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Abstract
The oleaster (Elaeagnus angustifolia L.) plant grown in three different locations in Nevşehir, Turkey was analyzed to deter-
mine its phenolic component profile, total phenolic compound, total carotenoid, total flavonoid, and antioxidant capacity 
values. Ultrasonic extraction of the oleaster’s flour, shell, core, flower, and leaf parts was carried out under solvent and acidic 
hydrolysis conditions using eight different polarity solvents (water, methanol, ethanol, acetone, ethyl acetate, butanol, petro-
leum ether, and hexane). The phenolic component profiles were determined using high-performance liquid chromatography 
with diode array detector (HPLC–DAD), and the main phenolic components in the oleaster samples were gallic acid, cat-
echin, and their derivatives. At the same time, antioxidant properties of oleaster samples were evaluated by Folin–Ciocalteu 
(FC), ABTS, FRAP, DPPH, and CHROMAC methods. Various parts of oleaster, whose phenolic component content was 
determined in this study, are thought to be a natural source that can be used against degenerative diseases in future studies.

Keywords  Oleaster · Elaeagnus angustifolia L. · Phenolic compounds · Antioxidant capacity · HPLC–DAD

Introduction

Foods are natural sources of various health-promoting sub-
stances with important biological activities. In recent years, 
the functional and nutritional properties of food components 
have gained importance with regards to improving human 
health. The relationship between different phenolic contents 
of fruits, vegetables, and plants and their antioxidant proper-
ties has been the focus of research for many years [1].

Elaeagnus angustifolia L., also called oleaster, Russian 
olive, wild olive or silver berry, belongs to the Elaeagnus 
genus of the Elaeagnacea (Araliaceae) family. Oleaster, 
which has small reddish-brown elliptical fruits and has more 
than 90 species, is mostly grown in parts of Asia, Europe, 
and North America [2]. It is a plant with potential use in 
food, cosmetics, and pharmaceutical fields, especially when 
grown in the Southeast and Central Anatolia regions of Tur-
key [3]. Oleaster is a good source of essential fatty acids 
(especially palmitoleic, palmitic, and linoleic fatty acids), 
vitamins (especially A, C, and E), and minerals, as well as 

being fruit rich in carotenoids, flavonoids, and other bio-
active components (sitosterol, cardiac glycoside, terpene, 
alkaloid, polysaccharides, triterpenoids, coumarin, amino 
acids, saponins, phytoene, tannins, etc.) [3–7]. Various parts 
of the oleaster (such as the flower, fruit, leaf, shell, flour, oil, 
and gum) are also used as herbal medicine due to their ther-
apeutic properties such as antioxidant, anti-inflammatory, 
antimutagenic, antitussive, antitumor, antiarthritic, antimi-
crobial, and hepatoprotective [3, 4, 7–9].

The increase in free radicals in the body due to external 
factors causes oxidative damage by attacking biomolecules 
such as proteins, lipids, enzymes, RNA, and DNA. These 
free radicals play a role in the formation and progression 
of many diseases such as cancer, cardiovascular diseases, 
atherosclerosis, Parkinson's, and Alzheimer's, after oxida-
tive damage. Phenolic compounds, which are naturally found 
in herbal products and have different biological activities, 
are used to inhibit free radicals [10]. Phenolic compounds 
are known for their antioxidant and radical scavenging 
properties, as well as their antimicrobial, anti-fungal, anti-
radiation, immunomodulatory, anti-inflammatory, and anti-
cancer activities [11–13]. There are various methods that 
differ in terms of experimental principles and conditions for 
the investigation of phenolic compounds and the determina-
tion of antioxidant capacity [14]. Therefore, it is extremely 
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important to use robust, sensitive, selective, and reliable 
analytical techniques [15].

In this study, it was aimed to characterize the phenolic 
compound profile of the oleaster samples collected from 
Nevşehir, Turkey. For this purpose, phenolic compound 
profiles of oleaster’s various parts: flour, shell, core, flower, 
and leaf, which extracted under different conditions, were 
determined by HPLC–DAD. While antioxidant capacity and 
total phenolic content of oleaster samples were determined 
using the FC, ABTS, FRAP, and CHROMAC methods, at 
the same time, total carotenoid and total flavonoid contents 
were determined.

Materials and methods

Chemical and reagent

Ethanol, methanol, acetone, hexane, butanol, petroleum 
ether, ethyl acetate, sodium nitrate, aluminum chloride, 
potassium persulfate, sodium dihydrogen phosphate, iron 
(III) chloride, vanillic acid, formic acid, phosphoric acid, 
acetic acid, and hydrochloric acid were purchased from 
Merck (Darmstadt, Germany). Acetonitrile, 2,2-Diphenyl-
1-picrylhydrazyl, 2,2-azino-bis(3-ethylbenzothiazoline-
6-sulfonic acid) diammonium salt, 2,4,6-Tris(2-pyridyl)-
s-triazine, β-carotene, potassium dichromate, sodium 
hydroxide, 1,5-diphenylcarbazide, Folin–Ciocalteu reagent, 
potassium sodium tartrate, copper(II) sulfate pentahydrate, 
sodium carbonate, sodium acetate trihydrate, 2-hydroxy-
cinnamic acid, caffeic acid, p-coumaric acid, ferulic acid, 
resveratrol, gallic acid, trolox, gallic acid, quercetin, isoquer-
citrin, rutin, chlorogenic acid, rosmarinic acid, ellagic acid, 
myricetin, kaempferol, kaempferol glycoside, p-hydroxy-
benzoic acid, and protocatechuic acid in HPLC grade were 
purchased from Sigma-Aldrich (St. Louis, MO., USA). 
(−)-Epigallocatechin, (−)-epigallocatechin gallate, (+)-cat-
echin, (−)-epicatechin, and (−)-epicatechin gallate in HPLC 
grade were purchased from Extrasynthese (Genay Cedex, 
France). Luteolin was purchased Applichem (Darmstadt, 
Germany). Water was purified with Purelab Option-Q from 
Elga Laboratory (UK).

Oleaster (Elaeagnus angustifolia L.)

Oleaster (Elaeagnus angustifolia L.) samples were collected 
from three different locations in Nevşehir, Türkiye in 2019. 
The samples were divided into five parts as flour, shell, core, 
leaf, and flower and were dried under laboratory conditions 
(22–24 °C). The samples were divided into small pieces 
after drying and stored at 4 °C until the extraction processes.

Preparation of phenolic fractions of oleaster 
samples

Ultrasonic extractions for both solvent extraction and acidic 
hydrolysis of the oleaster’s flour, shell, core, flower, and 
leaf were performed using eight different solvents with 
water, methanol, ethanol, acetone, ethyl acetate, n-butanol, 
petroleum ether, and hexane. For solvent extraction, x g 
of oleaster sample was extracted with y mL of solvent for 
60 min at 45 °C (x: 2 g, y: 20 mL for oleaster’s flour; x: 2 g, 
y: 20 mL for oleaster’s shell; x: 1 g, y: 20 mL for oleaster’s 
core; x: 0.1 g, y: 10 mL for oleaster’s flower; x: 1 g, y: 20 mL 
for oleaster’s leaf). In acidic hydrolysis, x g of oleaster 
sample was extracted with y mL of solvent for 60 min at 
45 °C (x: 1 g, y: 10 mL for oleaster’s flour; x: 1 g, y: 10 mL 
for oleaster’s shell; x: 1 g, y: 10 mL for oleaster’s core; x: 
0.1 g, y: 10 mL for oleaster’s flower; x: 0.5 g, y: 10 mL for 
oleaster’s leaf). Then, 0.02 M HCl was added (pH adjusted 
to 2) and was extracted for 60 min at 45 °C. After extrac-
tion, the samples were filtered with filter paper. The extracts 
of n-butanol, acetone, hexane, ethyl acetate, and petroleum 
ether were evaporated in the evaporator, and the remaining 
residues were dissolved in 5 mL of methanol. All extracts 
were kept at 4 °C until analysis.

Determination of phenolic compounds in oleaster 
samples

The HPLC–DAD (high-performance liquid chromatogra-
phy–diode array detector) system (Agilent 1200 Series) is 
equipped with an auto-sampler, vacuum degasser, and binary 
pump, and were used for the chromatographic analysis of 
phenolic compounds in the oleaster samples. Flow rate and 
injection volume were adjusted as 0.5 mL/min and 20 µL, 
respectively. XBridge C18 (4.6 × 250 mm, 3.5 μm) column 
was used for the separation of phenolic components. Dur-
ing the analysis, a gradient solvent program consisting of 
1% aqueous formic acid (phase A) and acetonitrile (phase 
B) was applied. The gradient elution program was arranged 
according to the percent of B as: 10% in 0–10 min, 13% 
in 10–20 min, 41% in 20–25 min, 70% in 25–35 min, and 
10% in 35–36 min [16]. Limit of detection (LOD: 3 s/m, 
s: standard deviation, m: slope) and limit of quantitation 
(LOQ: 10 s/m) were determined.

Spectroscopic analysis

Total phenolic content analysis

Total phenolic content of oleaster samples were determined 
by the Folin–Ciocalteu method [16, 17]. According to the 
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method, x mL extract of oleaster samples, (2-x) mL of dis-
tilled water, 2.5 mL of Lowry C solution, and 0.25 mL of 
Folin reagent (1:3 diluted with distilled water) were put into 
the test tube. The test tubes were mixed and kept in the dark 
for 30 min. And then UV–Vis absorption of the samples was 
analyzed at 750 nm. Total phenol contents of the samples 
were determined using the calibration curve prepared with 
gallic acid.

The antioxidant capacity analysis

The antioxidant capacities of oleaster samples were deter-
mined by the ABTS [18, 19], FRAP [16, 20], DPPH [21, 
22], and CHROMAC [16, 23] methods. The calibration 
curve obtained using trolox was used to determine antioxi-
dant capacity values.

For the ABTS method, ABTS• radical solution was pre-
pared as 2.45 mM K2S2O8 in 7 mM ABTS solution by dis-
tilled water. In test tubes, x mL oleaster extract, (4-x) mL 
ethanol, and 1 mL ABTS• radical solution (1:10 diluted 
with distilled water) were taken and mixed. 6 min later, 
absorptions of samples were measured at 734 nm by UV–Vis 
Spectrophotometer.

In the FRAP method, pH 3.6 acetate buffer and 20 mM 
FeCl3 by distilled water and 10 mM TPTZ solution by 
40 mM HCl solution were prepared. FRAP reagent was pre-
pared by mixing acetate buffer, FeCl3, and TPTZ in a ratio of 
10:1:1. The mixtures were kept for 30 min at 37 °C by add-
ing x mL of oleaster extract and (3-x) mL of FRAP reagent, 
analyzed at 593 nm using the UV–Vis Spectrophotometer.

Free radical scavenging activity of oleaster samples was 
determined with a DPPH reagent. The extracts of oleaster 
(x mL) and 0.18 mL of 1 mM DPPH reagent (dissolved with 
methanol) were mixed, and the final volume in the test tubes 
was filled to 3 mL with methanol. The samples were kept in 
the dark for 30 min, and then, the absorbance values were 
recorded at 515 nm using the UV–Vis Spectrophotometer.

For the CHROMAC method, x mL of oleaster extract, 
(0.5-x) mL of distilled water, 3.5 mL of pH 2.8 phosphate 
buffer, and 0.5 mL of K2Cr2O7 (50 mg/L, dissolved in pH 
2,8 phosphate buffer) were mixed. One minute later, 0.5 mL 
of 1,5-diphenylcarbazide (3.4 × 10–4 mol/L, dissolved in pH 
2,8 phosphate buffer) was added and the samples were kept 
in the dark for 50 min. Then, the samples were analyzed at 
540 nm using the UV–Vis Spectrophotometer.

Total flavonoid analysis

Total flavonoid content of oleaster samples was determined 
by a colorimetric method [24]. According to the method, 
x mL of oleaster extract, (2.7-x) mL of distilled water and 
0.15 mL of 5% NaNO3 were mixed, and the mixture was 
kept in the dark for 6 min. Then, 0.15 mL of 10% AlCl3 

was added to the mixture and was kept in the dark for 6 min 
again. Finally, 2 mL of 1 M NaOH was added to the mixture 
and kept in the dark for 15 min. The absorbance at the end 
of the reaction was read at 510 nm and results were given as 
a catechin equivalent (CAE).

Total carotenoid analysis

The absorbance of oleaster extracts were measured at 
450 nm by UV–Vis Spectrophotometer [25]. To calculate 
the average carotenoid concentrations (mol/L), the following 
equation was used:

with A450: absorbance of 450 nm, F: dilution factor, d: 
light path (1 cm), and ε: molar absorptivity coefficient 
(ε = 136,400 for methanol, ε = 135,800 for ethanol). Using 
molecular weight of β-carotene, the results were expressed 
as β-carotene equivalent.

Statistical analysis

The analysis data were statistically analyzed using the 
MINITAB 17.0 (Minitab Inc., Stage College, PA) statistical 
program with one-way ANOVA (solvent and acidic hydroly-
sis extracts separately for each method, p < 0.05).

Results and discussion

Method validation of phenolic compounds

Validation parameters of standard phenolic compounds 
analyzed by HPLC–DAD for the qualitative and quantita-
tive analysis of phenolic content in oleaster are shown in 
Table 1. A total of 24 phenolic compounds were detected 
in extracts of oleaster. Calibration curves of the standard 
phenolic compounds occurred in the range of 1–20 mg/L 
and the correlation coefficient of phenolic compounds with 
determined linearity was found to be higher than 0.9900. 
Recovery studies were done to the yield of extraction of 
phenolic compounds in different solvent environments. The 
results obtained showed that the recovery of phenolic com-
pounds varies according to the solvent polarity and the acid-
ity of the medium.

Phenolic composition of oleaster

An HPLC phenolic profile of oleaster’s flour is given in 
Table 2. Major differences have been identified between 
solvent media and extraction applications. A total of 15 

C (M) =
A450 × F × d

�

,
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phenolic compounds (catechin, epicatechin, epicatechin gal-
late, epigallocatechin, caffeic acid, p-coumaric acid, ferulic 
acid, rosmarinic acid, resveratrol, protocatechuic acid, vanil-
lic acid, gallic acid, kaempferol glycoside, and rutin) were 
identified in extracts of oleaster’s flour. It has been estab-
lished that the main components are catechin, and catechin 
derivatives (epicatechin, epicatechin gallate, and epigallocat-
echin). While the amount of catechin in water and methanol 
solvent media decreased with acidic hydrolysis compared 
to solvent extractions, it increased in other solvent media. 
At the same time, while no catechin was detected in ethyl 
acetate, petroleum ether, and hexane solvent extracts, it was 
detected in acidic hydrolysis. While epicatechin was not seen 
in methanol, ethanol, petroleum ether, and hexane solvent 
extracts, it was detected in acidic hydrolysis. In general, it 
was observed that the amount of epicatechin in the samples 
increased with acidic hydrolysis. While epicatechin gallate 
was detected in all solvent extracts, it was detected only in 
methanol and ethanol extracts when acidic hydrolysis was 
performed. The amount of epicatechin gallate in the samples 
decreased with acidic hydrolysis. Epigallocatechin gallate 
was detected only in the methanol extract, but the amount 
of epigallocatechin gallate increased with the application of 
acidic hydrolysis and was detected in all solvent extracts. 
Formation and an increase in the amount of gallic acid have 
been observed after acidic hydrolysis in water, ethanol, and 
acetone solvents.

The phenolic compounds of 19 (catechin, epicatechin, 
epicatechin gallate, epigallocatechin, epigallocatechin gal-
late, caffeic acid, p-coumaric acid, ferulic acid, rosmarinic 
acid, resveratrol, protocatechuic acid, vanillic acid, gallic 
acid, ellagic acid, myricetin, kaempferol, kaempferol gly-
coside, isoquercitrin, and rutin) were determined in the 
oleaster’s shell (Table 3). Catechin, epicatechin gallate, 
and epigallocatechin (in acidic medium) were determined 
as main compounds. The catechin amount decreased as 
the solvent polarity decreased, and increased with acidic 
hydrolysis, except with water and methanol solvents. While 
epicatechin gallate was found at high amounts in solvent 
extractions, it could not be detected except in methanol and 
ethanol extracts after acidic hydrolysis, and the amounts 
were found to be low in these two-solvent media. While 
it was not observed in solvent extraction, it was observed 
that the amount of epicatechin–epigallocatechin gallate and 
epigallocatechin increased with acidic hydrolysis. At the 
same time, gallic acid was formed after acidic hydrolysis in 
ethanol and acetone solvents.

Twenty phenolic compounds: catechin, epicatechin, epi-
catechin gallate, epigallocatechin, epigallocatechin gallate, 
chlorogenic acid, caffeic acid, p-coumaric acid, ferulic acid, 
rosmarinic acid, resveratrol, protocatechuic acid, vanillic 
acid, gallic acid, ellagic acid, quercetin, myricetin, kaemp-
ferol, isoquercitrin, and rutin were detected in the oleaster’s 

core under different extraction conditions (Table 4). Gener-
ally, the amount of catechin and derivatives (epicatechin, 
epigallocatechin, and epigallocatechin gallate) have been 
seen to decrease as the solvent polarity decreased. Also, 
their amounts have been seen to increase by acidic hydroly-
sis except water and methanol solvents. While gallic acid 
could not be detected in solvent extractions, gallic acid was 
detected in all solution media except ethanol.

