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Abstract

In this study, the main chemical composition, the total phenolic content (TPC), the total flavonoid content (TFC), the total
anthocyanin content (TAC) and antioxidant activity (TAA) of blackthorn (Prunus spinosa L.) fruit growing wild in Edirne
province were determined. Furthermore, the phenolic compounds composition was investigated by liquid chromatogra-
phy—tandem mass spectrometry (LC-MS/MS) and the mineral composition was performed by inductively coupled plasma
mass spectrometry (ICP-MS). In addition, the aim of the study was to investigate the effects of temperature (20—40 °C),
time (2—-6 min) and amplitude (20-60%) on TPC, TFC, TAC, and TAA of blackthorn during ultrasound-assisted extrac-
tion. Response surface methodology using central composite design was used to determine the optimum conditions in
ultrasound-assisted extraction of bioactive compounds in blackthorn. The optimum extraction conditions were obtained
with temperature 40 °C, time 3.592 min, and amplitude of 33.189%. TPC, TFC, TAC, and TAA of blackthorn were found as
3203.31+4.63 mg GAE kg~! FW, 727.41 +4.63 CE kg™! FW, 135.09 +0.33 mg cy-3-glu kg~! FW, and 19.65 +0.06 mmol
TE kg~! FW, respectively, which were consistent with predicted values. The ultrasound-assisted extraction can be considered

as an efficient green and practical technique for the recovery of bioactive compounds in blackthorn.
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Introduction

Blackthorn (Prunus spinosa L.), which belongs to the rose
family (Rosaceae), is a spiny, deciduous, spontaneous wild
shrub plant grown in uncultivated areas. It grows naturally
in a wide geography in the world from south-central Europe
up to southern Scandinavia, and eastwards to Asia minor
[1]. Since it is resistant to cold, drought and calcareous soils
and prefers humid climates, it extends mostly in rainy parts
of Thrace, Western Black Sea, Aegean Region and Cen-
tral Anatolia in Turkey [2]. Ripe fruits have a round shape,
5-7 mm in diameter, bluish-black smoky skin, greenish
flesh, hard-core and astringent taste [3]. Due to the bitter
taste of the fruits, they are not suitable for raw consumption,
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and they are consumed as homemade products such as jelly,
jam, marmalade, fruit juice, syrup and compote [2, 4]. In
addition, it is suitable for the production of alcoholic and
non-alcoholic beverages such as liquor, brandy and wine due
to its intense volatile components [2, 3].

The plant has been known in European tradition for over
7,000 years as a medicinal plant [5]. The fruit, flowers, bark
and roots of the plant have been widely used in traditional
medicine to treat different diseases [4]. The blackthorn is
used in phytotherapy for the treatment of many diseases
associated with cough and circulatory system. It is a laxa-
tive, vermicide, diuretic, spasmolytic and anti-inflammatory
agent. Due to its high tannin content, it is antiseptic and acts
against inflammation of the mucosal layer of the digestive
tract [4-6].

Epidemiological studies have consistently shown that
a high daily intake of fruits rich in bioactive components
is associated with a reduced risk of various cancer types
and cardiovascular diseases [7, 8]. Marchelak, Owczarek
[5] and Magiera, Czerwiriska [9] reported that the bioactive
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components of the blackthorn are polyphenols, includ-
ing flavonoids, A-type proanthocyanins, anthocyanins,
coumarins and phenolic acids. Fraternale, Giamperi [3]
examined the potential of blackthorn fresh juice to protect
human promonocytes (U937 cells) from oxidative damage.
Their results showed that necrotic cell death was reduced
with increasing fresh juice concentration in the presence of
0.3 mM H,0,. Karakas, Okur [6] also found that methanol
extract of blackthorn has significant cytotoxic activities with
50-63% cell viability of glioblastoma brain cancer cells.
Recently, Magiera, Czerwinska [9] proved that blackthorn
extracts are important for releasing of some vital pro-inflam-
matory and anti-inflammatory factors in immune cells. As
the result of anti-cancer studies, increased attention has been
recently paid to the blackthorn fruit, a great potential source
of health-promoting bioactive compounds and antioxidants.

In this context, researchers have focused on the develop-
ment of extraction methods to recover of bioactive com-
pounds and antioxidants from natural products. Although
traditional extraction methods are quite easy to use, long
processing times, high raw material requirements and toxic
effects on the environment restrict the use of these meth-
ods [10]. In addition, these techniques result in low-quality
products due to extreme extraction conditions such as long
extraction times, a large quantity of solvent and higher tem-
perature, which can cause to degradation of thermo instable
components. Green novel extraction methods, which are
carried out in a short time and do not require organic sol-
vents, provide environmentally friendly, high quality and
efficient extracts, have gained considerable importance in
recent years. Ultrasound-assisted extraction is coming into
prominence among these methods due to shorter extraction
time, reduced solvent consumption and enhanced final prod-
uct quality [11, 12].

This versatile method has been used in food processing
such as peeling, emulsification, spraying, degassing, dry-
ing, cooking, and crystallization. Ultrasound is a mechanical
wave that can cause the collapse of the cavitation bubble,
producing micro-jets that facilitate the disruption of plant
cell walls and enhance the extraction of components from
within the cell by accelerating the mass transfer of extract-
able compounds [11]. The ultrasound-assisted extraction has
been widely used for the extraction of phenolic, flavonoid
and anthocyanins components with antioxidant activity from
various foods [13-17].

The effectiveness of the application in ultrasound-assisted
extraction depends on generator performance, reactor
design, extraction process parameters and characteristics
of the reaction medium [18]. Therefore, it is necessary to
optimize the parameters affecting the process in order to
reduce solvent consumption and minimize the workload
and time. Response surface methodology (RSM) is a mul-
tivariate statistical tool widely used to evaluate the effect
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of multiple different parameters and their interactions and
optimize the process parameters. Central composite design
(CCD) is considered as a type of RSM that is more efficient
and takes less time to accurately describe the relationships
between one or more response variables and several inde-
pendent variables [10].

