


Health risk assessment of carcinogenic compounds in the Ivorian street food “Garba”: a popular dish of fried tuna and attiéké 

ABSTRACT

The “Garba,” a traditional Ivorian street food composed of attiéké (fermented cassava semolina) and fried tuna, is widely consumed in Abidjan due to its affordability and cultural significance. However, the repeated reuse of frying oils raises serious health concerns related to the formation of carcinogenic neo-formed compounds. This study aimed to assess the cancer risk associated with the consumption of “Garba” by evaluating concentrations of polycyclic aromatic hydrocarbons (PAHs) — benzo(a)pyrene, anthracene, fluoranthene — and acrylamide in fried tuna and reused oils. Samples were collected from 90 vendors across three districts of Abidjan (Cocody, Abobo, Yopougon). Analyses were performed using GC–MS for PAHs and HPLC for acrylamide, and risk assessment followed the United States Environmental Protection Agency (USEPA) model.
Mean concentrations of benzo(a)pyrene and acrylamide reached 1.36 µg/kg and 69.43 µg/kg respectively in tuna, and 1.99 µg/kg for benzo(a)pyrene in reused oil. Hazard quotients (HQ) for acrylamide were 148.77 and 14.27 in tuna and oil respectively, while HQs for benzo(a)pyrene reached 12.71 and 9.53. The estimated lifetime cancer risks were 0.14 for acrylamide and 0.003 for benzo(a)pyrene in tuna. These findings reveal a chronic dietary exposure to carcinogenic compounds through daily consumption of “Garba.”
This study highlights the urgent need for public health authorities to regulate frying practices and promote awareness among street food vendors in Côte d’Ivoire.
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1. INTRODUCTION

In recent years, street food consumption has expanded considerably in major urban areas of sub-Saharan Africa, driven by rapid urbanization, economic constraints, and the fast-paced lifestyle of urban populations. Côte d’Ivoire, with its iconic dish known as “Garba”, is no exception to this trend. Composed of attiéké (fermented cassava semolina) and fried tuna, Garba has become an emblematic and affordable meal, widely accessible across social classes. It is consumed daily in most municipalities of Abidjan, especially by students, informal sector workers, and low-income households [1;2].

However, the artisanal preparation of Garba raises serious health concerns. Tuna frying is generally performed under empirical conditions, without technical guidance or quality control, and often involves prolonged reuse of frying oils. Such practices promote the formation of toxic neo-formed compounds [3]., notably polycyclic aromatic hydrocarbons (PAHs) and acrylamide, generated through complex thermal reactions during high-temperature cooking [4;5;6]. These substances, particularly benzo(a)pyrene, are recognized for their genotoxic and carcinogenic effects in humans [7].

In Côte d’Ivoire, while a few studies have examined the nutritional and microbiological composition of attiéké or the fish used in Garba, very few have addressed the carcinogenic risk associated with the presence of PAHs and acrylamide in this dish, while integrating actual population consumption patterns.

In a previous study, Massogbe and al. [8] reported the presence of PAHs and acrylamide in fried tuna and used frying oil collected from street vendors in Abidjan, with levels sometimes exceeding the regulatory limits set by the European Union (EU No. 1881/2011), especially for benzo(a)pyrene and acrylamide. However, these findings, while alarming in terms of food quality, did not quantify the actual risk to consumers, which depends on the amounts ingested, the frequency of consumption, and the demographic profile of exposed individuals.

This study specifically addresses that gap. It aims to estimate the carcinogenic risk associated with Garba consumption in Abidjan, based on previously quantified concentrations of PAHs (benzo(a)pyrene, anthracene, fluoranthene) and acrylamide, combined with data from a detailed dietary survey. This survey collected precise information on consumption frequency, quantities of tuna and oil ingested, and sociodemographic characteristics of consumers.

The carcinogenic risk assessment follows the methodology of the United States Environmental Protection Agency [9]., modeling chronic exposure to toxic substances by calculating estimated daily intakes (EDI) and hazard quotients (HQ), followed by lifetime cancer risk estimation. This rigorous approach is widely used in food safety risk assessment, particularly in contexts of unregulated urban food consumption [10: 11].

By integrating validated chemical data with real consumption profiles, this study provides solid scientific evidence to better characterize the hazards associated with a popular dish often perceived as harmless. It is part of a public health surveillance initiative, aiming to support regulatory policies on artisanal processing practices and raise awareness among consumers and informal sector stakeholders about the potential health impacts of their food choices.


