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Abstract

Pharmaceutical, nutritional and food industries have recently become interested in the potential of
Spirulina platensis as a natural antioxidants. Phenolics are important compounds that are known
for their antioxidant bioactivities and other health-promoting properties. In this study, response
surface methodology (RSM) was used to optimize the conditions for the extraction of total
phenolic content (TPC), total flavonoid content (TFC) and determine the free radical scavenging
activity (IC.. value) from S.platensis extract by microwave at constant temperature. The
investigated factors in this method were the solvent ratio (ethanol/water at + to V:+%) and
extraction time (1 +-) Y+ sec). Experiments were carried out based on a central composite design.
The results showed that the extraction conditions had a significant effect on the IC-. value, TPC
and TFC extraction. The optimal conditions for TPC (Y.YA mgGAE/g) and TFC (+/V° mg RE/Q)
were determined to be ethanol content (Y ++ % v/v) - 1+ sec and water content () * + % v/v) - 1+
sec respectively. The optimal conditions for IC-. value (), ¢ mg/g) were determined to be ethanol
content () + + % v/v) - 1+ sec. These optimized conditions allow the rapid and maximum extraction
of bioactive compounds from S.platensis.
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19

Food Industry Sciences,
Organic Farming and Food Security

International Conference on

el Gt S i

0%
o GAME

Event Place: Thilisi,Georgia
— i
YT 19th International Conference on Food Industry Sciences,Organic Farming and Food Security YN

rblall (et e Ziblona

&
e oF | (ot Cotel g SlF 31 59l 1 1102 i gl

Introduction

Recently, much attention has been focused on the microalgae as sources of novel, biologically
active compounds such as phycobiline, phenols, terpenoids, steroids and polysaccharide (Abd El
Baky etal., Y+ ). Algal phenolic compounds were reported to be a potential candidate to combat
free radicals (Estrada et al., Y+ +V). Spirulina, a filamentous blue-green cyanobacterium, botanists
classify it as a micro alga belonging to cyanophyceae, it has a simple structure but a complex
composition which growing in alkaline water bodies (Ravi et al., Y+ ) +). Due to its rich chemical
composition and high nutritional value, it has been recognized by the World Health Organization
as a superfood (Shao et al., Y+ 14).

Spirulina is a good source of essential amino acids, vitamins, carbohydrates, macro- and trace
minerals, and other nutrients. The composition percent dry weight of spirulina is 1¢-VY7 protein
(V+-Y+7Z by dry weight), Y Y-\V7 carbohydrate, >V’ lipids, +/47% P, and ) +/Y—) /17 N, vitamins,
minerals, essential fatty acids and other nutrients (Deng and Chow, Y+)+). Spirulina and its
components have been shown to have positive benefits across a range of human health indications
from malnutrition to antioxidant properties (Abu Zaid et al., Y+Y2). Among large number of
Spirulina species, three species of Spirulina, including Spirulina platensis (Arthrospira platensis),
Spirulina maxima (Arthrospira maxima) and Spirulina fusiformis (Arthrospira fusiformis) are
most intensively investigated as those Spirulina species are edible with high nutritional as well as
potential therapeutic values (Deng and Chow, Y+)+). Antioxidant can slows or prevents the
oxidative or damage from oxygen process caused by free radicals and can enhance the biological
functions of cells by virtue of their radical scavenging activities (Jayaprakasha et al.,Y « + A). Since
antioxidants are vital for their role to delay or inhibit oxidation of cellular components, adequate
intake of these compounds in the diet will be beneficial to protect against oxidative damages to the
cell (Wang etal., ¥+ + ). In this regards, extracts of many medicinal plants and microalgae rich in
phenolic compounds are increasingly used either as additive in food or consumed directly as a
natural source of antioxidant (Wong etal., Y+ + 7).

Classical organic solvent extraction techniques, including maceration (soaking), percolation,
counter-current extraction, pressurized liquid extraction, and soxhlet are widespread technologies
described to extract bioactive compounds (Pasqueta et al., Y+ Y). Consequently, more innovative
and rapid techniques, such as supercritical fluid extraction, ultrasound-assisted extraction (Wang
and Weller, Y- +1), microwave-assisted extraction (MAE) and pressurized solvent extraction
(PSE) (Filly et al. Y+ ¢) have been investigated.