It is crucial to reveal the underutilized potential of wild
blackthorn fruit to obtain a rich extract of bioactive com-
pounds with green technology that is used for the produc-
tion of various high value-added products. Therefore, the
objectives of this study were: (i) to determine the detailed
chemical composition of blackthorn fruits grown locally
in Edirne province (Turkey), (ii) to investigate the effects
of extraction temperature, extraction time and amplitude
on the total phenolic content, total flavonoid content, total
anthocyanin content and antioxidant capacity of blackthorn
during ultrasound-assisted extraction, (iii) to optimize sig-
nificant independent variables by RSM using CCD, (iv) to
validate model fitting and to compare with the experimental
and predicted value.

Material and methods
Chemicals and reagents

Folin-Ciocalteu reagent, anhydrous sodium carbonate,
sodium acetate, potassium chloride, 6-hydroxy-2,5,7,8-
tetramethylchroman-2-carboxylic acid (Trolox), 2,2'-azin-
obis-(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS),
aluminum chloride hexahydrate, sodium nitrite, sodium
hydroxide, hydrogen peroxide, phenolic standards (gallic
acid and (+)-catechin) and anthocyanin standard (cyanidin-
3-rutinosid) were purchased from Sigma (St. Louis, MO,
USA). In addition, suprapur nitric acid was supplied from
Merck (Darmstadt, Germany). All solvents were HPLC
grade. In all analyses, the ultrapure water (its conductiv-
ity less than 0.5 pScm™') was obtained from a PURELAB
Option-Q (ELGA LabWater, UK) unit.

Plant material and sample preparation

Prunus spinosa L. (Blackthorn) fruit was collected manually
from non-cultivated trees in the fields located at 41.6379
latitude 26.6224 longitude coordinates used for agricul-
tural activities within Trakya University (Edirne, Turkey)
in October 2020 following the ripening stage. Fresh fruits
were washed in cold tap water, dried with filter paper, sealed
in plastic bags and stored in a refrigerator at— 20 °C until
further use. Following the defrosted process in the refrig-
erator, the fruit stones were removed by hand, and the
remaining fruit flesh (average 200.0+2.0 g) was weighed
in Waring blender (Waring 8011 Eb, USA). It was diluted
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1:1 with distilled water and homogenized for 2 min at mini-
mum speed. The final extracts were used for all chemical
and extraction analyses.

Analytical measurements
Chemical analysis

The total soluble solids (TSS) was measured with a refrac-
tometer (Atago, Co., Tokyo, Japan) and expressed as °Brix
and. The pH measurements were carried out with a pH meter
(Mettler-Toledo SG-2 SevenGo, Switzerland) at 20 °C. Total
titratable acidity (expressed as a percentage of malic acid)
was analysed by titrating the product with 0.1 N NaOH to pH
8.1. The total solid content was determined by the gravimet-
ric method using a vacuum oven (Nuve EV 018, Turkey) at
70 °C. To determine the ash content, the samples were burnt
in an ashing furnace (Protherm PLF 120/7, Labomar, Tur-
key) at 550 °C. Total nitrogen content (N) was determined
according to the Kjeldahl method using an automatic heating
system (Kjeldatherm Digestion Systems KBS8S, Gerhardt,
Germany) and automatic distillation units (Vapodest VAP
20 s, Gerhardt, Germany), and total protein content was cal-
culated from Nx6.25. All measurements were performed in
triplicate.

Determination of total phenolic content

Total phenolic content (TPC) was determined spectropho-
tometrically with Folin-Ciocalteu reagent method accord-
ing to Shahidi, Chavan [19]. The samples were diluted in
appropriate proportions with distilled water and the diluted
samples were filtered with filter paper. 1 mL diluted sample,
5 mL Folin-Ciocalteu reagent (previously diluted with dis-
tilled water 1:10 v/v) and 4 mL saturated sodium carbonate
(75 g/L) were mixed in the tubes. The tubes were vortexed
for 10 s, kept in the water bath at 50 °C for 5 min, and
cooled immediately. The absorbance at 760 nm was meas-
ured with a spectrophotometer (Shimazdu, Japan). Gallic
acid was used to calculate the standard curve (10-80 mg/L;
y=0.0116x; R?= 0.9992), and the results were expressed
as mg gallic acid equivalent kg™! fresh weight (mg GAE
kg~ FW).

Determination of total flavonoid content

Total flavonoid content (TFC) was determined using a col-
ourimetric method described by Dewanto, Wu [20]. 1 mL of
the diluted samples was mixed with 5 mL of water. 0.3 mL
of 5% NaNO, was added to the mixture and mixed. After
6 min, 0.6 mL of 10% AICl;.6H,0 was added and vortexed.
After 5 min, 2 mL of NaOH solution (1 M) was added to
the mixture, and the tube volume was completed to 10 mL

with distilled water. The absorbances of the prepared solu-
tions were read at 510 nm in the spectrophotometer, and the
total flavonoid amounts were calculated to be equivalent to
mg catechin from the calibration curve prepared with (+)-
catechin at different concentrations (0-125 mg catechin/L,
y=0.0064x, R>=0.9910). The results were expressed as mg
CE kg™! FW.

