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Abstract
Apricot (Prunus armeniaca L.), which belongs to the genus Prunus, is one of the most commonly commercialized fruits 
produced in Turkey. Apricot pomace, the most common byproduct of apricot nectar processing, is the press residue of the 
fruit flesh. Ultrasound assisted extraction (UAE) is known as one of the most efficient techniques for separation of valuable 
ingredients from raw materials with enhanced extraction yield. In this study, UAE parameters (temperature and time) were 
optimized by using Response Surface Methodology with a central composite design for maximization of the total phenolic 
and flavonoid contents as well as the antiradical (DPPH scavenging) activity and extraction yield. Phenolic composition and 
CUPRAC, ABTS and FRAP values of the extract at the highest extraction yield point was also determined. In the results, the 
highest phenolic and flavonoid contents, antiradical activity and extraction efficiency were determined as 1.206 mg GAE/g 
DM, 1.015 mg CE/g DM, 79.85% and 7.86% in apricot pomace samples at 50 °C and 90 min trial points, respectively. 
HPLC–DAD showed that p-coumaric acid, ferulic acid and rutin were the most abundant phenolics found in the extract. 
CUPRAC, ABTS and FRAP values of the extract were 30.00, 32.30 and 18.80 mg TE/100 g, respectively. In conclusion, 
this study provided valuable findings to food industry and other related fields for extraction of valuable bioactive compounds 
from apricot pomace using UAE as an eco-friendly extraction technique.
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Introduction

“Food wastes” are organic residues that occur in liquid or 
solid form when raw materials are processed into food-
stuffs. Food waste is known as a cheap and valuable source 
of ingredients [1]. Food wastes are generally obtained from 
the beverage industry, the dairy industry, fruit/vegetable pro-
duction and processing, grain processing and manufacturing, 
meat products processing and preservation, vegetable and 
animal fat production and processing [2]. Apricot (Prunus 

armeniaca L.) fruit, which is included in the Rosaceae fam-
ily and the Prunus genus, is a subfamily of Prunaidea [3]. 
Since apricot is a seasonal fruit, it is immediately processed 
to several products such as apricot juice and nectar, jam and 
marmalade or several food preservation techniques such as 
drying, canning, modified/controlled atmosphere packaging 
etc. are applied to extend its shelf life [4]. During production 
of apricot juice, a considerable amount of pomace is formed 
as a by-product in addition to skin, stone, shell, kernel and 
kernel skin [5]. Approximately 13–15% of the apricot flesh 
is arisen as pomace as a result of fruit juice processing. This 
pomace contains high quantities of valuable compounds 
such as phenolics, dietary fibers and carotenoids etc. which 
may have positive health benefits and be utilized in food 
and pharmaceutical industries [6]. Biologically active com-
pounds in apricot pomace have attracted great attention in 
recent years due to their antioxidant properties and protec-
tion against several chronic diseases [3, 7, 8].

UAE has come into prominence in recent years since it 
has a number of advantages as to be cheaper, faster, sim-
pler and more efficient than the classical solvent extraction 
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method [9]. It is a greener methodology and provides a 
high reproducibility in shorter time, lowers energy input, 
decreases organic solvent and temperature requirements 
[10]. It can be used for different purposes including food 
processing, preservation and extraction etc. in several indus-
tries such as food, pharmaceutical and cosmetics [11].

RSM is a statistical method used for designing trials 
and optimization of complex processes. By this method, 
the effects of various factors that optimize the processing 
variables of the experiments are evaluated more effectively 
and easily. The advantages of RSM are the determination of 
the most appropriate conditions for the desired responses, 
evaluation of the effects of many factors, creating models 
and decreasing the count of tests [12]. Although several 
techniques such as solvent extraction, supercritical  CO2 
extraction, and infrared assisted extraction have been inves-
tigated for acquiring of bioactive compounds from apricot 
pomace [13–17], as far as our examined, no study has been 
conducted to define the optimum UAE conditions from apri-
cot pomace using RSM. Therefore, in this study, ultrasonic 
extraction parameters (extraction temperature and period) 
of apricot pomace were optimized with RSM of a central 
composite design to get the maximum extraction yield, total 
phenolic contents, flavonoid contents and antioxidant capaci-
ties. HPLC–DAD was also used for determination of the 
phenolic profile of the apricot pomace extract obtained at 
optimized conditions.