MAE based methods seem to present some advantages when compared to other traditional
methods. The advantages of using microwave heating in comparison with conventional methods
include a shorter operational time, minimal sample manipulation for extraction process, faster
energy transfer, reduced thermal gradients within the matrix, good reproducibility and higher
quality and quantity of the extract (Ondruschka and Asghari, Y+ +%). This technique has already
been demonstrated to be suitable for extracting a number of analytes from different plant materials
(Zekovic etal. Y+ Y1) and microalgae such as Spirulina (Kalsum, Y+ Y4). MAE efficiency is largely
affected by solvent composition or ethanol concentration, solvent volume, and microwave power
and extraction time are to be considered during extraction of plant phyto-constituents
(Setyaningsih et al.,, Y+Ye). Microwave consists of electromagnetic field which oscillates in
frequency range from +/Y to Y+« GHz or between wavelengths of Y c¢cm and Ym. These
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electromagnetic waves are made up of two oscillating perpendicular fields: electrical field and
magnetic field. Microwave can penetrate into herbal materials and interact with the polar
compounds, causing heat generation. The heating of microwave energy acted directly on
molecules by ionic conduction and dipole rotation (Zhang et al. Y+ Y). MAE consists of heating
the solvent in contact with the sample by means of microwave energy. The process involves
disruption of hydrogen bonds, as a result of microwave-induced dipole rotation of molecules, and
migration of the ions, which enhance penetration of the solvent into the matrix, allowing
dissolution of the components to be extracted. (Mandal et al.,Y+ + V).

In this study, the main objective was to optimize microwave technology conditions for the
extraction of bioactive compounds from S.platensis extract. RSM was designed to systemic
analyze the effects of extraction parameters on the TPC and TFC from S.platensis extract and their
interactions.

Materials and Methods

Absolute ethanol were obtained from Merck Company (Germany), and Folin-Ciocalteu reagent,
and Y-Y-diphenyl-)-pycril hydrazine (DPPH) were purchased from Sigma (Sigma-Aldrich GmbH,
Steinheim, Germany). All other chemicals were of analytical grade.

Preparation of the samples

This study utilized laboratory-scale microwave irradiation for sample preparation. Five grams of
the sample were mixed with varying ratios of sample to solvent. The mixture was subsequently
exposed to microwave irradiation at different time intervals (1 +, 9+, and ) Y « sec) with a power of
Yo+ W. To regulate temperature, the irradiation was applied intermittently; after each minute of
microwave exposure, the sample was cooled in a refrigerator until the temperature dropped below
Y+° C. For optimal MAE, the sample was immersed in the solvent for 4+ min without agitation.
Finally, the resulting extract was separated from plant materials using filter paper (Pan et al.,
Yoo,

Determination of Total Phenolic Content (TPC)

Determination of TPC was conducted according to the method described by Sun etal. (Y++V) and
its modified version with slight modifications based on the method by Lu et al. (Y++)). In brief,
V., « milliliter of ethanol extract was mixed with Yo, ml of ) +/ Folin-Ciocalteu reagent. After )
min, Yo, +« ml of Y/ sodium carbonate solution was added, and the mixture was left in darkness for
£€© min for absorption. The absorbance was measured at Y1 nanometers wavelength. TPC was
determined using a calibration curve prepared from gallic acid standards. Results were expressed
as milligrams of gallic acid equivalents per gram of spirulina dry weight (Lu etal., Y+ V).
Determination of Total Flavonoid Content (TFC)

The TFC was determined using the aluminum chloride colorimetric method. Specifically, +,¢ ml
of extract was mixed with Y.+ ml of ) +Z aluminum chloride, Y.+ ml of potassium acetate, and A, Y
ml of distilled water. After incubating the mixture for Y+ min at room temperature, the absorbance
was measured at ¢)° nanometers wavelength. Quercetin served as the standard, and results were
reported as milligrams of quercetin equivalents per gram of spirulina dry weight. A calibration
curve was established using absorbance readings from various concentrations of quercetin (Chang
etal., Y+ V).

Determination of DPPH Radical Scavenging Activity

The DPPH (Y, Y-diphenyl Y-picrylhyorazyl) free radical scavenging activity of S. platensis water
extracts was determined according to the method described by Choi et al. (Y+ ). Butylated
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hydroxytoluene (BHT) was used as a reference result. The radical scavenging activity of S.
platensis water extracts were expressed as (%) inhibition of DPPH. Reading was calculated
according to the following equation of Yen and Duh (Y34 ¢):

Ip = As-Aa-As 0)

Where:

Ip: Inhibition percentage, AB: Absorbance values of the blank samples checked after Y+ min,
AA: Absorbance values of S. platensis solutions checked after Y+ min.

