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ABSTRACT

The study aims to analyze the thermal oxidative stability of repeatedly heated corn oil with particular
reference to a-tocopherol and f-carotene. The current study evaluated the stability of phytosterol,
phenols, a-tocopherol, and B-carotene in corn oil submitted to thermal degradation following repeated
heating at 100 and 180°C. The oxygenated samples were repeatedly collected following 5 hours of heat
exposure three times a day for three days and stored in amber-colored bottles. Oil samples were subjected
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to physicochemical parameters along with a quantitative estimation of total phytosterol, total phenols,
a-tocopherol, and f3-carotene. Thermal degradation at 180°C had elevated density, viscosity, acid value, and
peroxide value significantly (p < 0.05-0.001), whereas it reduced iodine value and specific gravity. Oxidation
of corn oil at 180°C showed 79.18 and 43.75% loss of a-tocopherol and f3-carotene content. Heating corn
oil three times a day for 5 hours over 3 days results in considerable degradation and darkening of color
with a subtle increase in opacity, increased viscosity, density, peroxide value, and acid value, alongside a
notable decline in a-tocopherol and -carotene content. Thermal oxidation led to the formation of oxidized
products, resulting in notable alterations in corn oil’s physicochemical and phytochemical characteristics,
compromising its health benefits.

INTRODUCTION

Corn oil is obtained from corn kernel (Zea mays). The
quantity of oilin cornvaries from 3.5 to 6%. Triacylglycerols
in refined corn oil comprise 56 to 59% polyunsaturated
fatty acid (PUFA), 24 to 30% monounsaturated fatty acid
(MUFA), and saturated fatty acids (13-14%). Linoleic acid
is the primary PUFA in corn oil, and it contains a minor
amount of linolenic acid. High linoleic acid in corn oil
is a dietary necessity for skin integrity, cell membrane
functions, and a balanced immune system. Corn oil has
considerable ubiquitin and a high quantity of a and
B-tocopherols (vitamin E), protecting from oxidative
rancidity.[l] The natural antioxidant component, ferulic
acid, occursin an esterified form with f3-sitosterol in corn
oil. Corn oil is considered a source of healthy fats when

used as part of a balanced diet or in moderation due to its
high-calorie content. When heated to high temperatures
(above 110°C), the oil undergoes thermal oxidation
repeatedly, changing fatty acid isomeric conformation
from cis to trans. When reused for cooking or frying,
oils undergo oxidation, hydrolysis, and polymerization,
forming hydroperoxides and aldehydes.!?! These oxidative
products can get absorbed into the fried food, eventually
making its way into the gastrointestinal tract after
ingestion and enter the systemic circulation.!

PUFAs have a more significant potential for deterioration
in contrastto their health advantages attributable to high
concentrations of double bonds. They produce a wide
variety of harmful breakdown products, for instance,
aldehydes, ketones, epoxides, hydroxy compounds, etc.,
and are highly sensitive to oxidative conditions.”* Cooking
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induces numerous chemical reactions, including thermal
oxidation, when oil is subjected to high temperatures, air,
and humidity. This results in the breakdown of cooking
oil, which produces volatile monomeric and polymeric
compounds.®! Deep frying is the world’s most favored and
traditional method of preparing food. The oils are used
repeatedly for frying to lower food costs. Oil degradation
produces free fatty acids, high molecular weight products,
and carbonyl compounds depending on increased frying
time.[®]

Yuniarti et al. studied thermal oxidation-related changes
in corn oil at 180°C and continued until 30, 60, 90, and
120 minutes.l” Thermal oxidation degrades the properties
of frying oils. Cooking duration is directly correlated with
the deterioration of fatty acid composition and iodine
number. Cho et al. explored the thermal degradative
properties of corn oil heated at ultra-high temperatures
in a seasoned laver (300°C for 10 seconds).[®! The
oxidative damage induction time of corn oil was 5.3 hours.
Substantial changes in the oxidative indices of corn oil,
i.e., acid, peroxide, total oxidation, and p-anisidine values,
were evident with increased temperature.l! Cooking corn
oil in a conventional oven showed the highest degree of
degradation compared to an infrared cooker or an air
fryer.!% Corn oil oxidized at 110°C for 14 hours induces
degradation of B-carotene.l'!]