Materials and methods

Raw material

Apricot pomace was kindly provided from a fruit concen-
trate manufacturer (Anadolu Etap Penkon Food and Agri-
cultural Products Corp., Mersin, Turkey). The raw and fresh 
apricot pomace was immediately transferred to laboratory 
in air-proof plastic bags (~ 5 kg). After determination of the 
dry matter content of the fresh pomace by drying in the 
oven (Nuve Incubator EN 120, Ankara, Turkey) at 105 °C 
until constant weight, it was kept at at − 20 °C prior to the 
experiments.

Experimental design

In this study, UAE conditions were optimized using RSM 
and central composite design in terms of total phenolic 
content, total flavonoid content, extraction yield and DPPH 
(2,2-diphenyl-1-picryl-hydrazyl) radical scavenging activ-
ity as response variables. Extraction temperature  (X1) and 
extraction time  (X2) were selected as the independent vari-
ables. The center points and the ranges of the independ-
ent variables were given in Table 1. As the result, a total 

of 13 experiments were conducted at 4 factorial points, 4 
axial points and 5 replicates of the central points, as seen 
in Table 2. 

Ultrasound assisted extraction (UAE) process

A temperature controlled ultrasonicator was employed for 
UAE process at experimental points listed in Table 2. 50% of 
aqueous ethanol (v:v) was used as solvent. For this purpose, 
dried apricot pomace (2 g) was incorporated with the solvent 
(20 mL, solid–liquid ratio of 1:10 w/v) in a glass vial. Fol-
lowing the placing of the vial into the ultrasonic bath (Pro-
tech,  PMYU12, USA), ultrasonic treatment was conducted. 
Then the extract was centrifuged at 2000 rpm for 10 min and 
filtered using a Whatman No 1 filter paper. The extracts were 
held at − 20 °C until analyses were performed.

Extraction yield

The extracts prepared during the experiments were trans-
ferred to petri dishes, allowed to dry at 50 °C and were 
obtained by dividing the determined amount of dried extract 
by the amount of sample taken into the initial process. The 
extract was analyzed in triplicate. Results were stated as 
average.

Determination of total phenolic content (TPC)

TPCs of the apricot pomace extracts were analyzed based 
on Folin–Ciocalteu method according to Murakami et al. 
[18] with slight modifications. For this aim, 0.1 mL of the 
extract was incorporated with 4.5 mL of distilled water, 
0.1 mL of Folin reagent and 0.3 mL of 2%  Na2CO3 in a 
test tube and mixed vigorously. The resulting mixture was 
kept in dark for 2 h and the absorbance was measured at 
760 nm using T60 UV-visible Spectrophotometer (Leices-
tershire LE17 5BH, UK). The TPC was determined using 
the calibration equation of the standard gallic acid solution 
(Y = 0.0013x + 0.0151,  R2 = 0.9934) and the results were 
calculated as mg gallic acid equivalent (GAE)/g dry matter. 
All trials were carried out in triplicate.

Table 1  Independent variables and codified values used for optimiza-
tion of the ultrasound assisted extraction process

Independent variables Units Codes Coded levels

− 1 0 1

Temperature °C X1 30 40 50
Time min X2 30 60 90
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Determination of total flavonoid content (TFC)

Total flavonoid contents (TFCs) of the pomace extracts 
were analyzed by Zhishen method [19]. For this pur-
pose, 1.25 mL of distilled water and 75 µL of 5% sodium 
nitrite were incorporated with the 0.25 mL of the extracts. 
After mixing, the mixture was kept for 6 min at ambi-
ent conditions. At the end of this period, 150 µL (10%) 
 AlCl3 was added to the mixture then left for additional 
5 min. After incorporation of 0.5 mL of 1 M NaOH solu-
tion and 275 µL water into the mixture, the absorbance 
of the resulting mixture was measured at 510 nm using 
T60 UV-visible Spectrophotometer (Leicestershire LE17 
5BH, UK). The TFC of the pomace extract was calculated 
using the calibration curve of the standard catechin solu-
tion (Y = 0.0023x − 0.0044,  R2 = 0.9973) and expressed as 
mg catechin equivalent (CE)/g dry matter. All trials were 
applied out in triplicate.

Antiradical activity (DPPH)

Antiradical activity of the apricot pomace extract was 
determined by measurement of its DPPH (1,1-diphenyl-
2-picrylhydrazyl) radical scavenging ability based on the 
method described by Brand-Williams et. al. [20]. Firstly, 
3.9 mL of DPPH solution (20 mg/L in methanol) was incor-
porated with 0.1 mL of the diluted extract. After incubation 
of the mixture in dark for 30 min, the absorbance was meas-
ured at 517 nm using T60 UV-visible Spectrophotometer 

(Leicestershire LE17 5BH, UK). The percent antiradical 
activity was calculated using the following equation:

where  A0 and  A1 are the absorbance values of DPPH in 
methanol solution without an antioxidant and in the presence 
of an antioxidant.