Determination of total monomeric anthocyanin content

Total monomeric anthocyanin content (TAC) was deter-
mined according to the pH differential method, as Giusti and
Wrolstad [21] described. The samples were diluted in appro-
priate proportions with 0.025 M potassium chloride buffer
(pH 1.0) and 0.4 M sodium acetate buffer (pH 4.5). The
diluted samples were kept at room temperature (20+2 °C)
for 15 min to equilibrate and filtered using 0.45 pm PVDF
syringe filters. The absorbance of equilibrated solutions at
514 nm (A,,,,,) for anthocyanin content and 700 nm for haze
correction was measured on a UV-VIS spectrophotometer
(Shimazdu, Japan) against distilled water as a blank. The
difference in absorbance values at pH 1.0 and 4.5 was used
to calculate total monomeric anthocyanin content, and the
result was given as cyanidin-3-glucoside (molecular weight
of 449.2 ¢ mol~! and extinction coefficient of 26 900) equiv-
alents and expressed as mg cy-3-glu kg™' FW.

Determination of total antioxidant activity

The total antioxidant activity (TAA) was determined using
Trolox Equivalent Antioxidant Capacity (TEAC) method
described by Re, Pellegrini [22]. ABTS radical cation
(ABTS™) was generated by the reaction of 7 mM ABTS
with 2.45 mM potassium persulfate (K,S,0g), and the mix-
ture was kept in the dark at room temperature for 16 h. The
solution was diluted with ethanol to an absorbance reading
0f 0.70+0.02 at 734 nm. 3 mL of the ABTS* solution and
30 pL of the sample were mixed, and the absorbance was
measured at 734 nm after 6 min of dark incubation at room
temperature. Trolox was used to calculate the standard curve
(0.5-2 mM; y=0.282x; R2:0.9995), and the results were
expressed as TEAC (mmol TE kg~! FW).

Determination of elemental composition by ICP-MS

Mineral composition of fruit was measured by inductively
coupled plasma mass spectrometry (ICP-MS) Agilent
7800 system (Agilent Technologies, Santa Clara, CA,
USA). Samples of approximately 0.5 g fruit samples were
placed into a Teflon digestion vessel and 9 ml of HNO,
and 1 ml of H,0O, were added. The mixture was burned in
a microwave-assisted digestion system (Ethos, Milestone,
Italy). The instrumental parameters involved a ramp of
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15 min to reach 200 °C and then the system was main-
tained at 1000 W for additional 15 min. The digests were
filtered through a Whatman No. 1 filter paper and diluted
at 50 mL with deionised water, and then analysed by ICP-
MS [23]. The results were expressed in mg kg~' FW.

Determination of individual phenolic compounds by LC-
MS/MS

The phenolic composition of the blackthorn fruit was
determined by liquid chromatography-tandem mass
spectrometry (LC-MS/MS) Agilent 6460 system with
a triple quadruple mass spectrometer equipped with an
electrospray ionization (ESI) interface (Agilent Technolo-
gies, Santa Clara, California, USA). For the extraction
of phenolic compounds from the sample before analy-
sis, the hydrolysis and non-hydrolysis extraction method
described by Bayram, Canli [23] was used to analyse both
sugar-containing and basic phenolic compounds. High-
performance liquid chromatography (HPLC) and mass
spectrometry (MS) parameters were given detailed in
Bayram, Canli [23]. The results were expressed in mg
kg~! FW.

Ultrasound-assisted extraction

Ultrasound-assisted extraction was performed in an ultra-
sonic homogenizer (BANDELIN, SONOPULS HD 4200,
Germany) equipped with GM 4200 generator, ultrasonic
converter UW 200, SH 200 G booster horn and titanium
probe TS 109 (dia. 9 mm). Blackthorn extract, diluted 1:1
with distilled water and homogenized with a Waring blender,
was weighed 12.5 g into a double-walled extraction tube,
and 112.5 g of distilled water was added. The ultrasound
probe was submerged to half the depth of the sample. The
internal extraction temperature was maintained constant
with cold water and controlled within + 1.0 °C with a cali-
brated thermometer. Ultrasonication was carried out under
controlled conditions where the amplitude levels including
—a and + a were 6.36, 20, 40, 60, and 73.64%, the tempera-
ture were 13.18, 20, 30, 40, and 46.82 °C, and the time was
0.64, 2, 4, 6, and 7.36 min. The final extracts were stored at
-20 °C prior to analysis.

Experimental design and data analysis

Response surface methodology (RSM) was used to deter-
mine the optimum conditions in ultrasound-assisted extrac-
tion of bioactive compounds in blackthorn. The independent
variables were determined as temperature (X,), extraction
time (X,), and amplitude (X;). These variables were stud-
ied at five different levels coded as — o, — 1, 0, + 1, and +«,
which the number of « is (2°)"*=1.682 (Table 1). The
central composite design (CCD) with three independent
variables each at five levels was used for the optimization
of extraction variables. The CCD included 20 experimen-
tal trials, which had six trials as replication of the central
points, and the experiments were carried out in a random
order without replication. The total phenolic content (Y,
mg GAE kg™! FW), total flavonoid content (Y,, mg CE kg™
FW), total monomeric anthocyanin content (Y5, mg cy-3-glu
kg~! FW), and total antioxidant activity (Y,, mmol TE kg™
FW) were selected as the responses variables.

The second-order polynomial equation for three quantita-
tive factors (Eq. 1) was used in order to correlate the rela-
tionship between the responses and independent variables.

Y = fy+ 01X + BoXy + B3 X3 + P, X1 X + F13X1 X5

1
+ B3 XoXs + P X5 + ProXs + PisXa + € M

where Y was the response value, X, X,, and X represented
the level of the factors according to Table 1, and the coef-
ficients of the polynomial were represented by f, (constant
term), B, B, and P; (linear effects), B,;, P,,, and B35 (quad-
ratic effects), and P,,, B3, and P, (interaction effects); and
e was the residual error.

Statistical software package Design-Expert (Trial Ver-
sion 6.0.2, State-Ease, Minneapolis, USA) was used for the
generation of the regression model and the optimization of
the process.

