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SUMMARY: A commercial enzyme preparation consisting of pectolytic, cellulotic and hemicellulotic enzymes was applied to the
oil extraction by cold pressing from apricot kernel, flaxseed and grape seed. The effects of enzyme pre-treatment varied depending
on the different oil seed used as raw material. Although the increase in free fatty acidity can be considered as a negative effect (from
0.37 to 0.52), the decrease in peroxide number and p-anisidine values, increase in oil yield (22.75%), higher levels of total carotenoids
and tocopherols, as well as a remarkable increase in phenolic content (x1.68) and radical scavenging effect (including hydrophilic and
lipophilic-induced and total antioxidant capacity) showed that the use of enzyme application in the cold pressing of apricot kernel oil
would be beneficial. Many of these positive results could not be achieved in the pressing of flaxseed or grape seed oils under the same
conditions. A high negative correlation (r=-92.2) was found between p-anisidine value and 3-tocopherol for grapeseed oil. Hydrophilic
and /lipophilic antioxidant capacity, total phenolics, and total carotenoids negatively correlated well (r values above 80) with peroxide
values for apricot seed oil. Correlation results showed that carotenoids play an important role in the oxidative stability of the oils, where
it was much more evident for apricot seed oil (r=-97.5).

KEYWORDS: Apricot kernel; Bioactive compounds; Cold pressing; Enzymes; Flaxseed; Grapeseed

RESUMEN: Pretratamiento enzimatico en el prensado en frio: Influencia en los aceites de linaza, hueso de albaricoque y semilla
de uva. Se aplico un preparado enzimatico comercial que consta de enzimas pectoliticas, celuldticas y hemiceluloticas en la extraccion
de aceite de prensado en frio de albaricoque, linaza y semilla de uva. Los efectos del pretratamiento enzimatico variaron dependiendo
de las diferentes semillas oleaginosas como materia prima. Aunque el aumento de la acidez libre puede considerarse como un efecto
negativo (de 0,37 a 0,52), la disminucion del valor de perdxidos y de p-anisidina, el aumento del rendimiento de aceite (22,75%), niveles
mas altos de carotenoides totales y tocoferoles, ademas de un aumento notable en el contenido de fenoles (x1.68) y el efecto captador
de radicales (incluida la capacidad antioxidante total e inducida por hidréfilos y lipofilos) mostraron que la aplicacion de enzimas en el
prensado en frio del aceite de hueso de albaricoque resulta beneficioso. Muchos de estos resultados positivos no se pudieron lograr al
prensar los aceites de semillas de linaza y uva, en las mismas condiciones. Se encontrd una alta correlacion negativa (r = -92.2) entre el
valor de p-anisidina y el d-tocoferol para el aceite de semilla de uva. La capacidad antioxidante hidrofila y lipofila, los fenoles totales
y carotenoides totales se correlacionaron negativamente bien (valores de r por encima de 80) con los valores de peroxido para el aceite
de semilla de albaricoque. Los resultados de correlacion mostraron que los carotenoides juegan un papel importante en la estabilidad
oxidativa de los aceites, mucho mas evidente para el aceite de hueso de albaricoque (r = -97,5).
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1. INTRODUCTION

The cold pressing of oils can be carried out in
a screw press or hydraulic press and any organic
solvent or external heat is not implied. Today, oil
production is mostly done by solvent extraction;
however, for some oils such as virgin olive oil,
sesame oil or rapeseed oil, pressing is preferred due
to their specific properties.

Mechanical pressing has the advantage of
safety and simplicity throughout the process, it
is less harmful, requires a short time period, and
only a small amount of raw materials is necessary
for extraction from different oilseeds (Oyinlola
et al., 2004). In addition, the press cake obtained
is rich in protein (Singh and Bargale, 2000). The
pressed materials have better natural properties;
end products are free of chemicals such as free fatty
acids, trans fatty acids and oxidative products (Khan
and Hanna, 1983). The higher degree of naturalness
of the product obtained and the fact that it is rich in
bioactive components explains why these products
are increasingly found in markets which sell less
processed foods.

Pressing is inefficient compared to solvent
extraction. In some cases over 10% of the oil can
remain in the press cake (Singh and Bargale, 2000).
Enzymes might be used in a pre-treatment stage
in order to overcome the low yield problem. The
mechanism action of enzymes is to facilitate the
release of fat from cells by breaking down cell wall
components such as cellulose and pectin.

