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O ABSTRACT O

The purpose of this study is to evaluate the effect of rosemary (Rosemarinus officinalis L.)
and marjoram extracts (Origanum majorana L.) on thermal stability of sunflower oil.
Refined sunflower oil free of additives and supplemented by herbal extracts and butylated
hydroxytoluene (BHA) at the concentration of (200 ppm) then subjected to heating in oven
at 100 °C for 15, 30, 45, 60 minutes. To track the progress of lipid oxidation: peroxide
value (PV), p-anisidine value (p-AV) and TOTOX value were determined. Total phenolic
content was determined using Folin-Ciocalteu colorimetric method and can be summarized
as following: aqueous rosemary extract > aqueous marjoram extract > ethyl acetate
rosemary extract > ethyl acetate marjoram extract > ethanolic rosemary extract > ethanolic
marjoram extract. All extracts reduced the oxidation indicator values significantly
(p < 0.05). Ethanolic extract of rosemary had the higher antioxidant activity compared to
BHA (200 ppm) and other tested extracts during heating period of sunflower oil. Results
show that rosemary extracts and marjoram extracts can be used as a natural antioxidant in
edible oils.
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INTRODUCTION

Lipid oxidation is a major cause of deterioration during the storage and heating of edible
oils. Oils and fats are unstable compounds at high temperature, a serial of complex
reactions such as: oxidation, hydrolysis and polymerization occur during heating and
influence on the quality of oil'). Edible oils contain polyunsaturated fatty acids (PUFA). In
relation to the chemical structure, fatty acids present double bonds that make them prone to
oxidative reactions, that lead to sensory and chemical changes and a reduction in
nutritional value, additionally these reactions produce undesirable compounds such as
dimers, polymers and cyclic monomers that might be potentially toxic . Therefore, to
stabilize the oil and retard oxidative degradation during heating, several synthetic
antioxidants, such as tert-butyl hydroquinone (TBHQ), butylated hydroxyanisole (BHA)
and butylated hydroxytoluene (BHT), are frequently used. However, several studies have
showed that these synthetic antioxidants may have harmful effects on health, that leads to
limit their usage in food industry®. Growing consumer awareness about these bad health
effects has forced the food industry to either lower the amount of synthetic substances or
replace them with natural alternatives®™. Phenolic compounds are an excellent natural
alternative to synthetic antioxidants. The great interest in phenolic compounds has been
rapidly grown in recent years. Phenolic compounds have antioxidant and anti-
inflammatory activity and might reduce the risk of many diseases such as cardiovascular
disease and cancer®™. In addition, the presence of phenolic compounds could effectively
inhibit thermo-oxidative degradation of oils as well as the formation of toxic thermo-
oxidative degradation compounds such as acrylamide and heterocyclic amines®® 4,
Extracts from herbs and spices such as rosemary and marjoram are a rich source of natural
antioxidants. Their properties are determined by the presence of phenolic compounds,
which may act as antioxidants by scavenging of free radicals. Natural antioxidants mostly
come from herbs and spices, which contain many phytochemicals that can slow down lipid
oxidationt?.

Among herbs reported to have antioxidative activity, rosemary (Rosmarinus officinalis L.),
where rosemary extracts are widely used in food. The antioxidant properties of rosemary
extracts have mainly contributed by the presence of phenolic compounds. The most
important antioxidant constituents of this plant species are carnosic acid, carnosol and
rosmanol™. Several studies have shown that adding rosemary extracts to the frying oil can
inhibit the decomposition of polyunsaturated triacylglycerols (TG), inducing the formation
of polar compounds and polymers. It seems that, these extracts are more effective for oil
oxidation inhibition than synthetic antioxidants such as (BHA) and (BHT)M.

Sweet Marjoram (Origanum majorana L.) is another plant that had high antioxidant
capacity due to the polyphenolic compounds; marjoram is useful as health complement and
in food preservation. Traditionally, marjoram has been used as a remedy against asthma,
indigestion, headache, and rheumatism!*.

RESEARCH IMPORTANCE

The importance of the research lies in the possibility of using rosemary and marjoram as
natural antioxidants in food, due to their richness in phenolic compounds which are safe
and have an effectiveness close to synthetic antioxidants.

