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Abstract Prunus serotine oil, was extracted from the
seeds without shells, resulting in an oil yield of
23.41 % 3.62%. Through GC it was shown that 52.38% of
the total fatty acids present in the oil were polyunsaturated
fatty acids. The fatty acids profile presented in the P. ser-
otine oil were oleic (41.42%), linoleic (26.97%) and o-
eleostearic acid (25.33%). It had a high concentration of
total phenols (221 + 15.85 mg as gallic acid equivalents/
kg oil) and flavonoids (0.77 + 0.01 mg catechin equiva-
lents/kg oil). The antiradical activity was 31.52 £ 2.71%
and 12.94 £ 0.67% of radical inhibition for colorimetric
methods using ABTS [2,2'-azino-bis-(3-ethylbenzothiazo-
line-6-sulphonic acid)] and DPPH (2,2-diphenyl-1-picryl-
hydrazyl), respectively. The activity inhibition was 2.3
(ABTS) and 1.8 (DPPH) times higher, respectively, than
the ones of Prunus dulcis oil. Lipid oxidation showed that
at day nine, P. serotine oil has it maximum hydroperoxide
production through two methods (hydroperoxide and
MDA). Three oregano fractions were added (code: 642,
655 and AOl) as natural antioxidants at four different
concentrations (3000, 300, 30 and 3 ppm) each one, to
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extend its shelf life. Fraction 642 managed to extend its
shelf life until day 30 (30 °C £ 2 °C), in both method-
ologies. The fraction 642 at 3 ppm, controls the production
of hydroperoxide formation. Resulting in values of
3.65 uM equivalents of cumene hydroperoxide/kg of oil
and 10.29 pM equivalents of 1,1,3,3-Tetraethoxypropane/
kg of oil, decreasing by 3.2 times the peroxide formation
with respect to P. serotine oil without leaving a Po-
liomintha longiflora fraction.

Keywords Prunus serotine seed oil - a-Eleostearic acid -
Hydroperoxide - Poliomintha longiflora fractions oils -
Malondialdehyde

Introduction

Fat and polyunsaturated oils are essential to the human diet
due to the established relationship between serum choles-
terol level and cardiovascular diseases (CV). It is well
known that regular consumption or dietary supplementa-
tion with polyunsaturated fatty acids (PUFAs) have effects
on LDL cholesterol. Fats, nonetheless, also affect HDL
cholesterol, and the ratio of total to HDL cholesterol is a
more specific marker of CV (Mensink et al. 2003). Fatty
acids improve insulin resistance and reduce systemic
inflammation (Mozaffarian et al. 2010).

The a-eleostearic acid is an unusual PUFA that provides
health benefits as decrease hepatic cholesterol level, and
suppressing growth in cancer cells, in addition to being a
chemotherapeutic agent against breast cancer (Aguerrebere
et al. 2011; Sbihi et al. 2014). The beneficial effects are due
mostly to its molecular structure, which contains triene
conjugated bonds (c9, t11, t13-18:3) (Sbihi et al. 2014). It
has been proposed as a PUFA with therapeutic potential
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(Aguerrebere et al. 2011). This fatty acid can be found in
seed oils like bitter gourds (Momordica charantia) in a
60% concentration, white mahlab (Prunus mahaleb) with
38.32% and Tung tree nut (Aleurites fordii) at 67.7% (Sbihi
et al. 2014). Nevertheless, these sources are not reported in
Mexico.

Prunus serotine var. capuli is an almond widely dis-
tributed in Mexico and especially in the central region of
the country. It is also known as capulin or black cherry
seed. Its fruit and leaves have been used in traditional
Mexican medicine since colonial times (Aguerrebere et al.
2011). Meanwhile, the seeds can be considered a forgotten
byproduct that is only occasionally consumed in roasted
form and salted as a snack. The seed contains protein and
antioxidants, as well as being a source of PUFAs like oleic,
linoleic and a-eleostearic acid (Garcia Aguilar et al. 2015).

Despite these characteristics, these oils are very sus-
ceptible to lipid oxidation because of their polyunsaturated
structure (Yamamoto et al. 2014; McClements and Decker
2000), and many factors, such as UV light, enzymes,
metallic ions, and temperature, can initiate or accelerate the
oxidation process. Factors that end up affecting physico-
chemical attributes such a like color, flavor, nutritional
profile, and shelf life (McClements and Decker 2000).

In the food industry, butylhydroxyanisole (BHA), butyl-
hydroxytoluene (BHT), tert-butylhydroquinone (TBHQ)
and propyl gallate (PG) are synthetic antioxidants commonly
used to prevent or delay oxidation, but their innocuousness
has been questioned. Nowadays, natural antioxidants found
in isolated compounds of cereals, mushrooms, herbs, citrus
fruit, especially spices such as oregano, have become the
alternative (Aranha and Jorge 2012).