Enzymatic pre-treatments lead to an increase
in oil yield because they tend to either soften
and/or destroy cellular structures, thus aiding in
extraction. In order to achieve higher oil recovery,
enzyme preparations (pectolytic, cellulolytic and
hemi cellulolytic) used in pre-treatments have
a broad spectrum of activity to disrupt the cell
wall structure. Enzymatic hydrolysis, allows for
easier oil removal. There is also considered to be
a synergistic effect between several enzyme types
(Amos and Mohnen, 2019; Necharika et al., 2020).

Apricot kernels are produced as by-products
from the food canning industry (Sharma et al.,
2011). Apricot kernels are rich in essential amino
acids, oil, high concentrations of minerals and B
group vitamins; its oil is high in unsaturated fatty
acids, with oleic acid being dominant (Gupta et
al., 2012).

Grape seeds (Vitis vinifera L.) are the main by-
products of winery and molasses. Its oil contains
high levels of unsaturated fatty acids, linoleic (58—
78%) and oleic (10-20%) (Crews et al., 2006) and
antioxidant-rich compounds (Kadri et al., 2019).
Grape seeds constitute about 20% of the fruit
weight, and this percentage corresponds to about
40—60% on a dry matter basis. This situation reveals
the importance of the complete utilization of grape
seeds (Wang et al., 2009; Brasky et al., 2011).

Flax seeds (Linum usitatissimum L.) contain a
relatively high amount of polyunsaturated fatty acids
(PUFA), lignans, secoisolariciresinol diglucoside
(Hasiewicz-Derkacz et al., 2015), phenolic acids
and flavonoids. Flax oil is valuable due to its high
quantity of essential PUFA (73%): a-linolenic acid
and linoleic acid (Singh et al., 2011; Mridula et al.,
2011; Mridula et al., 2013).

In studies previously conducted on various
oilseeds, it has been reported that enzyme application
provides an increase in oil yield by up to 12%
(Kashyap et al., 1997; Shankar et al., 1997; Sarkar
et al., 2004). Enzyme assisted pressing, because of
its nontoxic and inflammable features, stands out
as an ideal alternative for oilseed extraction (Singh
and Singh, 2013). With this in mind, in this study
we aimed to investigate the impact of enzymatic
pre-treatment prior to oil extraction by mechanical
pressing on the recovery of three specialty oils;
grape seed oil, apricot seed oil and flaxseed oil. In
this study, the effects of enzyme pre-treatment on
yield, some quality parameters and some physical
and chemical properties of various oilseeds were
revealed. In this context, the degree of exposure of
minor bioactive components was also presented.
Here, the antioxidant activity was examined in detail,
and it was deepened by analyzing both lipophilic
and hydrophilic fractions. Flaxseed, apricot seeds
and grape seeds were selected, as these oilseeds
enjoy widespread use due to preferred fatty acid
composition (flaxseed and apricot seed) and high
phenolic contents (grapeseed and flaxseed).

2. MATERIALS AND METHODS

2.1. Oil samples and chemicals

Oil seeds (flaxseed, grape seed, apricot kernel)
were obtained from a local supplier in Konya,
Turky. Reagents for measurements were supplied
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by Sigma-Aldrich (St. Louis, MO, USA) and
Merck (Darmstadt, Germany). Water was of
ultrapure milli-Q grade. The commercial enzyme
was a complex enzyme preparation of cellulases,
pectinases and hemicellulolytic enzymes produced
by Aspergillus aculeatus (SEBMax Olive, Advanced
Enzyme Technologies Ltd., India). All the remaining
chemicals used for experiments were at least
analytical grade. The hydrolyzed or conventionally
treated samples were directly subjected to pressing
without any roasting or moisture adjustment.
The control sample was considered as the sample
produced by the conventional method. Neither
buffer solution nor enzyme was applied.

Oil was obtained by pressing 1000 g of seeds with
a screw press (Karaerler NF 500, Turky ) (nozzle
diameter of 5 mm, shaft screw diameter of 33 mm,
rotation speed of 50 rpm) at oil flowing temperatures
below 50 °C (cold pressing).

