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ABSTRACT 
Aims: Determine dietary acrylamide intake and categorize health risks associated with exposure 

Study design: Analytical cross-sectional
Place and Duration of Study: Kibera slum, Nairobi city county, 2021
Methodology: A total of 384 consumers aged 18 years and above of at least one of the foods of interest were included. From the county (selected purposively), villages were selected using simple random sampling. Study participants were conveniently selected. Food frequency questionnaire was used to collect data. SPSS version 20 was use to enter and analyze data. Dietary acrylamide intake was estimated by multiplying the concentration of acrylamide in the food, frequency of consumption and food portion size. Risk categorization was done using MOEs calculated by dividing BMDL10 values for peripheral neuropathy and for neoplastic effects by acrylamide intake in mg/kg bodyweight per day.

Results: The average dietary acrylamide intake was 17.008µg/day with chapati being the biggest contributor (38.19%) and crisps the least (0.37%). The mean dietary acrylamide intake (µg/kg body weight/day) for all the consumers was 0.254±0.051µg/kg bw/day. For peripheral neuropathy, the mean MOE (1693) for all consumers was above 100 hence of no public health concern for this category of effects. For neoplastic effects, the mean MOE (669) for all consumers and all obtained MOEs were less than 10,000 which implies high risk of public health concern for neoplastic effects, for all the consumers.

Conclusion: The mean MOE obtained for neoplastic effects is of high risk of public health concern while that for non-neoplastic effects is of no public health concern. Therefore, for neoplastic effects, there is need for there is need for consumers to diversify their diets and eat acrylamide forming foods in moderation. Each food containing acrylamide contributes to the overall acrylamide exposure.
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1. INTRODUCTION
Acrylamide naturally occurs in many foods eaten on daily basis which implies that almost everyone is exposed on a daily basis (EFSA, 2015). Coffee and its substitutes, chips, and potato crisps as well as wheat breads have the highest levels of acrylamide (Hamzalıoglu et al., 2019). After intake, acrylamide gets absorbed into the bloodstream and distributed all over the body. Therefore, it has a potential for causing adverse health effects in the whole human body (EFSA, 2015). Nevertheless, acrylamide exposure and the total risk are determined by considering both the acrylamide levels in food and the amount consumed (Hamzalıoglu et al., 2019). Experimental studies involving animals have proven acrylamide to be carcinogenic, neurotoxic and harmful to the reproductive system and human development (EFSA, 2015). 
There is no set daily tolerable intake of acrylamide. However, experts set a range of acrylamide doses within which a small tumour that is measurable as well as other likely health effects can occur. The dose range lower limit which is referred to as Benchmark Dose Lower Confidence Limit (BMDL10) was set at 0.17mg/kg bw/day and 0.43mg/kg bw/day for neoplastic effects and for other effects including neurological changes, respectively. EFSA (2015) stated that for substances that are genotoxic and those that are carcinogenic, a margin of exposure (MOE) of more than 10,000 is of low public health concern. For non-neoplastic effects, an MOE of more than 100 is of no public health concern. 
Though dietary acrylamide is less likely to cause acute neurotoxicity (EFSA, 2015), it is argued that prolonged exposure to small doses may lead to accumulation in the body which may eventually cause undesirable neurotoxic effects later on in life (Erkekoglu & Baydar, 2014). In a study conducted on acrylamide levels in bread in Iran, the findings showed that all the bread consumers were at risk of developing cancer. Their daily exposure to acrylamide from the bread they consumed was a concern. The incremental lifetime cancer risk (ILCR) following dietary exposure to acrylamide was way higher than the lifetime risk of cancer value (1.00E-5) that is permissible for all age groups (Eslamizad et al., 2019).  
This current study focused on 7 foods of interest which included potato fried chips, crisps, bhajia, chapatti, mandazi, samosa and coffee. They were selected because the topmost sources of dietary acrylamide include potato products like potato crisps and chips; cereal grain products like wheat bread, and; roasted coffee (Elias et al., 2017; Esposito et al., 2017)
2. MATERIALS AND METHODS
2.1 Research design and location
Analytical cross-sectional study design was used in the determination of dietary acrylamide intake and health risk categorization. The study location was Kibera informal settlement, Nairobi City County, Kenya. It was selected purposively for being the largest informal settlement in Kenya and for ease of obtaining data in a slum setting. 

