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Abstract

The subject of this study is to determine the best solvent and optimum extraction conditions for the extraction of maximum
antioxidant phenolic compounds and antioxidant activity from strawberry fruits (Fragaria x ananassa Duch.). Extractions
were carried out using solvents with different polarities (water, methanol, ethanol, acetonitrile, and acetone). Box-Behnken
Design was used to optimize extraction conditions, including extraction time (t), temperature (°C), and liquid/solid (L/S)
ratio. In the study, extracts obtained with acetone indicated the highest total phenolic content (TPC), total flavonoid content
(TFC), and antioxidant activity. The optimal extraction conditions for both responses were determined to be time of 17.5 min,
temperature 52.5 °C, and liquid/solid ratio of 30:1. The maximum TPC and TFC values were found as 18.78 +0.22 mg of
gallic acid equivalent (GAE/g) and 10.52 +0.35 mg of catechin equivalents (CE/g) under optimum extraction conditions.
The results indicated that optimizing extraction conditions is critical for quantifying antioxidant phenolic compounds.
The present model can contribute to finding a cheap way of delivering natural antioxidants in the food, cosmeceutical, and
pharmaceutical industries. Furthermore, these results indicate that strawberry fruits (Fragaria x ananassa Duch.) can be a
natural food colorant in dietary applications with potential health benefits.
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Introduction

The majority of the most significant antioxidants in the
diet, such as polyphenolic chemicals and ascorbic acid,
may be found naturally in fruits and vegetables (Zhang
et al. 2020; Liu 2013). These substances possess many
advantages including anti-aging and anti-inflammatory.
Additionally, it has been suggested that they could be useful
for the prevention of several chronic and neurodegenerative
disorders (Zehiroglu and Ozturk Sarikaya 2019; Tulli et al.
2020; Minutti-Lopez Sierra et al. 2019). Berry fruits play a
significant role in human nutrition and provide numerous
health benefits because of their high nutrient content, which
includes vitamins, minerals, and bioactive components such
polyphenolic phytochemicals (Olas 2018; Golovinskaia and
Wang 2021; Cosme et al. 2022). Numerous epidemiological
studies conducted over the past few decades have
demonstrated that consuming a fruit-rich diet can lower
the chance of developing a number of serious chronic
diseases that affect humans (Li et al. 2013; Nani et al. 2021).
Additionally, the potential health benefits of these species,
primarily attributable to their phytochemical composition
and antioxidant activity, have stimulated interest in research
on fruit species high in polyphenols (Rudrapal et al. 2022;
Karasawa and Mohan 2018; Arfaoui 2021).

One of the most widely consumed berry fruits,
strawberries (Fragaria x ananassa Duch.) are mostly
consumed as fresh fruit but are also used as a component
in processed foods globally (Markovinovi¢ et al. 2022;
Villamil-Galindo et al. 2021; Warner et al. 2021). Strawberry
consumption ranks among the highest dietary sources of
phytochemical antioxidants such vitamin C, carotenoids, and
phenolic compounds (Sic Zlabur et al. 2020). The primary
phytochemicals in strawberries are phenolic compounds, a
sizable and diverse group of biologically active non-nutrients
that exhibit a wide range of non-essential biological roles
in plants and biologically important potential for people
(Zitouni et al. 2020). Strawberry phenolics are best known,
of course, for their antioxidant and anti-inflammatory
properties; recently researchers found that some phenolics
compounds can act as anti-COVID-19 drug agents due to
their potential inhibitory activity on SARS-CoV-2 (Bhushan
et al. 2021). They also have some indirect antimicrobial,
anti-allergy, and anti-hypertensive properties, as well as the
ability to inhibit the activity of some physiological enzymes
and receptors, which helps to prevent diseases caused by
oxidative stress (Afrin et al. 2016; Ganhdo et al. 2019; Guiné
et al. 2020). The major class of strawberry polyphenols is
flavonoids, mainly anthocyanins, the most quantitatively
important phenolic compounds present in strawberries in
the form of pelargonidin and cyanidin derivates (Giampieri
et al. 2012, Espin et al. 2000).

