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ABSTRACT

This study explores the potential of enriching used edible oils with distillation residual rosemary powder (DRRP) to
enhance their quality and stability. Physico-chemical and thermal analyses were performed to assess the oils” chemi-
cal quality indices. The results revealed that enrichment with 1%, 5%, and 10% DRRP significantly minimized acid
index degradation, maintaining stability even after 11 days of storage. Additionally, the enriched oils demonstrated
improved compliance with food quality standards. Thermal analysis further showed that DRRP enrichment mark-
edly enhanced resistance to thermal degradation at elevated temperatures compared to virgin oil (positive control)
and untreated used oil (negative control). These findings underscore the protective properties of DRRP, presenting
a promising strategy to extend the shelf life of used oils in the food industry while promoting sustainable practices.

Keywords: used oils, antioxidant activity, chemical quality indices, oil quality, thermal stability, preservation.

INTRODUCTION

Vegetable oil is an indispensable ingredient in
the human daily life diet, not only due to its sen-
sory attributes when used as a cooking medium,
but also as a supply energy to maintain body nor-
mal temperature (Xu et al., 2015). Vegetable oils
provide essential fatty acids (EFAs) which serve
as carriers for liposoluble vitamins, act as precur-
sors for steroid hormones and prostaglandins syn-
thesis (Li et al., 2016), and play a significant role
in health protection and disease prevention. The
consumption edible vegetable oils (EVOs) have
been rising steadily due to urbanization, per capita
income rise, and shifts to obesogenic diets around
the world (Joe, 2018). Throughout oil cooking pro-
cess, there is a reverse transfer of water vapor from
food to oil and eventually to atmosphere, as eluci-
dated by (Hubbard and Farkas, 1999) repeated use
oil can lead to degradation, resulting in undesir-
able changes in their physicochemical and nutri-
tional properties, when used in cooking, oil serves

to enhance the food, color, and fragrance. How-
ever, elevated temperature and prolonged cooking
duration can not only degrade unsaturated fatty
acids and essential active substances but also trig-
ger the oils oxidation, resulting in the formation of
primary or secondary oxidation products (Popescu
et al., 2019). In traditional culinary preparations,
oil plays a key role in crafting vegetable salads,
stir-fries, pan-frying, and deep-frying. Vegetable
salads typically require a small amount of unheat-
ed oil. Stir-frying involves a small quantity of oil
but at a high temperature. Pan-frying typically de-
mands slightly more oil than stir-frying, but with
lower cooking temperatures and longer durations
(Angelini et al., 2003; Okamura et al., 1994). In
the case of deep-frying, researchers commonly
note that food is coated with a batter before being
immersed in a substantial volume of oil, heated to
around 180 °C (Aydar et al., 2017; Garcia-More-
no et al., 2013; Gibbins et al., 2012). Stir-frying
stands out as the most traditional and prevalent
method applied in Chinese cuisine (Abedi et al.,
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2016). These changes not only affect the quality
prepared dishes with these oils but can also have a
negative impact on health due to formation of po-
tentially toxic compounds during cooking at high
temperatures. In this context, the search for solu-
tions to improve the stability and quality of used
oils becomes crucial. One promising approach
is to enrich these oils with plant extracts rich in
natural antioxidants. Rosemary (Rosmarinus of-
ficinalis) is a plant widely used in cooking for its
aroma and taste, but it also has well-documented
antioxidant properties. Distillation residues Ro-
main powder, generally considered as waste prod-
ucts, have an interesting potential as a source of
antioxidants to improve oils stability. This study
focuses on assessing the effect of enriching used
oils with residual rosemary powder on their stabil-
ity and antioxidant activity. To this end, a series of
physico-chemical and thermal analyses were car-
ried out on samples of virgin oil, used oil(positive
control) and oil enriched with different concen-
trations of residual rosemary powder (negative
control). Obtained results will enable us to better
understand the impact of this enrichment on the
properties of the oils, and to identify the optimum
concentrations for obtaining best results in terms
of stability and antioxidant activity. The findings
of this study could have important implications
for the preservation of reused edible oils, offering
a sustainable and natural approach to extending
their shelf life while preserving their nutritional
quality. In addition, these results could also con-
tribute to promoting a responsible approach to the
management of aromatic plant residues, valuing
them as sources of beneficial antioxidants for the
food industry. With this in mind, this introduction
will lay the foundations for the present work by
outlining the general context of cooking oils, the
problems associated with their repeated use, and
the aims of the study to assess the effectiveness of
enriching used oils with residual rosemary powder
to improve their stability and antioxidant activity.

