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Table 1. Analysis of variance of the effect of treatments on Extraction efficiency of sour grape waste extracts

Source of changes DF sum of the mean of the F Sign
squares squares

Enzyme type 2 111.006 55.503 2.637 0.000 **
UltraSound intensity 2 17.432 8.716 414.064 0.000 **
extraction time 2 29.160 14.580 692.658 0.000 **
Enzyme x sound intensity 4 0.406 0.102 4.826 0.002 **
Enzyme x time 4 0.838 0.210 9.955 0.000 **
UltraSound intensity x time 4 0.642 0.161 7.628 0.000 **
Enzyme x sound intensity x time 8 0.734 0.092 4.358 0.000 **

error 54 1.137 0.021

Total 81 8170.412

**Significance at 1% probability level, *Significance at 5% probability level

S 5 Pl BB & ges (p0.01) 5y 4ids YO ke
PR LS ERNGSR VEP TR WS RGPV N WS RGP
v @k sb (p<0.01) 55 pH Ol o SV (glols
g el il e Glee PH S0l el s
“sxe osb 4 PH e sl LI 5 (p<0.01)
Oley il b 5l (p<0.01) ol als syl
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LysSl e & i PH St 555 2 (F9/0YY)
Oy x eyl Jlam J5 (p<0.01) sy 5ols me
(p<0.05)cls pH Olpe o 1, S op 5ol (1/204)
b b gl gl Wses @ Glase PH Olie 00 5080
o3 At o DS 3 gl S 5 Jhedls vi)j
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G odoys A Sae DUl g Dol oy el

Table 2. Analysis of variance of the effect of treatments on pH of sour grape waste extracts

Source of changes DF sum of the mean of the F Sign
squares squares
Enzyme type 2 0.582 0.291 6.366 E3 0.000 **
UltraSound intensity 2 0.013 0.007 146.514 0.000 **
extraction time 2 0.145 0.073 1.590 E3
Enzyme x sound intensity 4 0.002 0.001 12.324
Enzyme x time 4 0.001 0.000 2.959
UltraSound intensity x time 4 0.009 0.002 49.662
Enzyme x sound intensity x time 8 0.002 0.000 4.986
Error 54 0.002 4.568 E-5
Total 81 1504903
**Significance at 1% probability level, *Significance at 5% probability level
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Table 3. Comparison of Extraction efficiency, pH and acidity mean of sour grape waste extracts

Enzyme type UltraSou  Time Extraction pH Acidity
nd (min) efficiency (%)
intensity (%)
(%)
30 10 7.26+0.089 451+0.01° 0.426 +0.008 ¥
25 7.57+£0.32™ 4.44+001° 0.431 £0.008 *
Without Enzyme 40 8.05+0.12° 439+001° 0.444 +0.007 "
60 10 7.89+0.06 4.49+0.01° 0.426 +0.008
25 8.47 +0.07" 439+0.01°¢ 0.426 +0.008
40 9.24 +0.08 4.38+0.00 ¢ 0.439 +0.008
90 10 8.03+0.10° 4.44+0.01° 0.426 +0.008
25 8.65+0.01™ 438+0.01°¢ 0.431 +0.007
40 9.26+0.12) 4.38+0.00°¢ 0.439 +0.008
Pectinex Ultra ColorEnzyme 30 10 9.04+0.02" 4.36+0.00° 0.457 +0.007 ™
25 9.95+0.03" 429+0.00F 0.465 +0.008 ¢
40 1052+ 0.34 ™ 424+0.01" 0.495 +0.007 ©
60 10 9.68 + 0.08 4.36+0.00¢ 0.474 +0.013 %"
25 10.69+0.05F 427+0.01°9 0.478 £0.007 °™
40 11.86+0.02° 422+0.01" 0.490 +0.008 %
90 10 10.23+ 0.09 " 4.33+0.00° 0.482 +0.007 %
25 11.19+0.18 % 425+0.01% 0.495 +0.007
40 11.69+0.17 ™ 425+0.01% 0.507 +0.008 ™
Pectinex YildMASH. 30 10 9.69+0.17 430+0.01f 0.469 +0.008 ™"
25 10.66+0.19F 422+0.01" 0.488 +0.010 *
40 11.08 +0.10 % 417+0.01% 0.490 +0.008
60 10 10.07 £0.09 M 429+0.00f 0.495 +0.007
25 11.24 +0.06 ¢ 4.19+0.00 0.497 +0.010 ™
40 11.76 £ 0.08° 4.19+0.00 0.516 +0.015 ®*©
10 10.81+0.30 424+001" 0.508 +0.007 ™
90 25 11.48+0.10¢ 419+0.01’ 0.521 +0.007 ®
40 12.08+0.142 417 +0.01X 0.529 +0.008 °