The phenolic compounds present in strawberries
influence their quality, contributing to sensorial and
organoleptic attributes, as well as to health properties (Guine
et al. 2020). Strawberries are characterized by a high amount
of antioxidant molecules, for example, they have a high
antioxidant capacity that is closely linked to the currently
available efficient oxygen radical scavengers (Biswas
et al. 2019; Pukalskiene et al. 2021). To those compounds
that belong to phenolics, most of which express relevant
in vitro and in vivo antioxidant activities and ascorbic acid
(Skrovankova et al. 2015). For use in natural antioxidants,
functional foods, and nutraceuticals, discovering new and
secure antioxidants and colorants from natural origin are of
great interest (Babaloo et al. 2017; Espin et al. 2000; Gomes
et al. 2021; Yuliati et al. 2019). One technique for evaluating
the antioxidant molecules in plants is phytochemical
screening (Lourenco et al. 2019).

The phenolic compounds present in strawberries (Fragaria
x ananassa Duch.) as well as the used extraction techniques
can both have a significant impact on the bioactivity of
strawberry fruit extracts (Fierascu et al. 2020; Guiné et al.
2020; Karaaslan and Yaman 2017). Extraction is a crucial
step to obtain biologically active compounds; there is no
accepted technique for phenolic compound extraction. This
issue arises from the wide variety of these compounds, each of
which has unique physicochemical characteristics (Wang et al.
2019). These discoveries allow the promotion of strawberry
fruit (Fragaria x ananassa Duch.) derivatives as potential
components for cosmetic, pharmaceutical, and functional food
formulations as natural colorants and antioxidants (Benchikh
et al. 2020; Hoang et al. 2021; Lorenzo et al. 2017; Luzardo-
Ocampo et al. 2021; Sun et al. 2013).

In this context, the phenolic compounds can be extracted
using a variety of techniques, including extractions with
supercritical fluids, microwaves, and ultrasounds, among
others (Benchikh et al. 2020; Chaves et al. 2020; Coelho
et al. 2020). Furthermore, the ultrasound-assisted extraction
(UAE) is promoted as an effective, environmentally friendly,
commercially viable, simple to use, and broadly applicable
approach, despite the difficulties associated with its industrial
scale-up (Dzah et al. 2020; Rocha et al. 2020; Koragqi et al.
2022). In general, the UAE technology efficiency can be
affected by ultrasonic wave frequency, temperature, and
sonication time but also by solvent characteristics; and
the sample particle size also plays a role in the extraction
process. The most significant important element in the
UAE is the production of cavitation bubbles, which break
plant tissues and release the cell’s contents. UAE typically
increases the efficiency of extraction, while yielding plant
derivatives that are more abundant in secondary metabolites
than those obtained using alternative methods (Chemat
et al. 2017; Carreira-Casais et al. 2021). Several variables,

@ Springer



1032

Food Analytical Methods (2023) 16:1030-1042

such as extraction time, temperature, extraction solvent, and
solvent concentration, have an impact on the extraction of
phenolic compounds from plants (Panzella et al. 2020; Patra
et al. 2022). In order to achieve the highest yield, it appears
important to optimize extraction conditions using the suitable
solvent type for each plant sample (Zhang et al. 2018).

Designing, analyzing, and predicting extraction
conditions have all been done using the response surface
methodology (RSM). The conventional one-factor-at-a-
time approach of optimization is neglecting the combined
interaction of variables and does not guarantee obtaining
optimal conditions. In order to solve this issue, statistical
methodology like Box-Behnken Design (BBD), a
component of RSM, has made it possible to forecast the best
extraction circumstances and comprehend the relationships
between extraction factors.

Therefore, the aim of the present study is to determine
the best solvent and to optimize extraction conditions for
extraction of maximum antioxidants phenolic compounds
from strawberry fruits (Fragaria x ananassa Duch.) by
using ultrasound-assisted extraction (UAE) method. The
Box-Behnken design (BBD) was employed to predict the
model and to optimize the extraction conditions (temperature,
time, liquid/solvent ratio) based on total phenolic content,
flavonoid content, and antioxidant activity.