The phenolic compounds of 16 (catechin, epicatechin, 
epigallocatechin gallate, 2-hydroxycinnamic acid, caffeic 
acid, p-coumaric acid, ferulic acid, resveratrol, protocate-
chuic acid, vanillic acid, gallic acid, ellagic acid, myricetin, 
kaempferol, kaempferol glycoside, and isoquercitrin) have 
been determined in the oleaster’s flower extracts (Table 5). 
The most abundant phenolic compound in the oleaster’ 
flower extracts was determined as catechin. While catechin 
was found only in water, methanol, and ethanol extracts by 
solvent extraction, it was detected in high amounts in solvent 
environments other than petroleum ether, and hexane after 
acidic hydrolysis. Epicatechin and epigallocatechin gallate 
were seen in some solvents after acidic hydrolysis. Like-
wise, gallic acid was not observed in solvent extracts (except 
acetone), but was detected in most solvent media after acidic 
hydrolysis.

In the oleaster’s leaf extracts, catechin, epicatechin, epi-
catechin gallate, epigallocatechin, epigallocatechin gallate, 
2-hydroxycinnamic acid, p-coumaric acid, ferulic acid, 
resveratrol, protocatechuic acid, vanillic acid, gallic acid, 
ellagic acid, quercetin, myricetin, luteolin, kaempferol, 
kaempferol glycoside, and isoquercitrin were determined 
(Table 6). Catechin, epicatechin, and epigallocatechin gal-
late were determined as the main components. After acidic 
hydrolysis, catechin and epicatechin amounts decreased in 
water extract and increased in other solvent extracts. While 
epicatechin gallate, epigallocatechin, and epigallocatechin 
gallate were seen in some solvent extracts, they could not 
be detected after acidic hydrolysis.

As a result of epigallocatechin gallate and epicatechin 
gallate epimerization, there was an increase in the amounts 
of gallic acid, epigallocatechin, and epicatechin as degrada-
tion products. Likewise, as a result of epicatechin gallate and 
epicatechin epimerization, their amounts decreased, while 
catechin gallate and catechin amounts increased. When heat 
treatment was applied during extraction, epigallocatechin 
gallate and epicatechin gallate degrade and their amounts 
decreased. As a result of this decrease, an increase in the 
amount of gallic acid was observed. In addition, as the con-
centration of epigallocatechin gallate increased, its stability 
at low pH increases and its degradation decreased. Since 
epigallocatechin is dominant in epimerization, its amount 
appears to increase during heat treatment, but it starts to 
degrade when exposed to heat treatment for a long time [26]. 
In general, catechin is stable in an acidic environment, since 
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the oxidation rate of catechin increases directly with increas-
ing pH [27, 28].

Total phenolic content

Total amount of phenolic substances in different extracts 
of oleaster were determined by the Folin–Ciocalteu method 
and results were expressed by mg GAE/g sample. There 
were variations between phenolic contents of the parts 
of the plant, at different solvent environments and differ-
ent extraction conditions. The amount of total phenolic 
compounds contents were found as follows; they ranged 
from 0.13 to 24.57 mg GAE/g of oleaster flour for solvent 
extracts and 15.67 to 34.89 mg GAE/g of oleaster flour 
for acidic hydrolysis (Table 7), 0.37 to 16.99 mg GAE/g 
of oleaster shell for solvent extracts and 13.78 to 36.16 mg 
GAE/g of oleaster shell for acidic hydrolysis (Table 8), 1.12 
to 44.93 mg GAE/g of oleaster core for solvent extracts 
and 22.82 to 158.73 mg GAE/g of oleaster core for acidic 
hydrolysis (Table 9), 2.36 to 44.55 mg GAE/g of oleaster 
flower for solvent extracts and 36.79 to 205.26 mg GAE/g 
of oleaster flower for acidic hydrolysis (Table 10), and 0.95 
to 34.12 mg GAE/g of oleaster leaf for solvent extracts and 
8.86 to 77.49 mg GAE/g of oleaster leaf for acidic hydrolysis 
(Table 11). Total phenolic compound values of the solvent 
extractions of the oleaster parts increased as the solvent 
polarity increased. The highest total phenol values were 
observed in water extracts. In acidic hydrolysis, total phenol 
contents of the samples increased compared to the solvent 
extraction.

Incilay [8] reported TP contents of methanolic extracts of 
leaf (average amount 1.07 µg GAE/g DW), flower (average 
amount 1.66 µg GAE/g DW), fruit (average amount 2.96 µg 
GAE/g DW), and fruit peel (average amount 1.85 µg GAE/g 
DW) parts of the Elaeagnus angustifolia L. Ishaq et al. [3] 
reported TP contents in water, methanol, acetone, and hex-
ane extracts of the Elaeagnus umbellate berry as 20.0 ± 2.1, 
18.6 ± 1.5, 18.2 ± 1.3, and 16.3 ± 0.8 mg GAE/g autumn 
olive fruit, respectively. It is seen that TP contents increase 
with increasing solvent polarity. Ozen et al. [29] studied TP 
content of the extracts of fruit and leaf parts of Elaeagnus 
umbellate Thunb. in increasing concentrations (50–500 µg/
mL) and different solvent media. According to the results, 
TP contents of the fruit’s water and methanol extracts and 
the leaf’s methanol, ethanol, and acetone extracts have been 
found to be significantly high. TP contents of petroleum 
ether, chloroform, methanol, and water extracts of Elaeagnus 
kologa leaf were determined as 23.11 ± 0.31, 9.42 ± 0.43, 
18.99 ± 0.24, and 20.04 ± 0.09 mg catechol/g, respectively 
[30]. TP values of 70% methanolic extract of Elaeagnus lati-
folia Linn. were determined as 7.04 ± 0.27 mg GAE/100 g 
extract [31]. In another study, TP contents in peel and pulp 
extracts (85% methanol) of Elaeagnus angustifolia L. fruit SE
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collected from different genotypes were determined [32]. 
According to the results, TP contents of the peel were in 
the range of 1179.04 and 262.36 mg GAE/100 g FW. Also, 
the highest and lowest TP contents of the pulp were 820.88 
and 250.55 mg GAE/100 g FW, respectively. TP contents 
in different genotypes of Elaeagnus umbellate Thunb. fruit 
were in the range of 168.9 and 258.1 mg GAE/100 g FW 
[33]. Saboonchian et al. [34] determined TP contents using 
ethanoic and methanolic extract of leaf and flower of Elae-
agnus angustifolia L. For both varieties, the phenolic con-
tent of the methanol extract is higher; at the same time, the 
leaf has a higher phenolic content than the flower. The leaf 
of Eleagnus oldhamii Maxim. was extracted with methanol 
and the result of TP content was found as 106.09 ± 3.83 µg 
catechin/mg sample [9].

Antioxidant capacity values of oleaster extracts in dif-
ferent extraction conditions were determined using FRAP, 
ABTS, CHROMAC, and DPPH methods, and the results 
were expressed as mg TE/g sample. The FRAP method 
is based on the reduction of Fe3+–TPTZ (ferricripyridyl-
triazine) complex to the ferrous form at low pH. For the 
FRAP method, the antioxidant capacity values ranged from 
0.43 to 15.10 mg TE/g of oleaster flour for solvent extracts 
and from 2.68 to 46.66 mg TE/g of oleaster flour for acidic 
hydrolysis (Table 7), from 0.45 to 2.12 mg TE/g oleaster 
shell for solvent extracts and from 1.85 to 16.77 mg TE/g 
oleaster shell for acidic hydrolysis (Table 8), from 1.32 to 
47.99 mg TE/g oleaster core for solvent extracts and from 
7.64 to 336.12 mg TE/g oleaster core for acidic hydrolysis 
(Table 9), from 4.93 to 20.62 mg TE/g oleaster flower for 
solvent extracts and from 20.70 to 146.40 mg TE/g oleaster 
flower for acidic hydrolysis (Table 10), and from 1.08 to 
21.68 mg TE/g oleaster leaf for solvent extracts and from 
5.82 to 98.45 mg TE/g oleaster leaf for acidic hydrolysis 
(Table 11). In a study [32], the antioxidant capacities of the 
oleaster fruit's seed and pulp with different genotypes were 
examined. The results showed that the antioxidant capacity 
of peel was in the range of 57.00–131.33 mg Fe2+/100 g 
FW. The highest antioxidant capacity of pulp was found 
as 164.67 mg Fe2+/100 g FW and the lowest was found as 
86.00 mg Fe2+/100 g FW. In the other study, according to 
Faramarz et al. [35], the antioxidant capacity of peel and 
pulp extracts of Elaeagnus angustifolia L. collected from 
different genotypes were determined as 0.246 and 548 mM 
Fe2+/mg, respectively [35].

The ABTS method is based on the reduction of ABTS• 
radical formation by phenolic compounds. For the ABTS 
method, the antioxidant capacity values ranged from 
0.89 to 30.99 mg TE/g oleaster flour for solvent extracts 
and from 3.04 to 22.43 mg TE/g oleaster flour for acidic 
hydrolysis (Table 7), from 1.60 to 23.30 mg TE/g oleaster 
shell for solvent extracts and from 4.76 to 19.85 mg TE/g 
oleaster shell for acidic hydrolysis (Table 8), from 2.34 to SE
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51.20 mg TE/g oleaster core for solvent extracts and from 
15.05 to 129.26 mg TE/g oleaster core for acidic hydrolysis 
(Table 9), from 13.67 to 49.68 mg TE/g oleaster flower for 
solvent extracts and from 37.98 to 200.30 mg TE/g oleaster 
flower for acidic hydrolysis (Table 10), and from 1.55 to 
43.15 mg TE/g oleaster leaf for solvent extracts and from 
7.66 to 119.73 mg TE/g oleaster leaf for acidic hydrolysis 
(Table 11). According to Incilay [8], the antioxidant capaci-
ties of methanol extracts of oleaster’s leaf were found to be 
in the range of 0.385 ± 0.027 and 1.955 ± 0.000 µg TE/g, 
flowers were 0.623 ± 0.000 and 1.689 ± 0.029 µg TE/g, 
fruits were 0.031 ± 0.003 and 4.642 ± 0.133 µg TE/g, and 
fruit peels were 0.434 ± 0.027 and 1.651 ± 0.027 µg TE/g. 
The antioxidant capacity value of Elaeagnus latifolia Linn. 
was measured as 0.070 ± 0.003 µg trolox/mL extract [31]. 
In Nazir et al.’s [10] study, IC50 values of methanol, hexane, 
chloroform, ethyl acetate, n-butanol, and aqueous extracts of 
Elaeagnus umbellate Thunb. were found as 760, 135, 57, 70, 
120, and 1175 µg trolox/mL extract, respectively. In another 
study, the average antioxidant capacity values in different 
genotypes of Elaeagnus umbellate Thunb. fruit were in the 
range of 20.3 and 29.9 µmol TE/g sample [33].

The CHROMAC method is based on the measurement 
of the remaining Cr (VI) as a result of the transformation of 
antioxidants reacting with excessive Cr (VI) in acidic envi-
ronment into radical structures and reduction of Cr (VI) to 
Cr (III) form. With the CHROMAC method, the antioxidant 
capacity values ranged from 29.72 to 62.32 mg TE/g oleaster 
flour for solvent extracts and from 64.83 to 122.07 mg TE/g 
oleaster flour for acidic hydrolysis (Table 7), from 35.00 to 
76.04 mg TE/g oleaster shell for solvent extracts and from 
49.37 to 117.86 mg TE/g oleaster shell for acidic hydroly-
sis (Table 8), from 24.70 to 100.11 mg TE/g oleaster core 
for solvent extracts and from 93.02 to 336.94 mg TE/g 
oleaster core for acidic hydrolysis (Table 9), from 245.93 to 
859.08 mg TE/g oleaster flower for solvent extracts and from 
454.83 to 699.48 mg TE/g oleaster flower for acidic hydroly-
sis (Table 10), and from 74.84 to 196.96 mg TE/g oleaster 
leaf for solvent extracts and from 122.59 to 233.95 mg TE/g 
oleaster leaf for acidic hydrolysis (Table 11).

The DPPH method is based on the decrease in the amount 
of radicals as a result of the interaction between DPPH• rad-
ical and antioxidants. For the DPPH method, the antioxidant 
capacity IC50 values ranged from 11.60 to 24.08 mg TE/g 
oleaster flour for solvent extracts and from 22.66 to 39.71 mg 
TE/g oleaster flour for acidic hydrolysis (Table 7), from 
14.48 to 22.27 mg TE/g oleaster shell for solvent extracts 
and from 23.50 to 34.42 mg TE/g oleaster shell for acidic 
hydrolysis (Table 8), from 23.72 to 38.28 mg TE/g oleaster 
core for solvent extracts and from 47.25 to 67.55 mg TE/g 
oleaster core for acidic hydrolysis (Table 9), from 148.70 
to 898.99 mg TE/g oleaster flower for solvent extracts and 
from 238.97 to 620.75 mg TE/g oleaster flower for acidic SE

 s
ol

ve
nt

 e
xt

ra
ct

io
n,

 A
H

 a
ci

di
c 

hy
dr

ol
ys

is
, C

AT
​ c

at
ec

hi
n,

 E
CA

T​ 
ep

ic
at

ec
hi

n,
 E

CA
TG

​ e
pi

ca
te

ch
in

 g
al

la
te

, E
G

CA
T​ 

ep
ig

al
lo

ca
te

ch
in

, E
G

CA
TG

​ e
pi

ga
llo

ca
te

ch
in

 g
al

la
te

, 2
-H

CA
 2

-h
yd

ro
xy

ci
n-

na
m

ic
 a

ci
d,

 P
CA

 p
-c

ou
m

ar
ic

 a
ci

d,
 F

ER
 fe

ru
lic

 a
ci

d,
 R

ES
 re

sv
er

at
ro

l, 
PR

CA
​ p

ro
to

ca
te

ch
ui

c 
ac

id
, V

AN
 v

an
ill

ic
 a

ci
d,

 G
A 

ga
lli

c 
ac

id
, E

A 
el

la
gi

c 
ac

id
, Q

U
 q

ue
rc

et
in

, M
YR

 m
yr

ic
et

in
, L

U
 lu

te
ol

in
, 

K
AM

 k
ae

m
pf

er
ol

, K
AM

G
 k

ae
m

pf
er

ol
-3

-g
ly

co
si

de
, I

Q
U

 is
oq

ue
rc

itr
in

, W
 w

at
er

, M
 m

et
ha

no
l, 

E 
et

ha
no

l, 
A 

ac
et

on
e,

 E
A 

et
hy

l a
ce

ta
te

, B
 b

ut
an

ol
, P

 p
et

ro
le

um
 e

th
er

, H
 h

ex
an

e
*T

w
o 

re
pl

ic
at

es
 ±

 S
ta

nd
ar

d 
de

vi
at

io
n

a–
y  D

iff
er

en
t l

ow
er

ca
se

 su
pe

rs
cr

ip
ts

 in
 th

e 
di

ffe
re

nt
 e

xt
ra

ct
io

n 
gr

ou
ps

 in
di

ca
te

 si
gn

ifi
ca

nt
 d

iff
er

en
ce

s b
et

w
ee

n 
m

ea
ns

 o
f p

he
no

lic
 c

om
po

si
tio

n 
fo

r o
le

as
te

r s
am

pl
es

 (p
 <

 0.
05

)

Ta
bl

e 
6  

(c
on

tin
ue

d)

So
l-

ve
nt

Sa
m

-
pl

e
PR

CA
​

VA
N

G
A

EA
Q

U
M

Y
R

LU
K

A
M

K
A

M
G

IQ
U

SE
A

H
SE

A
H

SE
A

H
SE

A
H

SE
A

H
SE

A
H

SE
A

H
SE

A
H

SE
A

H
SE

A
H

B
1

nd
nd

nd
nd

nd
nd

nd
nd

nd
nd

nd
nd

nd
nd

nd
57

.5
4 ±

 1.
53

f
nd

38
8.

88
 ±

 4.
23

 l
nd

32
0.

88
 ±

 2.
72

j

2
nd

nd
nd

nd
nd

nd
3.

99
 ±

 0.
04

e
nd

nd
nd

nd
nd

nd
69

.0
7 ±

 0.
01

a
nd

31
.3

5 ±
 0.

57
 l

6.
04

 ±
 0.

08
t 32

4.
64

 ±
 1.

75
o

nd
18

3.
57

 ±
 3.

03
o

3
nd

nd
nd

nd
nd

nd
nd

nd
nd

nd
nd

nd
nd

nd
3.

14
 ±

 0.
32

p
14

9.
38

 ±
 2.

15
d

nd
26

7.
86

 ±
 0.

87
p

nd
27

2.
03

 ±
 0.

28
 m

PE
1

nd
nd

nd
nd

nd
nd

nd
46

.0
9 ±

 0.
17

d
nd

28
.5

3 ±
 0.

08
e

nd
14

.7
3 ±

 0.
06

c
nd

nd
nd

24
.0

8 ±
 0.

09
 m

nd
3.

92
 ±

 0.
02

t
nd

12
.6

8 ±
 0.