2. MATERIALS AND METHODS

2.1. Study area
The study was conducted in three municipalities of Abidjan: Cocody, Abobo, and Yopougon. These areas were selected for their high population density, socio-economic diversity, and the large presence of street stalls specializing in Garba. Abidjan, the economic capital of Côte d’Ivoire, is located in the south of the country, between latitudes 5°16′ and 5°28′ N and longitudes 3°45′ and 4°5′ W. Cocody is a residential, academic, and administrative district. Abobo is a densely populated working-class area, while Yopougon is the largest and most populated municipality in Abidjan, with a high concentration of street food vendors. This geographical and social diversity allows for representative sampling of Garba consumption habits in different urban settings.

2.2. Consumption survey data collection
A descriptive cross-sectional dietary survey was conducted in the selected municipalities. A purposive random sampling method was used to interview 154 adult consumers (age ≥ 18 years), distributed as follows: Cocody (n = 46), Abobo (n = 58), and Yopougon (n = 50). Respondents were approached directly near Garba stalls or in their immediate vicinity.
Data were collected using a semi-structured questionnaire administered face-to-face by trained interviewers. A snowball sampling method was applied to identify regular Garba consumers, whereby each selected respondent referred other consumers meeting the inclusion criteria, ensuring socio-demographic diversity and varied consumption patterns.
The questionnaire collected information on:
· Frequency of Garba consumption (average meals per week)
· Quantity of fried tuna and attiéké consumed per serving
· Regularity and context of consumption (on-site or takeaway)
· Sociodemographic characteristics: sex, age, education level, occupation
Average quantities of tuna and oil consumed were estimated from standardized portions weighed during the survey. The survey followed ethical principles for social science research, with informed consent obtained from all participants.

2.3. Sampling of food products
Garba vending sites were randomly selected in each municipality. At each site, samples of fried tuna and frying oil were collected. Per municipality, 30 restaurants were selected, from which 45 mL of oil and five pieces of fried tuna of similar size, with an average mas of 300 g (Figure 1a, 1b, 1c), were randomly collected immediately after frying. Samples were transported under controlled conditions to the laboratory for analysis.
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Figure 1b: Reused and fresh oils sampled from street vendors
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Figure 1a: In situ measurement of the content of neoformed compounds in reused frying oil used for tuna frying in a restaurant in Abobo using an oil tester (Photo: Massogbè Diabaté).



Figure 1c: Fried tuna portions sampled from street vendors.





2.4. Analysis of chemical contaminants (PAHs and acrylamide)

The analytical methods used in this study for the quantification of polycyclic aromatic hydrocarbons (PAHs) and acrylamide in fried tuna and frying oil have been previously detailed by Massogbe et al. [8]. Food samples were processed according to standardized protocols to preserve the integrity of the neoformed compounds.
The determination of PAHs (benzo(a)pyrene, anthracene, and fluoranthene) was performed using gas chromatography coupled with mass spectrometry (GC-MS), following the modified method of Tan and Kuntom [12]., validated in the laboratory. This technique allowed for efficient separation and accurate quantification of the target compounds in both oily and protein matrices.
As for acrylamide, its quantification was carried out using a high-performance liquid chromatography (HPLC) system equipped with a UV detector, in accordance with the protocol described by Chen et al. [13]. This method enables reliable identification of acrylamide even at low concentrations in complex matrices such as used frying oils and fried products.
It is important to note that these analytical results, previously published, serve in the present study as the basis for a new integrated approach: the estimation of cancer risk associated with the consumption of the “Garba” dish, by correlating the measured concentrations with the dietary profiles of consumers collected in the field.

2.5.  Estimation of carcinogenic Risk (USEPA Model)
The estimation of cancer risk was carried out according to the methodology of the United States Environmental Protection Agency [9].
· The Estimated Daily Intake (EDI) values were calculated based on the measured concentrations of contaminants, the quantities consumed, and the body weight of individuals, using the standard formula: 

             (1)

Where C (µg/kg) is the concentration of the neoformed compound in the consumed food; Qm (g/day) represents the maximum daily amount of fried tuna and oil consumed per person in the study area; and BW (kg) is the average body weight of the consumers who participated in the survey.

· The hazard quotient (HQ) was then obtained using the equation described by Mok et al. [14].

