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1. Butylated hydroxytoluene

2. Butylated hydroxyanisol

3. Tertiary butyl hydroxyl quinine
4. propyl gallate
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Table 1 Extraction chart using different
solvents, times and temperatures

Run Solvent Temperature °C~ Time (hr)
1 Ethanol 30 0.5
2 Acetone 30 1
3 Methanol 30 2
4 Ethanol 30 2
5 Ethanol 80 2
6 Methanol 80 1
7 Methanol 50 1
8 Acetone 30 2
9 Acetone 80 2
10 Methanol 30 0.5
11 Methanol 50 2
12 Methanol 80 2
13 Ethanol 50 0.5
14 Acetone 50 2
15 Ethanol 80 1
16 Methanol 30 1
17 Ethanol 50 2
18 Ethanol 50 1
19 Acetone 50 1
20 Acetone 80 0.5
21 Ethanol 30 1
22 Methanol 50 0.5
23 Methanol 80 0.5
24 Acetone 80 1
25 Acetone 30 0.5
26 Acetone 50 0.5
27 Ethanol 80 0.5
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Table 2 Total phenolic content, free radical scavenging activity and total flavonoid content obtained
through different extraction conditions

Total Free radical
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o fgzgizt}l/o(r(;}) flavonoid scaven ging ngtz;g:grglg) Time Temperature Solvent Run
content(mg/g)  activity (%)
29.99 4.07 77.726 45.600 0.5 30 Ethanol 1
29.86 7.68 33.303 45.389 1 30 Acetone 2
87.53 1.52 91.418 133.074 2 30 Methanol 3
61.70 6.5 85.776 93.798 2 30 Ethanol 4
91.46 13.27 88.891 139.040 2 80 Ethanol 5
85.21 5.86 90.459 129.537 1 80 Methanol 6
62.85 3 86.836 95.540 1 50 Methanol 7
54.79 8.28 41.719 83.293 2 30 Acetone 8
66.25 21.5 53.254 100.714 2 80 Acetone 9
32.60 0 82.127 49.560 0.5 30 Methanol 10
94.13 4.52 93.072 143.105 2 50 Methanol 11
100 6.88 97.760 152.026 2 80 Methanol 12
49.09 7 82.369 74.635 0.5 50 Ethanol 13
63.47 14.71 49.851 96.491 2 50 Acetone 14
62.43 12.05 86.521 94.907 1 80 Ethanol 15
57.39 0 86.760 87.252 1 30 Methanol 16
66.32 8.08 86.856 100.819 2 50 Ethanol 17
55.87 7.51 84.338 84.930 1 50 Ethanol 18
44.99 13.01 36.697 68.406 1 50 Acetone 19
28.71 16.25 35.747 43.647 0.5 80 Acetone 20
52.01 5.12 82.294 79.070 1 30 Ethanol 21
55.83 2.41 84.792 84.877 0.5 50 Methanol 22
57.98 4.92 87.517 88.150 0.5 80 Methanol 23
26.49 18.07 40.267 85.088 1 80 Acetone 24
19.96 6.79 25.194 30.344 0.5 30 Acetone 25
25.24 10.81 28.552 38.368 0.5 50 Acetone 26
34.96 10.54 82.142 53.150 0.5 80 Ethanol 27
Table 3 Results of analysis of variance of extracted phenolic content
Source DF  AdjSS SeqSS AdjMS  valueF Probability(P)
Model 26 78516.6  78516.6  3019.9 3582.41 <0.0001
Linear 6 710047 71004.7 11834.1 14038.59 <0.0001
Solvent 2 20814.0 20814.0 10407.0 12345.61 <0.0001
Temperature 2 8854.4 8854.4 44272  5251.90 <0.0001
Time 2 413363 413363 20668.2 24518.25 <0.0001
2-Way Interactions 12 3630.7 3630.7 302.6 358.92 <0.0001
SolventxTemp 4 866.8 866.8 216.7 257.07 <0.0001
SolventxTime 4 165.8 165.8 41.4 49.16 <0.0001
TempxTime 4 2598.1 2598.1 649.5 770.52 <0.0001
3-Way Interactions 8 3881.2 3881.2 485.2 575.53 <0.0001
SolventxTempxTime 8 3881.2 3881.2 485.2 575.53 <0.0001
Error 54 0.8 45.5
Total 80 78562.2

Seq SS: Sequential sums of squares, Adj SS: adjusted sum of squares, Adj MS: Adjusted mean squares
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Fig 1 Diagrams of the effects of solvent type, time and temperature on total phenolic compounds, free radical
scavenging activity and total flavonoid content of the extracts from sunflower seeds
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Fig 2 The one factor plot of total phenol content
under temperature influence
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Table 4 Results of analysis of variance of free radical scavenging activity