Statistical analysis

Analysis of variance (ANOVA) was used to assess the
model’s statistical significance and determine the individ-
ual linear, quadratic and interaction regression coefficients.
p-values of less than 0.05 were considered to be statistically

Table 1 Range of coded

Independent variables Code units Coded levels

and actual values for central

composite design —a -1 0 +1 +a
Temperature (°C) X, 13.18 20 30 40 46.82
Time (min) X, 0.64 2 4 6 7.36
Amplitude (%) X, 6.36 20 40 60 73.64
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Table2 Chemical composition and antioxidant activity of the black-
thorn fruit (means +SD; n=3)

Characteristics Blackthorn

pH 3.45+0.00
TSS (°Brix) 23.50+0.20
Total titratable acidity (g malic acid 100 g~! FW) 3.11+£0.02
Dry matter (g 100 g~! FW) 31.00+1.58
Ash (g 100 g~! FW) 4.20+0.17
Total protein (g 100 g~' FW) 1.02+0.06
Total phenolic content (mg GAE kg~' FW) 1716.00 +£30.48
Total flavonoid content (mg CE kg™! FW) 300.78+1.10
Total monomeric anthocyanin content (mg cy- 97.86+2.02

3-glukg™' FW)
Total antioxidant activity (mmol TE kg~! FW) 10.50+0.26

significant. The optimum condition was established by plot-
ting the response surface plots of each response.

Result and discussion
Chemical composition of the blackthorn fruit

The results of the chemical characterization analyses and
antioxidant activity analysis of the blackthorn fruit are
presented in Table 2. Total soluble solid content and dry
matter of blackthorn were found 23.50 + 0.20°Brix, and
31.00+1.58 g 100 g~! FW, respectively. pH and total titrat-
able acidity were detected as 3.45+0.00, and 3.11+0.02
(g malic acid 100 g~! FW), respectively. pH value and dry
matter results were in accordance with values reported in
the literature [7, 24, 25]. Ash content (4.20+0.17 g 100 g‘1
FW) was higher than reported by Marakog lu, Arslan [25]
and Ganhao, Estévez [24]. The discrepancies may be due to
differences in climatic condition.

The total phenolic content (1716.00 +30.48 mg GAE
kg_1 FW) was in accordance with Cosmulescu, Trandafir
[26], but lower than reported by Ganhao, Estévez [24] and
Sikora, Bieniek [27] and higher than stated by [28]. The
flavonoid content of blackthorn was found 300.78 +1.10 mg
CE kg_1 FW. Velickovié, Kosti¢ [4] determined the flavo-
noid content as 0.42+0.013 mg quercetin equivalent/g in
water extract of blackthorn, while Cosmulescu, Trandafir
[26] measured the flavonoid content as 68.21 mg querce-
tin equivalent/100 g FW. The anthocyanin content result
(97.86+2.02 mg cy-3-glu kg~! FW) was in accordance with
values obtained from water extract reported by Velickovic,
Kostic¢ [4], and lower than blackthorn fruit harvested at dif-
ferent periods reported by Dragovié-Uzelac, Levaj [29].
The antioxidant capacity results given in the literature vary
widely (0.26-5.08 mmol TE/100 g FW) [26, 30, 31] and the

total antioxidant capacity of blackthorn determined in this
study (10.50+0.26 mmol TE kg~! FW) tends to be in the
range from the data reported in the literature. The discrep-
ancies in the qualitative and quantitative chemical charac-
terization results may be due to differences in the growing
region, maturation stage and fruit variety.

Mineral composition of blackthorn fruits was shown in
Table 3. K, P, Mg, Na and Ca was determined as major min-
eral compounds of blackthorn fruits. Other mineral com-
pounds were detected at minor levels. The major mineral
compounds found in this study were similar to the main min-
eral compounds distribution reported by Marakog lu, Arslan
[25]. In this study, K was found as the major component of
blackthorn fruits (29,152.19 +684.12 mg kg~! FW), while
Cosmulescu, Trandafir [26] reported that the major compo-
nent of blackthorn fruits was Ca (32.20 mg 100 g~! FW).

Phenolic compounds of blackthorn fruit were identified
using LC-MS/MS technique with respect to retention time
and main fragment ion. MRM transitions (m/z), Rt (min),
and concentration of phenolic compounds (mg kg~! FW)
were presented in Table 4. Seventeen phenolic compo-
nents, seven of which were in the flavonoid, were identi-
fied in the blackthorn fruit. The main phenolic compound
of the blackthorn fruit was hesperidin (27.70 +1.13 mg kg~!
FW) at non-hydrolyzed sample, while protocatechuic acid
(38.60+ 1.87 mg kg~! FW) was detected as the main compo-
nent in the hydrolyzed sample. Mass spectrum of hesperidin
presented a molecular ion [M-H]™ at m/z 609 and its MS/
MS spectrum showed characteristic fragment ions at m/z
301 and m/z 609. Moreover, mass spectrum of protocate-
chuic acid presented a molecular ion [M-H]™ at m/z 153 and
its MS/MS spectrum showed characteristic fragment ions

Table 3 Mineral composition of blackthorn fruits

Mineral compound Values (mg kg™! FW)

Al 24.79+1.40
B 34.57+1.98
Ca 917.93£8.56
cd 4.65+0.22
Cr 3.3420.09
Co 0.37+0.01
Cu 15.8341.47
Fe 40.44+2.59