Validation of the Model

The independent variables of the process included the ethanol content (or ethanol-water ratio)
(%:X+) and extraction time (sec:Xx). In other words, the sum of the ethanol and water as solvent
was considered to be Y+ +7 in the experiments and for the calculations by RSM. The treatments
were determined in the form of ethanol content (+—) + * Zv/v) and extraction time (1+-)Y+ sec) by
Minitab software (Table Y). The model used in the RSM is generally a quadratic equation. For
each dependent variable, a model is defined to determine the critical and interaction effects of
factors on each individual variable. The multivariate model is given in equation Y, where Y is the
predicted response, B. is the constant coefficient, g1 and B are linear coefficients, Byy and Brv are
square effects and By and By are interactions.

Y =B. 4+ B Xy + BrXy + BirXa Xy + Biv Xy By Xvy (v

In this study, the central composite design was selected to optimize the process variables in Y levels
with Y components, including " replicate at the central point for the estimation of the
experimental error. The ranges and levels of independent variables are presented in Table ).
Experimental data were processed with a quadratic polynomial model, indicating the TFC
efficiency and DPPH radical scavenging activity as a function of independent variables. The

statistical significance test was based on total error with 1 % confidence level (P<-.?°).
Table ). Experimental central composite design for the optimization of extraction of S.platensis extract.

Trearments Xi Xx TPC (mg/g) TFC (mg/g) IC-. (mg/g)
) o, 1. Y,YEYCTAT <,YeoYY oA Y, EFAEANYY
Y ye,1¢0 TAVAY Y,V EATYY CNToVAdEYE Y, ETAYAVIYY
¥ o, q. Y,ATYOTYA GYYAVeYYoi R SRR T-RARY
¢ ye,1¢0 IV, YN Y Y,IVFAYYE Guytiay Y, Ee¥aTvYan
° o, q. Y,AFTETY <, E4¥A09£4 Y,V YAAAOAY
1 o, y,A0Tva) ENARYA R A Y,VYEYVAYO. 0
\4 Yoo . V,370Y14A v ,00Y0 AVYYY V,IVAAY Ao
A oL Y'Y Y, VYAYY £y 000 AVYY Y,UE YT
q Ao Yoo 1YY, YT Y, OFTIAY TevAdEYE Y,006AQTY £
D o, 9. y,Ad00ve OEEVYIALY Y,YYAOYVLLY
3 . 9. Y, A0V 8y Glayaryoeva Y,Y1YV400YY
'Y Ao,yoo TAVAY Y,YVATY OETEANYYA YV, ET)0YYYVA
VY o 9. Y,470YY4A TNeAYYYAY Y,VTETYYYe

X,: ethanol content (% v/v); X:: time (sec)
Statistical analysis
In this study, Microsoft Office Y+ Y+ software was used to draw tables and charts and software
Minitab version Y% was used to analyze the data and draw optimization charts. The levels of the
independent variables are presented in actual and coded form in Table Y. All experiments were run
in triplicate. The deviation from the mean at the 1°7 confidence level was employed to determine

the differences in results.
Table Y. Independent variable values of the process and their corresponding levels.
Independent variable Symbol -) . +1
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Selection of an appropriate model
According to Table Y, the highest recorded TPC was Y ¢,Y mg GAE/g, followed by Y¢,+ mg RE/g
for TFC, and the lowest I1C.. value (indicating the highest radical scavenging activity of the extract)
was Y, £ mg/g. Experimental data were analyzed using a second-degree polynomial model, which
describes the relationship between TPC and DPPH radical scavenging activity as functions of
independent variables. Statistical significance was determined based on the overall error with a
confidence level of 427 (p < +,+°). The optimal range for the ethanol-water solvent ratio () + +-+7
v/v) and extraction time (1 +-)Y+ Sec) was determined based on preliminary experiments (see
Table Y). As shown in Table ¥, the coefficient values of the model used for TPC, TFC, and IC-.
indicate a good fit of the model to the experimental data. Notably, the model exhibited the highest
accuracy in predicting total phenolic content in spirulina extracts among the variables examined
(Table ¥).
Table Y. Analysis of variance (ANOVA) response surface model models.
Source Model R’ R'-adj
TPC (mgGAE/Q) Y,:\//\/\Yci+~/\\ch(X,)_~/\~~\~(XY)-~/\~~~~(X,XY)-~/~~YH(X\*) ARVAR Ao/YY
H0/000 Y (X"

