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Introduction

Repeated use of frying oil is a common practice in industrial kitchens, restaurants, and food
production facilities. However, subjecting oils to high temperatures over multiple cycles
leads to the breakdown of triglycerides and the formation of hazardous chemical
byproducts. These substances—ranging from aldehydes and trans fats to polycyclic
aromatic hydrocarbons (PAHs), heterocyclic amines (HCAs), and acrylamide—have been
shown in numerous studies to possess mutagenic and carcinogenic potential.



The purpose of this review is to present:

« The mechanisms by which repeated frying leads to the generation of carcinogenic
compounds, and

« How these substances—byproducts of oil frying—affect cells and organs of the
gastrointestinal system.

« A technological innovation—Beyond Oil—that may mitigate these health risks by
filtering harmful compounds and extending oil usability.

Chemistry of Qils During Frying

Frying is a process in which food is immersed in hot oil, typically between 150-190°C.
During frying, interaction occurs between oil, air, and food. The external surface of the
food, its moisture content, and the type of oil used all influence the amount of oil absorbed.

Key nutritional components in oil—such as tocopherols, essential fatty acids, and amino
acids—are degraded during frying. As oil is heated repeatedly, several chemical reactions
occur: hydrolysis, oxidation, and polymerization. These reactions produce both volatile
and non-volatile degradation products.

« Volatile compounds may evaporate or be absorbed into the fried food.

« Non-volatile compounds accumulate and alter the physical and chemical
characteristics of both the oil and the food.

One important indicator of oil degradation is the level of Total Polar Materials (TPM),
also referred to as Total Polar Compounds (TPC). These are formed through hydrolysis,
oxidation, and polymerization processes and include:

« Free fatty acids (FFA)
« Low molecular weight degradation products
 Polymerized triglycerides

High frying temperatures, an increased number of frying cycles, the presence of FFAs,
unsaturated fatty acids, and multivalent metals all reduce oxidative stability and the sensory
quality of oil.

The European Union has set a maximum acceptable TPM value of 25-27%. Oils
exceeding this level are considered unsuitable for frying. High TPM levels indicate
accumulation of degraded materials such as peroxides, aldehydes, ketones, alcohols, and
other short-chain fatty acids—many of which are harmful.



Chemical Reactions Occurring During Repeated Frying

Hydrolysis

Moisture released from the food interacts with the oil and oxygen, initiating breakdown of
triglyceride ester bonds. This results in the formation of free fatty acids (FFA),
monoglycerides, and diglycerides. The FFA level increases with frying duration and serves
as a key quality marker.

Oxidation
Oxygen in the air reacts with oil at high temperatures, especially in the presence of light,

metals (e.g., iron), and pre-existing oxidation products. This promotes the formation of
hydroperoxides, which then degrade into:

« Volatile aldehydes and ketones
« Short-chain carboxylic acids and alkanes

These compounds contribute to rancidity and reduce oil quality.
Polymerization

Thermal stress causes unsaturated fatty acids to polymerize, forming non-volatile polar
compounds, including dimers and polymers of triglycerides. These compounds:

Increase viscosity

Reduce heat transfer efficiency
 Cause foaming

« Impair food quality

 Promote further oil breakdown

The extent of polymerization depends on the oil type, temperature, and number of frying
cycles. More cycles and higher temperatures accelerate polymer formation and oil
degradation.

Factors Affecting Oil Quality During Deep Frying

Several parameters influence the degree of oil degradation during frying:

Oil replacement frequency

« Frying temperature and duration
Type of heating device

Initial oil composition and quality
Type of food being fried

 Frying equipment



 Antioxidant content
« Oxygen exposure

Studies show that frequent addition of fresh oil improves frying quality, delays
accumulation of degradation products, and reduces the formation of FFAs, diacylglycerols,
and polymers.

Harmful Chemical Compounds Formed During Repeated Frying

During repeated use of oil, several hazardous compounds accumulate. These substances are
associated with oxidative stress, mutagenesis, and carcinogenesis. Key compounds include:

Free Fatty Acids (FFA):

Formed through hydrolysis, FFAs increase with frying time. The FFA value serves as a
critical marker for oil quality deterioration.