Therefore, the aim of our study is to evaluate the ability of rosemary and marjoram extracts
to prevent and delay sunflower oil oxidation during heating at 100 °C.
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MATERIALS AND METHODS

Instruments

Rotavapor (BUCHI Rotavapor R-200), Spectrophotometer (Jasco V-530 UV), Laboratory
oven (CARBOLITE), Water bath Ultrasonic (K & H Industries), Analytical balance
(RADWAG, AS 220/C/2).

Chemicals

Refined sunflower oil (RSO) was obtained from local store in Homs, Syria. Folin-Denis
reagent and p-Anisidine Reagent were purchased from Sigma- Aldrich, Switzerland.
Sodium Carbonate was obtained from BDH, England. Gallic acid was purchased from
Biotech LTD, India. Ethyl acetate from CARBOLITE, n-hexane, ethanol (75%), Sodium
Thiosulfate from TEKKIM. Glacial Acetic Acid, Potassium lodide, Butylated Hydroxy
Anisole (BHA) was obtained from Qalikema Fine Chemicals Pvt.Ltd.

Methods

Extraction:

Fresh leaves of Rosmarinus officinalis L. and Origanum majorana L. were harvested from
Homs, Syria, then washed by water and dried in air at room temperature away from
sunlight. Leaves were grounded by blender and stored in the refrigerator until analysis.
Organic extracts: The extraction was performed according to the method described by Ali
et al. (2022)1*% as following: 100 ml of solvent (either ethanol 70%, or ethyl acetate) was
added to 10 gr of leaves powder, the mixture was ultra-sounded for 30 min at room
temperature then filtrated by whatman paper. The filtrate was concentrated using a rotary
evaporator to remove the solvent. The extracts were collected, then freeze-dried, finally
stored at -20 °C in darkness glass containers in the dark until analyzed.

Aqueous extracts: The aqueous extracts was prepared according to the method described
by De Mejia and Ramirez-Mares, (2002)*” with some modifations as following: 120 ml of
distilled water was heated until 60 °C then added to 10 gr of herbal powder, the mixture
was kept at room temperature for 3 min then cooled by ice path then filtrated by whatman
paper. The filtrate residue was freeze-dried and stored at -20 °C in dark glass containers in
the darkness until analysis.

Freeze-dried extracts were weighed to calculate extraction yield using the following
formula:

Extraction yield (%) = (W2/W1) x 100

Where W1 is the weight of the plant sample powder, W2 is the weight of the freeze-dried
extract.

Total Phenolic Content (TPC):

Total phenolic contents were determined according to the method described by Aldiab
(201811821 35 following: 0.1 ml of extract (1 mg/ml in ethyl acetate) and 1 ml of Folin
Ciocalteu reagent (1:1 in distilled water) were mixed, after 5 min, 1 ml of 2% sodium
carbonate Na2CO3 was added and the mixture was left at room temperature for 30 min.
The absorbance was measured with a spectrophotometer at 750 nm against the blank. The
blank was prepared by replacing the extract sample with ethyl acetate and then repeating
the same previous steps. The experiment was carried out three times. Total phenolic
contents were calculated from standard curves of gallic acid (y=1.7985x+0.0016,
R2=0.9973), and then expressed as mg GAE/ g dried extract weight.
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Sample Preparation:
Sample preparation was according to the method described by Dias et al. (2015) ! as
following: The extract was dissolved in ethyl acetate (1:1 extract-ethyl acetate, w/v). The
dissolved extracts where added to oil to achieve the concentration 200 ppm of phenolic
compounds, the mixture of dissolved extract and oil was homogenized with vortex for 10
min. Samples were coded as shown in Table (1). SFO (The oil without additives) is
considered as a negative control.
Ethyl acetate (EA) is an environmentally friendly organic solvent (Green solvent) and
considered a low-toxicity solvent due to its rapid hydrolysis to ethanol and acetic acid
during metabolism. Its presence in food products is accepted™?.

