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Abstract

Oleaster flours (OFs) were produced from two different genotypes. Fruit samples were dried at
50°C for 20 hours in a hot air oven. Skin and seeds of dry fruits were removed, and then ground
and sieved (mesh size 60). OFs contained high levels of dietary fibers and micro minerals. Palmitic
acid was the major fatty acid which was followed by oleic acid. The level of citric acid in OFs was
the highest and it was followed by malic, acetic and oxalic acids. It is possible to use the OFs as a
good source of dietary fiber (DF), micro minerals, as well as organic and fatty acids (FA) in some
processed foods such as bakery goods, dairy products, infant food, chocolate, beverages and
confectionery. OFs could also be used in the preparation of low-fat, high-fiber dietetic products
due to its functional properties.
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1. Introduction

Innovations understood as new products, processes or services are recognized as an important
instrument for companies belonging to the food industry to stand out from competitors and to
satisfy consumer expectations [1]

In particular during the last decade, consumer requirements in the field of food production
have changed considerably: in fact, consumers increasingly believe that food contribute
directly to their health [2,3]. Thus, foods are no more intended to only satisfy hunger and to
provide the necessary nutrients, but also and especially to prevent nutrition-related diseases
and to improve physical and mental well-being [4,5]. Owing to inovation, traditional foods
which are known for centuries, is transformed into new products and thus the difference is
creatred [6].

Innovations may occur throughout all parts of the food chain and a possible classification of
the food innovations is the following: (1) new food ingredients and materials, (2) innovations
in fresh foods, (3) new food process techniques, (4) innovations in food quality, (5) new
packaging methods, and (6) new distribution or retailing methods [7].

Oleaster (Elaeagnus angustifolia L., Russian olive) belongs to Elaeagnus L. genus and
Elaeagnaceae family. Elaeagnus angustifolia L. is a kind of shrub or tree with a height of up
to 7 m and a capacity to grow under a wide range of environmental conditions [8]. This
species shows a broad geographical range, existing widely in Asia and Europe, particularly in
Turkey, Caucasia and Central Asia [9]. Oleaster’s fruits are reddish-brown, elliptic, 9-12 mm
long and 6-10 mm wide and they ripen in September [10,11]. Although this species grows
naturally in most parts of Turkey, its fruits are of limited use in agricultural and food industry.
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In parallel with the increase in demand for healthy foods, functional products have been used
increasingly as ingredients to improve functionality of foods by modifying their nutritive
composition.

Oleaster fruits are also used as diuretic, tonic, antipyretic, antidiarrheal and as a medicine
against kidney disorders in traditional Turkish medicine [10,11], against dysentery and
diarrhea in The Kingdom of Jordan [12] and, owing to their anti-inflammatory,
antinociceptive and analgesic effects, in Iranian folk medicine. Medicine obtained by
decoction and infusion of its fruits is considered to be a good remedy against fever, jaundice,
asthma, tetanus and rheumatoid arthritis [13].

Oleaster fruits are known for centuries. Therefore, the goal of our research was to examine
flour from oleaster fruit and to investigate its composition of minerals, organic acids and FAs.
Oleaster fruits can be consumed either fresh or in dried form [10,11]. However, there was no
sufficient information regarding the composition of OF. Oleaster fruit can be used as an
innovative food ingredient. OF may be obtained from dried fruits and its flour may be used as
a functional ingredient in the production of bakery products, yoghurt, ice cream, infant food,
chocolate, confectionery etc. thanks to its floury structure, specific taste and functional
properties like DF, mineral content and phenolic compounds.

2. Material and methods
2.1. Materials

Two different genotypes were used as oleaster fruit samples. The fruits had approximately the
same maturity with uniform shape, size and health conditions. Mature fruits were randomly
collected. Fruit samples were dried at 50 °C for 20 hours in a hot air oven dryer.