Vitamin E analog a-tocopherol is the most efficient
antioxidant of the tocopherol isomers. Studies emphasized
that a-tocopherol prevents oxidation of dissolved linoleic
acid and triglycerides as the temperature increases to
70°C with a broad induction period,[*?! whereas, with
rising temperature, the oxidation induction period of oils
is promptly reduced.3! The presence of a-tocopherol in
corn oil is supposed to provide oxidative stability, but
at 180°C heat, a-tocopherol showed a high degradation
rate following first-order kinetics.™ In contrast to the
antioxidant effect of a-tocopherol, B-carotene had a
pro-oxidant effect in oils.*> The deterioration rate of
B-carotene in oils increases with temperature.°!
Deep-frying in the presence of air for an extended period
is typically involved in the Indian cooking process. In
commercial settings, cooking oils are often reused for
deep frying multiple times within a day and even on
subsequent days. Eating food fried in hot oils on numerous
occasions is highly unhealthy. The PUFA in corn oil is
primarily linoleic acid, which has low oxidative stability,
and its degradation products give the typical deep-fried
flavors. To ascertain the stability behavior of corn oil in
the conventional cooking process, this study intends to
evaluate the physiochemical parameters of oxidized corn
oil compared to fresh oil.

The thermal oxidative deterioration was performed at
shallow to deep frying temperature ranges (100 and
180°C) repeatedly for 5 hours, three times a day for three
consecutive days. None of the earlier studies provide
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relative concentration level changesin corn oil a-tocopherol
and B-carotene subjected to high temperature repeated
heating-induced oxidative degradation. Therefore, one-
stop estimation is warranted to assess the extent of
a-tocopherol and f-carotene degradation and oxidative
changes in corn oils. This has notbeen reported previously,
making it a topic of significant interest and primary
focus of the project. This article provides insight into the
relative stability of phytosterol, phenols, a-tocopherol, and
[B-carotene in repeatedly heated corn oil.

MATERIALS AND METHODS

Chemicals

Tocopherol and corn oil were purchased from Ozone
Pharmaceuticals Ltd., Himachal Pradesh.

Thermal Oxidation of Corn Oil

Fresh corn oil was stored at ambient temperature in a cool,
shaded location. Samples of fresh corn oil (200 mL each)
were transferred into beakers and individually placed in
an electric oven (Model 28, Binder GmbH, Germany) set
at 100 and 180°C temperatures. Oil samples were heated
for 5 hours, repeated thrice within 24 hours, to hasten
lipid oxidation and thermal breakdown. This heating
regimen was maintained for an additional 2 days, after
which the thermally oxidized oil samples were gathered
for subsequent analysis on the third day.

Physicochemical Characterization

The physiochemical characteristics of thermally oxidized
corn oil at 100 and 180°C were evaluated compared
with regular corn oil samples. Density was determined
through mass-to-volume measurements. Refractive index
measurements were conducted using a refractometer
(Mettler Toledo RM40/RM50, Switzerland). Specific
gravity was assessed with a Pycnometer at 25°C following
the official AOAC method. Viscosity was measured using a
viscometer (Brookfield, DV-E, USA) at a constant speed of
100 rpm with a spindle number S-62, 2 (Brookfield Spindle
LV, UK) and reported in centipoise (cP). Acid, peroxide,
iodine, and saponification values were determined
following standard procedures outlined in AOAC and AOCS
guidelines.[1718

Phytochemical Characterization

Phytosterols

Phytosterol content was analyzed following the procedure
outlined by Cercaci et al. with minor adjustments.[*! 0il
sample (1-mL) was combined with potassium hydroxide
in ethanol (4 mL; 2 mol/L) and subjected to shaking
in a heated water bath (90°C) for 1-hour to facilitate
saponification. Following cooling, n-hexane (5 mL) and
deionized water (1-mL) were added. The resulting solution
was vigorously shaken to extract an unsaponifiable matter.
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The supernatant was extracted thrice with hexane and
combined using the same procedure.

Total phenols

The liquid-liquid extraction method was employed to
separate the phenolic fraction of the oil samples through
phase-wise vortexing and phase separation. In the initial
phase, the oil sample was treated with a methanolic hexane
solution (1:1), followed by hexane-ethyl acetate (85:15),
and finally eluted with methanol and vacuum evaporated
at 35°C. Total phenolic concentration was estimated by
spectrophotometric scanning at 765 nm following the
Folin-Ciocalteu method and expressed as GAE mg (gallic
acid equivalents) per 100 gm of 0il.12%]

