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o ABSTRACT o

Cyperus esculentus (Tiger nut) is one of the most widespread herbal plants in
the Mediterranean basin, and its extracts are a rich source of bioactive components
that have many beneficial properties for health. This study aims to make the extracts
of this plant more effective by improving the extraction process of phenolics and
antioxidants from C. esculentus using response surface methodology (RSM) based
on the design (BBD). Three independent variables of the process were studied,
namely extraction time (X1), extraction temperature (X2) and solid-liquid ratio (X3),
at three levels (1-, 0, 1+), through (15) experimental points, and their effects on two
responses (namely antioxidant capacity (Y1:DPPHsc%) and phenolic content
(Y2:TPC)) were evaluated. The data were analyzed and simulation models for the
extraction process were built in the form of a second-order polynomial using
DOE/RSM/BBD. The adequacy of the models was proven using analysis of variance
(ANOVA). The significant effects of factors and their interactions on extraction
efficiency were studied at 95% confidence interval. Desirability approach was used
to identify and evaluate the best conditions for the extraction process that give
maximum yield of (TPC) and (DPPHsc). RSM indicated that the best values for
(X1), (X2) and (X2) with a desirability value equal to (D = 99.3%) which indicates
the optimal solution, were (25.9 h), ((45.7°C and (0.21 g/mL) respectively, which
give the best predictive values for (Y1) and (Y2) under the optimal conditions which
are (63.92%) and mgGAE /100 g dw 178.54) respectively.

Keywords: Cyperus esculentus — antioxidant capacity — aqueous extract — polyphenols —
optimization — response surface methodology.
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y1 (DPPHSC) 4gaall ssia zgaill ANOVA Jalas :(Y¥) Jgaadl

Source DF | AdjSS Adj F- P-
MS Value | Value
Model 2605.85 | 289.54 | 26.55 0.001
Linear 318.62 | 106.21 9.74 0.016
X1 19.88 19.88 1.82 0.235
X2 267.38 | 267.38 | 24.52 0.004
X3 31.36 31.36 2.88 0.151
Square 1985.14 | 661.71 | 60.68 0.000
X1*X1 371.33 | 371.33 | 34.05 0.002
X2*X2 1338.31 | 1338.31 | 122.73 0.000
X3*X3 539.77 | 539.77 | 49.50 0.001
2-Way Interaction 302.09 | 100.70 9.23 0.018
X1*X2 104.04 | 104.04 9.54 0.027
X1*X3 27.09 27.09 2.48 0.176
X2*X3 170.96 | 170.96 15.68 0.011
Error 54.52 10.90
Lack-of-Fit 52.24 17.41 15.23 0.062
Pure Error 2.29 1.14
Total 2660.3]
4
(p) 4@ e .(P-value) ZdY) Zaal Jalaal el odlbs Lal ad (<9

(v oosal) sl Bl DL ge Lady L[20] dles) NS 5 gEE) G ) (<0.05) At
cilaa b pasid L DaSy Ol sl ) ool Ll g dleal) cslll ddllal gl el s
S LDy el i 2 s Zaad) sl G ol ZSGAS) il LY
£ G Gl Cabatly LR A 05 B Pl o s E Al (SE) s St
lly cilasy) el < LB ) Sl Traye hd fups dniall Al ol ale Usiadd
SR B (s LI ol Ciai) Glis e (oob I AN D355 iy wad bt £

IV Gl Jaad) 8

Yy



ade ¢ e ¢ e o 30uSY Calaliaa g Al gl o gall Dol dudec Alial § dadal

Pareto Chart of the Standardized Effects
(response is y1; « = 0.05)

Term 257

Factor Mame
X1 A
X2 B
X3 C

BB

cC

AA

2 1 6 8 10 2
Standardized Effect

& -

BALAS 53l B3N Alaac) o JBIY) Jalse Sl (Pareto) Lhda :(Y) Jsad
X3 5 X25 X1 s (32 saliad) 5all) Y1 Llana) 8 il Qelsall ST o8 ade
day) X2 delall bl adl) dalaall juis . X3 pag X1 e aleling X2daball g daan sl) 350l
YT bl pially X2 Jatasal) il G ouSe Lals)) a5 I (80
X2 dad gl ae a3yl dad of (V) S8 3 daimgall Al <8l cilladada el
Bhall Glajy 8 AlaY) g W) ae dauSe Dl maal & Gaee 2a Ja (O3 Bl day)

A B C

65

60

w
w
1

Mean of y1
g

45

T T T T T T T
-1 0 1 -1 0 1 -1 0 1

(DPPHisc 53us5 5aliaal) 5,81) Y1 Lolaiad Laaledl) cpilil) cillabise :(¥)J<all
bl 5abyg dlgall dag3l (alaas) oy 8)lall dayy ¢ i) O S dale ol iy L sag
Aaills (535 Lee el Ll alaa g Hhall Ay ¢ ) ol dnsis gl g ccudall & sl
& Hhall A0 £ 16 me 80uSU Baliadl) 08 Cpund iy Lo a5 ¢ [22]padlanul] didee poyed )
Bl ey 3ga ol da als s Gl cdaliiid) Abed) sl e 3gayal) g Ul A dgad)
Chailly il Lgaayaiy Alladll SRl a5 i (05 8 @llly as (e il 5280 saliadl)
- [23]aaks a4y 450540
dle o bulie lela) pfialll g waell aa Gam (0aDAIN) Gail dpally e il
e Johad) (aDAnd G cdlld gag YV YT YO (YE] (LN () B3l ae adlAnY)
il (e Ll (Jobl padlanul ae lewadlanl wy c¥suadell e Tade of e a2l ed