The oil seeds were ground in a laboratory
scale grinder (220 V, 1-30 kg seeds/hour capacity,
1.5 kW, 9000 rpm) to a particule size of 1-2 mm
ground. Enzymes were applied by using a buffer
solution (0.1 M of aqueous NaH,PO,, pH adjusted
to 6 with 0.5 M NaOH or phosphoric acid)
containing 10 g commercial enzyme mixture.
100 mL of this solution was sprayed onto 1 kg of
ground seeds. Then the seeds were incubated at 60
°C for 3 hours. Enzyme solution was applied at a
final enzyme concentration of 1 g enzyme per 100
g seeds. Pressing time was approximately 5 min.
The oil extracted was stored in amber glass bottles.
The pressing procedure was carried out in three
replicates and the average values were reported. The
percentage oil yield was obtained by calculating the
proportional amount of oil obtained from 100 g of
seed (Ezeh et al., 2016).

2.2. Oil analysis

The determination of free fatty acids (FFA),
peroxide value, and p-Anisidine values (pAV) of
the extracted oil was carried out according to the
standard AOCS official methods Cd 3d-63 and Cd
8b-90, respectively. Instrumental color was measured
by a colorimeter [Minolta Chroma meter CR 400
(Osaka, Japan)]. The chromaticity coordinates a" and
b" measures red-green and yellow-blue, respectively,
depending on the negativity and positivity of the
values (Criado et al., 2004).

2.3. Fatty acid composition

The fatty acid composition was determined
following the ISO standard (ISO, 1990; ISO,
2000). One miligram of oil was dissolved in 1 mL
of n-heptane and 50 pg of sodium methylate, and
the tube was shaken vigorously for 1 min at room
temperature. 100 pL of water were added and the tube
was centrifuged at 4500 g for 10 min and the lower
aqueous phase was removed. Then the solution was
mixed with 50 uL. of HCI (1 mol with methyl orange)
and the lower aqueous phase was rejected. About 20
mg of sodium hydrogen sulphate (monohydrate,
extra pure) were added, and after centrifugation
at 4500 g for 10 min, the top n-heptane phase was
used. A Shimadzu GC-2010 Plus/FID/HS-20, with
a capillary column, SP 2-4111 was also used (100
m long, 0.25 mm ID, film thickness 0.2 pm). The
temperature program was as follows: from 140 °C
(for 5 min.); heated to 240 °C (4° C/min) and held
for 20 min; injector 250 °C, detector 260 °C; carrier
gas 36 cm/s hydrogen; split ratio 1:50; detector gas
30 mL/min hydrogen; 300 mL/min air and 30 mL/
min nitrogen; manual injection volume was 1 pL.
The peak areas were computed by the integration
software, and the results were calculated as weight
percent by direct internal normalization.

2.4. Determination of tocopherols

The contents of tocopherol (a-, 5-, y- and J-forms)
in the oil were determined by Shimadzu LC-20A
HPLC system equipped with a fluorescence detector
and Lichrosorb Si 60 column (250 x 4.0 mm, 5
um) (Supelco, USA). The emission and excitation
wavelengths were set at 330 and 290 nm, respectively.
The oil samples were dissolved in n-hexane at 50
mg/mL. A 20 pL volume of the loaded sample on
the column was eluted with n-hexane/2-propanol
(99.5/0.5, v/v) isocratically at 0.8 mL/min. The
tocopherol contents were determined by comparing
to calibrated standard curves. For the identification of
tocopherols, the peak retention times were compared
against absolute/ pure tocopherol compounds (a-, -,
v- and & —tocopherols) (IUPAC, 1987).

2.5. Carotenoids and chlorophylls in olive oils

7.5 g oil were weighed and dissolved in
cyclohexane up to a final volume of 25 mL. Carot-
enoid contents were calculated from the absorption
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spectra of the oils by using the specific extinction
values. Absorption at 470 nm and 670 nm were re-
corded for carotenoid (mg lutein / kg oil) and chlo-
rophyll (mg pheophytin a / kg oil) fractions, respec-
tively (Minguez-Mosquera et al., 1991).

2.6. Total antioxidant capacity measurement and
determination of total phenolics

The antioxidant activity of the oil (total
fraction) and the hydrophilic and lipophilic
fractions were assessed by the scavenging
activity of 1,1-diphenyl-2-picrylhydrazyl (DPPH)
(Tuberoso et al., 2007; Teixeira et al., 2013). 1 g
of oil was dissolved in 2 mL of 80% methanol,
the solution was agitated for 30 min at room
temperature and centrifuged at 700 g for 10 min
to separate the methanol phase as hydrophilic
fraction, while ethyl acetate was mixed with the
remaining solution as lipophilic fraction.