B-carotene

The procedure outlined by Gimeno et al. was adhered to
with some adjustments for the isolation and quantification
of B-carotene.!?! After extracting unsaponifiable matter,
the organic phase was evaporated usingarotary evaporator
(Rotavapor R-300, Fisher Scientific, USA) at 40°C. The
resulting residue was evaporated under a nitrogen stream
and then reconstituted in methanol. Quantification was
promptly carried out to prevent [-carotene oxidative
decomposition. The 3-carotene compositions in oil samples
were estimated using a spectrophotometer (SL160, India).
The B-carotene concentration oil samples were calculated
as micrograms per gram.[2Z

a-Tocopherol

For the qualitative estimation of tocopherols, a high-
performance liquid chromatography (HPLC; Agilent
Technologies 1260, USA) system was utilized, comprising
a 515 pump, a UV-visible detector, a Thermo C 18 (250 x
4.6 mm) 5 um column, and Data Ace software. The mobile
phase was water-methanol-acetonitrile (90:5:5 v/v) at
1-mL/min flow rate. The phenolic residue was solubilized
in methanol and water (1:1), sonicated for 25 minutes, and
filtered (0.45 um). This stock solution was appropriately
diluted with methanol to get a 10 ug/mL concentration.
A sample volume of 20 puL was injected, and tocopherol
retention time was detected at 290 nm.!?3! Tocopherol
concentration was expressed in ug/gm of oil.

STATISTICAL ANALYSIS

All data were presented as Mean * SEM. Student’s t-test
was performed to test statistical significance. Variance

(ANOVA) was analyzed to assess group differences and,
subsequently, Tukey’s multiple comparison test. A p-value
of p < 0.05 was regarded as statistically significant.

RESULTS

Physicochemical Properties of Thermally Oxidized
Corn 0Oil

Thermal oxidation of corn oil with periodically repeated
heating for three days accelerated thermal degradation
and changed the oil from a golden yellow color to light
amber with low rancidity (Fig. 1). Thermal oxidation at
100°C impacted the chemical composition of the corn
oil, with a significant increase in density and viscosity
(p < 0.05) and reduction in specific gravity (p < 0.01).
Repeated heating at 100°C does not have any effect on
the refractive index. The 180°C thermal oxidation process
has a potential impact resulting in very significant (p
<0.01-0.001) increase in density, viscosity, and refractive
index. Repeated high temperature has decreased specific
gravity significantly (p < 0.001) (Table 1).

Thermal degradation at 100 and 180°C has significantly
(p <0.05-0.001) increased acid value and peroxide value,
while iodine value (p < 0.01) was decreased. The increase
in saponification value was significant only following
degradation at 180°C (Table 2).

Phytochemical Properties of Thermally Oxidized
Corn 0il

Thermal degradation of corn oil at 100 and 180°C had
significantly (p < 0.05-0.001) decreased phytosterol and
total phenols content. Oxidation of corn oil at 100 and
180°C exhibited, respectively 10.41, and 43.75% loss of

Fig. 1: Normal and thermally oxidized corn oil at 100 and 180°C for
3 days

Table 1: Physical characteristics of thermally oxidized corn oil

Categories Density (gm/mL) Specific gravity Refractive index Viscosity (centipoise)
Normal CO 0.915 + 0.003 0.916 + 0.003 1.527 £ 0.005 12.51+0.89

CO 100 0.972 + 0.009* 0.876 + 0.034** 1.533 £ 0.002 ns 14.92 +1.26*

CO 180 0.985 + 0.005** 0.852 + 0.002*** 1.580 + 0.004** 18.65 + 1.50***

All the values are Mean * SEM of three values (n = 3). *p <0.05, **p <0.01, ***p < 0.001, and ns = not significant when compared to the respective
normal CO group. CO = Corn oil, CO 100 = Corn oil oxidized at 100°C, and CO 180 = Corn oil oxidized at 180°C.
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Table 2: Chemical characteristics

Degradation of Corn Oil

of thermally oxidized corn oil

Categories Acid value (mg KOH/gm) ic(l)[;;)/r‘lglj:;c)ation value (mg i;;oxide value (meq 02/ ;(;S}'ne value (gm 12/100
Normal CO 3.51+0.03 191.59 + 1.47 .0.156 + 0.004 128.23 £2.20

CO 100 4.32 + 0.06*** 192.56 + 1.36ns 0.746 + 0.005** 122.52 + 1.46*

C0O 180 6.61 £ 0.04*** 194.51 + 2.15*% 1.934 + 0.008*** 121.14 + 1.38**

All the values are Mean * SEM of three values (n = 3). *p <0.05, **p <0.01, **
normal CO group. CO = Corn oil, CO 100 = Corn oil oxidized at 100°C, and CO
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Fig. 2: Phytochemical characteristics of thermally oxidized corn oil

[-carotene content (Fig. 2). HPLC chromatogram showed
the qualitative presence of a-tocopherol in the normal and
thermally oxidized corn oil samples. a-Tocopherol content
was reduced by 17.24 and 79.18%, respectively, following
the thermal oxidation of corn oil at 100 and 180°C (Fig. 3).

