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Abstract

The present study sought to evaluate the antioxidant effect of an ethanolic extract of rosemary leaves of
the species Rosmarinus officinalis L., for which the previously designed and elaborated extract was applied
to an edible sunflower oil that has premeditated oxidation in proportion (1:10) respectively, at 0, 4, 9 and
15 days; oxidation was monitored using the peroxide value (PV) test in a comparative way between the
oil with rosemary extract and the oil without extract. The ethanolic rosemary extract was obtained by
progressive maceration for five times of a total of 600 g of rosemary leaves in 500 mL of ethanol (96%)
without the addition of extra volumes and finally concentrated to approximately one-third of the volume
obtained from the macerations. The level of oxidation observed comparatively between the oil without
rosemary extract and the oil with rosemary extract showed a decrease in the percentage of oxidation:
(day 0: 0.00%, remains at 0.00%), (day 4: from 29.03% decreases to 0.00%), (day 9: from 41.93%
decreases to 9.68%) and (day 15: from 100.00% decreases to 22.57%), results that have been statistically
supported by ANOVA (Minitab - Excel 2019). According to the NTE INEN 26 standard, the premeditated
oxidized oil treated with rosemary extract for 15 days showed a PV that is in the range of compliance with
the specification of the standard (0.00 to 10.00meq 02/Kg of oil), indicative that for oil without
premeditated oxidation it would obtain an acceptable protective effect at a longer time. The antioxidant
activity of the ethanolic extract of rosemary determined in the present study can be used especially in
crude oils before refining.
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1. Introduction

The use of edible oils has increased in recent
years, for this reason, the companies dedicated to
their manufacture have sought alternatives for
the preservation of these, through the use of
antioxidants that prevent the oxidation of the
oils.

Edible oils provide the food with a pleasant
flavor and facilitate frying, they can come from

various vegetable sources such as palm,
sunflower seeds, and olive, among others. They
can also suffer oxidative deterioration in any of
the phases of extraction and purification, the use
of antioxidants will inhibit or delay the formation
of free radicals because they are highly reactive.

At present, several foods are made from edible
oils, through frying, which is a unitary operation
with which these foods are made, which have the
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particularity of undergoing oxidation and thus
generate free radicals.

When oils are in contact with air, humidity, or
high temperatures, they can undergo oxidative
rancidity, and polymerization and thus create
aldehydes, ketones, or low molecular weight
compounds. For this reason, synthetic
antioxidants such as propyl gallate, butylated
hydroxyanisole (BHA), and butylated
hydroxytoluene (BHT) have been used; these are
easily found and quite effective at the time of
their use. As natural antioxidants, ascorbic acid
(vitamin C) or tocopherols (vitamin E) are used).

Rosemary is an aromatic plant of easy cultivation
which is used for various therapeutic purposes
such as asthenia, and blood circulation, among
others. The rosemary leaf has polyphenol
compounds such as carnosic acid and carnosol
which are the ones that will give the antioxidant
activity that is characteristic of this plant,
therefore, it is desired to take advantage in this
study for edible oils.

Oils are in great demand worldwide and several
foods are made from them, therefore, the
presence of free radicals is not ruled out,
affecting  human  health and causing
neurodegenerative diseases such as cancer,
arteriosclerosis, and cardiomyopathies (Avello
and Suwalsky, 2006, pp. 161-162).

Rosemary gives an antioxidant capacity due to
the chemical composition it possesses, having as
antioxidants carnosic acid and carnosol which
are the ones that will give this characteristic; but
more than this it possesses antispasmodic,
hepatoprotective, diuretic, anti-inflammatory
properties, among others (Reubaudiana, 2016,
para.1-2).

To identify the oxidation of the oil, one can resort
to the peroxide index test that allows
determining in the oil the oxidation of iodide ions
of potassium iodide and this is assessed
volumetrically with sodium thiosulfate using as
an indicator a saturated solution of the starch.

Alternatives have been sought for the
preservation of edible oils to reduce the use of
synthetic antioxidants, thus preserving edible
oils before they reach refining and above all
making use of antioxidants of natural origin,
without affecting the purpose of the edible oils
before and after refining.

2. Objectives
2.1 General objective

To evaluate the antioxidant effect of an extract of
rosemary (Rosmarinus officinalis L.) on pre-
oxidized edible oil.

2.2 Specific objectives

o Collect, select and prepare rosemary
leaves.
o Design an orderly process to obtain an

ethanolic extract of rosemary leaves and
evaluate the solubility in edible sunflower oil.

o Perform treatments to detect the
antioxidant effect of the ethanolic extract of
rosemary leaves on oxidized edible oil at three-
time intervals.

o To evaluate the antioxidant effect on
edible oil by analyzing the oxidation state of
oxidative treatments using the peroxide value
test.

3. Methodology
3.1 Place of research

The research was carried out in the laboratories
of Bromatology and Biochemistry of the Faculty
of Sciences of the Escuela Superior Politécnica de
Chimborazo.

3.2 Type and design of research

The design of the study conforms to an
experimental type of research, by determining
the antioxidant activity of the designed ethanolic
extract of rosemary (Rosmarinus officinalis L.) on
samples of commercial edible oil premeditatedly
oxidized, using an analytical method that
generates quantitative and prospective results,
because the data are derived from direct
observation of the facts according to the progress
of the research.

3.3 Population of the study

For the development of this study, rosemary
leaves (Rosmarinus officinalis L.) were obtained
in sufficient quantities from the shopping center
“LA CONDAMINE”, the edible sunflower oil
(Helianthus annuus) was obtained in the
supermarket “SUPERMAXI”, of the brand
“Sunflower o0il” produced by the company “LA
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FABRIL” in sufficient quantity to ensure
availability and the same characteristics.