Evaluation of the antioxidant capacity in the highest 
extraction yield point

ABTS (2,2’‑Azino‑bis (3‑ethylbenzothiazoline‑6‑sulfonic 
acid) radical scavenging assay

ABTS assay was carried out using an improved ABTS 
method [21]. ABTS was dissolved in water to 7 mM con-
centration and was produced by reacting ABTS stock solu-
tion with potassium persulfate (2.45 mM final concentra-
tion). This solution was kept at room temperature and in 
a dark closet for 12–16 h. It was then diluted with ethanol 
(50%) to an absorbance of 0.700. The absorbance reading 
was recorded at 734 nm 6 min later the addition of 0.1 mL 
of extract or 2 mL of diluted ABTS reagent and the first 
mixing.

The result was determined using the formulation:

(1)%Antiradical activity =

(

A0 − A1

A0

)

× 100

(2)
ABTSRadical scavenging activity% =

[(

Abs0 − Abs
s

)

Abs0
]

× 100

Table 2  Polyphenol content, 
flavonoid content, DPPH (%) 
radical scavenging activity and 
extraction yield (%) of apricot 
pomace extracts on RSM 
experimental points

TPC Total phenolic content, GAE Gallic acid equivalent, CE Catechin equivalent, DM Dry matter, T Tem-
perature
Data are means of triplicates

Std Run T (°C) Time (minute) TPC (mg 
GAE/g DM)

Flavonoid content 
(mg CE/g DM)

DPPH (%) Extraction 
yield (%)

1 7 30 30 0.532 0.514 42.95 5.75
5 10 30 60 0.604 0.535 42.01 5.97
3 3 30 90 0.662 0.627 44.58 6.19
11 8 40 60 0.664 0.605 62.63 5.55
9 13 40 60 0.671 0.659 67.38 5.62
10 2 40 60 0.674 0.66 63.68 5.65
13 9 40 60 0.68 0.673 64.07 5.81
7 4 40 30 0.723 0.652 55.98 5.65
12 12 40 60 0.746 0.676 65.48 5.87
2 6 50 30 0.89 0.878 79.06 6.40
8 11 40 90 0.908 0.776 63.62 6.24
6 1 50 60 1.007 0.965 79.50 7.28
4 5 50 90 1.206 1.015 79.85 7.86
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Abs0 and  Abss are the absorbance values of ABTS radi-
cal + methanol and ABTS radical + extract, respectively.

CUPRAC (cupric ion reducing antioxidant capacity) 
assay

CUPRAC assay was determined based on the method 
described by Apak et al. [22]. One mL distilled water was 
added on 0.1 mL extract sample. Then, a solution of 10 mM 
copper chloride, 0.0075 M neocuproin, 1 M  C2H7NO2 buffer 
(pH 7.0) were mixed at a ratio of 1:1:1 to obtain a total reac-
tion volume of 4.1 mL. The mixture was kept in dark for 1 h. 
Then the absorbance of the sample was determined spectro-
fometrically (Leicestershire LE17 5BH, UK) at 450 nm. The 
result was expressed as mg Trolox equivalent (TE)/100 g 
extract.

FRAP (ferric reducing antioxidant power) assay

FRAP assay was applied using the experimental proce-
dure reported by Benzie et al. [23]. Prior to the analysis, 
the FRAP reagent was prepared by mixing 0.3 M Acetate 
buffer (pH 3.6), 10 mmol/L 2,4,6-tripyridyl-s-triazine solu-
tion (TPTZ) and 0.02 mol/L  FeCl3.6H2O (10:1:1 v:v:v). The 
TPTZ solution was obtained by incorporation of 0,01 M 
TPTZ with 0.04 M HCl. Following the preparation of stock 
solutions, 0.1 mL of pomace extract was mixed with 0.9 mL 
of distilled water and 2 mL of FRAP reagent and the mixture 
was left in dark for 30 min at room temperature. Then the 
absorbance was measured at 593 nm using the spectropho-
tometer (Leicestershire LE17 5BH, UK). The results were 
given as mg TE/100 g extract.