2.1.2. Preparation of OFs

OFs were produced by two different methods. The first preparation method: skin and seeds of
dry fruit samples were removed using a plastic knife, and then the fruit pulp was ground in a
coffee grinder and than sieved through 60 mm sieve to obtain Peeled Oleaster Flour (POF). In
the second preparation method: only seeds of dry samples were removed using a plastic knife,
and then the fruit pulp and skin were ground together in a coffee grinder and sieved through
60 mm sieve to obtain Unpeeled Oleaster Flour (UPOF). All flour samples were stored in
glass jars and kept in at +4°C prior to analyses. Due to using two different genotypes, samples
are named as POF-1 (Genotype 1, Peeled Oleaster Flour), UPOF-1 (Genotype 1, Unpeeled
Oleaster Flour), POF-2 (Genotype 2, Peeled Oleaster Flour) and UPOF-2 (Genotype 2,
Unpeeled Oleaster Flour).

2.2. Methods
2.2.1. Chemical analysis
OFs were analyzed for moisture (Method N0:925.40), ash (Method N0:950.49), dietary fiber

(DF) (Method N0:985.29) [14]. Protein contents of samples were determined by the Kjeldahl
method according to AACC Metod No: 46-10.01 using a Buchi apparatus (Models 430 and
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320, Buchi Laboratoriums-Techinic AG, Flawil, Switzerland) [15]. Starch contents of OFs
were determined with Starch (GO/P) Assay Kit (Sigma-Aldrich Corp.).

2.2.2. Determination of micro minerals
2.2.2.1. Sample preperation procedure

Sample digestion was carried out using the Millestone MLS 1200 (Italy) microwave digestion
system, equipped with a rotor for 6 type sample vessels (polytetrafluorethylene (PTFE)
tubes). Before use, quartz vessels were decontaminated in a bath of 10% HNO;3; (67%V/v),
then rinsed with ultra pure water and dried in an oven at 40°C. The samples were
homogenized and subsequently around 0.5 g was weighed directly on PTFE flasks after
adding 6 mL of HNO3 and subjected to a digestion program: 250W (2 min), OW (2 min),
250W (6 min), 400W (5 min) and 600W (5 min). After cooling to room temperature, sample
solutions were quantitatively transferred into 50 mL polyethylene flasks. 100 pL of internal
standard solution (1 mg/L) was added and then the digested samples were diluted to 25 mL
before analysis by using ICP-MS and ICP-OES equipments.

2.2.2.2. Instrumentation

ICP-MS measurements were performed using an Agillent 7500a Series Shield Torch System
ICP-MS (USA).The sample solutions were pumped by a peristaltic pump from tubes arranged
on a CETAC ASX 520 auto sampler (CETAC, Omaha, Nebraska, USA). The isotopes **Cr,
Mo, 82Se and *°Co were selected as analytical masses in ICP-MS standard mode. The
analyses were performed at the following flow rates: (a) plasma gas of 15 L/min, (b) auxiliary
gas of 0.9 L/min, and (c) sample of 0.8 mL/min. All chemical analyses were carried out in
duplicate on each sample. Multi-element standard solutions were used for external calibration.
Eight standards with standard linear regression and internal standardization were prepared at
levels ranging from 0 to 200 ug/L. The calibration curve was drawn from six points including
the calibration blank [16].

The Zn, Fe, Cu, Mn and B determination process was performed using an inductively coupled
plasma optical emission spectrometer (ICP-OES) model Perkin Elmer 2100 with axial view
(USA). The emission intensities were obtained for the most sensitive lines free of spectral
interference. The analyses were performed at the following flow rates: (a) plasma gas of 15
L/min, (b) auxiliary gas of 1 L/min, and (c) sample of 0.8 mL/min. The mineral eluates were
monitored at different wavelengths: 206.2 nm-Zn, 238.2 nm-Fe, 327.4 nm-Cu and 257.6 nm-
Mn. All chemical analyses were carried out in duplicate on each sample.

