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

Model Equation References
Midili et al. MR = aexp(—kt")+ bt [16]
Verma et al. MR = aexp( —kt)+ (1 —a)exp( —gt) [17]
Henderson and Pabis MR = aexp( —kt) [18]
Logarithmic MR = aexp( —kt)+c [19]
Approximation of diffusion MR = aexp( —kt)+ (1 - a)exp( —kbt) [20]
Page MR = exp(—kt") [21]
Newton MR = exp( —kt) [22]
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Fig 1 Drying kinetics of apple slices under different
BSG concentrations and drying temperatures of hot
air oven drying.
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Fig 3 Drying kinetics of apple slices under different
BSG concentrations and drying temperatures of
vacuum drying.
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Fig 4 Drying kinetics of apple slices under different
chitosan concentrations and drying temperatures of
vacuum drying.
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Fig 2 Drying kinetics of apple slices under different
chitosan concentrations and drying temperatures of
hot air oven drying.
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Table 2 Statistical results of different mathematical models for apple slices under hot air oven drying.
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Approximation of diffusion Midili Logarithmic Page
RMSE Va R? RMSE Va R? RMSE Va R? RMSE Va R?

Basil seed gum coating
BSG 0% —-0D40°C  .00730 .000587 .9994 .00720 .000519  .9994 01074 .001269 .9986 .03289  .012980 .9859
BSG 0.5%—-0D40°C .02536 .006432 .9936 .01307 .001500 .9985 .02407 .005793 9942 01728 .003283  .9967
BSG1%-0D40°C  .03347 .008960 .9875 02316  .003760 .9948 .02870 .006589  .9908 .03100 .009110 .9873
BSG0%—-0ODS50°C  .02398 .006325 .9934 02412 .005816  .9940 .02821 .008752  .9909 03734 .016730 9826
BSG 0.5%—-0D50°C .03298 .010880 .9886 03111 .008710  .9909 .03497 .012230 9872 .03477 .013300  .986
BSG1%-0ODS50°C  .01219 .000743  .9988 .01293  .000836  .9986 .01342  .000900 .9985 .02585 .004009  .9933
BSG0%-0OD60°C  .01739 .001210 .9980 01459  .000638  .9989 02211  .001956  .9967 .03761 .007073  .9881
BSG 0.5%-0D 60 °C .01790 .001282 .9978 .00797 .000190  .9997 02052 .001685 .9972 01774 .001573 9974
BSG1%-0D60°C  .02106 .002661 .9964 .02003  .002407  .9967 02016 .002439 9967 01766 .002184 9971

Chitosan coating

Ch0%—-0D 40 °C .00730  .000587  .9994 .00720 .000519  .9994 01074 .001269 .9986 .03289  .012980 .9859
Ch0.5%-0D40°C  .01722 .002668 .9967 01754 .002462 9970 .01837 .003039  .9963 .01860 .003459  .9953
Ch1%-0D 40 °C .02407 .005214 9934 04196 .014090 .9823 102967 .007922 99 .02466  .006080 .9923
Ch0%—-0D 50 °C 02398  .006325 .9934 02412 .005816  .9940 .02821 .008752  .9909 03734 .016730 .9826
Ch0.5%-0DS50°C  .01471 .000866 .9986 01635 .000801  .9987 .02050 .001681 .9972 .01893  .001792 9971
Ch1%-0D50°C 01344 .000722  .9988 02174 .001890  .9968 01585 .001005 .9983 01737 .001207 9979
Ch0%—-0OD 60 °C 01739 .001210  .9980 01459  .000638  .9989 02211  .001956  .9967 .03761 .007073  .9881
Ch0.5%-0D60°C  .02747 .002263 .9961 01748 .000061  .9989 03967 .004722 9918 03967 .004722 9918
Ch1%-0D 60 °C 01233 .000304  .9993 01720 .002959  .9994 01477 .000436  .9991 01076  .000347 .9993