Table 1: Samples abbreviation

SFO Sunflower oil without addatives (Negative control)
SFO 1 Sunflower oil + 200 ppm phenolic compounds from aqueuos Marjoram extact
SFO 2 Sunflower oil + 200 ppm phenolic compounds from aqueuos Rosemary extact

SFO 3 Sunflower oil + 200 ppm phenolic compounds from Ethyl acetat Marjoram extact

SFO 4 Sunflower oil + 200 ppm phenolic compounds from Ethyl acetat Rosemary extact

SFO5 Sunflower oil + 200 ppm phenolic compounds from Ethanolic Marjoram extact
SFO 6 Sunflower oil + 200 ppm phenolic compounds from Ethanolic Rosemary extact
SFO7 Sunflower oil + 200 ppm BHA (Positive control)

Heating Process:

The prepared oil samples which mentioned in Table (1) were placed in an oven at 100 °C.
An aliquot of 6 ml of each oil sample was taken after (15 — 30 — 45 — 60 min) and then
were placed into an ice bath to stop the oxidation reaction.

Peroxide Value Analysis (IUPAC no. 2501)!

Peroxide value was determined as following: Approximately one gram of oil sample was
mixed with (6) ml solvent (acetic acid: chloroform, 3:2), then 0.1 ml of saturated
potassium iodide (K1) solution was added and the mixture was stirred for 1 minute, finally
(6) ml of distilled water was added. The mixture was then titrated using (0.01M) Sodium
Thiosulfate Pentahydrate solution until the color became light yellow. 0.5 ml of 1% starch
was added until the solution color changed to blue. Titration was continued while shaking
the flask vigorously until blue color disappeared. The blank was prepared by replacing the
oil sample with distilled water and then repeating the same previous steps. Peroxide value
can be calculated by the formulal®?:

(S—B)*M %1000

g

PV =

Where:

Peroxide Value (PV) = mEq peroxide per kg of sample
B = volume of titrant for blank

S = volume of titrant for sample

M = Sodium Thiosulfate molarity

1000 = conversions of unit (g/kg)
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g = sample weight (g)
p-Anisidine Value:
p-Anisidine value (p-AV) was determined according to Hatem and Sarem (2019)%
Briefly, (1) g of oil was weighed into a 25ml volumetric flask, dissolved and made up to
volume with n-hexane, The absorbance (Al) of this solution was measured against n-
hexane by spectrophotometer at 350 nm. The next step was to take (5) ml of the oil
solution (oil with n-hexane) to one test tube (1) and (5) ml n-hexane to a second tube (2).
Next, (1) ml of p-anisidine reagent in glacial acetic acid (0.25% wi/v) was added to
previous two tubes. The test tubes were shaken and left in darkness for 10 minutes. The
difference of absorbance between the last two tubes was recorded as (A2). p-AV was
calculated as:

25 * (1.2 A2 — A1)

AV =

m
Al and A2 are the absorbances measured as described above; m is the mass of oil.

Totox value

Totox value was calculated by the values determined from peroxide value and anisidine
value aforementioned Sun-Waterhouse et al. (2011). The formulation for Totox values
was shown below:

Totox value =2 x PV + AV

Statistical analysis

All results were presented as mean + standard deviation. The differences of oxidation
indexes negative control, positive control and samples of oil with phenolic extracts were
tested by Students’ t-test. Differences were considered to be significant at p value < 0.05.
All statistical analyses were performed using the Microsoft Excel 2016 Software.

RESULTS AND DISCUSSION
Total phenolic compounds determination

Table 2: Total phenolic content in Rosemary and Marjoram extracts

Extracts CO”C'(mSXfrg'f)/ g Dried Yield [%+SD]
Aqueous Rosemary Extract 320.5+0.002 12.32+0.21
Aqueous Marjoram Extract 243.2+0.014 17.11+0.25
Ethyl Acetate Rosemary Extract 220.3+£0.003 6.72+0.18
Ethyl Acetate Marjoram Extract 104.8+0.002 4.53+0.31
Ethanolic Rosemary Extract 92.5+0.002 5.13+0.14
Ethanolic Marjoram Extract 89.2+0.001 6.31+0.15

