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Introduction
Recovery of active ingredients from plants is generally carried out using solid-liquid extraction. Selecting an
appropriate solvent is one of the parameters that strongly affects the extraction performance and the type of
extracted compounds. So far, various solvents have been used to extract these compounds. In addition to the need
for large amounts of solvent, the high consumption of organic solvents causes problems such as environmental
pollution and possible destruction of active compounds. Green solvents have been considered for the extraction
process to reduce the consumption of non-toxic solvents and protect the environment. Natural deep eutectic
solvents (NADES) are a new class of solvents used in extraction that consist of a mixture of two or more
biodegradable natural compounds with low or no toxicity. The important features of these solvents are their low
toxicity, biocompatibility, simple preparation, and low cost. Given the significant advantages of these solvents, in
recent years, the use of NADES in the extraction of phenolic and antioxidant compounds has been considered.
Applying appropriate auxiliary treatments to the sample or the sample-solvent combination during the extraction
process can improve the performance of the extraction process. The use of ultrasonic waves allows for better
extraction by creating shear force, disrupting the integrity of the cell wall, and better penetration of the solvent
into the tissue. Pulsed electric waves also create pores in the cell membrane without causing minimal damage to
the other parts, while maintaining consistency and structure, accelerating the permeability and transport of water
and dissolved substances from the cell membrane, and allowing the extraction of active substances under better

conditions.

Materials and Methods

This study was conducted in 3 phases to extract the compounds of the golden plant using natural deep eutectic
solvents. In the first phase, effect of the type of solvent used including carboxylic acids (citric acid and malic acid),
sugars (glucose and fructose), and sugar alcohols (ethylene glycol and glycerol) on the quality of the extracted
material was evaluated. In the second phase, to improve the possibility of extracting the active ingredient of this
plant, the sample was treated with pulsed electric waves, and in the third phase, the extraction of phenolic
compounds from the sample was carried out with the solvent type selected from the first phase under the conditions
of applying and non applying ultrasonic waves. ldentification of the compounds present in the extract was carried
out on the selected samples using HPLC. Finally, the ability to recover the extracted compounds was carried out
from the best sample. Statistical analysis of the results was carried out using a completely randomized design -
factorial test with SAS VERSION 9 software.

Results and Discussion
The extract from the eutectic solvent containing ethylene glycol due to its high antioxidant activity and the
extract from the eutectic solvent containing maleic acid due to its high phenolic compounds were selected as the
best solvents for making the Dracocephalum kotschyi extract. Considering the total number of identified
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compounds, the content of identified compounds in the extract with a eutectic solvent containing ethylene glycol
was 17000.05 pg/g, and in the extract with a eutectic solvent containing maleic acid was 10029.1 pg/g. Therefore,
the content of active compounds of an extract with a eutectic solvent containing ethylene glycol was about 70%
higher than the content of active compounds of an extract with a eutectic solvent containing maleic acid, and this
solvent was selected for further studies. The study of the effect of applying electric pulses and ultrasonic waves
on the extraction process shows that by increasing the intensity of the electric pulse and the duration of using
ultrasonic waves, the content of phenolic compounds and antioxidant properties of the extract increased. Electric
pulses accelerate the permeability and transport of water and dissolved substances by creating pores in the cell
membrane. The change in the properties of the cell wall membrane in such a way that the substances inside the
cell can be quickly and easily removed from the cell, causes the extraction to be carried out in the minimum time
and energy required. The total weight of phenolic compounds identified in the extract with a eutectic solvent
containing ethylene glycol with the application of auxiliary was 25275.41 pg/g, without the application of auxiliary
treatments was 17000.05 pg/g, and in the sample extracted with ethanol was 21652.89 pg/g. Therefore, the
application of auxiliary treatments was effective and superior to the ethanol solvent in increasing the extraction of
compounds from the plant. The polyphenol content extracted with ethylene glycol-choline chloride with and
without auxiliary treatments was determined as 53 and 45 percent, respectively.

