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Abstract

The selection of appropriate conditions for increasing the extraction efficiency is important. The response surface method
(RSM) is a statistical and mathematical technique which it can be used to examine the dependence between the responses
with variables in a process and also determine the optimal conditions. In this study, the experimental design of General full
factorial (GFF) was used by Minitab 17 software. The variables were time (30, 60 and 90 min), solvent (water, methanol
and n-hexane) and method (maceration and ultrasound-assisted extraction). The main effects and also interaction terms
were investigated on amounts of total phenolic content (TPC), total flavonoid content (TFC) and the antioxidant activity
(according to DPPH, FRAP, ICs, and BCB) of extract of Arenaria hispanica L.. A multiple regression, first degree model
was used to express the responses. An analysis of variance (ANOVA) with 95% confidence level was then carried out for each
response (TPC, TFC, FRAP, IC;, and BCB) in order to test the model significance and suitability. In optimum conditions,
the maceration method was optimum method for TPC, FRAP and BCB, while for TFC was ultrasound-assisted extraction.
Water was optimal solvent for TPC, FRAP and BCB, but methanol was obtained as the best solvent for TFC and ICs,. Also,
the extraction time of TPC was 60 min and for TFC, IC5,, FRAP and BCB obtained 30 min. The mounts of TPC, TFC, ICs,,
FRAP and BCB in the optimum conditions obtained 173.93 +0.50 (mg GAE/g extract), 184.27 +4.04 (mg QC/g extract),
0.69+0.03 (mg/mL), 734.80 +2.02 (mmol Fe**/g exctract) and 21.23 +0.22; respectively.

Keywords Arenaria hispanica L. - Total phenolic content - Total flavonoid content - Antioxidant activity - Response
surface methodology

Introduction

The application of natural and low-risk antioxidants is an
unavoidable necessity. Natural antioxidants increase the
strength of antioxidants of plasma. Phenol and total flavo-
noid are derived from secondary metabolites of plants have
the potential to eliminate free radicals (Katalinic et al. 2006;
Theriault et al. 2006; Aeschbach et al. 1994).

The antioxidant activity of phenol compounds in plants
is mainly due to their oxidation—reduction properties and
chemical structure, which plays an important role in neutral-
izing free radicals.
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In recent years it has been proven that free radicals, in
addition to undesired organoleptic effects in food products,
eliminating vitamins, destroying of essential fatty acids and
creating toxic compounds can lead to side effects such as
inflammatory diseases, diabetes and decreased immune
system(Robards et al. 1988; Benzie 1996; Estevez and Cava
2006; Tamaino et al. 2005; Antolovich et al. 2002).

Therefore, the use of antioxidants is necessary to reduce
the rate of oxidation in food materials.There is a great deal
of evidence of toxicity and undesirable effects of synthetic
antioxidants such as butylatedhydroxytoluene (BHT), buty-
latedhydroxyanisole (BHA) and tert-butylhydroquinone
(TBHQ) (Frankel 1991). Due to this fact, attention is focused
on the use of natural antioxidants that extracted from medici-
nal plants.

Solvent type, physicochemical properties of the solvent,
extraction time, agitation speed, the solvent to sample ratio
and temperature are important parameters on extraction
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efficiency. Previous studies have shown that solvent type
than other parameters in determination of phenol and fla-
vonoid compounds in different extraction methods is more
effective (Cheok et al. 2012).

Also, the standard extraction methods such as soxhlet,
microwave-assisted (MA), ultrasound-assisted (UA), super-
critical fluid (SF) and accelerated solvent (AS) have a great
role in optimizing the quantity and quality of effective com-
pounds of plants. On the other hand, the selection of appro-
priate conditions for increasing the extraction efficiency is
important. The response surface method (RSM) is a statis-
tical and mathematical technique which it can be used to
examine the dependence between the responses with vari-
ables (dependent and interaction terms) in a process and also
the determination the optimal conditions (Chen and Chen
2009).

The caryophyllaceae family have 2000 species with 88
genus. Arenaria hispanica L. from this family is a native
of Asia and Europe. It is also found in North America. A.
hispanica has flowers with white petals; leaves are simple
and have five petals. Due to the lack of studies on Arenaria
hispanica L. and the beneficial effects of it, this plant has
been investigated.