MATERIALS AND METHODS

Biological material

The plant biomass to be utilised was obtained
from the distillation residues of essential oils (Ros-
marinus officinalis). The plant material was im-
ported from an industrial plant (HERBADIS) in
Ain Taoujtate. The depleted biomass of essential
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oils was quickly transferred to the laboratory of ap-
plied organic chemistry. The samples were dried in
an oven until they reached constant weight. There-
after, the biomass was gradually ground in grinding
cycles to reduce the particle size. After grinding, a
fine powder was retained by sieving through a 0.1
mm stainless steel filter. The powder was stored in
a humidity-controlled chamber.

Treatment of waste oil

In order to answer the research question about
residual restoration waste oil quality, we devel-
oped the following experimental design:

e Anegative control batch consisting of used oil.

e A positive control batch consisting of virgin oil.

e Three batches of used oil, when each treated
with rosemary powder at the following con-
centrations: 1%, 5%, 10%. The 15% was dis-
carded as it gave unsatisfactory results.

The treated and untreated oils were initially
shaken (100 rpm) during the storage period ac-
cording to the method developed by (Zhang,
2017). Daily analyses were performed to moni-
tor the evolution of the restitution of the used oil.
Against this background, biochemical analyses
were carried out to determine qualitative and
quantitative indices in accordance with interna-
tional standards (AOAC).

Biochemical analysis

Acid index

The acid index (Al), a measure of the free fatty
acids resulting from triglyceride hydrolysis, is
generally regarded as one of the most important
parameters for representing oil quality. The
acidity values were determined using a standard
titration method according to AOCS Cd 3d-
63 (AOCS. Acid Value Official Methods and
Recommended Practices of the AOCS, 1999). In
brief, 5 g of sample was completely dissolved
in 50 ml of a previously neutralized ethyl ether/
ethanol solution (2:1, v/v). An ethanolic solution
of 0.05 M potassium hydroxide was used as
a standard reagent until a phenolphthalein
endpoint was reached (the phenolphthalein color
persisted for at least 30 s). The Al value was
expressed in milligrams of potassium hydroxide
required to neutralize the free fatty acids present
in 1 g of oil sample (mg KOH/g). The Al value
was calculated as follows (Lion, 1955):
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VI(%) =561xVx= (1)

where: V' is the volume in milliliters of the vol-
umetric potassium hydroxide standard
solution used, ¢ is the concentration in
moles per liter of the volumetric potassi-
um hydroxide standard solution used, and
m is the mass of the oil sample in grams.

lodine index

This index measures the overall degree of un-
saturation of a fat by determining the number of
grams of iodine bound to the double bonds in 100
g of lipid. Highly saturated animal fats have io-
dine indices of about 45, while vegetable oils have
indices of up to 150 (Azoulay, 1968). The acidity
index was determined using a standard titration
method according to AOCS Cd 3d-63 (AOCS.
Acid Value Official Methods and Recommended
Practices of the AOCS, 1999). 0.001 g of the sam-
ple was placed in a 250-ml flask, and then 15 ml
of carbon tetrachloride and 25 ml of Wijs reagent
were added to the solution. After settling and
shaking, the whole thing was wrapped in black
paper and allowed to stand for one hour. Finally,
we titrated with 0.1 N sodium thiosulfate solution
until the yellow color was almost gone due to the
iodine. Add a few drops of starch and continue the
titration until the blue-violet color disappears and
the solution becomes transparent. we Carry out a
blank titration in the same.