HPLC–DAD analysis

HPLC–DAD analysis was applied using the experimental 
procedure reported by Ucar and Karadag [24]. The phenolic 
composition analyzes of the apricot pomace extracts (the 
highest yield extraction point) were accomplished using a 
Shimadzu high performance liquid chromatography (HPLC) 
system consisting of an online degasser (DGU-20A5R), 
pump (LC-20AD), detector (model SPDM20A DAD), col-
umn oven (CTO-10ASVP), and autosampler (SIL-20A H), 
CMB-20A communications bus module; Shimadzu, Kyoto, 
Japan). All samples and also the stock solutions of the refer-
ence chemicals were filtered through a 0.45-μm membrane 
filter before the analyses. Separations of the phenolics 
were made on Inter-sil® ODS C-18 reversed-phase column 
(250 × 4.6 mm length, 5 μm particle size) at 40 °C.

For analytical purposes, the solvent system used was a 
gradient of distilled water/acetic acid [0.1% (v/v) (A) and 
methanol (B) acetonitrile with 0.1% (v/v) acetic acid and the 
gradient elution: 10% B (0–2 min), 10–30% B (2–27 min), 

30–90% B (27–50 min) and 90–100% B (51–60 min)]. Elu-
tion was made with the flow rate (1 min/mL). The chroma-
tograms were obtained at 278, 320, and 360 nm. Identifica-
tion and quantitative analysis were performed with taking 
into account of the retention times and were compared with 
external standards. The standards used for identification and 
quantification were caffeic acid, chlorogenic acid, catechin, 
rutin, gallic acid, protocatechuic acid, syringic acid, ellagic 
acid, p-coumaric acid, o-coumaric, ferulic, kaempferol, 
quercetin, sinapic, myricetin, chrysin and 4-hydroxyben-
zoic acid. The amounts of the phenolics were calculated 
and determined according to the retention time and spectra 
of the corresponding external standards. The polyphenol 
concentration of the extracts was figured out from standard 
curves plotted with analyzing various concentrations of the 
suitable standards.

Results and Discussion

In this study, UAE conditions were optimized using RSM 
and central composite design in terms of TPCs, TFCs, 
DPPH scavenging ability and extraction yield of apricot 
pomace extract.

Effect of extraction conditions on TPC

Extraction process was performed with extraction time inter-
val between 30 and 90 min, and temperature interval from 30 
to 90 °C. Ethanol concentration and solid:liquid ratio were 
selected as 50% (v/v) and 1:10 (w/v), respectively. Predicted 
response Y for the TPC was expressed by the second-order 
polynomial equation given below in terms of coded values:

TPC results obtained at the experimental points of the 
RSM model are given in Table 2. The TPCs of the extracts 
ranged from 0.532 to 1.206 mg GAE/g DM while the highest 
result was determined at 50 °C and 90 min at 50% ethanol 
concentration. Figure 1 shows the response surface and fig-
ure graphic for the effects of extraction factors on the total 
phenolic content. It was clearly seen in the figure that TPC 
values of the extracts increased with increasing temperature 
and time. Some studies determined that polyphenolic com-
pounds’ extraction extend with time favours. It is known that 
temperature is effective on extraction of phenolic compounds. 
Higher temperature would result in enhancement the solubil-
ity of the phenolic compounds, which increase the rate of 
diffusion, thus giving a higher rate of extraction. As can be 
seen in the table, the TPC and the extraction factors (tem-
perature and time) were quadratic with a good regression 

Total phenolic(Y) = +0.7024 + 0.2175X1 + 0.1052X2

+ 0.0465X1X2 + 0.0647X2
1
+ 0.0747X2

2
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coefficient  (R2 = 0.9657). The F value for the lack of fit was 
insignificant (p > 0.05), which confirms the validity of the 
model. The value of the adjusted determination coefficient 
(adjusted  R2 = 0.9411) also showed that the model was 
highly significant. At the same time, a very low value 5.90 
of coefficient of the variation (CV) clearly indicated a very 
high degree of precision and a good deal of reliability of the 
experimental values. The model p value (Prob > F) was very 
low (< 0.0001), which implied that the model was significant.

Analysis of variance for the selected quadratic model for 
extraction of phenolic compounds was given in Table 3 and 
regression coefficients estimate and their significance test 
for second-order model was given in Table 4. 

Optimum experimental conditions of Central Compos-
ite Design for maximum, middle and minimum TPC of the 
pomace were given in Table 5.