     	 (2) 

Where HQ is the hazard quotient; EF is the exposure frequency (365 days/year); ED is the exposure duration (70 years); Qm is the maximum amount of food consumed per person per day (fried tuna: 300 g/person/day, equivalent to two fish portions of 150 FCFA each; reused oil: 100 g/person/day, equivalent to four tablespoons); C is the concentration of neoformed compounds in fried tuna and reused frying oil (µg/kg); RfD is the oral reference dose established by the USEPA, estimated for acrylamide (2×10⁻³ µg/g/day), benzo(a)pyrene (3×10⁻³ µg/g/day), anthracene (3×10⁻¹ µg/g/day), and fluoranthene (4×10⁻² µg/g/day); BW is the average body weight (70 kg); and ATn is the average exposure time for non-carcinogenic substances (ED × 365 days/year).

If HQ < 1, the occurrence of toxic effects is unlikely.
If HQ > 1, the occurrence of toxic effects cannot be excluded.

· Hazard Index and Cancer Risk

The Hazard Index (HI) was calculated as the sum of the individual hazard quotients (HQ) [9].

      (3)

Where HI is the hazard index; HQ(i) is the hazard quotient of each neoformed compound i; and n is the total number of compounds considered.

The cancer risk (CR) was estimated using the following mathematical equation [9]:

      (4)
Where CR is the cancer risk; EF is the exposure frequency; Ccompound is the concentration of neoformed compounds in the consumed food (µg/g); Qm is the maximum daily food intake (g/day); ED is the exposure duration (70 years) to carcinogenic substances; and CSF is the oral cancer slope factor (mg/kg body weight/day). Among the studied compounds, acrylamide and benzo(a)pyrene are the major neoformed carcinogens, with cancer slope factors of 1 mg/kg/day and 5×10⁻¹ mg/kg/day, respectively. ATc is the average exposure time for carcinogenic substances (365 days × 70 years), as applied by the USEPA [9].

2.6. Statistical analysis
Data were analyzed using XLSTAT software. To assess overall consumption practices, quantitative data were subjected to a two-way analysis of variance (ANOVA) with Commune and Sex as fixed factors. Multiple mean comparisons were performed using the Student–Newman–Keuls test, and results were expressed as means ± standard deviation. ANOVA tests and Pearson’s correlation analyses were used to evaluate relationships between consumption variables and exposure levels. The level of statistical significance was set at p < 0.05. The Pearson’s Chi-square test was used to assess variability of criteria across districts.

3. RESULTS AND DISCUSSION
3.1. Results
3.1.1. Social profile of consumers 
Data collected from the survey made it possible to define the typology of consumers. Table I presents the socio-economic profile of individuals consuming the dish “Garba” included in the sampling. The results show that, across all municipalities, most consumers were manual workers (40.7%), followed by unemployed individuals (27%) and students (25%). The study population consisted mainly of men (62.4%), compared with women (37.6%). The most represented age groups were 20–30 years (45.5%) and 31–40 years (32.5%), indicating a high consumption rate among young adults.
A majority of participants (68.2%) reported consuming Garba at least three times per week, while 24.0% consumed it daily. The average portion per meal was estimated at 150 ± 23 g of fried tuna and 80 ± 17 g of oil absorbed or incorporated into the dish. The mean body weight of respondents was 70 ± 8.2 kg.
These findings indicate frequent and substantial consumption, particularly among young urban workers, suggesting potential chronic exposure to contaminants present in the fried ingredients. The main characteristics of the consumers are presented below.

3.1.2. Characterization of consumption practices 
Consumption practices for the dish “Garba” were characterized based on responses to the administered questionnaire; the main results are presented in Table II. The analysis reveals that the majority of respondents report using an average of six tablespoons of frying oil per dish, corresponding to approximately 100 g of oil per serving. The tuna consumed is generally salted and fried, with an average portion estimated as a whole fish weighing approximately 300 g per meal. Regarding consumption frequency, most respondents consume Garba at least once per day, confirming the regularity of this dish in urban dietary habits. In addition, 70% of consumers systematically add ingredients such as chili, onions and tomatoes to their dish.
Salted tuna is the most consumed fish, representing 68.2% of stated preferences. For seasoning the attiéké, salt is preferred (75%) over commercial bouillon cubes, which are often considered too expensive or less accessible. Attiéké is almost always consumed with fried tuna, forming a standardized combination at sales points commonly referred to as “Garbadromes.”
These practices, combined with frequent consumption and a lack of awareness of frying conditions, underline the need to assess the risks related to chronic exposure to neoformed contaminants present in tuna and in the frying oil.
Table I. Socio‑economic profiles of consumers of the dish “Garba” (percent).
	Variable
	Category
	Frequency (%) 

	
	
	

	Sex 
	Men
	62,40

	
	Women
	37,60

	
Age (years) 
	Unknown
	20,40

	
	18 Age 25
	43,90

	
	Age25
	35,70

	
Body mass (kg)
	Unknown
	29,90

	
	45 Body mass 70
	28,70

	
	Body mass 70
	41,40

	
Profession
	Unemployed
	27,40

	
	Students
	25,50

	
	Managers/Professionals
	6,40

	
	Workers
	40,70


1 = number of respondents surveyed.