Refractive index

The measurement of the refractive index is
initiated after the refractometer has been properly
calibrated according to the manufacturer’s in-
structions. A small amount of the sample is taken
with a dropper and placed on the prism of the re-
fractometer. The index value is then displayed on
refractometer screen.

Physical analysis
Viscosity analysis

Before starting the viscosity development,
viscometer was calibrated according to the manu-
facturer’s instructions. At room temperature, a suf-
ficient quantity of the product was removed using
a piston and injected into viscometer measuring
chamber. The viscometer is equipped with a ther-
mometer to ensure temperature stability. The central
cylinder is immersed in oil and set in rotation. oil

resistance to rotation is proportional to the viscosity,
which is displayed on the dial (Azoulay, 1968)

Absorbance analysis

Absorbance was measured against a control
(hexane) corresponding to 100% transmittance in
a range from 200 to 800 nm (Pigni et al., 2010).

Analysis of antioxidant activity

The protocol described is known as the
B-carotene/linoleic acid assay and is used to as-
sess the lipid extracts antioxidant activity (Dap-
kevicius et al., 1998), The B-carotene/linoleic acid
test was carried out according to the method de-
scribed by (Kelen and Tepe, 2008), with modifica-
tions (Tween 80 instead of Tween 40). A detailed
explanation of the steps follows: Two milligrams
of B-carotene are dissolved in 1 ml of chloroform
to obtain a B-carotene solution. 2 mg linoleic acid
and 200 mg Tween 80 are added to a flask. The
chloroform is evaporated under vacuum at a tem-
perature of 40 °C, leaving a solution containing
linoleic acid, Tween 80 and B-carotene. One hun-
dred milliliters of oxygen-saturated distilled wa-
ter are added to this solution at a flow rate of 30
ml/min for 30 minutes while stirring vigorously.
This forms an emulsion. From this new solu-
tion, 2.5 ml are taken and transferred to a test
tube. Into this tube, 350 pl of extract at a con-
centration of 0.5 mg/mL is added. The extract
may be a natural extract containing antioxidant
compounds. The resulting emulsion system is
incubated in the dark for 48 hours. For reference
purposes, the same process is repeated for the
synthetic antioxidant, butylated hydroxytoluene
(BHT), at a concentration of 0.5 mg/ml, together
with a blank tube as a control. After incubation,
sample absorbance is measured at a wavelength
of 490 nm using a spectrophotometer. Relative
antioxidant activity (RAA) is calculated using
the following formula:

AAR(%) = (4 sample)/(4 BHT) x 100 (2)

where: 4 sample is the absorbance of the sample
testedand 4 BHT is the absorbance of
BHT. Relative antioxidant activity (RAA)
is used to compare the efficacy of the ex-
tract tested with that of BHT, a synthetic
antioxidant commonly used as a refer-
ence. A higher percentage of AAR indi-
cates a higher antioxidant activity of the
tested extract (Merouane et al., 2015).
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Thermal analysis gradient (TAG)

To investigate the thermal characteristics of
samples, we examined mass changes over the
temperature range from 100 °C to 500 °C using a
Nabertherm furnace. The analysis yielded curves
describing the progression of mass loss as a func-
tion of temperature (Nabih et al., 2021).