K 29,152.19 +684.12
Mg 2010.60+101.15
Na 1030.50+50.23
Ni 20.86+1.02

P 2412.05+110.28
Pb 1.83+0.12
Se 711045
Zn 30.80+1.67
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Table 4 Individual phenolic compounds, retention times (Rt), mass spectral data and phenolic concentrations (mg kg~! FW =+ standard deviation)

of the blackthorn fruit

Phenolic compounds MRM transitions (m/z) Non-hydrolyzed Hydrolyzed
Rt (min) Concentration (mg Rt (min) Concentration
kg™' FW) (mg kg™! FW)

Phenolic acids
Gallic Acid 79— 169 1.635 <logq 1.668 4.51+0.65
Protocatechuic Acid 53— 153 1.821 1.48+0.14 1.880 38.60+1.87
2.5-Dihydroxybenzoic Acid 53—153 1.824 0.39+0.05 1.883 22.02+1.54
Salicyclic acid 65— 137 3412 0.41+0.08 3.462 3.78+0.45
Caffeic acid 121-197 3.528 0.71+0.12 3.570 27.76 +1.89
p-Coumaric acid 93163 3.958 0.44+0.06 3.984 0.73+£0.08
Trans ferrulic acid 134—193 4.009 7.51+0.78 4.025 14.50+0.97
Sinapic acid 121 -223 4.007 <loq 4.024 10.75+0.85
Ethyl gallate 124 —197 4.042 0.03+0.00 4.050 0.01+£0.00
Propyl gallate 78—211 4.176 0.03+0.00 4.185 <loq

Flavonoids
Rutin 301 —609 4.002 7.58+0.85 3.892 <loq
Hesperidin 301 —609 4.010 27.70+1.13 4.052 <loq
Myricetin 151 -317 3911 4.97+0.54 3.928 <loq
Quercetin 151—-301 4.249 5.65+0.68 4.249 23.82+1.24
Lutolein 93 —285 4.275 0.25+0.05 4.287 0.64+0.04
Naringenin 119—-271 4.309 4.98+0.56 4.318 12.26+1.42
Isorhamnetin 151—-315 4.367 0.46+0.09 4.358 1.52+0.15

log limit of quantification

at m/z 53, m/z 91, m/z 109, and m/z 153. As can be seen
clearly from Table 4, it was expected that total concentration
of phenolic acids obtained by hydrolyzed sample was higher
than non-hydrolyzed sample which can be attributed to the
breaking of glycosidic bonds and dissolution of bound sugar
due to acid hydrolysis [32].

Fitting model

The experimental results for the different combinations of
ultrasonic-assisted extraction conditions were performed
according to three-factor, five-level CCD. The results of 20
experimental trials are shown in Table 5. The results of TPC,
TFC, TAC, and TAA ranged from 2159.48-3431.03 mg GAE
kg~! FW, 557.81-778.91 mg CE kg~! FW, 96.19-142.27 mg
cy-3-glu kg=! FW, and 14.68-20.40 mmol TE kg~! FW,
respectively. Model selection was made for each response
using the Design Expert program, and the “fit summary”
report suggested a quadratic polynomial model for each
response. ANOVA for quadratic model and fit statistics param-
eters are listed in Table 6. ANOVA showed that the quadratic
model was significant for each response. p-values of the model
for TPC, TFC, TAC, and TAA were determined less than 0.01
and F value of the model for TPC, TFC, TAC, and TAA were
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24.30, 34.47, 17.20, and 10.27, respectively. A small p-value
and a high F-value are associated with independent variables
having a significant and large effect on the relevant response
variables [33]. The calculated p-value for lack-of-fit of the
quadratic model was insignificant for each response at 95%
confidence level, revealing that the model adequately repre-
sented the experimental results. In addition, the coefficient of
determination (R?) showed that the model efficiently estimated
the relationship between predicted and experimental values.
For the model to fit well, it was recommended that the R>
value be between 0.8 and 1 [34]. The predicted R? for each
response was in reasonable agreement with the adjusted R?
for each response, since the difference between them was less
than 0.2. Moreover, the coefficient of variation (CV%) were
found to be 3.55% for TPC, 2.76% for TFC, 4.13% for TAC,
and 3.96% for TAA. The CV values were within the acceptable
limits (below 5%) indicating that the model has high predictive
power of the experimental values and good reproducibility
of the investigated systems [14, 35]. Besides, the high corre-
lated effect between the predicted and experimental values was
detected in the diagnostic plots (Fig. 1). It can be concluded
that the developed quadratic model was adequate and can be
used for the optimization of ultrasonic-assisted extraction of
bioactive components in blackthorn.
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Table 5 Three factor, five-level central composite design used for RSM and experimental results for the different combinations of ultrasonic-

assisted extraction conditions

Standard order  Independent variables Responses

Xl X2 X? Yl Y2 Y3 Y4

Temperature (°C) Time (min) Amplitude TPC TFC TAC TAA

(%) (mg GAEkg™'FW)  (mg CEkg™'FW) (mgcy-3-glu (mmol TE
kg~! FW) kg~! FW)

1 20(—1) 2(-1 20— 1) 2159.48 600.00 96.19 15.13
2 40 (+1) 2(-1) 200-1) 3431.03 682.81 127.75 19.08
3 20(—1) 6(+1) 200-1) 2840.51 607.81 109.21 19.72
4 40(+1) 6(+1) 20(-1) 2870.69 778.91 124.24 19.98
5 20(—1) 2(-1) 60 (+1) 2224.14 718.75 114.72 18.32
6 40(+1) 2(-1) 60 (+1) 3120.69 575.78 111.21 20.40
7 20(—1) 6(+1) 60 (+1) 2672.41 657.81 115.22 18.51
8 40(+1) 6(+1) 60 (+1) 2521.55 609.38 112.72 16.29
9 13.18 (— o) 4(0) 40 (0) 2297.41 710.94 111.72 17.73
10 46.82 (+ o) 4 (0) 40 (0) 3241.38 775.78 135.76 19.81
11 30 (0) 0.64 (— o) 40 (0) 2650.86 602.34 122.24 18.61
12 30 (0) 7.36 (+a) 40 (0) 2767.24 661.72 114.22 20.31
13 30 (0) 4(0) 6.36 (— o) 2647.55 564.06 100.19 16.03
14 30 (0) 4(0) 73.64 (+a)  2590.52 557.81 97.19 14.68
15 30 (0) 4(0) 40 (0) 3116.38 72422 141.77 17.68
16 30 (0) 4(0) 40 (0) 3211.21 761.72 139.77 18.72
17 30 (0) 4(0) 40 (0) 3021.55 764.84 142.27 19.76
18 30 (0) 4(0) 40 (0) 2978.45 762.50 137.77 18.84
19 30 (0) 4(0) 40 (0) 2987.07 742.19 130.25 19.89
20 30 (0) 4(0) 40 (0) 2909.48 726.56 131.25 18.87

