Process Biochemistry, 8: 18-20.

[22] Krokida, M. K., Kiranoudis, C. T.,
Maroulis, Z. B., and Marinos-kouris, D.
2000. Effect of pretreatment on color of
dehydrated products. Drying Technology,
18(6): 1238-1250.

V4

osmotic dehydration. In: Oliveira F.A.R. and
Oliveira J.C. (eds.), Processing of foods:
Quality optimization and process assesment.
Boca Raton: CRC Press. pp. 175-200.

[15] Kalbasi, A., and Fatemian, H. 2001.
Effect of osmotic dehydration properties on
quality criteria of sliced golden delicious
apple. [Iranian Journal of Agircultural
Sciences, 32 (4): 835-845 [in Persian].

[16] Chiralt, A., and Talens, P. 2005. Physical
and chemical changes induced by osmotic
dehydration in plant tissues. Journal of Food
Engineering, 67: 167-177.

[17] Tregunno, N.B., and Goff, H.D.1996.
Osmotic dehydro freezing of aplles
structural and textural effects. Food
Research International, 29(5-6): 471-479.

[18] Mokhtarian, M., Heydari Majd, M.,
Koushki, F., Bakhshabadi, H., Daraei
Garmakhany, A., and Rashidzadeh, S. 2014.
Optimisation of pumpkin mass transfer
kinetic during osmotic dehydration using
artificial neural network and response
surface methodology modelling. Quality


http://dx.doi.org/10.52547/fsct.18.117.65
https://fsct.modares.ac.ir/article-7-48293-en.html

[ Downloaded from fsct.modares.ac.ir on 2024-05-22 ]

[ DOI: 10.52547/fsct.18.117.65 ]

JFST No. 117, Vol. 18, November 2021 ABSTRACT

Iranian Journal of Food Science and Technology o
an
Homepage:www.fsct.modares.ir xm,»

Scientific Research

Response surface modeling of mass transfer and water
rehydration phenomena of apple fruit slices during osmotic

drying

Khanahmadzadeh, A. 1, Moradi, M. 2

1. Department of Biosystem Engineering, Sannadaj Branch, Islamic Azad University, Sanandaj, Iran.
2. MSc graduated student, Department of Food Science and Technology, Sannadaj Branch, Islamic Azad

University, Sanandaj, Iran.

ARTICIE INFO

ABSTRACT

Article History:

Received 2020/ 12/ 14
Accepted 2021/ 06/ 12

Keywords:

Osmotic dehydration,
Apple fruit,

Process optimization,
Brix,

Moisture content.

10.52547/fsct.18.08.06

*Corresponding Author E-Mail:
Miladmoradi_19@yahoo.com

In this study response surface modeling was performed by using experimental data's
obtained from the amount of samples weigh, moisture content and the Brix of
produced samples after different condition of osmotic dehydration process
including: different concentration (0-60 %w/w) of sucrose solution with different
temperature (45-55 °C) and different processing time (60-180 minutes). Results
showed that osmotic solution concentration and temperature and duration of osmotic
process had significant effect on the amount of moisture content, Brix, the weight of
sample after osmotic process and sensory attributes of final product. The highest
amount of Brix (39.69%) was observed in the dried samples in osmotic solution
with 60% concentration for 180 minutes, while the lowest amount of brix was
related to osmotic processing time of 60 minutes and solution temperature of 45 ° C,
which shows the significant effect of osmotic solution concentration and osmotic
processing temperature and time on the brix changes of samples. Results of the
sensory evaluation showed that, the highest amount of texture (8.85) and color
(8.46) desirability score were observed in the osmotic processing time and
temperature range from 45-52.5 © C for 160-85 minutes. The amount of texture and
color desirability score of the samples decreased by increasing osmotic processing
time and temperature. The higher osmotic solution concentration and the lower
osmotic processing time and temperature lead to the better color and texture of the
samples. Osmotic dehydration improved different quality attributes (color, taste and
texture) of final product compared with blank samples. Increase of samples Brix
during osmotic dehydration process, indicates an increase in the transfer of sugar
molecules into the samples tissue. Therefore, in sensory evaluation, the amount of
taste sensory score increased with increasing osmotic processing time and
temperature and osmotic solution concentration.
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