Total Polar Materials (TPM):

Includes FFAs, oxidation products, and polymerized compounds. The European Union has
established 25-27% TPM as the upper threshold for acceptable oil quality. Beyond this, oil
is considered degraded and unsuitable for further use.

Polymers and Dimers:

Formed through polymerization of triglycerides during extended heating. These non-volatile
compounds increase oil viscosity, reduce heat transfer, and contribute to foaming during

frying.
Volatile Compounds:

Include aldehydes, ketones, and alcohols, formed from oxidative degradation of oil. These
compounds contribute to both sensory deterioration and potential health hazards.

Studies Evaluating the Impact of Repeated Frying

Numerous studies have demonstrated a direct linear relationship between oil degradation
and frying conditions—specifically, the number of frying cycles, heating duration, and
temperature. As these variables increase, so does the concentration of polar and toxic
compounds with significant health implications.



* Giuffreé et al. (2017)":
Studied the effects of temperature and heating time on sunflower oil. Oil was heated at
180°C, 210°C, and 240°C for 15-120 minutes. Parameters such as peroxide value (PV), p-
anisidine value (p-AnV), total oxidation (TOTOX), and phenol content were assessed.

Findings:

Oil oxidation worsened with increased temperature and time.

TOTOX and PV increased significantly.

A 50% reduction in antioxidants was observed.

« Free acidity rose from 0.15% to 0.35%, indicating triglyceride breakdown.

Conclusion: Extended heating and high temperatures significantly degrade oil and generate
harmful oxidation products. Heating duration should be minimized for safe frying use.

* Nor Mahiran et al. (2023):

Investigated chemical changes in reheated palm oil (RHPO) and their role in forming
glycidyl esters (GEs) and 3-MCPD—both potentially carcinogenic compounds. Oil was
heated for 90—-360 minutes and tested using peroxide (PV), p-anisidine (p-AnV), total
oxidation (TOTOX), and spectroscopic methods (FTIR, NMR).

Findings:

« GEs and 3-MCPD levels rose significantly with heating duration.

« Between 180-360 minutes, 3-MCPD converted more into GE, indicating the
accumulation of toxic compounds.

Conclusion: Prolonged heating of palm oil results in the formation of carcinogenic
contaminants.

* Szabo et al. (2022)’:

Explored the effect of repeated heating on fatty acid profiles and oxidation in five vegetable
oils: palm, canola, soybean, sunflower, and extra virgin olive oil. Each was heated at 180°C
for 5 minutes across 1, 5, and 10 cycles.

Findings:

« Essential fatty acids (LA and ALA) decreased significantly.

- Trans fatty acids (TFA) increased sharply—canola oil showed a 233% rise after 10
cycles.

« Atherogenic Index (AI) and Thrombogenic Index (TT) increased, especially in
sunflower and soybean oils.



Conclusion: Repeated heating reduces nutritional value, promotes formation of harmful
lipids, and may elevate cardiovascular disease risk.

Carcinogenic Compounds Formed During Repeated Frying

As detailed above, repeated frying causes chemical degradation of oil, including oxidation,
thermal breakdown, and polymerization of fatty acids. These processes lead to the
formation of toxic byproducts with carcinogenic potential. When oil is reused for frying
various foods, additional harmful compounds may form due to prolonged exposure to high
heat and reactive oxygen species.

Notable among these are:

Heterocyclic Aromatic Amines (HCAs)
Polycyclic Aromatic Hydrocarbons (PAHs)
Acrylamide (AA)

Liu et al. (2024) “ - Effect of Oil Degradation on Formation of Carcinogens

In a recent study, Liu et al. (2024) examined the effect of frying oil degradation on the
formation of carcinogenic substances—including acrylamide (AA), heterocyclic aromatic
amines (HCAs), and polycyclic aromatic hydrocarbons (PAHs)—during the frying of
various foods (potatoes, tofu, and chicken wings) at temperatures between 150°C and
190°C.