Studies have demonstrated that the specie Poliomintha
longiflora has higher antioxidant activity than o-tocopherol
and is comparable to that of BHA against linoleic acid
oxidation. These properties are attributed due to the pres-
ence of carvacrol, B-caryophyllene oxide, p-cymene, -
caryophyllene, 6-methyl-3,4-xylenol, carvacrol acetate,
cyclohexanol 4- (1-methylethenyl), rosmarinic acid, pro-
tocatechuic acid, quercetin and p-coumaric acid, which can
be found in the essential oils of the spice (Méndez Zamora
et al. 2016; Herrera Rodriguez et al. 2019). The aim of this
study was to evaluate the physicochemical characteristics
of P. serotine seed oil extracted by manual cold press and
extend its life by delaying lipid oxidation with Poliomintha
longiflora fraction oil as a natural antioxidant.

Materials and methods
Prunus serotine seeds were obtained from the Xochim-

ilco’s market in Mexico City, Mexico. Prunus dulcis was
purchased from a local food store in Monterrey, Nuevo

Leon, Mexico. Poliomintha longiflora was collected from a
mountain range where the states of Coahuila, Durango and
Zacatecas convergence, under the coordinates 24.9278,
— 103.178 west, 24.9278, — 103.1782 south, 25.277,
— 103.1215 east and 25.2999, — 103.1124 north. Samples
were stored at — 20 °C until used. Solvents: ethanol,
methanol, 1-butanol, glacial acetic acid, isooctane, propa-
nol, boron trifluoride, chloride sodium, n-heptane, potas-
sium persulfate, ammonium thiocyanate, chloride barium,
and sulfate ferrous anhydrous were analytical grade (JT
Baker reagents, Mexico). The reagents such as: Folin and
Ciocalteu, gallic acid, catechin hydrate, ABTS, DPPH,
trolox, 1,1,3,3-Tetracthoxypropane, thiobarbituric acid,
external standard, Supelco 37 mix components, tung oil
and cumene hydroperoxide were purchased from Sigma-
Aldrich (Sigma-Aldrich, Mexico).

Oil extraction

The seeds were cracked open with a sterilized metal
squeezer and selected. One hundred grams of P. serotine
seeds were placed in the feed container of the cold press
(Henan Wecare Industry Co. Ltd, China) and by a simul-
taneous process of milling and pressing, the fraction oil
was cold obtained at 30 °C. The Prunus dulcis oil extrac-
tion was carried out using the same process.

Fatty acid composition

The P. serotine oil previously obtained manually by cold
pressing, as well as P. dulcis oil (control) was analyzed by
gas chromatography (GC). The method was based on
Mexican standard NMX-F-490-1999-NORMEX. -Food-
oils-fats- (Diario Oficial de la Federacion 1999). The
method consists of analysis of methyl esters of fatty acids.
The fatty acids were saponified and then the boron trifluo-
ride was aggregate. In the cold sample, n-heptane was
added, then mixed with chloride sodium resulting in two
phases. The organic phase was separate and, then was
mixed with sodium sulfate anhydrous and the separate
organic phase. Both samples were dissolved at a ratio of
1:100 n-heptane, and 1 pL from each sample was injected
into GC three times with a flame ionization detector (Agi-
lent Technologies, 7890A (GC)/7693(ALS), CA, EUA).
The analysis was performed using fused silica capillary
column (30 m x 0.25 mm, d;y 0.20 um film thickness,
Agilent GC, EUA). The run was under an optimized tem-
perature with electronic baseline compensation as follows:
initial column temperature 100 °C, programmed to increase
at a rate of 10 °C up 160 °C and then at 5 °C min~' up
220 °C. This temperature was raised to 10 °C min .
Finally, to 260 °C and held at that temperature for 5 min.
Injector and detector temperatures were at 260 °C and
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280 °C, respectively. Helium was used as it carries gas at
flow rate of 1 mL min~" with a split ratio of 30:1. The
peaks were identified with external standards (Supelco 37
mix components; tung oil, Sigma—Aldrich, Mexico). The
results were reported as the relative percentage of each
component, considering that the total area under the peaks
represents one hundred percent of the total elution.