Table II. Consumption practices for the dish “Garba” (percent by locality).
	Variable
	Modality
	Number of respondents by locality (%)
	Total (%)

	
	
	Abobo
	Cocody
	Yopougon
	

	Quantity of frying oil added to attiéké |
	2–4 tablespoons (70 g)
	7,50
	34,80
	17,20
	19,10

	
	5–6 tablespoons (100 g)
	92,50
	65,20
	82,80
	80,90

	Consumption frequency
	Once/day
	84,30
	52,10
	62,10
	73,20

	
	Twice/day
	5,10
	10,90
	20,70
	10,80

	
	Rarely
	10,60
	37,00
	17,20
	16,00

	Accompaniment -chili
	Yes
	98,10
	87,00
	91,40
	92,30

	
	No
	1,90
	13,00
	8,60
	7,70

	Accompagnement bouillon
	Oui
	41,50
	69,60
	43,10
	42,60

	
	No
	58,50
	30,40
	56,90
	57,40

	Accompagnement sel
	Yes
	94,30
	10,90
	77,60
	75,10

	
	No
	5,70
	89,10
	22,40
	24,90

	Accompagnement oignon
	Yes
	92,50
	54,30
	81,00
	77,10

	
	No
	7,50
	45,70
	19,00
	22,90

	Accompagnement tomate
	Yes
	35,80
	97,80
	51,70
	60,40

	
	No
	64,2
	2,20
	48,30
	30,60

	Number of fish per plate
	1 fish
	62,30
	63,00
	69,00
	65,00

	
	2 fish
	35,80
	34,80
	31,00
	33,80

	
	3 fish
	1,90
	2,20
	0,00
	1,20

	Type of fish
	Mackerel
	1,90
	28,30
	1,70
	1,30

	
	Tuna
	98,10
	71,70
	98,30
	98,70

	Tuna preference
	Unsalted
	3,80
	8,70
	37,90
	17,80

	
	Salted
	94,30
	65,20
	46,60
	68,20

	
	Indifferent
	1,90
	26,10
	15,50
	14,00


1 = number of respondents surveyed.

3.1.3. Statistical analysis of consumption practices according to consumer profile 
Analysis of data by sex and municipality for Garba consumption practices revealed no significant differences (Figure 2). These results suggest homogeneity of consumption habits in the areas covered by the study. In addition, a Correspondence Factor Analysis (CFA) was carried out to explore relationships between consumer types and accompaniment modalities by municipality. Figure 3 illustrates the projection of socio‑professional categories and consumption habits on the main factorial axes. This analysis shows that male and female professionals in the Cocody municipality, as well as male professionals in Yopougon, consume Garba predominantly with fresh tomato as an accompaniment ingredient. In contrast, other social groups — notably students and workers — more frequently associate the dish with chili or onion. Male workers in Abobo are distinguished by a marked consumption of commercial bouillon cubes as seasoning.
A second CFA exploring relationships among consumed oil quantities, tuna type, consumption frequency and consumer categories was performed (Figure 4). The first two axes of this analysis explain 87.11% of the total inertia, reflecting strong data structuring. The analysis indicates that men and women living in Yopougon, as well as students, mainly consume salted tuna accompanied by around 100 g of frying oil, up to twice per day. In contrast, in Cocody, both male and female professionals and female workers consume both salted and unsalted tuna, indicating greater diversity in dietary practices.
[image: ]
Figure 2: Garba consumption practices by municipality and sex
Error bars represent standard errors. Bars sharing the same letter are not significantly different according to the Student–Newman–Keuls test (P 0.05).
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Figure 3: Consumer categories and ingredient accompaniment practices projected onto factorial axes.
[image: ]
Figure 4: Tuna consumption practices and professional categories projected onto factorial axes.



