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Table 1 - The effect of solvent type and extraction time in the traditional method on phenolic compounds (ppm)
of the extract

Extraction time Solvents
(hours) Water Acetone Ethanol
3 21.43+0.001°° 24.853+0.009%° 22.193+0.008"°
6 21.406+0.003° 25.573+0.007% 22.673+0.006"
9 21.737+0.007° 25.930+0.005% 23.126+0.004°¢
12 22.323+0.002°° 26:323+0.005%° 23.560+0.003"°
18 22.683+0.005° 26.773+0.02% 24+0.007°¢
21 23.020+0.006°® 27.310+0.004® 24.716+0.006"™
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24 23.88+0.005 27.947+0.003* 25.320+0.004°A

The same lowercase and uppercase letters indicate insignificance at the 5% level in each row and column, respectively

Table 2 - The effect of solvent type and extraction time in the microwave extraction method on phenolic
compounds (ppm) of the extract

UL 5 ()50

Extraction time Solvents
(hours) Water Acetone Ethanol
3 24.680+0.002° 28.110+0.07% 26.323+0.03"
6 25.027+0.002° 28.543+0.06° 26.723+0.04°F
9 25.437+0.05°° 28.960+0.004°° 27.217+0.04™
12 25.960+0.02° 29.420+0.04%° 27.627+0.02°¢
18 26.320+0.03% 29.857+0.03%® 28.070+0.05™
21 26.933+0.05% 30.256+0.02** 28.443+0.06™
24 26.917+0.03% 30.243+0.02*4 28.433+0.05™

The same lowercase and uppercase letters indicate insignificance at the 5% level in each row and column, respectively

Table 3 - The effect of solvent type and extraction time in the ultrasound extraction method on phenolic
compounds (ppm) of the extract

Extraction time Solvents
(minutes) Water Acetone Ethanol
30 30.553+0.007 32.483+0.002* 31.223+0.06™
60 30.523+0.006® 32.453+0.007%® 31.015+0.05"
90 29.740+0.05° 31.943+0.06° 30.653+0.04"

The same lowercase and uppercase letters indicate insignificance at the 5% level in each row and column, respectively
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Table 4 - The effect of solvent type and extraction time in the traditional method on DPPH the extract

Extraction time Solvents
(hours) Water Acetone Ethanol
3 48/09+0, 021 *© 53/75+0/ 018 %° 50/13+0, 078 "¢
6 49,060/ 024 54,37+0; 032 % 51,79+0, 016 °F
9 49,860, 016 55,060, 062 % 52/92+0, 019 °E
12 50,330, 013°P 55,8740, 0193 53/45+0, 021°P
18 50,9940, 020 ¢ 56,41+0; 0252 54/61+0/ 026 °¢
21 51/63+0, 017 B 57,000/ 049 %8 55/73+0, 0238
24 52/17+0; 0744 59,4940, 033 57,060, 046 °A

The same lowercase and uppercase letters indicate insignificance at the 5% level in each row and column, respectively

Table 5 - The effect of solvent type and extraction time in the microwave extraction method DPPH of the

Extraction time Solvents
(hours) Water Acetone Ethanol
3 57/267+0/ 002 59/283+0/ 007 * 58,2360/ 003 F
6 57/73040/ 002 60/856+0/ 006 ** 58/853+0/ 004
9 58/117-+0/ 005 61/367-+0/ 004 %° 59/119+0/ 005 *°
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12 58°C/543+0/002
18 59/210+0/ 003
21 59/670-:0/ 005 “
24 59/667+0/ 003 A

62/637+0/ 004 %
65/857+0/ 003 %8
69/720+0/ 002 *A

69/719+0/ 002 A

60/340+0/ 002 °°
62/650+0/ 005 &
64/123+0/ 006 °A

64/120-0/ 005°*

The same lowercase and uppercase letters indicate insignificance at the 5% level in each row and column, respectively

Table 6 - The effect of solvent type and extraction time in the ultrasound extraction method on DPPH of the

extract
Extraction time Solvents
(minutes) Water Acetone Ethanol
30 61/170+0/ 007 cA 71/167+0/ 002 67/6930/ 006 **
60 59/137+0/ 006 cB 67/143+0/ 007 ® 65/5730/ 0052
90 57/673+0/ 005 cC 63/740+0/ 006 * 63/843+0/ 004 °C

The same lowercase and uppercase letters indicate insignificance at the 5% level in each row and column, respectively
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Table 7 - The effect of solvent type and extraction time in the traditional method on ferric reducing antioxidant
power assay in the extract

Extraction time Solvents
(hours) Water Acetone Ethanol
3 0/221+0/ 002 *© 0/482+0/ 002 *¢ 0/303+0/ 001 "©
6 0/25340/ 004 ¢ 0/51140/ 003 % 0/322+0/ 003 *F
9 0/28240/ 001 & 0/55140/ 003 * 0/351+0/ 001 ¢
12 0/312-0/ 004 ° 0%°/603+0/002 0/371+0/ 003 *°
18 0/363£0/ 003 °© 0/641+0/ 004 € 0/411+0/ 002 *°
21 0/38140/ 001 & 0/662+0/ 003 %© 0/452+0/ 003 "B
24 0/412-£0/ 002 A 0/7010/ 001 * 0/501£0/ 002 A

The same lowercase and uppercase letters indicate insignificance at the 5% level in each row and column, respectively

Table 8 - The effect of solvent type and extraction time in the microwave extraction method ferric reducing
antioxidant power assay in the extract