BSG = Basil seed gum
Ch = Chitosan
OD = Oven drying

Table 3 Statistical results of different mathematical models for apple slices under vacuum oven
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drying.
Approximation of diffusion Midili Logarithmic Page
RMSE Va R? RMSE Va R? RMSE Ve R? RMSE Va R?
Basil seed gum coating
BSG 0% — VD40 °C 02802 .010990 .9901 00963 .001207 .9989 01250  .002189  .9980 02831 .012020 .9892
BSG0.5%—-VD40°C .00808 .000653 .9993 01036 .000107 .9989 01926  .004453 9955 01159 .001611 .9984
BSG 1% —-VD40 °C 00977 .001040  .9989 02194 .004814 .9950 00813  .000722  .9992 00862 .000891  .9991
BSG 0% - VD 50 °C 01764 .003735 .9962 01731  .003296  .9967 01815 .003952  .9960 02163  .006081 .9939
BSG0.5%—-VD50°C .01878 .003164 .9964 01682 .002264 9974 01863  .000312  .9964 01963 .003853 .9956
BSG 1% - VD 50 °C 01922 .002585 .9967 01036 .000644 .9992 01811 .002296 9970 01564 .001957 9975
BSG 0% — VD 60 °C 03263 .011710  .9869 .00894  .000800 .9991 01472 .002384  .9973 02463 .007281 9919
BSG0.5%-VD60°C .01396 .001559 .9979 01544 .008669 9978 01452 001686  .9978 01389 .001737 9977
BSG 1% — VD 60 °C .02335 .003271 .9954 01880 .000282 .9969 01309 .001029  .9986 .00704 .000347 .9995
Chitosan coating
Ch0%—-VD40°C 02802 .010990 .9901 00963 .001207 .9989 01250  .002189  .9980 02831 .012020 .9892
Ch0.5%—-VD40°C 06336 .044160 9516 .02839 .008061 .9912 94900  .042960  .9530 05405 .035060 9616
Ch1%—-VD40°C 02742 .009774  .9903 01278 .001960  .9988 01867  .004532  .9955 02699 .010200 .9899
Ch0%—-VD 50 °C 01764 .003735 .9962 01731  .003296  .9967 01815 .003952  .9960 02163  .006081 .9939
Ch0.5%—-VD 50 °C 02814 .008712  .9907 01636 .002675 9971 02365  .006153 9934 03660 .016070 .9828
Ch1%-VD50°C 01081 .001169 .9986 01237 .001378  .9984 01492 .002225 9974 01148 .001451 .9983
Ch0%— VD 60 °C 03263 .011710  .9869 .00894  .000800 .9991 01472 .002384  .9973 02463 .007281 9919
Ch0.5%— VD 60 °C 05190 .026930 .9722 04290 .016560 .9829 04415 017220  .9822 04724 .024550 9747
Ch1%-VD 60 °C 01134 .001158 .9986 01113 .000990 .9988 .01038 .0009703  .9988 01183 .001401 .9983
BSG = Basil seed gum
Ch = Chitosan
VD = Vacuum drying
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Table 4 Color changes of apple slices under different BSG concentrations and drying temperatures of
hot air oven drying.
Oven drying L* a* b* BI AE

BSG 0% — 0D 40 °C  69.65+1.04° 4.90+0.17° 32.93+0.50° 64.70+1.30° 5.63+0.95"
BSG 0.5% — 0D 40 °C  78.12+0.80° 2.80+0.38° 29.70+0.80 47.05+0.30% 4.18+0.70°
BSG 1% —0D40°C  80.24+0.70° 2.12+0.02° 28.85+1.20° 45.38+0.25" 3.25+0.30°
BSG 0% — 0D 50 °C  67.24+1.13"  7.42+1.07* 34.82+0.20° 80.85+1.15" 6.84+1.20°
BSG 0.5%— 0D 50 °C 75.19+1.02° 3.50+0.94° 30.91+0.52° 54.94+0.50° 5.19+0.40°
BSG 1% —0D50°C  78.62+070° 2.45+0.44° 30.01+1.71° 49.11+0.95" 3.80+0.65°
BSG 0% — 0D 60 °C  63.17+1.48% 8.92+0.48" 35.12+0.30° 88.15+1.50° 7.25+1.04"
BSG 0.5% — 0D 60 °C  72.43+0.97% 3.60+0.39° 30.82+0.40° 57.53+0.80° 5.25+0.98"
BSG 1% -0D 60 °C  73.92+1.08° 3.00+1.01° 30.10+0.12° 53.86+0.15° 3.92+0.81°

BSG = Basil seed gum

OD = Oven drying

Table 5 Color changes of apple slices under different chitosan concentrations and drying temperatures
of hot air oven drying.

