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Table 1 Drying models used to fit data obtained during microwave drying of apple slices

Model Equation References
Midili et al. MR = aexp(—kt") + bt [23]
Verma et al. MR = aexp( —kt )+ (1 — a)exp( — gt ) [24]
Henderson and Pabis MR = ) [25]
Logarithmic MR = aexp( —kt)+ c [26]
Approximation of diffusion MR = aexp( —kt)+ (1 — a)exp( - kbt ) [27]
Page MR = exp(~kt") [28]
Newton MR = exp( -kt ) [29]
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Fig 1 Drying kinetics of apple slices under
combined effect ofmicrowave powers and BSG
concentrations.
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Fig 2 Drying kinetics of apple slices under
combined effect of microwave powers and SSG
concentrations.
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—=Clitosan 0%- MD 360 W
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04
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0
0 0 I ) % 100
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Fig 3 Drying kinetics of apple slices under
combined effect of microwave powers and chitosan
concentrations.
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Table 2 Statistical results of different mathematical drying models for apple slices under
combined effect of microwave powers andBSG concentrations.

Approximation

verma of diffusion Midili Logarithmic Page
a4 o o« oz N A o A o o«
5 = & E X X E X X 5 X E XX
Basil seed gum coating
BSG 0% —MD 90 W § g % g g % g g § g g § % § §
3 3 <] 3 3 S 3 3 3 s 3 3 s 3 3
mooswwoow & £ 5 5§ £ 5 £ EF B EE § 4§
3 3 S 3 3 S s 3 3 s 3 3 s 3 3
BSG 1% — MD 90 W é % i § § § % g '§ g g § § E %
3 3 <] 3 3 S 3 S 3 s 3 3 3 3 3
BSG 0.5% —MD 180 W % g § E g % g g g g % § § g lg
3 3 S 3 3 S 3 3 3 s & 3 3 & I
moosewow 2 £ 5 0 E § EEE B EE EE G
3 3 S 3 3 S 3 S 3 s 3 3 3 3 3

* BSG = Basil seed gum
* MD = Microwave drying



Olnl oMo mlo 5 o ske alne

092 AY¥ b)LQa:-'

VEOY s b Y

Table 3 Statistical results of different mathematical drying models for apple slices under

combined effect of microwave powers and SSG concentrations.

Midili Logarithmic Page

Approximation
of diffusion

verma

d

HSINY

d

HSINY

d

HSINY

d

HSINY

d

HSINY

Saliva seed gum coating

90560

8¢900

09500

L0660

81100

61200

S6860

€100

L8860

€100

L8860

€100

SSG 0% —MD 90 W

80660

68000

00

U660

9000

19100

£9660

SE000

08100

9,860

6100

SSG 0.5% —MD 90 W

L8360

6,000

8000

89660

000

LS100

L1700

SSG 1% —MD 90 W

0£660

83000

16100

€100

SSG 0% — MD 180 W

L0100

6800

w000

[

98660

01000

w100

(€000

9C00

SSG 0.5% —MD 180 W

63010

#6£00

L1000

12100

91000

100

91000

9100

LES60

01€00

61200

SSG 1% - MD 180 W

€660

L1000

Y1100

0£000

65100

SSG 0% — MD 360 W

99660

61000

96100

8660

60000

05100

06660

S0000

8100

66660

00000

0000

3

:

SSG 0.5% — MD 360 W g
S

82000

99200

86060

00000

00000

61000

00000

61000

SSG 1% — MD 360 W

* SSG= Saliva seed gum

Microwave drying

*MD:

Table 4 Statistical results of different mathematical drying models for apple slices under

combined effect of microwave powers and chitosan concentrations.

Logarithmic Page

Midili

Approximation of
diffusion

verma

d

ASINY

2:!

ASINY

d

ASINY

2:!

HSINY

2:!