Conclusion
The solvent containing choline chloride-ethylene glycol had the best conditions for extracting the active
compounds of Dracocephalum kotschyi. Applying a 5000 W electric pulse pretreatment and using ultrasonic
waves for 30 minutes in the extraction stage had a significant effect in increasing the extractability of the active
compounds. Using the anti-solvent (water) precipitation method, 53% of the phenolic compounds were recovered
and the eutectic solvent was returned to the system.

Keywords: Antioxidant activity, Dracocephalum kotschyi, Natural deep eutectic solvent, Phenolic
compounds, Pulse electric field, Ultrasonic waves
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2- Limonene
3- Geranial
4- Methyl geranat
5- Apigenin
6- Luteolin
7- Penduletin
8- Neral
9- Rosmarinic acid
10- Xanthomicrol


mailto:H.abbasi@Khuisf.ac.ir
https://doi.org/10.22067/ifstrj.2025.91737.1403
https://orcid.org/0000-0001-5899-478X
https://ifstrj.um.ac.ir/

VPeF UT— po0 F oylosds FY il (ol (108 @9l g pole GlodRgy 4y YAF

Aydin, Yilmaz, &) cuwl 43,5 )13 avg )50 SliS] 5l
e b Lais g8 oS 5 o L5 lilllas (Soylak, 2018
colls NADES 5 Jbs s wisboe sl Jsibl 5 &1 )5 s,
Delos Angeles) s, gl oy oy SaScws
zly5wl (Fernandez, Espino, Gomez, & Silva, 2018
HBA cLiS )5 05,5 dw jl oslitul b g5 Sy il Slgid ol 5
sl oS dpaiol) HBD g (g 0= L el S 058 comales)
ooty 5L 1S (58 (Sl o 85 31> i (S 508
o 9 ol el e M sl Ll 1y, Kb S 5 ]l
Obe (Fiarier SpiiSeny Jdda amse (Ui pogad
bS5 ey «Sdsid LS 5 g M i LS5 sla JoSlo
VL gl el losily dl G s s M 05,5 (59,0
zlyZewlys (Zhou et al., 2018) b lis oy ple b awlés )
S5 e Olge MG g gl Sgs S 5
d),f)lfa\g 250 Juol> ly Gl).'iv.’;.wl OLo.\jl) YL ok (y5g )0
5Vl JoreelS 5 WIS oS 5] USine Sy s
a1y lagsiaMs 5 Slaid bS5 glgivee zlysail j3 5)Slhas
51 oolizul b ez ySciume oylas  SlawS 5l @pud op i LAdg)
Juri‘cetal,,) sl Jobs sl Sdle — 1118 oS (olls M
) 5 WL oS JsilsiST gsls b DES 5l oslizul (2021
oSl Do (ul 5 3 ol 55 LIS odsS— Sy
Ju LS 5 gl cae (oo Jsloxe (sl gua)8 5 o
2l U JB gl g 7 Vsl el gh) o) (G
Garcia, Rodriguez-Juan, Rodriguez-Gutiérrez, Julian)
(Rios, & Ferndndez-Bolafios, 2018
ol S 0350 GlS 5 glygiul (ogad > @le ()
9 dged S b diged p (SeS lajlo Jlos! Lany o5 w0
11,8 5 Sles dgup Slinge Bl o zlysiwl T8 ey S
syt S35 sl L gl rlgel 5l oslizl .3 ysl ol 1, g5l
Bl (93 4 M i 98 5 Jobe (g0l ploxas >SS
ol 3 43,3 alul llllas .S e wald 1) o yiae el il Sl
2B ol oghs by denl il sladigel p oyt
b o b (Sosdl 2loel L(Garcia et al., 2018) 5yl SJgid
Slaciand 4 Cul (558 Jlosl ok g Joko el ;> J8le sl