Dilution solutions (D)

The oils samples, were diluted with ethanol to extract the
antioxidant compounds and increase the miscibility with
the test radicals. For total phenols and flavonoid analyses,
1 g of almond oil with 5 mL of ethanol 96% (1:5, w/v),
were mixed in vortex for 4 min, followed by centrifugation
at 3000 rpm for 5 min at 25 °C. For antiradical capacity
analysis (ABTS and DPPH), the 1 g of sample was mixed
and centrifuged under the same conditions but with 25 mL
of ethanol 96% (1:25, w/v). In both cases, aqueous solu-
tions were used for the analysis (Bail et al. 2008).

Total phenols (TP)

The phenolic content was quantified from the Dy according
to Gutiérrez Avella et al. (2008) with little modifications.
The volume of 100 pL of Dy was mixed into a cuvette with
600 pL of distilled water and 100 pL. 1 N Folin and Cio-
calteu’s. After 5 min, 300 pL. 20% sodium carbonate was
added. The solution was mixed and allowed to stand for
90 min, protected from light. Absorbance was measured at
760 nm (Spectronic UV visible-Genesys 5, Thermo Fisher
Scientific, Inc., Waltham, MA, USA) against a blank
sample. Gallic acid was used as the standard (0.66-5.3 mg/
kg). The TP content was expressed as gallic acid equiva-
lents (GAE) in milligrams per kilogram of oil (mg GAE/kg
oil).

Total flavonoid (TF)

The TF content was assayed through the colorimetric
method, previously reported by Jahanban Esfahlan and
Jamei (2012) with little modifications. The Dy (250 pL)
was mixed with 1525 pL of distilled water in a test tube
followed by the addition of 75 pL. of NaNO, (5% w/v)
solution. After 5 min, 150 pL 10% AICl3.6H,O (w/v)
solution was mixed. Allowed to stand 5 min, 500 pL 1 M
NaOH was added and mixed with vortex. Absorbance was
measured against the blank at 510 nm (Spectronic UV
visible-Genesys 5, Thermo Fisher Scientific, Inc., Wal-
tham, MA, USA). Catechin hydrate was used as standard
curve (0.0016 a 0.016 mg/g). The TF result was expressed
as milligrams of catechin equivalents per kg of polar
extract (mg CE/kg polar extract).
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Antiradical activity

The antiradical activity was determined using ABTS [2,2’-
azino-bis-(3-ethylbenzothiazoline-6-sulphonic acid)]
according to Fernandes et al. (2013) with some modifica-
tions. The ABTS radical was prepared by mixing potas-
sium persulfate (2.45 mM) and ABTS (7 mM) solutions
(1:1, v/v), and storing it in amber flask for at least 16 h
protected from light. The preparation free radical was
diluted (200 pL of the radical being diluted in 10 mL of
ethanol). The optical density obtained (0.700 % 0.05), was
the working solution. The volume of 100 pL of the D with
2000 pL of ABTS* working solution was mixed and the
absorbance was measured 7 min after mixing at 734 nm
(Spectronic UV visible-Genesys 5, Thermo Fisher Scien-
tific, Inc., Waltham, MA, USA).

The antiradical capacity was also determined utilizing
the DPPH (2,2-diphenyl-1-picrylhydrazyl) decoloration
test, according to Moosavi Dolatabadi et al. (2015) method.
A stock solution 0.1 mM of DPPH was prepared and
adjusted to an optical density of 1.000 with ethanol. The
volume 50 pL of Dy was mixed with 2000 uL. of DPPH*
and, after 30 min the absorbance was determined at
517 nm. Trolox solution was used as a standard curve
(25-505 pmol) for both methods and, the results were
expressed as uM Trolox equivalent/g oil (Pinheiro do
Prado et al. 2009).

Poliomintha longiflora oil fractions

Poliomintha longiflora fractions were obtained by the
steam entrainment and obtained by the Or-Lag Company.
The Poliomintha longiflora fractions were obtained
through a fractional distillation system with a distillation
column equivalent to 20 theoretical plates at a pressure of
5 Torr. The distillation temperature range was 82—140 °C
(Frutech International corporation, NL, Mexico). The col-
lection period between each fraction was approximately
20 min. The fractions 642 (2.5 x), 655 (10 x) and natural
oil (AO1) were obtained by steam entrainment. The Po-
liomintha longiflora fractions were analyzed using the
methodology proposed by Rostro Alanis et al. (2019) with
a slight modification. GC was conducted on a HP-5 MS
(30 m x 0.25 mm x 0.25 um) capillary column. The
injection temperature for the GC was 200 °C. The oven
was controlled at 70 °C for 5 min with the heating rate
from 10 °C/min to 200 °C occurring over a period of
2 min, and finally heating from 5 °C/min to 300 °C over a
5 min period. Helium gas was used as a carrier gas at a
constant flow rate of 1 mL/min, sample size being 1 pL.
The parameters for MS analysis 5973 N were with an EI
ion source, electron energy 70 eV, a temperature of 150 °C
for  quadrupoles, interface temperature 230 °C,
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m/z = 30-400 amu. Identification of compounds was car-
ried out by comparing their mass spectra with those of
Wiley 7 n.L library, considering a quality match > 95%.