HSINY

Chitosan coating

90560

8900

09500

L0660

81100

67200

S6360

£€100

L8360

£v100

L8360

€100

Ch 0% —MD 90 W

£9860

0r100

91€00

SL660

S2000

6£100

6,660

12000

SE100

6,660

12000

Se100

SL660

S2000

17100

Ch 0.5%-MD 90 W

1860

SS100

£6e00

€660

9a00

I¥100

£9660

SE000

7100

1£660

82000

82000

1£660

82000

8100

Ch 1% —MD 90 W

L9960

18200

000

0£660

85000

16100

16860

16000

LYA00

1£660

¥2000

€100

1£660

Y2000

€100

Ch 0% —MD 180 W

9¢860

L0100

€0

S660

9¢000

89200

SL660

91000

10200

SS660

62000

00

15660

62000

400

Ch0.5%—-MD 180 W

11660

LS000

S8200

S8660

60000

8100

LL660

S1000

€100

L8660

80000

81100

L8660

80000

81100

Ch 1% —-MD 180 W

€660

L1000

Y1100

SE860

90100

86200

16660

S0000

12000

£5660

0£000

65100

£€5660

0€000

65100

Ch 0% —MD 360 W

S8660

L0000

65100

L6660

10000

S8000

66660

00000

71900

00000

00000

00000

€0000

Ch 0.5% —-MD 360 W

98660

L0000

LEI00

63660

90000

Iv100

00000

£6000

66660

00000

(05000

66660

00000

(05000

Ch 1% —MD 360 W

Chitosan

*Ch=

Microwave drying

*MD =
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Table 5 Color changes of dried apple slices under combined effect of microwave powers and BSG
concentrations.

Basil seed gum coating L* a* b* BI AE
BSG0%-MD90W  7842+1.09¢ 4.25+1.20° 43.58+0.79° 82.00£0.97° 5.12+0.82¢
BSG 0.5%-MD90 W  80.89+0.74> 2.90+0.77° 29.33+0.31° 46.38+0.69" 4.02+0.63¢
BSG 1% - MD 90 W 81.59+0.48* 2.69+0.31° 28.14+0.62f 44.24+0.47" 3.15+0.50¢
BSG 0% —-MD 180 W 75.39+1.32¢  525+0.90*° 45.72+0.81° 92.94+1.40° 6.25+1.20°

BSG 0.5% —-MD 180 W 78.49+0.54¢  3.10+0.42°> 29.39+0.79° 53.79+0.71° 5.02+0.37°
BSG 1% -MD 180 W 79.14+0.31° 2.90+0.37° 29.24+0.63° 48.59+0.482 3.62+0.61¢
BSG 0% —-MD 360 W  73.12+1.12¢ 5.954+0.82* 46.12+0.86* 99.17+1.07* 7.11+1.40*

BSG 0.5% -MD 360 W 74.18+0.59" 3.40+0.68® 30.38+0.65¢ 55.19+0.69¢ 5.18+0.77°
BSG 1% -MD 360 W 75.98+0.33° 3.20+0.40* 30.17+0.01¢ 50.30+0.74" 3.82+0.81¢

* BSG = Basil seed gum
* MD = Microwave drying

Table 6 Color changes of dried apple slices under combined effect of microwave powers and SSG
concentrations.
Saliva seed gum coating L* a* b* BI AE
SSG 0% —MD 90 W 78.42+1.09°  4.25+£1.2®  43.58+0.79® 82.00+£0.97° 5.12+0.82¢
SSG0.5% -MD 90 W  79.72+0.41*>  3.10£0.42° 30.20£0.41¢ 50.89+0.96% 4.18+0.35¢
SSG 1% —MD 90 W 80.63+0.23*  2.50+0.17¢ 29.52+0.729 46.26+0.52" 3.42+0.42°
SSG 0% —-MD 180 W 75.39£1.32¢  5.25+£0.90° 45.72+0.81*° 92.94+1.40" 6.25+1.20°
SSG 0.5% —~MD 180 W 76.59+0.42° 3.50£0.61%* 30.63+0.61°¢ 54.50+0.64° 5.12+0.79°
SSG 1% -MD 180 W 78.81+0.21°  3.20+0.22% 29.82+0.52¢ 50.32+0.59¢ 3.89+0.33¢
SSG 0% -MD 360 W 73.12£1.12"F  5.9540.82% 46.12+£0.86* 99.17+1.07* 7.11+£1.14
SSG 0.5% -~MD 360 W 73.96+0.617  3.80+0.71%® 30.53+0.71° 56.60+0.67¢ 5.25+0.65°
SSG 1% -MD 360 W 74.52+0.33°  3.50+0.31*® 30.31+£0.35° 52.49+0.407 4.10+0.47¢
* SSG= Saliva seed gum
*MD = Microwave drying