Material and Methods
Preparation of Extracts

Strawberry fruits (Fragaria x ananassa Duch.) were
obtained in June 2021 from the local market, in a maturation
state ready for consumption. In the laboratory (Laboratory of
Food Analysis at UBT-Higher Education Institution), they
were grounded, after washing and removal of the leaves,
to obtain a uniform mass of pulp. Maceration method was
used for extracting phenolic compounds of strawberry fruits
(Fragaria x ananassa Duch.). To define the best extraction
solvent, extracts were prepared using water, methanol,
ethanol, acetonitrile, and acetone. The ground fruit samples
(1 g) were extracted with the appropriate solvent (30 mL) in
an ultrasonic bath at 30 °C, and the mixture was vortexed
for 120 min. After the extraction procedure, the mixture
was centrifuged at 2000 X g for 5 min, and the supernatant
was collected for further analysis. It was stored at—4 °C
until analyzed. The best solvent was determined based on
maximum TPC, TFC, and antioxidant activities (DPPH
radical scavenging activity, ferric reducing power).

All chemicals used in this study were analytical grade.
Ethanol and methanol were provided by Alkaloid (Skopje,
North Macedonia). The Folin-Ciocalteu reagent, aluminum
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chloride, natrium nitrite, sodium carbonate, hydrochloric
acid, acetonitrile, acetone, Trolox, and gallic acid were
purchased from Sigma-Aldrich (Germany).

Total Polyphenol Content Determination

Total phenolic contents of the extract of strawberry fruits
were assessed by Folin-Ciocalteu reagent using the method
previously reported by Singleton et al. (1999) with slight
modification, with the assistance of Folin-Ciocalteu reagent
by Koraqi and Lluga-Rizani (2022). Briefly, 1 mL of each
fruit extract diluted 1:20 with five different concentrations
(12.5, 25, 50, 100, and 200 mg/mL) of each extract (in water,
methanol, ethanol, acetonitrile, and acetone) was mixed with
1 mL distilled water and 500 pL Folin-Ciocalteu reagent
and stirred for 1 min. After 2 min, 4 mL of 7.5% sodium
carbonate aqueous solution was added, and the mixture was
incubated for 2 h at 25 °C. Standard solutions of gallic acid
were used for the calibration curve. Finally, the absorbance
of the mixture was measured at 765 nm by using a UV-VIS
spectrophotometer GENESYS 10S™. Gallic acid was
used for preparing the standard curve (0—100 mg/L), and
the results were expressed as milligrams of gallic acid
equivalents (GAE) per gram of fresh weight.

Flavonoid Content Determination

The total flavonoid content was measured by the aluminum
chloride colorimetric assay described by de Souza et al.
(2014) with some modifications. An aliquot (1 mL)
of strawberry fruit extract (water, methanol, ethanol,
acetonitrile, and acetone) or catechin standard solution (5,
10, 25, 50, 100, 150, and 200 mg/L) was added to a 10-mL
volumetric flask containing 4 mL of water. To the flask,
0.3 mL of 5% NaNO, and 0.3 mL of 10% AICl; were added.
After 6 min, 2 mL of 1 M NaOH was added, and the total
volume was brought to 10 mL by the addition of H,0O. The
solution was mixed, and the absorbance was measured by
spectrophotometer at 510 nm. The total flavonoid contents
of the fruits were expressed as mg catechin equivalents
CE/100 g of DW. The samples were analyzed in triplicate.

DPPH Free Radical Scavenging Assay

The activity of each extract of the strawberry fruits was
evaluated by modifying a DPPH method. The method
was described by Brand-Williams et al. (1995) with some
modifications by Rojas-Ocampo et al. (2021). Five different
concentrations (12.5, 25, 50, 100, and 200 mg/mL) of each
extract (in water, methanol, ethanol, acetonitrile, and acetone)
were used for the determination of antioxidant activities.
Each concentration of each crude extract stock solution
(4 mL) was placed in a test tube, and DPPH solution (1 mL)
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Table 1 Levels of independent variables tested in Box-Behnken
design and their experimental design levels for optimization of
extraction conditions