RESULTS AND DISCUSSIONS

Acid value

This quality parameter is an indicator of free
fatty acids concentration; a low Al value indicates
an oil of good quality (De Medina et al., 2011).
The Figure 1 illustrates the evolution of acid
number as a function of storage time, expressed
in days. From this Figure 1 we can see that used
frying oil has a relatively high initial acid num-
ber of 8.5 mg KOH/g, suggesting that the oil has
undergone some degradation during repeated use.
However, this acid number shows a minimal and
constant evolution over time, indicating that deg-
radation remains relatively stable after the 11th
day of storage. Enrichment with residual rosemary
powder shows interesting results. enriched oil
with 1% residual rosemary powder shows a lower
initial acid number than used oil, with a value of
7.3 mg KOH/g. This suggests that the addition
of residue rosemary powder has a positive effect
on oil stability. enriched Oil with 5 DRRP also
shows a lower initial acid number, suggesting a
dose-dependent effect. Enrichment with 5%DRRP
leads to a greater improvement in oil stability than
enrichment with 1%. Used oil treated with 10%
DRRP shows an even lower initial acid number,

0 5 10

with a starting value of 6.6 mg KOH/g. This indi-
cates that 10% DRRP enrichment has a more pro-
nounced effect on the reduction of used oil acidity
than lower enrichment levels. Furthermore, the
presence of a stepwise acid evolution number af-
ter day 4 of storage suggests a sequential mecha-
nism involving several families of antioxidant
molecules. This observation reinforces the idea
that the residual rosemary powder acts by neutral-
izing the fatty acids released over time, helping
to reduce the oil’s acidity and prolong its stabil-
ity. It is important to note that according to Co-
dex Alimentarius standards, (Fao, 1983) the acid
value of vegetable edible oils should be between
2.2-7.26. In conclusion, enrichment of used oils
with residual rosemary powder has a significant
effect on oil stability, as demonstrated by the evo-
lution of the acid number over time. The results
suggest that the effect is dose-dependent, with a
more pronounced improvement in oil stability at
higher enrichment levels. The presence of a se-
quential mechanism involving several families of
antioxidant molecules confirms the effectiveness
of rosemary powder in neutralizing released fatty
acids and maintaining reused oil quality. These
findings reinforce the value of enriching used oils
with residual rosemary powder to improve their
stability and antioxidant value. Compounds pres-
ent in rosemary distillation residues, such as car-
nosic acid, carnosol, phenolic acids, flavonoids,
and other antioxidants, play an important role in
upgrading the quality of used edible oils. The an-
tioxidant compounds present in rosemary residues
help stabilize the acid number of used edible oils.
Acid index is a measure of the amount of free fatty
acids present in oil, which is an indicator of its de-
terioration. Antioxidants help neutralize free fatty

15 20 25

Stograge day

—@—virgin oil

—@— Used edible oil

enriched oil 10%

enriched oil 1% —@—-enriched oil 5%

Figure 1. Acid index evaluation
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acids, reducing the increase in acid number over
time. several reports also showed that some plant
extracts are able to delay the lipid oxidation in fish
or meat products during refrigerated storage, thus
prolonging the shelf life and improving the quality
(Benlemlih et al., 2012; Ding et al., 2015).