In this study was used the experimental design of Gen-
eral full factorial (GFF). The variables were time (30, 60
and 90 min), solvent (water, methanol and n-hexane) and
method (maceration and ultrasound-assisted extraction). The
main effects and also interaction terms were investigated on
amounts of total phenolic content (TPC), total flavonoid con-
tent (TFC) and the antioxidant activity (according to ICsy,
FRAP, and BCB) of extract of Arenaria hispanica L. Under
optimum conditions, based on the model, the experimental
and predicated values for TPC, TFC, IC5,, FRAP, and BCB
of A. hispanica extract were studied.

Materials and methods

Acetic acid (CH;COOH), butylated hyroxytoluene
(C,5H,,0), methanol (CH;OH), 2,4,6—tripyridyl-s—triazine
(CsH,,Np), sodium sulphate (Na,SO,), n—hexane (CcH, ),
iron(II) ammonium sulfate ((NH,), Fe(S0O,),.6H,0), ace-
tate potassium (CH;COOK), iron (III) chloride hexahydrate
(FeCl;.6H,0), n- hexane, gallic acid (C;H¢Os), linoleic acid
(C,gH;3,0,), tween 80 (CgH;,40,4), aluminium chloride
(AICl,) and quercetin (C,5H,,0,) (Darmstadt, Germany)
were purchased all from Merck with high purity. f-carotene
was prepared from Sigma-Aldrich (St. Louis, MO, USA).

Preparation of plant

The plant material was collected in April of 2017 from
the Baba Amman Mountains of North Khorasan province
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in Iran. The plant was identified and confirmed by Natu-
ral products and Medicinal plants Research center of North
Khorasan university of Medical Sciences with voucher num-
ber NP23/2-1. The geographical map of the sampling area
of Arenaria hispanica L. is shown in Fig. 1.

The aerial organs were dried at 25 °C in the shade. After
4 days, the dried aerial parts were finely grinded. The dried
samples were kept in the cold and dry place.

Extraction procedure

Extraction was performed by maceration (M) and ultra-
sound-assisted (UA) techniques. 10 g of powdered plant
were mixed with 100 mL of solvent (H,O, CH;OH and
n-hexane). The mixture became homogenous. After than
30, 60 and 90 min, the contents were filtered. In UAE, the
homogenous contents were transferred to the ultrasonic
water bath (Bandelin Sonorex, Germany, 480 W, 20 kHz)
and the extraction action were made at different extraction
times (30, 60 and 90 min). In both techniques, the obtained
extracts were concentrated using rotary evaporator (RV 05
BASIC 1-B 115 V IKA 8017901). Then, the concentrated
extracts were dried and stored at 4 °C.

Result

The total phenolic content (TPC) of A. hispanica extract
was determined using the Folin-Ciocalteu method (Singleton
and Rossi 1965). For this purpose, the amounts of 1 g of
the obtained extracts was dissolved in 1 mL of solvent and
shaken after increasing 1.5 mL of sodium carbonate (20%
w/w) and 500 pL of Folin-Ciocalteu reagent. Then, the mix-
ture was kept in the dark for 2 h. The absorbance of solutions
was measured at 750 nm. The standard calibration curve was
plotted using gallic acid solution (0.03-0.22 mg/mL). The
results were expressed as mg GAE/g extract.

The total flavonoid content (TFC) of crude extract was
determined by the aluminum chloride colorimetric method
(Woisky and Salation 1998). To 0.01 g of prepared extract
was added 1.5 mL of methanol, 0.1 mL of AICl; (10% v/v
in ethanol), 0.1 mL of acetate potassium with concentration
1 mol/L and 2.8 mL of H,0O. After 30 min at ambient tem-
perature, the absorbance at 415 nm was measured. Quercetin
solutions within the range of 10-100 mg/L were used for
the plot of calibration curve. The antioxidant capacity was
expressed in mg QC/g extract.