02
t

2
nd

nd
nd

nd
nd

nd
nd

52
.6

3 ±
 0.

17
c

nd
29

.9
0 ±

 0.
12

e
nd

nd
nd

nd
nd

11
.9

5 ±
 0.

04
o

nd
15

.1
0 ±

 0.
07

 s
nd

12
.7

5 ±
 0.

03
t

3
nd

nd
nd

nd
nd

nd
nd

48
.4

4 ±
 0.

23
c,

d nd
28

.6
6 ±

 0.
12

e
nd

14
.7

8 ±
 0.

09
c

nd
nd

nd
16

.6
1 ±

 0.
10

n
nd

nd
nd

20
.8

5 ±
 0.

08
 s

H
1

nd
nd

nd
nd

nd
nd

nd
nd

nd
nd

nd
nd

nd
nd

nd
nd

nd
10

.6
4 ±

 0.
05

 s,
t

nd
15

.6
5 ±

 0.
08

 s,
t

2
nd

nd
nd

nd
nd

nd
nd

nd
nd

nd
nd

nd
nd

nd
nd

nd
nd

41
.8

2 ±
 0.

10
r

nd
20

.4
5 ±

 0.
08

 s

3
nd

nd
nd

nd
nd

nd
nd

nd
nd

nd
nd

nd
nd

nd
nd

nd
nd

7.
94

 ±
 0.

08
t

nd
16

.4
5 ±

 0.
08

 s,
t



234	 European Food Research and Technology (2022) 248:219–241

1 3

Ta
bl

e 
7  

S
pe

ct
ro

sc
op

ic
 a

na
ly

si
s r

es
ul

ts
 o

f o
le

as
te

r fl
ou

r s
am

pl
es

*T
w

o 
re

pl
ic

at
es

 ±
 S

ta
nd

ar
d 

de
vi

at
io

n
W

 w
at

er
, M

 m
et

ha
no

l, 
E 

et
ha

no
l, 

B 
bu

ta
no

l, 
A 

ac
et

on
e,

 H
 h

ex
an

e,
 E

A 
et

hy
l a

ce
ta

te
, P

E 
pe

tro
le

um
 e

th
er

, S
E 

so
lv

en
t e

xt
ra

ct
io

n,
 A

H
 a

ci
di

c 
hy

dr
ol

ys
is

, T
PC

 m
g 

G
A

E/
g 

sa
m

pl
e,

 F
RA

P-
AB

TS
-

C
H

RO
M

AC
 m

g 
TE

/g
 sa

m
pl

e,
 D

PP
H

 IC
50

 (m
g 

TE
/g

 sa
m

pl
e)

, T
FC

 m
g 

Q
E/

g 
sa

m
pl

e,
 T

C
C

​ m
g 

B
C

/g
 sa

m
pl

e
a–

z  Lo
w

er
ca

se
 su

pe
rs

cr
ip

ts
 in

 th
e 

di
ffe

re
nt

 e
xt

ra
ct

io
n 

gr
ou

ps
 in

di
ca

te
 si

gn
ifi

ca
nt

 d
iff

er
en

ce
s b

et
w

ee
n 

m
ea

ns
 o

f s
pe

ct
ro

sc
op

ic
 re

su
lts

 fo
r o

le
as

te
r s

am
pl

es
 in

 a
 m

et
ho

d 
(p

 <
 0.

05
)

So
l-

ve
nt

Sa
m

-
pl

e
TP

C
FR

A
P

A
B

TS
C

H
RO

M
A

C
D

PP
H

TF
C

TC
C

​

SE
A

H
SE

A
H

SE
A

H
SE

A
H

SE
A

H
SE

A
H

SE
A

H

W
1

12
.3

3 ±
 0.

13
n

21
.2

1 ±
 0.

49
 h

,ı
2.

50
 ±

 0.
08

o
5.

03
 ±

 0.
24

j,k
7.

64
 ±

 0.
29

 g
15

.0
4 ±

 0.
01

d
38

.6
3 ±

 0.
31

 s,
t

69
.8

8 ±
 1.

46
o

13
.5

5 ±
 0.

09
w

28
.7

7 ±
 0.

15
e,

f
2.

65
 ±

 0.
77

ı
1.

91
 ±

 0.
01

j
3.

07
 ±

 0.
03

t
1.

82
 ±

 0.
01

x

2
20

.1
 ±

 0.
97

ı,j
28

.5
9 ±

 1.
89

c
12

.0
3 ±

 0.
08

f
16

.9
2 ±

 0.
06

d
25

.0
3 ±

 0.
16

b
13

.0
3 ±

 0.
12

e
51

.5
7 ±

 0.
66

q
90

.6
4 ±

 4.
81

 l
11

.6
0 ±

 0.
01

x
24

.6
5 ±

 0.
01

ı,j
6.

45
 ±

 0.
03

 g
5.

06
 ±

 0.
09

f
6.

61
 ±

 0.
05

j
6.

21
 ±

 0.
01

 k

3
24

.5
7 ±

 0.
92

e
31

.5
4 ±

 0.
67

b
15

.1
0 ±

 0.
05

e
22

.6
8 ±

 0.
01

c
30

.9
9 ±

 0.
05

a
22

.4
3 ±

 0.
50

c
62

.3
2 ±

 1.
20

p
10

0.
89

 ±
 4.

78
 g

,h
,ı,

j
11

.8
7 ±

 0.
01

x
23

.8
6 ±

 0.
01

 k
,l

4.
47

 ±
 1.

61
 g

6.
48

 ±
 0.

05
a,

b
6.

62
 ±

 0.
02

j
5.

47
 ±

 0.
03

 m

M
1

8.
22

 ±
 0.

07
o

15
.6

7 ±
 0.

40
 m

1.
37

 ±
 0.

09
p

3.
63

 ±
 0.

14
 l,

m
,n

5.
31

 ±
 0.

14
j

5.
71

 ±
 0.

13
 h

45
.3

8 ±
 2.

06
r

75
.4

3 ±
 1.

57
n

16
.4

9 ±
 0.

14
u,

v
28

.9
1 ±

 0.
20

e
0.

40
 ±

 0.
09

u
0.

77
 ±

 0.
02

n,
o,

p,
q,

r,s
5.

57
 ±

 0.
15

 l,
m

1.
56

 ±
 0.

02
y

2
8.

45
 ±

 0.
22

o
21

.9
7 ±

 0.
14

 g
,h

1.
36

 ±
 0.

02
p

9.
91

 ±
 0.

02
 g

2.
86

 ±
 0.

31
q

5.
47

 ±
 0.

10
 h

,ı,
j

45
.5

2 ±
 3.

15
r

64
.8

3 ±
 3.

42
p

15
.9

0 ±
 0.

11
v

24
.5

9 ±
 0.

03
ı,j

,k
0.

47
 ±

 0.
05

t,u
2.

78
 ±

 0.
07

ı
3.

02
 ±

 0.
17

t
4.

56
 ±

 0.
01

o,
p

3
8.

16
 ±

 0.
62

o
26

.7
1 ±

 0.
24

d
1.

15
 ±

 0.
09

p,
q

23
.1

7 ±
 0.

61
c

3.
42

 ±
 0.

10
p

4.
75

 ±
 0.

21
 k

,l
45

.9
0 ±

 2.
24

r
94

.0
0 ±

 0.
89

 k
,l

16
.3

5 ±
 0.

11
u,

v
23

.1
7 ±

 0.
01

 l,
m

0.
50

 ±
 0.

04
 s,

t,u
5.

83
 ±

 0.
21

d,
e

2.
83

 ±
 0.

02
u

2.
79

 ±
 0.

02
u

E
1

2.
89

 ±
 0.

18
p,

q
19

.2
4 ±

 0.
60

j,k
0.

73
 ±

 0.
01

p,
q

14
.4

1 ±
 0.

26
e

2.
09

 ±
 0.

24
r,s

4.
58

 ±
 0.

20
 l,

m
,n

34
.6

3 ±
 0.

24
 s,

t,u
,v

,w
67

.0
0 ±

 0.
99

o,
p

22
.2

7 ±
 0.

31
n

25
.2

3 ±
 0.

06
ı

0.
55

 ±
 0.

01
p,

q,
r,s

,t,
u

2.
76

 ±
 0.

11
ı

2.
59

 ±
 0.

06
v

11
.0

8 ±
 0.

01
a

2
3.

09
 ±

 0.
07

p,
q

34
.5

0 ±
 0.

83
a

0.
72

 ±
 0.

03
p,

q
32

.6
1 ±

 1.
79

b
1.

91
 ±

 0.
02

 s,
t

3.
04

 ±
 0.

06
q

35
.9

9 ±
 0.

71
 s,

t,u
,v

10
7.

02
 ±

 0.
61

c,
d,

e
19

.3
7 ±

 0.
33

p
22

.6
6 ±

 0.
01

 m
,n

0.
48

 ±
 0.

03
 s,

t,u
5.

54
 ±

 0.
31

e
2.

32
 ±

 0.
01

w
10

.9
3 ±

 0.
01

b

3
3.

49
 ±

 0.
18

p
34

.8
9 ±

 0.
14

a
0.

72
 ±

 0.
02

p,
q

46
.6

6 ±
 1.

85
a

1.
67

 ±
 0.

06
t,u

,v
3.

45
 ±

 0.
02

p
39

.1
7 ±

 1.
26

 s
12

2.
07

 ±
 1.

67
a

15
.7

8 ±
 0.

26
v

24
.2

6 ±
 0.

01
j,k

0.
59

 ±
 0.

05
p,

q,
r,s

,t,
u

6.
63

 ±
 0.

22
a

2.
28

 ±
 0.

06
w

10
.0

8 ±
 0.

02
d

B
1

2.
89

 ±
 0.

03
p,

q
21

.6
7 ±

 0.
10

 g
,h

0.
86

 ±
 0.

04
p,

q
3.

77
 ±

 0.
11

 l,
m

1.
65

 ±
 0.

02
t,u

,v
3.

92
 ±

 0.
04

o
31

.9
2 ±

 1.
38

v,
w

,x
96

.3
4 ±

 2.
24

j,k
18

.5
9 ±

 0.
22

q
32

.7
5 ±

 0.
16

d
1.

08
 ±

 0.
02

 l,
m

1.
08

 ±
 0.

02
 l,

m
5.

69
 ±

 0.
03

 l
10

.7
1 ±

 0.
09

c

2
2.

19
 ±

 0.
23

q
23

.7
0 ±

 1.
20

e,
f

0.
89

 ±
 0.

04
p,

q
2.

68
 ±

 0.
09

o
1.

74
 ±

 0.
03

t,u
,v

5.
29

 ±
 0.

06
j

37
.0

8 ±
 2.

49
 s,

t,u
10

1.
51

 ±
 3.

10
f,g

,h
,ı

16
.9

0 ±
 0.

17
t,u

32
.5

1 ±
 0.

86
d

1.
47

 ±
 0.

03
 k

0.
81

 ±
 0.

05
 m

,n
,o

,p
,q

5.
47

 ±
 0.

09
 m

7.
73

 ±
 0.

08
 g

3
2.

78
 ±

 0.
01

p,
q

21
.6

0 ±
 0.

32
 g

,h
0.

92
 ±

 0.
02

p,
q

3.
11

 ±
 0.

13
 m

,n
,o

1.
73

 ±
 0.

03
t,u

,v
4.

84
 ±

 0.
11

 k
,l

38
.4

3 ±
 0.

47
 s,

t
11

2.
24

 ±
 5.

90
b

18
.3

5 ±
 0.

39
q,

r
32

.7
6 ±

 0.
27

d
1.

18
 ±

 0.
05

 k
,l

0.
83

 ±
 0.

04
 m

,n
,o

,p
5.

48
 ±

 0.
07

 m
6.

89
 ±

 0.
28

ı

A
1

1.
05

 ±
 0.

33
r

21
.6

5 ±
 0.

37
 g

,h
0.

58
 ±

 0.
01

p,
q

3.
89

 ±
 0.

26
 l,

m
1.

79
 ±

 0.
03

t,u
5.

40
 ±

 0.
19

ı,j
33

.9
2 ±

 0.
70

t,u
,v

,w
,x

10
1.

56
 ±

 3.
79

f,g
,h

,ı
16

.1
3 ±

 0.
18

v
26

.6
9 ±

 0.
12

 h
0.

73
 ±

 0.
04

o,
p,

q,
r,s

,t
0.

63
 ±

 0.
01

p,
q,

r,s
,t,

u
4.

37
 ±

 0.
09

q
7.

16
 ±

 0.
08

 h

2
0.

66
 ±

 0.
02

r
26

.5
8 ±

 0.
68

d
0.

56
 ±

 0.
02

q
5.

95
 ±

 0.
18

ı
2.

28
 ±

 0.
03

r
8.

82
 ±

 0.
09

f
32

.6
4 ±

 0.
65

u,
v,

w
,x

10
5.

92
 ±

 2.
25

c,
d,

e,
f

18
.4

8 ±
 0.

18
q

28
.3

4 ±
 0.

06
e,

f,g
0.

50
 ±

 0.
03

r,s
,t,

u
1.

08
 ±

 0.
05

 l,
m

2.
48

 ±
 0.

02
v

8.
76

 ±
 0.

07
e

3
0.

79
 ±

 0.
05

r
28

.9
6 ±

 0.
09

c
0.

76
 ±

 0.
04

p,
q

8.
24

 ±
 0.

06
 h

1.
73

 ±
 0.

08
t,u

,v
7.

46
 ±

 0.
08

 g
35

.0
6 ±

 0.
36

 s,
t,u

,v
77

.5
3 ±

 1.
50

 m
,n

18
.4

7 ±
 0.

49
q

26
.0

6 ±
 0.

08
 h

0.
65

 ±
 0.

06
p,

q,
r,s

,t,
u

3.
28

 ±
 0.

16
 h

4.
62

 ±
 0.

06
o

5.
58

 ±
 0.

28
 l,

m

H
1

0.
16

 ±
 0.

04
r

18
.0

1 ±
 0.

80
 l

0.
48

 ±
 0.

01
q

5.
95

 ±
 0.

15
ı

1.
27

 ±
 0.

07
w

,x
4.

33
 ±

 0.
07

n
29

.8
8 ±

 0.
51

w
,x

80
.7

5 ±
 3.

56
 m

16
.9

8 ±
 0.

04
t,u

27
.6

8 ±
 0.

28
 g

0.
61

 ±
 0.

05
p,

q,
r,s

,t,
u

2.
57

 ±
 0.

10
ı

3.
42

 ±
 0.

04
 s

3.
88

 ±
 0.

06
r

2
0.

41
 ±

 0.
01

r
20

.9
3 ±

 0.
89

 h
,ı

0.
43

 ±
 0.

01
q

4.
39

 ±
 0.

07
 k

,l
1.

81
 ±

 0.
01

 s,
t,u

5.
26

 ±
 0.

25
j

31
.5

2 ±
 0.

33
v,

w
,x

97
.4

8 ±
 3.

02
ı,j

,k
18

.2
8 ±

 0.
32

q,
r

34
.7

4 ±
 0.

10
c

0.
51

 ±
 0.

06
q,

r,s
,t,

u
2.

79
 ±

 0.
07

ı
4.

86
 ±

 0.
06

n
4.

43
 ±

 0.
18

p,
q

3
0.

42
 ±

 0.
01

r
18

.3
4 ±

 0.
79

 k
,l

0.
47

 ±
 0.

01
q

2.
87

 ±
 0.

08
n,

o
1.

67
 ±

 0.
04

t,u
,v

4.
83

 ±
 0.

08
 k

,l
32

.5
7 ±

 0.
69

u,
v,

w
,x

99
.5

3 ±
 3.

64
 h

,ı,
j

20
.6

8 ±
 0.

86
o

32
.9

3 ±
 0.

06
d

0.
45

 ±
 0.

01
t,u

2.
11

 ±
 0.

20
j

4.
99

 ±
 0.

04
n

4.
39

 ±
 0.

23
q

EA
1

0.
54

 ±
 0.

02
r

24
.1

2 ±
 1.

06
e

0.
71

 ±
 0.

03
p,

q
2.

88
 ±

 0.
11

n,
o

1.
49

 ±
 0.

06
v,

w
4.

87
 ±

 0.
24

 k
,l

31
.5

3 ±
 0.

86
v,

w
,x

10
8.

18
 ±

 1.
93

b,
c,

d
17

.4
0 ±

 0.
53

 s,
t

37
.2

8 ±
 1.

56
b

0.
74

 ±
 0.

02
o,

p,
q,

r,s
,t

1.
04

 ±
 0.

02
 l,

m
,n

1.
72

 ±
 0.

04
x

8.
02

 ±
 0.

03
f

2
0.

59
 ±

 0.
01

r
21

.1
7 ±

 1.
01

 h
,ı

0.
58

 ±
 0.

03
p,

q
2.

85
 ±

 0.
04

n,
o

1.
53

 ±
 0.

01
u,

v,
w

4.
36

 ±
 0.

03
 m

,n
29

.7
2 ±

 1.
86

x
10

4.
99

 ±
 4.

07
d,

e,
f,g

17
.7

2 ±
 0.

14
r,s

39
.7

1 ±
 0.

60
a

0.
80

 ±
 0.