3.4 Sample size

100g of rosemary leaves (Rosmarinus officinalis
L.) previously conditioned and divided in
quantities of 100g will be used. The amount of
commercial edible sunflower oil corresponds to
1000mL divided into 100mL aliquots, using
simple random sampling and considering a
representative sample of both rosemary leaves
and edible sunflower oil.

3.5 Sample selection
3.5.1 Rosemary leaves

Rosemary corresponds to the species
Rosmarinus officinalis L. belonging to the
Lamiaceae family, widely located in Ecuador,
mainly in Andean areas, as well as in gardens,
agricultural fields, and scrublands.

For the collection of the plant material the
following criteria will be taken into account:

3.5.1.1 Inclusion criteria

Rosemary leaves Rosmarinus officinalis L. with
entire surfaces.

3.5.1.2 Exclusion Criteria

Leaves damaged by animals or insects,
specimens showing deterioration due to
environmental factors, decomposition process or
contamination.

3.5.2 0il

Commercial edible sunflower oil, of the brand
“Aceite de girasol” of the company “LA FABRIL".

3.5.2.1 Inclusion Criteria

In the study, samples of sealed commercial edible
sunflower oil are experimentally considered as a
referential substitute for crude oil before the
refining process.

This o0il should experimentally keep for
representativeness of results similar
characteristics such as same lot, time of
packaging, date of elaboration, expiration date,
and dispensing head.

3.5.2.2 Exclusion Criteria

Samples of commercial oil that do not have the
same lot, date of manufacture, expiration date,
dispensing head, time of packaging, and
adequate preservation against light, air, or
factory sealing.

3.6 General Hypothesis

The designed ethanolic extract of rosemary
(Rosmarinus officinalis L.) shows antioxidant
activity on edible sunflower oil at different times.

3.6.1 Null Hypothesis

The designed ethanolic extract of rosemary does
not show antioxidant activity on edible
sunflower oil at different times.

3.6.2 Alternative Hypothesis

The designed ethanolic extract of rosemary does
show antioxidant activity on edible sunflower oil
at different times.
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3.7 Experimental factors of the study

FACTOR FACTOR DESCRIPTION LEVEL DESCRIPTION LEVEL
Concentration of
Designed ethanolic extract of designed ethanolic
A . . . . do
rosemary leaves with edible oil. | extract of rosemary in
oil
4 days. b1
Oxidative exposure time of
B edible oil. 9 days. bz
15 days. b3
Non-oxidized edible oil
c (control). 0 days. co
Table 1. Study factors.
Source: Naranjo & Insuasti, 2021.
TREATMENTS COMBINATION OF LEVELS. DEPENDENT VARIABLE.

To Co PVo

T1 aob: PV,

T: ao bz PV,

Ts ao bs PV3

ao= Ethanolic-designed extract of rosemary leaves with edible sunflower oil.

Co= non-oxidized edible oil (control).

b(n)= oxidative exposure days of edible oil.

PV= Peroxide value.

T= Treatment

Table 2. Oxidation treatments

Source: Naranjo & Insuasti, 2021.

3.8 Experimental stage

The oxidative assay of edible sunflower oil
simulating a crude oil was performed with an
engineered ethanolic extract of rosemary at two
concentrations which are identified as low
concentration (Lc) and high concentration (Hc).

The premeditated oxidation test of edible
sunflower oil 3 times was performed
comparatively with two states of edible
sunflower oil, one protected with the designed
ethanolic extract of rosemary and the other the
sealed fresh edible sunflower oil.
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3.8.1 Collection, selection, and preparation of
rosemary leaves

Rosemary leaves Rosmarinus officinalis L. are
collected from the LA CONDAMINE shopping
center, they are washed with running water,
trying to avoid the proliferation of any type of
insect or microorganism, after this, the leaves
should be suspended in the air for one month and
then proceed to detach the leaves from the
corresponding stem.

Once the rosemary leaves have been detached
from the stem, select them based on the inclusion
and exclusion criteria mentioned in the present
work “section 2.5.1 Rosemary leaves”, these
must be in good condition and not affect the
preparation of the extract.

Once the leaves are selected, they are prepared
to elaborate the ethanolic extract by crushing
them with the help of a mortar up to a size of
1+0.5cm and then preserving them in zip lock
bags.

Collec { Branches with rosamary leaves
A S
- -
. - Clean under munming water and drain
ﬂ:,}'__n_g and 1 mmediately
= Mo detergents or cleaners added
-‘\. - DCryins: Suspension in the air
Day | d and darkness
, Time- 1 month
Salect Demching leaves from the stem
Selact the best undamaged leaves
Excdude damaged or decaying leaves
Shred Jl = Size: 1=05am
.f/ \‘-, -J'
| Siore | 1 = Sworage: Ziplec sleeve
.\\ J

Figure 1. Collection, selection, and preparation
of rosemary leaves pulverized.

Source: Naranjo, 2021.

4. Results

4.1 Collection, selection, and preparation of
pulverized rosemary leaves

During the collection of the rosemary plant, the
best species were chosen, being in good
condition after previously going through a
cleaning process, but the plant has the quality of
being resistant to desert places, for this reason,
all the rosemary plants used for this study were
in good condition, which facilitated its cleaning
and drying.

The drying process of the rosemary plant did not
suffer any proliferation of fungi and emanated a
characteristic odor of rosemary throughout the
drying time, in addition, it was easily detached
from the stem, which allowed the leaves to be
selected, 100% of them being found in the
excellent condition.