DISCUSSION

High-temperature repeated heating induces oxidative
degradation. Therefore, a one-stop estimation has been
attempted to quantify a-tocopherol and -carotene
degradation and oxidative changes in corn oils under
high-temperature repeated heating. This subject matter

Int. J. Pharm. Sci. Drug Res., September -

a-Tocopherols (png/gm)

HPLC retention time of a-tocopherols in normal corn oil (A) and
thermally oxidized corn oil (B).

Fig. 3: a-Tocopherols level in the normal and thermally oxidized
corn oil

is of significant curiosity, making it the foremost focus of
this study. This article provides insight into the relative
stability of phytosterol, phenols, a-tocopherol, and
[B-carotene in repeatedly heated corn oil.

Heating corn oil for 5 hours thrice a day for three days
darkens color from light yellow to amber. Darkening
of color arises from the development of pigments
during oxidation and thermal breakdown of fatty acids.
Additionally, traces of carotenoids may contribute to this
darkening.[?l The mild oxidative rancidity observed in
the heated corn oil is due to the oxidation of double bonds
in fatty acids, forming aldehydes, ketones, and lower
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molecular weight acids. The presence of oxygen, light,
moisture, and specific metal catalysts influences the extent
of oxidative rancidity. The slight rancidity observed in
180°Cheated corn oil could be attributed to the controlled
oven heating of oil samples under the experimental
conditions. Heating was conducted in an oven without
light exposure and food ingredients containing moisture.
The primary cause of oxidative rancidity is the oxidation
of oleic acid in corn oil. Heating vegetable oil at 105°C
for 12 hours resulted in a linear darkening of color and a
reduction in a-tocopherol levels. Interestingly, phytosterol
did not influence color reversion.?”!

Thermal oxidation of corn oil following repeated heating
at 180°C induced conversion in chemical composition
of corn oil, resulting in a significant elevation of density
and viscosity with a lowering of specific gravity. Oil
viscosity is influenced by factors like chain length and/or
saturation/unsaturation level of triglycerides. Alterations
in the organization of fatty acids on the glycerol backbone
of triglyceride molecules induce change in viscosity.
According to Kim et al.[?®! repeated heating-induced
hydrogenation of corn oil at 180°C led to a substantial
increase in viscosity and density, indicating heightened
saturation and polymerization, alongside a decrease in
unsaturation. Corn oil subjected to boiling and several
frying cycles with potato pieces exhibited an increase in
viscosity and peroxide value, consistent with the findings
of the study. However, there was a decrease in density
in contrast to the observation of the current study.?’!
Thermal degradation caused a significant reduction in corn
oil specific gravity due to the degradation of its constituents
and a subsequent lowing of density. Similarly, repetitive
heating of palm oil at 180°C during food frying decreased
specific gravity, as Idun-Acquah et al. reported.[?8l
Thermal oxidation resulted in a notable increase of
peroxide, acid, and saponification values, alongside a
decrement of iodine value. Oil peroxide value reflects the
amount of hydroperoxides generated during oxidation,
while the acid value indicates the level of free fatty acids.?"!
The observed changes in peroxide value in corn oil suggest
substantial oxidation after being subjected to heating for
5 hours, three times a day, over three days. The decline
in the iodine value of heated oil signifies an accelerated
oxidation rate. The iodine value indicates the extent of
unsaturation or double bonds in fatty acids of oil, and the
decreased value signifies the higher number of double
bond oxidation in heated oil. A significant alteration in
iodine values indicates excessive oil deterioration.!3%!
While saponification and acid values are not typically
utilized for measuring oil oxidation, they offer insightful
details about the oxidation state of oil. The average
molecular mass of oil fatty acids is indicated by
saponification value, which is inversely correlated with
the molecular weight. The tertiary oxidation-related acidic
product formation correlates with the relative increment
of acid value following heating.*!! Oxidation leads to the
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breakdown of fatty acid chains, thereby elevating the
saponification value. Congruous with the findings, at
180°C, heating of corn oil for 120 minutes showed a time-
proportional increase in free fatty acid and conjugated
diene content along with peroxide and thiobarbituric
acid value. Thermal oxidation causes the formation of
trans fatty acids from their natural cis-isomer following
exposure to high temperature with significant conversion
of physicochemical properties.”]

The oxidation induction time is 5.3 hours for regular
corn oil, 3.3 hours for heated corn oil, and 4.1 hours for
heated corn oil applied to seasoned laver. The acid and
peroxide values increased in all the heated conditions,
with a minor decrease in radical scavenging activities.[®!
The heightened saponification values observed after
thermal degradation of different vegetable oils at 180°C
suggest a greater degree of oxidation in the 0il.2%l The
increased peroxide, saponification, and acid value of corn
oil post-frying align with findings from Alajtal et al.[3?!
However, specifics regarding frying temperature and
duration are not provided. Saeeda and Naz evaluated how
conventional heating, compared to microwave heating,
affected the oxidative characteristics of corn 0il.”! The
findings demonstrated that with rise in temperature (30-
70°C), substantial changes in oxidative indices like acid,
peroxide, and p-anisidine values occur. The development
of secondary oxidative components during the chemical
decomposition of the oil fatty acids was more profound
during microwave heating.