5- Hydrogen bond acceptor
6- Oleacein
7- Oleocanthal

Foroozandeh & Asadi-) wib o ¥ Jobpme "y ylosw youo
L5 olb g 15 Glgieas o 5l s by 4 (Gharneh, 2021
5 pasloy ¢ Juolie 33« saialS (bl w5 (el A <5008
oluS 5 (Mozaffarian, 2008) 54 oo edlaiwl p3 5 sy plall
5 gyl dog B (SansS g (SoaiSlee olys gl olS ol
.(Foroozandeh & Asadi-Gharneh, 2021) siwa b jugy

alpl auld 5l esliul b logas (lalS 0330 slse ok
Cawl (ol 5l cunlin M Gloail 5 0 plod] @olo —dal>
Te ojlas SLS 5 g9 g gl 3Sles Gl 4 &
Jbie oyl ol wile alisee (sla M g8l .l HI38 50
onl il sl Sease b byl b allie jgbas OF 5 S
3l polie 4 (g0l pogMe . Wlad S )8 oalatw] 590 LS 5
Sl il oMie JT M YL Gpas (M
b cge |y 0t Sy Jlaisl 055 5 Cannjlaa
.(Azmir et al., 2013)

) cblis 5 ewpd gl M Gyas jlie ialS Gua
4295 390 gl el 2218 )3 o cla M (655,54 s lame
(NADES) " b inos SuiSigy sl M .ol 48,5 1,3
0550 S8 gl el )3 odlitul 3590 M 5l g (g
R PG (b S 5 W2 b 93 boloe jl oS i lalS
Jolis Logas la Mo ol bilosds oS5 Conoms (930 b o8 oo b
)8 4 JeS Sle (HBD) ¥ 559,0ud S odimd ciluS )5 dtuwd g3
A8 2 asle (HBA) @ S5g)hd Bgm 085555 (g L g ol
e glite (clo Sy b &S il on ot SubenS 35 5 o IS
Zhang, De ) 15,5 oo 1,8 odlaisl 5y90 395 odind |5 dlgo |
ke s S 5l .(Oliveira-Vigier, Royer, & Jérome, 2012
423208 g 03 (53lodlel ¢ g ()3l 08 o M )
Dai, Spronsenb, Witkampb,) wib lagl e
s Jsslo o iiSen, .(Verpoortea, & Hae Choi, 2013
o8l g Sy b dgde cel M oyl saiad LS
5 Job i b ol slasSge g2 23,5 oo Ll 4 i
ol Voo BV Ll s oamd LS5 lial e Y bl
Smith, Abbott, & Ryder, ) >4 0 cogo |, SN  Sbls,
2014; Florindo, Oliveira, Rebelo, Fernandes, &
P M ol g BB sblie 4 455 L (Marrucho, 2014
5 Sdsid oSy gyl 3 NADES 3,8 181 cla Lo

1- Cirsimaritin

2- Myrtenol

3- Natural deep eutectic solvents
4- Hydrogen bond donor



YAV olS () 0skae glscul 10 (Ko b ylosi 35155 g P> S 5 Sl b)) cowles 5 LS

S aye dlge

;| Dracocephalum kotschyi Boiss _ole sU L olS )5
P Sl a3 Ve (slod 3 g ans (el (29)> (LS S 5
o3> youe £ i gy SISl g Ol s 035 Sitd b
ot S\ = i (53T 5 0dgh e IS S
S ool Jgpmals (4y0]) MoK <S5 5 (DPPH)
(OWl) Sy 83 51 595875,% 5,8 s sl Sl el S 20
Sy 5 bl alox 515l 5)50 (plhend Slge K3 il gyl B
S () Sl 555 3] s oS g (olpl) S ok
VAW

NADES (s jlwoale]
W335 4 Blizee S 3 jleslaal b S5 ) Jgio sillae
(93 Bgm Sl 4y (F59)0m Wigy 043 S ST 5
€900 (39 il 038 38 lyisdr O a8 S Jais (¥ g0) V)
Ogolyd plas )3 SiSSgy sl Mo el )5 03938l wluS
W3 ol i oyl swige <5 55) PARSONIC 155 Ja
pll Blas mle S JuSis B ol,8 il dojd Vo o Ve e W lgs