During the preparation of the rosemary leaf
samples, the particle size was reduced to achieve
a larger contact surface with the ethanol and
therefore a more efficient maceration, ensuring
that the pulverized rosemary presents the active
principles in their most native form.

Thus, the collection, selection, and preparation
do not affect the antioxidant activity of rosemary,
in addition to storage in excellent conditions
(without the presence of humidity and light), and
it can be used at any time during the
development of this study.

4.2 Design of the ethanolic extract (designed
ethanolic extract of rosemary)

4.2.1 Designed ethanolic extract of
rosemary, low concentration version

. Stirring

Place 100 grams of rosemary leaves in an
Erlenmeyer flask and add 500mL of 96% ethano],
then take to the magnetic stirrer for 4 hours at
room temperature at a speed of 200RPM and
without heat.

) Filtration

Filter the sample using filter paper in a simple
funnel to remove the remains of the leaves found
in the extract without adding any amount of
solvent (V1 approximately 380mL).
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. Concentration enrichment of the filtered
extract

Weigh 100 grams of extra crushed rosemary
leaves to add to the previously filtered extract
(V1 approximately 380mL).

) Maceration

Add the 100 grams of dried rosemary leaves in
an amber bottle to the filtered extract (V1
approximately 380mL), close the container and
leave to macerate for 2 days at a temperature of
3 to 5°C, avoiding contact with light.

. Filtration of the maceration

Filter the macerated sample after two days using
filter paper in a simple funnel to eliminate the
remains of the plant material without adding any
extra volume of solvent (V2).

Repeat the previous steps of concentration
enrichment of the filtered extract, maceration,
and filtration of the maceration. This process
should only be performed 2 more times on the
filtrate (V3; V4).

. Concentration of the final extract (V4)

The faithful fulfillment of the procedure
described in 3.2.1., generates a filtrate volume
(V4) of approximately 212mL. To concentrate
the antioxidant compounds, present in the
extract, this volume should be evaporated
ethanol in a BUCHI SWITZERLAND rotary
evaporator (Heating Bath B-300 Base) to
approximately one-third of the volume of the
ethanolic extract V4 (maximum temperature
40°C under vacuum), for 15min and obtaining a
final rosemary ethanolic extract of 95mL.

. Storage.

Store in a hermetically sealed amber flask at a
temperature of 3 to 5°C, avoiding contact with
light until considered for use as an antioxidant in
an edible oil according to the procedure detailed
below.
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Figure 2. General scheme for the preparation of
the designed ethanolic extract of rosemary from
(Lc).

Source: (Erkan et al.,, 2008, pp.78).
Naranjo, 2021.

Quantitatively the designed process finally
generated 95mL of rosemary ethanolic extract
categorized as low concentration (stock
concentration) from 400g of rosemary. For the
treatment, an aliquot volume of mother extract of
1mL was taken for every 10mL of edible
sunflower oil (1:10), a ratio that experimentally
shows a good distribution (extract: oil).

The present proposed procedure generates an
extract with a non-differentiated antioxidant
capacity, supported by the results of the
antioxidant effect shown in the following
numeral 3.4.1. Evaluation of the antioxidant
effect with peroxide value test of Ilow
concentration designed ethanolic extract of
rosemary. This particularity motivated us to
replicate the procedure with a greater quantity
of rosemary leaves and a greater number of
macerations, a procedure that is known as the
high concentration version of the designed
ethanolic extract of rosemary.

4.3 Treatments to detect the antioxidant
effect of the ethanolic extract of rosemary
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leaves on edible o0il (low and high
concentration version)

The treatments programmed for the detection of
the antioxidant effect are shown in Table 2.

Concentratton Peroxide value
% ofthe PV
of designed (meq 0,/Kg) PV increase
Treatment D d | %of
ethanolic . m each day
time per day PV per
extract of (meq
. (days) RU|R | R |X dumgthe | day
sosemary in ofl 0,Kg)
whole process
(40)
Sealed edible
sunflower ol A0 0
(control)
T2 A0 2
T3 A0 4
T4 A0 7
TS A0 9
T6 A0 11
7 A0 15
T8 A0 21
T9 A0 23
* During this study, the three times to be considered are: 0, 4, 9 and 15 days; the other times help to observe the oxidation
progression of the oil

Table 2. Screening treatments for the
antioxidant effect of low and high concentration
designed ethanolic extract of rosemary on
sunflower oil.

Source: Naranjo, 2021.

The treatment schedule shown in Table 2 allows
gathering peroxide index indicator values of the
antioxidant effect of the designed ethanolic
extract of rosemary on the premeditated
oxidation of edible oil, at 0, 4, 9, and 15 days.

4.4 Evaluation of the antioxidant effect with
the peroxide value test (NTE INEN 277:1978)

4.4.1 Evaluation of the antioxidant effect with
peroxide value test of low concentration
designed ethanolic extract of rosemary

The antioxidant effect is based on the peroxide
value of the pre-oxidized edible oil protected by
the designed ethanolic extract of rosemary and
the same pre-oxidized oil without the protection
of the designed ethanolic extract of rosemary, at
three different times other than day 0 of
oxidation, is observed as follows.