Lipid oxidation

Thirteen amber flasks (7 mL) were filled with the P. ser-
otine oil (cold press extracted). One exclusively contained
P. serotine as control, while four of them also contained
Poliomintha longiflora fraction labeled as 642. Another
four flasks had a different Poliomintha longiflora fraction
labeled as 655, and the last four had the Poliomintha
longiflora fraction labeled as AOl. The three different
fractions had the same four concentrations (3000, 300, 30
and 3 ppm). These fractions were added as antioxidant. A
fourteenth flask filled only with P. dulcis oil was also cold
press extracted. All flasks were analyzed every 3 days at
30 °C £ 2 °C for 30 days.

The samples were monitored by the quantification of
hydroperoxides formation, which are the primary oxidation
products, using a method described by Shantha and Decker
(1994) with minor modifications. Briefly, the oil sample
(100 pL) was mixed with 1.5 mL of isooctane/2-propanol
(3:1, v/v), then 2.8 mL of methanol/1-butanol (2:1, v/v), 15
pL of 3.94 M ammonium thiocyanate and 15 pL of ferrous
solution (prepared by mixing 0.132 M BaCl, and 0.144 M
FeSOy; 1:1, v/v) were added. The absorbance was mea-
sured after 20 min at 510 nm (Spectronic UV visible-Ge-
nesys 5, Thermo Fisher Scientific, Inc., Waltham, MA,
USA). The standard curve of cumene hydroperoxide was
used (0.128-1.984 mg/kg). Hydroperoxide concentration
was expressed as pmol equivalent of cumene hydroper-
oxide/kg oil (uM Eq CH/kg oil) (Tong et al. 2000).

Malondialdehyde (MDA) formation (a secondary oxi-
dation product), was determined using the TBARs method
described by Papastergiadis et al. (2012) with some mod-
ifications. In a centrifuge tube 220 pL of oil with 1 mL of
water was aggregate, them mixed in vortex for 2 min and
centrifuged (Hermle Z326, Labortechnik GmbH, Wehin-
gen, Germany) at 5000 rpm for 5 min at 25 °C. The
aqueous phase was collected and, the procedure was
repeated twice. For the MDA analysis, 1 mL of the aque-
ous extract and 1 mL of thiobarbituric acid (TBA 46 mM
in 99% glacial acetic acid) were mixed in test tubes and
heated at 100 °C for 35 min. The reaction was quickly
cooled. The absorbance was measured at 532 nm (Spec-
tronic UV visible-Genesys 5, Thermo Fisher Scientific,
Inc., Waltham, MA, USA) and quantified with the standard
curve. The reagent 1,1,3,3-Tetraethoxypropane (TEP) was
used as MDA standard (0.043-2.197 mg/kg). Results were
expressed as umol equivalent of TEP/kg oil (uM Eq TEP/
kg oil). Finally, the monitoring of hydroperoxides and
MDA were monitored during the storage time.

Statistical analysis

All experiments were analyzed statistically and the results
expressed as the mean + standard deviation (SD). Lipid
oxidation results were analyzed through one-way analysis
of variance (ANOVA). The significant differences were
determined using Tukey’s test in Statgraphics centurion
XVII. All analyses were carried out in triplicate. Results
were accepted as statistically significant at p < 0.05.

Results and discussion

The oil yield of P. serotine extracted by cold pressed was
23.4 £ 3.6% in dry weight. Other methods report yields of
21.3% and 30.9% with supercritical CO, and solvent,
respectively (Aguerrebere et al. 2011). Results from the
cold pressed method exceeds the supercritical extraction by
2%. The former is an attractive and economical method,
despite solvent extraction having a greater yield.