*Results are reported as mean + standard deviation. The presence of at least one similar Latin letter in each column

indicates that there is no significant difference between the values at the 95% confidence level.
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Table 4. Analysis of variance of the effect of treatments on acidity of sour grape waste extracts

Source of changes DF sum of the mean of the F Sign
squares squares
Enzyme type 2 0.070 0.035 505.368 0.000 **
UltraSound intensity 2 0.005 0.002 36.265 0.000 **
extraction time 2 0.006 0.003 43.699 0.000 **
Enzyme x sound intensity 4 0.003 0.001 12.270 0.000 **
Enzyme x time 4 0.000 0.000 1.652 0.175™
UltraSound intensity x time 4 0.000 6.969E-5 1.013 0.409™
Enzyme x sound intensity x time 8 0.000 6.244E-5 0.907 0.517™
error 54 0.004 6.881E-5
Total 81 18.140

**Significance at 1% probability level, ns: Not significance
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Table 5. Analysis of variance of the effect of treatments on antioxidant capacity (DPPH) of sour grape waste

extracts
Source of changes DF sum of the mean of the F Sign
squares squares

Enzyme type 2 1466.207 733.104 3.038E3  0.000*
UltraSound intensity 2 619.446 309.723 1.284E3  0.000*
Extraction time 2 1683.741 841.871 3.489E3  0.000*
Enzyme x ultrasound intensity 4 61.950 15.488 64.181 0.000 **
Enzyme x time 4 76.525 19.131 79.282 0.000 **
UltraSound intensity x time 4 37.346 9.336 38.691 0.000 **
Enzyme x ultrasound intensity x time 8 39.955 4.994 20.697 0.000 **

Error 54 13.031 0.241

Total 81 93447.047

**Significance at 1% probability level
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Table 6. Analysis of variance of the effect of treatments on antioxidant capacity (FRAP) of sour grape waste

extracts
Source of changes DF sum of the mean of the F Sign

squares squares
Enzyme type 2 0.001 0.000 1.723E-4  0.000**
UltraSound intensity 2 0.000 0.000 6.582E-3 0.000 **
Extraction time 2 0.001 0.001 2.451E-4 0.000 **
Enzyme x ultrasound intensity 4 1.720 E-5 4.301E-6 175.057 0.000 **
Enzyme x time 4 7.867 E-5 1.967 E-5 800.553 0.000 **
UltraSound intensity x time 4 6.858 E-6 1.715E-6 69.789 0.000 **
Enzyme x ultrasound intensity x time 8 2.254 E-5 2.817E-6 114.676 0.000 **

Error 54 1.327 2.457E-8

Total 81 0.086

**Significance at 1% probability level

I, e i) Shst ol el s me
55 (YY) oL,Kea Falleh (p<0.01) . (ABTS
kS gl SaS w gl Bl U
JU.J‘}Q..‘ QL:J \fMJ«AJA oL:S )‘ oJ\.ATC,.M:.)du. L;Lm)L,a.o
J;M:JC\J;W\ Oboy e coslazal 3540 I 53 gl oS
ST R SV VR PRTS 0 I = P P
Lol ojlias (aids V) ol p iy Ol e
ssb s el oes o ) SYL Gliest g1 e
o« M. edule lans| sl i b oS waged Ol IS
Obey ode u;;SCleL:.Nl P> coale J;E Cod Dl

