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Table 1. Analysis of variance (ANOVA) for anthocyanin content at different extraction condition
(temperatures, times, and weights)

P i F e Olag o g games Sl o Sls Oy S5 2blS @oll 4 s s
sum of Mean Regression degrees of
P-value F-value S Source
squares square Coefficients freedom
0.000" 27.66 6444.87 805.61 195.921 8 ) S
Regression
. = ol
0.000 70.75 6181.16 2060.39 - 3 ) S
Linear effects
« (A) s
0.000 75.19 2189.52 2189.52 13.508 1
Temperature (A)
. (B) obss
0.001 20.97 610.76 610.76 7.134 1
Time (B)
R C) <5 03
0.000 116.10 3380.89 3380.89 13.705 1 ) (C) i 05
Sample weight (C)
> > ol
00781  0.25 14.79 7.39 - 2 _ fa2 502 =
Quadratic effects
(AZ) Los x Lo
0.711 0.15 4.25 4.25 -1.031 1 Temperature (A?)x
Temperature
(BZ) Olesx ok
0.562 0.36 10.54 10.54 1.623 1 . . 5
TimexTime (B9)
Jlize 3
0.097 2.85 248.91 82.97 - 3 ) Je
Interaction effects
(AXB) ol x Les
0.559 0.37 10.72 10.72 1.158 1 .
TemperaturexTime (AxB)
(AXC) %505 035 x s
0.236 1.61 46.91 46.91 -1.977 1 Temperaturex
Sample weight (AxC)
(BXC) w50 035 % Ol
0.031 6.57 191.28 191.28 -3.992 1 . .
Sample weight (BxC) xTime
ol 3L
; ; 262.09 29.12 - 9 _ e
Residual
- - 6706.96 - 17 Total s
96.09% R’ e

*Significant difference (p<0.05)
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Table 2. Comparison between experimental and predicted anthocyanin content from Echium Amoenum petals under
different conditions

e o gl Ol gl Al Ol 9 o

g -1 £S5 05 . ¢ .. .

okl 3 (mgll) i (mgl ) Weight (cels) Ol (;\JSJULJ ay3) L Sles
; Extraction : .
Residual  prediicted extraction effic)i(encyl (g © Time (h)  Temperature ("C)  Treatment
efficiency (mgl™) 1

4.480 157.354 161.83 3 3 40 1
2.400 165.700 168.10 5 4 40 2
-2.459 177.292 174.83 3 5 40 3
-4.786 196.703 191.92 5 3 40 4
-0.264 197.064 196.80 3 4 40 5
0.629 200.671 201.30 5 5 40 6
-6.962 172,712 165.75 3 3 50 7
1.451 182.216 183.67 5 4 50 8
-3.332 194.965 191.63 3 5 50 9
7.026 208.107 215.13 5 3 50 10
-4.626 209.626 205.00 3 4 50 11
4.443 214.390 220.83 5 5 50 12
-0.042 186.009 185.97 3 3 60 13
1.197 196.670 197.87 5 4 60 14
3.266 210.577 213.84 3 5 60 15
0.284 217.449 217.73 5 3 60 16
-0.159 220.125 219.97 3 4 60 17
-4.547 226.047 221.50 5 5 60 18

5.0 5.0 -
Anthocyanin Anthocyanin
a (mg/1) h (mg/h)
< 180 < 185
180 - 190 185 — 190
4.5 M 190 - 200 4 W 190 - 195
B 200 - 210 5 M 195 - 200
& n > 210 o) 205
: = 205
Hold Values 3
f Time (h) 4 old Values
§‘ 4.0 ime () g 4.0 Temperature (°C) 50
® ®
¥ H
3.5

45 50 55 g
Temperature (°C) Time (h)

50q Anthocyanin
(mg/1)

r < 180

180 - 190

4 M 1% - 200
pES W 200 - 210
] > 210
E Hold Values
Petal weight 4
E a0 weight (g)
=
3.5
3.0+
40 45 50 55

Temperature (°C)

3 S8 055 i 31 (I 035 J8 S8 51 sl 5T OS5 gl il iyl Jis sla pite Jolie Sl 3T ) IS
) Al 0y 5 gl il slos Jlie U (7 gl sl 0l 5 S8 055 Jlize 5T (0 gl sl slos
Figure 1. Interaction effects of independent variables for anthocyanin extraction from Echium Amoenum petals. a)

Interaction effects of extraction temperature and petal weight, b) Interaction effects of petal weight and extraction
time; ¢) Interaction effects of extraction temperature and time
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Figure 2. The optimum point of anthocyanin extraction condition from Echium Amoenum petals
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Figure 3. Fitting Model to experimental data
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Abstract

Background and objectives: Color is one of the most important factor for consumer
acceptance. Pigments (natural colorants) are the safest colorants for oral use. Anthocyanins are
the most important group of pigments after chlorophyll that are non-toxic, water soluble and
widely present in plant cytoplasm. These flavonoid pigments are responsible for the colors of
red, blue and purple in many fruits, vegetables and flowers. Echium Amoenum is one of the
most important medicinal plants in Iran. This plant is cultivated in many parts of the world for
therapeutic purposes and uses many flowers and leaves of this plant. The general objective of
this research was to optimize the extraction conditions of anthocyanin pigment from the Echium
Amoenum petals by solvent soaking (methanol/water) method.

Materials and Methods: In order to achieve the highest extraction efficiency of anthocyanin
pigment from Echium Amoenum petals, the effects of three factors including temperature (60,
50 and 40 °C), time (3, 4 and 5 h), and the weight ratio of Echium Amoenum petals to the
solvent (3 and 5 g) were examined. Therefore, 18 treatments were designed in accordance with
a complete full factorial design. Methanol and water were mixed at 0.5:1.5 (v/v) ratio. The
amount of anthocyanin extracted from each treatment was measured by differential pH method
using spectrophotometer. According to the results of the tests, the best extraction conditions
from Echium Amoenum petals were predicted with the highest anthocyanin level. Statistical
analysis were done in Minitab 16 software using full factorial design.

Results: The linear effects of temperature, time and weight ratio of Echium Amoenum petals to
the solvent on anthocyanin content were significant. Interaction and quadratic effects of
temperature, time and weight ratio of Echium Amoenum petals on anthocyanin changes were not
significant. The results showed that extracted anthocyanin content increased significantly with
increasing temperature, time and weight ratio of Echium Amoenum petals to the solvent.
Optimal conditions to extract the highest amount of anthocyanin extracts from Echium
Amoenum petals (229.191 mg/l) were predicted at 60°C, 5 h time and 5 g weight ratio. The
results showed that there was no significant difference between predicted and experimental
extraction conditions.

Conclusion: By replacing conventional synthetic colorants with natural one, food
manufacturers could take a positive step towards producing healthy food with high safety level.
Full factorial design is a useful way to predict the pigments extraction conditions from plants.
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