TFC (Mg RE/Q)  Yy=+/08AYo_ o[ AVERT(X )+ +/+ YIARE(X )+ [+ €Y 0 (X  Xr)- Ae/o VENY
./~ Q. \Y‘(X\v)—'/'*q\ io(XYv)
IC-. (mg/g) Yr= V10V A [ ) e F K0 )+ /) e Y EV(X)+ [+ YORY (X Xy)-+ AVAYY (X )= Vo/et v/

JARRARLO:SH)

Results and Discussion

Analysis of response surface the the TPC

Table ¢ presents the experimental and predicted values of TPC, showing significant effects of
various extraction conditions. The TPC in S. platensis ranged from 1,3V to Y,¢Y mg/g, with no
significant difference found between the experimental and software-predicted values (p >
+,+2). Table © displays the results of variance analysis for optimizing TPC extraction from
spirulina bioactive compounds. The model used demonstrated a significant fit at a 47 confidence
level (p< +,+°) for linear effects of ethanol (X1) and time (Xv). However, second-degree effects
such as ethanol x ethanol (Xyv), time (Xvv), and the interaction effect of ethanol and time (X, Xx)
were not significant (p > +,+°). In this study, extraction time significantly influenced the TPC of
spirulina extracts using microwave-assisted methods, consistent with findings by Peng et al.
(Y+YY). Ya-Qin et al. (Y++4) investigated temperature and time effects on phenolic compound
extraction from citrus fruits, noting increased extraction at higher temperatures and longer times,
followed by a significant decline under extreme conditions. The optimal extraction conditions for
maximum TPC were found between 1 +-1¢ sec and ethanol concentrations of A+-) « + /. Decreasing
ethanol levels below A7 and extending extraction time beyond 7+ sec significantly reduced the

TPC (p < +,+°) (See figures a and b).

Table ¢. TPC of S.platensis in different conditions.
Treatments TPC (mg/g)  Predicted TPC (mg/g)

3 Y/Yey Y/\Yo
Y V/VEA Y/4%0
v V/ATE YJAAY
¢ Vv V/¥Yo
o

Y /AT VJAAY
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These results indicate that while longer extraction times initially increase phenolic compound yield,
exceeding optimal time thresholds results in a significant decline in extracted phenolics. This decline may
be attributed to polymerization reactions among phenolic compounds at higher temperatures, as reported in
previous studies (Pinelo et al., Y+ +2). Figure c illustrates the optimal conditions for extracting TPC from
spirulina using microwave-assisted methods, achieving a peak of YA,Y mg GAE/g at an ethanol ratio of
Y+ +:+ and an extraction time of 1+ sec. Thus, employing a higher ethanol ratio () * + /) resulted in the most
efficient extraction of phenolic compounds, likely due to enhanced solvent penetration into plant tissues
and subsequent disruption of cell wall polysaccharides, facilitating compound release. Additionally, the
solvent's polarity plays a crucial role in phenolic compound extraction efficiency, with ethanol
demonstrating superior affinity compared to other solvents.
Table ©. Analysis of variance (ANOVA) response surface model of TPC.

Source DF  Fvalue P value (Prob > F)
Regression ° Y/ A o/ AN
Linear Y Y/ ARRE
Ethanol (%,v/v)(X») ) v/a4 o/ YR
Time (sec)(Xv) \ Yy AR RS
Square Y /TN CAR
Ethanol(%,v/v)xethanol(%,v/v) (X,") \ AR JARE

Time (sec)xtime (sec)(X+") \ V/YY < /YAA
Interaction \ AR A
Ethanol(%,v/v)xtime (sec)(X:Xx) ) AR A

*Significant effect (P<+/+2).

Moreover, ethanol, as the solvent used in this study, has been noted by researchers for its superior
ability to extract phenolic compounds compared to many other solvents. The polarity of solvents
significantly influences phenolic compound extraction efficiency, with these compounds generally
being bulky and of low polarity. Water-based extractions typically yield lower quantities of
phenolic compounds compared to solvents like methanol and ethanol, owing to water's high
dielectric constant and low loss factor (Proestos et al., ¥+ «A). Therefore, ethanol concentrations of
V+ 7 yielded the highest TPC in present study, owing to its superior ability to extract these
compounds efficiently.
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Figure Y. The contour (a) and surface (b) plot and optimal conditions (c) for TPC (mg/g) vs time (min), ethanol (%).