L¥o]s0s 513 &l 5 2l s

1- Mesembryanthemum edule

ABTS Il @l by, Y-f-Y-¥
S 3 g L a8 sls LI sl Gl b
Sl (55 a0l blie DI gl sl Ol o s
3 b3 gme (ABTS UKty ol asy) Sl s
(arv/+14) mj g5 A Fopst 4 ax L (p<0.01)
NEREUCTE) S K WL | GNP JCH SO S p-P S
Sl baysst e 4 ces (ABTS Jsl,
530) S| ST el Olse o YL (p<0.05)5
ol gl Al Lgei 4 Glase (ABTS Jsl, wds
VS Db 3 Sl b o el Pl s
Loy odd sl e 5 akds ool 4 Ao
Lop3 8t Dpo D 3 sl p o el 5]
5yl b wsas (pO.01) sy 4ids YO S 4
Vo Ode 4 dod T Dge DUS 53 Dl o
S ha5) eSS b o Sl sbls 4ass
ool s 4 = Gk (p0.01) 55 (ABTS JIsl,
IS, ol i) SheSt 2T s o 5V
L5 (p0.01) 55 tedk w3l o Glae (ABTS
il rsy) e ol Cdls (g Sl il 5
<L IRl obgae b 4 (ABTS UGl

oRlRl 4 el Sl Gl ol 3 b ) (p<0.01)



VEOY 3T Y oy OFY oslad Olpl oMo mbo 5 psle alne

Table 7. Analysis of variance of the effect of treatments on antioxidant capacity (ABTS) of sour grape waste

extracts
Source of changes DF sum of the mean of the F Sign
squares squares
Enzyme type 2 1708.859 854.430 937.019  0.000**
UltraSound intensity 2 1527.021 736.511 837.312 0.000 **
Extraction time 2 3567.585 1783.793 1.956 E3 0.000 **
Enzyme x ultrasound intensity 4 134.001 33.500 36.738 0.000 **
Enzyme x time 4 348.571 87.143 95.566 0.000 **
UltraSound intensity x time 4 315.708 78.927 86.556 0.000 **
Enzyme x ultrasound intensity x time 8 218.851 27.356 30.001 0.000 **
Error 54 49.240 0.912
Total 81 120313.810
**Significance at 1% probability level
Table 8. Comparison of antioxidant capacity mean of sour grape waste extracts
Enzyme type UltraSoun  Time DPPH FRAP ABTS
dintensity  (min) (mg/mL) (mg/g) (mg/mL)
(%)
30 10 53.27+0.01° 0.0184+0.0002 P 69.77+1.59°
25 41.14+0.35° 0.0284+0.0001 ™ 44.06+1.68 °
Without Enzyme 40 36.94+0.49 ¢ 0.0310+0.0001'  37.58+1.22 "
60 10 44.24+1.45" 0.0208+0.0001°  54.84+1.90°
25 36.29+0.27®  0.0300+£0.0002%  38.64+0.47 ®
40 3234+0.58%"  0.0333+0.0002"  33.99+0.38"
90 10 40.74+0.60 ° 0.0239+0.0001 " 43.00+1.59 ¢
25 33.25+0.46 ¢ 0.0316+0.0001 " 36.05+0.42 ¢
40 30.11+0.33’ 0.0352+0.0001 * 31.04+0.31’
Pectinex Ultra ColorEnzyme 30 10 41.38+1.07 ¢ 0.0242+0.0002 " 52.88+2.51 "
25 34.44+0.41°1 0.0313+0.0001 ' 37.79+0.94 ¢
40 28.74+0.28 0.0343+0.0001°  33.39+0.38"
60 10 40.86+0.78 ¢ 0.0283+0.0002 " 44.25+1.13°¢
25 32.30+0.32" 0.0329+0.0003 ¢ 35.95+0.75 g
40 27.16+0.13" 0.0368+0.0002 ° 30.99+0.32
20 10 36.08+0.46 * 0.0299+0.0001 %  39.51+0.53 °
25 26.64+0.12 ™ 0.0371+0.0001 ° 27.09+0.25
40 26.40+0.07 ™ 0.0371+0.0001 ° 26.81+0.24
Pectinex YildMASH. 30 10 35.98+0.26 ° 0.0293+0.0002 ' 43.25+0.65 °
25 31.53+0.20"' 0.0332+0.0001 ¢ 31.68+0.35"
40 27.18+0.14" 0.0355+0.0003 ¢ 29.78+0.31 "
60 10 32.11+0.36 " 0.0336+0.0002 " 36.56+0.46 "
25 26.20+0.50 " 0.0390+0.0002°  33.38+0.39"
40 25.43+0.25" 0.0394+0.0002°  32.29+0.36'
10 30.21+0.18! 0.0332+0.0001 ¢ 34.06+0.40 "
90 25 23.25+0.11° 0.0402+0.0003 ? 23.79+0.21 ™
40 23.05+0.10 ° 0.0404+0.0001 * 23.57+0.19 "