Ye



ishb dads Alaa@® Y YO (£)aaall (9) alaall Apunigll o 1) Tartous University Journal.eng. Sciences Series

Bl clgme Jelin o @Al QlisSd Ko s Jshl sily ey ssaally phall Ay Jie )]
e ) oDl wile B paliadl (g of Lad e coadlana) dle 4 palias) ek
YA YA] dish padlanu) <y dh G Adle Bla clay die Bl e eVl ekl dlal
v

Do vl me lnuhy il GEn Gl (cudd) ) Al sl da )X5 Jelall danallg
Wy Ge sl of G cualiy dsls claliied DPPHse 5283 sladl Lladll cad 3l el
S (AL L)) Alal M) dus) Galiiudl 35 5L ae Lisale (S5 dan DPPH sall sl
Llall sl Lo glo)ly Bl elall daws alidd) Caw @llly Lo WD Law maal e s
39apall (aliddl dag Galiiial Adled dadll Gmeaws Al sl Ll Jaee Jde Go San lee
JFrary oy ] Akl ssdl e

:(TPC) d.sh) ddgidll dgall (o (Ssinall (Ao (DA cipiia il dufn . ¥,0

Jsadl e ggimall Zoli Al Ve P e padlailY) ddee AEY BBD areai il
celhl 1179 MGGAE/100gDW 3 101 mYGAE/100gDW e bl & &0 il
&l Laadl) adll e 2l LI ssine JB VY dpaill coell Law il ssine el 4 dupal
r A padl) e lasi¥) Alibee 3and 5 (Y)dsa) b mnse 58 LS lgale Jpenal

177 —2.88X; — 11.5 X2 + 6.13 X3 — 28.25 X2 — 33.5 X5
Y —23.75 X32-0.25 X1 X2- 3 X1 X3 — 2.75 XoX3

G X1 Bidd) chidl AN AN Adgidl)l Nl e ggimadl Abled) o Chusd
(g/mL)<del) A dball o) gall dasi X3 ¢(CC)u=adALuY) 5 ) ja A j0 1 X ¢(Relu)padlainy)

eass (X2) s (Xi1) gowsaall A TPC 1 Contour blis (6 ) J<ill mas
Llis (4 ) S8 maags (X3) 5 (Xi)owsael &S TPC 1 Contour hahia (7 ) J<al
(X3) 5 (X2) crysiall 1S TPC 2 Contour

y2

] < 110
W 10 - 120
M 120 - 130
W 130 - 140

140 - 150
M 150 - 160
M 160 - 170
[ | = 170

Hold Values
co

X2

Yo



ade ¢ e ¢ e o 30uSY Calaliae s Al i) 3 gall Gadlaial dulee Al 5 dada

y2
u < 120
W 120 - 130

130 - 140
[0 140 - 150
M 150 - 160
M 160 - 170
| = 170

Hold Values
B O

X3

¥
u < 10
B 1o - 120
MW 120 - 130
I 130 - 140
7 140 - 150
M 150 - 160
M 160 - 170
| > 170

Hold Values
A D

X3

(TPC) Y2 4 Contour hhis ()(Xz2) 5 (Xi1) u:a.:n 4)< (TPC)Y2 4 Contour Jabiwa :(f) :(£)Jsa
A(X3) 5 (X2) ¢rusiall 11S (TPC) Y2 4 Contour Jakia (2) ¢ (X3) 5 (Xi)oumiiall Alas
Bl dap e g Glaliiadl & gl dsall e ggine el o il ek
Caaiie b Loyt () cidangio Blia Mg A pladinl dieg danigia (sa)s Adangia (DAt
Ll Jpemn) 23 ) Sall dlilae 3l odag g paall alsall clpral dusgadl) <Y ladl
355 A Jalgad) wans Jal e YT 50088 saliaall 5508l Gl o dalsall 35 Al 4
& Jeanl) & adls 230l ANOVA dilss (2] Y2 e S (K4

A



wish b dads Uaa@ Y Yo ()l (1) alaall punigll o k1) Tartous University Journal.eng. Sciences Series

(TPC) Y2 agaal) amia zsaill ANOVA Julas :(4) Jgaal

Source DF | AdjSS | AdjMS F- P-
Value | Value
Model 9 | 9680.98 | 1075.66 | 23.51 0.001
Linear 3 | 1498.25 | 499.42 10.92 0.012
A 1 21.13 21.13 0.46 0.527
B 1 | 1152.00 | 1152.00 | 25.18 0.004
C 1 325.13 325.13 7.11 0.045
Square 3 | 8072.23 | 2690.74 | 58.81 0.000
A*A 1 | 274177 | 2741.77 | 59.93 0.001
B*B 1 | 4268.31 | 4268.31 | 93.30 0.000
C*C 1 | 2261.77 | 2261.77 | 49.44 0.001
2-Way Interaction 3 110.50 36.83 0.81 0.543
A*B 1 2.25 2.25 0.05 0.833
A*C 1 36.00 36.00 0.79 0.416
B*C 1 72.25 72.25 1.58 0.264

Error 5 228.75 45.75

Lack-of-Fit 3 220.75 73.58 18.40 0.052
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Gl g3l 3aad (Minitab 19) cSlcasy) Jalafll zalin assduly . Bl padlanny) Lghd aaad
S B Y gl aaly (D) A&l b)) A3 adas P g (X3 5 X2 5 X1 ) clpueall
() JEAN L aaia gl ) g i b el sils (V) 3 (D) o ol
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