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Background and Objective: Saffron petals are one of the main by-
products of saffron processing that are produced on a large scale
and, despite the presence of abundant active compounds, are
discarded and have not been used in the production of commercial
value-added products. Since saffron petals are a cheaper source for
extracting bioactive compounds with effective clinical effects
compared to saffron stigma, this study aimed to investigate the
effect of cold plasma pretreatment and then ultrasound-assisted
extraction of saffron petal extract on the functional properties of the
extract.

Materials and Methods: In this study, the response surface
methodology was used to design the experiment and 11 treatments
with two independent variable including petal to solvent ratio (1, 3.5
and 6%) and ethanol concentration (0, 15 and 30%) were
investigated for extraction and the parameters of free radical
scavenging rate, total phenol content, total flavonoid content, total
anthocyanin content, extraction yield and dry matter of saffron petal
extract were measured. Then, the extraction process was optimized
using Design Expert software.

Results: The results showed that the petal to solvent ratio and the
ethanol concentration had a significant effect on the functional
properties of the extract, and the actual equation of the effect of
extraction variables on these properties was determined and
reported. In general, with increasing the petal to solvent ratio, the
total phenol and total flavonoid contents in the extract decreased.
Increasing the amount of ethanol in the solvent also had a negative
effect on the total phenol and total flavonoid contents of the extract.
In contrast, with increasing the petal to solvent ratio, the amount of
total anthocyanin in the extract increased. Concerning the quadratic
effect of the ethanol concentration, an increase followed by a
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decrease in the amount of total anthocyanin was observed. The
study of the antioxidant properties through the free radical
scavenging activity, also showed an initial decrease and then an
increasing trend with increasing the quadratic effect of the petal to
solvent ratio of the extract. However, increasing the ethanol
concentration always had a positive effect on the antioxidant
properties of the extract. Based on the results of software extraction
optimization, the best petal to solvent ratio and ethanol
concentration were 1.00% and 18.58%, respectively. Under optimal
conditions, the total phenol content was 265.52 mg/100 g, the total
flavonoid content was 122.04 mg/100 g, the total anthocyanin
content was 33.99 mg/100 g, the free radical scavenging was
62.66%, the extraction yield was 0.49%, and the dry matter content
was 0.67%.

Conclusion: The results of this study showed that saffron petals, as
a by-product of saffron processing, can be extracted under
appropriate ultrasound-assisted extraction conditions in an ideal
time to produce an extract with added value and high biological
properties that can be used in functional food formulations, as well
as in the production of pharmaceutical supplements and cosmetic-
health products.
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Table 1- Real value of independent variables in 11 treatments used in extraction using response surface
methodology.
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Table 2. Total phenol content, total anthocyanin content, total flavonoid content, free radical scavenging
activity, extraction efficiency, and dry matter of the extracts.
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“TPC (total phenol content), TAC (total anthocyanin content),

matter), TFC (total flavonoid content).
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Table 3- Analysis of variance to study the significance of model variables on total phenol content response

e e Glilers Sl Foli Pl
Source Sum of df Mean Square F-value p-value
Squares q P
d-‘»‘ )‘Ag;'.vw
20744.62 5 4148.92 6.37 0.0316
Model Significant
- K I8 s I o
A (D) D 1P) S8 = 11186.45 1 1118645 1718 00000  °<™
A-P:S Ratio Significant
B-Jsbl whale Is 2
o> _ 5104.17 1 5104.17 784 00380
B-Ethanol concentration Significant
AB 1864.67 1 1864.67 2.86 0.1514
A2 612.47 1 612.47 0.9405 0.3767
B2 2445.44 1 2445.44 3.76  0.1104
olils 3L
e 3256.14 5 651.23
Residual
e 2299.94 3 766.65 1.60 04064 T
Lack of Fit not significant
= gl
s 956.20 2 478.10
Pure Error
Cor Total 24000.76 10
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Figure 1. Effect of ethanol concentration (a) and petal to solvent ratio (b) on total phenol content of
saffron petal extract samples
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Table 4. Analysis of variance to study the significance of model variables on total flavonoid content response