% of the
Concentration Percxide value (meq 0,/Kg) PV
of designed
N Treatment PVincreasem | represente | % of
ethanolic
time eachday (meq | dperday | PVper
extract of Gy 0sKe) P N o
¥s) o ! hring the ry
rosemary in “ Rl R R3 X N -
; whole
oil (AQ)
process
Sealed
edible
A0 0 000 | 000 | 000 0.00 0.00 0,00 0.00
sunflower
il (control)
T2 A0 2 400 | 400 | 400 400 400 309 1071
T3 A0 4 400 | 400 | 400 400 0,00 309 10,71
T4 A0 7 800 | 400 | 800 6.67 267 513 1736
TS5 A0 9 800 | 400 | 800 6.67 0.00 315 1786
Té A0 1 800 | 800 | 1200 933 267 n 25,00
7 A0 15 2800 | 3200 | 2800 | 2933 2000 2268 7837
T8 A0 17 32,00 | 3200 | 32,00 | 3200 267 174 85,71
9 A0 23 32,00 | 4000 | 4000 | 3733 333 2887 100.00
* During this study, the three fimes to be considered are: 0, 4, 0, and 15 days; the other times help to observe the oxidation
progression of the oil.

Table 3. Peroxide rates of premeditated

oxidation of edible sunflower oil with the

protection of low-concentration designed
ethanolic extract of rosemary.

Source: Naranjo, 2021.

Sealed edible
sunflower oil 0 000 | 000 | 000 | 000 0.00 0,00 0,00
(control)
T2 2 800 | 800 | 200 | 800 8.00 37 17.00
T3 4 1600 | 1600 | 12,00 | 1467 6.67 683 31,00
T4 7 16,00 | 16,00 | 20,00 | 17.33 267 207 36,00
TS 9 1600 | 16,00 | 2000 | 17.33 0.00 207 36,00
T6 11 20,00 | 20,00 | 20,00 | 20.00 2.67 9.32 42,00
T 15 40,00 | 40,00 | 48,00 | 42.67 2267 19.88 89.00
T8 17 48,00 | 48,00 | 44.00 | 4667 4.00 2174 97.00
T9 23 48,00 | 56,00 | 40,00 | 4800 1.33 236 100,00
* During this smdy, the three times to be considered are 0, 4, 9, and 15 days: the other fimes help to abserve the oxidation progression
of the oil

Table 4. Peroxide indices of premeditated
oxidation of unprotected edible sunflower oil
from low concentration designed ethanolic
extract of rosemary.

Source: Naranjo, 2021.

PV

— ‘.j 'j

DIAS

m Aceite de girasol comestible premeditadamente oxidado con extracto de romero (Be)

Aceite de girasol comestible premeditadamente oxidado sin extracto de romero (Bc)

Figure 3. Antioxidant effect of designed
ethanolic extract of rosemary (Lc) on
premeasured oxidized sunflower oil.

Source: Naranjo, 2021.

eISSN 1303-5150

www.neuroquantology.com

1200


http://www.neuroquantology.com/

Neuro Quantology | Jul 2022 | Volume 20 | Issue 7 | Page 1194-1215 | doi: 10.14704/nq.2022.20.7.NQ33148
Aracely Janneth Naranjo Viteri/ANTIOXIDANT EFFECT OF ROSEMARY EXTRACT (Rosmarinus officinalis L.) ON PREMEDITATEDLY OXIDIZED

EDIBLE OIL

The premeasured oxidized sunflower oil
protected with the designed ethanolic extract of
rosemary of Lc on days 4; 9 and 15 presents a PV
of 4.00; 6.67 and 29.33meq 02/Kg respectively;
while the premeasured oxidized sunflower oil
without the protection of the designed ethanolic
extract of rosemary of Lc, presents higher PV
values on days 4; 9 and 15, of: 14.67; 17.33 and
42.67meq 02/Kg respectively, it is important to
mention that on day 0 the two edible sunflower
oils present a PV of 0.00meq 02/Kg, which
constitute witnessing the oxidizing effect in the
oil treated with rosemary antioxidant extract
and the oil without antioxidant extract.

The results obtained from the PV of sunflower oil
premeditatedly oxidized without the protection
of the ethanolic extract of rosemary of Lcindicate
that there is higher oxidation about the oil
premeditatedly oxidized with the protection of
the designed ethanolic extract of rosemary of Lc,
this indicates that the designed ethanolic extract
of rosemary of Lc gives an antioxidant activity.

The variation of the PV of sunflower oil
premeditatedly oxidized with and without the
protection of the designed ethanolic extract of
rosemary of Lc, can be discussed from the point
of view of the percentage of protection it has
shown in the treatments performed, these
percentages are observed in Table 5.

It is important to mention that the 100.00%
oxidation of the unprotected oil is attributed to
the oxidation reached in 15 days (PV 42.67meq
02/Kg), a value with which we proceed to
evaluate the percentage of oxidation in each of
the days in the version protected with the extract
and the one not protected with the extract.

The percentage of protection on each day is
obtained by a difference of 100.00% of oxidation.
In the present work, the reference to observe the
antioxidant effect is 15 days, because it does not
exclude the progressive oxidation on longer
days, however, in the work carried out the
priority is to detect the antioxidant effect that has
been observed up to day 15 by the ethanolic
extract designed from rosemary of Lc.

Edible sunflower oil, premeditatedly omdwed

Treatment With rosemary extract (Lc) Without rosemary extract (Lc)
tmme
(days) r -
. Peroide value (meq Peroxide value (meq
omdation | protection. omdation | protection.
0:Kg) 0:Kg)
(015 days) | (0-15days) (015 days) | (0-15 days)
0 0,00 0,00 100,00 0,00 0,00 100,00
4 400 937 90.63 1467 3438 65.62
9 667 1563 8437 1733 4061 5939
15 2933 6874 3126 267 100,00 0,00

Table 5. Comparison (PV) of the percentage
antioxidant protection of the designed ethanolic
extract of rosemary (Lc) from premeasured
oxidized edible sunflower oil.