01
 m

,n
,o

,p
,q

,r
0.

83
 ±

 0.
02

 m
,n

,o
,p

0.
76

 ±
 0.

05
z

5.
46

 ±
 0.

32
 m

3
0.

63
 ±

 0.
01

r
21

.4
2 ±

 0.
50

 h
0.

58
 ±

 0.
01

p,
q

5.
43

 ±
 0.

25
ı,j

1.
25

 ±
 0.

01
w

,x
4.

92
 ±

 0.
10

 k
32

.4
5 ±

 1.
53

u,
v,

w
,x

11
0.

09
 ±

 4.
26

b,
c

21
.0

0 ±
 0.

10
o

28
.1

0 ±
 0.

08
f,g

0.
62

 ±
 0.

04
p,

q,
r,s

,t,
u

1.
02

 ±
 0.

01
 l,

m
,n

,o
0.

85
 ±

 0.
01

z
6.

95
 ±

 0.
11

ı

PE
1

0.
13

 ±
 0.

01
r

22
.6

6 ±
 0.

21
f,g

0.
77

 ±
 0.

06
p,

q
2.

88
 ±

 0.
10

n,
o

1.
24

 ±
 0.

04
w

,x
4.

62
 ±

 0.
02

 l,
m

36
.9

9 ±
 0.

82
 s,

t,u
10

3.
07

 ±
 2.

26
e,

f,g
,h

20
.3

5 ±
 0.

54
o,

p
35

.1
4 ±

 0.
11

c
0.

56
 ±

 0.
04

p,
q,

r,s
,t,

u
6.

32
 ±

 0.
09

b,
c

0.
44

 ±
 0.

03
aa

5.
47

 ±
 0.

02
 m

2
0.

14
 ±

 0.
01

r
21

.8
3 ±

 0.
14

 g
,h

0.
45

 ±
 0.

01
q

5.
22

 ±
 0.

02
ı,j

1.
16

 ±
 0.

07
x,

y
4.

60
 ±

 0.
19

 l,
m

,n
35

.2
8 ±

 0.
27

 s,
t,u

,v
11

9.
92

 ±
 0.

49
a

22
.0

8 ±
 0.

43
n

28
.2

5 ±
 0.

06
e,

f,g
0.

40
 ±

 0.
02

u
6.

05
 ±

 0.
07

c,
d

0.
24

 ±
 0.

02
ab

5.
51

 ±
 0.

16
 m

3
0.

14
 ±

 0.
01

r
18

.8
5 ±

 0.
58

 k
,l

0.
51

 ±
 0.

09
q

3.
29

 ±
 0.

03
 m

,n
,o

0.
89

 ±
 0.

01
y

5.
61

 ±
 0.

14
 h

,ı
38

.6
7 ±

 0.
49

 s,
t

10
0.

36
 ±

 3.
90

 g
,h

,I,
j

24
.0

8 ±
 0.

23
j,k

33
.1

8 ±
 0.

13
d

0.
44

 ±
 0.

02
t,u

1.
88

 ±
 0.

32
j

0.
58

 ±
 0.

01
aa

4.
85

 ±
 0.

35
n



235European Food Research and Technology (2022) 248:219–241	

1 3

Ta
bl

e 
8  

S
pe

ct
ro

sc
op

ic
 a

na
ly

si
s r

es
ul

ts
 o

f o
le

as
te

r s
he

ll 
sa

m
pl

es

W
 w

at
er

, M
 m

et
ha

no
l, 

E 
et

ha
no

l, 
B 

bu
ta

no
l, 

A 
ac

et
on

e,
 H

 h
ex

an
e,

 E
A 

et
hy

l a
ce

ta
te

, P
E 

pe
tro

le
um

 e
th

er
, S

E 
so

lv
en

t e
xt

ra
ct

io
n,

 A
H

 a
ci

di
c 

hy
dr

ol
ys

is
, T

PC
 m

g 
G

A
E/

g 
sa

m
pl

e,
 F

RA
P-

AB
TS

-
C

H
RO

M
AC

 m
g 

TE
/g

 sa
m

pl
e,

 D
PP

H
 IC

50
 (m

g 
TE

/g
 sa

m
pl

e)
, T

FC
 m

g 
Q

E/
g 

sa
m

pl
e,

 T
C

C
​ m

g 
B

C
/g

 sa
m

pl
e

*T
w

o 
re

pl
ic

at
es

 ±
 S

ta
nd

ar
d 

de
vi

at
io

n
a–

z  Lo
w

er
ca

se
 su

pe
rs

cr
ip

ts
 in

 th
e 

di
ffe

re
nt

 e
xt

ra
ct

io
n 

gr
ou

ps
 in

di
ca

te
 si

gn
ifi

ca
nt

 d
iff

er
en

ce
s b

et
w

ee
n 

m
ea

ns
 o

f s
pe

ct
ro

sc
op

ic
 re

su
lts

 fo
r o

le
as

te
r s

am
pl

es
 in

 a
 m

et
ho

d 
(p

 <
 0.

05
)

So
l-

ve
nt

Sa
m

-
pl

e
TP

C
FR

A
P

A
B

TS
C

H
RO

M
A

C
D

PP
H

TF
C

TC
C

​

SE
A

H
SE

A
H

SE
A

H
SE

A
H

SE
A

H
SE

A
H

SE
A

H

W
1

12
.8

5 ±
 0.

40
q

14
.2

5 ±
 0.

62
o,

p
1.

91
 ±

 0.
03

 m
,n

,o
,p

1.
85

 ±
 0.

05
n,

o,
p,

q
3.

49
 ±

 0.
10

 s
4.

80
 ±

 0.
04

q,
r

46
.6

0 ±
 1.

76
r,s

72
.0

2 ±
 4.

28
 k

17
.0

7 ±
 0.

15
v,

w
,x

34
.4

2 ±
 0.

90
a

0.
30

 ±
 0.

01
x

0.
12

 ±
 0.

01
y

7.
80

 ±
 0.

03
 g

5.
43

 ±
 0.

03
 l

2
16

.2
2 ±

 0.
19

n
18

.4
1 ±

 0.
74

 k
,l

2.
12

 ±
 0.

10
 m

,n
4.

09
 ±

 0.
20

 g
7.

03
 ±

 0.
14

 l
7.

29
 ±

 0.
04

 k
,l

36
.7

4 ±
 0.

88
w

,x
65

.1
8 ±

 3.
45

 l
15

.4
3 ±

 0.
03

y,
z

34
.2

4 ±
 0.

91
a

0.
32

 ±
 0.

01
w

,x
0.

54
 ±

 0.
01

q,
r,s

,t
3.

71
 ±

 0.
02

q
2.

33
 ±

 0.
02

 s

3
16

.9
9 ±

 0.
98

 m
,n

17
.7

2 ±
 0.

12
 l,

m
1.

71
 ±

 0.
05

o,
p,

q
3.

38
 ±

 0.
05

 h
,ı

9.
51

 ±
 0.

03
 h

6.
46

 ±
 0.

16
 m

47
.3

8 ±
 0.

61
r,s

69
.9

1 ±
 1.

12
 k

17
.4

3 ±
 0.

17
t,u

,v
,w

29
.1

9 ±
 0.

09
 h

0.
16

 ±
 0.

01
y

0.
36

 ±
 0.

01
v,

w
,x

2.
06

 ±
 0.

04
t

3.
77

 ±
 0.

07
q

M
1

8.
41

 ±
 0.

06
t

14
.8

9 ±
 0.

10
o

1.
48

 ±
 0.

07
q

3.
15

 ±
 0.

22
ı,j

,k
2.

56
 ±

 0.
10

u
5.

05
 ±

 0.
06

q
42

.2
8 ±

 0.
28

t,u
81

.4
9 ±

 0.
78

ı
15

.7
7 ±

 0.
08

y
31

.6
3 ±

 0.
07

e
0.

51
 ±

 0.
01

r,s
,t

0.
48

 ±
 0.

01
t,u

,v
1.

77
 ±

 0.
03

u,
v

3.
18

 ±
 0.

02
r

2
9.

26
 ±

 0.
05

 s
18

.8
2 ±

 0.
49

 k
1.

56
 ±

 0.
04

p,
q

5.
09

 ±
 0.

21
f

4.
55

 ±
 0.

20
r

5.
82

 ±
 0.

11
o

37
.2

9 ±
 0.

76
w

,x
54

.7
8 ±

 0.
54

o,
p

14
.7

6 ±
 0.

03
z,

aa
24

.8
6 ±

 0.
03

 k
0.

52
 ±

 0.
02

q,
r,s

,t
1.

54
 ±

 0.
01

ı
1.

65
 ±

 0.
01

v,
w

4.
58

 ±
 0.

01
o

3
10

.4
5 ±

 0.
32

r
21

.2
7 ±

 0.
18

j
2.

04
 ±

 0.
01

 m
,n

,o
6.

46
 ±

 0.
44

e
14

.1
7 ±

 0.
30

f
6.

23
 ±

 0.
06

 m
,n

45
.4

3 ±
 2.

70
 s,

t
82

.7
4 ±

 3.
56

ı
14

.4
8 ±

 0.
08

aa
25

.9
9 ±

 0.
04

ı
0.

70
 ±

 0.
02

n,
o,

p
1.

87
 ±

 0.
05

 h
1.

90
 ±

 0.
01

t,u
6.

06
 ±

 0.
01

j

E
1

3.
22

 ±
 0.

10
u

13
.7

8 ±
 0.

46
p

0.
73

 ±
 0.

02
r,s

,t
2.

95
 ±

 0.
14

j,k
,l

7.
43

 ±
 0.

21
j,k

4.
76

 ±
 0.

11
q,

r
42

.6
2 ±

 2.
01

t,u
71

.2
4 ±

 1.
73

 k
18

.0
2 ±

 0.
12

r,s
,t

31
.8

8 ±
 0.

03
d,

e
0.

35
 ±

 0.
01

v,
w

,x
0.

54
 ±

 0.
01

q,
r,s

,t
1.

11
 ±

 0.
02

y
4.

82
 ±

 0.
40

n

2
2.

99
 ±

 0.
12

u,
v

26
.5

0 ±
 0.

15
 g

0.
80

 ±
 0.

06
r,s

,t
15

.1
1 ±

 0.
24

b
23

.3
0 ±

 0.
14

a
16

.9
4 ±

 0.
45

d
51

.5
9 ±

 1.
34

p,
q

49
.3

7 ±
 3.

51
q,

r
18

.1
8 ±

 0.
02

q,
r,s

23
.5

0 ±
 0.

04
 l

0.
33

 ±
 0.

02
w

,x
4.

81
 ±

 0.
17

b
0.

85
 ±

 0.
01

z,
aa

5.
82

 ±
 0.

03
 k

3
2.

77
 ±

 0.
01

u,
v,

w
26

.3
0 ±

 0.
77

 g
0.

66
 ±

 0.
01

r,s
,t

16
.7

7 ±
 0.

68
a

22
.9

1 ±
 0.

02
b

19
.8

5 ±
 0.

52
c

57
.9

0 ±
 0.

02
 m

,n
,o

56
.8

3 ±
 2.

51
n,

o
18

.6
1 ±

 0.
34

p,
q,

r
25

.0
4 ±

 0.
03

j,k
0.

37
 ±

 0.
01

u,
v,

w
,x

5.
13

 ±
 0.

14
a

0.
88

 ±
 0.

04
z

4.
73

 ±
 0.

01
n,

o

B
1

2.
20

 ±
 0.

03
v,

w
,x

,y
29

.3
4 ±

 0.
30

e
0.

73
 ±

 0.
04

r,s
,t

4.
28

 ±
 0.

31
 g

1.
60

 ±
 0.

01
w

9.
47

 ±
 0.

15
 h

36
.0

0 ±
 1.

25
x

10
5.

67
 ±

 2.
07

b,
c

19
.4

4 ±
 0.

42
o

31
.8

9 ±
 0.

05
d,

e
0.

65
 ±

 0.
02

o,
p,

q
0.

97
 ±

 0.
06

 k
1.

60
 ±

 0.
06

v,
w

25
.9

2 ±
 0.

08
c

2
2.

15
 ±

 0.
01

w
,x

,y
30

.3
1 ±

 0.
90

d
0.

66
 ±

 0.
06

r,s
,t

5.
11

 ±
 0.

33
f

1.
76

 ±
 0.

06
v,

w
7.

03
 ±

 0.
21

 l
42

.6
4 ±

 0.
88

t,u
10

8.
02

 ±
 2.

32
b

18
.6

9 ±
 0.

14
p,

q,
r

31
.6

2 ±
 0.

01
e

0.
61

 ±
 0.

03
p,

q,
r,s

1.
36

 ±
 0.

02
j

1.
11

 ±
 0.

08
y

32
.0

9 ±
 0.

14
b

3
2.

32
 ±

 0.
07

v,
w

,x
29

.5
3 ±

 0.
40

d,
e

0.
86

 ±
 0.

05
r,s

5.
04

 ±
 0.

08
f

4.
88

 ±
 0.

07
q

6.
17

 ±
 0.

32
 m

,n
37

.8
5 ±

 1.
48

w
,x

10
0.

03
 ±

 0.
69

d,
e,

f
18

.2
6 ±

 0.
49

q,
r,s

31
.6

0 ±
 0.

38
e

0.
65

 ±
 0.

03
o,

p,
q,

r
1.

24
 ±

 0.
03

j
1.

12
 ±

 0.
02

y
34

.7
4 ±

 0.
06

a

A
1

1.
89

 ±
 0.

04
x,

y,
z

24
.6

0 ±
 0.

96
 h

0.
78

 ±
 0.

02
r,s

,t
4.

21
 ±

 0.
33

 g
3.

47
 ±

 0.
04

 s
7.

48
 ±

 0.
21

j,k
36

.5
1 ±

 1.
09

w
,x

97
.6

4 ±
 2.

60
f,g

16
.6

0 ±
 0.

01
x

29
.0

7 ±
 0.

28
 h

0.
53

 ±
 0.

02
q,

r,s
,t

0.
92

 ±
 0.

02
 k

,l
0.

56
 ±

 0.
16

ab
,a

c
16

.2
5 ±

 0.
06

d

2
1.

79
 ±

 0.
03

x,
y,

z,
aa

36
.1

5 ±
 0.

93
a

0.
98

 ±
 0.

04
r

11
.8

4 ±
 0.

43
c

2.
60

 ±
 0.

05
u

15
.2

1 ±
 0.

13
e

36
.1

9 ±
 0.

17
x

58
.5

0 ±
 0.

28
 m

,n
16

.7
7 ±

 0.
27

w
,x

24
.9

1 ±
 0.

09
 k

0.
47

 ±
 0.

02
t,u

,v
4.

31
 ±

 0.
26

c
1.

47
 ±

 0.
07

w
,x

10
.4

2 ±
 0.

36
e

3
1.

49
 ±

 0.
09

y,
z,

aa
,a

b
36

.1
6 ±

 0.
49

a
0.

71
 ±

 0.
03

r,s
,t

9.
86

 ±
 0.

08
d

1.
88

 ±
 0.

08
v,

w
10

.7
6 ±

 0.
07

 g
36

.2
1 ±

 1.
43

x
59

.1
1 ±

 0.
88

 m
,n

17
.8

0 ±
 0.

34
 s,

t,u
25

.6
7 ±

 0.
02

ı,j
0.

49
 ±

 0.
02

 s,
t,u

,v
3.

87
 ±

 0.
03

d
0.

92
 ±

 0.
05

y,
z

9.
43

 ±
 0.

23
f

H
1

0.
40

 ±
 0.

01
ac

18
.1

2 ±
 0.

47
 k

,l
0.

45
 ±

 0.
03

t
2.

25
 ±

 0.
06

 m
1.

95
 ±

 0.
03

v
5.

79
 ±

 0.
20

o,
p

35
.0

0 ±
 1.

20
x

94
.5

7 ±
 1.

69
 g

,h
18

.7
0 ±

 0.
22

p,
q

32
.3

8 ±
 0.

30
c,

d
0.

32
 ±

 0.
02

w
,x

3.
55

 ±
 0.

22
e

1.
50

 ±
 0.

16
w

,x
5.

16
 ±

 0.
24

 m

2
0.

37
 ±

 0.
06

ac
22

.2
8 ±

 0.
32

ı
0.

64
 ±

 0.
01

r,s
,t

2.
87

 ±
 0.

01
 k

,l
3.

09
 ±

 0.
12

t
6.

02
 ±

 0.
08

n,
o

40
.1

6 ±
 2.

54
u,

v,
w

10
7.

70
 ±

 2.
63

b
22

.2
7 ±

 0.
99

 m
33

.1
3 ±

 0.
35

b
0.

43
 ±

 0.
02

t,u
,v

,w
,x

2.
16

 ±
 0.

08
 g

0.
31

 ±
 0.

02
ad

,a
e

4.
15

 ±
 0.

42
p

3
0.

37
 ±

 0.
05

ac
28

.2
8 ±

 0.
26

f
0.

64
 ±

 0.
05

r,s
,t

3.
65

 ±
 0.

08
 h

1.
60

 ±
 0.

05
w

6.
19

 ±
 0.

19
 m

,n
41

.8
1 ±

 0.
77

t,u
,v

99
.4

1 ±
 2.

