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Table 1. Factors selected for optimizing microwave-assisted extraction from sugar beet leaves

Factor Name Units Type SubType Maximum Minimum
A Time Minute Numeric Continuous 34/14 5/86
B Power Watt Numeric Continuous 307/30 52/70
C Solvent - Categoric Nominal Water Acetone

Table 2. Defined runs using Response Surface Methodology and Central Composite Design for microwave-
assisted extraction from sugar beet leaves

Run Factor 1 Factor 2 Factor 3
A: Time B: power C: Solvent
minute Watt

1 20 180 Water
2 10 90 Aceton
3 20 180 Water
4 20 180 Aceton
5 34/14 180 Water
6 20 180 Water
7 5/86 180 Aceton
8 10 90 Water
9 20 307/3 Aceton
10 20 307/3 Water
11 20 180 Aceton
12 20 180 Water
13 20 180 Aceton
12 20 52/7 Aceton
11 30 90 Aceton
12 30 90 Water
13 10 270 Water
14 20 52/7 Aceton
15 20 180 Aceton
16 30 90 Aceton
17 30 90 Water
18 10 270 Water
19 34/14 180 Aceton
20 20 180 Aceton
21 30 270 Water
22 30 270 Aceton
23 20 52/7 Water
24 20 180 Water
25 5/86 180 Water
26 10 270 Aceton

st e s See 0 Lioslas a5l 1)y See Ve

ALE Y CBIS ) ey 5 A bl Ao 3 Ve LIS 5 Cos & gl oylas JlansSt T cdls b,
Bl O 4 doys V/0 Sy S e 2y S o kel
Ol g ddesls I3 S0 s aads Y QJa«.gEJ@J? JSJ"-‘ws“ sz.'.S/°J.|J";|

111



ois SLI ki sad 53 s See Gla et L (izen
sk S s oslas 5 (Aw3 Y) Ul sS i pslie L
Sao s b dald 4 b el 53 (Ue)51/0) A3
G oa o B Dled cnl (rmen LS (51U
(653 5 anllas 53 [YV] s S 3l 0Ll 3l s 5L
Aoys ¥r 058 WLl oS LS ol OLKas 5 slo
G eld plaaal Ol oS S5 6 elas
L (55550 ald sljle CodS i Sl 05V S
ol (ol e b s TVBN (o s 5l ghn
S eslas gl g Luls adles ol s [YA]
Obej 5 ss5,50b Sol (B ras D= g5 slaypSl
Slamial sla ojlas st ST LUls 2| s

o 51 sl g e s Bl
Sl bl s ki S 5l pas SLe
ST 5T

0SB 95 6,8 o3Il skel Sy (gla o3ls Sl @L\;
DPPH 5131 sladiSsl, slgs 015 5 JS 13 sy
o S g Gl @olete Gladde & sl Ol
Ko Ul5 5 65 eslas Oy (I i LpSU
33 Joleme M 5 pss e dde 53 U S 4 s S
Lo Sl el oy Sladile @ ax Sl s 58U
A DY ket D oslas sl g5l
2 LSS gl 5o 1 gD G ege (Dl
s 55 55 Sbe olSas Ol 5 Oles 5586 55 (il
03 s fae S slacS 5ol sl ol e
Sl skiar S Sl @oSelas wug il § Jsd
R B O O LU RO P
C5oms b 9 leawl Sl ol 5 Ol Bl
DPPH 13 sla sy 5lgs 0155 5 S b slacS 5
sl 5> peia sl s VL L |l ) oS e 1
ot Tl e 353 ¥ Jar 5 0 Ol s,

] 0 ‘_;efu

112

Gydjkjééﬂp}f%ﬂ»\a&ﬂbj‘cJLiL.«:‘LgUﬁAJJ.oJ

LTV] dd skl e 5l VO

13T ISty lge (53 o500

s Sl 2 e SO L ejlas o 5l 23 e 0
5 AU gles 53 aids Y e w5 ol b e DPPH
TR VR NCIU-S L I PYRTCI S W e 29 LIPS
Tt sk 0o s il ol b ol
IYE] as (6,8 o3lhl e gl 0VY