The oil was diluted in ethyl acetate alone,
without fractionation as total fraction. Antiradical
activity was expressed as percent inhibition of
DPPH. For the antiradical activity measurement,
a methanolic solution (100 pL) of the extracts
from different fractions of the oil was placed in
a cuvette and 0.5 mL of a methanolic solution of
DPPH (50 mg DPPH/100 mL MeOH) were added.
After 20 min incubation in the dark and at ambient
temperature (27 °C), the resultant absorbance was
recorded at 517 nm (Shimadzu Co., Ltd., Kyoto,
Japan). Antiradical activity was expressed as
percent inhibition of DPPH (Roginsky and Lissi,
2005).

The methanolic extracts prepared for the
antioxidant analysis were used for the determination
of total phenolics. The method described by Rigane
et al., (2011) was performed. The results were
expressed as mg of gallic acid per kg of oil.

2.7. Statistical analysis

All parameters analyzed were determined
in triplicate. Statistical analysis was performed
with the SPSS v. 16 statistical software (SPSS
Inc., Chicago, IL, USA). “General linear model
multivariate analysis” was used to evaluate oil seed
and pretreatment depended differences regarding
the parameters analyzed. Significant differences
between mean values were evaluated by using the
Duncan’s new multiple range test (P<0.05).

3. RESULTS AND DISCUSSION

3.1. Influence of enzymatic pre-treatment on oil
yield

The yield values forof flaxseed, apricot kernel
and grape seed oils are presented in Table 1. Enzyme
application showed the most significant increase in
oil yield (22.75% increase) in the apricot seed sam-
ple. The pre-treatment of mixed enzyme formulation
on apricot kernel resulted in 47.33% oil recovery
which was 14.22% more than that obtained with-
out enzymes as reported in the study of Bisht et al.
(2015). Although the enzyme application provided
a small increase in oil recovery from grape seed, it
was not statistically significant. In a previous study,
an enzymatic treatment for 9 hours at 50% moisture
along with pre-heating, grape seed oil extraction
yield was raised by 59.4% in comparison to the yield
obtained from the control without enzymes (Tobar et
al., 2005). The lower increase in oil yield achieved
in the present study compared to that of Tobar et al.
(2005) can be attributed to the longer incubation time
(9 hours) and moisture level applied in their study.
We tried to keep these conditional parameters as low
as we could in order to suppress the formation of
free acidity and oxidation. Soto, Chamy and Zufiiga
(2004) also reported that with the use of an enzyme
mixture, borage oil yield was 84% in comparison to
77.7% from control samples.

Contrary to expectations, this application signif-
icantly reduced oil yield from flaxseed. It is thought
that the applied enzyme mixture is not suitable for
the flaxseed cell membrane structure and also creat-
ed a negative result by affecting the moisture ratio.
Because the enzymes were applied in a buffer solu-
tion which increased the moisture ratio of ground
seeds to a level that could not be ignored even 60 °C,
3 hours incubation led to a loss in the moisture level
to some extent. This is a well-known effect of mois-
ture which gives rise to the differences between the
components of hydrophobic (van der Waals forces)
and hydrophilic (hydrogen and ionic bonding) ma-
trixes (Mustafa and Turner, 2011). In flaxseed, en-
zyme pre-treatment probably reduced the difference
between these two fractions and, on the contrary,
showed an effect in favor of binding (emulsion). En-
zymes affect the release of oil depending on the seed
composition. The oil found inside the plant cells (oil
bodies, 0.6-2 um) is a triglyceride matrix which
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TABLE 1. Analysis results of cold pressed seed oils obtained by conventional and enzyme pre-treatment methods.