TPC total phenolic content, TFC total flavonoid content, TAC total anthocyanin content, TAA total antioxidant activity

Effect of the ultrasound-assisted extraction
parameters on TPC

The quadratic model given for TPC had a good regression
coefficient (R*=0.9563). The second-order polynomial
equation for TPC in coded level all terms was generated in
Eq. (2). The positive sign in front of the terms indicates a
synergistic effect, which means enhancing extraction effi-
ciency, while negative sign indicates an antagonistic effect.

Y, (mg GAE kg™' FW)

3035.70 + 266.17X, + 12.12X, — 62.89X,
286.10X,X, — 69.51X,X; — 33.94X,X; — 83.89
105.22X5 — 137.05X;

@)
X

The linear effect, X, (p <0.01), X5 (p <0.05); the inter-
action effect XX, (p <0.01); the quadratic effect, Xl2
(p<0.01), X,% (p<0.01), and X;> (p <0.01) were sig-
nificant. The other effects were not significant due to a
higher p-value (p > 0.05) (Table 6). Analysis of the model
showed that temperature was the most significant factor
among the linear effects. The temperature had a positive

effect (B; = +266.17), which means that a higher temper-
ature (40 °C) was effective in obtaining higher amounts
of phenolic compounds in the blackthorn extract. Simi-
larly, Chen, Zhao [10] reported that the total phenolic
content in sugar beet molasses increases reach to 43 °C
of extraction temperature during the ultrasonic-assisted
extraction. In addition, Ivanovic, Tadic [36] demonstrated
that an increase in temperature from 25 to 40 °C led to
the rise in the values of phenolic content in the ultra-
sonic extract obtained from blackberry. It was indicated
that moderately high temperature causes the increasing
the solubility and diffusion of phenolic compounds in
the extract [10]. Also, similar findings were reported for
sour cherry juice by Tiirken and Erge [17] and strawberry
juice by Tiwari, O’donnell [16]. On the other hand, in
this study, the quadratic effect of temperature exhibited
a negative influence (f;; =— 83.89). It has been shown
that overheating extraction temperatures (75 °C) have
a degradation effect on phenolic compounds such as
flavonoids, tannins, and proanthocyanidin and cause a
decrease in extraction efficiency [37]. The interaction
effects of temperature and time were negative effect on
TPC (B, =— 286.10). Response surface plots for the
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Table 6 ANOVA for quadratic model and fit statistics parameters

Variable TPC (Y,) TFC (Y,) TAC (Y3) TAA (Y,)
F-value p-value F-value p-value F-value p-value F-value p-value
Linear effect
X, 97.25 <0.0001** 6.12 0.0329* 19.29 0.0014** 7.87 0.0186*
X, 0.2017 0.6629 6.47 0.0292%* 0.0113 0.9175 2.69 0.1321
X3 543 0.0421* 291 0.1188 0.2153 0.6525 0.9614 0.3500
Interaction effect
X, X, 65.82 <0.0001** 11.86 0.0063** 1.21 0.2971 14.98 0.0031**
X, X5 3.88 0.0770 70.38 <0.0001** 13.88 0.0039%* 4.44 0.0613
X, X5 0.9264 0.3585 6.11 0.0330* 0.2828 0.6065 20.78 0.0010%*
Quadratic effect
X2 10.19 0.0096%* 0.1322 0.7237 11.07 0.0077** 0.1193 0.7370
X,? 16.04 0.0025** 57.73 <0.0001** 23.12 0.0007** 2.58 0.1392
X42 27.21 0.0004** 160.85 <0.0001** 101.21 <0.0001** 35.24 0.0001**
Model 24.30 <0.0001 34.47 <0.0001 17.20 <0.0001 10.27 0.0006
Lack of fit 0.6843 0.6563 1.03 0.4875 0.8165 0.5853 0.6542 0.6736
R? 0.9563 0.9688 0.9393 0.9023
Adjusted R? 0.9169 0.9407 0.8847 0.8144
Predicted R? 0.8246 0.8577 0.7301 0.6214

X extraction temperature (°C), X, extraction time (min), X; amplitude (%), TPC total phenolic content, TFC total flavonoid content, TAC total

anthocyanin content, TAA total antioxidant activity
*Significant at p <0.05, **highly significant at p <0.01

interactive effect of independent variables on TPC, TFC,
TAC, and TAA were given in Fig. 2. Figure 2(A) shows
the response surface plots representing the combined
effects of temperature and time at the fixed amplitude of
40% on the TPC. The linear effect of temperature on TPC
at minimum extraction time is clearly seen in Fig. 2(A).
In addition, both the linear effects and the quadratic effect
of amplitude exhibited a negative influence (f;=— 62.89,
Bs3=— 137.05). Masuzawa, Ohdaira [15] found that weak
ultrasonic irradiation promotes an increase in the amount
of phenolic compound in red wine. This phenomenon can
be attributed to the oxidation reaction initiated by the
interaction with the free radicals (:OH) produced during
sonication. Also, low sonication frequencies may facili-
tate the passage of phenolic compounds into the extract
by increasing the activity of enzymes such as pectinase,
which can break down cell walls and membranes [38].
Furthermore, the quadratic effect of the extraction time
had a negative effect on TFC (B,, =— 105.22). Similarly,
Lukié, Brnci¢ [39] revealed that the prolonged extraction
time resulted in a lower concentration of phenolic com-
pounds due to the decomposition of active compounds.
With respect to all results, a changing trend in the phe-
nolic compounds was obtained against all the extraction
condition parameters. This trend can be attributed to