lodine value

The iodine value is an important parameter
for assessing the amount of unsaturation in oils
fatty acids. A high value indicates the presence
of more double bonds, making the oil more sus-
ceptible to degradation under heat and frying
cycles effect. (Matthéus et al., 2014) The results
show that virgin oil has a relatively high initial
iodine value of 95 mg/100 g. However, after sev-
eral frying cycles, the iodine value decreases to
84.36 mg/100 g, indicating double bonds degra-
dation in oil’s fatty acids, probably due to oxi-
dation and polymerization. For oil treated with
1% of distillation residual rosemary powder, a
gradual increase in iodine index was observed
from day 9, reaching a value of 87.13 mg/100 g
on day 15, which remained constant thereafter.
This increase in iodine value suggests that the 1%
enrichment helps preserve certain unsaturation’s in
oil’s fatty acids, probably due to the antioxidants
present in rosemary powder. For oil treated with
5% rosemary powder, there was also a gradual in-
crease in iodine index until day 14, when it reached
a value of 89.46 g/100 g, then stabilized at 91.12
mg/100 g. This more marked increase in the io-
dine index for the 5% enriched oil indicates that
this concentration has a more pronounced effect
on the preservation of unsaturation’s in the oil’s
fatty acids. Finally, for the oil treated with 10%
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DRRP, the iodine index increased until day 10,
reaching a value of 87.13 g/100 g, then under-
went a more marked increase towards day 13 to
reach 92.26 g/100 g, remaining constant there-
after. These results show that enrichment to 10%
DRRP preserves more unsaturation in the fatty
acids, thus approaching the iodine value of virgin
oil. The results obtained in this study are consis-
tent with other research that has investigated the
effect of enriching oils with antioxidant-rich plant
extracts. Previous studies, such as those conducted
by (Matthdus et al., 2014) on canola oil enriched
with rosemary extract or (Zahran et al., 2015) on
soybean and sunflower oil enriched with olive leaf
extract, have also shown a preservation of unsatu-
ration in fatty acids, translated into an increase in
iodine value. It is important to note that according
to Codex Alimentarius standards (1983), the iodine
value of vegetable edible oils must be between 92
and 102 g/100 g. obtained results here show that
enrichment with rosemary powder makes used oil
more compliant with these standards, by increas-
ing the iodine value and thus preserving a certain
amount of unsaturation in the fatty acids. In con-
clusion, the results concerning the iodine index
(Figure 2) highlight the beneficial effects of en-
riching used oils with residual rosemary powder.
Enrichment preserves unsaturation in fatty acids,
probably thanks to antioxidants present in rose-
mary powder. Rosemary extracts, containing phe-
nolic compounds, exert antioxidant abilities via
their free radical scavenging abilities to interrupt
lipid oxidative chain reaction in food products
(Shah et al., 2014). This preservation is reflected
in an increase in the iodine value, bringing used
oil closer to virgin oil in terms of stability and
unsaturated fatty acid composition. These results

=< s00niitlll
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stockage day

=@="irgin oil

=@="{sed edible oil

enriched oil 10%

enriched oil 5% ==@==cnriched oil 1%

Figure 2. lodine index evaluation
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reinforce the interest of enrichment with DRRP to
improve the quality and stability of reused edible
oils. Certain compounds, such as carnosol and
carnosic acid, are known to preserve unsaturation
in the fatty acids of oils. Unsaturation are double
bonds in fatty acids that are sensitive to oxidation.
By preserving this unsaturation, oils retain their
nutritional profile and stability.

Refractive index

The refractive index results show that used
edible oil after frying has a higher refractive in-
dex (1.478) than virgin oil (1.463). These values
remain constant throughout the storage period.
This observation is consistent with previous stud-
ies cited in the literature, which also found that
used frying oils have higher refractive indices
than fresh oils. This is often due to oils degrada-
tion during repeated cooking. For oil enriched
with 1% and 5% of DRRP, the refractive index
starts at 1.478, then gradually decreases to 1.468
(for 1% DRRP) and 1.466 (for 5% DRRP) on the
16th day of storage. These values remain constant
thereafter. This gradual decrease in refractive in-
dex suggests that enrichment with these percent-
ages of rosemary powder has a beneficial effect on
oil stabilization, probably due to the antioxidants
provided by rosemary, such as flavonoids and
phenolic derivatives, which block oil oxidation
for oil enriched with 10% DRRP, refractive index
decreases steadily throughout the storage days,
from 1.478 to 1.466 on day 16, then stabilizes.
These gradual decreases, leading to an index val-
ue close to that of virgin oil, clearly demonstrates
the effectiveness of 10% DRRP enrichment in im-
proving oil stability. It is important to note that
according to the Codex Alimentarius standards
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(1983), the refractive index of vegetable edible
oils must be between 1.463 and 1.478 The results
obtained here show that enrichment with DRRP
makes used oil more compliant with these stan-
dards, bringing it closer to acceptable refractive
index values. obtained results in this study are
consistent with other similar research carried out
on oil enrichment with rosemary extracts. Previ-
ous work, notably by (Mioara VARGA, 2017)
on sunflower oil enriched with rosemary extract
during frying, has also shown improvements in
refractive index, corroborating the benefits of en-
richment for oil stability, so results concerning
the refractive index of oils enriched with residual
rosemary powder clearly demonstrate the benefits
of this technique for improving used oils stabil-
ity. Enrichment reduces the refractive index and
makes the oils more compatible with food stan-
dards. The beneficial effect of rosemary powder
on oil stabilization is supported by the presence
of natural antioxidants in rosemary, which pro-
tect oils against oxidation. These results reinforce
the interest of enrichment with residual rosemary
powder to improve the quality and nutritional val-
ue of reused edible oils. The compounds present
in rosemary distillation residues can help improve
the rheological properties of used oils. For exam-
ple, the increase in viscosity and stabilization of
refractive index due to enrichment with antioxi-
dant compounds may indicate an improvement in
oil stability (Figure 3).