Results are expressed as mean + SD, n=3

Total phenolic contents (TPC) in various extracts of Rosemary and Marjoram are presented
in table (2). The phenolic contents were in the order of agueous rosemary extract> aqueous
marjoram extract> ethyl acetate rosemary extract > ethyl acetate marjoram extract >
ethanolic rosemary extract > ethanolic marjoram extract. Results in Table (2) show that the
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best solvent to extract phenolic compounds from studied plants is water, this result agrees
with El-Maati et al. (2012)"*®, who found that water was the best solvent for phenolic
comounds extraction from Rosemary followed by ethanol 80% and ethyl acetate, while
Aldiab (2018)% found that alcoholic solvent (methanol/water mixture) can extract
phenolic compounds from herbal teas better than water.

The aqueous extract form rosemary showed the highest TPC of (320 mg GAE/g Dried
extract). Dorman et al. (2003)™ reported that aqueous extract from rosemary had the
highest total phenolic content among four other lamiaceae herbs (rosemary, oregano, sage
and thyme) which was (185 mg GAE/g) and thus it is lower than our result. The lowest
TPC was in ethanolic extract which was slightly lower than that reported by
Aljabri,(2020)*" where he found that TPC of rosemary ethanolic extract was (116.7 mg
GAE/g).Tohma et aI.(2021)[28] also found that TPC of rosemary ethanolic extract (104.6
2.5 mg GAE/Q).

For marjoram, the highest TPC was in aqueous extract (243.2 mg GAE/g Dried extract)
and the lowest TPC was in ethanolic extract (89.8 mg GAE/g Dried extract). These results
were close to Duleti¢-Lausevi¢ et al.(2018)¥ who reported that aqueous extract of
marjoram originating from Greece had higher TPC (111.10 mg GAE/g) than ethanolic
extract (83.25 mg GAE/qg).

The differences in TPC between our results and those in the literature can be attributed to
several factors including the preparation conditions of extracts™*® 3!, geographical origin,
the part of the plant used, the stage of development at the time of harvest, and the type of
solvent used 3153134,

Extraction yield in our study was within the range (5.13% - 17.11%), this result was in
agreement with El-Maati et al. (2012)%! who studied five herbs (thyme, clove, sweet
marjoram, rosemary and ginger), and found that the extracts yield with different solvents
(water — ethanol — ethyl acetate- hexane) varied from 1% to 18.5%.

Variation of the extraction yields of different extracts is attributed to differences in polarity
of compounds found in plantst®.

Chemical Oxidation Indicators From Frying Process:

Peroxide value (PV):
Table 3: peroxide values

Time (min)
Sample
0 15 30 45 60

SFO 3.07+0.16 7.88+0.14 | 13.00+0.42 | 16.28+0.82 22.02+0.57
SFO1 2.72£0.23 | 5.28+0.139b¢ | 8.06+0.27%* | 10.81+0.92¢ | 14.63+0.91
SFO 2 2.85+0.12¢ | 4.83+0.08% | 8.09+0.91¢bc | 9.58+0.40% | 13.94+0.29¢0
SFO 3 2.81+0.09¢ | 5.714£0.15% | 8.80+0.20e | 13.20+0.80 | 17.44+0.60¢
SFO 4 2.92+0.05 | 5.59+0.34¢9bc | 8.23+0.239bc | 12.36+0.21¢ | 16.24+0.23
SFO 5 2.85£0.11 | 3.98+0.18%¢ | 6.31+0.37%> | 8.50+0.08®> | 11.31+0.18
SFO 6 2.82+£0.04 | 3.25+0.24¢bc | 5.9240.12¢9bc | 7.15+£0.12¢> | 10.56+0.96
SFO7 2.61+£0.11 3.86£0.11e® | 7.11£0.28® | 8.81£0.37¢® | 11.36+0.34¢