Findings:

« As frying temperature and duration increased, so did the accumulation of hazardous
contaminants.

 Potatoes generated the highest levels of acrylamide (AA) (2.60 mg/kg),

 Chicken wings showed the highest levels of HCAs (5.06 pg/kg) and PAHs (5.18
pg/kg).

A positive correlation was identified between oil degradation—measured via
oxidative indicators such as AV, CV, and TPC—and the levels of these
carcinogens.

Conclusion:

Repeated oil use significantly contributes to the production of toxic and carcinogenic
substances in fried foods, reinforcing the health risk associated with degraded frying oils.
(Liu et al., 2024)



+ Ganesan et al. (2019) °:

Conducted a comprehensive review of clinical, epidemiological, and animal studies that
evaluated the effects of consuming repeatedly heated cooking oils (RCOs) on cancer risk.

Findings:

« Reheating oils leads to the formation of carcinogenic compounds, including PAHs,
HCAs, and lipid oxidation products.

« These compounds were associated with an increased incidence of colorectal, lung,
breast, and prostate cancers.

« Animal studies demonstrated genotoxic damage, chromosomal aberrations, and
systemic inflammation.

« Human studies showed elevated rates of neoplastic changes among individuals
exposed to frying oil fumes or those who regularly consumed foods fried in reused
oils.

Conclusion:

Reusing frying oil represents a significant and avoidable risk factor for carcinogenesis,
warranting stronger nutritional and industrial regulatory oversight.

(Ganesan et al., 2019)

1. Acrylamide (AA)

Acrylamide is formed through the Maillard reaction, a chemical interaction between the
amino acid asparagine and sugars during high-temperature cooking, especially in starchy
foods like potatoes. Acrylamide is metabolized in the body into glycidamide, a known
mutagen that damages DNA.

« The International Agency for Research on Cancer (IARC) ¢ classified acrylamide
as a probable human carcinogen (Group 2A) in 1994.

Key Studies:

+ Tareke et al. (2002) ’:
Analyzed acrylamide formation in carbohydrate- and protein-rich foods using GC-
MS and LC-MS/MS.
Findings:
o Acrylamide levels were high (150—4000 pg/kg) in starchy foods (potatoes,
bread) heated above 120°C.
o In contrast, protein-rich foods (meat, fish) showed significantly lower levels
(5-50 pg/kg).
o Boiling with water produced no detectable acrylamide.
Conclusion: Heating of starchy foods is the main dietary source of
acrylamide.



« Palus (2024) &
A recent review in Nutrients examined acrylamide's effects on the gastrointestinal
system.
Findings:

o Acrylamide damages the gastric and intestinal epithelium, disrupts tight
junctions, alters the microbiome, increases apoptosis, and harms the enteric
nervous system.

o Chronic intake—especially with oxidized fats—induced precancerous
changes in the intestinal lining in animal models.

Conclusion: Acrylamide is a hazardous compound with the potential to cause
gastrointestinal inflammation, neurotoxicity, and carcinogenesis.

2. Heterocyclic Aromatic Amines (HCAs)

HCAs are primarily formed during prolonged frying of animal-derived proteins, such as
meat and poultry. Key compounds include PhIP, MelQx, and others. Their concentrations
increase in reused oils used to fry meats.

« Experimental studies have shown that HCAs are carcinogenic in animals, inducing
tumors in organs such as the colon, breast, liver, lung, prostate, and more. °

Key Studies:

« Monti et al. (2001) '°:
Investigated the effect of virgin olive oil (VOO) phenolic compounds on HCA
formation.
Findings:

o Fresh olive oil, rich in antioxidants, significantly reduced HCA formation by
30-50% during meat/fish frying.

o Stored oil had reduced phenolic content and was less protective.

Conclusion: Reuse of oxidized oil increases carcinogen production due to the
decline in natural antioxidants.
« Sinha et al. (1995) !
Studied the metabolism of HCAs by liver enzymes CYP1A2 and NAT?2 in humans.
Findings:

o Participants with high CYP1A2 activity had lower excretion of unmetabolized
MelQx, suggesting conversion into DNA-reactive carcinogens.
Conclusion: Metabolic activation of HCAs enhances their carcinogenicity
and links genetic polymorphisms to cancer risk.