51
e,

f
20

.8
1 ±

 0.
71

n
32

.3
2 ±

 0.
08

c,
d

0.
50

 ±
 0.

01
 s,

t,u
2.

34
 ±

 0.
09

f
0.

52
 ±

 0.
02

ac
,a

d
3.

56
 ±

 q  0
.1

0

EA
1

1.
14

 ±
 0.

07
z,

aa
,a

b,
ac

29
.5

7 ±
 0.

33
d,

e
0.

65
 ±

 0.
04

r,s
,t

4.
11

 ±
 0.

37
 g

1.
72

 ±
 0.

06
v,

w
7.

00
 ±

 0.
15

 l
37

.0
6 ±

 2.
76

w
,x

10
3.

32
 ±

 1.
38

c,
d

16
.8

8 ±
 0.

45
w

,x
31

.2
2 ±

 0.
30

e
0.

50
 ±

 0.
03

 s,
t

0.
82

 ±
 0.

02
 l,

m
,n

0.
72

 ±
 0.

02
z,

aa
,a

b,
ac

6.
85

 ±
 0.

08
 h

2
0.

96
 ±

 0.
01

aa
,a

b,
ac

32
.2

8 ±
 0.

61
b

0.
62

 ±
 0.

04
r,s

,t
4.

39
 ±

 0.
34

 g
1.

71
 ±

 0.
11

v,
w

7.
62

 ±
 0.

13
ı,j

38
.3

7 ±
 1.

97
v,

w
,x

92
.3

9 ±
 0.

03
 h

18
.0

7 ±
 0.

22
q,

r,s
,t

30
.2

7 ±
 0.

27
f

0.
62

 ±
 0.

01
p,

q,
r,s

0.
82

 ±
 0.

02
 l,

m
,n

0.
65

 ±
 0.

01
aa

,a
b,

ac
5.

72
 ±

 0.
22

 k

3
0.

76
 ±

 0.
06

ab
,a

c
31

.1
8 ±

 0.
58

c
0.

64
 ±

 0.
02

r,s
,t

4.
22

 ±
 0.

12
 g

1.
79

 ±
 0.

06
v,

w
7.

94
 ±

 0.
05

ı
37

.6
4 ±

 0.
29

w
,x

10
2.

82
 ±

 0.
44

c,
d,

e
17

.7
0 ±

 0.
13

 s,
t,u

,v
29

.9
6 ±

 0.
08

f,g
0.

55
 ±

 0.
01

q,
r,s

,t
0.

75
 ±

 0.
03

 m
,n

,o
0.

29
 ±

 0.
01

ae
9.

34
 ±

 0.
02

f

PE
1

0.
53

 ±
 0.

04
ac

21
.9

6 ±
 0.

40
ı,j

0.
45

 ±
 0.

01
t

2.
68

 ±
 0.

10
 l

1.
76

 ±
 0.

04
v,

w
7.

00
 ±

 0.
12

 l
76

.0
4 ±

 0.
74

j
94

.8
6 ±

 0.
84

 g
,h

18
.1

0 ±
 0.

15
q,

r,s
,t

32
.8

2 ±
 0.

45
b,

c
0.

44
 ±

 0.
01

t,u
,v

,w
1.

25
 ±

 0.
11

j
1.

50
 ±

 0.
17

w
,x

7.
05

 ±
 0.

70
 h

2
0.

40
 ±

 0.
02

ac
26

.3
8 ±

 0.
53

 g
0.

55
 ±

 0.
01

 s,
t

3.
20

 ±
 0.

29
ı,j

,k
1.

64
 ±

 0.
03

v,
w

6.
30

 ±
 0.

27
 m

,n
61

.2
0 ±

 1.
57

 m
10

0.
70

 ±
 3.

00
d,

e,
f

18
.9

9 ±
 0.

30
o,

p
29

.4
8 ±

 0.
17

 g
,h

0.
88

 ±
 0.

03
 k

,l,
m

0.
69

 ±
 0.

04
n,

o,
p

0.
76

 ±
 0.

02
z,

aa
,a

b
6.

48
 ±

 0.
23

ı

3
0.

46
 ±

 0.
01

ac
26

.8
6 ±

 0.
31

 g
0.

50
 ±

 0.
04

 s,
t

3.
31

 ±
 0.

04
 h

,ı,
j 1.

73
 ±

 0.
07

v,
w

5.
47

 ±
 0.

04
p

73
.0

8 ±
 0.

29
j,k

11
7.

86
 ±

 1.
63

a
17

.1
9 ±

 0.
03

u,
v,

w
,x

31
.7

2 ±
 0.

34
d,

e
0.

69
 ±

 0.
02

n,
o,

p
1.

62
 ±

 0.
09

ı
1.

36
 ±

 0.
15

x
5.

77
 ±

 0.
17

 k



236	 European Food Research and Technology (2022) 248:219–241

1 3

Ta
bl

e 
9  

S
pe

ct
ro

sc
op

ic
 a

na
ly

si
s r

es
ul

ts
 o

f o
le

as
te

r c
or

e 
sa

m
pl

es

W
 w

at
er

, M
 m

et
ha

no
l, 

E 
et

ha
no

l, 
B 

bu
ta

no
l, 

A 
ac

et
on

e,
 H

 h
ex

an
e,

 E
A 

et
hy

l a
ce

ta
te

, P
E 

pe
tro

le
um

 e
th

er
, S

E 
so

lv
en

t e
xt

ra
ct

io
n,

 A
H

 a
ci

di
c 

hy
dr

ol
ys

is
, T

PC
 m

g 
G

A
E/

g 
sa

m
pl

e,
 F

RA
P-

AB
TS

-
C

H
RO

M
AC

 m
g 

TE
/g

 sa
m

pl
e,

 D
PP

H
 IC

50
 (m

g 
TE

/g
 sa

m
pl

e)
, T

FC
 m

g 
Q

E/
g 

sa
m

pl
e,

 T
C

C
​ m

g 
B

C
/g

 sa
m

pl
e

*T
w

o 
re

pl
ic

at
es

 ±
 S

ta
nd

ar
d 

de
vi

at
io

n
a–

z  Lo
w

er
ca

se
 su

pe
rs

cr
ip

ts
 in

 th
e 

di
ffe

re
nt

 e
xt

ra
ct

io
n 

gr
ou

ps
 in

di
ca

te
 si

gn
ifi

ca
nt

 d
iff

er
en

ce
s b

et
w

ee
n 

m
ea

ns
 o

f s
pe

ct
ro

sc
op

ic
 re

su
lts

 fo
r o

le
as

te
r s

am
pl

es
 in

 a
 m

et
ho

d 
(p

 <
 0.

05
)

So
l-

ve
nt

Sa
m

-
pl

e
TP

C
FR

A
P

A
B

TS
C

H
RO

M
A

C
D

PP
H

TF
C

TC
C

​

SE
A

H
SE

A
H

SE
A

H
SE

A
H

SE
A

H
SE

A
H

SE
A

H

W
1

21
.5

2 ±
 0.

21
r,s

22
.8

2 ±
 0.

50
r

10
.9

0 ±
 0.

42
xy

7.
64

 ±
 0.

38
z

16
.6

1 ±
 0.

15
y

15
.0

5 ±
 0.

35
z

77
.1

4 ±
 0.

47
q,

r
12

5.
01

 ±
 3.

03
j

25
.8

1 ±
 0.

02
 s

67
.5

5 ±
 1.

00
a

1.
57

 ±
 0.

03
ad

2.
01

 ±
 0.

09
ad

10
.6

5 ±
 0.

55
q

5.
69

 ±
 0.

32
v

2
26

.7
1 ±

 0.
46

p,
q

36
.8

8 ±
 0.

75
n

12
.3

9 ±
 0.

60
w

10
.6

8 ±
 0.

18
y

19
.9

7 ±
 0.

05
w

32
.0

5 ±
 0.

33
q

77
.4

9 ±
 0.

78
p,

q,
r

11
1.

95
 ±

 0.
18

 k
25

.1
5 ±

 0.
03

t
53

.5
5 ±

 0.
33

b
3.

14
 ±

 0.
02

ac
2.

05
 ±

 0.
04

ad
6.

89
 ±

 0.
04

u
3.

16
 ±

 0.
03

z

3
28

.2
4 ±

 1.
03

p,
q

36
.7

0 ±
 0.

92
n

14
.1

8 ±
 0.

17
v

15
.3

6 ±
 0.

23
u,

v
25

.8
5 ±

 0.
20

 s
31

.1
9 ±

 0.
81

r
82

.8
4 ±

 0.
81

o,
p

12
7.

22
 ±

 3.
86

j
24

.9
8 ±

 0.
04

t,u
53

.9
1 ±

 0.
08

b
4.

72
 ±

 0.
12

aa
,a

b
3.

66
 ±

 0.
16

ac
8.

82
 ±

 1.
21

r
8.

50
 ±

 0.
43

 s

M
1

32
.9

7 ±
 0.

42
o

51
.2

4 ±
 0.

89
 l

26
.3

4 ±
 1.

01
r

36
.2

9 ±
 0.

39
p

36
.2

7 ±
 0.

09
o

45
.7

8 ±
 0.

96
 m

73
.7

8 ±
 2.

30
r,s

16
4.

80
 ±

 3.
04

 h
23

.9
0 ±

 0.
02

v,
w

51
.0

9 ±
 0.

02
c,

d
12

.0
7 ±

 0.
33

p,
q

8.
40

 ±
 0.

01
t,u

8.
34

 ±
 0.

07
 s,

t
12

.1
3 ±

 0.
01

o

2
35

.0
1 ±

 0.
56

n,
o

71
.5

3 ±
 0.

32
 h

47
.9

9 ±
 1.

21
 l,

m
51

.4
4 ±

 1.
31

 k
38

.3
9 ±

 0.
25

n
56

.6
6 ±

 0.
50

ı
98

.4
1 ±

 3.
88

 l,
m

18
5.

51
 ±

 2.
89

f
24

.2
7 ±

 0.
02

v,
w

49
.9

8 ±
 0.

02
e

11
.9

3 ±
 0.

17
p,

q
14

.1
8 ±

 0.
25

 m
8.

07
 ±

 0.
01

t
11

.2
2 ±

 0.
01

p

3
44

.9
3 ±

 1.
34

 m
69

.1
3 ±

 1.
60

 h
,ı

40
.7

7 ±
 0.

47
o

54
.0

8 ±
 1.

71
j

51
.2

0 ±
 0.

26
 k

56
.3

0 ±
 0.

13
ı

10
0.

11
 ±

 1.
91

 l
18

7.
93

 ±
 2.

74
f

24
.0

8 ±
 0.

01
v,

w
49

.3
7 ±

 0.
01

f
14

.8
2 ±

 0.
11

 k
,l,

m
14

.4
8 ±

 0.
19

 l,
m

10
.6

9 ±
 0.

01
q

14
.5

9 ±
 0.

01
 m

E
1

16
.7

3 ±
 0.

46
t

60
.6

0 ±
 3.

36
 k

12
.2

3 ±
 0.

90
w

,x
47

.1
6 ±

 0.
98

 m
18

.4
3 ±

 0.
12

x
54

.8
2 ±

 0.
28

j
33

.6
2 ±

 1.
52

z
16

3.
15

 ±
 1.

88
 h

24
.9

1 ±
 0.

02
t,u

48
.3

8 ±
 0.

03
 g

,h
9.

22
 ±

 0.
11

 s,
t

10
.3

1 ±
 0.

05
r

3.
07

 ±
 0.

06
z,

aa
15

.4
7 ±

 0.
01

 l

2
19

.7
9 ±

 0.
90

 s
69

.5
0 ±

 0.
17

 h
,ı

14
.7

6 ±
 1.

03
u,

v
56

.2
5 ±

 0.
98

ı
21

.9
8 ±

 0.
32

v
70

.2
9 ±

 0.
29

 g
45

.5
8 ±

 0.
69

y
17

8.
80

 ±
 1.

57
 g

23
.7

2 ±
 0.

01
w

49
.4

2 ±
 0.

06
e,

f
9.

54
 ±

 0.
59

r,s
16

.0
4 ±

 0.
78

ı,j
4.

16
 ±

 0.
01

y
13

.7
5 ±

 0.
02

n

3
23

.3
0 ±

 0.
13

r
58

.8
3 ±

 1.
77

 k
19

.0
0 ±

 0.
26

t
51

.9
9 ±

 0.
20

 k
25

.0
0 ±

 0.
01

t
58

.7
6 ±

 0.
92

 h
66

.6
8 ±

 0.
56

t
16

8.
39

 ±
 5.

68
 h

24
.0

3 ±
 0.

01
v,

w
48

.6
1 ±

 0.
31

 g
9.

40
 ±

 0.
43

 s
14

.6
1 ±

 0.
53

 l,
m

4.
67

 ±
 0.

01
x

21
.4

1 ±
 0.

01
 g

B
1

3.
23

 ±
 0.

07
u,

v,
w

68
.1

7 ±
 0.

91
ı

1.
95

 ±
 0.

13
aa

45
.0

3 ±
 0.

37
n

4.
25

 ±
 0.

14
ab

,a
c

50
.3

0 ±
 0.

43
 l

57
.8

4 ±
 0.

85
v

11
0.

22
 ±

 0.
54

 k
30

.6
5 ±

 0.
32

q,
r

48
.3

7 ±
 0.

01
 g

,h
6.

40
 ±

 0.
30

v,
w

15
.6

0 ±
 0.

54
j,k

2.
54

 ±
 0.

01
ab

16
.5

2 ±
 0.

16
j

2
3.

86
 ±

 0.
07

u,
v

13
1.

55
 ±

 2.
88

c
2.

67
 ±

 0.
20

aa
15

5.
05

 ±
 0.

91
f

5.
49

 ±
 0.

28
aa

12
5.

98
 ±

 0.
42

c
60

.0
1 ±

 1.
59

u,
v

24
6.

45
 ±

 1.
12

d
30

.1
7 ±

 0.
10

r
47

.7
4 ±

 0.
01

ı,j
6.

76
 ±

 0.
01

v
42

.3
0 ±

 0.
68

a
2.

19
 ±

 0.
06

ac
19

.9
6 ±

 0.
03

ı

3
4.

14
 ±

 0.
15

u
12

5.
51

 ±
 0.

04
d

2.
68

 ±
 0.

15
aa

16
1.

11
 ±

 0.
25

e
4.

81
 ±

 0.
09

aa
,a

b
12

7.
08

 ±
 0.

32
b

66
.9

7 ±
 1.

22
t

25
1.

15
 ±

 3.
93

d
30

.7
7 ±

 0.
19

p,
q

47
.2

9 ±
 0.

08
j

6.
15

 ±
 0.

32
v,

w
,x

36
.7

4 ±
 0.

97
b

2.
79

 ±
 0.

21
aa

,a
b

33
.4

6 ±
 0.

05
c

A
1

26
.2

0 ±
 0.

20
q

13
1.

57
 ±

 1.
74

c
22

.8
6 ±

 0.
80

 s
31

3.
66

 ±
 0.

06
b

31
.0

6 ±
 0.

35
r

12
8.

87
 ±

 0.
01

a
24

.7
0 ±

 0.
62

aa
31

1.
30

 ±
 2.

97
c

24
.2

4 ±
 0.

01
v,

w
47

.6
4 ±

 0.
01

ı,j
13

.2
3 ±

 0.
82

n
12

.3
5 ±

 0.
55

o,
p

6.
86

 ±
 0.

02
u

23
.8

6 ±
 0.

02
d

2
21

.2
1 ±

 0.
83

r,s
13

8.
87

 ±
 0.

82
b

16
.1

7 ±
 1.

08
u

33
6.

12
 ±

 0.
83

a
23

.3
8 ±

 0.
13

u
12

9.
26

 ±
 0.

10
a

66
.6

2 ±
 0.

96
t

32
4.

48
 ±

 0.
56

b
24

.4
6 ±

 0.
04

u,
v

47
.8

1 ±
 0.

01
 h

,ı,
j

7.
69

 ±
 0.

14
u

15
.1

6 ±
 0.

40
 k

,l
5.

09
 ±

 0.
35

w
20

.8
3 ±

 0.
01

 h

3
34

.9
6 ±

 1.
27

n,
o

15
8.

73
 ±

 1.
27

a
33

.3
1 ±

 1.
26

q
27

1.
01

 ±
 0.

62
c

33
.1

3 ±
 0.

26
p

12
9.

09
 ±

 0.
01

a
82

.5
4 ±

 2.
29

o,
p,

q
33

6.
94

 ±
 7.

32
a

23
.8

7 ±
 0.

01
v,

w
47

.6
9 ±

 0.
01

ı,j
11

.3
0 ±

 0.
12

q
11

.6
6 ±

 0.
02

p,
q

8.
51

 ±
 0.

01
 s

23
.4

1 ±
 0.

04
e

H
1

1.
20

 ±
 0.

03
w

47
.3

5 ±
 1.

46
 m

1.
50

 ±
 0.

08
aa

26
.3

2 ±
 0.

98
r

3.
74

 ±
 0.

13
ac

,a
d

30
.7

8 ±
 0.

24
r

51
.5

5 ±
 1.

17
w

,x
93

.0
2 ±

 3.
59

 m
,n

31
.6

6 ±
 0.

