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Abstract

This project was carried out to optimize the extraction and microencapsulation of color compounds of the
processing waste of (Urtica dioica). Response surface method to investigate the effects of independent variables
of ethanol solvent concentration (100, 50, and 0%), solvent to the raw material ratio (in three ratios of 30, 45,
and 60%), three times (1, 4 and 7 hr) and Three temperatures (20, 40 and 60° C) were performed on extraction
efficiency, chlorophyll content, and pheophytin of ethanolic extract of nettle color extract. Optimization of the
extraction process based on the models obtained from the optimal extraction conditions, the solvent to raw
material ratio was 33:67, the solvent concentration was 100%, the extraction time was 7 hours and the extraction
temperature was 25°C. Under optimal conditions, the extraction efficiency was 7.99%, the amount of
chlorophyll and pheophytin extracted were 54.75 and 341.54 mg/100gdry matter, respectively. In order to
stabilize the extract, the microencapsulation was applied with two walls of maltodextrin and
polyvinylpyrolidone by a spray dryer. Production capacity of microcapsules, moisture, bulk density, color
properties, and glass transition temperature of microcapsules of Urtica dioica extract were investigated. Also,
the stability of the color compounds of microcapsules during 21 days of storage in different humidity and
temperature conditions was evaluated. The results showed that the microencapsulated colored compounds with
maltodextrin had better physicochemical properties compared to other microcapsules. The number of color
compounds in the microcapsules decreased during 21 days of storage, but the microencapsulation caused more
protection and stability of the color compounds in the microcapsules in different humidity and temperature
conditions. The coefficient of determination was more than 0.90) and was introduced as the optimal treatment.
Both microcapsules were stable at room temperature with 121.35 and 82°C glass transfer temperatures,
respectively.
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2. Differential scanning calorimetry (DSC)
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1. Scanning electron microscope(SEM)
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Table 1. Analysis of variance for quadratic polynomial models predicted on response variables (quantitative and qualitative properties) of
color extract
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Fig 1. Response surface plot a) The effect of solvent ratio to raw material and solvent concentration; b) The effect of solvent ratio to raw
material and time (hour); c) The effect of solvent ratio to raw material and temperature (°C); d) The effect of solvent concentration and time
(hour); e) The effect of solvent concentration and temperature (°C); f) The effect of temperature (°C) and time (hour) on efficiency of color
component extraction from Urtica dioica
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Table 2. Analysis of variance of regression coefficients of the obtained models on response variables (quantitative and qualitative
characteristics) of urtica dioica extract
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Pheophytin Chlorophyll Extraction
(mg/q) (mg/q) efficiency(%o)
59.53+2.4a 3415%1.04a 9/7¥1.7a o) gl gl g,y b
(o0
Response surface results (predicted)
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Experiment results (observed)
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.*Means + SD (standard deviation) within a column with the same lowercase letters are not significantly different at P < 0.05
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Fig 2. Response surface plot a) The effect of solvent ratio to raw material and sol

vent concentration ; b) The effect of solvent ratio to raw

material and time (hour); c) The effect of solvent ratio to raw material and temperature (°C); d) The effect of solvent concentration and time
(hour); e) The effect of solvent concentration and temperature (°C); f) The effect of temperature (°C) and time (hour) on Chlorophyll

content in Nettle extract.
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Fig 3. Response surface plot a) The effect of solvent ratio to raw material and solvent concentration; b) The effect of solvent ratio to raw
material and time (hour); ¢) The effect of solvent ratio to raw material and temperature (°C); d) The effect of solvent concentration and time
(hour); e) The effect of solvent concentration and temperature (°C); f) The effect of temperature (°C) and time (hour) on Pheophytin content
in Nettle extract.
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Table3. Physicochemical characteristics of produced microcapsules.
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L* parameter
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a* parameter
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Table 4. Distribution of particle size in produced microcapsules.
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Distribution of particle size (1)
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Particle size (1)
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Type of wall material

AL YIYY M 5l S g ka8 &l s 1Y
%10 of particles have diameter <3.27 u
WIS YEIYY UM 5l S (g s ol )3 5170
%50 of particles have diameter <26.32 p
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% 90 of particles have diameter <72.88 p
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Polyvinylpyrrolidone

.*Means + SD (standard deviation) within a column with the same lowercase letters are not significantly different at P < 0.05
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Table 5. Reaction of wall type, moisture, temperature and storage time on chlorophyll content a and b

< edols P Jedssls G2 NS ol a9 s Susb, o)lpd g9
Chlorophyll b Chlorophyll a Storage time (day) 1,5 le (4o y9) Wall type
Temperature (‘'C)  Moisture(%)
138.8 a 90.78 b 7 4 52
43.32 h 47.83 g 14
17.05 ghi 16.34 i 21
88.4 bc 52.46 f 7
53.8 def 19.74 i 14 o5
8.18 hi 11.18 kl 21
137.34 a 93.47 b 7 4 75
21.52 fghi 15.94 ij 14
68.21 cde 10.23 kl 21 .
107.42 ab 52.46 f 7 e o)l
16.66 ghi 19.74 i 14 25 2SS
8.04 hi 11.18 ki 21 Maltodextrin
wall
85.37 bcd 100.52 a 7 4 52
51.64 defg 62.77 d 14
26.29 fghi 11.92 ik 21
51.72 defg 59.96 e 7
31.53 fghi 31 h 14 25
11.46 hi 421 m 21
68.57 cde 77.33 c 7 4 75
20.94 fgli 28.67 h 14
9.88 hi 4.47 m 21 ; oylasd
31.97 fghi 27.67 h 7 25 Jes Sk ol
21.36 fghi 19.2 i 14 0995
6.09 i 2.92 m 21 Polyvinyl
pyrrolidone
Wall

.*Means + SD (standard deviation) within a column with the same lowercase letters are not significantly different at P < 0.05
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