Viscosity analysis

fixed oils viscosity gives a very clear idea of
its quality (Che Man and Jaswir, 2000a) It is an
essential rheological factor in the management of
fluid substances such as vegetable oils. Extensive

25

Storage days

=@="VIRGIN OIL

=@=TUsed edible oil

Enriched oil 10%

Enriched oil 5% «==@=TEnriched 0il1%

Figure 3. Refractive index evaluation
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research confirms that temperature significantly
influences fluid products viscosity, leading to a
decrease in viscosity as temperature increases
(Singh et al., 2009). The viscosity of fixed oils
gives a very clear idea of their quality (Che Man
and Jaswir, 2000). This notion was introduced
in this study to investigate the impact of adding
DRRP. tested concentrations were (1%DRRP, 5%
DRRP, 10% DRRP). Generally speaking, the fall
in viscosity is divided into two phases, a rapid
phase which ends on average at 52 °C, and a slow
phase which ends at 105 °C. used oil in our study
had a minimum viscosity (7.2 mP/s) at the start,
and gradually decreased until it reached a final
value that was always the lowest. Used oil treated
with 1% DRRP starts with a value of 7.8mP/s)
and 25 °C and stabilizes at a value (4.3 mP/s), at
which point it can be seen that the addition of 1%
DRRP does not sufficiently improve used oil vis-
cosity and still remains lower than virgin oil. used
oil treatment with 5% DRRP resulted in a marked
improvement in used oil rtheological behavior over a
temperature range from 25 °C to 52 °C, after which
treated oil with 5% DRRP joined treated oil with
1% DRRP, Treating used oil with 10% DRRP
significantly improved the rheological behavior
of used oil, whose viscosity became much higher
than that of virgin oil (8.4 mP/s to 9.4 mP/s) at
start-up. At this level, rapid phase became lon-
ger (from 25 to 70 °C). During this temperature
range, the used oil, supplemented with 10% of the
residual distillation powder, has a higher viscos-
ity than virgin oil. After 70 °C, the treated and
virgin oils have the same viscosity values, and
after 94 °C virgin oil viscosity is lower than that
used oil treated with 10% DRRP. These results
are consistent presence of these phases (2 for
used and treated oil and 3 for virgin oil) shows
that there are several oil protection mechanisms,
molecules that protect at low temperatures, mol-
ecules that protect at medium temperatures and
molecules that protect at high temperatures. This
Table 1 confirms the logarithmic nature of vis-
cosity behavior as a function of temperature. The

Table 1. Mathematical model of oils

high values of the weighting coefficients confirm
mathematical models validity obtained from the
experimental results The leading coefficient of
the mathematical model for used oil has a value
of -3.89, higher than that for virgin oil. The ad-
dition of 1% DRRP and 5% DRRP doses signifi-
cantly increased this coefficient, in parallel with
the constant of the two models (6.21 and 6.86).
The addition of 10% DRRP residual powder
reduced the model coefficient to below that of
virgin oil, of course with a further reduction in
model coefficient to match that of virgin oil. From
this result (Fig. 4 and Table 1) we can notice that
10% of the residual powder from the distillation
of the rosemary plant significantly restores used
oil. rheological character.