)5

Al
Do e ¥ Lol 0,5 252 055 1Y gl it plo e
S8 4iBy £ e ey 3,5 Slo d > Ve clod O plos p3 g oSy
483 )3 )ed Verr Gy b diged g Pl S5 w285
(Zhou et al., 2018) 135 jouts il 4By Vo Cdody
RSy gy b g e ojlas S5id Gl 5 IS Slgiee
Santos, Pinto, ) s objy ¥ gl gyl gd Byme & yglme 43 4
Yo ek oyl (gly .(Silvestre, & Pascoal Neto, 2010
L8 pteocliss§ il lio ¥ Tn) S g g By )
Ol d@Bd Yo 5l L g bolows il gl yseinl ojlac i Lo /0
i (65505l el 5l eolatl b jegil VE 5> ladiged ol
SIE 58 Lo buo p ojlac )3 29350 Sgid wlS 5 clale
ol Dkl o 5l edlitul b g diges S 59 p)5 2 el
oalazwl b oS 5 5l e Cl).x.w‘ o,lac JIM]wi b
A Lg)So)I.b] DPPH d)_u) ‘_5)5)154; l; 9 W&) L)“’ﬁ) )]

2- Folin-ciocalteu

Jsloeo dlgo g Ol JUil g (5 ppisdeis ol g plgd Laio b S
21y %0 dlge gzl (Sl g Ais o ey |y (oo L ]
Aghaei Shalmani & Salehi, ) .S o o2l oy Lol
el Jlosl L a8 1 sanlie 45,00 5| 43 gl,5l 5 (2014
b e s sl 5 ZAY 6 gl S sl (S 0
sl Sy S glgel Jlos) 5l oy 13 iy o 233l AA-A0Y,
sdaliio log CoS (sladigel ) gy S5y 9 FYL A5 lgime
Olwe Sl ow,yn .(Aghaei Shalmani & Salehi, 2014) 1,55
S5 5 oo Ol el )3 )L Jlael b lojen pudly (S S
a5 > coully (oS0 gloel Sl U logan lih al31 S s
@5 )b (i b ol cudS Gl g g YL 3o
sgmod] alg ey S, 1S lgol Jlasl b a8 sl oLt andlla o)
Jb e s B9, ol owiomen b o ial38l X VIV 4 VY
2 g 9 Sgd SlaS 5 ggime Laks b bap il g Se (00
Aghaei ) 2,5 o Jpame slauis 3 Saglsy)l Clusgas )
L b (S Sl zlsel Jlosl (Shalmani & Salehi, 2014
Slage «5)sl 5 (2L Gladsls ;> P> 95 cehl 36l
Sialp ol SIS o w3 1) ok (19,9 dlge il Cgees
A5 G55l L dlse gl 3 apsld i S plsisar Gl
Aghaei Shalmani & ) 3ges e3lwl LS 5 plo g s dags 3
.(Salehi, 2014

ol L olS 325 Sgid LS 5 gyl Bua b adlllas )
P8 pbdl (e ¥ (b Bree S Ml
skl gy (Mo S 5 i Sl Ban b gl cuond
5 3S5I5) LS (apl Slle 5 il S i) Bl Sl 528
S5 olsies [y 5 J5SlS o5l b JSO1 035 5 (55,3
20N (fgykd plyisdy LLIS lsS US55 0y S 55
sokateds pgd 5B 53 .8)S )18 (25l 3590 g yFe 0)las CudS
Zlool b jlaws cod diges olS pl 0350 ole gl yscinl Kol dupe
o Aoy > 5 o5 B Gilise (slajly by pully (S S0
2 Jsl lose 31 oo Plo b ges s S5 gl
o o5 ol 53 5 Cogolyd gloel Jlas! pie 5 Jlasl bl
5 i)l Jlie o Jiiwe &g oad Jlosl glajiie Sl pdy
Pl diged cpyitg jload gl il ClS 5 bk ekl coles
S

