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Table 1. Regression equations of water activity for salt solutions at different temperatures

(Regression equation) ¢ s 3, alsles

(Salt) Ko

Ln @,~500.95/ T- 3.85
Ln a,~861.39/ T- 4.33
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Lna,~=145/T-1.30
Ln a,~356.6/ T- 1.82
Ln a,~435.96/T- 1.88
Ln a,~=228.92/T- 1.04
Ln a,~367.58 / T- 1.39
Ln a,~=93.23/ T- 0.415
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Table2. Mathematical models used in this study
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Table 3. The evaluation criteria used by models
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Table 4. The results of the statistical analysis for selected models

P% RMSE R? 1 (Juw) Model (Ls)Temperature
18.327 0.027 0.978 0.001 (<5) GAB 30
13.663 0.052 0.999 0.003 (<) BET 30
5.278 0.014 0.999 0.000 (S5 s13) D’ Arcy ~Watt 30
81.199 0.471 0.062 0.285 (05 40) Henderson 30

139.188 0.692 * 0.616 (~Jl») Halsey 30
16.859 0.026 0.972 0.001 (<5) GAB 40
12.147 0.055 0.980 0.004 (<) BET 40
6.635 0.011 0.999 0.000 (&5 w12 D’ Arcy —Watt 40
72.673 0.294 0.110 0.111 (& 3w x:8) Henderson 40
77.162 0.356 * 0.163 () Halsey 40
14.398 0.040 0.992 0.002 (<5 GAB 50
12.754 0.070 0.867 0.006 (<) BET 50
4.077 0.013 0.998 0.000 (&5 1s) D’ Arcy —Watt 50
68.614 0.314 0.147 0.127 (& 3w x:8) Henderson 50
95.433 0.433 * 0.241 (~Jl») Halsey 50
5.030 0.012 0.994 0.000 (<5) GAB 60
4.111 0.022 0.945 0.001 (<) BET 60
5.783 0.016 1 0.001 (&5 1s) D’ Arcy —Watt 60
66.340 0.248 0.175 0.079 (05 ,42) Henderson 60
90.523 0.373 * 0.179 (~Jl») Halsey 60
10.223 0.037 0.961 0.002 (<5) GAB 70
11.621 0.038 0.943 0.002 (<) BET 70
4.009 0.013 0.998 0.000 (&5 1) D’ Arcy —Watt 70
71.842 0.351 0.137 0.158 (& 3w, x:8) Henderson 70

101.256 0.563 * 0.407 (-J») Halsey 70
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Abstract

Background and objectives: Organic black grapes produced in Sardasht, West Azerbaijan
province in Iran, contain resveratrol and flavonoids and high amount of melatonin with health
benefits. The relationship between equilibrium moisture content and water activity at specified
temperature is expressed as sorption isotherms. Moisture sorption isotherms are useful in
predicting shelf-life stability and in calculating the variations of moisture content during drying,
storage and packaging. In physical, chemical and microbial analysis of food, data obtained from
adsorption and desorption curves are very important factors. Isotherm curves are able to predict
the maximum moisture retention in foods during processing. In this study, the moisture sorption
isotherms of grape pulp (Siah-Sardasht cultivar) were determined using a static-gravimetric
method at 30, 40, 50, 60 and 70°C with water activities over the range of 0.1-0.9.

Material and methods: Black grapes were obtained from a vineyard in Sardasht (West
Azerbaijan province). Nine saturated salt solutions with degree of purity over 98% were used
for generating a range of relative humidity. In order to describe the sorption moisture isotherms,
the BET, GAB, Henderson, Darcy-watt and Halsey equations were tested to fit the experimental
data by using non-linear regression analysis method. The models were sorted based on the least
mean absolute percentage error (P<10%), RMSE and y, and the highest R-square. The isosteric
heat was determined using the Claussius—Clapeyron equation.

Results: At all of temperature levels, moisture sorption isotherm curves of grape pulp were of
type III, according to BET. Moisture sorption isotherms obtained in this work were affected by
temperature, and the equilibrium moisture content generally increased with temperature
elevation. According to the evaluated parameters in the tested models, P-value of Darcy-Watt
model was consistently less than 10 % and its RMSE and y* were lowest, indicating its
reliability in predicting moisture sorption behavior of grape pulp. According to results of
predicting moisture sorption in the grape pulp, it is concluded that BET and GAB models can be
used only at high temperatures. The isosteric heat showed a marked increase with decreasing
moisture content especially at the levels less than 0.3% (d.b).

Conclusion: At the studied range of water activity, the equilibrium moisture content values of
grape pulp increased with increasing temperature, and no reverse temperature effect was
observed in the range of water activities studied here. In spite of presence of sugar in the black
grape pulp, no inversion phenomenon was observed in the relationship between equilibrium
moisture content and water activity. Darcy-Watt was found to be the best model offering fits
over the entire water activity and temperature range. The isosteric heat decreased with
increasing the moisture content probably due to the fact that pulp water properties approached to
that of free water.

Keywords: Equilibrium humidity; Grape pulp (Siah-e- Sardasht Cultivar); Isosteric heat of
sorption, Sorption isotherm
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