Antioxidant activity

The choice of using the P-carotene/linoleic
acid test to assess the antioxidant activity of oil is
suitable for only substance. This test is widely rec-
ognized for assessing antioxidant ability to protect
lipids against oxidation, as it measures the oil’s
ability to inhibit -carotene discoloration, a natural
antioxidant. Antioxidant activity of virgin and used
edible oil: The results show that virgin oil has a low
percentage of antioxidant activity (17%), indicating
that it contains limited levels of natural antioxidants.
Afte frying process, antioxidant activity increases
slightly to 25%, which could be attributed to an-
tioxidants present in the vegetable matrices used
for cooking. Effect of enrichment with (DRRP):
the results clearly show that enrichment of treated
oils with residual rosemary powder progressively
increases antioxidant activity. The addition of just
1% DRRP results in a significant 36% increase in
antioxidant activity, and this increases further with
the addition of 5% DRRP, reaching 54%. Finally,
the antioxidant activity of oils enriched with 10%
DRRP reaches 64%, approaching the value of
the reference antioxidant, BHT (96%). These re-
sults clearly demonstrate that the enrichment pro-
cess with residual rosemary powder is crucial for

Viscosity Mathematical model Weighting factor
Used oil (negative control) Vuo = -3.89In(T) + 20.06 R2=0.96
1% DRRP V1%=-0.07 In(T) + 6.22 R?=0.94
5% DRRP V5% =-0.08 In(T) + 6.87 R?=10.90
10% DRRP V10% = -4.78In(T) + 24.25 R?=0.98
Virgin oil (positive control) Vvo = -4.26In(T) + 20.93 R2=0.99
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Figure 4. Viscosity analysis

increasing the antioxidant activity of reused oils.
These results are related to antioxidant activity
examined by the B-carotene bleaching test of the
Turkish varieties Halhali, Egriburun, Hasebi, Kara-
mani and Saurani ranges from 10 to 75%, of which
the Saurani variety has the highest effect (Arslan
and Schreiner, 2012). The antioxidant activity of ol-
ive oil is due to its richness in antioxidants, particu-
larly phenolic compounds (Benlemlih et al., 2012),
which can exert a significant antioxidant effect even
in vivo (Bonanome et al., n.d.). This significant in-
crease in antioxidant activity can help protect lipids
from oxidation and prevent the formation of harm-
ful free radicals during repeated cooking. Enrich-
ing reused oils with DRRP represents a promising
approach to improving their quality and stability,
while increasing their natural antioxidant content.
This could help extend their shelf life, reduce the
formation of undesirable compounds and improve
their nutritional profile, making reused oils safer
and healthier for consumption. In conclusion, the
results obtained highlight the effectiveness of en-
riching edible oils with DRRP to increase their an-
tioxidant activity. These results suggest that enrich-
ment may be a promising strategy for improving
the quality of reused oils and making them richer
in natural antioxidants, thus contributing to their
safer and more beneficial use in culinary practices.
However, further studies may be needed to better
understand the mechanisms underlying antioxidant
activity of DRRP, and to optimize enrichment con-
centrations to achieve a balance between antioxi-
dant activity and the organoleptic characteristics of
enriched oils. Compounds present in rosemary dis-
tillation residues, such as carnosic acid, carnosol,
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phenolic acids, flavonoids, and other antioxidants,
play an important role in upgrading the quality of
used edible oils. The compounds present in rose-
mary distillation residues are rich in natural anti-
oxidants. Antioxidants work by neutralizing free
radicals and preventing the oxidation of fatty acids
and other sensitive compounds in edible oils. This
slows down the degradation of used oils, prevents
the formation of undesirable compounds and pro-
longs their shelf life (Figure 5).