Symbol Variable Units Coded levels

+1 0 -1
A Time Min 5 20 30
B Temperature °C 30 45 75
C Liquid/solid ratio mg/mL 10 30 50

was added to the same test tube and shaken vigorously by
hand. All the test tubes were kept at room temperature in a
dark place for 45 min. The control was prepared following
the same procedure without adding any crude extract. The
remaining purple color was measured by using a UV-VIS
spectrophotometer GENESYS 10S at 520 nm after 15 min
of incubation in darkness, and methanol was used as the
blank. The Trolox standard curve was performed and the
results expressed in mg Trolox equivalent (TEAC) per mL
(mg TEAC-mL™!). The analyses were performed in triplicates.
Radical scavenging power was calculated by Eq. (1):

% inhibition of DPPH = [(Agysor = Asampte)/ Aconor] X 100 (1

where A .o 1s the absorbance of DPPH solution without
extract and Ag,;,. is the absorbance of the sample with
DPPH solution. The half-maximal inhibitory concentration
(IC50) was reported as the number of antioxidants required
to decrease the initial DPPH concentration by 50%. All tests
were performed in triplicate, and graphs were plotted using
the average of three determinations.

Reducing Power Assay FRAP

The method described by Chu et al. (2000) with some
modifications by Diem Do et al. (2014) was applied in
this work to determine the reducing power of fresh fruit
extract. This reducing power was investigated by observing
the transformation of Fe’* to Fe?*. The extract was diluted
with distilled water (60-220 mg/mL). The diluted extract
(1.0 mL) was mixed with phosphate buffer (3.5 mL, pH
6.6) and potassium ferricyanide (3.5 mL, 1%, w/w) in a test
tube, followed by incubating in a water bath at 50 °C for
30 min. After the tube was removed from the water bath,
trichloroacetic acid (2.5 mL, 10%, w/v) was added into the
tube and centrifuged (10 min). The supernatant (3.5 mL) was
diluted with distilled water (3.5 mL), and freshly prepared
ferric chloride (1.0 mL, 0.1%, w/w) was added. The mixture
was mixed thoroughly, and its absorbance was measured at
700 nm using a UV-VIS spectrophotometer (GENESYS 10S).

Statistical Analyses

Statistical analyses were carried out with Origin Pro. Data
are expressed as the mean + SD. The differences shown
by data were significant (P <0.05). Correlations among
variables were performed with Pearson’s correlation test.
Design Expert v13.0 trial software (Stat-Ease, USA) was
used for the construction of experimental designs (BBD
and RSA), regression analysis of experimental data, and
plotting of 3D response surface graphs. One-way ANOVA
was used to assess the differences among extracts obtained
with different solvents, the statistical significance of the
regression coefficient by F-test at 95% confidence level. The

Table 2 Experimental design-based Box-Behnken for optimization of extraction conditions

Run order Extraction time  Extraction Liquid/solid ratio TPC TFC DPPH FRAP EqmM
(min) temperature (°C)  (mg/mL) (mgGAE/g) (mgCE/g) pmol TE/g FeSO,/100 g
1 5 52.5 50 13.4734 3.7812 21.5744 11.2122
2 30 75 30 18.6689 6.5712 57.6511 19.5512
3 5 75 30 25.7816 10.4434 60.3411 41.3455
4 17.5 52.5 30 34.5612 18.6219 70.3634 10.9255
5 17.5 52.5 30 37.1234 10.5288 92.3013 178.530
6 17.5 30 10 13.6789 15.9877 20.3371 13.9871
7 30 52.5 10 17.4667 2.3454 27.2276 70.2461
8 17.5 30 50 11.5423 9.0876 30.2276 16.9822
9 5 30 30 29.4367 3.1288 31.2311 39.8155
10 17.5 52.5 30 9.0461 12.3222 60.1165 51.2119
11 30 52.5 50 31.2846 8.34211 57.4487 69.1256
12 17.5 52.5 30 21.4981 10.6620 76.4561 83.4338
13 17.5 52.5 30 15.3187 13.2276 98.9911 145.531
14 30 30 30 38.2912 17.3309 81.6911 81.2411
15 17.5 75 50 29.5212 14.2855 21.7654 78.3411
16 5 52.5 10 27.8771 18.9121 18.3455 67.3253
17 17.5 75 10 10.4333 16.9811 15.4551 122.341
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Fig.1 Total phenolic content (TPC), total flavonoid content (TFC), » Bl TPC mgGAE/g
and antioxidant activity (DPPH and FRAP) obtained from strawberry
fruits (Fragaria x ananassa Duch.), extracted by UAE

adequacy of the fitted polynomial model was expressed by
the coefficient of determination (R?) and lack of fit test.