Fatty acid composition

The fatty acid profile of P. serotine, analyzed through GC
was 41.42% oleic, 26.97% linoleic, 25.33% a-eleostearic,
4.33% palmitic, 1.33% stearic and 0.08% (dry weight)
linolenic. It was found that 51.88% of the total fatty acids
present in the oil were polyunsaturated fatty acids. Among
the fatty acids, what stands out is the presence of o-
eleostearic acid in the P. serotine variety, which unlike P.
dulcis (which contains 93.46% of unsaturated fatty acids)
was not detected by GC. Profile fatty acids in P. serotine
were similar to the ones reported by other researchers
(hexane extracted) (Aguerrebere et al. 2011); 35.3% oleic,
26.7% o-eleostearic, linoleic 26.6%, palmitic 4.3%, stearic
4%, and 0.2% linolenic. The a-eleostearic acid increases
the potential of the oil as a functional food or nutraceutical
ingredient due to its effects against common diseases and
chronic degenerative that have been reported (Sbihi et al.
2014; Aguerrebere et al. 2011). The quantity of oleic acid
on Prunus serotine was 0.62:1 compared with P. dulcis. It
has been reported that oleic acid reduces blood pressure,
increase the burning of fat to help with weight loss, pro-
tects cells from radical damage, prevents type 2 diabetes
and ulcerative colitis, generates brain myelin and reduces
cardiovascular risk by reducing blood lipids, mainly
cholesterol (Rustaivar et al. 2016). Similar effects have
been reported by o-eleostearic, an isomer of a-linolenic
acid. It has been reported that o-eleostearic acid shows
antioxidant and oxygen scavenging properties; exhibits
protective effects against lipid oxidative damage in plasma,
reduces plasma lipid peroxidation and prevents chronic
inflammatory diseases (Chattopadhyay et al. 2012; Saha
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and Ghosh 2012). However, in the seeds of Prunus ser-
otine, both fatty acids (oleic and o-eleostearic acid) were
found, the ratio being 1.6:1. Vidrih et al. (2009) both fatty
acids having been determined in cherry seed. The ratio of
fatty acids is reported to be 4:1. It was mentioned that o-
eleostearic fatty acid had been studied due to their health
benefits, especially, for the prevention of cardiovascular
diseases and antitumoral.

Total phenols (TP)

Phenols and polyphenols are polycyclic compounds, an
integral part of the human diet. Polyphenols as free radical
scavenging and metal chelating agents, called antioxidants.
Hence, the phenolic content in oilseed Prunus serotine
obtained by cold pressing was determine. Phenolic com-
pounds may exert their antioxidant activity directly as
chain-breaking (scavenging reactive species such as
hydroxyl, peroxyl and superoxide radicals), suppressing
lipid peroxidation or preventing the formation of free
radicals binding pro-oxidant metals, such as iron and
copper and performing antimicrobial activity (Walter and
Marchesan 2011; Taghvaei and Jafari 2015). These com-
pounds are of great importance because they help to fight
against diseases and prolong the stability of food products.
The content of TP was quantified using Eq. 1:

Absorbance = 0.0688[TP] 4+ 0.0109; R? = 0.996 (1)

where [TP] was mg equivalents of gallic acid/kg polar
extract.

TP content in serotine oil was 243.85 £ 0.02 mg GAE/
kg oil extracted by cold press. In P. dulcis oil extracted
with the solvent hexane and chloroform/methanol. Mirali-
akbari and Shahidi (2008) reported 124.0 & 11.0 and
168.0 £+ 15.0 mg GAE/kg oil, respectively. The relevance
of the extraction P serotine oil, was not used solvents on
extraction process.

Total flavonoid (TF)

Flavonoids have antioxidant and chelating properties, with
which the consumer can prevent chronic diseases.
Depending on the nature, extent, and position of the sub-
stituents and number of the hydroxyl groups, it can act as
an antioxidant or modulator of enzyme activity. The fla-
vonoids can be effective inhibitors of lipid peroxidation
and chelate redox-active metals and the inhibitor effect
depends on the degree of OH substitution on the structure
(Belge Kurutas 2016).
The content of TF was quantified using Eq. 2:

Absorbance = 0.0405[TF] — 0.0306; R* = 0.998 (2)

@ Springer

where [TF] was mg equivalent of catechin hydrate/kg polar
extract.

The TF content in P. serotine was 330 £ 0.01 mg CE/
kg polar extract, which differs from other vegetable oils,
such as extra virgin olive oil (destoned extra virgin olive
oil: 110 £ 0.01 and extra virgin olive oil 26 £ 0.003 mg
CE/kg polar extract) (Restuccia et al. 2011) having up to 12
times more TF content in P. serotine oil cold press.
Compared with TF in the seeds of other tree nuts such as
almonds, cashews, hazelnuts, pecans, pine nuts, pistachios
and walnuts (150, 20, 120, 340, 5, 180 and 30 mg of fla-
vonoids/kg, respectively). P. serotine contains a higher
concentration of TF in the oil fraction than in the entire
seed of other tree nuts (Bolling et al. 2011).

Antiradical activity

The phenols and flavonoid (soluble and insoluble in water)
are molecules that frequently present in vegetable products
and by-products. The oil of P. serotine seed exhibited the
high antiradical effect equivalent to trolox. The value was
determined using two colorimetric reactions (ABTS and
DPPH) compared with P. dulcis oil. P. serotine oil had the
most antiradical activity in both methods, which was also
reflected in the % radical inhibition.