Source DF  AdjSS SeqSS AdjMS  valueF Probability(P)
Model 26 45046.7 45046.7 1732.6  6467.22 <0.0001
Linear 6  44519.6  44519.6  7419.9 27696.70 <0.0001
Solvent 2 420004 422224 211112 78802.75 <0.0001
Temperature 2 527.1 527.1 263.6 983.78 <0.0001
Time 2 1770.1 1770.1 885.0 3303.59 <0.0001
2-Way Interactions 12 484.7 484.7 40.4 150.78 <0.0001
SolventxTemp 4 923 923 23.1 86.16 <0.0001
SolventxTime 4 378.6 378.6 94.7 353.33 <0.0001
TempxTime 4 13.8 13.8 3.4 12.86 <0.0001
3-Way Interactions 8 42.4 42.4 5.3 19.76 <0.0001
SolventxTempxTime 8 42.4 42.4 5.3 19.76 <0.0001
Error 54 14.5 14.5 0.3
Total 80 45061.1

Seq SS: Sequential sums of squares, Adj SS: adjusted sum of squares, Adj MS: Adjusted mean squares
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Fig 3 The one factor plot of free radical scavenging
activity affected by the temperature
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Table 5 Results of analysis of variance of total flavonoid content

Source DF  AdjSS SeqSS AdjMS  valueF Probability(P)
Model 26 2288.38  2288.38  88.015  366.46 <0.0001
Linear 6 218274  2182.74 363.790 1514.68 <0.0001
Solvent 2 1291.73 1291.73  645.864 3689.12 <0.0001
Temperature 808.03 808.03  404.014 1682.16 <0.0001
Time 2 82.98 82.98 41.491 172.75 <0.0001
2-Way Interactions 12 96.33 96.33 8.028 33.42 <0.0001
SolventxTemp 4 83.15 83.15 20.787 86.55 <0.0001
SolventxTime 4 7.74 7.74 1.934 8.05 <0.0001
TempxTime 4 5.45 5.45 1.362 5.67 <0.0001
3-Way Interactions 8 9.31 9.31 1.164 4.85 <0.0001
SolventxTempxTime 8 9.31 9.31 1.164 4.85 <0.0001
Error 54 12.97 12.97 0.240
Total 80 2301.35

Seq SS: Sequential sums of squares, Adj SS: adjusted sum of squares, Adj MS: Adjusted mean squares
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Table 6 Results of optimization analysis

Predicted SE BNCL - 9%CL gppg PPPL o5 plhigh
Mean low high low
Total
phenol 85.9558 6.39 72.82 99.09 33.82 16.44 155.47
content
DPPH 70.4533 4.63 60.95 79.96 24.47 20.15 120.76
Total
flavonoid 8.16111 1.04 6.02 10.30 5.51 -3.17 19.49
content
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Table 7 Changes in sunflower oil peroxide
value over 120 hours at 90 “C

Extract
120h 96h 72h  48h 24h concentration

(%)
1584 120*® 60°° 50" 24  Blank (0 %)
60°*  52°B  44°C  35°D 1p obE 0.02 %
584 48 40 30 12 0.04 %
549 40 309 26®  gF 0.06 %

40%4 328 24°¢ 0P 5% 0.1 %
30 28 18T 20° 5 BHA 0.01 %

o0A

Different letters in each row (capital letters) and the
column (lowercase) indicate a significant
difference (P <0.05).
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Investigation and optimization of phenolic compounds extraction
from sunflower seeds and comparing its antioxidant activity with
synthetic antioxidants in oxidative stability of sunflower oil
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In this research, total phenolic content, total flavonoids content and total antioxidant activity of
defatted sunflower seeds were evaluated. The antioxidant activity was determined using scavenging
capacity of diphenyl-1-picrylhydrazyl. The results showed that the extraction of phenolic compounds,
flavonoids and free radical-gathering capacity depends on the type of solvent, temperature, and time
of extraction. So that, the content of the total phenol content and antioxidant activity (152.026 mg/g
and 97.760 %) of the extract of the seeds were higher at the same conditions (80 “C , 2h) by methanol,
and total flavonoid content (21.5 mg/g) was reported to be higher using acetone as the solvent.
According to the obtained results, there was found a linear relationship between the percentage of
phenolic compounds and radical scavenging activity and an inverse relationship was observed
between the level of flavonoids compounds and total phenol content. The results showed that
extraction by methanol at 80°C and for 2 hours, resulted in higher amounts of phenolic compounds,
therefore; the mentioned extract was applied as the natural antioxidants for comparison with synthetic
antioxidants (BHA) in sunflower oil. The results revealed powerful effects of extracted sunflower
extracts, in which the samples containing 0.1% of extract, acted similar to 0.01% BHA.

Keywords: Sunflower seeds, Total phenolic content, Antioxidant activity, Total flavonoid content,
BHA
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