Results and Discussion

Optimization of Extraction Process

Ethanol  Acetonitrile ~ Acetone Water Methanol
For optimization of extraction conditions using a statistical Extracts
approach, three independent variables were evaluated B FC moCEg

based on total phenolic compound (TPC), total flavonoid 12
compound (TFC), free radical scavenging assay (DPPH), and
reducing power assay (FRAP) of extracts from strawberry
fruits (Fragaria x ananassa Duch.) by using Box-Behnken
Design. The independent variables were extraction time (A:
5-30 min), temperature (B: 30-75 °C), and liquid/solid ratio
(C: 10-50). For BBD analyses, three levels as high (+ 1),
medium (0), and low (— 1) were described. The code and the
real value of each variable are presented in Table 1.

BBD experiments were conducted for optimization.
Experimental design method was carried out by 17

TFC mgCE/g

. . . IR Methanol ~ Acetonitrile  Acetone Ethanol Water
experiments with five center points to test the reproducibility Extracts
of the test results. Table 2 represents the designs and results
of the experiment runs. [ Antioxidant act

120 4

F L e 4
100 "&

Solvent Selection for Extraction

®
o
1

The phenolic compounds have various chemical properties
due to variations in type, number, and position of the
functional groups. As a result, different solutions may have
an impact on the solubility of certain molecules (Sepahpour
et al. 2018). It is also reported that the polarity of solvents has
a crucial role in the solubility of phenolic compounds (Babbar
et al. 2014; Sepahpour et al. 2018). Therefore, as it influences

60

40

Antioxidant activity DPPH (uMol/g)

20

the kind and quantity of phenolic chemical recovered, the Methanol  Acetonitrile  Acetone  Ethanol  Water
. . . . Extracts
choice of extraction solvent is crucial. Ethanol, methanol, and
acetone which are polar organic solvents are used mostly for B Reducing powe

extraction (Borges et al. 2020). However, for pharmaceutical
and food applications, using water for the extraction of
bioactive chemicals might be a safer choice. This study
investigates the impact of solvent type on the extraction of
the phenolic compounds, using five solvents in the process:
water, methanol, ethanol, acetonitrile, and acetone. Figure 1
presents the TPC, TFC, and antioxidant activities (DPPH
and FRAP) of the extracts obtained with different solvents.
All extracts were found to have significant total phenolic
contents ranging from 10.01 +0.24 mg to 18.78 +0.22 mg
GAE/g. There were significant differences in TPC and

Methanol ~ Acetonitrile ~ Acetone Ethanol Water

TFC of extracts obtained with different solvents (P <0.05). Extracts
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Fig.2 The 2D contour plots and 3D response surface graphs showing »

the interaction effect of variables on total phenolic content and total
flavonoid content

Flavonoid and phenolic contents had similar extraction
patterns, and acetone extract exhibited the highest amount
of TPC and TFC (18.78 +£0.22 mg GAE/g, 10.52+0.35 mg
QE/g, respectively). However, water extract demonstrated the
lowest amount of TPC and TFC (10.01 +0.24 mg GAE/g,
3.25+0.24 mg CE/g, respectively) (P <0.05). Polyphenols
effectively dissolved in organic solvents which are less polar
than water. In the study, the differences in the phenolic
content of the extracts obtained with different solvents
could be attributed to solvents’ polarities. In this work,
the solvents used in terms of polarity can be put in order
as water > methanol > ethanol > acetonitrile > acetone. This
study shows that the most efficient solvent for extraction of
TPC and TFC from strawberry fruits (Fragaria x ananassa
Duch.) is acetone, followed by acetonitrile, ethanol,
methanol, and water.

