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Abstract

Saffron petals are known as one of the richest sources of anthocyanin. Considering the significant production
statistics of this plant and the high consumption of anthocyanin as an authorized food color in Iran, its industrial
extraction can be worth to be considered. In this study, with an industrial approach (determination of parameters
considering industrial extraction), conditions for extracting monomeric anthocyanin from saffron petals using a
single solvent of citric acid have been investigated for the first time. Among the reasons for this choice to replace
other solvents studied in previous studies, we can mention the availability and allowability of this substance in
the food industry. The variables of solvent to dry plant tissue ratio in the range of 10 to 60 ml/g, extraction
temperature in the range of 25 to 35 °C, solvent concentration percentage in the range of 5 to 20 and extraction
time of 2 to 120 minutes were considered for this experiment. After obtaining the most appropriate model for the
laboratory data output, extraction conditions were optimized to achieve the highest amount of extracted
anthocyanin using the surface-response method. The solvent to dry petals ratio was recognized as the most
significant extraction variable according to the obtained coefficients. Solvent ratio to dry petals of 10 ml/g,
solvent concentration percentage of 5.04, extraction temperature of 25 °C, and extraction time of 179.555
minutes was determined as the optimal extraction conditions. Extraction time of up to 180 minutes was
considered to optimize. The model predicted that the amount of extracted anthocyanin in the optimal conditions

was 688.944 mg.IL.
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Figure 1 - Chemical structure of anthocyanin.
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Table 2- Saffron petals anthocyanin extraction results

558 dly
Factors Response
(A) pbo; (B) Yo clile aoys Lo (D) S8 4y Il S 0 im0
Time Solvent concentration Temperature Solvent ratio Extraction

»‘9

Unit .
- Minute % °C ml.g? mg.I*

L LS)

Index
1 60 125 30 35 188.795
2 60 5 30 35 123.723
3 60 125 35 35 139.547
4 60 20 30 35 150.44
5 60 125 25 35 190.06
6 120 125 30 35 192.98
7 60 125 30 60 106.924
8 2 20 25 35 136.312
9 2 5 35 10 572.846
10 2 20 25 60 110.861
11 120 5 25 60 95.189
12 2 5 35 60 126.991
13 2 20 35 10 488.397
14 120 20 25 10 470.521
15 120 5 35 60 133.985
16 2 20 35 60 95.646
17 2 125 30 35 132.609
18 60 125 30 35 188.795
19 120 20 35 60 151.54
20 120 20 25 60 179.75
21 120 20 35 10 450.7
22 2 5 25 60 149.386
23 60 125 30 35 188.795
24 60 125 30 35 188.795
25 120 5 25 10 660.15
26 2 5 25 10 618.328
27 120 5 35 10 626.608
28 60 125 30 10 494.147
29 60 125 30 35 188.795
30 60 125 30 35 188.795
31 40 5 25 35 137.253
32 40 20 30 35 130.718
33 80 125 30 35 148.375
34 80 20 25 35 142.872
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Figure 3- Normal Plot of Residuals.
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Figure 2- Predicted values vs. actual values plot.
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Table 3- Amount of anthocyanin, extracted from different plant matrices

T wilowgis] o5 .
o ile ol ORI O &
. Amount of anthocyanin
Matrix name 1 Source
(ml.g™)
a3l e 0.558 Fulekiet al., 1968
Cranberry
g ol 2-10 Bronnun-Hansen & Flink, 1985
Elderberry
‘s 1.74 Andersen,1987
Cowberry
Saf 4 Ji 0.78 Andersen, 1987
Small cranberry
e 1.6 Wilska et al., 1992
Blackcurrant
SR 2.9 Wilska et al., 1992
Chokeberry
S e 43 Wilska et al., 1992
Bilberry
ole; S8 6.78 Hemmati Kakhki et al., 1994

Saffron petals
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Table 4 - Lack of fit

J g9 o Gl 5ol e OMSESRY ol R Jae b Ghjln ol Jles!
Model type  Standard deviation R?adjusted R?peredicted p-Value
b 99.60 0.7228  0.6845 0.5945 0.0001>

Linear
ok ’2° :Lw A 103.03 0.7647  0.6624 0.0771 0.0001>
942 35.35 0.9771  0.9603 0.8911 0.0001>
Quadratic

a2 29.49 0.9950  0.9724 0.0001>

Cubic
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Table 5 - Regression coefficients for the amount of saffron petal anthocyanin in the quadratic model

St glad F ij,l p eyl
Standard error F-Value p-Value

Je sbo,ls oo
Model parameters  Coefficient
el 166.21
Intercept
ol A 1106
Time
Pl cdale 3oy B 2656
Solvent percentage
k> —C 6.57
Temperature
> s D -206.04
Solvent ratio
AB 1.06
AC 0.4710
AD 1.63
BC -2.01
BD 38.95
CD 3.80
A2 19.38
B? -18.23
C? 3.92
D? 163.15

10.33 5798  <0.0001
8.43 1.72 0.2053
7.96 11.14 0.0035
8.36 0.6176 0.4416
8.84 543.31  <0.0001
8.95 0.0141 0.9067
9.02 0.0027 0.9589
9.44 0.0298 0.8648
8.55 0.0554 0.8164
9.44 17.02 0.0006
9.44 0.1616 0.6922

19.89 0.9492 0.3422

18.44 0.9771 0.3353

19.30 0.0412 0.8412

18.93 74.25  <0.0001
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Figure 4- Surface-response plot of anthocyanin content against two variables of temperature and time with 12.5% solvent
percentage and 35 ml.g solvent ratio.
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Figure 5 - Surface-response plot of anthocyanin content against two variables of temperature and time with 20% solvent
percentage and 60 ml.g* solvent ratio.
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Figure 6- Surface-response diagram of anthocyanin content against two variables of temperature and time with 5% solvent
percentage and 10 ml.g* solvent ratio.
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Figure 7- Surface-response plot of anthocyanin content against two variables of temperature and solvent ratio with solvent
percentage 12.5% and extraction time 60 minutes.
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Figure 8- Surface-response plot of anthocyanin content against two variables of temperature and solvent percentage with
solvent ratio of 35 ml.g™ and extraction time 60 minutes.
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Figure 9 - Surface-response plot of anthocyanin content against two variables of temperature and solvent percentage with
solvent ratio of 10 ml.g™* and extraction time 60 minutes.
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Figure 10 - Surface-response plot of anthocyanin content against two variables of time and solvent ratio with solvent
percentage of 12.5 and extraction temperature of 30 °C.
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Figure 11 - Surface-response plot of anthocyanin content against two variables of time and percentage of solvent with solvent
ratio of 35 ml.g™! and extraction temperature of 30 ° C.
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Table 6 - Predicting the optimal conditions for achieving the highest anthocyanin extraction efficiency of saffron petals
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Optimization parameters
SAS o Pl o 10 60 10
Solvent ratio (ml.g)
St el o Ll a0 20 5.04
Solvent percentage (weight.volume™?)
gl gl 25 35 25
Extraction temperature (°C)
gl oles 2 180 179.555
Extraction time (Minute)
e 95.189 690  688.944
Anthocyanin (mg.I"%)
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