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Abstract

This research aimed to study the effect of pre-treatments prior to drying and drying
temperatures on physical, chemical and microbiological properties of some indigenous vegetables,
namely cowslip creeper, ceylon spinach and star gooseberry. These vegetables were pre-treated
prior to drying for 12 conditions i.e., immersing in a solution of potassium metabisulfite (KMS), citric
acid and sodium hydroxide (NaOH) for 5, 10 and 15 minutes, and blanching for 30, 45 and 60
seconds compared to fresh vegetables as a control sample. After that, they were dried with a tray
hot-air dryer with 3 different temperatures (50, 60 and 70 °C). It was found that the pre-treatments
prior to drying and drying temperatures significantly affected drying processes and properties of
these dried cowslip creeper, ceylon spinach and star gooseberry. At higher drying temperatures,
the drying time was shorter. It was also observed that blanching led to the shortest drying time
compared with KMS, NaOH and citric acid soaking, respectively. The total color change value of
vegetable soaking in KMS for 15 minutes before drying gave the lowest value compared with fresh
vegetables (p<0.05), followed by NaOH, citric acid soaking and blanching, respectively. When drying
at higher temperatures, the water activity, vitamin C, moisture and protein contents of all dried
vegetables were reduced, whereas the rehydration, fiber and ash contents were increased
significantly (p <0.05). In addition, the KMS soaking before drying led to a low number of total
microbial counts, and yeast and mold count of all dried vegetables. Also, drying at high temperature
resulted in decreasing of their microbial counts. According to the results, it could be concluded
that KMS soaking for 15 min and then drying at 70 °C was the optimum condition for drying these

indigenous vegetables.

Keywords: drying; pre-treatment; cowslip creeper (Telosma minor); Ceylon spinach (Basella alba);

star gooseberry (Sauropus androgynus); color; potassium metabisulfite
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Table 1 Pre-treatments prior to drying compared with control sample (fresh vegetable)

No. Pre-treatments Times
1 Soaking with 0.1 % potassium metabisulfite 5 minutes
2 Soaking with 0.1 % potassium metabisulfite 10 minutes
3 Soaking with 0.1 % potassium metabisulfite 15 minutes
4 Soaking with 0.5 % citric acid 5 minutes
5 Soaking with 0.5 % citric acid 10 minutes
6 Soaking with 0.5 % citric acid 15 minutes
7 Soaking with 1 % sodium hydroxide 5 minutes
8 Soaking with 1 % sodium hydroxide 10 minutes
9 Soaking with 1 % sodium hydroxide 15 minutes
10 Blanching in boiled water 30 seconds
11 Blanching in boiled water 45 seconds
12 Blanching in boiled water 60 seconds
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Figure 1 Drying curves of cowslip creeper at (a) 50 °C, (b) 60 °C and (c) 70 °C
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Figure 2 Drying curves of ceylon spinach at (a) 50 °C, (b) 60 °C and (c) 70 °C
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Figure 3 Drying curves of star gooseberry at (a) 50 °C, (b) 60 °C and (c) 70 °C

Table 2 Total color change of dried indigenous vegetables compared to fresh vegetables

Drying temperatures (°C)
Treatments Cowslip creeper Ceylon spinach Star gooseberry
50 60 70 50 60 70 50 60 70
Untreated (control) | 0.00+0.00° | 0.00+0.00° | 0.00+0.00° | 0.00+0.00* | 0.00+0.00° | 0.00+0.00°* | 0.00+0.00* | 0.00+0.00* | 0.00+0.00
KMS 5 min 0.27+0.02° | 0.19+0.02° | 0.20+0.02° | 0.22+0.01% | 0.21+0.01¢ | 0.22+0.01% | 0.34+0.01° | 0.28+0.02° | 0.12+0.01°
KMS 10 min 0.26+0.01° | 0.18+0.01° | 0.19+0.01° | 0.12+0.02° | 0.18+0.02° | 0.17+0.02° | 0.16+0.02° | 0.12+0.01° | 0.12+0.01°
KMS 15 min 0.13+0.02° | 0.13+0.01° | 0.12+0.02° | 0.06+0.01° | 0.13+0.02° | 0.13+0.02° | 0.13+0.00° | 0.06+0.01° | 0.05+001°
Citric acid 5 min 0.49+0.02° | 0.49+0.02° | 0.50+0.02° | 0.85+0.02° | 0.34+0.02" | 0.56+0.01° | 0.56+0.01¢ | 0.35+0.02° | 0.23+0.02°
Citric acid 10 min | 0.36+0.01° | 0.44+0.01° | 0.49+0.02° | 0.34+0.02° | 0.22+0.01% | 0.45+0.01" | 0.46+0.02" | 0.29+0.01° | 0.22+0.02°
Citric acid 15 min | 0.35+0.02° | 0.37+0.01° | 0.36+0.01" | 0.23+0.02" | 0.21+0.01° | 0.46+0.02" | 0.44+0.02" | 0.23+0.01¢ | 0.23+0.03¢
NaOH 5 min 0.20+0.01° | 0.20+0.02° | 0.26+0.01° | 0.21+0.01% | 0.17+0.01° | 0.21+0.01% | 0.22+0.02° | 0.23+0.02° | 0.27+0.02°
NaOH 10 min 0.20+0.02° | 0.26+0.01% | 0.38+0.01" | 0.22+0.02" | 0.23+0.02° | 0.34+0.01° | 0.34+0.01° | 0.23+0.01¢ | 0.28+0.02°
NaOH 15 min 0.25+0.01% | 0.25+0.02° | 0.37+0.03" | 0.13+0.02° | 0.46+0.02° | 0.34+0.03° | 0.32+0.01° | 0.24+0.02° | 0.32+0.01°
Blanching 30 sec 0.50+0.03¢ | 0.38+0.01° | 0.50+0.01° | 0.39+0.02" | 0.45+0.02% | 0.45+0.02" | 0.57+0.02° | 0.43+0.01" | 0.43+0.01°
Blanching 45 sec 0.50+0.03¢ | 0.25+0.01% | 0.37+0.02" | 0.34+0.02° | 0.35+0.02" | 0.34+0.01° | 0.46+0.02" | 0.31+0.01" | 0.46+0.01°
Blanching 60 sec 0.39+0.02" | 0.25+0.02¢ | 0.32+0.01° | 0.21+0.01° | 0.25+0.01° | 0.34+0.01° | 0.24+0.02 | 0.32+0.01" | 0.32+0.01'