3.9 mL of DPPH solution (6 X 107% mmol/L) was mixed
with 100 pL of the prepared extract. This mixture was
shaken and incubated for 30 min at room temperature;
the absorbance of solutions was measured using uv—vis-
ible spectrophotometer (UVO-2960-shimadzu) at 517 nm.
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Fig. 1 The geographical map of
the sampling area of Arenaria
hispanica L

Iran, North Khorasan Province, Darkesh
567, 74" Lastern longitude

37°,44 Northern longitude

Inhibition percent (I %) was calculated by following equa-
tion (Saha et al. 2004):

(Ablank -

Ablank

Asam e
1% = ) % 100

Apjani and A, are the absorbance of the blank and sam-
ple, respectively. ICy, was calculated from the plot of inhibi-
tion percentage against extract concentration using Graph
pad prism 7software.

3 mL of FRAP reagent (Benzie and Strain 1999) was
mixed with 50 pL of the extract. This mixture was incubated
at 37 °C for 20 min and then its absorbance was measured at
593 nm using uv—visible spectrophotometer. Aqueous solu-
tions of FeSO, in the range of 2 to 10 mg/L were used for
the plot of calibration curve. The antioxidant capacity was
expressed in mmol Fe’*/g extract.

In this study, 5 mg of p-carotene was dissolved in 10 mL
of chloroform. 1 mL of p-carotene solution, 25 pL of lino-
liec acid and 200 mg of tween 40 were mixed (Tuntachote
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and Berghofer 2005), then the solvent of this mixture was
completely removed by rotary evaporator. Finally, 100 mL
of distilled water was added to it and the mixture was emul-
sified. 2.5 mL of this emulsion was mixed with 350 pL of
extract and incubated at 50 °C for 48 h. The absorbance
was measured in 490 nm. The antioxidant activity (AA) was
calculated using following equation:

(Ag — A,)sample

AA% =1-
(Ag — A,)blank

A, and A, are the absorbance of the blank and sample
solutions at t=0 min and t=48 h; respectively.

Response surface methodology (RSM) was applied to
determine the optimized conditions using the Minitab 17
(Minitab Inc., State College, PA, USA) software. General
full factorial design (GFFD) was used to investigate the
effect of independent variables (time, solvent and method)
and interaction terms on the TPC, TFC, ICs,, FRAP and
BCB. The independent variables with their corresponding
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levels (i, j and k) for the experimental design are shown in
Table 1.

A multiple regression, first degree model was used to
express the responses (Bachcecitapar et al. 2016):

Yiw = Bo + BXy + B X, + X5 + B X X, + By X X5 + B X0 X5

+ B X XXy i=1...,aj=1,....bik=1,....c
where Y, is response in n’th, replicate, fj, is regression
coefficients for intercept; f; f5; and f are linear regression
coefficients for main variables (X;, X, and X3); f; f; and
are regression coefficients for 2-way interactions and finally
Pijx is regression coefficients for 3-way interactions.

An analysis of variance (ANOVA) with 95% confidence
level was carried out for each response (TPC, TFC, ICs,
FRAP and BCB) in order to test the model significance and
suitability. The significance of independent variables in the
form of main effect and interaction terms were analyzed by
computing the F-value at probability (p) of 0.001 and 0.05.

The experimental data for TPC, TFC, 1Cs,, FRAP and
BCB of A.hisponica extract under different treatment condi-
tions are shown in Table 2.

Discussion

The results of variance analysis (ANOVA) for extraction
variables and regression coefficients on responses are pre-
sented in Table 3. As are shown in this Table, the regression
parameters of the model, the linear and interaction terms
have significant effects. In the linear model, time of 60 min
(B; (60)), solvent of H,O (ﬂj (H,0)), solvent of CH;0H (ﬁj
(CH;OH)) and maceration method (5, (M)) as the independ-
ent variables and in 2-way interactions, solvent of H,O with
maceration method (4, (H,0) (M)) and solvent of CH;0H
with maceration method (5, (CH;0H) (M)) were highly
significant (»p <0.001) on the TPC. Also, in 3-way interac-
tions, all of interactions were significant on TPC response.
Based on Table 3, the effect of solvent and the interaction of
solvent with the method has been more effective than other

Table 1 The independent variables for the experimental design

Time Independent variables

(min) (X1)  solvent (X2) Method (X3)

30 H,0 Maceration extraction
60 CH;O0H Ultrasound-assisted extraction
90 n-hexane
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variables on the TPC value and the highest amount of TPC
was observed by the maceration method in water solvent.