According to our results and the previous findings reported 
by other authors, heating process is an important aspect for the 
phenolic compounds extraction. Extraction of phenolic com-
pounds increases continuously with heating to a certain extent 
[25]. Temperatures above 75 °C can cause chemical and/or 
thermal degradation of certain phenolic compounds, which 
results in reduction in recovery rate [26]. The reaction between 
other matrix components with the phenolics also prevents their 
extraction [27]. Heating may also cause solvent loss through 
evaporation. Previously, polyphenol content of Lebanese apri-
cot pomace was investigated. In the results, 9.8 mg GAE/g 
DM of polyphenol value was obtained by extraction with 50% 
ethanol/water (solvent ratio) at 75 °C (the highest temperature) 
[16]. In another study conducted by Cheaib et al. [28] who 
tested the effect of ultrasound, microwave and infrared assisted 

Fig. 1  The response surface and figure graphics for the effects of extraction parameters on TPC (a), TFC (b), DPPH radical scavenging activity 
(c) and extraction yield (d)
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Table 3  ANOVA for the selected quadratic model for optimization of phenolic compounds (A), flavonoid contents (B), DPPH (C) radical scav-
enging activity, extraction yield (D) conditions

DF degree of freedom, SS sum of squares, MS mean square
Data are means of triplicates. Means with different factors are significantly different at p < 0.05

Source A B

Phenolic compounds Flavonoid contents

SS DF MS F value p value SS DF MS F value p value

Model 0.4023 5 0.0805 39.36  < 0.0001 Significant 0.2825 5 0.0565 65.22  < 0.0001 Significant
Residual 0.0143 7 0.0020 0.0061 7 0.0009
Lack of fit 0.0098 3 0.0033 2.92 0.1636 Not significant 0.0028 3 0.0009 1.11 0.4422 Not significant
Pure error 0.0045 4 0.0011 0.0033 4 0.0008
Cor total 0.4166 12 0.2886 12
R2 = 0.9657;  R2 adj = 0.9411;  R2 pred = 0.8135; C.V.% = 5.90; adequate preci-

sion = 21.5323
R2 = 0.9790;  R2 adj = 0.9640;  R2 pred = 0.9068; C.V.% = 4.14; 

adequate precision = 25.9384

Source C D

DPPH radical scavenging activity Extraction yield

SS DF MS F value p value SS DF MS F value p value

Model 2016.74 5 403.35 55.59  < 0.0001 Significant 5.61 5 1.12 40.51  < 0.0001 Significant
Residual 50.79 7 7.26 0.1937 7 0.0277
Lack of fit 37.29 3 12.43 3.68 0.1201 Not significant 0.1213 3 0.0404 2.23 0.2266 Not significant
Pure error 13.50 4 3.37 0.0724 4 0.0181
Cor total 2067.53 12 5.80 12
R2 = 0.9754;  R2 adj = 0.9579;  R2 pred = 0.8433 C.V.% = 4.32; adequate preci-

sion = 22.0063
R2 = 0.9666;  R2 adj = 0.9427;  R2 pred = 0.8098 C.V.% = 2.71; 

adequate precision = 21.7713

Table 4  Regression coefficients estimate and their significance test for quadratic model [phenolic compounds (A), flavonoid contents (B), extrac-
tion yield (C), DPPH (D) radical scavenging activity]

DF degree of freedom, SS sum of squares, MS mean square
Data are means of triplicates. Means with different factors are significantly different at p < 0.05

Source A B

Phenolic compounds Flavonoid contents

SS DF MS F value p value SS DF MS F value p value

X1-temperature 0.2838 1 0.2838 138.87  < 0.0001 0.2329 1 0.2329 268.78  < 0.0001
X2-time 0.0664 1 0.0664 32.47 0.0007 0.0233 1 0.0233 26.91 0.0013
X1X2 0.0086 1 0.0086 4.23 0.0787 0.0001 1 0.0001 0.1662 0.6957
X1

2 0.0116 1 0.0116 5.65 0.0491 0.0139 1 0.0139 15.99 0.0052
X2

2 0.0154 1 0.0154 7.53 0.0287 0.0034 1 0.0034 3.87 0.0900

Source C D

Extraction yield DPPH radical scavenging activity

SS DF MS F value p value SS DF MS F value p value

X1-temperature 2.20 1 2.20 79.36  < 0.0001 1975.45 1 1975.45 272.25  < 0.0001
X2-time 1.03 1 1.03 37.34 0.0005 16.87 1 16.87 2.32 0.1712
X1X2 0.2601 1 0.2601 9.40 0.0182 0.1764 1 0.1764 0.0243 0.8805
X1

2 1.64 1 1.64 59.25 0.0001 3.59 1 3.59 0.4945 0.5046
X2

2 0.0226 1 0.0226 0.8177 0.3959 12.12 1 12.12 1.67 0.2372
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extraction techniques on bioactive properties and extraction 
yield of apricot pomace, it was found that infrared was the 
best influential method with the highest polyphenol content 
(10 mg GAE/g of dry extract). In another study; the TPC in 
grape juice pomace (974 ± 48 mg GAE/g of dry extract) was 
quite higher than that in kiwi pomace (421 ± 12 mg GAE/g of 
dry extract) [29].