Results shown as means + SD (n = 3). Data within columns followed by different letters are significantly different (p <0.05).
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Figure 4 Rehydration of indigenous vegetables

dried at 50, 60 and 70 °C
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Table 3 Chemical properties of indigenous vegetables dried at 50, 60 and 70 °C

Vitamin C Chemical composition (%)
Samples EW

(mg/100 g) Protein I Fiber I Ash | Fat | Carbohydrate Moisture
Cowslip creeper
KMS 15 min, 50 °C | 0.65+0.00° | 12.1+0.02° | 27.39+0.02* | 5.29+0.02" | 4.25+0.05" | 6.02+0.05% | 51.43+0.05" | 5.62+0.07°
KMS 15 min, 60 °C | 0.62+0.01% | 9.7+0.01¢ | 26.39+0.02%° | 5.31+0.04" | 5.24+0.04° | 5.79+0.01% | 51.97+0.05" | 5.30+0.05°
KMS 15 min, 70°C | 0.58+0.00° | 7.5+0.00" | 25.34+0.04° | 6.49+0.03" | 7.20+0.01" | 5.85+0.03° | 50.20+0.04% | 4.92+0.03"
Ceylon spinach
KMS 15 min, 50 °C | 0.62+0.00¢ | 14.8+0.02° | 26.35+0.14% | 12.13+0.02" | 10.79+0.06° | 5.25+0.02* | 39.70+0.04° | 5.78+0.04°
KMS 15 min, 60 °C | 0.61+0.00< | 8.1+0.00° | 25.42+0.03" | 12.22+0.03 | 13.56+0.03° | 5.32+0.01° | 37.97+0.04° | 5.51+0.02°
KMS 15 min, 70°C | 0.53+0.02* | 7.6+0.01" | 24.97+0.05° | 13.25+1.86° | 15.37+0.02° | 5.91+0.03" | 35.59+0.05° | 4.91+0.03"
Star gooseberry
KMS 15 min, 50 °C | 0.70+0.01" | 13.840.02° | 5.71+0.01° | 15.67+0.02° | 13.98+0.01¢ | 5.74+0.03% | 53.07+0.06° | 5.83+0.06°
KMS 15 min, 60 °C | 0.62+0.00% | 11.740.01° | 4.81+0.03° | 15.98+0.03° | 14.67+0.02° | 5.61+40.02° | 53.44+0.04° | 5.49+0.04°
KMS 15 min, 70°C | 0.60+0.00° | 7.7+0.01" | 4.42+0.04° | 16.07+0.02° | 17.02+0.04° | 5.93+0.03% | 51.67+0.02" | 4.89+0.01*

Results shown as means +SD (n = 3). Data within columns followed by different letters are significantly different (p <0.05).
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Table 4 Microbiological properties of dried

indigenous vegetables at 50, 60 and

70 °C
Total plate count | Yeast and mold
Samples
(CFU/9) (CFU/g)

Cowslip creeper
KMS 15 min, 50 °C 300 <10
KMS 15 min, 60 °C 160 <10
KMS 15 min, 70 °C 100 not detected

Ceylon spinach
KMS 15 min, 50 °C 293 <10
KMS 15 min, 60 °C 130 <10
KMS 15 min, 70 °C 100 not detected

Star gooseberry
KMS 15 min, 50 °C 176 <10
KMS 15 min, 60 °C 130 <10
KMS 15 min, 70 °C 100 not detected
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