W dg, 9 dlge

1- Sigma



¢ ngi—,@,e ¥ ooyl XY ol (gl (2108 auloo g pale SLaidgh 4 i YAA

DPPH 5,5 «/++Y yslate ol sl (Li, DU, Jin, & Du, 2012)
1335 bslseo DPPH Jsloco 405 (sl Jgilie 2 Lo ¥- L

oS 1y &l G ST gr sV adgi )3 00wl 5 jg0 LS )5 ) Jouo
Table 1- Compounds of eutectic solvents for the extraction of D. kotschyi

diged (P59 0D Nga 55 lan]
Sample  Hydrogen bond donor

5954 gy 03
Hydrogen bond acceptor

Choline choloride (Chcl)
Choline choloride (Chcl)
Choline choloride (Chcl)
Choline choloride (Chcl)
Choline choloride (Chcl)
Choline choloride (Chcl)

DO WN P

Glycerol (Gly)
Ethylene glycol (Eg)
Malic acid (Ma)
Citric acid (Ca)
Sucrose (Su)
Fructose (Fr)

Aghaei ) siwes Sujgile 5 S plaww 0SS
£S5 0 b Jles i Jlel j> (Shalmani & Salehi, 2014
oS ogase Bl 3 g bylso o i e 00 b olS 05
Lsgs godly (S0 75801 lgol Jlos) 28,5 13 (oo o gl ¥ )
Fogilo ¥ alols & (@pe o il 8+) SSjas (63¥ 98 398lg>
B g Beer g Vooe e ad g3 0 anld ol .cé )3 pll
Vo o S ke a2 Ve los (ym ) il 8 AV Ll
sdlozl (S Sis by diges Coles ;0 00,8 ploul ails oo

(Aghaei Shalmani & Salehi, 2014) sus Sus

gloel Jlas! a3 e o b oS gl AL
O geol 8

LS 0235 | gts oylae kS 2 gl 3T o
o ) digel gl 5l g ad SiSSs S «suie NADES L,
o Gloj 45 .85 plosl gl )b zlgel Jlosl cos 4aBa Ye 9 V0
Ve Ol plos p3 celor Y Gotods gl lgel Jlos] (g gyl
Odody diged glyoeinl @33 V0 loj 5o b plol o )T il a5y
3 g ad bl Ggolyd ples )3 4ids V0 ¢ Of plos ) adds YO
o 9 Ol plos )3 ABES Yo oty Ha5 390 diged didd Yo oo
005,53 (claan] )b den )3 Lod 0 pbul gl b plas ,> did> Y
b e o JB Sy b s S Bl ap V-
WU, 155 ) cite dse Sl 5 Blbgys 5 izl 51
.(Li, Chen, Wang, & Lin, 2020)

adie @ AL o jlas Sal g3 lus 5 bl
Uiy «SeiSSe Pl Ssid wlaS bl slated
Joloxe cpobaie opl 4 ad oolil Of 1 eslazul b JMoss Cga,y
5oyl 488Dy yed Voo e 50 48> VO Cidedy diges ol jar DES

9 W L>9l>u 9 039}51 29 .)‘9:: W Ve Cows @ u"l)] L u] W)

5 bglsce DPPH Jgoxo 12 Lo ¥ 1 aojliae 31 52 Lo =/
O o 0300 )8 lasee (glod )0 g (Sl 50 4dds Ve Gedy
oBawd by yagl DY zge Jsb o ladiged ol
oslizal U >590 JISu3l) Jan oliee 45 (6eSe3lal sogighs i
20,5 duwlxe ) ala
7 DPPH inhibition= ((Acontrol — Asample)/Acontror) X 100

(V)

sae A sample 4 JyuS Gls sae A control YU alaly j»

Al o diged ol

oudds gl yAdusl lus 5 &S 9 065 (b))

s SiSgy Jgloeo b ond gl 5ol o las @S 5 ulby
b laslnl Sluogas 5 Ssis wliS 5 Gy oYL
b3y 350 (HPLC) YU plesily b ole 31, S5ilog S 51 oslil
385 o O oy oy b 8305 HPLC ol gl 8.5 )3
230 0l3 jgue yiagSe /Y 3kie oIl b (g gk 12k ) e
oy (o oo ¥XV04) C-18 oolaiwl 3j50 (g oK oy
3590 3o ST g g So O 555 e o], s a2 3 ¥ s
3 Saoyd el 7Y Jgle Jolis mlo 5B g (6393938 o3litl
s 3p 4653 5 i) leo IYD Gl e by S 35 S5l
gl e plogilh YA Lo lgYs 5 Lagygilgdls (ololid zge Job 35
> yagl YO+ ladngighe 5 piagl TVe Spolivw onSg)dn
.@uri‘cetal., 2021) s 48,5