3. Polycyclic Aromatic Hydrocarbons (PAHs)

PAHs are a group of carcinogenic organic compounds formed through incomplete
combustion of organic materials, especially under high-temperature frying (180-200°C).



They result from the oxidation of unsaturated fatty acids and accumulation of polar
degradation products.

« According to the IARC (2010) 2
o Benzo[a]pyrene (BaP) is a Group 1 carcinogen (definitely carcinogenic to
humans).
o Benzo[a]anthracene (BaA), Benzo[b]fluoranthene (BbF), and Chrysene
(Chr) are Group 2B carcinogens (possibly carcinogenic).

Key Studies:

« Pan et al. (2008) '3:
Studied PAH exposure in 288 Chinese restaurant workers.
Findings:
o Airborne PAH levels in kitchens were 5x higher than in dining areas.

o Kitchen workers had significantly higher urinary 1-hydroxypyrene (1-OHP)
and malondialdehyde (MDA) levels—biomarkers for PAH exposure and

oxidative damage.
Conclusion: Inhalation of cooking oil fumes (COFs) increases systemic
oxidative stress and cancer risk.
+ Lietal. (1994) 4
Found elevated PAH levels in fumes from refined oils used for prolonged frying in
small eateries.
Conclusion: A possible association between COF exposure and lung
adenocarcinoma in non-smoking Chinese women.
« Hao et al. (2016)
Analyzed 48 oil samples from Beijing restaurants.
Findings:
o Dishes cooked by deep frying and grilling had X4PAHs levels up to 16x the
EU limit and BaP levels up to 10.6x the Chinese safety limit.
Conclusion: Extended frying at high temperatures leads to the accumulation
of PAHs in oil and food, posing a serious dietary health risk.

4. Lipid Peroxidation Products Formed During Repeated Frying

During repeated frying, unsaturated fatty acids in the oil undergo oxidation, resulting in
the formation of toxic aldehydes such as:

« 4-Hydroxynonenal (4-HNE)
« Malondialdehyde (MDA)

These lipid peroxidation products are highly reactive, capable of damaging cellular
membranes, altering protein function, and binding to DNA, thus contributing to
mutagenesis and carcinogenesis.
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Key Studies:
+ Chacko & Thankappan (2021) '°:

Studied the effects of repeatedly heated cooking oils (RHCOs) on rats fed a cholesterol-rich
diet. Oils tested included coconut, mustard, and sunflower oils, all heated for 15 hours at
210°C.

Findings:

« Significant increase in lipid peroxidation markers (MDA) and protein oxidation

» Reduction in antioxidant defenses (SOD, catalase, thiol levels) in liver, heart, and
kidney tissues

« Most pronounced toxic effects were observed with mustard and sunflower oils,
which contain high levels of polyunsaturated fatty acids (PUFAs)

Conclusion: Repeated heating of oils high in PUFAs enhances the formation of toxic
peroxidation products and depletes natural antioxidant defenses.

+ Grootveld (2022) '7:

Examined lipid oxidation products (LOPs) during high-temperature frying and their
implications for chronic diseases.

Findings:

« Qils rich in PUFAs generated high levels of toxic aldehydes (e.g., MDA, 4-HNE,
acrolein) during repeated heating

« These compounds demonstrated oxidative, mutagenic, and potentially carcinogenic
properties

« Some LOPs were released into the air, suggesting that inhalation of frying vapors
may also cause respiratory tract damage, inflammation, and increase the risk of
lung disease and cancer in chronically exposed individuals.