Efficiency of extraction conditions on TFC

The main part of polyphenols in apricot pomace are likely 
flavonoids, which may describe the results as flavonoids are 
associated with many biological activities such as antioxidant 
and antiviral [30]. In this study, RSM was performed to define 
the appropriate temperature and time for optimization of flavo-
noid extraction conditions from apricot pomace, as can be seen 
in Table 2. Increase in temperature and time had an enhancing 
effect on TFC (Table 2) which reached to its highest value 
(1.015 mg CE/g DM) at 90 min and 50 °C. It is known that 
flavonoids from fruits are extracted efficiently with ethanol. 
The TFC values increased remarkably with the increase of 
extraction time from 30 to 90 min. The extraction of flavonoids 
correlated well with the time and temperature factors.

RSM data given in Table 2 represented that the TFC and 
the parameters of the extraction (temperature and time) were 
quadratic with a good regression coefficient  (R2 = 0.9790). 
Final equation in terms of coded factors:

The F value for the lack of fit was insignificant (p > 0.05), 
which confirms the validity of the model. The value of the 
adjusted determination coefficient (adjusted  R2 = 0.9640) 
also confirmed that the model was highly significant. At the 
same time, a very low value 4.14 of CV clearly indicated a 
very high degree of precision and a good deal of reliability 
of the experimental values. The model p value (Prob > F) 
was very low (< 0.0001), which implied that the model was 
significant. Analysis of variance for the selected quadratic 
model for extraction of flavonoids was given Table 3 while 
regression coefficients estimate and their significance test for 
quadratic model were given Table 4. Optimum experimental 
conditions of Central Composite Design for maximum, mid-
dle and minimum TFC of the pomace were given in Table 5. 
Figure 1 shows the response surface and figure graphic for 
the effects of extraction factors on the TFC. In one study; 
the flavonoid content of apricot pomace was determined as 
8.9 mg GAE/g DM with the highest temperature (75 °C) and 
solvent ratio (50% ethanol/water) [16]. Our results were in 
compatible with the findings obtained by Rajha et al. [31] 
who revealed that temperature was an effective parameter on 
flavonoid extraction from grape pomace. Total flavonoids in 
apple pomace extracts ranged from 0.45 to 1.19 mg/g [32]. 
In another research, TFCs of ethanolic extract of sweet and 
bitter apricot kernels were 0.468 mg QUE/g and 8.099 mg 
QUE/g, respectively [33]. TFC value of apricot kernel 
roasted by microwave oven was found between as 17.33 mg 
CE/g DM and 32.45 mg CE/g DM [34]. In another study; the 
best results for extraction yield and biological activity of the 
apricot fruit was obtained with Infrared Radiation (IR) Tech-
nology when compared with solid/liquid extraction method 
and thanks to IR Technology, pomace extract obtained the 
maximum TFC (6.3 mg CE/g DM) [16].

Effect of extraction parameters on antiradical 
activity

Table 2 shows that the DPPH radical scavenging activity of 
the apricot pomace extracts on experimental points obtained 
by RSM approach. The factors (temperature and time) were 
quadratic with a good regression coefficient  (R2 = 0.9754). 
Final equation in terms of coded factors:

The F value for the lack of fit was insignificant (p > 0.05), 
which confirms the validity of the model. The value of the 

Total flavonoids(Y) = +0.6616 + 0.1970X
1
+ 0.0623X

2

+ 0.0060X
1
X

2
+ 0.0708X

2

1
+ 0.0348X

2

2

DPPH(Y) = +63.90 + 18.14X
1
+ 1.62X

2

− 0.2975X
1
X

2
− 1.09X

2

1
− 2.22X

2

2

Table 5  Optimum experimental conditions of Central Composite 
Design for maximum, middle and minimum TPC, total flavonoid, 
DPPH and extraction yield of the pomace