Flaxseed oil

Apricot seed oil

Grape seed oil

Analysis Conventional Enzyme
Oil yield (%) 37.82+1.09'a  30.85+1.94bf
Free fatty acids (%) 1.91+0.09b 2.04+0.47a
Peroxide value (meq O»/kgqi) 2.05+0.15a 1.73+£0.17b
p-Anisidine value 1.40+0.59 1.31£0.15
Total carotenoids (mg/kg) 0.297+0.03 0.295+
Total phenolics (mg/kg) 62.32+12.94 56.27+7.15
Antioxidant capacity %

hydrophilic 29.72+1.14a 16.34+3.65b
lipophilic 40.37£1.26a  35.61+£5.22b
total 31.85+2.73 28.89+3.17
Tocopherols (mg/L)

a-tocopherol 112.43+£24.8 111.60£12.5
B-tocopherol 186.22421.17a  154.29+25.9b
y-tocopherol 416.62+26.8  444.09+31.17

d-tocopherol

Qil color indices

146.21£13.06

147.12£10.66

L* 31.13£3.7 31.88+4.0
a* -1.95+0.7 -1.97+£0.31
b* 7.15+£0.48 6.82+0.62

Conventional Enzyme Conventional Enzyme
31.164+4.13b 38.25+1.76a 10.43+0.92 11.05+0.65
0.37+0.03b 0.52+0.02a 0.94+0.05b 0.99+0.07a
1.89+0.17a 1.34+0.40b 18.93+1.56 20.59+1.18
2.28+0.75a 1.97+£0.23b 5.30+1.14 4.46+1.08
0.376+0.026b  0.731+0.08a 1.237+0.168a  0.719+0.037b
18.44+2.67b 31.08+4.41a 154.13+23.29  127.92+15.03
17.814£3.90b 33.55+4.24a 40.46+4.51 33.68+1.48
20.59+4.02b 42.93+3.44a 42.12+6.84 31.30+2.48
34.10+4.18 38.31+5.21 42.13+£2.17 38.54+3.05
119.09+17.6 119.65+9.53  181.49+18.72a 156.59+17.5b
0.157+0.05a 0.147+0.04b 95.09+12.4b 117.89+14.6a
638.84+30.86  619.04+£22.46  418.11+46.65  413.00+29.34
154.12+12.38  150.97+£26.67 0.140+0.03 0.147+0.05

31.15+£2.9 30.88+1.67 27.44+4.5 27.57+1.53
-1.66+0.8 -1.524+0.6 1.07+0.4a 0.76+0.21b
3.98+0.25 3.63+0.21 -1.94+0.09b -0.87+0.06a

"meant standard deviation; results of three replicates (n=3).

fsmall case letters show significant differences between between values and belong to oils of conventional and enzyme-treated samples of

the same oilseed (P <0.05).

Statistical results obtained from General Linear Model-Multivariate, and Duncan methods.

is compromised of a monolayer of phospholipids
linked together with proteins. Proteins give stability
to this matrix due to the steric hindrance and elec-
tronegative repulsion of hydrophobic proteins on
the surface of the oil bodies. Due to the structural
properties of protein in the flaxseed, it is thought to
be more stable with the addition of enzymes, unlike
apricot kernel and grape seed.

On the other hand, in order to achieve a higher
amount of oil extraction, enzyme preparations should
have a broad spectrum of activity to disrupt the cell
wall structure. The commercial enzyme preparate
used in this study did not contain protease, which
seemed inevitable for flaxseed pressing. Long et al.
(2011) reported that when a mixture of cellulose,
pectinase, and hemicellulose enzymes were applied,
the flaxseed oil yield was 73.9%, higher than the oil
yield from the application of each enzyme individu-
ally. These higher oil yield values reported by Long
et al. (2011) are of course due to the application of

a method completely different from our study (ultra-
sound-assisted aqueous enzymatic method) to extract
the oil. In addition, it is known that the dissolution of
proteins, at a pH far from the isoelectric point, dis-
rupts the matrix and enables oil release (Oyinlola et
al., 2004). This triggers the idea that a commercial
mixture of enzymes along with buffer solution carry-
ing it might have formed a pH close to the isoelectric
point in ground flaxseed. A physical effect can also be
considered in this case, because products from the de-
graded materials can negatively affect enzymes to act
on their substrates (Ezeh et al., 2016). Particle size is
another factor thought to be effective on the release of
oil. The physical effect of enzymatic treatment is also
involved, which was demonstrated by smaller parti-
cle size with a degraded surface of cotyledon cells of
enzymatically treated soybeans (Sineiro et al., 1998).
Hence, the disruption of walls and cytoplasm leads to
a slow and gradual lose in the cellular and sub-cellular
structure of cell tissues.
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The enzyme pre-treatment duration of hemp
seeds was up to 6 hours in study by Latif and Anwar
(2009). Nosenko et al. (2019) demonstrated that
using a different kind of proteolytic enzyme for
pumpkin seed pre-treatment resulted in an increase
in destroyed cell quantity from 3 to 10.4%. In
particular, the acid proteases were the most effective
enzymes in increasing destroyed cell content in
oily material. The increase in oil extractability by
means of enzyme pre-treatment was attributed to the
breakdown of the protein network surrounding the
lipid bodies and also supports the degradation of the
complex lipoprotein molecules into simpler lipid and
protein molecules, thereafter enhancing the release
of oil (Murphy, 1993; Tzen and Huang, 1992).