« Szabo et al. (2022) 3:

Repeated heating of vegetable oils (canola, soybean, sunflower, palm, and olive) at 180°C
for 1, 5, and 10 cycles showed:

- Significant depletion of essential fatty acids (ALA and LA)

« Sharp rise in trans fatty acids (TFAs), especially in canola oil (up to 233%
increase)

« Increased Atherogenic Index (AI) and Thrombogenic Index (TT) in sunflower and
soybean oils, suggesting a shift toward cardiovascular risk factors
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Conclusion: Lipid degradation during repeated frying transforms oils into sources of toxic
and atherogenic fats, with implications for both carcinogenesis and vascular disease.

Carcinogenic Mechanisms of Compounds from Repeated Frying

The toxic compounds formed during repeated frying can contribute to cancer development
via three principal biological mechanisms:

1. Genetic Damage (Mutagenicity)

Many of the substances formed—such as acrylamide, HCAs, and PAHs—are mutagenic,
meaning they can induce genetic mutations and DNA damage.

 Acrylamide is metabolized into glycidamide, which forms DNA adducts that can
alter the genome and disrupt tumor suppressor genes.

« HCAs and PAHs are enzymatically activated (e.g., by CYP1A2) in the liver into
reactive metabolites that bind DNA, causing mutations and potential oncogene
activation or tumor suppressor inactivation.

* Hageman et al. (1991)':

Investigated the short-term effects (4 weeks) of consuming repeatedly heated frying oil in
rats.

Findings:

The heated oil contained promutagenic HCAs and lipid oxidation products,
confirmed as mutagenic via the Ames test.

Metabolites were detected in the urine.

« There was an increase in liver enzymes (GOT, GPT, ALP), indicating
hepatocellular toxicity.

Histological analysis showed enhanced epithelial proliferation in the esophagus.

Conclusion: Repeatedly heated oils promote systemic oxidative and genotoxic stress with
early signs of carcinogenic activity.

» Kawai & Kasai (2008)'°:

Identified a novel mutagenic compound—4-0xo-2-hexenal (4-OHE)—formed during
omega-3 fatty acid oxidation under heating/storage conditions.
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Findings:

+ 4-OHE formed DNA adducts with deoxycytidine and other bases.
 High levels were found in oxidized oils, fried food, and frying vapors.
 In mouse models, 4-OHE caused genetic damage after oral exposure.

Conclusion: 4-OHE is a potential genotoxin contributing to gastrointestinal and systemic
mutagenesis in humans.

* Hogervorst et al. (2010):

A comparative review on dietary acrylamide exposure, combining data from animal and
human studies.

Findings:

« Acrylamide was shown to induce tumors in animal models (thyroid, mammary gland,
nervous system).

« In humans, higher intake of acrylamide was associated with elevated risk of evarian,
endometrial, kidney, oral, and some breast cancers—particularly in non-smokers.

« Mechanisms included formation of glycidamide-DNA adducts, mutations, and
micronuclei formation.

Conclusion: Chronic dietary exposure to acrylamide—especially from fried foods—can
initiate and promote cancer through direct genotoxic effects.

* Perumalla Venkata (2024)*':

Studied the genotoxicity of food fried in sunflower oil reheated 3 or 5 times in a mouse
model.

Findings:

« Mice consuming reheated oil showed:
o Elevated DNA strand breaks (Comet assay)
o Increased micronuclei formation
o Higher rates of chromosomal abnormalities in blood and bone marrow
« The severity of genetic damage increased with the number of oil heating cycles

Conclusion: Chronic ingestion of food fried in repeatedly heated oil leads to cumulative
genetic damage and enhances carcinogenic risk.



2. Induction of Oxidative Stress

Compounds generated during repeated frying can increase the production of free radicals
and weaken the cellular antioxidant systems.

Studies have shown that exposure to acrylamide leads to a decrease in glutathione (a key
intracellular antioxidant) and an increase in oxidative stress markers such as MDA (a
lipid peroxidation product) in intestinal tissues of rats.

In professional cooks occupationally exposed to cooking oil fumes, a rise was observed in:

+ 8-hydroxy-2'-deoxyguanosine (8-OHdG) — a urinary marker of oxidative DNA
damage, and

« Isoprostanes — indicators of lipid peroxidation,
linked to exposure to PAHs and other carcinogenic compounds released in frying
vapors.