@ Springer

isomerization, co-pigmentation, polymerization, depo-
lymerization, and decomposition reactions resulted from
cavitation phenomenon during ultrasonic treatment. Par-
ticularly the free radicals generated by the reactions may
cause the degradation of phenolic compounds.

Effect of the ultrasound-assisted extraction
parameters on TFC

As seen from the ANOVA table, the quadratic model was
significant for TFC (F=34.47, p<0.0001). The coded
equation generated for TFC was given in Eq. (3). It also
indicated that X, (p <0.05), X, (p <0.05), X, X, (p<0.01),
X, X; (p<0.01), X,X; (p<0.05), X, (p<0.01), and X,
(p<0.01) were significant terms in the model, and that this
model explained 96.88% of the variation in TFC, leaving
approximately 3.12% to be explained by noise.

Y, (mg CE kg™ 'FW)

= 746.53 + 12.56X, + 12.92X, — 8.66X,
+ 22.85X,X, — 55.66X,X; — 16.41X,X;
+ 1.80X7 — 37.56X; — 62.70X;

3

Among all the important linear effects, temperature and
time were found to have a positive effect, which indicated
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Fig. 1 The diagnostic plots of predicted and actual values of TPC (A), TFC (B), TAC (C), and TAA (D) of blackthorn using ultrasound-assisted
extraction. (TPC total phenolic content, TFC total flavonoid content, TAC total anthocyanin content, TAA total antioxidant activity)

that the effects would lead to a higher amount of TFC.
The quadratic effect of time and amplitude had a nega-
tive sign (B, =— 37.56, B33 =— 62.70). Numerous stud-
ies reported that strong correlation between polyphenols
and flavonoids in plant and/or plant origin food products
[40, 41]. Similarly, the behaviour of total phenolic and
flavonoids to be affected by independent variables was
consistent with each other in this study. Figure 2 (B-D)
illustrates that the effect of both temperature x time had
a positive effect on TFC, while temperature x amplitude

and time x amplitude had a negative effect on the TFC.
The highest TFC was observed at higher temperatures
and higher times (Fig. 2(B)). Although the amount of
flavonoid substances in the blackthorn extract increased
with increasing temperature, the gradual increase in
amplitude from 40 to 60% caused adverse effects on TFC
(Fig. 2(C)). The 3D plot of time and amplitude showed a
greatly concave surface given in Fig. 2(D), representing
that the maximum TFC value could be located towards
the middle of time and amplitude.
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Effect of the ultrasound-assisted extraction
parameters on TAC

Table 6 shows a good regression value (R®>=0.9393) between
TAC and temperature, time, and amplitude. The second-
order polynomial model to estimate the efficiency of the
ultrasound-assisted extraction in terms of coded variables can
be explained in Eq. (4). The linear effect, X; the interaction
effect X, X;; the quadratic effect, X 12, X22 and X32 were highly
significant (p <0.01).

Y; (mg cy—3—¢glu kg_lFW)
=137.12+5.93X, — 0.1436X, — 0.6269X,

— 1.94X, X, — 6.58X,X; — 0.9386X,X; — 4.38X%

- 632X] - 13.23X?

“

Interestingly, the linear effect of temperature presented
a positive coefficient (§; = +5.93), but its quadratic effect
was a negative coefficient (f;; =— 4.38). Espada-Bellido
et al. (2017) reported the same results in the mulberry pulp
during ultrasound-assisted extraction. The literature dem-
onstrated that the stability of the anthocyanin was strongly
influenced by high temperature used in unit operations,
which can be attributed to oxidation, cleavage of covalent
bond or enhanced oxidation reactions [42]. The interactive
effect of temperature and amplitude had a negative effect
(Byz=— 6.58) on TAC, and also the quadratic effect of
amplitude had a negative sign (33 =— 13.23). Figure 2E rep-
resents the effect of temperature and amplitude on TAC. The
TAC increased linearly as the amplitude increased up to 40%
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of the maximum temperature value; gradually decreasing
was obtained thereafter. Tiwari, O’donnell [16] also stated
that the acoustic energy density had an adverse effect on
the amount of anthocyanin compounds. While anthocyanin
content decreased at a higher acoustic energy density value
(3.2%), a lower acoustic energy density value caused a slight
increase (< 1.0%) in anthocyanin content in strawberry juice.
There are different explanations in the literature about the
effect of ultrasound on anthocyanin components. Slightly
increasing behaviour is probably due to the extraction of
bound anthocyanin from food matrices [16]. Decreases
in the anthocyanin content against increasing ultrasonic
amplitude may be attributed to sonolysis of water as a a
consequence of cavitation, which initiates the generating of
hydroxyl radicals or H,O, causing to degradation, esterifica-
tion, ring-opening and formation of chalcones [16, 39]. In
addition, the degradation of anthocyanin during sonication
may be due to extreme physical conditions localized within
the bubble, such as high temperature and pressure, which
occur as a result of collapse caused by acoustic cavitation at
the microscale [16].