The results of variance analysis showed that all of vari-
ables (independent and interaction terms) were significant
(p<0.001 and p <£0.05) on the amount of TFC, ICs, and
FRAP (Table 3).

In BCB, the coefficients for linear and interaction terms
were significant (p <0.001 and p <0.05) except time of
60 in maceration method (fin (60) (M)) and interaction
between methanol solvent with maceration method at 30 min
(p >0.05) that were not significant.

Based on results of Table 2, the highest amount for
responses was found in H,O (p'=10.2) and CH;O0H
(p'=5.1) solvents and the lowest value was observed in
n-hexane (p’'=0.1) solvent that it can be related to increas-
ing the efficiency of extraction for polar and semi-polar com-
pounds such as alkaloids, flavonoids and terpenesin in polar
solvents compared with non-polar ones.

Optimum extraction conditions were obtained by maxi-
mizing the response of model for TPC, TFC, FRAP and
BCB and minimizing of it for ICy, response. The amount
of TFC in the methanol solvent obtained higher than water
and n-hexane, which can be related to the better extraction of
flavonoid aglycones in CH;OH solvent in addition to flavo-
noid glycones. Less polar solvents were used for extraction
of flavonoid aglycones, while more polar ones were used to
extract flavonoid glycosides (Dordoevic et al. 2000). Veljko-
vic et al. (2007) showed that the petroleum ether extracts of
S. officinalis contained unpolar compounds (flavonoid agly-
cones), the aqueous ethanolic (70%V/V) extracts contained
polar and unpolar compounds, while the water extracts did
not show visible spots of flavonoid aglycones.

Sound waves create mechanical oscillations in a material.
Unlike electromagnetic waves, sound waves propagate in a
material and produce cycles of expansion and contraction
due to effect of cavitation. In expansion mode, the negative
pressure in the solvent creates bubbles. As bubbles break
down at the material level, their cell wall is degraded and
the process of mass transfer into the solvent is made easier
and faster. The intensity of the ultrasonic cavitation effect
depends on the surface tension, viscosity and vapor pressure
of the medium (Chen et al. 2007). By reducing viscosity
and surface tension, the effect of cavitation due to decrease
density and increased penetration coefficient is more. The
values of viscosity and surface tension for the used solvent
were found to be 0.59 cP, 2.55 dyn/cm for methanol and 1cP,
72.8 dyn/cm for water. As be seen, viscosity and surface
tension of water is higher than methanol; therefore phenom-
enon of cavitation occurs more in methanol than water sol-
vent. On the other hands, according to the predicted model
and the obtained regression coefficient for methanol solvent
(#j(CH;0H)=68.7) (Table 3), the effect of CH,OH solvent
is more than other variables for TFC response. Therefore,
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Table 3 The results of analysis