Additionally, experimental models demonstrated that exposure to substances present in
cooking oil smoke leads to oxidative DNA damage in lung and liver cells, including the
occurrence of DNA strand breaks.

Prolonged oxidative stress in cells can result in cumulative damage to genetic material and
cellular components, and can activate oncogenic signaling pathways.

Key Studies:

* Subramanyam & Perumalla (2016}
Studied the effects of repeatedly heated cooking oil on gastrointestinal tissues in rats.
Findings:

« Oils heated three times had elevated peroxide values (PV).

« Rats fed with these oils showed:

Increased MDA (lipid peroxidation marker)

Decreased catalase activity

Metabolic abnormalities (hyperglycemia, hypercholesterolemia)
Histopathological changes in the colon and liver, including polyp formation

o

O O O

Conclusion: Oxidative stress from reheated oils contributes to intestinal injury and
precancerous changes.

* Ke et al. (2009)>:

Studied 122 Chinese men, including 86 cooks exposed to COFs, and 36 unexposed waiters.
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Findings:

+ Cooks had significantly higher urinary levels of:
o 1-hydroxypyrene (1-OHP) — a biomarker of PAH exposure
o 8-OHdG - a biomarker of oxidative DNA damage

« The highest damage was in cooks without ventilation systems.

Conclusion: Occupational exposure to COFs can lead to systemic oxidative stress and DNA
damage, highlighting the carcinogenic potential of frying vapors.

* Lai et al. (2013)*:
A longitudinal study on military kitchen workers exposed to frying vapors.
Findings:

« Persistent oxidative damage was noted, even in facilities equipped with exhaust
hoods.
« Chronic inhalation of COFs led to markers of inflammation and DNA damage.

3. Chronic Inflammation and Tumor-Promoting Environment

Repeated injury to the gastrointestinal epithelium, liver, and pancreatic tissues by toxic
compounds formed during oil degradation may trigger chronic inflammatory responses.

« Animal studies have shown that acrylamide impairs the integrity of the intestinal
barrier by disrupting tight junctions between epithelial cells, leading to the
infiltration of inflammatory cells and histological signs of inflammation in the
intestinal mucosa.

« Persistent inflammation in tissue is a known driver of carcinogenesis. Immune cells
release cytokines, growth factors, and reactive oxygen species that promote:

o Proliferation of damaged cells
o DNA damage
o A microenvironment conducive to cancer development

This creates a “vicious cycle”, in which continued exposure to toxic frying oil compounds
causes inflammation and damage, which in turn promotes the formation of preneoplastic
cells.

* Zhang et al. (2019¥°> — Preclinical Study

Investigated the health effects of consuming repeatedly heated canola oil, used for
commercial frying, on the development of intestinal inflammation and colorectal cancer
in mice.



« The oil was collected from a university kitchen after multiple frying cycles and fed to
mice using colitis and carcinogenesis models (DSS and AOM + DSS, respectively).

Findings:

 Mice consuming the degraded oil developed:
o Severe colitis, crypt architecture disruption, and reduced occludin protein
(marker of epithelial barrier damage)
o Elevated pro-inflammatory cytokines (IL-1(, IL-6, MCP-1)
o Inflammatory immune cell infiltration (CD45+, F4/80+)
« In the cancer model:
o Increased number and size of tumors
o Elevated expression of pro-cancer genes (Myc, Cyclin-D1)

o Bacterial and LPS translocation into the intestinal mucosa — evidence of
barrier breakdown and systemic inflammation

Additionally, polar compounds extracted from the degraded oil alone were found to
aggravate inflammation, suggesting these are the primary pathological drivers.

Conclusion:
Consumption of reheated oils exacerbates gastrointestinal inflammation and contributes to
the formation of a tumor-promeoting environment.

* Bastida et al. (2010)®* — Preclinical Study

Assessed the impact of consuming sunflower oil after 40 actual frying cycles on the
antioxidant defense system in the small intestine of Wistar rats.

 Rats were divided by fasting status (15-hour fast vs. no fast) and received either fresh
or repeatedly used oil.