Source: Naranjo, 2021.
* The PV of day 15 is considered as 100%

oxidation.
100.00
, 9000
5 s0.00
= 70.00
3 60.00
5 50.00
£ 4000
= 3000

Qg 1o l
10.00
0.00
0 4 9 15
DAYS

MW Aceite de girasol comestible premeditadamente oxidado con extracto de romero (Bc)

Aceite de girasol comestible premeditadamente oxidado sin extracto de romero (Bc)

Figure 4. Comparison of the percentage
antioxidant protection of the designed ethanolic
extract of rosemary (Lc) from premeditated
oxidized sunflower oil.

Source: Naranjo, 2021.

n the results observed in Figure 4, initial
protection of 100.00% is considered on day 0 in
both oils. Thus, the premeditatedly oxidized
sunflower oil protected with the designed
ethanolic extract of rosemary of Lc on days 4, 9,
and 15 shows a protection percentage of 90.63,
84.37, and 31.26%, respectively; while the
sunflower oil premeditatedly oxidized without
the protection of the designed ethanolic extract
of rosemary of Lc, comparatively presents a
decrease in the percentage of protection, on days
4; 9 and 15 with a percentage of protection of
65.62; 59.39 and 0.00% respectively, it is
necessary to mention that in the study forced
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oxidation was carried out using light and
ambient air.

rosemary in the different times considered, thus
avoiding the generation of free radicals. For the
result of the antioxidant effect to be more
noticeable, experimentally motivated to perform
the same procedure with a more concentrated
ethanolic extract of rosemary leaves with the
same design of elaboration of the low
concentration extract.

Finally, it can be affirmed that the oil with the
designed ethanolic extract of rosemary of Lc, if it
grants effective protection to the oil when
compared with the oil that does not have the
presence of the designed ethanolic extract of

4.4.1.1 Hypothesis testing

The peroxide indices in Table 6 of the edible sunflower oil premeasured oxidized protected with the
designed low concentration ethanolic extract of rosemary at 3 times, were subjected to a one-factor
ANOVA analysis of variance using the Excel 2019 program, with a completely randomized design and
three replicates for each day.

The following table summarizes the peroxide indexes of the treatments carried out.

TREATMENTS
REPETITIONS TO (DAY 0)
. T1 (DAY 4) T2 (DAY 9) T3 (DAY 15)
without extract
R1 0,00 4,00 8,00 28,00
R2 0,00 4,00 4,00 32,00
R3 0,00 4,00 8,00 32,00
AVERAGE 0,00 4,00 6,67 30,67

T= Oxidative treatment of sunflower oil at different times
R= Repetitions

Table 6. Peroxide rates of premeditated oxidation of edible sunflower oil with the protection of low-
concentration designed ethanolic extract of rosemary.

Source: Naranjo, 2021.

Groups Account Sum Average Variance
DAY 4 3,00 12,00 4,00 0,00
DAY 9 3,00 20,00 6,67 5,33

DAY 15 3,00 92,00 30,67 533

Origin of Degrees .
variations Sum of of Mean F Probability The critical
squares freedom squares value for F
Between | 159422 2,00 647,11 | 182,00 4,26x10° 5,14
groups

Within 21,33 6,00 3,56
groups
Total 1315,56 8,00

Table 7. One-factor analysis of variance ANOVA.

Source: Naranjo, 2021.
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Probability and Significance
ACCEPT Ho If Value of P > a
REJECT Ho If Value of P < a

4,26x107%<0,05

During this study it was determined that P
is less than o, therefore, the null
hypothesis is rejected and the alternative
is accepted with a confidence level of 95%.

Ho= null hypothesis
P= probability
Fcal= calculated F

Fcrit= critical F

Fisher's test

ACCEPT Ho If Fcal < Ferit
REJECT Ho If Fcal > Ferit
182,00 > 5,14

During this study it was determined that
Fcal is greater than Fcrit, therefore, the null
hypothesis is rejected and the alternative is
accepted with a confidence level of 95%.

Table 8. Hypothesis testing.

Source: Naranjo, 2021.

The ANOVA test with a confidence level of 95% performed allows accepting the alternative hypothesis,
i.e, that the designed ethanolic extract of rosemary does have an antioxidant effect on edible oil, in this
study experimentally of an oil premeditatedly oxidized at different times.

Significant honest

difference
DATA
Mean error square
A
A
B
C

HSD= 4,73
Multiplier= 4,34
Mse= 3,56
n= 3,00

B C

Table 9. Tukey's test.

Source: Naranjo, 2021.

The Tukey test shows that there is a significant
difference in the treatment applied to sunflower
oil premeasured oxidized with the designed
ethanolic extract of rosemary at a low
concentration at the times considered.