*Results are reported as mean + standard deviation. The presence of at least one similar Latin letter in each column
indicates that there is no significant difference between the values at the 95% confidence level.
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Table 9. Analysis of variance of the effect of treatments on antioxidant capacity(ABTS) of sour grape waste

extracts
Source of changes DF sum of the mean of the F Sign
squares squares

Enzyme type 2 1708.859 854.430 937.019 0.000 **
UltraSound intensity 2 1527.021 736.511 837.312  0.000°**
Extraction time 2 3567.585 1783.793 1956 E3  0.000*
Enzyme x ultrasound intensity 4 134.001 33.500 36.738 0.000 **
Enzyme x time 4 348.571 87.143 95.566 0.000 **
UltraSound intensity x time 4 315.708 78.927 86.556 0.000 **
Enzyme x ultrasound intensity x time 8 218.851 27.356 30.001 0.000 **

Error 54 49.240 0.912

Total 81 120313.810

**Significance at 1% probability level
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Table 10. Analysis of variance of the effect of treatments on antioxidant capacity (ABTS) of sour grape waste

extracts
Source of changes DF sum of the mean of the F Sign
squares squares
Enzyme type 2 1708.859 854.430 937.019 0.000 **
UltraSound intensity 2 1527.021 736.511 837.312 0.000 **
Extraction time 2 3567.585 1783.793 1956 E3  0.000**
Enzyme x ultrasound intensity 4 134.001 33.500 36.738 0.000 **
Enzyme x time 4 348.571 87.143 95.566 0.000 **
UltraSound intensity x time 4 315.708 78.927 86.556 0.000 **
Enzyme x ultrasound intensity x time 8 218.851 27.356 30.001 0.000 **
Error 54 49.240 0.912

ARR



VEOY 3T Y oy OFY oslad

Total 81

120313.810

**Significance at 1% probability leve
Table 11. Comparison of total phenol&flavonoid mean of sour grape waste extracts

Enzyme type UltraSound Time Total flavonoid Total phenol
intensity (%) (min) (mg/mL) (mg/mL)

30 10 2.44+0.02 " 5.11+0.02"

25 2.55+0.02" 5.23+0.03"

40 2.70+0.02 5,44+0.03 "

Without Enzyme 60 10 2.66+0.01° 5.32+0.02 °
25 2.75+0.01 ¢ 5.51+0.03 ¢

40 2.88+0.02° 5.73+0.03 °

90 10 2,86+0.02° 5.60+0.04

25 3.00+0.02 ° 5.97+0.02 "