Ostlund et al. revealed that campesterol, campestanol,
sitosterol, and stigmasterol comprised 0.773% of the
phytosterols found in corn oil.[3*! Interestingly, in this
study, regular corn oil exhibited a higher phytosterol
content of 0.884%, and phenolic compounds possessing
robust antioxidant and anti-polymerization properties
during high-temperature frying processes. This may
be attributed to phenolic compounds’ lower volatility,
improved solubility at high temperatures, and the
formation of secondary products with diverse antioxidant
activities.*>! The elevated phytosterol content observed
in this study underscores the significant variability in
phytosterol content among oils due to variety, growing
geography, oil production process (pressing, refining),
storage and saponification conditions.2®)

The thermal degradation of corn oil at 180°C had
significantly decreased phytosterol and total phenols
content along with a 79.18% loss of a-tocopherol content.
The degradation of tocopherols during oil frying is
a well-recognized process primarily influenced by
temperature, duration of cooking, and the variety of oil
utilized.[3”! Elevated temperatures and prolonged heating
durations accelerate the degradation of tocopherols in oil.
Tocopherol degradation rate in oil is influenced by the
degree of unsaturation as well as proportions of a-, 3-, y-,
and d8-tocopherols. Although a-tocopherol possesses the
maximum biological properties, it degrades the fastest
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during frying.*®! For instance, rice bran oil a-tocopherol
exhibited a reduction of 28.65% at 100°C and complete
degradation (100%) after continuous heating for 240 hours
at 180°C.I3"1 However, the relatively slower decomposition
of tocopherols in corn oil can be attributed to phenolic
acids and various antioxidant compounds. Additionally,
highly unsaturated compounds and PUFAs actively
participate in the oxidation cascade, which can slow down
the degradation of tocopherols.[3)

Oxidation of corn oil at 100 and 180°C resulted in,
respectively, loss of 10.41 and 43.75% of -carotene.
The B-carotene degradation in corn oil initiates upon
prolonged heating above 110°C, leading to various
oxidative products of triacylglycerols, such as epidioxy
and hydroxy bis-hydroperoxides. Zeb and Murkovic
characterized [3-carotene and other oxidative degradation
products of corn oil cooked at 110°C for 1 to 14 hours.[*!
They observed a considerable degradation of 3-carotene
following accelerated thermal degradation of corn
oil. Major oxidative degradants of B-carotene were
8’-apo-B, 6'-apo-B, and 5,6-epoxy-8'-apo-B-carotenal;
B-carotene-2,2"-dione; 13-Z-5,6,5',6"-diepoxy, all-E-5,8-
epoxy, all-E-5,6-epoxy-, and 15-Z-5,6-epoxy-f-carotene.
B-Carotene promotes the oxidative breakdown of
triacylglycerols in corn oil, particularly with longer
exposure times, leading to the prominent epidioxy
and hydroxy bis-hydroperoxides formation. Further
degradation components of triacylglycerols are mono-
epoxides and mono- and epoxy hydroperoxides.

The research outcome provides a singular standpoint on
thermal oxidative alterations of corn oil following repeated
use for deep frying. Subjecting corn oil to repeated
heating cycles, especially at 180°C, thrice daily for 5 hours
over three days caused considerable degradation. This
degradation was characterized by increased viscosity,
density, peroxide value, and acid value, alongside a notable
decline in a-tocopherol and -carotene content of oxidized
corn oil. Lipid oxidation and hydrolytic reactions occur
during the frying activities, causing degradation of oil
quality.*** Triacylglycerol undergoes primary oxidative
changes, producing hydroperoxides that break down
into low molecular weight components like free fatty
acids, alcohols, aldehydes, and ketones. Repeated heating
of frying oils at high temperatures induces extensive
decomposition and complicated chemical transformations.
Exposure to moistair and water accelerates deterioration,
generating large amounts of polar compounds evidenced
by elevation of viscosity and density.[*%]

CONCLUSION

Corn oil has a high content of PUFA, linolenic acid, ubiquitin,
a and B-tocopherols and ferulic acid is responsible for
numerous health benefits. Corn oil is a source of healthy
fats, provided it is consumed as part of a balanced diet
and in moderation, owing to its high-calorie content.
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The study outcome indicates that the health-protective
properties of corn oil can diminish gradually with repeated
heating at high temperatures. The thermal oxidation
induced by high-temperature cycles led to the formation
of oxidized products, resulting in notable alterations in
physicochemical and phytochemical characteristics. This
research delves into the thermal oxidative degradation
pattern of corn oil following multiple time heating at usual
deep frying temperatures. However, it does not investigate
the interaction with moisture, which could be explored by
frying corn oil in the presence of food materials. Additional
studies are underway to evaluate the impact of thermally
oxidative corn oil in-vivo.