il (S 558 7 gel Hlasi sy Jlas!
Sge 5 395Ul 93) o dains 5 (5558 gie Jold s (132
Gole g Sjas oVes Luin jl g Sl Ll (S xSTligd a3le
Sl oy Jol g il )03 ol (Godlgw b odltul 3590
N Sy oy adg dge lag e 4y pB dlge (ail,



YA LSy 0skae glsul 10 (Ko b ylosi 35155 g P> S 5 Sl b)) cowles 5 LS

Sl Sdlo (g5l SiST gy sl M (SeguraCarretero, 2020
S5 OlS gl 3 (weg BB L 8 dl S
gyl Ho .(Juri'c et al,, 2021) wob olis 1) glis oS
) JSitme Sy o 5 glisi olS Sl SUg SlS
Jobl & s 65V gzl odjl JopdS 5 2,187 (dsS
Sb ol Byleie Mo lgiea

5Ioeslawwl boonds GI)MI 0,lac uJIJ.mSI u"’] Caols
sy ore oglas &S dad o s ¥ S 0 STy sla M
(PS4 0) 245 o dmlie 0 gl Sl (laoslas lo cus oy
Copols SIS bl s M Lo glseil diged e cul
To0e Jbl b ons gl el oylac b jlen g 5L Sliws] sl
2 oigh ol o oolitwl 3y90 HBD @l 13l awyp b 3y
odnlie wlS ypy; less GI)D'LL»] o,lac GUMSILSJ Coold
25959, s JMo b g y5tine o)las dadid 09,5 )3 45 395
Aol SilauS 31,5 03,5 53 5 JyyoalS s dulis 13 S5 ol
Sy b duglie 1 duol Sdlo sl M b 2 5t 0)las
5,05 o YL szl.\wfluzﬂ Caols Sl

el 5 S s Shy p P Sl s b
50l imgs 303 ) ilisee plie jl & ySciue oylas  SlawST ]
el gy aluSy zlsanl el ais jl cwl ssd )5S
ol ol SiSis M oS canl 003 )5S laeS] 5l
oy IS b enbin JsSLo s (slosiSonyy o 42 JSilS
zlysl el sty gl 2 .(Jeong et al., 2018) uS'
el VL G SeSUs M L ogls ojlas
93 b osd zlsel o oylac > ShuSl o1 cld o zeS
2018) 15 iy dpul st 5 35558 (55l STy S
5 e b STy sl M 5l eolael L .(Jeong et al.,
wg23)) 31 Vb sl il el b lojlas g sl SaSY
Jols ol 4 4505 b (Doldolova et al., 2021) 15,55 ¢l 5l
b Sy M 1 eolil b g Sie o )las ¢ iy ) )
solas 9 Sgid LSy g n VL ol el Sl
b iy J5SS ol sl S o J 0 gl
ol Ol 5 ool byl ey cpl 5l sl s 1y olasT !
b pls] dges g3

Cow)y b (850l el A Gdods d)d yauo (glod )d diged
Doldolova et) us (yjs 9 Suid (goloosl (S Sis 3 Jols
(al., 2021
&bl o 9 4520

g5 3olar MlS il wlul 5 baodly (glol oo g a0
!y (LSD) Yjlslixe M3 BBlis e p ols (uS5ke duslie
(Cary, NC, SAS version 9 l3sle s il eslawl b diuly (sl o
s g Ad pbl SIS aw > s pSojlul dan i plosl USA)
51 oolazul b Waylages wais &3l jlxe Gliosl & Sk &ygu0dy
LA v 5 Microsoft Excel 2016 l58le 5

