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Table 1- Independent variables and their values
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EO (%v/w) = 1.200000 + 0.075000 X1 -0.300000X2 +
0.875000X3 + 0.725000X12 — 0.825000X22 +
0.725000X32 + 0.300000X1X2 — 0.150000X1X3 +
0.300000X2X3

(v)

DPPH % (30min) = 60.4136 + 6.3782 X, -22.7935X, +
3.7569X; — 8.0662X,> — 45.5443X,> — 13.5193X5° -
6.6459X,X, — 5.8430X,X; + 21.7333X,X;

(v)

FRAP (uMFe'%/100ul EO) = 1432.94+ 166.65 X1 +
166.22X2 + 126.29X3 — 384.48X12 — 1215.25X22 —
322.43X32- 87.85X1X2 + 575.35X1X3 — 219.80X2X3
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Table 2-Analysis of variance (ANOVA) for the effect of independent variables on %EO, %DPPHj3¢;,, and FRAP of
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Model df Mean of Squares
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Eeential oil %DPPH0min FRAP
percentage
(viw)
s 4 - - _
X 1 0.011250™ 81.364™ 55544™
X, 1 0.180000™ 1039.086" 55258"
X; 1 1.531250" 28.229™ 31898™
£93 dl&.} 4 - — _
X,? 1 0.485192" 60.058™ 136451"
X,? 1 0.628269" 1914.724™ 1363222
X;5? 1 0.485192° 168.713™ 95967""
B § )_; 6 _ _ _
XX, 1 0.090000™ 44.167™ 7717"
X Xs 1 0.022500"™ 34.141™ 331022™
X,X5 1 0.090000™ 472335 48314™
las- 5 0.040500 31.176 5635

R’-Adjusted R*

0.9472-0.8521

0.9598-0.8874 0.9972-0.9922
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ns, * and **: non-significant and significant at 5 and 1% probability level, respectively

P 5 (X1) Jol Jitewe Jolo 93 31 (o) (A=) JS3) ol 03
bl gl loj Ltal3El b a8 sl ot lol s ys s (X3)
2ol e g olime 9 2l Gl puilul o) S L
s BV JS8) 9y e PO (puilal Jlade gyt
bl Jlade  2glS loj 5 Sgulydl loj Jols 93 (lojen
2 oglS oy celw ¥ U Gl jlade o iy oS ol ol 50

2 X1-X3 slaysie wlawly gulwl jlade o dw jloges

55818 g0 olaie 51 c)laaed ya 3 cuol odid 0l lis V IS
il el asede 0ad - Sojlil Che (g5 Jiee
39515 53 Jlite 51 g b bl > fages ym e
SV Ol Hlade > Luiliwl jlaie il o dbgiye yiolyb p Jiiue
Oy «Spiglydl Jlas! o) e adds Yo b o sz Lo



\VO b gy 5 osliil b o) oS 6T cadlad g S uiluol 2!yl (s Lot

el g (sl Jae gl +/AAY 5 +/A5 +/AFV) R? YL polis
Tl cwlio (a4 L8 o Jus oS o L (Y Jas)
(S bl > cgidlae (551 L plejes (giloding 5
Py YO 4 Ol il (oo YO Cons 4y bgayo dajlond o o it
2 20l L (68 il g diads Ve Sogul I zlgel Jlasl
SO U b a4 Of cans Gl ang 3 0g celo ¥ ploy G
O-Ses 455 (il S (g0 03]k (3L G > paeia oils
Ol 38l Az 50 g (A doy8 (el glS dbul ce & cul
Obls bl 039 Gawlyd zlael oS 4y jody 5 sl Hlil oy
33 bl lacie 53 4 aigo o5l 5l Of Hlade ialjél a5 canl S5
1 4S5 dalos] )3 098 ge 0l (6 pSojll Slas o> yiuljl
L odgnl gyl w3 sl (Arctium lapa L.) ool <,
el e bl (W) il als 8 Dl oz il
gy o (555lgaie 5 )Lsu b ol By, b wgidlST il
e 5 oS a LS /4T oy Ceju g gyl loj adds V-0
bwgi 00 iyt sl Jde o +/AAFF) YL R Lolul p g 39
5550 byl 5 30 .0d 00 e i cowlio gl pdaw b,
Gl v gy bawgs (303 VAY) 0 iy eslol Ol
b Loj 51 L(R) 9 S35 (duoyd Y/+0) sl oy lade 4
ey 5o gl sl uilsl Jlaie p Casg 4 Ol Cans g lod
oy D50 b pdaw Sg, 5l edlawl b (Citrus latifolia) ged)
ol ) Crwg s Ol a1y aigo balyd ol .cé)5 )8
o=l gob s o, 5 ol dopd Ver glod g 4By Vo ylads
(FF) 2] Gty ymd Congy 5 00 51 il o S bl
=S S o)las Sy sla iS5l o5lwaiugs y
Iy olos S 5 oy yiae gl pdaw g, {Capparis spinosa)
59l o> G 9 31,5 o 45,3 OV/A (slod o yd ¥R gl
L s So)las siluding 2Ll (7)o plas oole 4 3> 0
bS5 (accelerated solvent extraction) sdiiSx ywi Mo
9 (Rosmainus  officinalis L.) ¢,y j SlauS|
Ubgy 3 edlawl b (Origanum majorana L.) Sbuw (5555]
5 el el S iy slac il o5 Sl (L5 ol
Lo BV 5 OF osan Gl (5555550 5 ilejy  (SleS]
yodkes ASE lao)lias caslio SlawsT sl culd 5 Slas 54
= Ot s e g 09y dels/mle slaojlac jI YL ang LB
L ord gy b oSl cdleb jolio 5 JS S8 (sl 00
S daxgd BB Hluw /A4 /R0Y aloly )0 YU S )5, ol
(')