69
o

50
.6

5 ±
 0.

33
d

5.
05

 ±
 0.

32
y,

z,
aa

18
.4

5 ±
 0.

57
 g

1.
51

 ±
 0.

16
ad

40
.1

6 ±
 0.

02
b

2
1.

59
 ±

 0.
07

u,
v,

w
78

.1
4 ±

 3.
06

 g
1.

48
 ±

 0.
05

aa
48

.9
0 ±

 0.
42

 l
4.

17
 ±

 0.
04

ab
,a

c
51

.4
1 ±

 0.
22

 k
70

.0
8 ±

 1.
12

 s,
t

15
3.

25
 ±

 1.
27

ı
33

.2
5 ±

 0.
81

n
48

.5
3 ±

 0.
23

 g
3.

98
 ±

 0.
13

ac
,a

c
17

.2
8 ±

 0.
76

 h
1.

25
 ±

 0.
30

ad
11

.0
3 ±

 0.
06

p

3
1.

94
 ±

 0.
01

u,
v,

w
60

.3
2 ±

 1.
28

 k
1.

53
 ±

 0.
06

aa
44

.5
4 ±

 1.
60

n
3.

28
 ±

 0.
11

ad
,a

e
54

.1
2 ±

 0.
25

j
45

.4
1 ±

 0.
06

y
12

4.
00

 ±
 5.

62
j

35
.5

8 ±
 0.

62
 l

49
.8

9 ±
 0.

14
e,

f
5.

50
 ±

 0.
03

x,
y,

z,
aa

19
.6

1 ±
 0.

28
f

1.
36

 ±
 0.

04
ad

23
.3

3 ±
 0.

02
e

EA
1

1.
57

 ±
 0.

21
v,

w
81

.6
8 ±

 2.
00

f
1.

50
 ±

 0.
07

aa
73

.2
8 ±

 0.
38

 h
4.

65
 ±

 0.
09

ab
75

.6
5 ±

 0.
85

f
54

.6
1 ±

 1.
04

v,
w

20
0.

52
 ±

 8.
66

e
31

.2
6 ±

 0.
60

o,
p

49
.4

8 ±
 0.

09
e,

f
5.

08
 ±

 0.
04

y,
z,

aa
26

.3
6 ±

 1.
23

d
2.

75
 ±

 0.
10

ab
22

.1
4 ±

 0.
03

f

2
2.

24
 ±

 0.
34

u,
v,

w
11

4.
78

 ±
 1.

99
e

1.
80

 ±
 0.

06
aa

21
5.

14
 ±

 1.
48

d
3.

77
 ±

 0.
16

ac
,a

d
11

8.
08

 ±
 0.

86
e

59
.6

0 ±
 1.

38
u,

v
24

9.
10

 ±
 1.

04
d

33
.5

9 ±
 0.

46
n

47
.2

5 ±
 0.

03
j

5.
85

 ±
 0.

62
w

,x
,y

31
.9

7 ±
 0.

17
c

2.
06

 ±
 0.

15
ac

19
.8

1 ±
 0.

03
ı

3
1.

95
 ±

 0.
11

u,
v,

w
11

2.
42

 ±
 3.

06
e

1.
95

 ±
 0.

01
aa

12
9.

15
 ±

 0.
47

 g
3.

29
 ±

 0.
05

ad
,a

e
12

3.
26

 ±
 0.

41
d

48
.1

1 ±
 0.

72
x,

y
24

5.
65

 ±
 5.

27
d

34
.2

3 ±
 0.

13
 m

47
.9

3 ±
 0.

02
 h

,ı
5.

64
 ±

 0.
23

w
,x

,y
,z

21
.9

1 ±
 0.

43
e

4.
96

 ±
 0.

02
w

20
.6

2 ±
 0.

02
 h

PE
1

1.
35

 ±
 0.

01
v,

w
29

.0
9 ±

 1.
00

p
1.

66
 ±

 0.
12

aa
15

.7
1 ±

 0.
45

u
2.

80
 ±

 0.
05

ae
,a

f
20

.0
1 ±

 0.
05

w
38

.5
3 ±

 1.
37

z
94

.0
5 ±

 0.
12

 m
36

.1
6 ±

 0.
33

 l
51

.4
6 ±

 0.
20

c
5.

07
 ±

 0.
33

y,
z,

aa
14

.4
4 ±

 0.
25

 l,
m

2.
07

 ±
 0.

02
ac

39
.9

6 ±
 0.

03
b

2
1.

14
 ±

 0.
08

w
64

.9
9 ±

 0.
80

j
1.

32
 ±

 0.
04

aa
46

.7
9 ±

 1.
01

 m
2.

76
 ±

 0.
07

ae
,a

f
56

.2
8 ±

 0.
50

ı
87

.6
7 ±

 0.
03

n,
o

12
6.

57
 ±

 2.
10

j
38

.2
8 ±

 0.
30

 k
48

.3
7 ±

 0.
17

 g
,h

5.
02

 ±
 0.

20
y,

z,
aa

16
.7

8 ±
 0.

08
 h

,ı
1.

37
 ±

 0.
01

ad
16

.1
6 ±

 0.
01

 k

3
1.

12
 ±

 0.
01

w
44

.9
3 ±

 1.
89

 m
1.

49
 ±

 0.
04

aa
40

.2
7 ±

 0.
86

o
2.

34
 ±

 0.
03

af
36

.2
4 ±

 0.
51

o
64

.5
1 ±

 0.
83

t,u
10

2.
07

 ±
 1.

32
 l

31
.2

5 ±
 0.

32
o,

p
50

.9
5 ±

 0.
29

c,
d

4.
91

 ±
 0.

05
z,

aa
13

.1
7 ±

 0.
57

n,
o

1.
25

 ±
 0.

11
ad

46
.8

2 ±
 0.

04
a



237European Food Research and Technology (2022) 248:219–241	

1 3

Ta
bl

e 
10

  
Sp

ec
tro

sc
op

ic
 a

na
ly

si
s r

es
ul

ts
 o

f o
le

as
te

r fl
ow

er
 sa

m
pl

es

W
 w

at
er

, M
 m

et
ha

no
l, 

E 
et

ha
no

l, 
B 

bu
ta

no
l, 

A 
ac

et
on

e,
 H

 h
ex

an
e,

 E
A 

et
hy

l a
ce

ta
te

, P
E 

pe
tro

le
um

 e
th

er
, S

E 
so

lv
en

t e
xt

ra
ct

io
n,

 A
H

 a
ci

di
c 

hy
dr

ol
ys

is
, T

PC
 m

g 
G

A
E/

g 
sa

m
pl

e,
 F

RA
P-

AB
TS

-
C

H
RO

M
AC

 m
g 

TE
/g

 sa
m

pl
e,

 D
PP

H
 IC

50
 (m

g 
TE

/g
 sa

m
pl

e)
, T

FC
 m

g 
Q

E/
g 

sa
m

pl
e,

 T
C

C
​ m

g 
B

C
/g

 sa
m

pl
e

*T
w

o 
re

pl
ic

at
es

 ±
 S

ta
nd

ar
d 

de
vi

at
io

n
a–

z  Lo
w

er
ca

se
 su

pe
rs

cr
ip

ts
 in

 th
e 

di
ffe

re
nt

 e
xt

ra
ct

io
n 

gr
ou

ps
 in

di
ca

te
 si

gn
ifi

ca
nt

 d
iff

er
en

ce
s b

et
w

ee
n 

m
ea

ns
 o

f s
pe

ct
ro

sc
op

ic
 re

su
lts

 fo
r o

le
as

te
r s

am
pl

es
 in

 a
 m

et
ho

d 
(p

 <
 0.

05
)

So
l-

ve
nt

Sa
m

-
pl

e
TP

C
FR

A
P

A
B

TS
C

H
RO

M
A

C
D

PP
H

TF
C

TC
C

​

SE
A

H
SE

A
H

SE
A

H
SE

A
H

SE
A

H
SE

A
H

SE
A

H

W
1

36
.9

6 ±
 1.

94
p

36
.7

9 ±
 1.

46
p

13
.5

9 ±
 0.

94
o

22
.3

2 ±
 0.

90
n

34
.1

5 ±
 0.

47
r

47
.6

9 ±
 2.

24
n,

o
25

5.
24

 ±
 1.

72
v

59
8.

72
 ±

 2.
04

e,
f

14
8.

70
 ±

 6.
73

z
37

5.
82

 ±
 8.

33
e

2.
66

 ±
 0.

04
 l,

m
,n

,o
,p

3.
73

 ±
 0.

22
j,k

,l,
m

,n
82

.8
3 ±

 0.
81

j
40

.3
8 ±

 1.
31

r

2
31

.2
2 ±

 0.
95

q
37

.3
4 ±

 1.
39

p
11

.7
6 ±

 0.
72

o,
p

20
.7

0 ±
 1.

22
n

28
.4

5 ±
 0.

30
 s

45
.7

3 ±
 0.

75
o

26
5.

38
 ±

 5.
14

n
61

8.
34

 ±
 1.

87
d,

e
16

5.
54

 ±
 6.

06
y,

z
62

0.
75

 ±
 6.

86
b

1.
96

 ±
 0.

06
n,

o,
p

3.
43

 ±
 0.

41
 k

,l,
m

,n
,o

45
.5

7 ±
 0.

01
p,

q
13

2.
74

 ±
 12

.7
8c

3
44

.5
5 ±

 1.
34

n,
o

38
.0

0 ±
 1.

30
p

20
.6

2 ±
 1.

19
n

21
.8

7 ±
 0.

27
n

49
.6

8 ±
 0.

51
n

56
.0

2 ±
 1.

10
 m

24
5.

93
 ±

 4.
88

v
60

3.
98

 ±
 1.

83
e,

f
15

1.
73

 ±
 0.

50
z

43
9.

79
 ±

 3.
69

c
2.

98
 ±

 0.
13

 k
,l,

m
,n

,o
,p

2.
13

 ±
 0.

14
 m

,n
,o

,p
11

3.
61

 ±
 1.

82
f

68
.6

1 ±
 14

.3
7 l

M
1

27
.8

1 ±
 1.

39
r

74
.3

5 ±
 0.

86
j

10
.6

6 ±
 0.

27
p,

q
53

.6
1 ±

 1.
76

ı
27

.7
4 ±

 0.
38

 s,
t

65
.8

8 ±
 0.

66
 l

39
7.

27
 ±

 16
.1

7o,
p

57
1.

77
 ±

 3.
39

 g
,h

17
2.

17
 ±

 0.
82

x,
y

30
0.

52
 ±

 2.
39

 h
,ı,

j
3.

88
 ±

 0.
24

j,k
,l,

m
3.

91
 ±

 0.
30

j,k
,l,

m
56

.2
5 ±

 0.
13

n
25

.8
8 ±

 0.
09

u

2
17

.9
9 ±

 0.
33

 s
59

.7
0 ±

 0.
81

 l
9.

05
 ±

 0.
02

q,
r,s

46
.9

1 ±
 0.

35
j

34
.2

0 ±
 0.

50
r

85
.1

0 ±
 0.

29
 h

40
6.

84
 ±

 13
.1

9o
54

4.
75

 ±
 29

.3
4ı,j

18
4.

88
 ±

 1.
45

w
,x

29
8.

30
 ±

 2.
88

 h
,ı,

j,k
3.

30
 ±

 0.
22

 k
,l,

m
,n

,o
,p

5.
50

 ±
 0.

06
ı,j

36
.5

3 ±
 0.

19
 s

32
.2

0 ±
 0.

08
t

3
26

.3
0 ±

 0.
71

r
66

.4
6 ±

 2.
03

 k
9.

73
 ±

 0.
61

p,
q,

r
47

.5
8 ±

 0.
01

j
25

.4
5 ±

 0.
74

t,u
57

.1
4 ±

 0.
98

 m
38

9.
26

 ±
 7.

59
o,

p,
q

55
9.

40
 ±

 16
.9

2 h
,ı

18
5.

46
 ±

 1.
17

w
,x

30
1.

13
 ±

 2.
48

 h
,ı,

j
3.

97
 ±

 0.
23

j,k
,l,

m
3.

38
 ±

 0.
15

 k
,l,

m
,n

,o
,p

57
.2

0 ±
 0.

06
n

27
.1

7 ±
 0.

01
u

E
1

9.
54

 ±
 0.

30
t,u

79
.6

8 ±
 0.

65
 h

,ı
6.

59
 ±

 0.
02

 s,
t,u

,v
61

.6
5 ±

 1.
77

 g
19

.4
9 ±

 0.
63

w
,x

86
.5

3 ±
 0.

04
 h

37
7.

84
 ±

 5.
88

p,
q,

r,s
53

1.
00

 ±
 12

.2
4j

24
1.

10
 ±

 0.
78

r,s
28

0.
87

 ±
 1.

04
 k

,l
2.

51
 ±

 0.
10

 m
,n

,o
,p

4.
53

 ±
 0.

09
j,k

,l
36

.4
4 ±

 0.
61

 s
41

.7
3 ±

 0.
08

r

2
5.

99
 ±

 0.
05

v,
w

,x
78

.3
7 ±

 1.
31

ı
5.

42
 ±

 0.
26

u,
v

55
.4

2 ±
 0.

03
 h

,ı
17

.3
8 ±

 0.
21

x,
y,

z,
aa

11
3.

22
 ±

 0.
79

d
35

5.
65

 ±
 22

.9
8 s,

t
52

3.
86

 ±
 13

.2
8j,k

16
1.

17
 ±

 4.
97

y,
z

27
5.

80
 ±

 2.
51

 l,
m

,n
,o

2.
29

 ±
 0.

11
 m

,n
,o

,p
6.

56
 ±

 0.
02

 h
,ı

18
.7

9 ±
 0.

53
v

42
.2

0 ±
 0.

10
q,

r

3
9.

70
 ±

 0.
39

t,u
82

.1
9 ±

 1.
75

 h
8.

31
 ±

 0.
68

q,
r,s

,t
55

.6
3 ±

 2.
49

 h
,ı

19
.3

9 ±
 0.

34
w

,x
,y

84
.3

3 ±
 1.

65
 h

32
7.

76
 ±

 13
.0

5u
58

2.
64

 ±
 5.

32
f,g

,h
21

6.
99

 ±
 8.

75
t,u

29
5.

12
 ±

 0.
93

ı,j
,k

3.
23

 ±
 0.

11
 k

,l,
m

,n
,o

,p
4.

70
 ±

 0.
09

ı,j
,k

42
.2

6 ±
 0.

53
q,

r
39

.0
4 ±

 0.
29

r,s

B
1

3.
43

 ±
 0.

13
w

,x
,y

96
.2

2 ±
 1.

74
f

5.
41

 ±
 0.

05
u,

v
62

.1
5 ±

 2.
29

 g
13

.6
7 ±

 0.
11

ab
73

.3
8 ±

 1.
46

 k
43

6.
94

 ±
 6.

85
n

46
9.

63
 ±

 8.
90

 m
18

6.
96

 ±
 11

.6
1v,

w
,x

27
1.

31
 ±

 2.
33

 l,
m

,n
,o

1.
49

 ±
 0.

01
p

8.
20

 ±
 0.

61
 g

,h
74

.6
5 ±

 0.
79

 k
10

7.
61

 ±
 0.

26
 g

2
4.

22
 ±

 0.
08

v,
w

,x
,y

11
0.

25
 ±

 3.
19

e
5.

68
 ±

 0.
08

t,u
,v

79
.4

4 ±
 2.

36
d

17
.5

1 ±
 0.

72
x,

y,
z,

aa
10

3.
21

 ±
 4.

69
e

44
2.

91
 ±

 5.
90

n
50

1.
85

 ±
 27

.8
6 k

,l
19

8.
40

 ±
 3.

50
v,

w
26

0.
56

 ±
 1.

73
 m

,n
,o

,p
,q

1.
47

 ±
 0.

03
p

12
.2

5 ±
 1.

01
e,

f
51

.5
2 ±

 0.
16

o
12

3.
31

 ±
 1.

11
d,

e

3
4.

70
 ±

 0.
04

v,
w

,x
,y

13
7.

54
 ±

 3.
08

c
5.

81
 ±

 0.
01

t,u
,v

87
.8

2 ±
 1.

48
c

17
.3

2 ±
 0.

70
x,

y,
z,

aa
10

0.
09

 ±
 1.

52
f

37
1.

32
 ±

 0.
42

q,
r,s

46
7.

90
 ±

 13
.6

3 m
26

0.
41

 ±
 48

.8
1 m

,n
,o

,p
,q

24
8.

56
 ±

 0.
10

q,
r

2.
18

 ±
 0.

08
 m

,n
,o

,p
14

.6
3 ±

 1.
06

c
66

.9
2 ±

 0.
19

 l
11

0.
10

 ±
 0.

10
f,g

A
1

7.
26

 ±
 0.

15
u,

v
18

7.
75

 ±
 3.

42
b

7.
71

 ±
 0.

59
r,s

,t,
u

12
9.

91
 ±

 3.
30

b
16

.5
8 ±

 0.
89

z,
aa

17
7.

82
 ±

 4.
35

b
43

2.
13

 ±
 1.

22
n

59
1.

56
 ±

 25
.0

7f,g
27

7.
59

 ±
 11

.3
1 l,

m
25

3.
06

 ±
 0.