Thermal analysis gradient

The results obtained from thermal analysis
gradient (TAG) studied oils as a function of tem-
perature (Fig. 6). The findings are highly instruc-
tive, revealing essential information about the
oil’s stability under different conditions. Firstly,
it is reassuring to note that all the oils are stable
between 0 and 250 °C, indicating that they are
resistant to the relatively high temperatures com-
monly used in cooking. However, above 250 °C,
the oils show differential degradation, with treat-
ed oils behaving differently from control oils.
This highlights the importance of understanding
how applied treatments can influence oil stability.
The results for virgin oil are remarkable. It under-
goes a significant degradation of 70% of its mat-
ter at a temperature of 430 °C. This information is
crucial to understanding the heating limits of this
oil. Used edible oil, on the other hand, undergoes
even greater degradation, reaching 96% at a tem-
perature of 450 °C. This indicates that repeated
use of the oil results in considerable degradation
of its components. However, the introduction of
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rosemary powder extract into used edible oil is
showing promising results. When the oil is en-
riched to 1%, it offers no significant protection
against degradation, but at concentrations of 5%
and 10%, rosemary powder extract appears to act
as an effective protective agent. The 5%-enriched
oil shows a degradation of only 60% at 430 °C,
while the 10%-enriched oil shows an even lower
degradation of 58%. This shows that enrichment
with rosemary extract at these concentrations can
actually preserve used edible oil against thermal
degradation at high temperatures. It would be in-
teresting to explore the underlying mechanisms
behind the protective efficacy of rosemary extract
at these concentrations. Rosemary’s antioxidant
properties could play a key role in this protec-
tion by neutralizing free radicals and preventing
oil components degradation. In summary, these
results highlight the importance of choosing ap-
propriate methods for oil preservation, and under-
score the potential of rosemary powder extract as
an effective protective agent for preserving used
oils stability. These findings could have practical

applications in the food industry to improve the
shelf life and quality of oils used in cooking.

The antioxidant properties and stabilization of
used edible oils through enrichment with rosemary
compounds can help bring them into compliance
with food standards in terms of acidity index, iodine
index and other quality parameters. In short, the
compounds present in rosemary distillation residues
act as antioxidant and protective agents, helping to
preserve the quality and stability of used edible oils.
By enriching used oils with these compounds, it is
possible to extend their useful life, reduce the effects
of degradation and make the oils more suitable for
safe and beneficial culinary use.

CONCLUSIONS

The results obtained in this study highlight the
beneficial effect of enriching used edible oils with
residual rosemary powder. This technique has sig-
nificant potential for improving the stability and
quality of reused oils. The main conclusions of this
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study are as follows: The high initial acid number
of used frying oil suggests degradation during re-
peated use. However, the acid number stabilizes
after the 11th day of storage, indicating relatively
stable degradation. Enrichment with rosemary pow-
der reduces the acid number and makes the oil more
compliant with food standards. The iodine value
decreases over time, indicating a degradation of un-
saturations in the fatty acids of reused oils. Enrich-
ment with rosemary powder preserves unsaturations
and improves oil stability. Used oils have a higher
refractive index than virgin oils, indicating degrada-
tion during repeated cooking. Enrichment with rose-
mary powder reduces the refractive index, bringing
the oils closer to acceptable values. Used oil treated
with 10% DRRP has a higher viscosity than virgin
oil, demonstrating the effectiveness of enrichment
in restoring the rheological behavior of used oil.
Enrichment with rosemary powder increases the
antioxidant activity of reused oils, protecting lipids
against oxidation. Oil enriched with 5% DRRP and
10% DRRP showed reduced thermal degradation
compared to used oil, indicating better stability at
elevated temperatures. Overall, the results suggest
that adding residual rosemary powder to used oils
improves their stability and quality, while increasing
their natural antioxidant content. This approach may
benefit the food industry by extending the shelf life
of reused oils, reducing undesirable compounds and
improving their nutritional profile.
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