Regarding the low oil content in grape seeds
(determined between 10-11% in the present study),
in previous studies, oil yields between 7-20% were
reported and the authors pointed out that high
amounts of oil remained in the cake from cold
pressing (Matthius, 2008; Ozcan et al., 2017; Ozcan
and Aljuhaimi, 2017).

3.2. Pre-treatment effects on some quality indices
and fatty acid composition of seed oils

The enzyme application was shown to increase free
fatty acidity (%) values (Table 1). Although it showed
the lowest free fatty acidity value, the highest increase
was in apricot oil. Moisture had a big effect on this
because the carrier buffer solution which enables the
enzyme to be added homogeneously increased the
moisture content in the ground seed. Similarly, it has
been reported that the acidity of oil increases with
increasing moisture content in canola seed (Patil and
Singh, 2017). Enzyme treatment also led to an increase
in free fatty acids in borage oil from 5.56 to 6.55%
compared to the control (Soto ez al., 2007). An increase
in the acid value (mg KOH/g) of apricot seed oil
proportionate to the increase in enzyme concentration
was reported by Bisht ef al. (2015).

Free fatty acids in oil are formed as a result of
hydrolysis in the presence of moisture but the non-
enzymatic reaction only occurs at high temperatures.
Lipase in the seeds may also have increased the
hydrolysis reaction which leads to the occurence of
free fatty acid during grinding and extraction. The
main reason for a high acid value was probably the
prolonged activity of native seed enzymes, especially
lipases, since the optimum temperature and pH for

the lipases of various origin ranges between 30 and
80 °C, and between 4.5 and 11, respectively (Barros
etal., 2010).

Peroxide values were found between 0.80-3.00
meq O,/kg oil. The peroxide values for enzyme-treated
samples were lower for flaxseed and apricot oils than
that of the control, but it caused a slight increase in
grape seed oil which was not statistically significant.
In addition, the high peroxide value for grape seed oil
was remarkable. Patil and Sing (2017) reported that
the moisture content in the seeds was responsible
for the high peroxide values of the oil and that the
high moisture content facilitated the oxidation of oil,
which resulted in rancidity. Akinoso et al. (2010)
also explained the high peroxide values for sesame
oil with the same arguments. The more free fatty
acids and primary oxidation products in aqueously
extracted oil than cold-pressed oil reported by
Konopka et al. (2016) might also show the influence
of paste moisture on the oxidative stability of pressed
oil. Grape seeds are obtained as waste from wine or
molasses production, and grape seeds are naturally
in contact with water during processing. With the
application of enzymes on flaxseed and grape seeds,
p-anisidine values decreased insignificantly, while the
decrease was significant in the case of apricot kernel.

Grape seed oil showed important changes in color.
It is understood that enzyme pre-treatment caused a
significant decrease in the a* value and increase in
b* value (lower redness and blueness) compared to
the control.

There was a slight but significant increase in
the stearic acid percentage of flaxseed and apricot
kernel oils (Table 2). With respect to enzyme pre-
treatment, generally there was no significant change
in the concentration of fatty acids among the studied
oil samples. In addition, a significant increase in
the amount of grapeseed omega-3 content can be
mentioned. Increases in the sum of SFA and PUFA
were determined in the oils of enzyme pre-treated
seeds. However, there were negligible decreases in
the U/S ratios.

3.3. Minor bioactive compounds and DPPH radical
scavenging activity

Carotenoid contents showed ambiguous results
with regards to enzyme pre-treatment. Enzyme
pre-treatment did not reveal a significant change
in carotenoid content of flax seed. However, it
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TasLE 2. Distribution of fatty acids in seed oils obtained by cold pressing with and without enzyme pre-treatment.