Analysis of response surface the the TFC

According to Table 1, the TFC in spirulina extracts ranged from +,°° to +,Ye mg/g, with no
significant difference found between experimental and software-predicted values (p > +,:°).
Analysis of variance in Table Y indicated that the second-degree polynomial model was not
statistically significant (p > +,©). The coefficient of determination (R-Sq = A+,°1%) and adjusted
coefficient (R-Sq (adj) = V£, Y%) for this model showed a satisfactory fit to the experimental data
(Table ¥). Figure Y illustrates the three-dimensional (a), contour plot (b), and optimal surface plots
(c) of flavonoid content (mg RE/g) in relation to extraction time (sec) and ethanol concentration
(%, v/v), demonstrating significant effects (p < +,+©). Increasing the extraction time up to 1+ sec
and reducing ethanol concentration to 7% ()« +7 water) significantly increased TFC (p < +,+°).
This suggests that a considerable portion of the compounds in spirulina extracts are highly polar
or associated with sugars or other polar groups. Extraction times shorter or longer than 1+ sec
resulted in a significant decrease in TFC. Consistent with these findings, Soroush et al. (Y+Y))
observed that extending the extraction time of spirulina extracts enhances flavonoid extraction and
overall extraction efficiency.

Table 1. TFC of S.platensis in different conditions.
Treatments TFC (mg/g)  Predicted TFC (mg/g)

3 ~/V00 ~/.l=\.l
Y oA VAR
Y VAR Jlew
¢ VY «/OTA
o v /e4¢ Jlew
1 «/ov) Jlew
3% ./ooi ./oev
A oot YAl
q oS WAREA
' vjoto YAy
AR Y Varh
VY ~/°i'\ ~/°/\V
VY ~/T°‘\ ~/"l~~

In this study, optimal conditions for achieving the highest TFC in spirulina extracts (+,Y® mg

RE/g) were determined as a 1 +-sec extraction time with + 7 ethanol ( « + 7 water) (Figure Y).
Table V. Analysis of variance (ANOVA) response surface model of TFC.
Source DF Fvalue P value (Prob >F)
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Regression ° A /144
Linear Y /o1 /041
Ethanol (%,v/v)(X») \ VARE +/OAY
Time (sec)(Xx) \ AL o/E0
Square ¥ o/EA </AYA
Ethanol(%,v/v)xethanol(%,v/v) (X:") \ /oA AR
Time (sec)xtime (sec)(X+") \ VA JEee
Interaction \ /47 +/Yed
Ethanol(%,v/v)xtime (sec)(X Xx) ) /41 JAKD
*Significant effect (P<+/+°).
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Figure Y. The (Eo)ntour (a) and surface (b) plot and optirr(la{ conditions (¢) for TFC(mg RE/g) vs tir(nz”:(sec), ethanol (%).
The analysis of response surface of 1C-. value (DPPH method)

According to Table A, the radical scavenging activity of spirulina extracts ranged from Y,¢¢ to
¥,7Y mg/g and showed no significant difference between experimental and software-predicted
values (p > +,+°). Analysis of variance in Table % for the second-degree polynomial model
indicated that the predicted model was not statistically significant (p > +,+®). The coefficient of
determination (R-Sq = Ve,+17%) and adjusted coefficient (R-Sq (adj) = v+, %) suggested a poor
fit of the model to the experimental data (Table Y). As shown in Figure Y, extraction time and
solvent ratio (ethanol to water) significantly influenced radical scavenging activity (p < +,+°).
Increasing the extraction time beyond 1+ sec and reducing ethanol concentration to less than 4¢7
resulted in an increase in IC.. values, indicating a decrease in maximum radical scavenging
activity. Specifically, ethanol concentrations of 4+ -V« +7 (+-Y+7 water) and a 1 +-sec extraction
time yielded the lowest IC.. values (highest radical scavenging activity). Tong et al. (Y+)Y)
reported that the increase in the extraction time increases the reactive site to the effective
extraction process, which enhances the antioxidant activity of spirulina extract.