4.4.2 Evaluation of the antioxidant effect with
peroxide value test of the designed ethanolic
extract of rosemary of high concentration

The antioxidant effect is based on the peroxide
value of the pre-oxidized edible oil protected by
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the designed ethanolic extract of rosemary and
the same pre-oxidized oil without the protection

times, apart from day 0 of oxidation, is shown below.

of the designed ethanolic extract of rosemary at

three different

Peroxide value (meq % of
0,/Kg) the PV
Concentra repres
tion of 14Y% ented % of
designed Trea.tm increasein | per E’V
ethanolic | enttime each day day per
extractof  (days) R1 | R2 @ R3 (meq during day
rosemary 02/Kg) the
in oil (A0) whole
proces
s
Sealed
edible
sunflow | 5, o | 90100710070 445 0,00 0,00 0,00
er oil 0 0 0
(control
)
T2 A0 2 00100100 0,00 0,00 0,00 0,00
0 0 0
T3 A0 4 001 001 00 0,00 0,00 0,00 0,00
0 0 0
4,0 00 | 40 15,3
T4 A0 7 0 0 0 2,67 2,67 5,00 3
4,0 40 40 23,0
T5 A0 9 0 0 0 4,00 1,33 7,50 3
80| 40 80 38,4
T6 AO 11 0 0 0 6,67 2,67 12,50 6
12, | 8,0 | 8,0 53,8
T7 AO 15 00 0 0 9,33 2,67 17,50 5
12, | 16, @ 16, 84,6
T8 AO 21 00 | 00 | 00 14,70 5,33 26,83 9
16, | 20, @16, 100,
T9 A0 23 00 | 00 | 00 17,33 2,67 31,71 00
* During this study the three times to be considered are: 0, 4, 9 and 15 days; the other
times help to observe the oxidation progression of the oil.

Table 10. Peroxide rates of premeditated oxidation of edible sunflower oil with protection of high

concentration designed ethanolic extract of rosemary.

Source: Naranjo, 2021.
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Peroxide value (meq 0;/Kg) PV
increase in % of the PV
Treatment represented per | % of PV
: each day .
time (days) (megq day during the | per day
R1 R2 R3
0,/Kg) whole process
Sealed
edible
. 0 0,00 | 0,00 | 0,00 | 0,00 0,00 0,00 0,00
sunflower oil
(control)
T2 2 8,00 | 8,00 | 4,00 | 6,67 6,67 3,27 15,00
T3 4 16,00 | 8,00 | 12,00 12,00 5,33 5,88 26,00
T4 7 16,00 | 16,00 | 16,00 H 16,00 4,00 7,84 35,00
T5 9 16,00 | 16,00 | 20,00 | 17,33 1,33 8,50 38,00
T6 11 20,00 | 20,00 | 20,00 | 20,00 2,67 9,80 44,00
T7 15 40,00 | 40,00 | 44,00 41,33 21,33 20,26 91,00
T8 21 48,00 | 48,00 | 40,00 | 45,33 4,00 22,08 97,00
T9 23 48,00 | 44,00 | 48,00 | 46,67 1,33 22,73 100,00

* During this study, the three times to be considered are: 0, 4, 9 and 15 days; the other times help to
observe the oxidation progression of the oil.

Table 11. Peroxide indices of premeditated oxidation of unprotected edible sunflower oil from high
concentration designed ethanolic extract of rosemary.

Source: Naranjo, 2021.

45
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Aceite de girasol comestible premeditadamente oxidado sin extracto de romero (Ac)
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4
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9 15

m Aceite de girasol comestible premeditadamente oxidado con extracto de romero (Ac)

Figure 5. Antioxidant effect of designed ethanolic extract of rosemary (Hc) on premeditated oxidized

sunflower oil.

Source: Naranjo, 2021.
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The premeasured oxidized sunflower oil
protected with the designed ethanolic extract of
Hcrosemary on days 4; 9 and 15 presents a PV of
0.00; 4.00 and 9.33meq 0:/Kg respectively;
while the premeasured oxidized sunflower oil
without the protection of the designed ethanolic
extract of Hc rosemary presents higher PV values
on days 4; 9 and 15, of: 12.00; 17.33 and
41.33meq 02/Kg respectively, it is important to
mention that on day 0 the two edible sunflower
oils present a PV of 0.00meq 0:/Kg, which
constitute witnessing the oxidizing effect in the
oil treated with rosemary antioxidant extract
and the oil without antioxidant extract.

The results obtained from the PV of sunflower oil
premeasured oxidized without the protection of
ethanolic extract of Hc rosemary indicate that
there is higher oxidation relative to the oil
premeasured oxidized with the protection of the
designed ethanolic extract of Hc rosemary, this
indicates that the designed ethanolic extract of
Hc rosemary imparts antioxidant activity.

The variation of the PV of sunflower oil
premeditatedly oxidized with and without the
protection of the designed ethanolic extract of
rosemary of Hc can be discussed from the point
of view of the percentage of protection that it has
shown in the treatments performed, results of
that are observed in Table 12.

It is important to mention that the 100.00%
oxidation of the unprotected oil is attributed to
the oxidation reached on day 15 (PV 41.33 meq
02/Kg), the value with which we proceed to
evaluate the percentage of oxidation in each of
the days of both the oil protected with the extract
and the oil not protected with the extract.

The percentage of protection in each day is
obtained by a difference of 100% of oxidation. In
the present work, the reference to observe the
antioxidant effect is 15 days, because it does not
exclude the progressive oxidation on longer
days, however, in the work carried out the
priority is to detect the antioxidant effect that has
been observed up to day 15 by the ethanolic
extract designed from rosemary from Hc.

Edible sunflower oil, premeditatedly oxidized

Treatment With rosemary extract (Hc) Without rosemary extract (Hc)
time
(days) Peroxide % % Peroxide % %
value oxidation. | protection. value oxidation. | protection.

(meq (0-15 (0-15 (meq (0-15 (0-15

02/Kg) days) days) 02/Kg) days) days)
0 0,00 0,00 100,00 0,00 0,00 100,00

4 0,00 0,00 100,00 12,00 29,03 70,97

9 4,00 9,68 90,32 17,33 41,93 58,07

15 9,33 22,57 77,43 41,33 100,00 0,00

Table 12. Comparison (PV) of the percentage antioxidant protection of the designed ethanolic extract of

rosemary (Ac) from premeasured o

Source: Naranjo

xidized edible sunflower oil.
,A.2021.