REFERENCES

1. Dupont ], White PJ, Carpenter MP, Schaefer EJ, Meydani SN, Elson
CE, etal. Food uses and health effects of corn oil. American College
of Nutrition. 1990;9(5):438-70. Available from: doi.org/10.1080/0
7315724.1990.10720403.

2. Rani AKS, Reddy SY, Chetana R. Quality changes in trans and trans
free fats/oils and products during frying. European Food Research
Technology. 2010; 230(6):803-11. Available from: doi.org/10.1007/
s00217-010-1225-7.

3. Grootveld M, Silwood CJL, Addis P, Claxson A, Serra BB,
Viana M. Health effects of oxidized heated oils. Foodservice
Research International. 2001;13(1):41-55. Available from: doi.
org/10.1111/j.1745-4506.2001.tb00028.x.

4. LiCM, Kimura F, Endo Y, Maruyama C, Fujimoto K. Deterioration of
diacylglycerol-and triacylglycerol-rich oils during frying of potatoes.
European Journal of Lipid Science and Technology. 2005;107(3):173-
9. Available from: doi.org/10.1002/ejlt.200401012.

5. Andrikopoulos NK, Kalogeropoulos N, Falirea A, Barbagianni MN.
Performance of virgin olive oil and vegetable shortening during
domestic deep-frying and pan-frying of potatoes. International
Journal of Food Science and Technology. 2002;37(2):177-90.
Available from: doi.org/10.1046/j.1365-2621.2002.00555.x.

6. Choe E, Min DB. Chemistry of deep-fat frying oils. Journal of Food
Science.2007;72(5):77-86. Available from: doi.org/10.1111/j.1750-
3841.2007.00352.x.

7. Yuniarti PSH, Budiawan. The effect of thermal oxidation time and
frying oils to trans fatty acid forming and quality of frying oils.
University of Indonesia. 2009; Available from: https://scholar.
ui.ac.id/en/publications/the-effect-of-thermal-oxidation-time-
and-frying-oils-to-trans-fat.

8. ChoS,Kim]J,Han D, Lim H]J, Yoon M, Park], et al. Thermal oxidative
stability of corn oil in ultra-high temperature short-time processed
seasoned laver. Food Science and Biotechnology. 2015;24:947-53.
Available from: doi.org/10.1007/s10068-015-0122-z.

9. SaeedaR, NazS. Effect of heating on the oxidative stability of corn
oil and soybean oil. Grasas Aceites. 2019;70(2):e303. https://doi.
org/10.3989/gya.0698181. Available from: doi.org/10.3989/
gya.0698181.

10.Kim Y, Kim M ], Lee J. Physicochemical properties and oxidative
stability of corn oil in infrared-based and hot air-circulating
cookers. Food Science and Biotechnology. 2022;31(11):1433-42.
Available from: doi.org/10.1007/s10068-022-01127-7.

11.Zeb A, Murkovic M. Determination of thermal oxidation and
oxidation products of 3-carotene in corn oil triacylglycerols. Food
Research International. 2013;50(2):534-44. Available from: doi.
org/10.1016/j.foodres.2011.02.039.

12.Koskas ] P, Cillard J. Autoxidation of linoleic acid and behavior of
its hydroperoxides with and without tocopherols. Journal of the
American Oil Chemists’ Society. 1984;61:1466-69. Available from:
doi.org/10.1007/BF02636367.

13.Cano-Ochoa SD, Ruiz-Aracama A, Guillén MD. Alpha-tocopherol,

769


https://scholar.ui.ac.id/en/publications/the-effect-of-thermal-oxidation-time-and-frying-oils-to-trans-fat
https://scholar.ui.ac.id/en/publications/the-effect-of-thermal-oxidation-time-and-frying-oils-to-trans-fat
https://scholar.ui.ac.id/en/publications/the-effect-of-thermal-oxidation-time-and-frying-oils-to-trans-fat
https://doi.org/10.3989/gya.0698181
https://doi.org/10.3989/gya.0698181

770

Rajoriya and Bigoniya

a powerful molecule, leads to the formation of oxylipins in
polyunsaturated oils differently to the temperature increase: a
detailed study by proton nuclear magnetic resonance of walnut oil
oxidation. Antioxidants (Basel). 2022;11(4):604. Available from:
doi.org/10.3390/antiox11040604.