Strawberry fruits (Fragaria x ananassa Duch.) are rich
in phenolic compounds, which are responsible for some
of the pharmacological activities. Our results correspond
with the results of the work of Mitic et al. (2014) who
reported the total phenolic content of strawberry fruit
extracts in different solvents in the range of 9.59 +0.30 to
13.64 +£0.10 mg GAE/g in methanolic extract, 11.53 +0.150
to 16.01 +£0.36 mg GAE/g in ethanolic extract, and
14.93 +0.28 to 18.83 +£0.15 mg GAE/g in acetone extract.
KajdZanoska et al. (2011) found that the total phenolic
content of strawberry fruit extract in acetone extract range
about 528 1.5 mg GAE/100 g and in methanolic extract
about 573.1 +1.0 mg GAE/100 g. Our results were the
lowest of these studies. Gasparrini et al. (2015) noticed
that the total phenolic content of strawberry fruit extract
in water extract range about 2.32+0.02 mg GAE/100 g,
while our results also were the lowest of these studies.
Our results were in accordance to those found by Mitic
et al. (2014), who reported the total flavonoid content of
strawberry fruit extract in different solvents in the range of
3.93+0.18 to 7.05+0.17 mg CE/g in methanolic extract,
4.95+0.10 to 6.98 +0.06 mg CE/g in ethanolic extract,
and 7.97 +0.18 to 11.85+0.26 mg CE/g in acetone extract.
Zitouni et al. (2020) reported that the total flavonoid content
of strawberry fruit extract in water extract range from about
3.30 to 7.07 mg RE/g, and our results were similar to these
studies. de Souza et al. (2014) found that the total flavonoid
content of strawberry fruit extract in water extract range
about 38.17 +2.76 mg CE/100 g, and again our results were
similar to these studies.

The phenolic compounds can play an important role
in neutralizing and absorbing free radicals. The effects of
solvents on antioxidant activity of extracts were mostly

65

TFC (mgCE/Q)

15 20
X: a: Ultrasonic time () (Min)
Y: B: Ultrasonic temperature (T) (C)

TFC (mgCE/g)

10 15 20 2 30
X: a Ultrasonic time (t) (Min)
Y: B: Ultrasonic temperature (T) (C)
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Table3 ANOVA results for

. ; Source Df TPC TFC

quadratic model obtained by

Box-Behnken design F-value P-value F-value P-value
Model 9 94.77<0.0001* 16.30<0.0001*
A-Ultrasonic time (t) 1 632.92<0.0001* 137.85<0.0001*
B-Ultrasonic temperature (T) C-L/S ratio 1 21.21 0.0010* 0.4859 0.5017
AB 1 65.87<0.0001* 5.67 0.0385*
AC 1 0.6782 0.0304* 0.0545 0.8201
BC 1 1.50 0.2485 0.2160 0.6520
A? 1 0.3613 0.5611 1.300.2810
B? 1 113.96 <0.0001* 0.0740 0.7911
C? 1 7.70 0.0196* 0.9729 0.3472
Residual 1 0.5646 0.4697 0.0035 0.9539
Lack of fit 10 4.23 0.0699 0.4639 0.7904
Pure error 5
Cor total 5

19

*Significant parameter.