Flaxseed oil

Apricot seed oil Grape seed oil

(l::lt;i]i::i;/i: ) Conventional Enzyme Conventional Enzyme Conventional Enzyme
C16:0 5.12+0.04* 5.03+0.05 4.77+0.05 4.80+0.06 7.52+0.08 7.58+0.04
C18:0 4.12+0.05b 4.23+0.03a 4.12+0.02b 4.22+0.03a 4.32+0.02 4.33+0.03

C18:1 (n-9) 18.02+0.15 18.10+0.17 69.33+0.36 69.28+0.46 18.61+0.12a 18.51+0.11b

C18:2 (n-6) 14.10+0.19b 14.324+0.04a 23.37+0.08 23.44+0.15 68.40+0.17 68.38+0.23

C18:3 (n-3) 57.65+0.76 57.49+0.18 0.32+0.06 0.08+0.02 0.43+0.06b 0.71+0.02a

SFA 9.24 9.26 8.89 9.02 11.84 11.91
PUFA 71.74 71.81 92.70 92.72 87.01 86.89
u/S 9.72 9.71 10.46 10.29 7.39 7.36

“meanz standard deviation; results of three replicates (n=3).

fsmall case letters show significant differences between values and belong to oils of conventional and enzyme-treated samples of the same

oilseed (P <0.05).

Statistical results obtained from t-test. U/S: unsaturated/saturated fatty acids; SFA: saturated fatty acids; PUFA: polyunsaturated fatty acids.

caused a significant increase in apricot kernel and
a significant decrease in grape seed in terms of
carotenoid content.

The ratio between the individual representatives
of tocopherols in the cold-pressed seed oils
practically did not differ. When tocopherols were
examined, the most prominent effect of enzyme
treatment was on f-tocopherol. The contents of
f-tocopherol in flax and apricot seed oils were lower
as a result of enzyme application. However, while
the f-tocopherol content increased in grape seed oil,
at the same time, the a-tocopherol content decreased,
although a significant change occurred only in grape
seed oil in terms of this tocopherol homologue.

Total phenolics in flaxseed and grapeseed oil
exhibited similar changes with enzyme treatment.
The phenolic contents in these oil samples showed
non-significant decreasing results, but the total
phenolic content in apricot oil was almost doubled.
Oilseed extracts generally contain high levels of
phenolics and have shown excellent antioxidant
activities in both vivo and vitro (Schmidt et al.,
2003). However, depending on whether the phenolics
are free or bound, only a small proportion can pass
into the oil, and most phenols remain in the meal.
In recent years, many studies have been conducted
in order to increase the phenol content in seed oils
(Schmidt and Pokorny, 2005).

Enzyme application did not show a significant
effect in terms of antioxidant activity in grape seed
oil. In fact, the effect of enzyme application in terms

of antioxidant activity from the total fraction was not
found statistically significant for all oil seed samples.
In this regard, we can say that the effect of enzyme
application varied according to the oilseed. That
is, hydrophilic and lipophilic-induced antioxidant
activity decreased in flaxseed oil. On the contrary,
antioxidant activities from these fractions increased by
up to 100% in the case of apricot seed oil. Considering
the seed grain structure, there is a hard exocarp in flax
and grape seed compared to apricot. Therefore, we
are of the opinion that the enzymes can penetrate the
tissues of apricot kernel more effectively. Here, we
see that the DPPH-RSA analysis carried out where
the oil is directly used as the sample does not reflect
antioxidant capacity sufficiently. Because, according
to the DPPH-RSA analysis results we performed
directly in oil, enzyme application resulted in a
slight increase, but this increase level was not even
statistically significant. Phenolic compounds were also
affected by enzyme pre-treatment in a similar manner
to the DPPH-RSA results. The phenolic content of
apricot kernel oil obtained by enzyme application is
almost twice (x1.68) that of the control. In contrast
to this situation, there was only a small decrease in
the contents in phenolic substances in flax and grape
seed oils, which were statistically insignificant. On
the other hand, the results also revealed the direct
relationship between total phenolic content and
antioxidant capacity from hydrophilic and lipophilic
fractions but not with the total antioxidant capacity
determined in the oil. Symoniuk, Ratusz, Ostrowska-

Grasas y Aceites 72 (4), October-December 2021, e432. ISSN-L: 0017-3495. https://doi.org/10.3989/gya.0891201


https://doi.org/10.3989/gya.0891201

8 * A. Candan and D. Arslan

Ligeza, and Krygier (2018) reported that none of the
quality characteristics affected the oxidative stability
of cold-pressed oils, as determined by the Rancimat
test. They associated the induction times of oils with
their fatty acid compositions.