2.2 Study population, sample size and sampling 
The study included consumers of at least one of the foods of interest who were above 18 years of age and willing to participate in the study. They were recruited from their villages (selected using simple random sampling) using convenient sampling, proportionate to the population sizes of the villages. Fisher’s (1998) formula (n= Z2pq/d2) was used to determine the sample size of 384 consumers.
2.3 Research instruments
To assess dietary intake of acrylamide, food frequency questionnaires were used as used by Kito et al., (2020). Fisberg et al. (2008) and De Castro Selem et al. (2014) in their food frequency questionnaire (FFQ) studies concluded that FFQ is an appropriate tool for estimation of food consumption among adults. Dietary acrylamide intake was determined using food portion size (measured in grams using a laboratory 4-digit weighing scale (concentration of acrylamide in the food was determined using HPLC-UV and measured in mg/kg)), frequency of eating and body weight of consumers. Additionally, health risk categorization was done using the computed MOEs and the set BMDL values by European Food Safety Authority (EFSA, 2015). 
2.4 Data analysis and ethical considerations 
Quantitative data was entered and analyzed using the SPSS version 20. Relevant approvals and permission to carry out the study were sought and granted by the relevant authorities. In addition, informed consent was sought from the study participants before data collection.
3. RESULTS

3.1 Dietary acrylamide among consumers
3.1.1 Dietary acrylamide intake variables
[bookmark: _Toc138027700][bookmark: _Toc89226752][bookmark: _Toc92834650][bookmark: _Toc138027753]To calculate the dietary acrylamide intake among consumers, their body weights were taken; frequencies of consumption of selected foods were obtained; and, food portion sizes were calculated. Consumer weights ranged from 29kgs to 126.75kgs with most (80%) between 50 and 75 kgs. The overall mean weight was 66.97kgs with standard deviation of 12.66. (Table 1).

Table 1. Weights of consumers
	Weight of Consumers (Kgs)

	
	Consumers 
	Male 
	Female 

	Mean (± standard deviation)
	66.97 ± 12.66
	65.81 ± 11.64
	67.83 ± 13.4

	Median
	65.55
	64.78
	66.31

	Minimum
	29.00
	36.9
	29.00

	Maximum
	126.75
	114.50
	126.75


[bookmark: _Toc89226753][bookmark: _Toc92834651][bookmark: _Toc138027754]The biggest proportion (22%) of consumers of chips ate once per week. Most (45.5%) consumers of crisps ate less than once a month or never. Chapatti was the most frequently consumed with a median of 5-6 chapatis per week. The least frequently consumed food was crisps with a median of once or less than once per month (Table 2).
Table 2. Frequency of consuming selected foods
	Frequency of consuming selected foods 

	No of times 
	Chips
	Crisps
	Bhajia
	 Chapatti
	Mandazi
	Samosa
	Coffee

	Never or <1/month
	44(13.1%)
	110(45.5%
	71(26.2%)
	10(2.8%)
	28(8.5%)
	59(21.9%)
	64(24.1%)

	1 per month
	45(13.4%)
	53(21.9%)
	38(14.0%)
	16(4.5%)
	17(5.2%)
	35(13.0%)
	26(9.8%)

	1 per Week
	74(22.0%)
	30(12.4%)
	54(19.9%)
	43(12.2%)
	35(10.6%)
	55(20.4%)
	35(13.2%)

	2 per week
	50(14.9%)
	14(5.8%)
	42(15.5%)
	39(11.0%)
	48(14.6%)
	33(12.2%)
	22(8.3%)

	3-4 per week
	56(16.7%)
	13(5.4%)
	32(11.8%)
	53(15.0%)
	40(12.2%)
	33(12.2%)
	24(9.0%)

	5-6 per week
	17(5.1%)
	5(2.1%)
	10(3.7%)
	65(18.4%)
	51(15.5%)
	14(5.2%)
	26(9.8%)

	1 per day
	36(10.7%)
	12(5.0%)
	14(5.2%)
	52(14.7%)
	55(16.7%)
	26(9.6%)
	50(18.8%)

	2+ per day
	14(4.2%)
	5(2.1%)
	10(3.7%)
	7 (21.2%)
	55(16.7%)
	15(5.6%)
	19(7.1%)

	Median no of times
	2 per week
	1 per month
	1 per week
	5-6 per week
	3-4 per week
	1 per week
	2 per week