Sobl 56T
S oS m b s el o sy 0 T b
pl=il \Y w5 Design Expert 33| o5 3 eslizal L
g5 oo basSb L i glasiize 1k ol s
Jsd) 55 olKaws &8 5 Olog (D2l 5 o) I
5 s LIl e s b Sl bl plosil 3l 0
e baize 1 g)ls ome 5 ol s 40 SVsles

A g

Cow g @Lﬁ—\"
Olgs 4 addS 55 alS gla ojlas 53 55550 LS 5
sl bl s S e 13 eslanal syse ks b
Ghls b oslas il 5l ol 85 Sl ol asia
ohy d thied s S AS 5 glawS| 2T ol
Sl Vgeme ckiien i SLS 5 gl S s olas
R VR I g KW ] QP PG A
Olpe 4 bs oslae opl 51 0I5 (oo ccnl pla X015 5
G pan Sla oI USS Sl & e (sla 01
[Yo] 5, o, 2le slse s 8L a5l sl
osliial 5 01358 il g a0 A3 juier S eslas 0355
Dsp ossl ale lp St b Olse w0 0T
Ol Ol 5 slasl Sperls el 4
5 del Sosolss LSty ol G slad



VE40 sl5 5 XY 6,9 VY o led Olp) plde mlo 5 psle dlows

Table 3. Summary of Experimental Design set for determining the optimal extraction conditions

Name Goal Lower Importance Upper Lower Upper
Limit Weight Weight Limit
A: Time minimize 10 3 | | 30
B: power minimize 90 3 1 1 270
C: Solvent is in range Water 3 1 1 Aceton
DPPH maximize 218/77 3 | | 251/18
Total Phenol maximize 2/57 3 | | 2/74

Table 4. Determination of optimal extraction conditions from sugar beet leaves based on three factors time,
power and solvent type using a microwave-assisted device

Number Time(min) Power(W) Solvent  DPPH(pg/mg) Total Desirability
Phenol(mg/5ml)
1 10/000 90/000 Water 249/611 2/624 0/740
2 10/127 90/000 Water 249/565 2/623 0/737
3 10/000 92/920 Water 249/485 2/623 0/733
4 10/294 90/000 Water 249/505 2/622 0/733
5 10/000 98/066 Water 249/266 2/621 0/721
6 10/000 211/500 Water 244/369 2/637 0/564
7 10/000 90/000 Aceton 233/416 2/601 0/534
8 10/000 90/987 Aceton 233/478 2/600 0/532
9 10/000 207/532 Aceton 240/850 2/612 0/491
10 10/000 206/808 Aceton 240/804 2/611 0/491
11 10/000 208/490 Aceton 240/911 2/612 0/491
12 10/000 210/110 Aceton 241/013 2/613 0/491
13 10/000 204/527 Aceton 240/660 2/610 0/491
14 10/000 210/883 Aceton 241/062 2/614 0/491
15 10/000 201/539 Aceton 240/534 2/609 0/490
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Figure 1. Graph emphasizing the optimal point in the interaction between the factors of time xpower
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Table 6. Results of the one-way analysis of variance of the linear model
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S P #3,F @r oSk Sl o o
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This study examined the antioxidant properties of leaf extract from
autumn sugar beet (Beta vulgaris L.) obtained through a microwave
extraction method. The extraction utilized two solvents, water and
acetone, with microwave power settings ranging from a minimum of
52/7 W to a maximum of 307/3 W, and extraction times varying from
5/86 minutes to 34/14 minutes. The optimal conditions for extraction,
based on total phenol content and free radical scavenging activity,
were identified as using water as the solvent, a power setting of 90 W,
and an extraction duration of 10 minutes. The factors of extraction
time and microwave power were found to significantly influence the
yield of phenolic compounds (P< 0.05). An increase in both time and
microwave power resulted in a higher phenol yield from both acetone
and aqueous extracts, with the aqueous extract demonstrating superior
performance. The assessment of the free radical scavenging capacity
of the autumn sugar beet leaf extracts indicated a decline in this
capacity over time for both types of extracts. Notably, the free radical
scavenging activity of the acetone extract was lower than that of the
aqueous extract. Furthermore, while the free radical scavenging
ability of the acetone extract improved with increased microwave
power, the aqueous extract exhibited a different trend in its
scavenging capacity.
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