14. Sabliov CM, Fronczek C, Astete CE, Khachaturyan M, Khachatryan
L, Leonardi C. Effects of temperature and UV light on degradation of
a-tocopherolin free and dissolved form. Journal of the American Oil
Chemists’ Society. 2009;86(9):895. Available from: doi.org/10.1007/
s11746-009-1411-6.

15.Karabulut 1. Effects of a-tocopherol, B-carotene and ascorbyl
palmitate on oxidative stability of butter oil triacylglycerols. Food
Chemistry. 2010;123(3):622-7. Available from: doi.org/10.1016/j.
foodchem.2010.04.080.

16. Achir N, Randrianatoandro VA, Bohuon P, Laffargue A, Avallone
S. Kinetic study of B-carotene and lutein degradation in oils
during heat treatment. European Journal of Lipid Science and
Technology. 2010;112(3):349-61. Available from: doi.org/10.1002/
€j1t.200900165.

17. AOAC. Official Methods of Analysis of the AOAC International, 18th
ed. Association of Official Analytical Chemists. 2005;2011.

18.A0CS. Official Methods and Recommended Practices of the
American Oil Chemists’ Society. Cd 16-81 (6th ed.). Champaign,
IL: AOCS. 20009.

19.Cercaci L, Rodriguez-Estrada MT, Lercker G, Decker EA.
Phytosterol oxidation in oil-in-water emulsions and bulk oil. Food
Chemistry. 2007;102:161-7. Available from: doi.org/10.1016/j.
foodchem.2006.05.010.

20.Szydtowska-Czerniak A, Laszewskaa A, Tutodziecka A. A novel
iron oxide nanoparticle-based method for the determination of
the antioxidant capacity of rapeseed oils at various stages of the
refining process. Analytical Methods. 2015;7:4650-60. Available
from: doi.org/10.1039/C5AY00480B.

21.Gimeno E, Calero E, Castellote Al, Lamuela-Raventds RM, de la
Torre MC, Lopez-Sabater MC. Simultaneous determination of
alpha-tocopherol and beta-carotene in olive oil by reversed-
phase high-performance liquid chromatography. Journal of
chromatography A.2000;9:255-9. Available from: doi.org/10.1016/
s0021-9673(00)00272-7

.Tesfaye B, Abebaw A, Reddy MU. Determination of cholesterol and
B-carotene contentin some selected edible oils. International Journal
of Innovative Science and Research Technology. 2017;2:2456-165.
Available from: doi.org/IJISRT17]JL09.

.Potocnik T, RakCizej M, Kosir I]. Influence of seed roasting on
pumpkin seed oil tocopherols, phenolics and antiradical activity.
Journal of Food Composition and Analysis. 2018;69:7-12. Available
from: doi.org/10.1016/j.jfca.2018.01.020.

24.Maskan, M. Change in colour and rheological behaviour of sunflower
seed oil during frying and after adsorbenttreatment of used oil.
European Food Research and Technology. 2003;218:20-5. Available
from: doi.org/ 10.1007/s00217-003-0807-z.

25.Zhangy, XuX, Jiang Y, Wang X. Effect of tocopherols and phytosterol
on color reversion of MCT. Food Science and Technology
Research.2013;19(6):1127-2013. Available from: doi.org/10.3136/
fstr.19.1127.

26.Kim ], Kim DN, Lee SH, Yoo S, Lee S. Correlation of fatty acid
composition of vegetable oils with rheological behaviour and oil
uptake. Food Chemistry. 2010;118(2):398-402. Available from: doi.
org/10.1016/j.foodchem.2009.05.011.

27. Zahir E, Saeed R, Hameed MA, Yousuf A. Study of physicochemical
properties of edible oil and evaluation of frying oil quality by
FourierTransform-Infrared (FT-IR) spectroscopy. Arabian Journal
of Chemistry. 2014; http://dx.doi.org/10.1016/j.arabjc.2014.05.025.
Available from: doi.org/10.1016/j.arabjc.2014.05.025.

28.1dun-Acquah N, Obeng GY, Mensah E. Repetitive use of vegetable

2

N

2

w

cooking oil and effects on physico-chemical properties-case of
frying with redfish (Lutjanus fulgens). Science and Technology.
2016;6(1):8-14. Available from: doi.org/10.5923/j.scit.20160601.02.

29. Nayak PK, Dash, U Rayaguru K. Quality assessment of mustard oil
in deep fat frying. Journal of Dairy Research. 2016;1-4. Available
from: doi.org/10.18805/ajdfr.v0iof.9620.