40 3.12+0.04 " 6.18+0.04 ™

Pectinex Ultra Color Enzyme 30 10 3.77+0.03" 7.83+0.02'
25 3.96+0.01" 8.09:+0.04

40 4.20+0.01 8.38+0.03’

60 10 3.92+0.03' 8.14+0.02

25 4.17+0.04 * 8.35+0.03/

40 4.25+0.01" 8.64+0.18 "

20 10 4.37+0.04 " 8.56+0.06 '

25 4.50+0.02 ¢ 8.98+0.05 ¢

40 4.54+0.02 " 9.10+0.05

Pectinex YildMASH. 30 10 4.16+0.01 8.30+0.02
25 4.35+0.02 " 8.63+0.02

40 4.60+0.04 9.12+0.03 f

60 10 4.62+0.03 ° 8.83+0.03 "

25 4.83+0.01° 9.32+0.06 ¢

40 4.83+0.06 © 9.50+0.04 ©

90 10 4.72+0.02 9.21+0.04

25 5.17+0.02° 9.88+0.05°

40 5.21+0.01 9.99+0.04 2

*Results are reported as mean * standard deviation. The presence of at least one similar Latin letter in each column
indicates that there is no significant difference between the values at the 95% confidence level.
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2- Caftaric acid

3- Catechin

4- Epigalocathechin

5- Vanillic acid

6- Caffeic acid

7- Epigalocathechin gallate
8- Epicathechin

9- p-Cumaric acid
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Table 12. The results of the type and amount of
phenolic compounds of sour grape waste extracts

Type of compound Quantity Rt (min)
(Hg/g.dw) (%)
Gallic acid 1.23 4,81
Caftaric acid 46.65 5.85
Catechin 4.85 6.33
Epigalocathechin 6.34 6.77
Vanillic acid 2.47 8.04
Caffeic acid 1.08 8.41
Epigalocathechin 1.27 9.22
gallate

Epicathechin 1.79 9.75
p-Cumaric acid 0.15 10.24
Ferolic acid 0.27 11.02
p-Cinapic acid 0.24 11.57
Querictin 0.35 12.11
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ABSTRACT

ARTICLE INFO

Today, the extraction and use of biologically active compounds from
agricultural and food wastes has received much attention. In the present
research, the effect of enzyme treatment, ultrasound and the combined
effect of enzyme treatment and ultrasound on the extraction of phenolic
compounds of sour grape wastes was done so that 2 pectinase enzymes
(Pectinex Ultracolor and Pectinex Yildamesh) at levels of 10, 20 and 30
mg/kg and ultrasound (times 10, 25 and 40 minutes) and (sound intensity
30, 60 and 90%) were used. The effect of enzyme treatment, ultrasound
and the combined effect of enzyme treatment and ultrasound were
investigated. According to the obtained results, the highest extraction
efficiency belonged to Yaldemesh enzyme and with increasing sound
intensity, the extraction efficiency increased significantly. On the other
hand, increasing the extraction time led to an increase in extraction
efficiency (p<0.01). So that the highest extraction efficiency was observed
in the sample extracted by Yaldemesh enzyme and under ultrasound at
90% sound intensity for 40 minutes (p<0.01). According to the obtained
results, the highest flavonoid, total phenol and antioxidant activity (DPPH,
FRAP, ABTS) belonged to Yaldemesh enzyme, and with increasing sound
intensity, antioxidant activity increased significantly (p<0.01). On the other
hand, increasing the extraction time led to a significant increase in
antioxidant activity (p<0.01). The highest antioxidant activity belonged to
the sample extracted by Yaldemesh enzyme and subjected to ultrasound at
a ultrasound intensity of 90% for 40 minutes and was introduced as the best
treatment.
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