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4. Tert-butylhydroquinone



\Y’QV d}))} No 692 ‘Vi o)La«j:

L;_sl.,\.&@l«é;(jl&

gl b S bS5 pl Al Y-y
Sl

woars L) Dl gl pasile e b €l 5 pens ke
Ugo Cap 3 03 e 3 okd bylie (b3l a Ll s
Y Gee b sy S di el 53 G S 4 sl ol
Lzl Ol 5 S s 3,80 13 wsa 53 20 5l
olas el a 0Ll s s B bl o w e
A8 Glo ls L ol

JS J}J 6,;5/63‘-\3‘ -Y-Y

4 ke b Sl A S b S I S el sk
Aeie O A Lo YIY 5 e A2 e LT o)
VA Sl de s S wlsl OF 4 b Gme 2l S Yoo
L3S LSl O & do s Yo Dl S e 2d5,S0e Ve aids
535 das sles 53 OF (61 &5 sl V5l e 503 lr
cale Unico UV 2100J0) s s sl b S0
I e okl 20 56 V10 g0 sk 53 (Kol 58
Szt Gl 05 K kel SIE L5 e Dol S
oS Coge LSS L aw o ba il ples i 5158
[¢]

JS 255905 (g S 03151 —5-¥

Lowses 5l ads S for IS As 5o (6,503l ke«
e 0700 0T s 5 2 bjline ke T s e
N i3 0 3l day s s S sl Aoy 0 il s REEN
VSl e 6L A3 VIS e T 1) L
Voo o¥se ) LS sdes e A ke 0/0 LSS w aids
Sl oVe 53 Dl s A Lol Jglome & ke T 2 L
S Sl S5 03V A (g S5l (g e 58 55 S olSais L

Sope a4 dile s 5 A5 plol Sagm 3 balesl aen

¥4

Sachys ale ol ame alS (L3 ebim b 28 slx
Coge 4 &Sl 0Ll el 1 lavandulifolia
35 Ol 3 i opl 5L S Yt s e Olnl 3 50055
GOS8 WY L oS 545 e 3L Ol s o g6 STE A sl
O 5l &S s,ls sl oly a8 Gl cd Ol o O
Sl ao cools Jleal Obys 4 UlSs dex
ol SleeST BT ol 5 S o il s S A 5 Sl
ol OF 53 35 g0 S8 SLS 5 4y by o Ol e |y ol

[F=1Y]
LS 5 gl Gl ag w52 0586 Sl g ax s L
3G 8 K e gl aalllee a5 sl S8
4 P Cod (Pl S5 Ok prie b e (GRS
Al QL sy el p gl Sp d e
S emer 5 ST ST sl (Spd oS S
che o b wselp gl SaS w sl bl ol

Al o ey

ety 5 olse -

lrosd 5 (AL 5150 ()l ez 1Y
Geikin 53 Sl bS5l s sl alss sla el
23,5 65T e Dlehos Ol o (5 5shS VYY 53 0 b
LU Olghol gro oKiils wlid olS o5 S baw s e s
L e 3 L 25 il 3 (BUT (glo 5 W 403 puuros LS
Lol 50 oS o (er oS Cle oS0 Sl
Oley B ol 8 sl am o VA los 53 5 ol SUI s g0l
crl o3 ealiad 355 placd slpe plad LD (eSS oialesl
LS 5 S osla ES0 IV el s b G



b SISt ST 2l s Ll b (g5l g

OLes 5 S 5 oy g

Y = Bo+ Xy B Ty Bix® + Eea Lizira BiXi %
M
iB 5B siB s ol OB s e tY cadaly cnl s S
o X 5 Xi X3l e Jds a5 0l 35l sla
(o DI Sl e 5 4 el e Jits (sla ke
b o Ko 5 Ko X glos e \é"—@‘ 5 P> el
(ANOVA) (ills 5 G S5 Josi 5 o il e
e o S 5 e Sl ity el sla ool
Lol 5 sl sa0sa3T (ol e et 5 S S5 ol o
Sl b 5 g 5lmagy 5 Lasla sl o 5 i 5 e

<k o, 40 ( Design Exper?)