3.1.4. PAH concentrations 
PAH concentrations determined in reused frying oil and in fried tuna are presented in Figure 5. The PAHs analyzed were benzo[a]pyrene, anthracene and fluoranthene. Concentrations of these compounds in frying oil were significantly higher (p < 0.05) than those observed in fried tuna. Nevertheless, both in the frying oil and in the fried fish, benzo[a]pyrene exhibited the highest concentration among the PAHs studied. The benzo[a]pyrene concentration in frying oil was 1.99 ± 0.60 µg/kg and that in tuna was 1.36 ± 0.58 µg/kg.

PAH content µg/kg
     Reused oil
     Fried tuna

Figure 5: Concentrations of benzo[a]pyrene, anthracene and fluoranthene in reused frying oil and in fried tunas from the Garba dish.
3.1.5. Acrylamide contents
The acrylamide concentrations determined in reused frying oil and fried tuna samples are presented in Figure 6. The results showed that fried tuna (69.43 ± 6.7 µg/kg) contained significantly higher (p < 0.05) levels of acrylamide compared to the reused frying oil (20.6 ± 3.8 µg/kg).

.


 fried tunas                    reused oils            
                          Food

Figure 6 Acrylamide concentrations in reused frying oil and fried tuna samples from the “Garba” dish

3.1.6. Estimated exposures to neoformed compounds 

Estimated daily intake (EDI) values for neoformed compounds from consumption of fried tuna and reused oil are presented in Table III. In this study, the estimated daily exposures (µg/kg/day) for benzo[a]pyrene, anthracene, fluoranthene and acrylamide were, respectively, 3.81; 2.66; 2.60; 297.6 µg/kg/day for consumption of fried tunas and 2.86; 2.00; 2.08; 28.6 µg/kg/day for consumption of reused oils.

Table III : Estimated daily intake (EDI) values associated with consumption of fried tuna and reused frying oil.
	Neoformed compound
	EDI-fried tunas (µg/kg/day)
	reused oils (µg/kg/day) 

	Benzo(a) pyrène
	3,81
	2,86

	Anthracène
	2,66
	2,00

	Fluoranthène
	2,60
	2,08

	Acrylamide
	297,60
	28,60





3.1.7. Hazard indices related to consumption of fried tuna and frying oil

• Hazard quotient (HQ) 
Table IV below reports hazard quotient (HQ) values for benzo[a]pyrene, anthracene, fluoranthene and acrylamide determined in fried tunas and in reused oils. These values are, respectively for benzo[a]pyrene, anthracene, fluoranthene and acrylamide: 12.71; 0.008; 0.06; 148.77 for consumption of fried tunas, and 9.53; 0.006; 0.05; 14.27 for consumption of reused oil from the Garba dish. HQ values for benzo[a]pyrene and acrylamide are greater than 1 — the reference value according to the USEPA — for both sample types (oils and tunas).

Table IV : Hazard quotients (HQ) associated with consumption of fried tuna and reused frying oil.
	Neoformed compound
	| HQ — fried tunas
	HQ — reused oils
	Reference

	Benzo(a) pyrène
	12,710
	9, 530
	

	Anthracène
	0,008
	0,006
	1

	Fluoranthène
	0,060
	0,050
	

	Acrylamide
	148,770
	14,270
	



• Hazard index (HI) 

Figure 7 depicts hazard indices for fried tunas and reused oils. The calculated hazard indices (HI) are greater than 1 and amount to 161.548 and 23.85 for fried tunas and reused oils, respectively. HI values far exceeding 1 indicate that the set of four neoformed compounds present in fried tuna and in the reused oil are toxic and represent a hazard for consumers of this meal. Acrylamide alone accounts for 92% of the hazard associated with consumption of fried tuna and 60% of the hazard associated with consumption of reused oil (Figure 8).

 fried tunas         reused oils            Reference
Foods
    Hazard index (HI) 

Figure 7: Hazard indices for fried tunas and reused frying oils.


	
	


Figure 8: Contribution of neoformed compounds to the hazard index associated with consumption of (A) fried tuna and (B) reused oil.

· Cancer Risk

The cancer risk (CR) associated with the consumption of fried tuna and frying oil was estimated for benzo(a)pyrene and acrylamide, based on their carcinogenic potency doses, as illustrated in Figure 9. The CR values related to the consumption of fried tuna were 0.003 for benzo(a)pyrene and 0.14 for acrylamide. For the consumption of reused frying oils, the CR values were 0.008 for benzo(a)pyrene and 0.04 for acrylamide.


Figure 9: Cancer risk associated with consumption of fried tuna and reused frying oil.