30.Augustin MA, Berry SK. Efficacy of the antioxidants BHA and
BHT in palm 97 olein during heating and drying. Journal of the
American Oil Chemists Society. 1983;60:1520-4. Available from:
doi.org/10.1007/BF02666575.

31.Concei¢do JN, Marangoni BS, Michel FS, Oliveira IP, Passos WE,
Trindade MA, et al. Evaluation of molecular spectroscopy for
predicting oxidative degradation of biodiesel and vegetable oil:
Correlation analysis between acid value and UV-Vis absorbance and
fluorescence. Fuel Processing Technology. 2019;183: 1-7. Available
from: doi.org/10.1016/j.fuproc.2018.10.022.

32.Randhawa S, Mukherjee T. Effect of containers on the thermal
degradation of vegetable oils. Food Control. 2023;144:109344.
Available from: doi.org/10.1016/j.foodcont.2022.109344.

33.Alajtal A, Sherami F, Elbagermi M. Acid, peroxide, ester and
saponifcation values for some vegetable oils before and after frying.
AASCIT Journal of Materials. 2018;4:43-7.

34.0stlund RE, Racette SB, Okeke A, Stenson WF. Phytosterols that
are naturally present in commercial corn oil significantly reduce
cholesterol absorption in humans. The American Journal of Clinical
Nutrition.2002;75(6):1000-4. Available from: doi.org/10.1093/
ajen/75.6.1000.

35. Aladedunye F, Matthaus B. Phenolic extracts from Sorbus aucuparia
(L.) and Malus baccata (L.) berries: Antioxidant activity and
performance in rapeseed oil during frying and storage. Food
chemistry. 2014;159:273-81. Available from: doi.org/10.1016/j.
foodchem.2014.02.139.

36.Mao X, Chen W, Huyan Z, Hussain Sherazi ST, Yu X. Impact of
linolenic acid on oxidative stability of rapeseed oils. Journal of Food
Science and Technology. 2020;57(9):3184-92. Available from: doi.
org/10.1007/s13197-020-04349-x.

37. Bruscatto MH, Zambiazi RC, Sganzerla M, Pestana VR, Otero D,
LimaR, etal. Degradation of tocopherols in rice bran oil submitted
to heating at different temperatures. Journal of chromatographic
science. 2009;47(9):762-5. Available from: doi.org/10.1093/
chromsci/47.9.762.

38.Marmesat S, Velasco L, Ruiz-Méndez MV, Fernidndez-Martinez JM,
Dobarganes C. Thermostability of genetically modified sunflower
oils differing in fatty acid and tocopherol compositions. European
Journal of Lipid Science and Technology. 2008;110:776-82. Available
from: doi.org/10.1002/ejlt.200800040.

39. Aachary AA, ChenY, Eskin NAM, Thiyam-Hollander U. Crude canolol
and canola distillate extracts improve the stability of refined canola
oil during deep-fat frying. Europian Journal of Lipid Science and
Technology. 2014;116:1467-76. Available from: doi.org/10.1002/
€j1t.201300498.

40.Romero A, Cuesta C, Snchez-Muniz FJ. Cyclic fatty acid monomers
and thermoxidative alteration compounds formed during frying
of frozen foods in extra virgin olive oil. Journal of the American
0il Chemists’ Society. 2000;77(11):1169-75. Available from: doi.
org/10.1007/s11746-000-0183-5.

41. Romero A, Cuesta C, Sdnchez-Muniz F]. Cyclic FA monomers in high-
oleic acid sunflower oil and extra virgin olive oil used in repeated
frying of fresh potatoes. Journal of the American Oil Chemists’
Society. 2003;80(5):437-42. Available from: doi.org/10.1007/
s11746-003-0717-x.

42.White PJ, Kreeger TJ], Seal US, Tester JR. Pathological
responses of red foxes to capture in box traps. The Journal of
Wildlife Management.1991;55(1):75-80. Available from: doi.
org/10.2307/3809243.

HOW TO CITE THIS ARTICLE: Rajoriya V, Bigoniya P. Repetitive Heating Induced Thermal Oxidation of Corn Oil: Impact on Physicochemical Properties,
a-Tocopherol, and 3-Carotene Depletion. Int. J. Pharm. Sci. Drug Res. 2024;16(5):764-770. DOI: 10.25004/IJPSDR.2024.160503

Int. J. Pharm. Sci. Drug Res., September - October;, 2024, Vol 16, Issue 5, 764-770



http://dx.doi.org/10.1016/j.arabjc.2014.05.025

	_Hlk170487816
	_Hlk164695947
	_Hlk165675111