2.2.3. Determination of fatty acid composition

The fatty acid (FA) compositions of OFs were separately extracted with diethyl ether for 6 hr
by using Soxhlet Extraction Method.The extract was protected against light. The solvent was
evaporated under reduced pressure and temperature and the oil was collected.The analytical
methods for determination of FA compositions are described in regulation standard method
[17]. Fatty acids were converted to fatty acid methyl esters before analysis by shaking a
solution of 0.6 g of oil and 4 mL of isooctane with 0.2 mL of 2 N methanolic potassium
hydroxide. The converted fatty acid methyl esters were analyzed using a Shimadzu (GC-17A)
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chromatograph, equipped with a capillary column (DB wax; 30 mx0.25 mm; 0.25 pum), a
split-splitless injector, and a flame ionization detector (FID). The carrier gas was nitrogen and
used at a flow rate of 1 mL/min. The temperatures of the injector, detector, and oven were
held at 250, 250, and 210 °C, respectively.

2.2.4. Determination of organic acids

Seven different organic acids (OAs) were analyzed by Dionex ICS 3000 ion chromatography
device (CA, USA) which consists of a separation Acclaim 4x250 mm column, a gradient
pump, and ICS-VWD UV detector set at 210 nm with a flow-rate of 0.6 mL/min maintaining
the column temperature at 30°C. In the mobile phase, 100 mM Na,SO, (pH 2.65) was used.
Organic acids quantification was achieved by the absorbance value recorded in the
chromatograms based on the external standards in the standards solution and the peaks were
integrated using a default baseline construction technique. Tested samples were prepared
according to Qui and Jin [18].

2.2.6. Statistics

Data are presented as mean values +/- standard error of 3 replicates. Statistical analysis was
performed by ANOVA on SPSS version 17.0 software for Windows (USA). When significant
differences were found (p<0.05), the least significant difference (LSD) test was used to
determine the differences among mean values. Paired t-test was carried out to compare the
properties of POF-1, UPOF-1, POF-2 and UPOF-2.

3. Result and discussion
3.1. Chemical Compositions

Chemical compositions of OFs are presented in Table 1. The moisture contents of OFs in the
present study varied between 18.43-20.20%. The protein contents of OFs changes 3.74-
4.65%. Protein contents of UPOF samples were higher than those of POF samples. The starch
contents of OFs obtained in this study were found to be between 13.80-43.18%.The starch
contents of POFs samples were significantly (p<0.05) higher than those of UPOFs. It can be
attributed to the presence of higher amount of starch in pulp than in peel.

The total dietary fiber (TDF) contents of OFs ranged from 20.67% to 30.65%. These results
were lower than pumpkin flour samples (32.15- 36.73%) found by Aydin and Gocmen [19].
The higher TDF levels observed in UPOF samples may be possibly related to pericarp
contents. OF is a good source in TDF, it might be important from the nutrition point of view.
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Table 1. Chemical compositions of OFs **

Total Dietary

Samples Moisture* Protein* Ash Starch Fiber
(9/1009) (9/100g, db)  (mg/100g, db) (mg/100g, db) (g/100g, db)
POF-1 18.99 £1.05%  3.74+0.26° 2.46+0.22, 43.1842.26" 23.55+0.07°
UPOF-1 18.43+1.13%°  4.49+0.17° 2.5740.17, 17.73+2.38% 30.65+0.16%
POF-2 19.78+1.11°  4.51+0.24° 1.87£0.15, 36.86+4.89° 20.67+0.21¢
UPOF-2 20.20+0.96°  4.65+0.19° 1.87+0.21° 13.80+2.13% 25.44+0.44°

# Means with different superscripts in columns indicate significant difference (p< 0.05).
* Data are expressed as means =+ standard deviations.

3.2. Micro minerals

The micro minerals of flour samples obtained from Elaeagnus angustifolia L. are presented in
Fig.1. According to average levels of micro minerals in all samples, Fe was found to be
highest (10.72 mg/kg) and it was followed by B (7.79 mg/kg) and Zn (4.08 mg/kg).

25
20

15 = poF1
UPOF-1

10 " pOF-2

I B UPOF2
5 II I | |
Ik ,|l,|l —
n Fe Cu Mn B Cr Co Se I

o

Fig. 1. The micro minerals of POF and UPOF from two genotypes.
Data show mean values of three replicates +/- standard error.