3.2. DISCUSSION
This study highlights a high prevalence of consumption of the street food “Garba” in Abidjan, particularly in densely populated districts such as Yopougon, Abobo, and Cocody. The widespread popularity of this dish stems from its affordability, quick preparation, and cultural symbolism in Ivorian urban diets. These findings align with Nago et al. [15], who described street foods as a central component of the evolving food systems in African cities.
However, this high consumption is accompanied by worrying frying practices, especially the repeated reuse of frying oils for economic reasons. This behavior promotes the formation of neo-formed contaminants such as polycyclic aromatic hydrocarbons (PAHs) and acrylamide — compounds known for their genotoxicity and carcinogenic potential [7; 14]. A previous study by Massogbe and al. [8] reported the occurrence of these compounds in “Garba” but without assessing the associated health risks. The present study addresses this gap by applying the USEPA carcinogenic risk model to real consumption patterns.
The results revealed elevated hazard quotients (HQ) and cancer risk (CR) values for acrylamide (HQ: 148.77; CR: 0.14) and benzo(a)pyrene (HQ: 12.71; CR: 0.003), particularly in fried tuna. According to USEPA standards, a cancer risk exceeding 1 × 10⁻⁴ is considered unacceptable, which is largely surpassed in this study. Similar results were reported by Wang et al. [17] and Fung et al. [18], confirming that the prolonged consumption of foods fried in reused oils may contribute to chronic exposure to genotoxic substances.

From a nutritional and toxicological perspective, these findings raise major public health concerns. The chronic intake of PAHs and acrylamide has been associated with oxidative stress, DNA damage, and increased risks of cancer and cardiovascular disease [19; 20; 21]. In African settings where informal food sectors dominate, such risks are exacerbated by inadequate regulation and limited consumer awareness. Furthermore, repeated heating of oils also alters their fatty acid profile, reducing the content of essential polyunsaturated fatty acids and increasing the formation of trans fats, thereby deteriorating nutritional quality [22; 23].
A particularly concerning aspect revealed by this study is the lack of consumer awareness regarding the degradation of frying oils and the associated health risks. This knowledge gap is consistent with Agueh and al. [24; 25], who demonstrated that food safety practices among street food vendors are closely linked to education and economic constraints. In the present context, low-cost meals such as “Garba” are primarily consumed by young workers and students, representing socially vulnerable groups at higher risk of cumulative exposure to foodborne contaminants.
The factorial correspondence analysis (FCA) performed in this study also revealed distinct clusters of consumption behavior by socioeconomic profile and locality. Students, workers, and traders were found to consume fried tuna and reused oils more frequently, while consumers from higher socioeconomic backgrounds in Cocody tended to diversify their protein sources and use fresh oils. These findings highlight the importance of socioeconomic and educational factors in dietary risk exposure and call for targeted interventions.
From a public health standpoint, the implications extend beyond Côte d’Ivoire. The street food economy is expanding across Africa and increasingly in Europe due to migration and globalization of traditional foods. Therefore, understanding the nutritional safety of such foods is crucial for designing transnational risk prevention policies. The European Food Safety Authority (EFSA) and African agencies such as the National Nutrition Program (PNN) and National Institute of Public Health (INSP) could collaborate on joint frameworks to monitor contaminants in street foods and educate vendors on safer frying practices.
Ultimately, this study underscores a paradox: a culturally cherished and nutritionally valued dish simultaneously poses a silent carcinogenic threat when cooking practices are inadequate. By providing the first integrated assessment of dietary exposure to carcinogenic compounds in “Garba,” this work establishes an evidence base for public health interventions and contributes to a broader understanding of food safety challenges in low- and middle-income countries.
4. CONCLUSION 

The findings of this study demonstrate that the daily consumption of “Garba” exposes consumers to potentially carcinogenic compounds such as benzo(a)pyrene and acrylamide. Given the high hazard quotients and cancer risk values observed, it is crucial to implement food safety measures aimed at reducing the reuse of frying oils and promoting safer cooking practices. Continuous public awareness and enforcement of hygiene standards are essential to protect the health of the population.

Declarations
Ethical Statement:
Review and/or approval by an ethics committee was not required for this study as it did not involve vulnerable human subjects, did not present significant risks to participants and respected fundamental ethical principles such as informed consent, confidentiality of data and respect for privacy.