Oven drying L* a* b* BI AE
Ch0%—-0D40°C  69.65+1.04" 4.90+0.17° 32.93+0.50° 64.70+1.30° 5.63+0.95°
Ch0.5%—0D 40 °C  73.87+071° 3.24+0.42° 30.67+0.25° 53.22+0.63% 4.85+0.17"
Ch1%—-0D40°C  75.46+0.76* 3.30+0.37° 29.00+0.54" 52.56+0.45" 4.32+0.24
Ch0%—-0DS50°C  67.24+1.13%2 7.42+1.07° 33.82+0.20° 80.85+1.15" 6.84+1.20°
Ch0.5%—0D 50 °C  72.59+0.64° 3.95+0.32¢ 31.52+0.67% 58.87+0.74° 5.51+0.20°
Ch1%-0D50°C  73.1240.36° 4.10+0.19° 30.49+0.24° 57.88+0.29" 5.10+0.27°
Ch0%—-0D 60 °C  63.17£1.48" 8.92+0.48" 35.12+0.30° 88.15+1.50° 7.25+1.04°
Ch0.5%—0D 60 °C  70.02+1.10° 4.32+0.30° 31.92+0.74° 63.50+0.82¢ 5.82+0.37°
Ch1%-0D 60 °C  71.63+0.82% 4.63+0.27° 32.40+0.31° 63.17+0.33% 5.60+0.43°

Ch = Chitosan
OD = Oven drying

Table 6 Color changes of apple slices under different BSG concentrations and drying temperatures of
vacuum drying.
Vacuum drying L* a* b* BI AE

BSG 0% — VD40 °'C  69.42+0.82° 6.25+0.93° 40.19+0.73° 88.82+1.07° 6.13+0.90°
BSG 0.5% — VD40 °C  75.48+0.73° 3.7240.48° 33.28+0.56' 60.04+0.43%  4.62+0.37°
BSG 1% —VD40°C  77.89+0.64° 3.50+0.61° 31.52+0.37% 53.96+0.52"  4.12+0.25°
BSG 0% —VD50°C  67.87+0.63" 8.49+1.12° 47.42+0.81° 118.77+1.12° 7.52+0.62°
BSG 0.5%— VD50 °C  74.33+0.39° 4.1240.53 34.19+0.42° 63.69+0.38"  5.82+0.48"
BSG 1% —VD50°C  75.19+0.48° 3.86+0.27° 33.72+0.19" 61.48+0.27%8 5.54+0.31¢
BSG 0% — VD60 °C  65.72+1.208 9.62+0.74* 52.18+1.02* 145.75+1.20° 8.25+1.01°
BSG 0.5% — VD 60 °C  71.25+0.66% 4.92+0.42% 36.48+0.64° 74.11+0.71¢  6.20+0.43¢
BSG 1% - VD 60 °C  72.47+0.40° 4.37+0.61° 34.81£0.21° 67.69+0.39° 5.90+0.21¢

BSG = Basil seed gum

VD = Vacuum drying

Table 7 Color changes of apple slices under different chitosan concentrations and drying temperatures
of vacuum drying.

Vacuum drying L* a* b* BI AE
Ch0%—-VD40°C  69.42+0.82° 6.25+0.93° 40.19+0.73° 88.82+1.07° 6.13+0.90°
Ch0.5%—-VD40°C 71.23+0.26° 4.03£0.49° 34.61£0.41% 69.76+0.39"  5.02+0.45°
Ch1%-VD40°C  73.62+0.72° 4.18+0.25° 35.46+0.22" 63.96+0.64'  4.52+0.30°
Ch0%-VD50°C  67.87+0.63" 8.49+1.12° 47.42+0.81° 118.77+1.12° 7.52+0.62°
Ch0.5%—VD50°C 71.84+0.65° 4.53+0.78° 36.13+0.51° 74.88+0.71'  6.12+0.54°
Ch1%-VD50°C  72.56+0.47° 4.89+0.30° 37.78+0.26' 72.72+0.29%8  5.98+0.42¢
Ch0%—-VD 60 °C  65.72£1.208 9.62+0.74" 52.18+1.02° 145.75+1.20° 8.25+1.01°
Ch0.5%-VD 60 °C  69.12+0.21° 5.37+0.17% 37.15+£0.23° 80.07+0.59% 6.95+0.21°
Ch1%-VD60°C  70.82+0.42% 5.84+0.33% 38.89+0.44% 78.89+0.42° 6.54+0.21°

Ch = Chitosan
VD = Vacuum drying
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Table 8 Textural properties and antioxidant anctivity of apple slices under different BSG
concentrations and drying temperatures.