Using the ABTS method, P. serotine oil
(17,888.89 £ 1537.34 uM  Trolox equivalent/g oil,
31.52% =+ 2.71% radical inhibition) was 2.36 times more
antiradical when compare to P. dulcis (7555.56 +
1131.41 uM Trolox equivalent/g oil, 11.31% £ 1.99%
radical inhibition).

The percent antiradical activity was estimated using the
Eq. 3:

Absorbance = —0.0003[antiradicalactivity] + 0.6864; R*
=0.998

(3)

where [antiradicalactivity] was ptM Trolox equivalent/g on
function of ABTS™ ™.

The percent radical inhibition obtained with DPPH
(4,178.57 £ 217.24 uM Trolox equivalent/g oil,
12.94% + 0.67% radical inhibition) was 1.82 times com-
pared to P. dulcis (2297.62 £ 359.52 uM Trolox equiva-
lent/g oil, 7.12% =+ 1.11% radical inhibition).

The percent antiradical activity DPPH ' was estimated
using Eq. 4:

Absorbance = —0.0007 [antiradicalactivity] 4 0.9854; R?
= 0.998

(4)

where [antiradicalactivity] was pM Trolox equivalent/g on
function of DPPH™*
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Poliomintha fractions oils

We prepared two fractions of concentrated oil (642 and
655) by fractional distillation and, then compared the
effectivity antioxidant on P. serotine. Poliomintha longi-
flora oil AO1 appeared in 13 different chemical com-
pounds. Quantitative analysis showed hydrocarbons
monoterpene at 77.65%, monoterpene oxygenated at
15.84% and sesquiterpene hydrocarbons at 5.03%.
Monoterpenes and sesquiterpenes were quantified to con-
tain 98.52% of total natural oil. With six compounds were
determined in the natural oil with mayor greater concen-
tration at 3%; trans-caryophyllene, carvacrol, y-terpinene,
a-cymene, o-terpinene and f-myrcene. The most abundant
hydrocarbon monoterpenes were; 39.13% o-cymene,
22.34% vy-terpinene, 5.5% P-mircene and 5.57% o-ter-
pinene. Similar relative abundance of hydrocarbon
monoterpenes has been reported by Herrera Rodriguez
et al. (2019) and Cid Pérez et al. (2019). However, the
relative abundance of hydrocarbon monoterpenes reported
was lower (23.38-29.05%). Evidently, abundance of
compounds depends on location, harvest season and oil
extraction process. Oregano essential oil has been used as a
potential antioxidant and, effective antimicrobial against
pathogenic microorganisms (Herrera Rodriguez et al.
2019). Notwithstanding, the antioxidant effect depends on
composition and diverse monoterpenes, oxygenate and
hydrocarbon compounds on natural oil AO1 (Table 1).

We prepared two concentrated fractions, 642 (2.5 x)
and 655 (10 x), from the Poliomintha longiflora oil, in
order to estimate the relative concentration of components
and their antioxidant effects. Fraction 642 was enriched,
maintaining the following average values of components
on average; 11.5% hydrocarbons monoterpenes, 48.8%
oxygenated monoterpenes and 9.8% sesquiterpenes. The
concentrated fraction 655, reduced the concentration of
hydrocarbon monoterpenes, almost down to 2% (o-cymene
and 7y-terpinene), while the concentration of oxygenated
compounds increased to 68%, especially in thymol and
carvacrol and sesquiterpenes increased to 22%. That is to
say, 10 x concentration, changes the polarity of compo-
nents (Table 1), and possibility the antioxidant effects. The
concentration, types terpenes and oxygenated compounds
were separated by fractional distillation using boiling point
and pressure for estimate the antioxidant effect. The A0l
oil and fractions 642 and 655, were used to prolong the
storage time of P. serotine oil.

