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Table 1. Analysis results of chlorophyll extract.
Extract results

1 brix 9

2 pH 2.6

3 chlorophyll a (mg / g) 6.38

4 Chlorophyll b (mg / g) 8.59

5 Antioxidant Activity (%) 45.71

6 Total polyphenolic contents (mg GA/mL)  75.844

7 a* -9.579

p be 27.759
35.896
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Table 2. Chlorophyll a, chlorophyll b, water activity, and water solubility of powders obtained by
different drying methods.

Treatments Chlorophyll a Chlorophyll b Water activity =~ Water solubility
(mg/g) (mg/g) (%)
Hot air 428+0.10° 6.68+0.12° 0.129 +0.002 ° 2193+0.21°
Freeze-drying 6.03+0.16* 8.52+0.15% 0.071 £0.005 ° 2841+0.132
Spray-drying 3.08£0.09 © 544+0.17°¢ 0.167 £0.004 ? 25.86+0.19°

Values are expressed as mean + standard deviation. Different superscript letters within each column
indicate significant differences at the 95% confidence level (p < 0.05).
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Table 3. Comparison of bulk density, tapped density, total phenolic content, and antioxidant activity
of powders obtained by different drying methods

Treatments Bulk density  Tapped density Total phenolic content Antioxidant
(g/cm?) (g/cm?) (mg GA/mL) activity (%)

Hot air 0.194+0.001* 0.204 £0.003 * 312.37+3.14° 65.95+142°
Freeze-drying 0.191+0.003* 0.193 £0.003° 347.02+5.83* 82.19+1.59*
Spray-drying  0.195+0.001* 0.196 +0.001° 288.54 +£4.08¢ 5841 +1.13¢

Values are expressed as mean + standard deviation. Different superscript letters within each column
indicate significant differences at the 95% confidence level (p < 0.05).
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Table 4. Comparison of color parameters (L*, a*, b*) of powders obtained by different drying
methods

Treatments L* (Lightness) a* (Red/Green) b* (Yellow/Blue)
Hot air 41.61 £1.02°  -1.02+0.10" 37.27+031°%
Freeze-drying 2649+1.52°¢ -0.21+£0.05% 19.45+0.28 °
Spray-drying 50.52+0.83* -9.05+0.14° 36.65+0.55?

Values are expressed as mean + standard deviation. Different superscript letters within each column
indicate significant differences at the 95% confidence level (p < 0.05).
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Nowadays, natural pigments are widely used in the food, cosmetic,
and pharmaceutical industries, and in recent years, numerous studies
have been conducted on their extraction methods and functional
properties. The aim of this study was to optimize the extraction of
chlorophyll from vegetable wastes and to produce a stable food
colorant using spray drying, freeze-drying, and hot air-drying
methods. After extracting the pigment from vegetable residues, the
contents of chlorophyll a and b, total phenolic compounds, and
antioxidant activity were determined. The extracts were then
converted into powder using the three drying techniques. The
produced powders were analyzed for water activity, solubility, bulk
density, tapped density, antioxidant activity, total phenolic content,
and color parameters. The results showed that freeze-dried samples
contained higher amounts of chlorophyll a (6.03 mg/g) and b (8.52
mg/g), antioxidant activity (82.19%), and total phenolic compounds
(347.02 mg GA/mL). Freeze-drying also influenced the physical
properties of the powders, leading to significantly higher water
activity, solubility, bulk density, and tapped density compared to the
other methods. In terms of color parameters, spray-dried samples
exhibited superior scores. Overall, the findings indicated that freeze-
drying can produce powders with desirable physicochemical
properties, making them suitable for application as natural food
colorants.
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