5ol (C-Y i) ud Juols gl yd loal Jlos! dids Yo
8l il S 4By VY 5l YL o g il bl ol 5ee adids
ol (i 509lS b gzl ysel oloj 9 Ol Hlade ial38l b o Jg
b el

X1-X3 sl pxio wlol yp DPPHigmin Juoyd (gm duw jlages
L;).m DPPHipmin Juoyd oy s -Cowl 0 03l L5 ¥ Sy
les e 48B3 VA L5V ¢ il Jeo B0 1 iy Of ey
Jole 93 j 31 oy (AT JSC) b ol SSgwl il Jlos!
C‘)"-LM’I as sl UL‘W‘) DPPH30mm d—o)d yo pow g J9‘ J.n.wm
Ol ol 3l oolitul g caelo ¥ dgas by e 4D 5glS b il
JSs) sty |y DPPH gmin Ao yd oy pidi i Juo Fo v IOV
obej 9 Sogulydll ploj Jole 93 pli 31 2Ll (oo (B-Y
U"‘ )I..\_an O3 iy 4 by uLw DPPH;30min Aoy p ).70915
oolyd zlasl Jlosl adBs V0 55 (celw ¥) (655 il b law
Sl o) e ¥ S & argr L (CY S5) 15 Juo
Lot S0l ST 5T edld e «ol Hlade iul38l b
Sl g U (ol 8l g g9yd )3 20l b gl gl oloj
UL‘“‘U .)9_> )‘ (Xl‘ X2 ‘Xg) Lb)}s{b )I &_gs_J » 61): LW uv):u
0l cdlad 3590 )3 05dg gymgy LEBLS L o] 5 e g 20l
5 el oS g ] Sl ol 5 (F JS0) o ]
oloj e aidy Yo g yid duo OV JI0e+ Ol Jlade > Sl
48 o Ui b Gl 5T culld p pgw g Sl Jite ol
33 65 bl @ SlanS) 5l cleb o i 4 oliwd cas
- S8 el 5b ymd e OV O e g sl YIV (loj e
ole 5 Soguldl loj Jale 93 plgs 3l aalllas eyl 2 (59591 (B
Olie iy 48 3 Gl 8 Glaas] T el ouls
Zlool 4By VY Jlosl U 5 (5,5 uiliol sl Y/¥ L o oy
Ry «ado 3590 50 (C=Y JSi) Al sty Soguol
4355 odmliio nygiSB ol 53 0 5 rdaws (o ey

055 il )3 Cagallae (45551 b loje (g 5Lurdingy
Gl ey S Y0 4 Oyl e YD Cand RSM 39, olul p
Sde ) alS b (65 uilil 5 ddds Ve Sogul il 2lgel Jlasl
bl ) o izmen 9o b)lod Cond cp it Sl ¥ e
3 omill Sl ol el s )s YIPY bl ol jae g
VONY/E oy gy 33 9 3o yd AOY  PPHigmin dmo)d b,