*The PV of day 15 is considered as 100% oxidation.
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100.00
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Figure 6. Comparison of the percentage antioxidant protection of the designed ethanolic extract of
rosemary (Hc) from premeditated oxidized sunflower oil.

Source: Naranjo, A. 2021

In the results observed in Figure 6, an initial
protection of 100.00% is considered on day 0 in
both oils. Thus, the premeditatedly oxidized
sunflower oil protected with the designed
ethanolic extract of rosemary of Hc on days 4, 9
and 15 shows a protection percentage of 100.00,
90.32 and 77.43%, respectively; while the
sunflower oil premeditatedly oxidized without
the protection of the designed ethanolic extract
of rosemary of Hc, comparatively presents a
decrease in the percentage of protection, on days
4; 9 and 15 with percentage of protection of
70.97; 58.07 and 0.00% respectively, it is
necessary to mention that in the study a forced
oxidation was performed using light and ambient
air.

Finally, it can be affirmed that the oil with the
designed ethanolic extract of rosemary from Hc,

does provide effective protection to the oil, when
compared to the oil that does not have the
presence of the designed ethanolic extract of
rosemary in the different times considered, thus
avoiding the generation of free radicals.

4.4.2.1 Hypothesis testing

The peroxide indices in Table 13 of the edible
sunflower oil premeasured oxidized protected
with the designed low concentration ethanolic
extract of rosemary at 3 times were subjected to
a one-factor ANOVA analysis of variance using
the Excel 2019 program, with a completely
randomized design and three replicates for each
day.

The following table summarizes the peroxide indexes of the treatments carried out.

TREATMENT
REPETITIONS TO (DAY 0)
R o e T1 (DAY 4) T2 (DAY 9) T3 (DAY 15)
R1 0,00 0,00 4,00 12,00
R2 0,00 0,00 4,00 8,00
R3 0,00 0,00 4,00 8,00
AVERAGE 0,00 0,00 4,00 9,33
T= Oxidative treatment of sunflower oil at different times.
R= Repetitions
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Table 13. Peroxide rates of premeditated oxidation of edible sunflower oil with protection from high
concentration designed ethanolic extract of rosemary.

Source: Naranjo, 2021.

Groups Account Sum Average Variance
DAY 4 3,00 0,00 0,00 0,00
DAY 9 3,00 12,00 4,00 0,00
DAY 15 3,00 28,00 9,33 5,33
Origin of Sum of Degrees Mean . Critical
o of F Probability
variations squares squares value for F
freedom
Between |31 56 2,00 6578 | 510 4ox107 5,14
groups 0
Withinthe |4 o7 6,00 1,78
groups
Total 142,22

Table 14. One-factor analysis of variance ANOVA.

Source: Naranjo, 2021.

Probability and Significance Fisher's test
ACCEPT Ho If Value of P > « ACCEPT Ho If Fcal < Ferit
REJECT Ho If Value of P < « REJECT Ho If Fcal > Ferit

4,2x107*<0,05 37,00 > 5,14

During this study it was determined that P is less | During this study it was determined that Fcal is
than «, therefore, the null hypothesis is rejected | greater than Fcrit, therefore, the null hypothesis is
and the alternative is accepted with a confidence | rejected and the alternative is accepted with a
level of 95%. confidence level of 95%.

Ho= null hypothesis
P= probability
Fcal= calculated F

Fcrit= critical F

Table 15. Hypothesis testing.

Source: Naranjo, 2021.

The ANOVA test with a confidence level of 95% allows accepting the alternative hypothesis, i.e., that the
designed ethanolic extract of rosemary does have an antioxidant effect on an edible oil, in this case
experimentally of an oil premeditatedly oxidized at different times.
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Significant honest

difference HSD= 3,34
DATA Multiplier = 434
Mean error square Mse= 1,78
n= 3,00
A B C

Table 16. Tukey's test.
Source: Naranjo, 2021.

The Tukey test shows that there is a significant difference in the treatment applied to sunflower oil
premeasured oxidized with the designed ethanolic extract of rosemary of high concentration at the times
considered.

4.4.3 Comparative antioxidant effect (PV) between high and low concentration designed ethanolic
extract of rosemary

Edible sunflower oil, premeditatedly oxidized

Treatment time With rosemary extract (Lc) With rosemary extract (Hc)
(days)
Peroxide value (meq 02/Kg) Peroxide value (meq 02/Kg)
0,00 0,00
4,00 14,67
6,67 17,33
15 29,33 42,67

Table 17. Peroxide indices of oxidative treatment of edible sunflower oil with the protection of low and
high concentration designed ethanolic extract of rosemary.

Source: Naranjo, 2021.
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Figure 7. Comparison of antioxidant effect between designed ethanolic extract of rosemary (Lc) and
(Hc) on premeasured oxidized sunflower oil.

Source: Naranjo, 2021.

As stated by NTE INEN 26 (2012, p.2) the peroxide index in edible sunflower oil ranges an acceptable
range from 0.00 to 10.00meq02/Kg, noting that the ethanolic extract designed from Hc rosemary can
maintain the characteristics of sunflower oil until day 15, because it presents a peroxide index of
9.33meq02/Kg, avoiding oxidation and consequently the generation of free radicals.

However, until day 15 the designed ethanolic extract of rosemary of Lc presents a peroxide index of 29.33
meq02/Kg, while the designed ethanolic extract of rosemary of Lc presents a peroxide index of
9.33meq02/Kg, for such reason the designed ethanolic extract of rosemary of Hc allows preserving
sunflower oil longer even complying with NTE INEN 26 (2012, p. 2).