With regard to genotypes, generally Zn, Cu, Mn contents of genotype 1 (GO1) samples were
higher than those of genotype 2 (GO2) samples (p<0.05). These differences between
genotypes may be due to growth conditions, genetic factors, soil properties and geographical
variations. Our data showed that Fe, Cu, B, and Cr accumulations were higher in fruit skin
than in pulp tissues. Conversely, no significant differences regarding Co, Se and Mo contents
were determined in all samples (p<0.05) (Fig.1).

The highest content of Zn was determined in UPOF-1 sample (5.50 mg/kg) while the lowest
content of Zn was determined in UPOF-2 (1.90 mg/kg). Our results were compatible with
those obtained by Dolezal et al. [20] and Akbolat et al.[21]. Fe content was the highest
(17.53mg/kg) in UPOF-2. Our results revealed that the oleaster fruit is a good natural source
of Fe. Dolezal et al.[17] reported lower (5.77mg/kg) Fe content in oleaster fruit suggesting
that the oleaster fruits in Turkey contain greater amount of Fe. The levels of Cu in OFs were
within the range of 2.37-6.11 mg/kg (Fig.1). Our results were higher than those reported by
Dolezal et al.[17].

The B content varied between 5.99 mg/kg (POF-2) and 8.58 mg/kg (UPOF-2). Sungur and
Okur [22] determined high concentrations of B were found in thyme (10.44 mg/kg), mint
(6.96 mg/kg), red cabbage (6.45 mg/kg), broad-bean (6.28 mg/kg), quince (5.41 mg/kg),
pomegranate (5.27 mg/kg) and orange (4.08 mg/kg) while low concentrations of B were
found in pumpkin (0.76 mg/kg), white radish (0.97 mg/kg), plum (1.16 mg/kg) and cucumber
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(1.17 mg/kg). Most foods had B concentrations in the range of 1.48-3.60 mg/kg. According to
our results, oleaster fruits are good natural sources of B. Hence, our findings make a
significant contribution to the limited information available in the literature.

Mn contents of all samples varied between 2.46-4.51 mg/kg. Mn concentrations in oleaster
fruit were reported as 10.15 mg/kg by Dolezal et al. [17] and 47.10-49.76 mg/kg by Akbolat
et al.[18]. We found lower Mn content compared with those reported in previous studies.

In the present study, Se contents of OFs ranged from 0.025-0.04 mg/kg. Se levels of all
samples are relatively higher than those of different fruits investigated in another study by
Ventura et al. [23]. Additionally, we provide information with regard to levels of essential
nutrients Cr, Co and Mo in oleaster fruit for the first time in the literature.

The Cr values of oleaster ranged between 0.11-0.38 mg/kg. The Co content of oleaster fruits
averaged 0.06 mg/kg; this value is smaller than the average Co content of the fruits, including
apples (35.24-39.9 ug/g), plums (45.32 pg/g), cornelians (32.45-41.03 pg/g) [24], red guava
(3.17 ng/g), yellow guava (0.31 pg/g), and guobiroba (0.62 pg/g) [25].The mean Mo levels of
oleaster fruit varied between 0.03-0.05 mg/kg. No data have been reported on Mo content in
dried fruits.

3.3. Fatty Acids

Nine different fatty acids (FAs) were detected in POF and UPOF samples of two genotypes
and their percentages are presented in Fig. 2. The major FA in all samples according to
average values was palmitic acid (C16:0) (34.31%), and it was followed by oleic acid (C18:1)
(26.23%) and lignoceric acid (C24:0) (17.47%).

Linoleic acid characterized by high amounts of saturated FAs as compared to mono
unsaturated FAs and polyunsaturated FAs. Goncharova et al. [26] reported an abundance of
palmitoleic acid (16:1) in fruit skin and linoleic acid (18:0) and palmitic acid (16:0) in seeds.
These differences might be explained by differences in genotypes, climatic condition and soil
composition.

® por1

UPOF-1
® por2
B UPOF-2

Fig.2. The fatty acids of POF and UPOF from two genotypes.
Data show mean values of three replicates +/- standard error.