Lipid oxidation
Hydroperoxide and their breakdown products leads to the

formation of off-flavors, reduce bioactive compounds,
decrease quality and affect safety (Bakkali et al. 2008). The

Table 1 Organic compounds determined on 642 (2.5 x) and 655
(10 x) and natural oil Poliomintha longiflora

Compound BP (°C)* 642 655 AO1*
% Peak area
a-Thujene 150-152 1.74
o-Pinene 156 1.07
B-Myrcene 166-168 5.50
Phellandrene 172 0.72
a-Terpinene 174 5.57
0-Cymene 174 11.45 0.97 39.13
d-Limonene 175 1.58
v-Terpinene 181-183 26.76 0.94 22.34
Thymol 232 2.23 3.77 1.71
1,8-Cineole 177 1.53
Carvacrol 237-238 38.98 64.31 12.60
Trans-caryophyllene 268 9.80 13.78 3.47
a-Humelene 276 8.36 1.56
Monoterpene hydrocarbons 38.21 1.91 77.65
Monoterpene oxygenated 41.21 68.08 15.84
Sesquiterpene hydrocarbons 9.80 22.14 5.03
Total identified components 89.22 92.13 98.52

Monoterpenes, oxygenated and sesquiterpenes compounds with
99.9% coincidence are mentioned. PB was consulted on https://pub
chem.ncbi.nlm.nih.gov/

“Rostro Alanis et al. (2019)

results presented demonstrate the inhibition of hydroper-
oxide formation and, to some extent the formation of
malondialdehyde.

The oxidation of P. serotine oil obtained by cold
pressing was observed over a period of 30 days. The
concentration of hydroperoxides was progressive increase
until day 9 of storage at 30 °C, when of 3000 ppm of
anyone P. longiflora concentrate in P. serotine oil was
added. The same effect was observed without antioxidant
concentrate. Was observed maximum hydroperoxides
11.00 & 0.23 uM and 19.00 £ 0.51 uM/kg in P. serotine
and P. dulcis, respectively was observed (Fig. 1a). On the
other hand, production time of hydroperoxides was dis-
placed in six days for P. dulcis. After the maximum pro-
duction of hydroperoxides, the values were nearly constant.

The unsaturated fatty acids present in P. serotine oil,
were sensitive to the oxidative processes. Tsuzuki et al.
(2004) mentioned that a-eleostearic acid has a faster rate of
oxidation than linoleic acid, even more that conjugated
linoleic acid, linoleic and linolenic acids. However, the
relative abundance of unsaturated fatty acids with respect
to saturated fatty acids was 13.58/1, compared to 11.77/1,
P. dulcis and P. serotine, respectively. It is known that the
formation of hydroperoxides and MDA in food oil can be
inhibited by using an antioxidant of natural origin.
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Fig. 1 a Hydroperoxide formation on Prunus serotine and Prunus dulcis oils obtained by cold pressing. b, ¢ Hydroperoxide formation on
serotine oil obtained by cold pressing with Poliomintha longiflora fractions (A01, 655 and 642) at four concentrations (3000, 300, 30 and 3 ppm)

The oil of P. serotine can be a product of great interest,
due to its anti-carcinogenic properties. The same concen-
trations of initial fatty acids must be maintained in the oil.
Three Polimintha longiflora oil fractions were added (655,
AO01 and 642) at four concentrations (3000, 300, 30 and
3 ppm) respectively, in P. serotine oil, to extend shelf life.
The hydroperoxides had a constant increase until day 9,
despite aggregate antioxidants (655, AO1 and 642) even at
different concentrations, especially at 3000 ppm. When
3000 ppm was aggregated, the oxidation was higher than
the control. The maximum oxidation, in increasing order
were: 12.26 = 1.63 uM Eq CH/kg oil, 16.02 £ 0.33
pM Eq CH/kg oil and 17.16 + 1.37 uM Eq CH/kg oil,
respectively. The values shown in Fig. 1b—d were higher
than in the control sample (P.  serotine)
11.84 £+ 2.45 uM Eq CH/kg oil. The value of hydroper-
oxide without aggregate fraction in P. dulcis was higher

@ Springer

(18.87 £ 1.63 uM Eq CH/kg oil) than in all samples with
antioxidant fractions (Fig. 1a). Using high concentrations
of antioxidants in P. serotine oil, promotes oxidation with
effects similar to P. serotine at 30 °C. After the prolonged
increase, the hydroperoxides values, maintained the maxi-
mum concentration during the monitoring.

The antioxidant reduction fractions of Poliomintha
longiflora in P. serotine oil cold pressing at one order of
magnitude (3000-300 ppm), reduces the hydroperoxide
rate between 2.70, 2.26 and 1.90 times for 642, AO1 and
655, respectively. By reducing the amount fractions to two
orders of magnitude (3000-30 ppm), the hydroperoxide
rate was reduced at 4, 3.4 and 2 times using 642, AOl and
655. By adding antioxidant fractions, minor at three orders
of magnitude with respect to 3000 ppm, the rate of
hydroperoxide formation was reduced to 5, 4 and 2.5 times
using 642, A0l and 655. We suggest that 3 ppm of the
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Fig. 2 a Malondialdehyde formation on Prunus serotine and Prunus dulcis oils obtained by cold pressing. b, ¢ Malondialdehyde formation on
serotine oil obtained by cold pressing with Poliomintha longiflora fractions (A01, 655 and 642) at four concentrations (3000, 300, 30 and 3 ppm)

fraction 642, efficiently reduces the rate of hydroperoxides.
The hydroperoxide formation of cold pressed P. serotine
during a period of 30 days at 30 °C was 2.5 uM Eq CH/kg
oil. The value obtained using 642, was 3.3 times lower than
the amount of hydroperoxide with respect to the oil of P.
serotine without treatment.