N X Coefficient Responses

of variance for extraction

variable and regression TPC TFC ICs, FRAP BCB

coefficients of the polynomial — — — — —

equation on responses in extract Bo 62.743 63.026 2.7837 175.94 34.371

of A. hispanica B(30) ns 9.196™ 0.3246™ 4528 —14.833"
B(60) 4.574"™ —14.248" 0.1702" -57.91" —4.941™
B(H,0) 47.063" —-12.026™ —0.9409™ 264.41™ 27.250"
B(CH;0H) 8.080 68.307™ —0.8204™ —88.68" -15.155™
(M) 14.957™ -5.715" —0.3244" 125.67" 3.006"
B;(30)(H,0) ns —0.663" 0.4343" 72.36™ —17.69"
$;(30)(CH;0H) 4.254" 10.770™ —1.0830™ —27.06™ 5477
B;(60)(H,0) —4.080" 9.615™ —0.2463" —64.47" —15.42"
$(60)(CH;0H) ns —23.685™ —0.8935™ 6.53" 5.77"
B;30)(M) ns —5.641" —-0.3928" 65.76™ —10.815™
B(60)(M) -2.591" 11.870™ 0.6394™ —54.11" ns
BH,0)(M) 50.481" —2.152" 0.3228" 213.15™ 9.678™
B(CH;OH)(M) —35.080"" —1.33" —0.3400" —87.45" ns
Bi(30)(H,0)(M) —11.048™ 13177 —0.7239™ 111.41° —16.42"
Bi(30)(CH;0H)(M) 10.046™ —19.984"™ 0.5756™ —45.63" ns
Bx(30)(CH;OH)(UA) nd 23.92" nd nd nd
Bix(60)(H,0)(M) 3.035™ -17.970" 0.0422" —91.66" —18.11"
Bx(60)(CH;OH)(M) —5.354" 29.641" —0.2550" 3751 7.99™
model sk sk sk sk sk
linear sk sk sk sk sk
2-way Interactions Hok Hok Hok Hok *ok
3-way Interactions Hok *ok * *ok Hok
R-sq(adj) 0.9987 0.9971 0.9961 09767 0.9836
R-sq(pred) 0.9970 0.9956 0.9940 0.9742 0.9750

Po. B;; and By, are regression coefficients for intercept, linear and interaction terms; respectively
*Significant at p <0.05; **significant at p <0.001; ™ not significant (p >0.05); " ot detected

an increasing the efficiency of TFC for A.Hispanic extract in
methanol solvent with ultrasonic method is expected. Falleh
et al. (2012) showed that solvent is more effective than
extraction time on the amount of of total phenolic content,
total flavonoid content and antioxidant activity of Mesembry
anthemumedule L.

The results showed that the highest value for antioxi-
dant activity (DPPH, FRAP and BCB) of the extract of
A.Hispanic was observed in the maceration method while
the maximum amount of TFC was obtained in the UAE
method. The solvent extraction process consists of two
stages of immersing the plant tissue in the solvent in order
to absorb and swell the tissue and then transfer the mate-
rial from the tissue into the solvent through diffusion and
osmosis processes. Ultrasound facilitates both stages of
the extraction process(i.e. tissue swelling as well as the
removal of compounds from it by creating porosity in the
cell wall and improving the diffusion and mass transfer).
Therefore, in this method, the efficiency of the extraction
process and the speed of the extraction process increase
(Vinatoru 2001). Azvanida showed that the choice of
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extraction method depends on the type of plant, material
content, suitability and economic feasibility of the method
(Azwanida 2015).

In optimum conditions, water was optimal solvent for
TPC, FRAP and BCB, but methanol was obtained for TFC
and ICs,. Also, the extraction time for TPC, TFC, ICs,
FRAP and BCB was 90, 30, 30, 30 and 90 min; respec-
tively. The mounts of TPC, TFC, IC5,, FRAP and BCB in
the optimum conditions obtained 173.93 +0.50 (mg GAE/g
extract), 184.27 +4.04 (mg QC/g extract), 0.69 +0.03 (mg/
mL), 734.80 +2.02 (mmol Fe?*/g exctract) and 21.23 +0.22;
respectively. The R? values for responses (TPC, TFC, ICsy,
FRAP and BCB) were close to unity, which indicates the
compatibility between the experimental and the real data.
Also, the comparison R-sq (adj) with R-sq (pred) for the
responses (Table 2) and the residual plots in Fig. 2 con-
firmed the choice of the model.
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Fig.2 The residual plots for TPC response in extract of A. hispanica:
(A) normal probability b versus order ¢ versus fits

Conclusion

The results showed that the antioxidant activity of extract
of A. hispanica can be related to the phenolic and flavo-
noid compounds in this plant. Also, the effect of solvent and
solvent with extraction method were more important than
extraction time (as main effect) and others interaction terms
on TPC, TFC, ICs,, FRAP and BCB responses.

Despite the reduction in extraction time and solvent
consumption in UAE, in the most cases, maceration was
selected as optimum method. The results of this study and
previous studies showed that the choice of extraction method

depends on different factors, such as plant type and target
compounds.
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