Oven drying Vacuum drying
Hardness Adhesivenes  Cohesiveness 1Cso Hardness Adhesiveness  Cohesiveness 1Cso
BSG 0% —40 °C 70.38+1.02°  229.13+1.72"  138.73+£0.92°  10.54° 69.13£0.73°  228.72+1.61° 139.14+1.427 11.28°
BSG 0.5% —40 °C 58.32+0.43° 253.16+1.86° 175.19+1.13%  5.84" 58.07+0.72¢"  254.02+1.42° 176.01+0.82°  6.24°
BSG 1% —40 °C 56.75+0.61"  256.72+2.10° 180.72+0.82°  5.18% 56.4240.43"  256.92+1.14°  180.92+1.13°  5.49°
BSG 0% —50 °C 76.12+0.92°  212.81+1.90¢  130.18+1.20" 11.79° 75.82+1.27°  202.81+1.157  129.87+0.98¢ 12.07°
BSG 0.5% —50 °C 60.81+0.77¢  250.19+1.14°  171.42+1.32°  6.69° 60.25£0.59  249.92+0.71°  171.50£0.38%  6.97°
BSG 1% -50 °C 58.92+0.35° 253.7240.75° 174.62+0.71°  5.94¢ 58.3740.42°  253.41+0.65° 174.20+041°  6.25°
BSG 0% —60 °C 82.45+0.85" 198.89+1.21" 129.14+137" 13.56° 80.63+1.25"  196.25+0.82%  128.42+0.55% 13.84°
BSG 0.5% —60 °C 61.93+0.69¢  245.74+0.95° 168.44+0.77°  7.24¢ 61.25+0.72  24591+1.17%  169.17+0.82°  7.50°
BSG 1% —60 °C 59.9740.52° 249.18+0.63° 171.5240.42°  6.62° 59214031  249.83+0.34° 171.87+0.45° 6.95°
Vitamin C 487" 4.87¢
BSG = Basil seed gum
OD = Oven drying
Table 9 Textural properties and antioxidant activity of apple slices under different chitosan
concentrations and drying temperatures.
Oven drying Vacuum drying
Hardness Adhesiveness  Cohesiveness 1Cso Hardness Adhesiveness  Cohesiveness 1Cso
Ch 0% —40 °C 70.38+1.02°  229.13+1.72°  138.73+0.92° 10.54° 69.13£0.73°  228.72+1.61° 139.14+1.428 11.28°
Ch0.5% —40 °C 61.22+0.69%  238.32+0.93°  169.62+0.69°  7.43' 61.32+0.53%  238.69+1.22° 169.17+0.42°  7.60°
Ch 1% -40 °C 60.07£0.73%  244.11£127° 172.81£049"  6.338 60.25£0.62¢  243.92+0.72°  172.92+0.56"  6.52"
Ch 0% —50 °C 76.12+0.92°  212.81+1.90°  130.18+1.20"° 11.79° 75.82+1.27°  202.81+1.157  129.87+0.98° 12.07°
Ch0.5% 50 °C 64.63+0.83°  231.57+1.61¢  167.49+0.52°  7.79" 64.12+0.73°  232.04+0.51Y  167.07+0.63¢  8.09¢
Ch1%-50°C 62.97+0.97"°  236.74+0.89° 170.25+0.81°  6.72¢ 62.53+0.69"  236.71£0.32°  170.14+0.40°  6.97"
Ch 0% —60 °C 82.45+0.85" 198.89+1.21°  129.14+1.37° 13.56" 80.63+1.25"  196.25+0.82¢  128.42+0.55" 13.84°
Ch 0.5% —60 °C 66.81+0.78°  226.19+1.42"  163.29+0.72¢  8.12¢ 66.72+0.52¢  227.31+0.43°  163.70+0.51"  8.34¢
Ch 1% -60 °C 64.41+0.69°  232.81+0.81Y  166.47+1.01° 7.07 64.52+1.03°  231.98+0.67%  165.12+0.64°  7.37°
Vitamin C 487" 4.87¢

Ch = Chitosan
OD = Oven drying
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The use of edible coatings can help reduce theundesired effects caused by
the drying process of fruits and vegetables. In this study, the influence of
two different edible coatings including basil and chitosan (0, 0.5 and 1%)
on drying kinetic, color, texture and antioxidant activity of apple slices
were evaluated at different temperatures (40, 50 and 60 °C) in hot air oven
and vacuum drying. The results showed that the use of different coatings in
both drying methods increased the drying time. Fitting of different
mathematical models on the experimental data showed that the Midili
model for basil coating and the approximation of diffusion model for
chitosan coating are able to predict the moisture content more accurately
than other models. With increasing coating concentration or decreasing
drying temperature the lightness, adhesiveness, cohesiveness and
antioxidant activity enhanced. But, the redness, yellowness, brownness,
total color difference and hardness diminished. Generally, basil and
chitosan coating pretreatment could be considered as an effective approach
to improve the quality of the dried apple fruit in drying industry.
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