60
p,

q,
r

2.
19

 ±
 0.

10
 m

,n
,o

,p
14

.3
4 ±

 3.
54

c,
d

38
.9

6 ±
 1.

79
r,s

12
0.

00
 ±

 0.
08

e

2
6.

53
 ±

 0.
06

u,
v,

w
20

4.
39

 ±
 4.

75
a

5.
90

 ±
 0.

31
t,u

,v
14

6.
40

 ±
 1.

17
a

21
.1

5 ±
 0.

09
v,

w
20

0.
30

 ±
 2.

43
a

43
3.

99
 ±

 3.
55

n
58

3.
86

 ±
 7.

77
f,g

,h
31

3.
75

 ±
 4.

97
 g

,h
23

8.
97

 ±
 0.

03
r,s

2.
14

 ±
 0.

03
 m

,n
,o

,p
21

.7
9 ±

 1.
64

a
36

.4
6 ±

 0.
47

 s
19

3.
60

 ±
 0.

20
a

3
4.

38
 ±

 0.
28

v,
w

,x
,y

20
5.

26
 ±

 3.
61

a
5.

50
 ±

 0.
41

u,
v

13
1.

06
 ±

 4.
00

b
16

.8
2 ±

 0.
03

y,
z,

aa
16

4.
35

 ±
 0.

04
c

38
6.

98
 ±

 2.
30

o,
p,

q
54

6.
09

 ±
 0.

01
ı,j

28
7.

27
 ±

 5.
49

j,k
,l

25
2.

24
 ±

 0.
58

q,
r

1.
92

 ±
 0.

13
n,

o,
p

13
.5

5 ±
 0.

55
c,

d,
e

16
.2

6 ±
 1.

13
v

17
2.

45
 ±

 0.
52

b

H
1

11
.0

5 ±
 0.

56
t

60
.6

2 ±
 2.

58
 l

6.
23

 ±
 0.

52
t,u

,v
39

.7
2 ±

 1.
09

 k
15

.7
0 ±

 0.
03

aa
,a

b
56

.0
7 ±

 0.
92

 m
35

8.
66

 ±
 14

.9
2 s,

t
58

8.
48

 ±
 20

.9
9f,g

24
8.

89
 ±

 3.
67

q,
r

31
1.

03
 ±

 2.
35

 g
,h

,ı
8.

79
 ±

 0.
70

 g
12

.0
2 ±

 0.
45

e,
f

7.
37

 ±
 0.

08
x

62
.8

0 ±
 0.

10
 m

2
7.

12
 ±

 0.
03

u,
v

55
.1

8 ±
 2.

53
 m

5.
48

 ±
 0.

46
u,

v
36

.0
4 ±

 0.
24

 l
21

.0
6 ±

 0.
73

v,
w

48
.1

3 ±
 0.

93
n,

o
34

5.
00

 ±
 6.

08
t,u

59
9.

86
 ±

 1.
44

e,
f

20
3.

66
 ±

 3.
64

u,
v

32
7.

99
 ±

 3.
89

 g
11

.1
3 ±

 0.
60

f
19

.6
3 ±

 1.
60

b
3.

03
 ±

 0.
26

y
76

.4
0 ±

 1.
08

 k

3
7.

11
 ±

 0.
20

u,
v

65
.2

4 ±
 0.

98
 k

6.
06

 ±
 0.

24
t,u

,v
40

.5
3 ±

 1.
12

 k
18

.1
2 ±

 0.
46

x,
y,

z,
aa

76
.1

1 ±
 1.

93
j

39
0.

83
 ±

 2.
50

o,
p,

q
56

3.
60

 ±
 11

.0
7 h

,ı
35

5.
48

 ±
 2.

91
f

37
4.

10
 ±

 8.
25

e
12

.5
1 ±

 0.
32

d,
e,

f
21

.5
7 ±

 3.
21

a
11

.5
0 ±

 0.
26

w
76

.4
7 ±

 0.
23

 k

EA
1

2.
36

 ±
 0.

03
y

12
1.

87
 ±

 1.
87

d
5.

28
 ±

 0.
18

u,
v

74
.3

2 ±
 1.

80
e

17
.2

3 ±
 0.

30
x,

y,
z,

aa
84

.5
8 ±

 0.
07

 h
43

4.
47

 ±
 3.

71
n

47
7.

27
 ±

 3.
25

 l,
m

31
9.

57
 ±

 5.
21

 g
25

8.
88

 ±
 1.

75
o,

p,
q

1.
58

 ±
 0.

04
o,

p
12

.7
6 ±

 1.
53

c,
d,

e,
f

17
.3

1 ±
 0.

11
v

92
.0

1 ±
 0.

17
ı

2
2.

88
 ±

 0.
08

x,
y

92
.3

1 ±
 2.

96
 g

4.
93

 ±
 0.

10
v

57
.7

4 ±
 1.

76
 h

18
.4

5 ±
 0.

80
x,

y,
z

80
.8

7 ±
 1.

94
ı

36
1.

32
 ±

 5.
47

r,s
,t

45
4.

83
 ±

 23
.6

9 m
,n

89
8.

99
 ±

 16
.3

6a
25

9.
40

 ±
 0.

85
n,

o,
p,

q
2.

19
 ±

 0.
06

 m
,n

,o
,p

18
.4

0 ±
 2.

02
b

16
.1

8 ±
 0.

35
v

12
6.

61
 ±

 0.
28

d

3
3.

09
 ±

 0.
07

x,
y

11
3.

01
 ±

 2.
57

e
5.

04
 ±

 0.
02

v
71

.5
3 ±

 2.
06

f
19

.4
1 ±

 0.
37

w
,x

90
.3

7 ±
 0.

97
 g

38
3.

47
 ±

 7.
25

o,
p,

q,
r

49
8.

40
 ±

 2.
80

 l
22

5.
46

 ±
 1.

79
 s,

t
27

3.
40

 ±
 0.

47
 l,

m
,n

,o
2.

71
 ±

 0.
07

 l,
m

,n
,o

,p
12

.1
2 ±

 1.
03

e,
f

46
.8

0 ±
 1.

79
p

97
.2

9 ±
 0.

16
 h

PE
1

4.
29

 ±
 0.

10
v,

w
,x

,y
42

.7
9 ±

 0.
87

o
5.

48
 ±

 0.
06

u,
v

27
.0

2 ±
 1.

23
 m

23
.5

0 ±
 0.

07
u,

v
37

.9
8 ±

 0.
48

q
85

9.
08

 ±
 9.

35
a

69
9.

48
 ±

 14
.3

3c
15

8.
78

 ±
 0.

72
y,

z
40

1.
07

 ±
 4.

29
d

12
.0

1 ±
 0.

18
e,

f
11

.7
5 ±

 0.
87

e,
f

2.
27

 ±
 0.

09
y

39
.7

9 ±
 0.

14
r,s

2
7.

28
 ±

 0.
36

u,
v

44
.5

3 ±
 1.

49
n,

o
5.

50
 ±

 0.
13

u,
v

26
.7

8 ±
 1.

76
 m

16
.1

1 ±
 0.

27
z,

aa
,a

b
42

.2
7 ±

 0.
45

p
83

5.
40

 ±
 1.

82
a

68
0.

59
 ±

 2.
61

c
19

9.
59

 ±
 3.

89
u,

v,
w

27
0.

41
 ±

 2.
80

 l,
m

,n
,o

,p
13

.1
7 ±

 0.
24

c,
d,

e
8.

62
 ±

 0.
23

 g
1.

95
 ±

 0.
26

y
46

.9
1 ±

 0.
12

p

3
5.

85
 ±

 0.
43

v,
w

,x
47

.0
7 ±

 0.
83

n
6.

41
 ±

 0.
21

 s,
t,u

,v
34

.2
1 ±

 2.
30

 l
17

.1
1 ±

 0.
60

x,
y,

z,
aa

45
.8

9 ±
 0.

33
o

74
5.

83
 ±

 11
.3

4b
63

5.
44

 ±
 25

.2
8d

27
6.

40
 ±

 6.
49

 l,
m

,n
32

0.
91

 ±
 8.

07
 g

8.
67

 ±
 0.

26
 g

13
.5

7 ±
 1.

59
c,

d,
e

1.
12

 ±
 0.

10
y

54
.0

5 ±
 0.

35
n,

o



238	 European Food Research and Technology (2022) 248:219–241

1 3

Ta
bl

e 
11

  
Sp

ec
tro

sc
op

ic
 a

na
ly

si
s r

es
ul

ts
 o

f o
le

as
te

r l
ea

f s
am

pl
es

W
 w

at
er

, M
 m

et
ha

no
l, 

E 
et

ha
no

l, 
B 

bu
ta

no
l, 

A 
ac

et
on

e,
 H

 h
ex

an
e,

 E
A 

et
hy

l a
ce

ta
te

, P
E 

pe
tro

le
um

 e
th

er
, S

E 
so

lv
en

t e
xt

ra
ct

io
n,

 A
H

 a
ci

di
c 

hy
dr

ol
ys

is
, T

PC
 m

g 
G

A
E/

g 
sa

m
pl

e,
 F

RA
P-

AB
TS

-
C

H
RO

M
AC

 m
g 

TE
/g

 sa
m

pl
e,

 D
PP

H
 IC

50
 (m

g 
TE

/g
 sa

m
pl

e)
, T

FC
 m

g 
Q

E/
g 

sa
m

pl
e,

 T
C

C
​ m

g 
B

C
/g

 sa
m

pl
e

*T
w

o 
re

pl
ic

at
es

 ±
 S

ta
nd

ar
d 

de
vi

at
io

n
a–

z  Lo
w

er
ca

se
 su

pe
rs

cr
ip

ts
 in

 th
e 

di
ffe

re
nt

 e
xt

ra
ct

io
n 

gr
ou

ps
 in

di
ca

te
 si

gn
ifi

ca
nt

 d
iff

er
en

ce
s b

et
w

ee
n 

m
ea

ns
 o

f s
pe

ct
ro

sc
op

ic
 re

su
lts

 fo
r o

le
as

te
r s

am
pl

es
 in

 a
 m

et
ho

d 
(p

 <
 0.

05
)

So
l-

ve
nt

Sa
m

-
pl

e
TP

C
FR

A
P

A
B

TS
C

H
RO

M
A

C
D

PP
H

TF
C

TC
C

​

SE
A

H
SE

A
H

SE
A

H
SE

A
H

SE
A

H
SE

A
H

SE
A

H

W
1

32
.1

8 ±
 0.

42
j,k

34
.6

9 ±
 0.

72
ı

14
.6

7 ±
 0.

06
o,

p
17

.5
3 ±

 0.
40

 m
37

.9
2 ±

 0.
26

 l
37

.6
6 ±

 0.
23

 l
95

.4
5 ±

 2.
15

 s,
t,u

15
9.

06
 ±

 3.
26

ı,j
24

.7
4 ±

 0.
03

t
54

.3
0 ±

 0.
11

 l,
m

,n
0.

64
 ±

 0.
01

 s,
t,u

0.
29

 ±
 0.

01
x,

y
62

.2
4 ±

 0.
39

 m
11

7.
31

 ±
 0.

18
c

2
22

.2
8 ±

 0.
28

 m
27

.9
5 ±

 0.
91

 l
15

.7
7 ±

 0.
14

n,
o,

p
12

.5
6 ±

 0.
03

q
19

.2
5 ±

 0.
16

r
16

.5
6 ±

 0.
02

 s
80

.6
7 ±

 0.
97

v
15

7.
18

 ±
 6.

64
j

24
.1

1 ±
 0.

16
t

68
.5

6 ±
 1.

05
ı,j

0.
42

 ±
 0.

01
v,

w
,x

0.
32

 ±
 0.

01
w

,x
,y

58
.7

6 ±
 0.

14
n

66
.6

4 ±
 0.

56
j

3
34

.1
2 ±

 1.
57

ı,j
31

.0
5 ±

 1.
07

 k
21

.6
8 ±

 0.
66

 k
16

.6
9 ±

 0.
55

 m
,n

43
.1

5 ±
 0.

57
j

41
.5

9 ±
 0.

18
 k

10
3.

70
 ±

 2.
89

p,
q

19
5.

85
 ±

 1.
18

 h
24

.0
0 ±

 0.
01

t
53

.2
2 ±

 0.
30

 l,
m

,n
0.

58
 ±

 0.
01

t,u
,v

0.
26

 ±
 0.

01
y

77
.5

7 ±
 0.

19
 g

15
1.

51
 ±

 0.
70

b

M
1

13
.1

3 ±
 0.

59
n,

o
58

.3
6 ±

 2.
34

b
4.

34
 ±

 0.
17

t,u
80

.9
3 ±

 1.
85

x
9.

20
 ±

 0.
03

d
84

.1
2 ±

 0.
11

c
89

.5
4 ±

 3.
57

u
19

5.
79

 ±
 5.

31
c

36
.0

0 ±
 0.

63
r,s

47
.5

4 ±
 0.

01
n,

o,
p

0.
99

 ±
 0.

03
o,

p
0.

71
 ±

 0.
06

ı
69

.4
3 ±

 0.
79

c
32

.8
7 ±

 0.
14

aa

2
8.

92
 ±

 0.
35

q
35

.7
1 ±

 1.
61

 h
,ı

3.
32

 ±
 0.

18
u,

v
25

.5
9 ±

 0.
80

aa
5.

07
 ±

 0.
07

f
25

.0
3 ±

 0.
25

p
10

7.
60

 ±
 1.

72
o,

p
15

8.
13

 ±
 1.

44
j

38
.4

8 ±
 0.

16
q,

r,s
53

.0
3 ±

 0.
37

 l,
m

,n
0.

79
 ±

 0.
04

q,
r,s

1.
00

 ±
 0.

04
w

44
.1

5 ±
 0.

18
 l

33
.9

6 ±
 0.

53
z

3
12

.4
9 ±

 0.
70

n,
o,

p
59

.2
0 ±

 1.
76

b
4.

23
 ±

 0.
05

u
71

.0
4 ±

 2.
31

z
6.

96
 ±

 0.
13

e
75

.4
8 ±

 0.
08

d
94

.9
8 ±

 4.
23

 s,
t,u

20
5.

65
 ±

 2.
13

b
35

.3
3 ±

 1.
21

 s
48

.2
1 ±

 0.
01

n,
o,

p
0.

99
 ±

 0.
01

o,
p

0.
72

 ±
 0.

03
p

56
.7

4 ±
 0.

30
 h

24
.9

2 ±
 0.

44
ad

E
1

5.
02

 ±
 0.

18
r

50
.0

3 ±
 1.

06
d

2.
41

 ±
 0.

12
v,

w
55

.5
2 ±

 0.
17

ad
3.

82
 ±

 0.
11

 h
69

.5
7 ±

 0.
28

f
10

8.
95

 ±
 3.

09
o,

p
16

8.
16

 ±
 2.

67
 g

,h
52

.9
5 ±

 3.
88

 l,
m

,n
47

.9
8 ±

 0.
01

n,
o,

p
0.

59
 ±

 0.
01

t,u
,v

1.
07

 ±
 0.

08
 k

,l
63

.1
9 ±

 0.
20

d
52

.9
4 ±

 0.
84

r

2
4.

34
 ±

 0.
03

r,s
,t

33
.8

0 ±
 0.

51
ı,j

2.
25

 ±
 0.

04
v,

w
25

.8
6 ±

 1.
03

ab
,a

c
4.

35
 ±

 0.
17

 g
27

.4
0 ±

 0.
15

o
10

8.
96

 ±
 6.

57
o,

p
14

7.
67

 ±
 4.

77
 k

82
.1

8 ±
 1.

62
 g

52
.9

4 ±
 0.

47
 l,

m
,n

0.
62

 ±
 0.

01
t,u

1.
28

 ±
 0.

02
 s

49
.9

6 ±
 0.

34
j

16
4.

81
 ±

 0.
64

a

3
4.

67
 ±

 0.
16

r,s
53

.2
3 ±

 1.
50

c
2.

20
 ±

 0.
03

v,
w

57
.2

3 ±
 2.

32
aa

,a
b

4.
83

 ±
 0.

30
f

73
.3

6 ±
 0.

12
e

11
1.

26
 ±

 3.
53

o
18

8.
58

 ±
 3.

71
d,

e
43

.3
8 ±

 1.
01

p,
q,

r
48

.6
1 ±

 0.
07

n,
o,

p
0.

88
 ±

 0.
02

p,
q,

r
0.

94
 ±

 0.
01

 h
70

.4
8 ±

 0.
27

b
47

.1
1 ±

 0.
44

u

B
1

2.
43

 ±
 0.

01
t,u

,v
,w

55
.0

5 ±
 2.

80
c

1.
50

 ±
 0.

02
w

43
.4

1 ±
 1.

79
 g

3.
69

 ±
 0.

01
ad

,a
e

56
.0

0 ±
 0.

32
 g

10
0.

20
 ±

 1.
20

q,
r,s

17
3.

13
 ±

 3.
20

 g
14

0.
80

 ±
 3.

29
c

49
.2

4 ±
 0.

07
n,

o,
p

0.
33

 ±
 0.

01
w

,x
,y

1.
70

 ±
 0.

03
 m

58
.9

6 ±
 0.