Table 7 Color changes of dried apple slices under combined effect of microwave powers andchitosan
concentrations.
Chitosan coating L* a* b* BI AE
Ch0%-MD90W  7842+1.09° 4.25+1.20° 43.58+0.79° 82.00+0.97° 5.1240.82¢
Ch05%-MD90W 78.58+0.42% 3.60+£0.38° 31.59+£0.59° 51.01+£0.65" 5.02+0.41¢
Ch 1% —MD 90 W 79.83+£0.37*  3.4240.50° 30.62+£0.42f 50.67+1.12"  4.42+0.58¢
Ch0%—-MD 180 W  75.39+1.32¢ 5.25£0.90° 45.72+£0.81° 92.94+1.40° 6.25+1.20°
Ch0.5%-MD 180 W 76.13+0.67° 3.90£0.21¢ 32.19+0.49¢ 55.68+0.49" 5.10+1.61¢
Ch1%-MDI180W  78.64+0.17° 3.80+0.30° 31.18+0.32° 52.74+0.68¢ 4.64+0.83¢
Ch0%-MD360W  73.12+1.127 5.95+0.82* 46.12+0.86* 99.17£1.07* 7.11x1.14
Ch0.5%-MD360W 73.61£0.25" 4.75£0.59® 32.50£0.61¢ 68.37+0.43¢ 5.50+0.59¢
Ch1%-MD360W  77.08£0.10° 4.3240.71° 31.65+£0.50° 63.8840.64° 4.92+0.81°
* Ch = Chitosan
* MD = Microwave drying
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Table 8 Textural properties of dried apple slices under combined effect of microwave powers and
BSG concentrations.

Basil seed gum coating Hardness Adhesivenes  Cohesiveness
BSG 0% —MD 90 W 95.47+£1.42¢  190.42+1.03° 118.35+1.14°
BSG 0.5% —MD 90 W 72.43£0.61%  238.19+0.74® 149.24+1.27°
BSG 1% -MD 90 W 70.92+£0.42°  240.61+£0.29% 151.27+0.422
BSG 0% —MD 180 W 101.36x1.17°  183.27+0.72F  107.72+0.93"
BSG 0.5% —MD 180 W 75.62+0.69¢  234.18+0.63° 145.42+0.88°
BSG 1% —MD 180 W 73.15+£0.439  237.59+0.33°> 149.47+0.65°
BSG 0% —MD 360 W 112.73£1.62* 177.82+1.14¢  100.45+0.97¢
BSG 0.5% — MD 360 W 79.47£1.12%  230.72+0.75¢  140.81+0.78¢
BSG 1% —MD 360 W 76.17+£0.82¢  233.27+0.42¢ 144.72+1.11°

* BSG = Basil seed gum
* MD = Microwave drying

Table 9 Textural properties of dried apple slices under combined effect of microwave powers and
SSG concentrations.

Saliva seed gum coating Hardness Adhesivenes  Cohesiveness
SSG 0% — MD 90 W 95.47+1.42¢  190.42+1.037  118.35+1.14f
SSG 0.5% — MD 90 W 74.12+0.39"  234.15+£0.79%  146.34+0.62°
SSG 1% -MD 90 W 72.28+0.518  237.724+0.83*  149.61+0.39*
SSG 0% — MD 180 W 101.36+1.17°  183.27+0.72¢  107.72+0.93¢
SSG 0.5% —MD 180 W 76.49+£0.26°  231.61+0.75¢  143.72+1.12¢
SSG 1% —MD 180 W 74.91+0.47F  235.17£0.69°  147.40+0.43°
SSG 0% —MD 360 W 112.73£1.62%  177.82%1.14"  100.45+0.97"
SSG 0.5% —MD 360 W 81.25+0.599  229.18+0.52° 138.12+0.69°
SSG 1% — MD 360 W 78.73£0.38°  23.42+0.49°  141.87+0.54¢

Table 10 Textural properties of dried apple slices under combined effect of microwave powers and
chitosan concentrations.