Extraction time Solvents
(hours) Water Acetone Ethanol
3 0/62040/ 003 ¢ 0/821+0/ 002 % 0/73140/ 001 °F
6 0/66340/ 001 ¢ 0/85040/ 003 0/753+0/ 002 &
9 0/69240/ 004 £ 0/87140/ 006 *° 0/770+0/ 003 °°
12 0/720-+0/ 003 ° 0/917+0/ 005 *© 0/812-£0/ 003 *°
18 0/75140/ 002 °© 0/920+0/ 004 *© 0/842+0/ 004 "B
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21 0/792+0/ 003 A

24 0/782+0/ 002 &

0/9724+0/ 003*

0/96340/ 001 %

0/872+0/ 004 °A

0/871+0/ 004 ™A

The same lowercase and uppercase letters indicate insignificance at the 5% level in each row and column, respectively

Table 9 - The effect of solvent type and extraction time in the ultrasound extraction method on ferric reducing
antioxidant power assay of the extract

Extraction time Solvents
(minutes) Water Acetone Ethanol
30 0/952+0/ 007 A 1/213+0/ 002 1/120+0/ 006 ™
60 0/932+0/ 006 °® 1/001+0/ 007 *® 0/976:£0/ 005"
90 0/8210/ 005 0/91340/ 006 * 0/888£0/ 004"

The same lowercase and uppercase letters indicate insignificance at the 5% level in each row and column, respectively
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Table 10 - The effect of solvent type and extraction time in the traditional method on total antioxidant power in
the extract

Extraction time Solvents
(hours) Water Acetone Ethanol
3 0/097+0/ 001 °© 0/140+0/ 001 %© 0/131+0/ 001"
6 0/109+0/ 002 °F 0/161+0/ 002°*F 0/149+0/ 002"
9 0/119+0/ 003 ° 0/180+0/ 002 * 0/160+0/ 003 "¢
12 0/139:0/ 003 P 0/191:£0/ 001 °° 0/171=£0/ 002 "°
18 0/150-+0/ 002 0/2083+0/ 003*° 0/181+0/ 003
21 0/169:0/ 002 0/230+0/ 002 *® 0/197+0/ 002"
24 0/187+0/ 0014 0/252+0/ 003 ** 0/219+0/ 003 ™

The same lowercase and uppercase letters indicate insignificance at the 5% level in each row and column, respectively

Table 11 - The effect of solvent type and extraction time in the microwave extraction total antioxidant power in
the extract

Extraction time Solvents
(hours) Water Acetone Ethanol
3 0/257+0/ 002 °F 0/390+0/ 003 *F 0/311+0/ 002
6 0/285+0/ 002 0/414+0/ 001 * 0/34240/ 003 "¢
9 0/303+0/ 001 °° 0/448+0/ 002 *° 0/362+0/ 002 "°
12 0/322+0/ 002 0/473+0/ 004 0/393+0/ 001 ™
18 0/352+0/ 003 *® 0/493+0/ 001 *® 0/422+0/ 002 ™
21 0/380+0/ 002 0/51240/ 002 0/4510/ 003 "
24 0/380+0/ 001 A 0/51240/ 002 0/4510/ 002 A

The same lowercase and uppercase letters indicate insignificance at the 5% level in each row and column, respectively

antioxidant power of the extract

Table 12 - The effect of solvent type and extraction time in the ultrasound extraction method on total
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Extraction time Solvents
(minutes) Water Acetone Ethanol
30 0/550+0, 003°*  0/651+0/ 003**  0,6040, 0034
60 0/531+0/001°®  0/631+0/002°®  0/589:0, 002 "®
90 0/502+0, 002 0/601+0,001°¢  0/561+0/ 002°°

The same lowercase and uppercase letters indicate insignificance at the 5% level in each row and column, respectively
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Table 13 - Comparison of extracts obtained from optimal conditions of different extraction methods

Characteristics

Extraction methods

Traditional Microwave Ultrasound
Phenolic compound 003 ¢/ 0£947/,27 002"/ 0+256/30 002°% 0+483/32
DPPH 033 0+49/59 002° 0+720/69 002% 0+167/71
Fe reducing power 001 0£701/0 003"/ 0+£972/0 002% 0+213/1

Total antioxidant poewer

003/ 0£252/0 002"/ 0+512/0 003°% 0+651/0
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ABSTRACT

ARTICLE INFO

Balangu is a plant from the mint family that, in addition to producing gum
from its seeds, has phenolic compounds and antioxidant properties. The
aim of this study was to investigate the effect of traditional extraction
methods, ultrasound extraction and microwave extraction on the
extraction of phenolic and flavonoid compounds from Balangu seeds. The
treatments studied included water, acetone and ethanol solvents and
different extraction times. The highest amount of phenolic compounds
extracted from balangu fruit was obtained when acetone solvent was used
for 24 hours. The tests performed included the measurement of phenolic
compounds by the Folin-Ciocalteu method, and the measurement of
antioxidant activity by the method of reducing power and total antioxidant
capacity.The results showed that like the traditional extraction method, the
use of acetone solvent in the microwave method in all extraction times,
more phenolic compounds were extracted from balangu fruit than other
solvents and with increasing the extraction time up to 12 minutes in all
solvents used the amount of phenolic compounds increased. . The
maximum and minimum free radical scavenging activity of DPPH
belonged to acetone solvent extract with 24 hours of extraction and water
with 3 hours of extraction, respectively. With increasing ultrasound time,
the amount of iron-reducing power in the extracts decreased and the
extracts obtained from acetone solvent had more iron reducing power than
other solvents at any time. In all three extraction processes, the best
solvent, acetone and the best process time for the traditional method,
microwave and ultrasound were 24 hours, 12 minutes and 30 minutes,
respectively. The highest amount of total phenol related to the process for
extracting the extract from Balangu fruit was selected by ultrasound.
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