Note: Results are expressed as mean * SD, n=3, % p<0.05, ®: p<0.01, ®: p<0.001. *® ®ijs the
comparison between different oil samples and control sample.it considered as significant
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As primary products, peroxides and hydroperoxides are formed in oils through
autoxidation during the oxidation process P®. The PV is one of the most widely used
indicators for the measurement of peroxides. The influence of antioxidants on PV in
sunflower oil samples during heating is shown in Table (3). SFO showed maximum PV
(22.02 meqg/kg), while a significant reduction occurred with the addition of rosemary and
marjoram extracts after 60 min of heating at 100 °C. Among these antioxidants, rosemary
ethanolic extract remained the most effective and had the lowest PV(10.56 meq/kg). The
low PVs of samples treated with herbal extracts were due to their antioxidant ingredients.
These results are in agreement with previous findings, which showed that plant extract rich
in polyphenols reduce the formation of peroxides in frying oils ¥*%, Zeb et al. (2019)*%
found that the addition of spinach extract to sunflower oil leads to a significant reduction
in PV after 1 hour of frying at 160 °C. Guo, Q et al. (2016)*" also found that rosemary
ethanolic extract reduce PV of palm oil during frying even more than synthetic antioxidant
BHA.
Jun et al. (2001)*Y found that phenolic compounds in marjoram have superoxide anion
radicals scavenger effect. Soldo et al. (2019)"? attributed the antioxidant effect of
rosemary extracts to their high content of carnosic acid, rosmarinic acid and carnosol.
These results may explain the ability of rosemary and marjoram extracts to reduce
peroxide value.
The PV of all samples in our study increased throughout the heating time. This result
agrees with Navab et al. (2012)1*!who found that frying of canola oil at 160 °C leads to
increase PV in all tested sampels during the first 6 hours of frying.
p-anisidine Value (p-AnV)

Table 4: p-anisidine values (p-AnV)

Time (min)

Sample 0 15 30 45 60
SFO | 1.94+0.02 | 3.36x001 | 599005 | 7.99+020 | 9.55:0.10
SFOL1 | 1.95x004 | 2.56+0.06 | 4.09£0.08% | 5.39+0.06® | 6.90+0.04
SFO2 | 193003 | 2.47+0.11%% | 4.63+027° | 4.94£0.07% | 6.18%0.05%
SFO3 | 1.99t0.06 | 2.90+£0.08% | 4.77£0.09% | 6.47£0.09% | 7.36£0.48¢
SFO4 | 1.87+0.06 | 2.90+0.05%® | 4.32+0.14% | 5.87£0.05® | 7.01=0.02%
SFO5 | 1.79+0.05 | 2.09+0.04%% | 3.50£0.09% | 4.61=0.06%% | 5.27+0.11¢
SFO6 | 1.87+0.08 | 1.97+0.04% | 3.26£0.05% | 4.08£0.08% | 5.08+0.10%
SFO7 | 191010 | 2.29+0.05%® | 3.25£0.05% | 4.64=0.06 | 6.0320.09%

Note: Results are expressed as mean + SD, n=3, % p<0.05, ®
comparison between different oil samples and control sample.it considered as significant

: p<0.01, ™ p<0.001. > s the

As oil deterioration progress, the formed peroxides convert into the secondary lipid
oxidation products (aldehydes and ketones). p-AnV is a common indicator to determine the
secondary lipid oxidation products. Aldehydes are generated during the secondary lipid
oxidation, and can react with p-anisidine reagent (0.25% in glacial acetic acid), forming
yellow colored solution. A lower p-AnV indicates that less rancid oil is produced B7. In
this study, an increase inp-AnV throughout the heating period in all tested samples was
noted Table (4). Negative control sample showed the highest anisidine values (9.55),
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whereas SFO6 showed the lowest values (5.08). All addatives of rosemary and marjoram
extracts as well as BHA reduced p-AnV of oil significantly (P < 0.05). In this study, the
highest inhibitory effect on the generation of secondary oxidation products was observed in
rosemary ethanolic extract. Rosemary ethanolic extract contains carnosic acid, carnosol,
and a large amount of different phenolic compounds that have antioxidant properties. It
was supposed that there should be synergy effect between different phenolic
compounds™. EI-Gammal et al. (2010)"*® found that adding marjoram methanolic extract
to palm oil at concentration of 200 ppm reduces p-AV significantly (p < 0.05) after 12
hours of heating at 80 °C. Another study found that adding rosemary extract to soybean oil
reduce p-AV about 60% compaired to negative control after 6 hours of frying at 180 °Ct*®!