o e 2 Sl Fouie Pl
Sum of &bl Mean
Source F-value p-value
Squares df Square
‘ .
e 2578.87 5 515.77 6.10 0.0345 _ﬁf’_M
Model Significant
A- S PS8 s Is
) P ) _"JS i 1461.79 1 1461.79 17.30 0.0088 _ﬁf’_M
A-P:S Ratio Significant
B-Jsbl clle
o5 ) 21.63 1 21.63 0.2559 0.6344
B-Ethanol concentration
)‘JL;.M
AB 846.05 1 846.05 10.01  0.0250 Significant
A2 81.00 1 81.00 0.9586 0.3725
B2 102.15 1 102.15 1.21 0.3216
skl 3L
. 422.49 5 84.50
Residual
Sl e Sagan s
oA 117.37 3 39.12 0.2564 0.8536 not
Lack of Fit .
significant
= gl
oA 305.12 2 152.56
Pure Error
Cor Total 3001.35 10
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Figure 2. 3D diagram of the interaction of ethanol concentration and petal to solvent ratio (a) and the
effect of petal to solvent ratio (b) on the total flavonoid content of saffron petal extract samples
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Table 5- Analysis of variance to study the significance of model variables on total anthocyanin content

response
= Slay o oz @il amys Ol o Ske Foluie Pl
Source Sum of Squares df Mean Square F-value  p-value
J_M )‘JL;.\M
203.41 5 40.68 6.45 0.0309 Significant
Model
Is 2
A-S) Pl :(P) SIS e SLIT o
’ ’ 56.62 1 56.62 8.97 0.0303 ignifi
A-P-S Ratio Significant
B-Jgbl clls
S 0.0476 1 0.0476 0.0075 0.9342
B-Ethanol concentration
AB 3.88 1 3.88 0.6152  0.4683
A2 7.82 1 7.82 1.24 0.3163
)‘JL;.\M
B2 109.29 1 109.29 17.32 0.0088 Significant
e L 31.56 5 6.31
Residual
Is 2 S
[\ B
S 15.81 3 5.27 0.6696  0.6453 not
Lack of Fit significant
= glas
s 15.74 2 7.87
Pure Error
Cor Total 234.96 10
(V) aal, Lo melsl 4 4z 55 b S ol g1 Olsn el 12
TAC =+23.375 +3.591 x P:S Ratio + . W pes dm s Jole Jslas ol oIy 2
0.962 x Ethanol  concentration - 0.026 x P:S A M S ) e
Ratio x Ethanol concentration - 0.281 x P:S S A (Siaan oo 5 Aol s (V) el
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Figure 3. The quadratic effect of ethanol concentration (a) and the effect of petal to solvent ratio (b) on
the total anthocyanin content of saffron petal extract samples
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Table 6. Analysis of variance to study the significance of model variables on radical scavenging activity

response
& Slag e o 6>\ﬂ oy Sl e u.ﬁl..a F s Pl
Source Sum of Squares Df Mean Square F-value p-value
S 73.05 5 14.61 673 00283 s
Model . . . . Significant
«(P) S8 s
A-S) Jo- 2.64 1 2.64 1.22 0.3203
A-P:S Ratio
B-J bl cllks Is 2
) 32.49 1 32.49 14.96 0.0118 e
B Ethanc_)l Significant
concentration
AB 9.39 1 9.39 4,32 0.0922
‘ .
A2 22.53 1 22.53 10.37 00234 ¢
Significant
B2 13.16 1 13.16 6.06 0.0571
e S 10.86 5 2.17
Residual
ol )b‘;bu )?"
e 7.24 3 2.41 1.34 0.4551 ot
Lack of Fit Lo
significant
o sl 3.61 2 1.81
Pure Error
Cor Total 83.91 10
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Figure 4. The effect of ethanol concentration (a) and the quadratic effect of petal to solvent ratio (b) on
the radical scavenging activity rate of saffron petal extract samples
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Table 7 - Analysis of variance to study the significance of model variables on extraction yield response

e e D e
Source Sum of Squares e Mean F-value  p-value
df Square
‘ .
S 3.45 5 06890  99.14 _ ° S
Model 0.0001 Significant
- : A8 s fa s
A S Pl iP) S AS = 3.17 1 317 45617 - S
A-P:S Ratio 0.0001 Significant
-J sl sl s &
Brdst 0.1053 1 01053 1516 00115  2°¢™
B-Ethanol concentration Significant
AB 0.0256 1 0.0256 3.68 0.1132
J|b‘;'.m
A2 0.1422 1 0.1422 20.46  0.0063 Significant
B? 0.0196 1 0.0196 2.82 0.1541
e S 0.0348 5 0.0070
Residual
< )‘3@*‘ )2.6
I 0.0146 3 0.0049  0.4840 0.7272 not
Lack of Fit significant
o sl 0.0201 2 0.0101
Pure Error
Cor Total 3.48 10
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Figure 6. Effect of ethanol concentration (a), petal to solvent ratio (b), and quadratic effect of petal to
solvent ratio (c) on the dry matter of saffron petal extract samples
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