13
n

62
.8

5 ±
 0.

14
 l,

m

2
3.

60
 ±

 0.
27

r,s
,t,

u,
v

37
.5

2 ±
 1.

22
 g

,h
1.

64
 ±

 0.
02

w
19

.9
7 ±

 1.
51

 l
3.

98
 ±

 0.
14

ac
,a

d
20

.7
4 ±

 0.
40

q
10

2.
79

 ±
 1.

84
p,

q,
r

16
5.

72
 ±

 7.
14

 h
45

.0
6 ±

 3.
82

o,
p,

q
57

.8
9 ±

 1.
25

 k
,l,

m
0.

34
 ±

 0.
01

w
,x

,y
2.

63
 ±

 0.
18

 g
,h

40
.8

1 ±
 0.

13
y

47
.9

9 ±
 0.

62
t

3
2.

70
 ±

 0.
03

 s,
t,u

,v
,w

49
.9

0 ±
 1.

95
d

1.
71

 ±
 0.

04
w

42
.3

7 ±
 1.

30
 g

3.
30

 ±
 0.

08
ae

,a
f

51
.0

6 ±
 0.

14
 h

99
.1

7 ±
 3.

27
q,

r,s
16

5.
11

 ±
 0.

94
 h

,ı
59

.1
3 ±

 2.
30

 k
,l,

m
49

.8
4 ±

 0.
03

n,
o,

p
0.

59
 ±

 0.
04

t,u
3.

20
 ±

 0.
09

e
31

.1
1 ±

 0.
40

ab
41

.9
4 ±

 0.
92

x

A
1

4.
06

 ±
 0.

04
r,s

,t,
u

77
.4

9 ±
 0.

35
a

2.
16

 ±
 0.

13
v,

w
93

.0
7 ±

 0.
59

b
4.

86
 ±

 0.
08

aa
11

3.
54

 ±
 0.

08
b

92
.1

5 ±
 3.

73
t,u

23
2.

16
 ±

 0.
19

a
94

.3
9 ±

 7.
97

f
47

.6
1 ±

 0.
01

n,
o,

p
0.

48
 ±

 0.
02

u,
v,

w
2.

54
 ±

 0.
05

 h
,ı,

j
57

.8
4 ±

 0.
32

o
86

.6
3 ±

 0.
52

f

2
3.

90
 ±

 0.
16

r,s
,t,

u,
v

47
.4

7 ±
 1.

57
e

2.
50

 ±
 0.

12
v,

w
30

.0
4 ±

 1.
35

ı
4.

99
 ±

 0.
13

aa
35

.9
1 ±

 0.
02

 m
96

.5
1 ±

 2.
06

r,s
,t

18
1.

59
 ±

 0.
25

f
97

.1
3 ±

 7.
96

f
52

.6
2 ±

 0.
10

 m
,n

,o
0.

54
 ±

 0.
01

u,
v

4.
52

 ±
 0.

32
c

44
.8

8 ±
 0.

39
v

10
4.

74
 ±

 0.
87

d

3
4.

11
 ±

 0.
12

r,s
,t,

u
76

.9
9 ±

 1.
39

a
2.

09
 ±

 0.
07

v,
w

98
.4

5 ±
 1.

19
a

3.
71

 ±
 0.

07
ad

,a
e

11
9.

73
 ±

 0.
06

a
91

.0
6 ±

 4.
17

t,u
23

3.
95

 ±
 1.

18
a

13
0.

54
 ±

 9.
29

d
47

.7
7 ±

 0.
01

n,
o,

p
0.

59
 ±

 0.
02

t,u
,v

2.
75

 ±
 0.

06
 g

54
.6

1 ±
 0.

13
q

93
.2

2 ±
 0.

62
e

H
1

1.
22

 ±
 0.

04
w

14
.2

8 ±
 0.

80
n

1.
12

 ±
 0.

03
w

14
.4

0 ±
 0.

10
p

2.
63

 ±
 0.

08
ag

14
.8

1 ±
 0.

48
t

95
.8

1 ±
 2.

09
 s,

t,u
12

2.
59

 ±
 2.

40
n

17
2.

43
 ±

 7.
65

b
55

.1
1 ±

 1.
03

 l,
m

,n
2.

52
 ±

 0.
07

 h
,ı,

j
3.

01
 ±

 0.
03

f
5.

37
 ±

 0.
40

al
25

.9
7 ±

 0.
77

ac

2
1.

08
 ±

 0.
03

w
14

.1
0 ±

 0.
51

n
1.

15
 ±

 0.
01

w
10

.1
0 ±

 0.
30

r
3.

18
 ±

 0.
07

af
8.

88
 ±

 0.
34

x
10

5.
36

 ±
 0.

83
o,

p,
q

16
5.

67
 ±

 4.
20

 h
49

.0
8 ±

 0.
86

n,
o,

p
57

.5
1 ±

 0.
78

 l,
m

2.
61

 ±
 0.

17
 g

,h
,ı

5.
06

 ±
 0.

08
b

6.
15

 ±
 0.

52
ak

14
.1

2 ±
 0.

58
aı

3
1.

56
 ±

 0.
17

w
13

.1
9 ±

 0.
23

n,
o

1.
08

 ±
 0.

01
w

10
.1

8 ±
 0.

52
r

3.
15

 ±
 0.

28
af

14
.0

9 ±
 0.

22
u

99
.1

2 ±
 3.

24
q,

r,s
13

1.
85

 ±
 4.

77
 m

94
.4

8 ±
 7.

31
f

60
.3

9 ±
 1.

45
 k

,l
2.

29
 ±

 0.
11

 k
,l

5.
56

 ±
 0.

03
a

44
.9

8 ±
 0.

39
v

18
.4

5 ±
 2.

00
af

EA
1

2.
79

 ±
 0.

23
 s,

t,u
,v

,w
40

.6
1 ±

 0.
18

f
1.

50
 ±

 0.
02

w
29

.0
2 ±

 0.
68

ı
2.

30
 ±

 0.
06

ag
30

.4
3 ±

 0.
77

n
89

.7
8 ±

 2.
27

u
12

3.
56

 ±
 2.

26
n

69
.6

7 ±
 6.

78
 h

,ı,
j

51
.9

8 ±
 0.

21
 m

,n
,o

0.
36

 ±
 0.

02
w

,x
,y

2.
33

 ±
 0.

17
 k

30
.5

8 ±
 0.

46
ab

58
.7

7 ±
 0.

72
n

2
2.

22
 ±

 0.
04

u,
v,

w
37

.9
9 ±

 1.
91

 g
1.

56
 ±

 0.
01

w
16

.0
1 ±

 0.
44

 m
,n

,o
3.

15
 ±

 0.
03

af
14

.7
8 ±

 0.
07

t
74

.8
4 ±

 0.
17

v
14

9.
64

 ±
 5.

96
 k

11
5.

42
 ±

 5.
31

e
65

.4
8 ±

 2.
23

j,k
0.

58
 ±

 0.
01

t,u
,v

2.
33

 ±
 0.

09
 k

20
.4

7 ±
 0.

17
ae

63
.6

8 ±
 0.

68
 k

3
1.

89
 ±

 0.
15

v,
w

53
.9

3 ±
 1.

99
c

1.
81

 ±
 0.

11
v,

w
39

.8
2 ±

 0.
56

 h
3.

74
 ±

 0.
15

ad
,a

e
46

.7
3 ±

 0.
31

ı
80

.1
5 ±

 2.
87

v
14

5.
11

 ±
 1.

50
 k

,l
77

.2
1 ±

 1.
03

 g
,h

49
.6

8 ±
 0.

11
n,

o,
p

0.
70

 ±
 0.

02
 s,

t
1.

36
 ±

 0.
01

n
17

.1
3 ±

 0.
24

ag
62

.9
8 ±

 0.
60

 k
,l

PE
1

1.
20

 ±
 0.

06
w

11
.8

3 ±
 0.

28
o,

p
1.

11
 ±

 0.
01

w
9.

08
 ±

 0.
77

r
1.

74
 ±

 0.
19

ah
12

.0
7 ±

 0.
28

v
19

3.
34

 ±
 1.

88
c,

d
14

0.
19

 ±
 2.

43
 l

36
4.

96
 ±

 13
.0

6a
65

.1
5 ±

 1.
80

j,k
2.

43
 ±

 0.
10

j,k
1.

75
 ±

 0.
04

 m
8.

36
 ±

 0.
56

aj
16

.7
3 ±

 0.
53

ag

2
1.

16
 ±

 0.
06

w
10

.8
1 ±

 0.
36

p,
q

1.
26

 ±
 0.

07
w

5.
82

 ±
 0.

28
 s,

t
2.

40
 ±

 0.
05

ag
7.

66
 ±

 0.
08

y
19

6.
96

 ±
 1.

03
c

16
8.

27
 ±

 2.
49

 g
,h

14
2.

39
 ±

 6.
36

c
75

.1
4 ±

 1.
30

 g
,h

,ı
2.

45
 ±

 0.
03

ı,j
,k

2.
12

 ±
 0.

01
 l

15
.0

9 ±
 0.

34
ah

14
.6

5 ±
 0.

59
ah

,a
ı

3
0.

95
 ±

 0.
04

w
8.

86
 ±

 0.
32

q
1.

09
 ±

 0.
03

w
7.

24
 ±

 0.
17

 s
1.

55
 ±

 0.
06

ah
10

.6
1 ±

 0.
52

w
18

5.
82

 ±
 0.

09
e,

f
13

0.
45

 ±
 1.

75
 m

92
.6

4 ±
 1.

18
f

78
.1

0 ±
 2.

65
 g

1.
63

 ±
 0.

12
 m

3.
40

 ±
 0.

21
d

0.
22

 ±
 0.

05
am

16
.8

7 ±
 0.

87
ag



239European Food Research and Technology (2022) 248:219–241	

1 3

hydrolysis (Table 10), and from 24.00 to 364.96 mg TE/g 
oleaster leaf for solvent extracts and from 47.54 to 78.10 mg 
TE/g oleaster leaf for acidic hydrolysis (Table 11). In a study 
done with extracts of the different parts of Elaeagnus angus-
tifolia L., the highest antioxidant capacity was seen in fruit 
extract (from 1.109 to 4.450 µg TEAC/g DW) and the lowest 
antioxidant capacity was seen in leaf extract (from 0.713 to 
1.620 µg TEAC/g DW). Also, the antioxidant capacity of 
the flower extract had ranges of 0.541 and 2.425 µg TEAC/g 
DW, while the antioxidant capacity of the fruit peel extract 
had ranges of 0.756 and 2.063 µg TEAC/g DW [8]. Antioxi-
dant capacity (IC50) values of different solvents extracts of 
Elaeagnus umbellate Thunb. were found in the ranges of 40 
and 1300 µg trolox/mL extract, respectively. It was observed 
that the higher the polarity of the solvent, the higher the 
antioxidant capacity values [10]. According to Hassanzadeh 
and Hassanpour (2018), the mean antioxidant capacity of 
peel and pulp was found as 74.71% and 53.76%, respec-
tively. Faramarz et al. [35] revealed that the mean antioxi-
dant capacities (IC50) in different genotypes of Elaeagnus 
angustifolia L. peel, flesh, and seed were 86.95, 91.79, and 
32.68 mg Trolox/mL, respectively.

Total flavonoid content (TFC) of oleaster’s flour, shell, 
core, flower, and leaf were expressed mg catechin (CAE)/g 
sample. The TFC of oleaster’s flour were found between 0.40 
and 6.45 mg CAE/g sample for solvent extracts and ranged 
from 0.63 to 6.63 mg CAE/g sample for acidic hydrolysis 
(Table 7). The highest flavonoid contents showed in water 
extracts of solvent extraction and in water and ethanol 
extracts of acidic hydrolysis, while the lowest flavonoid con-
tents were identified in methanol extracts of solvent extrac-
tion and in butanol and acetone extracts of acidic hydroly-
sis. The TFC of oleaster’s shell range from 0.16 to 0.88 mg 
CAE/g sample for solvent extracts and 0.12 to 5.13 mg 
CAE/g sample for acidic hydrolysis (Table 8). The highest 
flavonoid contents were found in butanol extracts of solvent 
extraction and in ethanol extracts of acidic hydrolysis, while 
water extracts showed the least for both of them. The TFC 
of oleaster’s core ranged between 1.57 and 14.82 mg CAE/g 
sample for solvent extracts and 2.01 and 42.30 mg CAE/g 
sample for acidic hydrolysis (Table 9). The highest flavonoid 
contents were shown by methanol extracts in solvent extrac-
tion and by butanol extracts in acidic hydrolysis, while the 
lowest flavonoid contents were identified in water extracts for 
both of them. The TFC of oleaster’s flower were determined 
as ranging from 1.47 to 13.17 mg CAE/g sample for sol-
vent extracts and 2.13 to 21.79 mg CAE/g sample for acidic 
hydrolysis (Table 10). Butanol extracts of solvent extraction 
and water extracts of acidic hydrolysis showed the lowest 
flavonoid contents, while the highest flavonoid contents were 
determined in hexane, and petroleum ether extracts of sol-
vent extraction, and acetone, and hexane extracts of acidic 
hydrolysis. The TFC of oleaster’s leaf ranged between 0.33 

and 2.61 mg CAE/g sample for solvent extracts and 0.26 
and 5.56 mg CAE/g sample for acidic hydrolysis (Table 11). 
Water extracts showed the lowest flavonoid contents, while 
the highest flavonoid contents were determined in hexane 
extracts for both of them. Ishaq et al. [3] reported flavonoid 
content of Elaeagnus umbellata ranged between 1.5 ± 0.15 
and 3.8 ± 0.3 mg quercetin/g sample. The highest flavonoid 
content was seen in water, methanol, and hexane extracts, 
while acetone extracts showed the least. Earlier studies by 
Merculieff et al. (2014) identified total flavonoid content of 
Elaeagnus kologa leaf’s different solvent extracts ranged 
from 5.20 ± 0.06 to 21.19 ± 0.45 mg rutin/g sample. The 
results indicate that total flavonoid content was highest in 
petroleum ether extract, moderate in water and methanol 
extracts, and lower in chloroform extract. In another study, 
total flavonoid content of Elaeagnus latifolia Linn. fruit’s 
70% methanolic extract was found as 5.44 ± 0.16 mg querce-
tin/100 g extract [31]. According to the results of Hassanza-
deh and Hassanpour (2018), the highest TF content of peel 
was 489.58 mg catechin/100 g FW and the lowest TF content 
of peel was 23.50 mg catechin/100 g FW. The highest and 
the lowest TF contents of pulp were 318.75 and 17.00 mg 
catechin/100 g FW, respectively. In the present study, TF 
content of Elaeagnus angustifolia L. fruit was 1.35 mg 
catechin/g sample [36]. Also, Faramarz et al. [35] showed 
that the TF content of peel and pulp was reported as 121.55 
and 148.52 mg catechin/100 g FW, respectively.

Total carotenoid contents (TCC) of oleaster’s flour, shell, 
core, flower and leaf at different mediums were expressed 
by mg β-carotene (BC)/g sample. The TCC of oleaster’s 
flour was determined as ranging from 0.24 to 6.62 mg BC/g 
sample for solvent extracts and from 1.56 to 11.08 mg BC/g 
sample for acidic hydrolysis (Table 7). The TCC of solvent 
extractions of oleaster’s shell were found to range from 
0.29 to 7.80 mg BC/g sample, while acidic hydrolysis of 
oleaster’s shell varies in the range from 2.33 to 34.74 mg 
BC/g sample (Table 8). TCC of oleaster’s core were found 
to range from 1.25 to 10.69 mg BC/g sample for solvent 
extractions and ranged from 3.16 to 46.82 mg BC/g sample 
for acidic hydrolysis (Table 9). The TCC of solvent extrac-
tions of oleaster’s flower were determined to range from 1.12 
to 113.61 mg BC/g sample and in the ranged between 25.88 
and 193.60 mg BC/g sample for acidic hydrolysis (Table 10). 
TCC of oleaster’s leaf ranged from 0.22 to 77.57 mg BC/g 
sample for solvent extractions, while acidic hydrolysis values 
ranged from 14.12 to 164.81 mg BC/g sample (Table 11). 
According to Carradori et al. (2020), total carotenoid con-
tents of Elaeagnus angustifolia fruits and leaves were found 
as 3.2 ± 0.6 and 18.3 ± 2.5 µg BC/g dry extract, respectively 
[37]. In the present study, total carotenoid contents in differ-
ent genotypes of Elaeagnus umbellate Thunb. fruit ranged 
from 43.4 to 59.3 mg BC/100 g fresh mass.
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Conclusions

Oleaster is a functional food product that has a high phe-
nolic component content. It is known to have therapeutic 
properties such as antioxidant, anti-inflammatory, antimuta-
genic, antitussive, antitumor, antiarthritic, antimicrobial, and 
hepatoprotective due to its wide phenolic component con-
tent. In this study, it was aimed to determine the phenolic 
component profiles in different extraction environments of 
the oleaster samples. In general, the antioxidant properties 
of the oleaster differ according to the geographical region 
where the plant grows, the parts of the plant, and the extrac-
tion conditions. Acidic hydrolysis using water or methanol 
solvents should be given preference to ensure maximum 
recovery.
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