ﬁ'OTOX Value

Table 5: Totox values
Time (min)
Sample 0 15 30 45 60
SFO 8.07+0.30 19.12+0.28 | 31.99+0.88 | 40.55+1.46 | 53.60+1.18

SFO1 7.34+£0.47 13.12+0.210 | 20.21£0.45% | 27.02£1.87¢ | 36.17£1.79®
SFO 2 7.61+0.27 12.10+0.2390 | 20.814£2.072b¢ | 24.09+0.84> | 34.05+0.60°
SFO 3 7.56+0.23 14.33+£0.3790 | 22.37+£0.49 | 32.87£1.70¢ | 42.25£1.00®
SFO 4 7.74+£0.15 14.08+0.66° | 20.7840.58 | 30.58+0.46* | 39.48+0.46°
SFO 5 7.49+0.17 10.06+0.399 | 16.13+£0.66%° | 21.61£0.21e> | 27.894+0.46¢b¢
SFO 6 7.51+0.04 8.43+0.449b | 15.10+0.302b | 18.38+0.26 | 26.20+1.869b¢
SFO7 7.01+£0.30 10.01£0.18% | 17.46+0.52¢b | 22.26+0.78% | 28.75+0.76

Note: Results are expressed as mean + SD, n=3, % p<0.05, ®: p<0.01, ®": p<0.001. *® ®js the
comparison between different oil samples and control sample.it considered as significant

TOTOX value measures primary and secondary oxidation products, reflecting the initial
and later stages of the oil oxidation. Therefore, it provides a better estimation of the
progressive oxidative deterioration of the oil*”! . Lower TOTOX value indicates a greater
stability of oil sample against oxidative rancidity!®!. The results of TOTOX values are
shown in Table (5). TOTOX value increased over the time in all tested samples, where
after 60 min of heating at 100 °C the TOTOX values were: SFO (53.60+1.18) >SFO3
(42.25+£1.00) >SFO4 (39.48+0.46) >SFO1 (36.17+£1.79) >SFO2 (34.05+0.60)
>SFO7(28.75+0.76) >SFO5(27.89+0.46) >SF06(26.20+£1.86). However, the addition of
phenolic extracts to oil samples caused stability in comparison to negative control sample.
Our results were in agreement with Abbas Ali et al. (2016)“*! who found that TOTOX
value of corn oil increase with increasing heating time in microwave. Many researchers
studied the effect of phenolic extracts on lipid oxidation reducing. Okhli et al. (2020)5"
found that ethanolic extract from Citrus medica L was more effective than BHA in
reducing TOTOX value of sunflower oil during 5 days of heating at 65°C. The rosemary
ethanolic extract was able to reduce TOTOX of soybean oil to (17.02) after 20 days of
heating at 60 °C while TOTOX value of negative control sample was (141.06)%?%.
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Unexpectedly, the ethanolic extracts had the strongest antioxidant action, although it had
the lowest phenolic content, which could be related to a mixture of polar and nonpolar
phenolic compounds that have a synergistic antioxidant effect. Rosemary ethanolic extract
contains high amounts of carnosic acid, carnosol which explain its strong antioxiant
activity. One study found that total phenolic content in herbs extracts did not always
reflect to its antioxidant effectivity in lipids!*®l. Ethanolic extract of mint, containing 15%
polyphenol higher than thyme extract, was the weakest antioxidant activity™.

CONCLUSIONS

Our study found that marjoram and rosemary are rich sources of phenolic compounds that
have antioxidant effect on sunflower oil and thus, can delay lipid oxidation. We also found
that aqueuos extracts from marjoram and rosemary were the highest in phenloic
compounds but did not show the strongest antioxidant activity.

The results of our study also showed that heating sunflower oil at 100 °C led to an increase
in all oxidation indicators (PV, P-AV, TOTOX) throughout the heating time, while the
addition of phenolic extracts led to decrease these values, All extracts in our study showed
an antioxidant activity in varying degrees, but the ethanolic extracts of rosemary and
marjoram had the higher activity and preceded the synthetic antioxidant (BHA) when
added in the same concentration (200 ppm).
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