[bookmark: _Toc89226754][bookmark: _Toc92834652][bookmark: _Toc138027755]Majority of the consumers of chips, crisps, Bhajia, samosa and coffee took a small portion while the least proportion took a large portion every time they consumed them.  Most consumers of chapatti (56.6%) and mandazi (40.8%) took medium sizes. The least (18.3%) of chapati consumers took small ones while the least (23.2%) of mandazi consumers took large ones. Most of the consumers took small portions on average while large portions were the least consumed (Table 3).
Table 3. Food portion sizes eaten by consumers
	Food portion sizes eaten by consumers 

	Portion sizes
	Chips
(n= 325)
	Crisps
(n= 153)
	Bhajia
(n= 238)
	 Chapatti
(n= 311)
	Mandazi
(n= 272)
	Samosa
(n= 187)
	Coffee
(n= 186)

	Small
	184(56.6%)
	105(68.6%)
	160(67.2)
	57(18.3%)
	98(36.0%)
	98(52.4%)
	79(42.9%)

	Medium
	96(29.5%)
	31(20.3%)
	49(20.6%)
	176(56.6%)
	111(40.8%)
	51(27.3%)
	71(38.6%)

	Large
	45(13.8%)
	17(11.1%)
	29(12.2%)
	78(25.1%)
	63(23.2%)
	38(20.3%)
	34(18.5%)

	Median 
	Small
	Small
	Small
	Medium
	Medium
	Small
	Medium



[bookmark: _Toc89226755][bookmark: _Toc92834653][bookmark: _Toc138027756]Majority of the consumers of chips (69.6%), crisps (73.0%), Bhajia (70.6%), mandazi (41.2%), samosa (46.2%) and coffee (64.7%) took one portion in one sitting. For chapatti consumers, the largest (39.5%) proportion took two (2) portions. The average number of portions consumed for all foods was less than two (2). Mandazi was leading in the average number of consumed portions (1.85) per sitting with crisps (1.34) being the least (Table 4).
Table 4. Number of portions consumed in one sitting 
	Number of portions per sitting

	No of portions 
	Chips
	Crisps
	Bhajia
	 Chapatti
	Mandazi
	Samosa
	Coffee

	1
	192(69.6%)
	92(73.0%)
	132(70.6%)
	109(38.1%)
	105(41.2%)
	85(46.2%)
	90(64.7%)

	2
	58(21.0%)
	24(19.0%)
	38(20.3%)
	113(39.5%)
	82(32.2%)
	58(31.5%)
	29(20.9%)

	3
	26(9.4%)
	10(7.9%)
	17(9.1%)
	64(22.5%)
	68(26.7%)
	41(33.2%)
	20(14.4%)

	Mean
	1.4
	1.34
	1.39
	1.84
	1.85
	1.76
	1.5 cups


Chips sample was the weightiest (223g) while the lightest (5g) were crisps. The highest average weight for solid food was 121.79g (chips) while the lowest (15.5g) was crisps. Brewed coffee samples had maximum and minimum weights of 193g and 120g respectively with an average weight of 156.15g (Table 5).
[bookmark: _Toc89226756][bookmark: _Toc92834654][bookmark: _Toc138027757]Table 5. Weights of food samples in grams (g)
	Food type
	N
	Average (g)  
	Minimum (g)
	Maximum (g)

	Chips
	25
	121.79
	73
	223

	Crisps
	22
	15.5
	5
	50

	Bhajia
	19
	84.6
	65.6
	118

	Chapati
	27
	51.04
	30
	96

	Mandazi
	23
	28.12
	14
	57

	Samosa
	25
	56.64
	30
	98

	Coffee
	19
	156.15
	120
	193


3.1.2 Dietary acrylamide intake 
Estimation of dietary acrylamide intake was done by multiplying the concentration of acrylamide in the food, frequency of consumption and food portion size. The total acrylamide intake was determined by summing acrylamide intake for each of the selected foods (Table 6). The average dietary acrylamide intake was 17.008µg/day with chapati being the biggest contributor (38.19%) and crisps the least (0.37%) (Table 6). A cup of brewed coffee is made using 7-10grams of ground coffee which gives an average of 8.5grams per cup (Andueza et al., 2007; Romani et al., 2004).