Significant differences were observed for each individual FA of POF and UPOF samples
between genotypes. Palmitic and oleic acid concentrations were significantly higher in GO1
samples than in GO2 (p<0.05). Conversely, palmitoleic, stearic, linoleic, arachidic acid levels
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in GO2 samples were higher than those in GO1 (p<0.05) (Fig.2). UPOF-1 had the highest
palmitic (36.69%) and oleic acid (28.69%) contents in all FAs. The highest lignoceric acid
level (18.02%) was detected in POF-2 samples compared to the other samples. UPOF-2
samples had the highest linoleic acid content (11.59%) among all samples. Oleic and linoleic
acids were predominant unsaturated FAs in all samples.

3.4. Organic Acids
Organic acids may have a protective role against various diseases due to their antioxidant

activity [27]. Seven different organic acids were detected in this study and their percentages
were presented in Fig.3.
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Fig. 3. The organic acids of POF and UPOF from two genotypes.
Data show mean values of three replicates +/- standard error.

According to the average values of POF and UPOF samples, the highest levels were obtained
in citric acid (16.94mg/g) content which was followed by malic acid (15.07mg/qg), acetic acid
(6.97mg/qg), oxalic acid (4.72mg/qg), tartaric acid (3.67mg/g), fumaric acid (0.82mg/g), and
trace amounts of ascorbic acid (0.035mg/g) (Fig.3). In this study, the levels of citric acid in
OFs were within the range of 13.00-26.69mg/g (Fig.3).

Citric acid was the major organic acid in GO2 samples. Citric acid concentration of POF-2
sample (26.69mg/g) was 2 times higher than that of POF-1 sample (13.0mg/g). Additionally,
its level in UPOF-2 was 1.3 times higher than that in UPOF-1 sample. Although citric acid
contents were similar in GO1 samples, they were significantly different between GO2
samples (p<0.05). Similar levels of citric acid have been reported in oleaster fruit by Dolezal
et al. [20].

Malic acid was the predominant organic acid in GO1 samples. The highest malic acid
concentration (18.36mg/g) was detected in POF-1 samples (Fig.3). Wang and Fordham [28]
indicated that malic, quinic and citric acid were found in Elaeagnus umbellata Thunb. fruit
and malic acid was the primary organic acid. Among all samples, POF-1 had the highest
acetic acid content (10.21mg/g). The present study shows that oxalic acid contents range
between 4.47-5.06mg/g (Fig.3). These results are much higher than in other fruits, such as fig
(0.18mg/qg), cranberry (0.17mg/g), and blueberry (0.25mg/g) [29].

The highest tartaric acid level (9.67mg/g) was detected in UPOF-2 samples while the lowest
(1.46mg/g) tartaric acid concentration was found in UPOF-1 samples. Although citric acid
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contents were similar in GO1 samples, they were significantly different in GO2 samples
(p<0.05). The levels of fumaric acid in OFs were within the range of 0.62-1.06mg/g (Fig.3).

Fumaric acid concentrations of GO1 samples were significantly higher than those of GO2
samples (p<0.05). Acetic acid content of POF-1 was higher than that of UPOF-1(p<0.05).
Usenik et al. [30] measured lower values for 13 sweet cherry cultivars (0.97-7.56mg/kg). In
support of the findings from previous studies, our results suggest that OF contains moderate
levels of fumaric acid. Ascorbic acid is the most widely distributed water soluble antioxidant
in fruits and vegetables [31]. Although ascorbic acid was not detected in GO1 samples,
extremely low levels of it were detected in GO2 samples (0.01mg/g, 0.06mg/g, respectively).
Ascorbic acid levels in oleaster olives were slightly higher than those obtained in Czech
Republic (132.5mg/kg) [20].

4. Conclusion

Although the oleaster grows spontaneously in many regions of Turkey, consumption of its
fruit is limited and it is not yet used as an ingredient in food industry. The results of this study
showed that OF has high nutritional contents. OFs showed high levels of TDFs and minerals.
Many kinds of organic and fatty acids were determined in OFs. The OFs obtained in the
present study seem to be suitable for food products such as bakery goods, dairy products (ice
cream and yoghurt), beverages, confectionary, etc. It can also be used as an alternative
innovative functional ingredient in food products which require relatively low fat and high
dietary fiber content. Further studies are needed to produce bakery products supplemented
with OF with improved nutritional and functional properties.
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