attributed to the content change of total phenolic compounds
(Che Sulaiman et al. 2017). In this study, the antioxidant
activities of extracts were evaluated with antioxidant
activities (DPPH and FRAP). Similar results of total
antioxidant activity was reported by Mitic et al. (2014)
who found that the total antioxidant activity of strawberry
fruit extract in methanol extract is about 52.69 +1.69 pmol
TE/g to 77.92+2.89 pmol TE/g, 63.34 +1.34 png
TE/g to 86.45+4.32 ng CE/g in ethanolic extract, and
89.35+2.09 pg TE/g to 109.9 +1.21 pg TE/g in acetone
extract. On the other hand, Buricova et al. (2011) reported
that the total antioxidant activity by DPPH in the water
extract of strawberry fruits ranged about 110.1 +16.6 pmol
TE/g. Our results were the lowest compared to these studies.
Also, the values of total antioxidant activity of strawberry
fruits in acetonitrile extract are not found in the literature.
Different results may be attributed to the extraction method
and conditions that affect the antioxidant activities of the
extract (Diem Do et al. 2014). All extracts obtained by
using an organic solvent gave stronger radical scavenging
capacity than that of the water extract. A similar trend
was observed in the study of DPPH radical scavenging
activity of strawberry fruit extract (Boeing et al. 2014;
Zitouni et al. 2020; de Souza et al. 2014). The reducing
power of the strawberry fruit extract, which may serve
as a reflection of its antioxidant activity, was determined
using a modified Fe** to Fe?* reduction assay, whereby the
yellow color of the test solution changes to various shades
of green and blue, depending on the reducing power of
the sample. Similar results are reported by Tulipani et al.
(2008) who noticed FRAP for strawberry fruits in the water
extract from 7.31 +0.09 to 14.22 +0.7 EqmM FeSO,/100 g.
Moreover, Ganhao et al. (2019) reported FRAP values in
the water extract of strawberry fruits varied from 38.2 + 1.4
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to 72.4 +8.1 EqmM FeSO,/100 g, and in this context, our
results were the highest compared to these studies.

All these results indicate that the inconsistency in the
contents of total phenols and flavonoids is affected by
some factors, such as cultivars, geographical conditions,
horticultural factors, the polarity of the solvents used for
extraction, type of plant materials used for extraction, as well
as the extraction methods.

In addition, Pearson’s correlation coefficient indicated
that TPC and TFC had a positive correlation with DPPH
scavenging activities (r=0.895, 0.914; respectively,
P>0.05) and reducing power capacities (r=0.916, 0.919,
respectively; P> 0.05). Also, previous studies found a
correlation between TPC with DPPH scavenging activity
and reducing power capacity (Fig. 2). Phenolic compounds
are majorly responsible for the antioxidant activity of
plant (Zhou et al. 2021). The results of the study indicate
that phenolic compounds may be the responsible for the
antioxidant activity of extracts. As a result, phenolic content
and antioxidant activity were observed to be affected by
the solvent type. Acetone extract with the highest TPC
and TFC showed the best antioxidant activity in the study.
Therefore, optimization of phenolic compound extraction
from strawberry fruits (Fragaria x ananassa Duch.) was
carried out using acetone as solvent.

Optimization of Extraction Conditions Using
Box-Behnken Design of Response Surface
Methodology (RSM)

Many factors have been established to influence the extraction
efficiency, such as solvent type, extraction temperature, time,
and solid to solvent ratio (Che Sulaiman et al. 2017). Extraction
parameters including extraction time, extraction temperature,
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Fig.3 The effect of extraction
parameters (time, temperature,
liquid/solid ratio) on TPC and
TFC 180 14004

i
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and liquid/solid ratio were improved extraction in the next The variance analysis of the quadratic models designed

step for optimal TPC and TFC yield by BBD (Table 2). BBD  for optimum TPC and TFC suggested that the models were
was employed to define the optimum level of parameters that  statistically significant, as shown in Table 3 (P <0.05). The
provided maximum total phenolic and total flavonoid extractions  fitted second-order polynomial equation illustrating the TPC
and to understand the relationships between the extraction  and TFC yields by using response surface analysis is given
parameters with TPC and TFC and antioxidant activity. with Egs. 2 and 3.
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Fig.4 Correlation between TPC, TFC, and antioxidant activity (DPPH and FRAP)

TPC = +102.18 + 7.60A + 0.430B + 1.56C — 3 42AB — 0.9038AC + 1.52BC~
0.3793A2 + 0.2750B2 + 0.1133C2 2)

TFC = +108.90 — 20.01A — 1.19B + 4.06C — 0.5200AB + 1.04AC — 2.54BC—

0.4513A% + 1.64B% + 0.0984C? 3)

The statistical significance of model terms is assumed
by their respective P-value. Also, “the lack of fit F-value”
is a special diagnostic test for adequacy of a model. Non-
significant lack of fit is desirable. In the study, the predicted
R? (0.88 and 0.90, respectively) and adjusted R? values
for TPC and TFC (0.90 and 0.92, respectively) were in

@ Springer

reasonable agreement with the value of R? (0.91 and 0.92,
respectively). The values of R? imply a correlation between
the experimental results and predicted values.