C'..auj@l."a -y
oS @ le';:..d bl s g3l ang VY

Eol gl o 3l sl b sl b e
T o3 gdous e b piie LRE1 -V -
ST 5l oslinal b bs paze als ppimas 5 e Slo ke
Sl glaize pedle Sl a4 ar S L e Sl
Tl QI Fge Jalse o5 55 3 o3l 5 Les o
eie 33 ol Olilesl slaas o sy W 4 s dzes
535 Bl YO b gles s pan 4 A e
b pie aalsl 53 ks Ol Yo 5 Yo Jhe o L3 o3Il
LA (IS (Y) (salslan ollas

X; — X,

X, —
T AX;

Q;'.T%\} )‘Js}.& Xi s&@ww@d}.’u Hldie Xl ca)slxe u;“ BE
5 6o b 5 it jaze adly e Ko e e
Slp O dslee 5l Jol> slael codl gldy a5 AX;

el 0 0als OLES (V) Jgd s uiil.aﬂ b puxe

6. Cross
7. Design Expert, 7.0.0 trial, Stat-Ease Inc.

A5 SIS aie S esle 05 a0 S S ke
[Vo]
P KVK{ I INCI [P RPIK PR RFI I |
ISty Bd pasl G b 5l St (ST cdld s
Lls s el DPPH) sl b So s g -V 5Y
e VO L eslae 5l ady S b0 85 5 Dose ) 4 S
=) e o =YY LT Il Yae eV Jglie Jgoes 2
Sles 52 ad3s Yo Do w5 o byl (oo Sy
Seslimal b 1256 010 55 0T Cldor s A (5165 Lo
035 o $lp dpbe D Slad el g by Sl
Gl S Ko €500 K ek ged ol o 4 S o3zl olKaws
e ooV Jslome 2 (oo 1/0 ol pon a0 I ple 25 Soa B0
dald Wl Ol a o Joshodes S =) Jed 60 YT
aed 3 (5 Se3ll el 010 s O ol s s eslizd
L slest ol el do s s plomil LSS Y [P
Do) bl alme 5 5 abaly Sl eslin

Sl e o o= (s o 6 g el X
Selasl o by
S o b sl el L el mlaw s ) G ol 3
3l g 1y S5 ki 3 LSSV e 0 L U558 e
S ol Jars (sla ize [1N] it eslinad ol sl Jal
Dlas (X0 St el s I o X)) gl 5 el
s 4 bl glasles Ly (X)) D= S 5 5 (Xp)
Slagly 53 el St Sl S Okb, Bl
A e S e el 3 Bslial Oy ss 4ol edalie
s 8 ks el o sk 4 e s s e

Al e (V) dlasly oy s0 4 s 6 (ol e

5. Central Composite Design



\Y’QV&JJ}}L\OQ)}J‘Vio)w Lﬁ‘v\ff@l«'ﬂj¢}l—‘*

Table 1 Independent variables and their coded and actliaésaised for optimization.

Independent variables Coded level
-2 -1 0 1 2
X1(Ultrasonic power) (W) 150 200 250 300 350
X2 (Solvent to sample ratio) (v/w) 30 40 50 60 70
X3 (Time) (min) 2 6 10 14 18
X4 (Solvent composition) (% methanol) 10 30 50 70 09
oo o bgall wlsl 5o s e (15 g, S bl b om0l sl 5 Lay ST 3las ol 3 s
(Y Jsdr) s bl ol ol Gl 68 e a1 T L gl Y