Effect of the ultrasound-assisted extraction
parameters on TAA

The regression coefficient was found 0.9023 for TAA, which
indicated that the relationship between variables was well
correlated. Based on the experimental results of antioxidant
activity and regression analysis for CCD, the full quadratic
model was given by Eq. (5) in case of antioxidant activity,
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Table 7 Experiment data of the
validation of predicted value at

optimal extraction conditions

Dependent variables Experimental value Predicted value Std. error
TPC (mg GAE kg~! FW) 3203.31+4.63 3296.31 46.50
TEC (mg CE kg™! FW) 727.41 +£4.63 765.53 19.06
TAC (mg cy-3-glu kg™! FW) 135.09+0.33 139.70 2.31
TAA (mmol TE kg~!' FW) 19.65+0.06 19.75 0.05

TPC total phenolic content, TFC total flavonoid content, TAC total anthocyanin content, TAA total antioxi-

dant activity

the p-value of X, was less than 0.05 and the p-values of
XX, X,X; and X,4? were less than 0.01.

Y, (mmol TE kg™'FW)

= 18.94 + 0.5540X, + 0.3239X, — 0.1936X,
— 0.9988X,X, — 0.5437X,X; — 1.18X,X;
+ 0.0664X; + 0.3089X5 — 1.14X3

®

The model analysis of the result found that the tem-
perature positively affects (f; = +0.5540) on the TAA, as
observed in the TPC, TFC and TAC results. As far as the
interaction effects of the predicted model were concerned,
the TAA was negatively affected by temperature x time and
time x amplitude (B;,=— 0.9988 and p,;=— 1.18). Fig-
ure 2F describes the maximum TAA value was determined
at arise in extraction temperature and a decline in extraction
time, and this case was valid in the vice versa. The highest
TAA value was obtained between 20 and 40% amplitude
values at the 6th minute of the extraction time (Fig. 2G).
Although phenolic, flavonoid and anthocyanin compounds
contributed to the antioxidant activity of the blackthorn, it
was observed that the interaction effects on TPC (XX,),
TFC (X, X,, X X3, X,X3), and TAC (X;X;) and TAA (X, X,,
X,X3) were different from each other following the ultra-
sound-assisted extraction. The important difference detected
in the interaction effect may be attributed to the degradation
of some other antioxidant compounds such as ascorbic acid
and carotenoids, which are the other contributor to the black-
thorn's antioxidant activity during prolonged extraction time
higher amplitude value. In the case of TAA, it was deter-
mined a negatively significant quadratic effect of amplitude.
The result of this study was in agreement with the similar
research by Lim, Pang [41], which reported that a higher
than 60% of amplitude value led to decreased antioxidant
activity expressed as DPPH in Phaleria macrocarpa fruits.
This situation can be explained in two ways: (i) sonication-
induced bubbles with amplitude decrease extraction yield
by preventing the transmission of ultrasonic waves to the
extraction medium, (ii) sonication energy treated at high fre-
quencies causes the degradation of polyphenol components
with antioxidant properties.

Optimization and model validation

The desirability function method (DF) in RSM for all the
responses (TPC, TFC, TAC, and TAA) was used to deter-
mine the optimum conditions of independent variables
during the ultrasound-assisted extraction of blackthorn. In
order to reach the maximum responses content, the level of
importance of TPC, TFC, and TAC was chosen as 4 and the
level of importance of TAA was set as 5. The 24 optimum
solutions were found, and the overall desirability value of
the optimal solution was detected as 0.914. The optimum
conditions were obtained with an extraction temperature
40 °C, time 3.592 min, and amplitude of 33.189%. Predicted
response values obtained by RSM under optimum ultra-
sound-assisted extraction conditions were checked experi-
mentally. All measurements under the optimized conditions
were performed in triplicate (Table 7). The obtained results
demonstrated the validation of the RSM model, indicating
that the model was adequate for the extraction process.

Conclusions

In this study, the main chemical characteristics of black-
thorn were determined. In addition, mineral and phenolic
content distribution of blackthorn were identified using ICP-
MS and LC-MS/MS, respectively. Total phenolic content,
total flavonoid content, total monomeric anthocyanin con-
tent, and total antioxidant activity of blackthorn were found
as 1716.00 +30.48 mg GAE kg~! FW, 300.78 +1.10 mg
CE kg~! FW, 97.86 +2.02 mg cy-3-glu kg~! FW, and
10.50 +0.26 mmol TE kg~' FW, respectively. The effect of
independent variables such as temperature, time and ampli-
tude on the extraction efficiency of blackthorn bioactive
compounds in the ultrasound-assisted extraction and the
optimization of extraction variables were studied with the
response surface methodology using the central compos-
ite design. The results indicated that the quadratic model
was adequate for evaluating the fitting between independent
variables and responses. The linear effect of temperature
had a significant positive effect on each response, while
the quadratic effect of amplitude had a significant negative
effect on each response. The optimum extracting conditions
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of the ultrasound-assisted extraction were described as fol-
lows: temperature, 40 °C; time, 3.592 min; and amplitude,
33.189%. The antioxidant activity was detected 19.75 mmol
TE kg~! FW, using optimum extraction conditions. Com-
pared to the bioactive compounds and antioxidant activity
obtained before and after the optimum ultrasound-assisted
extraction condition, TPC, TFC, TAC, and TAA were
increased by 92.09%, 154.51%, 42.75%, and 88.10%, respec-
tively. In addition, the predicted values at optimal extraction
conditions were in good agreement with the experimental
results. The overall results of the RSM-CCD method high-
lighted that this developed ultrasound-assisted extraction
method provides an appropriate and reliable green technol-
ogy for the recovery of the important bioactive components
from blackthorn. The ultrasonic extract has great potential
for further use in developing added value innovative product
such as functional foods, food additives, and nutraceuticals.
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