TPC Total phenolic content, min Minute

X1 (°C) X2 (min) Response

TPC
 Maximum 50 90 1.210
 Middle 50 30 0.907
 Minimum 46.04 33.23 0.797

TFC
 Maximum 50 90 1.032
 Middle 50 60 s 0.929
 Minimum 43.20 32.32 0.702

Yield%
 Maximum 50 90 7.88
 Middle 50 30 6.54
 Minimum 45.82 30 5.88

DPPH %
 Maximum 50 90 80.23
 Middle 50 30 77.30
 Minimum 40.41 30 60.84
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adjusted determination coefficient (adjusted  R2 = 0.9579) 
also confirmed that the model was highly significant. A very 
low value 4.32 of CV clearly indicated a very high degree 
of precision and a good deal of reliability of the experi-
mental values. The model p value (Prob > F) was very low 
(< 0.0001), which implied that the model was significant. 
ANOVA for the selected quadratic model for DPPH radi-
cal scavenging activity was given Table 3 and regression 
coefficients estimate and their significance test for quadratic 
model were given Table 4. Increase in temperature and time 
had positive impact on antiradical activity which attained 
its maximum at 79.85% at the experimental point of 90 min 
and 50 °C (Table 2). As the extraction time increased, the 
DPPH radical scavenging activity was greatly increased until 
the highest activity was reached. Some authors state that 
the concentration-dependent antiradical activity of phenolic 
compounds may change and some reports in the literature 
showed the strong correlation between total phenolic con-
tents and antioxidant activity [31].

Figure 1 shows the response surface and figure plots for 
the effects of extraction parameters on antiradical activity. 
Optimum experimental conditions of Central Composite 
Design for maximum, middle and minimum antiradical 
activity of the pomace were given in Table 5.

According to Cheaib et al. [16] the maximum DPPH 
scavenging activity of apricot pomace was 44%, which 
was lower than our findings while the sweet apricot ker-
nel extracts showed higher antiradical activity (87.7% and 
89.9%) than bitter kernels (3.7 and 20%) [35, 36]. El Darra 
et al. [37] reported that the antiradical activity of red grape 
pomaces increased by the increasing flavonoid concentra-
tion (catechins and epicatechin) as compared to the phenolic 
acid compounds. Sharmila et al. [38] reported that the high-
est DPPH radical scavenging activity (90.5%) for Cassia 
auriculata leaf extracts was determined at UAE extraction 
conditions of a 60% solvent concentration, time for 5 min 
and peak power at 50 W.

Effect of extraction parameters on extraction yield

Increasing temperature and time had a positive effect on 
extraction efficiency which attained its maximum of 7.86% 
with 90 min at 50 °C (Table 2). High temperature increases 
the movement of molecules that aid in extraction. As the 
heating time and temperature changed at the trial points, 
the extraction efficiency also varied. For the model fitted, 
the coefficient of determination  (R2) was 0.9666. F-value 
for the lack of fit was insignificant (p > 0.05) thereby con-
firming the validity of the model. The value of the adjusted 
determination coefficient (adjusted  R2 = 0.9427) also con-
firmed that the model was highly significant. At the same 
time, a very low value 2.71 of CV clearly indicated a very 
high degree of precision and a good deal of reliability of the 

experimental values. The model p value (Prob > F) was very 
low (< 0.0001), which implied that the model was signifi-
cant. ANOVA for the selected quadratic model for extrac-
tion of extraction yield was given Table 3 and regression 
coefficients estimate and their significance test for quadratic 
model were given Table 4. Figure 1 shows the response sur-
face and figure plots for the effects of extraction parameters 
on extraction yield.

Final equation in terms of coded factors:

Optimum experimental conditions of Central Composite 
Design for maximum, middle and minimum extraction yield 
of the pomace were given Table 5.

Concerning with extraction processes, the mathemati-
cal models can be applied to optimize the process param-
eters such as time and temperature in order to maximize 
the extraction yield. The highest extraction yield of lemon 
peels was obtained 3.56% when extraction parametres were 
1:15 (matrix/solvent) ratio, temperature (150 °C) and time 
(30 min) [39]. The highest extraction yield values from 
grape biomass waste using Soxhlet extraction and UAE 
were 17.99% and 12.90%, respectively [40]. Seo and Choi 
[41] reported that the extraction efficiency was 8.9% in 
reflux extraction in safflower seed while it reduced to 5.23% 
in UAE. Extract yield of aqueous UAE from black carrot 
was found as 8.67%, while it was 8.02% in classical Sox-
hlet extraction. On the other hand, in the case of acidified 
ethanolic water (AES) as solvent, the efficiency of UAE 
increased to 9.25% [42].