* SSG= Saliva seed gum
* MD = Microwave drying

Chitosan coating Hardness Adhesivenes  Cohesiveness
Ch 0% —MD 90 W 95.47+£1.42¢  190.42+1.037  118.35+1.14¢
Ch 0.5% —MD 90 W 75.36+£0.29"  229.52+0.52% 142.39+0.71°
Ch 1% -MD 90 W 73.69+0.712  233.43+1.04* 146.76+0.432
Ch 0% —MD 180 W 101.36x1.17°  183.27+0.72¢  107.72+0.93f
Ch 0.5% —MD 180 W 78.67+0.42¢  226.67+0.63¢ 138.82+0.51¢
Ch 1% —-MD 180 W 75.86+0.54"  230.31+0.52> 142.25+0.37°
Ch 0% — MD 360 W 112.73£1.62%  177.82+1.14"  100.45+0.97¢
Ch 0.5% — MD 360 W 82.62+1.079  224.69+0.81° 135.37+0.39¢
Ch 1% —MD 360 W 79.95+£0.48°  228.07+0.32°  138.79+0.74°

* Ch = Chitosan

* MD = Microwave drying
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Table 11 Antioxidant anctivity of dried apple slices under combined effect of microwave powers and

BSG concentrations.

Basil seed gum coating 500 ppm 1000 ppm 2000 ppm 4000 ppm 8000 ppm

BSG 0% —MD 90 W 10.21£0.31%¢  12.93+0.25PF  22.41+0.37¢"  33.18+0.30B¢ 38.62+0.49"¢
BSG 0.5% — MD 90 W 11.98+0.26F¢  22.46+0.39P° 27.16+0.41¢ 50.21+0.54B> 59.17+0.714°
BSG 1% - MD 90 W 15.37+0.47%  25.18+0.42P* 30.73+£0.29%® 54.16+0.625% 64.17+0.7248
BSG 0% —MD 180 W 9.34+0.34F¢  11.98+0.21P  20.12+0.38¢  29.53+0.43B"  35.2440.36A"
BSG 0.5% —MD 180 W 11.45+0.385¢  21.5140.43P¢  24.91+0.5%  45.37+0.328¢  19.54+0.344¢
BSG 1% —MD 180 W 14.73+0.528%  24.3240.39P°  28.62+0.54* 49.81+0.67% 58.27+0.514¢
BSG 0% — MD 360 W 8.25£0.19F1  11.36+0.12F¢ 18.62+£0.24"  27.1940.365  32.16+0.42A1
BSG 0.5% —MD 360 W 11.16£0.225¢  19.4940.17°¢  22.42+0.33F  42.6440.4180  51.72+0.354f
BSG 1% —MD 360 W 14.39£0.42F%  22.81+0.36°¢  25.87+0.27°¢  46.35£0.438¢  55.26+0.724¢

* Means within a row with the same uppercase letters are not significantly different at P>0.05.
* Means within a column with the same lowercase letters are not significantly different at P>0.05.
* BSG = Basil seed gum
* MD = Microwave drying

Table 12 Antioxidant anctivity of dried apple slices under combined effect of microwave powers and
SSG concentrations.