Data Statements:
The data used in this study was generated as part of a project funded by the International Foundation for Science (IFS). Due to confidentiality restrictions, these data cannot be shared publicly without prior permission from IFS.  
 5. References
 [1] Tanoh B. (2016). Garba Ivoire. Journal d’Afrique l’hebdo - Edition du 22-12-2016. Journal hebdomadaire de la presse écrite de Côte d’Ivoire. www.abidjan.net. available on 20 Janvier 2017.
[2] Assanvo J., B., Agbo GN, Farah Z. (2019). Surveys on the Consumption of Attiéké (Traditional and Commercial, Garba) in Côte d’Ivoire, J Food Res, 8(4), https://doi.org/10.5539/jfr.v8n4p23
[3] Choe, E., & Min, D.,B., (2007). Chemistry of deep-fat frying oils. Journal of Food Science, 72(5), R77–R86. https://doi.org/10.1111/j.1750-3841.2007.00352.x
[4] Courtois F., Mohammad Z., Trezzani I., Trystram G. (2012). Friture profonde : les interactions huile-produit. OCL,19(2): 89-95 https://doi.org/10.1051/ocl.2012.0444
[5] Krishna-Kumar T., Visvanathan R. (2014). Acrylamide in food product: A review. J Food Process Technol, 5 : 344, https://doi.org/10.4172/2157-7110.1000344
[6] Duehl Olesen, A., Gustavsen, B.E., & Mortensen, A. (2010). Formation of acrylamide and polycyclic aromatic hydrocarbons in fried foods – Influence of oil degradation.FoodChemistry,123(3),709717.https://doi.org/10.1016/j.foodchem.2010.05.039
[7] IARC (International Agency for Research on Cancer). (2010). Some non-heterocyclic polycyclic aromatic hydrocarbons and some related exposures. IARC Monographs on the Evaluation of Carcinogenic Risks to Humans, Vol. 92, Lyon: WHO Press. (available on: https://publications.iarc.fr/Book-And-Report-Series/Iarc-Monographs-On-The-Identification-Of-Carcinogenic-Hazards-To-Humans/Some-Non-Heterocyclic-Polycyclic-Aromatic-Hydrocarbons-And-Some-Related-Exposures-2010)
[8] Massogbè, D., Daouda, N., Charlemagne, N., Virgile A., Joseph, D., N’Guessan G., A. (2019). Peroxide Index, Trans Fatty Acids, Acrylamide and Polycyclic Aromatic Hydrocarbons (Pah) Contents in Frying Oils and Fried Tuna Fish Involved in “Garba” Production in Côte d’Ivoire. Journal of Food and Nutrition Sciences, 10, 947-962. https://doi.org/10.4236/fns.2019.108068
[9] USEPA. (2011).  USEPA Regional Screening Level (RSL) Summary Table: November 2011. Available at: http://www.epa.gov/regshwmd/risk/human/Index.htm, last update.
[10] EFSA. (2011) Scientific Report of EFSA- results on acrylamide level in food from monitoring years 2007-2009 and exposure assessment. EFSA J, 9(4): 2133, https://doi.org/10.2903/j.efsa.2011.2133.
[11] WHO (World Health Organization). (2016). Global report on diabetes. Geneva: World Health Organization.ISBN: 9789241565257
[12] Tan Y.A., Kuntom A. (1994). Gas chromatographic determination of hydrocarbons m crude palm kernel oil. Journal of AOAC International, volume77, issue 1,1 january 1994, pages 67-73, https:/doi.org/10.1093/jaoac/77.1.67.
[13] Chen Y., H., Xia E-Q, Xu X.,R.,, Ling W.,H.,, Li S., Wu S, Deng G.,F., Zou Z.,F., Zhou J., Li, H., (2012). Evaluation of Acrylamide in Food from China by a LC/MS/MS Method, Int. J. Environ. Res. Public Health, 9: 4150-4158, https://doi.org/10.3390/ijerph9114150.
[14] Mok J.S., Kwon J.,Y., Son K.,T., Choi W.,S., Shim K., B., Lee T., S.,, Kim J., H., (2014). Distribution of heavy metals in muscles and internal organs of Korean cephalopods and crustacea: risk assessment for human health. J food protec, 77(12) : 2168-2175, https://doi.org/10.4315/0362-028X.JFP-14-317.
[15] Nago, M.C., Azokpota, P., & Hounhouigan, D.J. (2021).
Street foods in Sub-Saharan Africa: Nutritional, safety and socio-economic dimensions. African Journal of Food, Agriculture, Nutrition and Development, 21(1), 17504–17521. https://doi.org/10.18697/ajfand.97.20845
[16] EFSA (European Food Safety Authority). (2015). Scientific opinion on acrylamide in food. EFSA Journal, 13(6):4104, 321 pp. https://doi.org/10.2903/j.efsa.2015.4104
[17] Wang, L., Zhang, J., Chen, X., & Qian, H. (2018).
Assessment of acrylamide and polycyclic aromatic hydrocarbons in fried fish and their health risk implications. Food Additives & Contaminants: Part A, 35(8), 1603–1613.
https://doi.org/10.1080/19440049.2018.1482999
[18] Fung, F., Wang, H.S., & Menon, S. (2020).
Toxicity, heavy metals and street foods: An emerging public health concern. Environmental Research, 182, 109013. https://doi.org/10.1016/j.envres.2019.109013
[19] Kobets T., Smith B.,P.,C.,, Williams G.,M.( 2022). Food-Borne Chemical Carcinogens and the Evidence for Human Cancer Risk, Foods, 11(18): 2828, https://doi.org/10.3390/foods11182828.
[120] Chen Y., H., Xia E-Q., Xu X.,R., Ling W.,H., Li S., Wu S., Deng G., F.,, Zou Z.,F., Zhou J., Li H. (2012,). Evaluation of Acrylamide in Food from China by a LC/MS/MS Method, Int. J. Environ. Res. Public Health, 9: 4150-4158, https://doi.org/10.3390/ijerph9114150.
[21] Mok J.,S., Kwon J.,Y., Son K.,T., Choi W.,S., Shim K.,B., Lee T.,S.,, Kim J.,H., (201). Distribution of heavy metals in muscles and internal organs of Korean cephalopods and crustacea: risk assessment for human health. J food protec, 77(12) : 2168-2175, https://doi.org/10.4315/0362-028X.JFP-14-317.	Comment by ibrahim ibrahim: ????
[22] Salman A., El-Ghazouly D.,S.,, El-Beltagy M., (2020). Role of Ascorbic Acid Versus Silymarin in Amelioration of Hepatotoxicity Induced by Acrylamide in Adult Male Albino Rats: Histological and Immunohistochemical Study, Int. J. Morphol, 38, 1767–1778. http://dx.doi.org/10.4067/S0717-95022020000601767.
[23] Rota M., Bosetti C., Boccia S., Boffetta P. (2014). La Vecchia C, Occupational Exposures to Polycyclic Aromatic Hydrocarbons and Respiratory and Urinary Tract Cancers, An Updated Systematic Review, Arch. Toxicol.;88:1479–1490. https://doi.org/10.1007/s00204-014-1296-5.
[24] Agueh, V., Makoutodé, M., Diallo, A., Sossa, C., Ouendo, E.M., Dossa, R., & Paraïso, M.,N.,(2015). Street food in Cotonou (Benin): Hygiene, nutritional and health aspects. Food Control, 47, 341–347. https://doi.org/10.1016/j.foodcont.2014.07.043
[25] Yu K.,S., Cho H., Hwang K.,T., (2017). Physicochemical properties and oxidative stability of frying oils during repeated frying of potato chips, Food Sci Biotechnol, 27(3): 651-659. https://doi.org/10.1007/s10068-017-0292-y.