The rosemary gives quite noticeable organoleptic changes to the oil, especially in its color, giving it a green
color in the first days due to the presence of chlorophyll in the plant, but with the passing of the days the
color tends to lighten to a light yellow, but in addition to this it gives the oil a pleasant smell characteristic
of rosemary.

4.4.4 Organoleptic analysis of commercial edible sunflower oil and its antioxidant treatment with
low- and high-concentration rosemary extract

DAY COLOR ODOR ASPECT
Light Green | Characteristic of rosemary Liquid
0
OXIDIZED OIL
Dark Green | Characteristic of rosemary Liquid and
+ :
4 Sediment
ROSEMARY EXTRACT
LC
(LC) Dark Yellow | Characteristic of rosemary Liquid and
9 Sediment
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Light Yellow
15
Dark Green
0
OXIDIZED OIL
* Dark Green
ROSEMARY EXTRACT 4
(HC)
Brown
9
Dark Yellow
15
0 | Characteristic
4 | Characteristic
OXIDIZED OIL 9 Characteristic
Characteristic

15

No odor can be Liquid and
appreciated Sediment
Characteristic of rosemary Liquid
Characteristic of rosemary Liquid and
Sediment
Characteristic of rosemary Liquid and
Sediment
Characteristic of rosemary Liquid and
Sediment
Characteristic Liquid
Characteristic Liquid
Rancid Slightly turbid
Rancid Slightly turbid

Table 18. Organoleptic characteristics of premeasured oxidized sunflower oil and antioxidant
treatments with rosemary of Lc extract and Hc concentration.

Source: Naranjo, 2021.

During this study, changes in the organoleptic
characteristics of sunflower oil premeditatedly
oxidized with and without the ethanolic extract
of rosemary of low and high concentration can be
evidenced, as the premeditatedly oxidized
sunflower oil during the 15 days maintains its
characteristic color, however, from day 9 the
odor is rancid and with a slightly cloudy
appearance.

While the ethanolic extract of rosemary of Lc and
Ac, gives the oil a pleasant smell characteristic of
rosemary, the color with the passing of the days
changes from green due to the presence of
chlorophyll to a yellow and maintains the
characteristic liquid aspect with slight sediment.
The designed ethanolic extract of rosemary
improves the organoleptic characteristics of the
oil mainly giving it a pleasant smell.

5. Conclusions

The adequate harvesting of rosemary plants and
the optimal conditions of drying, selective
separation, and crushing of the leaves of
Rosmarinus officinalis L. species guarantee the
active presence of antioxidant compounds such
as carnosic acid and carnosol, a statement
supported by the results obtained from the
peroxide index carried out in this study.

The results of the present investigation
demonstrate that the designed ethanolic extract
of rosemary of high concentration allows a better
antioxidant effect for sunflower edible oil
premeditatedly oxidized concerning that of low
concentration. The design was carried out by the
progressive enrichment (five repetitions) of 600
grams of rosemary leaves with a total of 500mL
of ethanol (96%) and finally concentrated to a
volume of 43mL. Furthermore, it is concluded
that the proportions of rosemary ethanolic

eISSN 1303-5150

www.neuroquantology.com

1211


http://www.neuroquantology.com/

Neuro Quantology | Jul 2022 | Volume 20 | Issue 7 | Page 1194-1215 | doi: 10.14704/nq.2022.20.7.NQ33148
Aracely Janneth Naranjo Viteri/ANTIOXIDANT EFFECT OF ROSEMARY EXTRACT (Rosmarinus officinalis L.) ON PREMEDITATEDLY OXIDIZED

EDIBLE OIL

extract and edible sunflower oil (1:10) show
adequate and homogeneous solubility.

The treatments of edible sunflower oil with and
without ethanolic extract of rosemary leaves
subjected to a premeditated and progressive
oxidative process of 0, 4, 9 and 15 days, allow for
measuring the percentage of antioxidant activity
of the active principles present in the vegetable
using the peroxide value test.

The percentage of progressive oxidation of the
premeditated oxidized edible sunflower oil
decreases at the proposed times for the
treatments. When comparing the unprotected oil
with the one protected with the designed
ethanolic extract of rosemary, its antioxidant
effect is confirmed with the following results:
(day 0: 0.00%, remains at 0.00%), (day 4: from
29.03% decreases to 0.00%), (day 9: from
41.93% decreases to 9.68%) and (day 15: from
100.00% decreases to 22.57%), concluding that
the antioxidant effect of the ethanolic extract of
rosemary can be used in oils before refining.

6. Recommendations

Observing that rosemary extract has antioxidant
activity, a study of this effect on refined oils could
be carried out as a substitute for synthetic
antioxidants.

The rosemary leaves should be cleaned with
running water and dried by suspending them in
the air in the absence of light. This will prevent
the plant from harboring any type of fungus or
parasite that could affect its use in the study.

The rosemary plant must be dry for its easy
detachment from the leaf and stem, to achieve a
better maceration.

It is recommended that the maceration and
storage be carried out under refrigerated
conditions, this will allow the components that
provide the antioxidant activity to be preserved
until their use.

During the concentration of the extract in the
vacuum rotary evaporator, the factors of time
and temperature applied to the solvent must be
controlled.

Edible oils are recommended to be stored hidden
from light and closed even though they contain
synthetic antioxidants.

Rosemary extract should be applied to the oil in
a small amount, as an antioxidant in minimal
amounts should serve its purpose.

During the analysis of the peroxide value, it is
necessary to prepare potassium iodide at that
moment until it is saturated.
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