Saliva seed gum coating 500 ppm 1000 ppm 2000 ppm 4000 ppm 8000 ppm
SSG 0% —MD 90 W 10.21£0.315¢  12.93+0.25P"7 22.41+£0.37¢"  33.18+0.30B¢ 38.62+0.494¢
SSG 0.5% —MD 90 W 11.42£0.21%¢  22.124+0.21P¢  26.82+0.49%  49.12+0.528> 57.16+0.784°
SSG 1% —MD 90 W 14.92+0.47%  24.62+0.52P* 29.42+0.37% 53.73£0.67% 61.00+0.634%
SSG 0% —MD 180 W 9.34+0.34%  11.98+0.21°¢ 20.12+0.38%"  29.53+0.43B" 35.24+0.36A"
SSG 0.5% — MD 180 W 11.12+0.17%¢  21.02+£0.35P4  24.14+0.30°  43.92+0.51B¢  52.26+0.544¢
SSG 1% —MD 180 W 14.20+£0.52F  23.94+0.31P* 27.91+0.36> 47.62+0.448¢ 55.14+0.43%¢
SSG 0% — MD 360 W 8.25+0.19%0  11.36+0.12F8  18.62+0.24% 27.19+0.365  32.16+0.427
SSG 0.5% — MD 360 W 10.92+0.24F4  18.81+0.25P¢  21.90+0.19  41.17+0.428°  49.32+0.447f
SSG 1% — MD 360 W 13.8440.34  22.24+0.40°¢  25.1440.47°¢ 44.98+0.638¢  53.42+0.57A¢

* Means within a row with the same uppercase letters are not significantly different at P>0.05.
* Means within a column with the same lowercase letters are not significantly different at P>0.05.
* SSG = Saliva seed gum
* MD = Microwave drying
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Table 13 Antioxidant anctivity of dried apple slices under combined effect of microwave powers and

chitosan concentrations.

Chitosan coating 500 ppm 1000 ppm 2000 ppm 4000 ppm 8000 ppm
Ch 0% —-MD 90 W 10.21+0.31%¢  12.93+0.25Pf 22.41+0.37°¢  33.18+0.3088  38.62+0.49%¢
Ch 0.5% —MD 90 W 10.92+0.21%¢  19.92+0.277° 24.61+£0.35%¢ 48.24+0.38B> 56.27+0.424°
Ch1%-MD 90O W 13.72£0.45%  22.82+0.31P* 28.17+0.42¢%  51.62+0.4%%  60.41+0.4742
Ch 0% —MD 180 W 9.34+0.34%  11.98+0.21°¢  20.12+0.38%¢  29.53+0.43B" 3524+0.36"
Ch0.5% - MD 180 W 10.61£0.27%¢  18.12+0.19P4  22.75+0.21¢¢  42.19+0.448° 51.52+0.37A¢
Ch 1% —-MD 180 W 13.25+0.36F%  20.72+£0.22P°  25.91+0.3°®  47.25+0.398°  54.12+0.49A¢
Ch 0% —MD 360 W 8.25+0.19F¢  11.36+0.12B8 18.62+0.24%¢ 27.19+0.36%  32.16+0.4271
Ch 0.5% —MD 360 W 9.81+0.24%¢  15.83+0.33P°  19.61+0.16"  39.71+0.345"  47.64:+0.43A1

Ch 1% —-MD 360 W

12.91+0.17%

18.74+0.24P4

22.5440.32¢

43.51+0.458¢

52.61+0.3644

* Means within a row with the same uppercase letters are not significantly different at P>0.05.
* Means within a column with the same lowercase letters are not significantly different at P>0.05.
* Ch = Chitosan
* MD = Microwave drying
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The aim of this research was to investigate the effect of basil, sage and
chitosan edible coatings on the physicochemical properties of microwave-
dried apple slices. In this study, apple fruit slices were coated with basil, sage
and chitosan in three concentrations (0, 0.5 and 1%) and dried at different
microwave powers (90, 180 and 360 W). The drying kinetics, color, texture
and antioxidant activity of apple slices were investigated.The analysis of the
data indicated that the drying of the apple slices happened only in the range of
the descending speed period.These data were fitted with 7 different
experimental models, among the models, the most suitable models for basil,
sage and chitosan coatings were Midili, Approximation of diffusion and
Verma, respectively. Midili was able to predict moisture content more
accurately than other models. Also, the amount of brightness, adhesivenes,
cohesiveness and antioxidant activity increased with the increase of coating
concentration and microwave power, but the amount of redness, yellowness,
browning, general color change and hardness decreased. In general, edible
coating is one of the new methods that increases the shelf life and quality of
the final product. Therefore, it is recommended to treat fruits using edible
coatings to increase the appearance quality and improve the color at the end of
the drying process.
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