Evaluation of the antioxidant capacity at the highest 
extraction yield point

Several antioxidant activity parameters, namely CUPRAC, 
ABTS and FRAP values for the apricot pomace extract 
were analysed at the experimental point where maximum 
extraction yield was obtained in this study. As can be seen 
in Fig. 2, CUPRAC, FRAP and ABTS were 30.00, 18.80 and 
32.30 mg TE/100 g, respectively. These results were com-
patible with the study of Thaipong et al. [43] who obtained 
the antioxidant activity of methanolic extracts of four guava 
fruits genotypes by ABTS and FRAP assays. Between 22.3 
and 37.9 mg TE/100 g and 15.5–33.3 mg TE/100 g, respec-
tively. In one study; FRAP values (as  Fe2 + equivalent) of 
apricot pulp, skin and kernel were found as 3.4 µmol/g, 
7.9 µmol/g and 7.2 µmol/g, respectively [44]. Pellegrini 
et al. [45] determined the FRAP values apricot fruits as 
4.02 µmol/g. Halvorsen et al. [46] reported that FRAP val-
ues of fresh and dried apricot samples were 5.2 µmol/g and 

Extraction yield(Y) = +5.74 + 0.6050X1 + 0.4150X2

+ 0.2550X1X2 + 0.7705X2
1
+ 0.0905
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32.5 µmol/g, respectively. In another study; pulp of six apri-
cot varieties were analysed for their CUPRAC, FRAP and 
ABTS values while they ranged between 31.4–81.1 mg TE 
100/g, 18.3–46.7 mg TE/100 g and 16.4–84.4 mg TE/100 g, 
respectively [47].

Phenolic composition of the apricot pomace extract 
at the highest extraction yield point

In this study, phenolic composition of the apricot pomace 
extract was studied by HPLC at the experimental point 

where the highest extraction yield (50 °C, 90 min, 50% 
ethanol concentration) was obtained. The percent presence 
of the phenolics was given in Table 6. Among the total 17 
phenolic compounds investigated, 8 different phenolics were 
detected. As can be seen in the table, the major phenolic 
compound identified in the apricot pomace was p-coumaric 
(9.72 mg/kg), followed by ferulic acid, rutin and chlorogenic 
acid, respectively. These findings were consistent with the 
findings of Sultana et al. [48] who stated that main phe-
nolic acid present in apricot is p-coumaric acid (23.6 mg/
kg) while the amounts of ferulic, caffeic and gallic acids 
were 13.9 mg/kg, 6.7 mg/kg and 4.54 mg/kg, respectively. 
In another study, chlorogenic acid and rutin were detected 
as the main phenolic compounds in apricot pomace [15]. 
On the other hand, varying phenolic compounds were deter-
mined in apricot pulp (rutin, catechin and epicatechin) and 
apricot kernel (caffeic and gallic acid) by HPLC [28].

Conclusion

In this study, ultrasonication, an efficient and environmen-
tally method was used for the extraction of bioactive compo-
nents from apricot pomace and extraction conditions (tem-
perature and time) were optimized by using the RSM. The 
results stated that the highest extraction yield was obtained 
with 50 °C and 90 min using 50% ethanol as solvent. At this 
experiment point, the TPC, TFC, DPPH scavenging activity 
and extraction yield were 1.206 mg GAE/g DM, 1.015 mg 
CE/g, 79.85%, and 7.86%, respectively. The major phenolic 
compounds identified in apricot pomace were p-coumaric, 
ferulic acid, rutin and chlorogenic acid. In conclusion, apri-
cot pomace could be used as sources of valuable bioactive 
compounds in the food industry applications as well as in 
the cosmetics and pharmaceutical industry.
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Fig. 2  FRAP, ABTS and CUPRAC values [mg trolox equivalent 
(TE)/100 g] of the apricot pomace extract (50 °C, 90 min, %50 etha-
nol concentration) at the highest extraction yield

Table 6  Phenolic composition of the apricot pomace extract at the 
optimum extraction point

Nd Not detected
Data are means of triplicates

Phenols Wave-
length 
(nm)

Retention time Concentration (mg/kg)

Gallic acid 278 – Nd
Protocatechuic 278 9.38 0.59 ± 0.01
Catechin 278 11.96 4.11 ± 0.02
4-hidroxybenzoic 278 – Nd
Syringic acid 278 – Nd
Ellagic acid 278 – Nd
o-coumaric acid 278 – Nd
Chrysin 278 – Nd
Caffeic acid 320 15.01 5.47 ± 0.01
p-coumaric acid 320 19.07 9.72 ± 0.05
Ferulic acid 320 21.57 8.33 ± 0.06
Myricetin 360 – –
Quercetin 360 34.60 4.24 ± 0.01
Kaempferol 360 – Nd
Chlorogenic acid 320 12.43 5.61 ± 0.01
Rutin 320 19.63 6.45 ± 0.04
Sinapic acid 320 – Nd
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