(¥ JS) del oy il iy Sen B+ 3 Fe™ Vaoq o



VPRV et ) olad PV Al (153,988 alioo 3 pole) L pole aypii VP

ondyS do uilw! lade 1 ((X3) o098 oyl « (Xo) Sdgml sl yloj « (X)) 5 i T Comnnd) Jhimo (51 o Jilie 51— S
Figure 1- The interaction effect of independent variables (Water to seed ratio (X;), Ultrasonic time (X;), Extraction time (X3))
on essential oil (EQ) value of Celery seed
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Introduction: Medicinal plants contain antioxidant compounds are benefits to human health and celery as a
medicinal plant, is rich in antioxidant. Celery (dpiumgraveolens L.) seed has a lot of essential oil (EO) and this
EOs has long been used for fragrance industries, spice, pharmacological and cure diseases. EO for celery seeds is
1.5-3% (v/w). Although a number of methods are applied for the acquisition of essential oils, the most frequently
used method is steam distillation. Among EO extraction methods, ultrasound-assisted extraction (UAE) is an
inexpensive, simple, and efficient extraction technique. This is most likely due to the intensification of mass
transport and to the facilitation of solvent penetration into plant tissues which are damaged by the ultrasounds.
Response surface methodology (RSM) is a powerful mathematical model with a collection of statistical
techniques where in, interactions between multiple process variables can be identified with fewer experimental
trials. It is widely used to examine and optimize the operational variables for experiment designing, model
developing and factors and condition optimization. Antioxidants deactivate free radicals before they can damage
to the bimolecular cells structure. In the present study, to find effective antioxidant constitutes of EO, antioxidant
activity were determined using DPPH scavenging assay and FRAP methods.

Materials and Methods: In this research, the effect of seed to water ratio (X;), ultrasonic time (X;), and
extraction time (X3) on essential oil extraction (v/w) from wild celery seeds were evaluated by the following
equations. Antioxidant activity ofEO was measured via two methods of FRAP, and %DPPHj;gy,.

%EO (v/w) = 1.200000 + 0.075000 X; -0.300000X, + 0.875000X; + 0.725000X,* — 0.825000X,> +
0.725000X57, 0.300000X1X2 — 0.150000X,X5 + 0.300000X,X5

%DPPH;mi, = 60.4136 + 6.3782 X, -22.7935X, + 3.7569X; — 8.0662X,”> — 45.5443X,> — 13.5193X:
6.6459X,X; — 5.8430X,X;5 +21.7333X,X;

FRAP (uMFe™/50ul EO) = 1432.94+ 166.65 X; + 166.22X, + 126.29X; — 384.48X,> — 1215.25X,” —
322.43X5% 87.85X1X2 +575.35X,X; — 219.80X,X;

For optimization of EO extraction conditions, the RSM method was used. A Box—Behnken design (BBD)
with three center points was used to study the effects of three independent variables, water to seed ratio (Xj),
ultrasonic time (X,), and extraction time (X3) on three dependent responses (EO, %DPPH;¢i,, and FRAP). The
independent variables were transformed to three levels (=1, 0, 1), and the complete design consisted of 15
experimental runs with three replications of the center points. The following quadratic polynomial model was
fitted to the predicted responses of EO, %DPPH;¢i,, and FRAP with changing water to seed ratio (X; = 375,
500, and 625 ml water to 35g seed); ultrasonic time (X,= 10, 20, and 30 min); and extraction time (X;=1, 2, and
3 h) in extraction samples; Where EO, %DPPH;(.,i,, and FRAP stands (Y,) for the predicted responses for X;—
X3; by is the constant coefficient; by, by, and b; are the linear coefficients; by, by, and bs; are the quadratic
coefficients; and by,, b3, and b,; are the cross-coefficients. The accuracy of the estimated coefficient was
analyzed by ANOVA method and the model accuracy was obtained using the F test at 1 and 5 % by indicating
coefficient R*.

3 3 3
20X+ bX,+ Y b XX,
Y, =b, + i=! i=1 i#j=1
Results and Discussion: According to the results, the best ratio of treatments (optimized condition) was 35¢g
seed to 625 ml water ratio, ultrasonic time of 20 min, and extraction time of 3h. At this optimization conditions,
the ratio of 35g seed/625 ml water, non-using ultrasonic, and extraction time of 3h was used as a control
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treatment. Under optimized condition, the highest essential oil percentage (v/w) and antioxidant activity with
styles of FRAP, and %DPPH,,, was obtained 2.33% (v/w), 1513.6uMFe?/50u1 EO and 48.52%, respectively.
However, at the control treatment, the highest essential oil percentage (v/w) and antioxidant activity with styles
of FRAP, and %DPPHj;(;,was revealed at 1.45 % (v/w), 1064uMFe+2/50u1 EO and 29.30%, respectively. In the
study of optimization of ultrasound-assisted extraction of anthocyanins from mulberry, using response surface
methodology and also, optimization of ultrasonic-assisted extraction of pomegranate seed oil were shown
similarity results.

Conclusions: The values of adjusted R-squared (0.9972, 0.9598, 0.9472) for the equation are reasonably
close to 1, indicated a high degree of correlation between the observed and predicted values. Therefore, the
experimental values were agreed with those predicted by RSM models, and it suggested that using RSM method
foroptimization of extraction condition is suitable. Furthermore, application of ultrasonic technology increased
essential oil extraction and its antioxidant activity. In addition, results indicated that the UAE method is a
powerful tool for the extraction essential oil from seeds.

Keywords: DPPH, FRAP, Medicinal plant, Ultrasonic frequency, Volatile oil