=W
Cullss 9 (L Glgiae ;Do olusy el
A o jlas Al sl

obe b Solis O S5 o ead @)l mbs sl

Sgb SlS i glypl QUly bl calisee ST sl M
I b onss glscsl oylac (p<+/+0) 3)l> 2939 olS )5
2 YL SJgd SlS S b sl Sl ol ST
b gibine @glis Jy conl gyime gloojlas plo b duylie
J5 ) JsyenlS (sl S5y Do b 1 el o)l
Gplb ol 4 Cand dals M olaieds bl (p<e/40) 3l
eyl dugli > o 5L | 65ml Sg LS5 gl
A8 ol gy S diwd dw pd ikoh ol 5O edlaiwl )50 HBD
58l & Cans 593595 5l onlial L sl SilonnS 525" 9 o JSUI
Syt 4 Cand Sl Sile g JoSUS Ll @ s Jg S
Bl Gl g ojlas Sgd ClS S Slgee gl
3o o 5 5 o PH 5 o alos ] il g5
dox 5l ol (o3 Sk 9 Mo exmd S i
@S 2 e85 oy Jlis] e pus g Mo gy 5T b 4538y
Wei et al., 2015;) siws phe SiSSg b M gzl zowl
=W wy» (Nam, Zhao, Lee, Jeong, & Lee, 2015
Moz b oxima s o dhaej nl 3 485 plonl (slasimgsy
zlyssl )3 gl 5, Slee  NADES 3 oaliul 3590 bS5 g4
sl sls NADES o casl oss )5 Ll ool )3 ol
SYL cadad oo Iy dawlgey HBD laisds gl oluSy
b Jg ssle ST 5 oaid (gl Sy sl Mo 4 S

Alanon, ) 1, SJgid OS5 gl sl ) (gyuin obls < Joilie
lvanovi'c, Gomez-Caravaca, Arraez-Roman, &

1- Least significant difference



VFF UT- s F o lod VY Al (gl (1 aulio g pole loiidgly aspiis oo

—

1 LSD= 10.35

Sgid s 5
o

Phenolic compounds (Mye.jic acia’9)

[ >4

1 2 3 4 5 6 7

S g9
Solvent type

Sgid S 57 o g B! e p bIMs 55 -9 IS5
IS 55 5SS IS s a5 IS S ¢ 5555 515 IS ¢ SISl llS g8 (el Sy slo Mo ol Do g5)
(ol 7 00 Jgill Y g sl SKIlomn IS (658 sl Sy
Fig. 1. Effect of solvents on the extracted phenolic compounds

(Solvent type includes eutectic solvents with 1: choline chloride-sucrose; 2: choline chloride-fructose; 3: choline chloride-glycerol; 4:
choline chloride-ethylene glycol; 5: choline chloride-citric acid; 6: choline chloride-maleic acid; 7: 50% ethanol)

g 801 LSD=6.05
o 70 - a a
£ ab
'%i 2 60 - - bc _I_ ¢
- 2 L] e —I—
2 8 50 e : i
g ¢ B3
-
2 8 30-
g g 2
% 10 3
a 0 sl
1 2 3 4 5 6 7
Y g5

Solvent type

T 5o 8, has oS 551 Clad p M £45 b -Y IS
)15 s 1 5SS SIS SIS £ gl IS S € 5555 5SS € SISl (g5 (Sl S la SVl Jels Do ¢5)
(ol 7 0 Jgibl Y g toml Sidlo—) IS 685 Sl S pann
Fig. 2. Effect of solvent type on the antioxidant properties of extracts

(Solvent type includes eutectic solvents with 1: choline chloride-sucrose; 2: choline chloride-fructose; 3: choline chloride-glycerol; 4:
choline chloride-ethylene glycol; 5: choline chloride-citric acid; 6: choline chloride-maleic acid; 7: 50% ethanol)
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Means with different letters are statistically significantly different at the 5% probability level.
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Table 3- Effect of electric pulses and ultrasonic waves on the phenolic content and antioxidant activity of Dracocephalum kotschyi extract
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Fig. 3. Effect of electric pulses and ultrasonic time on the extraction of phenolic compounds from Dracocephalum kotschyi
using the selected eutectic solvent
Means with different letters are statistically significantly different at the 5% probability level.
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