Huille réutilisée	a
a
a

0.60351746729761924	0.37242448899072089	0.43247350593225176	1	Benzo(a) pyrene 	Anthracene	Fluoranthene	1.9966666666666668	1.3800000000000001	1.4633333333333332	Thon frit	b
b
b

0.58103356185335808	0.32449961479175932	0.35341194094144551	1	Benzo(a) pyrene 	Anthracene	Fluoranthene	1.36	1	1.03	neoformed compound




acrylamide	b
a

4.9616563094730184	7.955168131472778	1	Huille réutilisée	Thon frit	20.16333333333333	69.429999999999993	Aliments


acrylamide content(µg/kg)



Thon frit	Huille réutilisée	norme	161.548	23.85	1	
Indice de danger 




Benzo(a) pyrène	Anthracène	Fluoranthène	Acrylamide	7.8676306732364374	4.9520885433431555E-3	3.7140664075073659E-2	92.09027657414515	


Benzo(a) pyrène	Anthracène	Fluoranthène	Acrylamide	39.948021462105963	2.5150905432595572E-2	0.20959087860496309	59.81723675385647	

Reused oil	Fried tuna	Reused oil	Fried tuna	Benzo(a) pyrene 	Anthracene	3.0000000000000001E-3	8.0000000000000002E-3	0.14000000000000001	0.04	Food


Cancer risk







image3.png




image4.emf

image5.emf

image6.emf

image1.jpeg




image2.png