Findings:

« Rats fed with reheated oil, particularly in the fasted state, showed:
o Significant reduction in antioxidant enzyme activity and gene expression
(SOD, GPx)
o Increased oxidative stress markers (TBARS, oxidized/reduced glutathione
ratio)
o Upregulation of TNFR expression, indicating oxidative-inflammatory
signaling in intestinal epithelial cells

Conclusion:

Consumption of repeatedly used frying oils compromises intestinal antioxidant function,
increases oxidative stress, and triggers local inflammation, even in the absence of
underlying disease.

15
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* Liu et al. (2024y” — Preclinical Study

Studied the systemic effects of prolonged inhalation exposure to cooking-oil fumes
(COFs) from soybean oil heated to 200°C, on the gut health of mice.

« Mice were exposed to COFs for 3, 7, and 14 days and evaluated using metagenomics,
metabolomics, and transcriptomics.

Findings:

« After 3 days: Pulmonary inflammation and elevated pro-inflammatory cytokines in
both lung and intestinal tissues
« After 7 days: Classic IBD-like changes, including:
o Disruption of the epithelial barrier
o Altered gut microbiota composition
o Upregulation of inflammatory genes (e.g., IL-12R[31)
o Decrease in anti-inflammatory metabolites
« After 14 days: Partial adaptive immune response observed

Conclusion:

These findings support the lung—gut axis hypothesis, indicating that prolonged
environmental or occupational exposure to oil fumes can induce chronic inflammation
in both the respiratory and gastrointestinal systems via systemic immunometabolic
disruption.

* Zhu et al. (20218 — Comprehensive Experimental Study
Evaluated the long-term consumption of used frying oil over 34 weeks in mice.

« The oil, collected from restaurants after reuse, was filtered and reheated to simulate
human dietary exposure. Comprehensive chemical analysis confirmed high levels of
peroxides, aldehydes, and FFAs — markers of advanced oxidation and thermal
degradation.

Findings:

« Mice exhibited:

Multisystem injury, including intestinal DNA damage (y-H2AX marker)
Lung inflammation

Pancreatic apoptosis in 100% of animals

Esophageal hyperplasia in 80% of cases — a clear preneoplastic lesion

O O O O

Conclusion:
Chronic consumption of reused oils triggers inflammatory, genotoxic, and preneoplastic
changes across multiple organ systems.



I7

4. Disruption of Intracellular Signaling Pathways

Certain oxidation products of fats, especially 4-Hydroxynonenal (4-HNE), are capable of
interfering with intracellular defense and repair mechanisms.

4-HNE binds to key cellular proteins and alters their function.

It affects the Nrf2/Keap1 antioxidant signaling pathway, disrupting the balance
between protective responses and pro-carcinogenic signals.

Aldehydes like 4-HNE and MDA can impair DNA repair mechanisms, bind to
regulatory proteins, and promote survival of damaged or transformed cells.

Additional components in frying vapors—such as benzene and formaldehyde—are
known carcinogens and may induce epigenetic modifications and abnormal gene
expression over time.

Guéraud et al. (2017)° — Scientific Review

Explored the role of 4-Hydroxynonenal (4-HNE) in carcinogenesis, particularly in
colorectal cancer.

« 4-HNE is a reactive electrophilic aldehyde formed during the oxidation of omega-6
fatty acids, both endogenously and in processed/heated food.

« It forms covalent DNA adducts (e.g., propano-ethanol adducts), inducing mutations
at key genomic sites such as p53, and disrupts DNA repair.

« 4-HNE also interacts with Nrf2/Keap1/ARE, NF-kB, and PKC signaling pathways,
promoting cell proliferation and resistance to oxidative stress.

Findings in colorectal cancer models:

+ 4-HNE was found in fecal water of animals fed red meat or oxidized oils.

« It was cytotoxic to normal intestinal cells but promoted survival of preneoplastic
cells.

Conclusion:
4-HNE acts as a tumor promoter by combining genotoxic stress, oxidative injury, and
disruption of apoptosis and gene regulation.