Optimal conditions for achieving the highest radical scavenging activity in spirulina extracts (V)
mg/g) were determined as a 1+ sec extraction time and )7 ethanol (%+7 water) (Figure Yc).
Regarding the type and ratio of solvent, these findings contradict Mandal et al. (Y++V), who
suggested that higher ratios in MAE may result in inadequate solvent penetration due to
insufficient and improper mixing. Generally, the difference in antioxidant activity among various
extracts stems from the different polarities of the solvents used, affecting the extraction efficiency
of bioactive compounds (Marinova and Yanishlieva, Y44V). In this study, a direct relationship was
observed between TPC and radical scavenging activity (IC-.). This relationship is consistent with

the findings of Fang et al. (Y +?) in their study on the antioxidant properties of Bayberry extracts.
Table A. 1C.. values of S.platensis in different conditions.

A
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Treatments IC.. (mg/g)  Predicted IC-. (mg/q)

3 YT Y/Y4)
Y V/$TA JALE
v V/TY y/1oY
¢ Vg A V/got
° VYT y/1oY
1 VVEY y/1ov
v ARE: V/YAY
A V16 Y/oAY
3 /o0 V/$Ao
Ve Y/YYAa y/1oY
1) VXY V¥
VY /£y YARR
Y YA AY: y/1oY

Table 4. Analysis of variance (ANOVA) response surface model of TFC.

Source DF  Fvalue P value (Prob > F)
Regression ° o/ +/144
Linear Y /o1 /041
Ethanol (%,v/Vv)(X+) ) AR <[OAY
Time (sec)(Xv) \ /YA AR
Square Y /€A AVA
Ethanol(%,v/v)xethanol (%,viV)(X,") ) /A AR
Time (sec)xtime (sec)(X+") ) VA i
Interaction ) AN VAR
Ethanol(%,v/v)xtime (sec)(XiXx) ) /41 /Yol

*Significant effect (P<+/°).
Optimal ethanol time (mi
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FigureY.The contour(a) and surface(b) plot and optimal conditions(c) for IC-. values (mg/g)vs time (sec), ethanol (%).

In contrast, in some studies, DPPH values are not significantly correlated with TPC. Meneses et
al. (Y+YY) reported a very low and weak correlation between these two parameters in brewers’
spent grain. It should be pointed out that the Folin-Ciocalteau method can measure compounds
other than phenols and final absorbance could also be the result of other reduction reactions. On
the other hand, the antioxidant activity of a plant extract cannot only be related to its TPC. Other
specific phenolic compounds such as flavonoids, tannins, proanthocyanidins, and amino phenolic
compounds can play a more important role in antioxidant activity (Andres et al., Y+Y+). These
findings highlight the importance of using a sufficient volume of solvent to ensure complete
immersion of plant tissues during irradiation (Mandal et al., Y+ +V). Depending on the extraction
method and solvent used, the extraction efficiency of bioactive compounds and the antioxidant
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activity of the extracts may vary. The type of solvent significantly affects the extraction of active
plant compounds, as molecules with antioxidant properties in polar environments often transform
into more stable acidic ions compared to hydroxyl ions, thereby enhancing their antioxidant
stability (Hosseinzadeh et al., Y+ +%).

Conclusions

According to results, analysis of variance (ANOVA) shows that second-order polynomial model
provided adequate mathematical description of the MAE of polyphenols with high antioxidant
activity. The extraction time and solvent ratio had high significant effects on the response values,
followed by the significant interaction effects between the extraction time and ratio of water to
ethanol. A high correlation of the quadratic polynomial mathematical model was gained and could
be great employed to optimize antioxidants extraction from S.platensis by microwave. The optimal
extraction conditions for the natural bioactive compounds were determined as follows:

The ethanol content Y+ + 7 (v/v) and extraction time 1+ sec for the TPC (¥,YA mg GAE/g) and IC-.
value (,+¢ mg/g) and water content )+ +7% (v/v) and extraction time %+ sec for the TFC (+,V®
mgRE/g). No significant differences were observed between the predicted and experimental values
(P>+,+2) which indicated that the experimental results confirmed adequate fitness of the predicted
model. These results show that using relatively high ethanol concentration and during short
extraction time, a potent natural extracts can be obtained.
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Symbols:

RSM: Response surface methodology
TPC: Total phenolic content

TFC: Total flavonoid content

GAE: Gallic acid equilibirum

RE: Rutin equilibrium

MAE: Microwave-assisted extraction
PSE: Pressurized solvent extraction
GHz: Giga Hertz

DPPH: Y-Y-diphenyl-)-pycril hydrazine
BHT: Butylated hydroxytoluene

Sec: Second

Min: Minute
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