Table 2 Central composite design with the observed respoiosailtrasound assisted extraction (UAE)

method.
No. Run X1 X2 X3 X4 Total phenolics Antioxidant Total flavonoids
order (mg gallic acid  activity (%) (mg quercetin
equivalent/g dry equivalent/g dry
matter) matter)
1 17 200 40 6 30 13.07 61.51 3.73
2 26 300 40 6 30 14.6 41.94 4.02
3 5 200 60 6 30 14.05 39.54 3.57
4 28 300 60 6 30 17.38 34.52 4.49
5 30 200 40 14 30 14.96 58.37 4.06
6 12 300 40 14 30 15.11 70.30 4.31
7 14 200 60 14 30 17.57 47.38 4.35
8 19 300 60 14 30 19.63 48.12 4.94
9 8 200 40 6 70 14.52 61.30 4.02
10 1 300 40 6 70 15.33 70.08 4.31
11 27 200 60 6 70 17.71 37.97 4.29
12 2 300 60 6 70 18.08 49.48 5.21
13 18 200 40 14 70 15.87 65.17 3.87
14 3 300 40 14 70 17.69 76.15 4.72
15 10 200 60 14 70 17.52 47.70 5.11
16 4 300 60 14 70 18.84 52.72 5.64
17 22 150 50 10 50 15.40 47.70 4.23
18 15 350 50 10 50 19.06 55.75 4.59
19 11 250 30 10 50 15.74 90.48 3.87
20 6 250 70 10 50 18.26 45.61 4.92
21 20 250 50 2 50 16.51 50.00 4.34
22 13 250 50 18 50 19.76 71.23 4.97
23 16 250 50 10 10 14.00 33.47 3.65
24 7 250 50 10 90 10.29 34.31 3.93
25 23 250 50 10 50 17.49 49.37 4.45
26 21 250 50 10 50 16.65 47.39 4.37
27 24 250 50 10 50 17.67 55.02 4.37
28 25 250 50 10 50 17.95 54.08 4.48
29 9 250 50 10 50 16.22 60.46 4.42

30 29 250 50 10 50 17.51 51.15 4.48

£y
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Table 3 Analysis of variance of the quadratic model of elifint responses.

Responses Sum of Mean square F value P value Correlation Lack of fit
squares coefficient (R
Total phenolics 105.41 7.53 5.13 0.0016 0.83 0.056
Antioxidant 6.07 0.43 8.81 0.0001 0.90 0.0008
activity
Total flavonoids 4669.84 333.56 12.29 0.0001 0.92 .380
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Fig 1 Contour plot of total phenolics during differentnabinations of time, ratio and ultrasonic power.
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Fig 3 Contour plot of antioxidant activity during diffamt combinations of time, ratio and solvent comiasi
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Table 4 Comparison of predicted and observed values foralgonse variables.

Responses Independent variables observed Predicted
Ultrasonic Solvent to Time Solvent values values
power (W)  sample ratio  (min) composition

(viw) (% methanol)
Total phenolics (TP) 300 40 14 60 16.59+0.18 17.66
Total felavonoids (TF) 300 40 14 60 4.48+0.32 4.45
Antioxidant activity (AA) 300 40 14 60 80+0.39 78.03
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In this study, ultrasound-assisted extraction (UAf®nditions of natural antioxidants fro®achys
lavandulifolia, with the separate and simultaneous maximizatiototal phenolic (TP), total flavonoid
(TF) and antioxidant activity (AA) by response sud methodology, were optimized. A central
composite design, with four independent variabtetuding power of ultrasound, (W), time (min), lidqu
to solid ratio, and solvent composition (%), with Bins at five levels with six replicates at thatcal
point, was used. Results exhibited that the secoddr polynomial model could be successfully used f
optimizing the extraction parameters. Correlatioafficients (R) of the models for TP, TF and AA were
0.83, 0.90 and 0.92, respectively. The resultshefdptimization process of extraction showed that t
highest concentration of TP (19.8 mg gallic acidiieglents (GAE)/g of dry matte(DM)) in the
conditions were power of ultrasound 297.8 W, liqtid solid ratio 56.3, time 14 min and solvent
composition 43.2% methanol; the highest concentradf TF (554 mg quercetin equivalents (QE)/g

DM) in the conditions were power of ultrasound 300liquid to solid ratio 60, time 14 min and solven
composition 69.4% methanol, and the optimum comalitiin terms of AA 78.4% under conditions were
obtained at power of ultrasound 300 W, liquid tdicseatio 40, time 14 min and solvent composition
61.7% methanol.

Key words. Stachys lavandulifolia, Natural Antioxidant, Response Surface Methodalddirasound
Assisted Extraction
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