3.4. Correlations

Pearson correlation coefficients among the
concentrations of bioactive components, antioxidative
activitly percentages as variables and oxidation
parameters (p-anisidine value and peroxide value), are
given in Table 3. The results showed that correlation
relationships changed according to the oilseed source.
In terms of peroxide value, a negative correlation was
observed only with y-tocopherol in flaxseed oil (r =
-59.2); whereas apricot and grape seed oils showed
negative correlations between peroxide number and
hydrophilic/lipophilic antioxidant capacities, total
phenolics and total carotenoid contents. In addition, a
negative correlation was found for grape seed oil with
a-tocopherol (r = -69.2). These variables correlated
with much higher ratios [r values between (-80.4) —
(-97.5)] in apricot kernel oil compared to grape seed
and flaxseed oils.

p-Anisidine value was negatively correlated
with total carotenoids for flaxseed oil (r = -70.3),
to total antioxidant capacity for grapeseed oil (r =
-79.7). A high negative correlation (r = -92.2) could
be seen between p-anisidine value and §-tocopherol
for grapeseed oil. For apricot seed oil, there were
negative poor correlations between fotal antioxidant
capacity and total carotenoids with p-anisidine value.

4. CONCLUSIONS

Enzyme pre-treatment increased the free acidity
of the oils. It was understood from the decreasing
peroxide and p-anisidine values that this process had
a positive effect on oxidative stability. The results
confirmed that the effects of a commercial mixture
of several enzymes varied according to the oil seed.
As the homologous compound most affected by the
enzyme application, f-tocopherol content decreased
in flaxseed and apricot kernel oils and increased in
grape seed oil. Total phenolic content was doubled in
apricot kernel oil. Accordingly, antioxidant activity
also increased. However, regarding flaxseed and grape
seed oils, there were reductions in total phenolics and
with a greater level in hydrophilic fraction-induced

TaBLE 3. Correlations (r) (P < 0.01) between oxidation parameters
and some bioactive components of oil samples

Pp-Anisidine Peroxide value
value (meq O/Kkg o)

hydrophilic antioxidant capacity % - -

Variables

lipophilic antioxidant capacity % - -
total antioxidant capacity % - -
total carotenoids (mg/kg)
a-tocopherol (mg/L) - -

Flaxseed

B-tocopherol - -
y-tocopherol -
d-tocopherol - -
total phenolics (mg/kg) - -

-80.4
lipophilic antioxidant capacity % - -80.9
-56.5 -

-40.2 -97.5

hydrophilic antioxidant capacity % -

total antioxidant capacity %
total carotenoids (mg/kg)
a-tocopherol (mg/L) - -

Apricot seed

B-tocopherol - -
y-tocopherol - -
d-tocopherol - -

total phenolics (mg/kg) - -95.0

-47.7
lipophilic antioxidant capacity % - -39.1
-79.7 -
-76.2
a-tocopherol (mg/L) - -69.2
-42.5 -
y-tocopherol - -
-92.2 -
-52.1

hydrophilic antioxidant capacity %

total antioxidant capacity %

total carotenoids (mg/kg) -

Grapeseed

B-tocopherol

d-tocopherol
total phenolics (mg/kg) -

Statistical results were obtained by using the Correlation method.

antioxidant activity. Enzyme pre-treatment, which
shows positive results in terms of total carotenoids,
tocopherols, oil yield, phenolics, antioxidant activity
and oxidative stability, can be recommended for
the cold pressing of apricot kernels. The maximum
correlations were determined for apricot seed oil
between the hydrophilic and lipophilic antioxidant
capacity, total phenolics and total carotenoids with
peroxide value which showed r values above 80.
Correlation results showed that carotenoids play an
important role in the oxidative stability of the seed
oils. This effect was much more evident in apricot seed
oil and consistent with a very high correlation ratio (r
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=-97.5). In addition, regarding apricot oil, a negative
high correlation was found between total phenolics
and peroxide value which was not seen in the other
oils examined. Unlike other oils, the high negative
correlation between 6-tocopherol and p-anisidine
value in grape seed oil was also remarkable.
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