The statistical analysis indicates that the evaluated
variables have a significant effect on TPC and TFC.
Values of “P-value” less than 0.05 indicate that model
terms are remarkable. In this case, A, B, C, A%, and B? are
significant model terms for TPC. In addition, A and C are
significant model terms for TFC (Table 3). The effects of
extraction time, extraction temperature, and liquid/solid
ratio on TPC and TFC were illustrated in 2D contour plots
and 3D response surface graphs. The 2D contour plots and
3D response surface graphical representations are shown
in Fig. 3.
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Fig.4 (continued)

Figure 3 presents three-dimensional (3D) surfaces for
UAE of strawberry fruits (Fragaria x ananassa Duch.).
As seen in Fig. 3, the time and temperature of UAE
have a predominant effect on the phenolics extraction
of the current plant material, the effect of extraction
temperature is positive on TPC. Considering the
interactive effect of variables, the interaction between
time and temperature showed a remarkable effect on
TPC (P <0.05). The TPC significantly increased with
increasing extraction temperature and time. In addition,
the interaction between extraction temperature and
liquid/solid ratio showed a remarkably positive effect on
TPC (P <0.05), but there was no significant interaction
between liquid/solid ratio and extraction time (P > 0.05)
(Table 3).

Figure 4 presents the effect of extraction parameters
(time, temperature, liquid/solid ratio) on TPC and TFC.

FRAP (mmg/mL)

TFC (mg CE/g)

FRAP (mmg/mlL)
5

16 L682

AUltrasonic time §) (Min)

Similarly, extraction time and extraction temperature
profoundly influenced TFC (P < 0.05), but the liquid/
solid ratio had no significant effect on TFC (P > 0.05)
(Table 3). Figure 3 shows that the TFC increased in
parallel to the extraction time. An increase in the
yield of flavonoid was achieved with the increase of
extraction time at lower temperatures. The increase in
extraction temperature might be increased mass transfer
improved with the penetration of solvent into the plant
matrix (Chaves et al. 2020).

After optimization, an improvement in antioxidant
activity was expected. The DPPH scavenging activity and
ferric-reducing power capacity were found as 96.34 pmol
TE/g and 107.23 EqmM FeSO,/100 g, respectively. The
finding implies that optimization of extraction conditions
increases phenolic compounds, which have high
antioxidant capacity.
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Conclusion

The results of this study indicate that solvents play an important
role in the extraction, and acetone was the most efficient solvent
for phenolic extraction from strawberry fruits (Fragaria x
ananassa Duch.). The response surface methodology was
successfully employed to optimize the extraction conditions
(extraction temperature, time, and liquid/solid-ratio). It was
observed that TPC yields were significantly affected by
temperature, extraction time, and liquid/solid ratio, while the
most important factors affecting TFC yield were extraction time
and temperature. The optimal extraction conditions were found
to be an extraction temperature of 17.5 °C, time of 52.5 min,
and liquid/solid ratio of 30:1. We could optimize the bioactive
compounds in the strawberry fruits (Fragaria x ananassa
Duch.) extract obtained by ultrasonic-assisted extraction
as an efficient, economically, and applicable approach.
Concentrations of all phenolic compounds evaluated in this
study are found to increase after optimization of extraction
conditions. The study confirmed the high phenolic content of
extracts from strawberry fruits (Fragaria x ananassa Duch.)
parallel with high antioxidant activity that could be used as
natural antioxidants and colorants in different sectors like food,
cosmetic, or pharmaceutical. The results also suggest that
optimizing the extraction conditions is critical for the accurate
quantification of phenolic compounds in strawberry fruits
(Fragaria x ananassa Duch.). The study could be extended to
other plant varieties (berries, plant leaves, etc.) as rich sources
of natural colorants. Furthermore, this study can be useful for
the development of industrial extraction processes, to enhance
the efficacy of large-scale extraction systems.
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