Malondialdehyde was used for the estimation of oxida-
tion of P. serotine oil by reactive oxygen species. The
concentration of malondialdehyde in comparison of alde-
hydes fatty acid oxidation products has been controversial,
mainly with respect to health (Gentile et al. 2017). It has
been suggested that MDA in food and edible oils has
harmful effects on health.

Even so, we must emphasize that the fractions added to
the oil of P. serotine, do not interfere efficiently with the
formation of MDA in all cases. The balance between pro-
oxidant and antioxidant is important to avoid the oxidation
of oils (Shahidi and Zhong 2010). Excess antioxidant

fractions do not control the formation of MDA and low
concentration partially reduces the quantity of MDA. The
maximum development of MDA in P. serotine occurred in
9 days. For P. dulcis, on the other hand, the development
of MDA was similar, but occurred during the first 15 days
of monitoring. The malondialdehyde concentration was
10.82 + 0.15 uM Eq TEP/kg oil and 10.95 £+ 0.24 uM Eq
TEP/kg oil (Fig. 2a), respectively. The oxidative propa-
gation in P. serotine oil, using 3000 and 300 ppm of 655
was similar to the oil without the addition of fraction,
during the MDA monitoring. The concentration of 30 and
3 ppm of the fraction 655, partially reduced the formation
of MDA until day 18. Afterwards, the concentration of
MDA increased rapidly, between 41 and 66.8% more than
the P. serotine without fraction 655, during MDA analysis
(Fig. 2c¢).

The oil obtained by steam entrainment (AO1) at
3000 ppm, aggregate to oil P. serotine did not reduce
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formation of MDA. The increase of MDA was similar to
that in oil P. serotine cold pressing without AOl. The
values were 10.82 uM Eq TEP/kg oil as a maximum MDA
concentration, and 9.12 pM Eq TEP/kg oil at time of
monitoring. The oil AO1 (300 and 30) slightly prolongs the
stability of the oil of P. serotine until some point between
day 18 and day 24, with respect to the control sample.
However, the MDA was higher when compared to the oil
sample of P. serotine. The increase in MDA was 16.1%
and 47.8% respectively. The minimum concentration of
AO01 (3 ppm.) appears to partially reduce the production of
MDA (by 17.3%) during the P. serotine oil stability test,
compared to the other concentrations used (Fig. 2b).

The development of MDA on the sample with 642
fraction (3000 ppm and 300 ppm) was similar to that
observed with MDA monitoring without treatment. Saying
that, the addition of fraction 642 in concentrations of
30 ppm and 3 ppm, reduces the concentration of MDA
between 16 and 55% until day 15, when compared with the
oil of P. serotine without fraction 642 (Fig. 2d). During the
following 15 days of analysis, the development of MDA in
the combination of 30 ppm of fraction 642 and P. serotine
oil, increases the concentration of MDA to 2.3 times that of
its former concentration in spite of keeping the oil under
conditions of 30 °C in well-sealed amber containers. It is
evident that the use of antioxidant fractions manages to
reduce the production effect of hydroperoxides, but not the
reaction of MDA formation.

Poliomintha longiflora fractions at their highest con-
centrations, showed high values of hydroperoxides forma-
tions in a shorter period of time in both analyses.
Meanwhile, fractions with the lowest concentrations
reduced hydroperoxide. MDA formation was inhibited
partially using 30 ppm fraction 655.

Conclusion

The oil of P. serotine is a source of polyunsaturated fatty
acid, especially alfa-eleostearic, an isomer of linoleic acid.
Nonetheless, the natural oil is highly sensitive to process
oxidation, diminishing the storage time due to the coun-
terproductive effects of an unpleasant taste. The P. serotine
oil must be consumed fresh to take advantage of its
benefits.

The addition of antioxidant could retard oxidation of P.
serotine of the oil, but should be regulated since high levels
can have the opposite effect (> 3000 ppm) and cause a
pro-oxidation. P. serotine oil with Poliomintha longiflora
fractions as an antioxidant, at a concentration of 3 ppm
controls hydroperoxides production. It was observed in
particular that the use of fraction 642 reduces the primary
reaction, but not the secondary one.
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