[bookmark: _Toc138027758]
Table 6. Dietary acrylamide intake 
	[bookmark: _Toc89226757]Dietary acrylamide intake

	Acrylamide concentration
	Chips
	Crisps
	Bhajia
	Chapati
	Mandazi
	Samosa
	Coffee
	Total

	Minimum (µg/kg) 
	47.3
	59.9
	60.9
	57.9 
	44.1
	61.5
	64
	-

	Maximum (µg/kg) 
	186.2
	246.9
	180.4
	187.5
	167.7
	108.9
	226.9
	-

	Average (µg/kg) 
	85.91
	99.33
	78.27
	88.04
	73.56
	77.39
	130.28
	-

	Weight of food

	Minimum (g)
	73
	5
	65.6
	30
	14
	30
	120
	-

	Maximum (g)
	223
	50
	118
	96
	57
	98
	193
	-

	Average (g)
	121
	15.5
	84.6
	51.04
	28.12
	56.64
	156.15
	-

	Food portion size

	Average number 
	1.4 
	1.34
	1.39
	1.84
	1.85
	1.76
	1.5 cups
	-

	Consumption 

	Frequency 
	2/week
	1/month
	1/week
	5-6/week
	3-4/week
	1/week
	2/week
	-

	Dietary intake/day

	Min. (µg/day)
	2.509
	0.022
	1.02
	3.818
	0.952
	0.584
	0.816
	9.721

	Max. (µg/day)
	7.663
	0.222
	1.834
	12.219
	3.878
	1.907
	2.893
	24.616

	Average (µg/day)
(% contribution)
	4.458
(26.21)
	0.063 
(0.37)
	1.315
(7.73)
	6.496
(38.19)
	1.913
(11.25)
	1.102
(6.48)
	1.661
(9.77)
	17.008
(100)



[bookmark: _Toc89226758][bookmark: _Toc92834656][bookmark: _Toc138027759]The mean dietary acrylamide intake (µg/kg body weight/day) for all the consumers was 0.254±0.051µg/kg bw/day. For males, the mean was 0.258±0.054µg/kg bw/day while the mean for female consumers was 0.251±0.048µg/kg bw/day (Table 7). 


Table 7. Daily acrylamide intake µg/kg body weight/day
	Daily acrylamide intake (µg/kg body weight/day)
	

	
	Mean ± SD
	5th percentile 
	95th percentile 

	All consumers 
	0.254 ±0.051
	0.191
	0.351

	Male  
	0.258 ±0.054
	0.197
	0.352

	Female 
	0.251 ±0.048
	0.186
	0.353



[bookmark: _Toc89226759][bookmark: _Toc92834657][bookmark: _Toc138027760]Based on the average weight of consumers (66.97kgs from Table 1), the highest mean exposure of dietary acrylamide/kg per body weight per day was from chapati (0.097µg/kg bw/day) with the least (0.001µg/kg bw/day) exposure from crisps (Table 8). 
Table 8. Dietary acrylamide intake/day per food
	Dietary acrylamide intake/day 

	
	Chips 
	Crisps 
	Bhajia
	Chapati
	Mandazi
	Samosa
	Coffee

	Average (µg/day)
	4.458
	0.063 
	1.315
	6.496
	1.913
	1.102
	1.661

	Average (µg/kg bw/day)
	0.067
	0.001
	0.002
	0.097
	0.029
	0.016
	0.025


[bookmark: _Toc89226761][bookmark: _Toc92834659]
3.2 Health risks associated with acrylamide exposure among consumers of selected foods 
[bookmark: _Toc89226762][bookmark: _Toc92834660][bookmark: _Toc138027761][bookmark: _Toc92834689]For peripheral neuropathy, the mean MOE (1693) for all consumers was above 100 hence of no public health concern for this category of effects. Consequently, none of the consumers was at risk for non-neoplastic effects. For neoplastic effects, the mean MOE (669) for all consumers and all obtained MOEs were less than 10,000 which implies high risk of public health concern for neoplastic effects, for all the consumers (Table 9). 
Table 9. Computed MOEs for total acrylamide intake and category of health risk
	
[bookmark: _Toc92834661]Total acrylamide intake (mg/kg bw/day)
	[bookmark: _Toc89226764][bookmark: _Toc92834662][bookmark: _Toc89226767][bookmark: _Toc89226766]MOE for Peripheral neuropathy (BMDL10 = 0.43mg/kg bw/day)
	[bookmark: _Toc89226765][bookmark: _Toc92834663][bookmark: _Toc89226769]MOE for Neoplastic effects (BMDL10= 0.17mg/kg bw/day)

	
	[bookmark: _Toc92834664]Calculated MOE
	[bookmark: _Toc92834665]
Category of risk
	[bookmark: _Toc92834666]Calculated MOE
	[bookmark: _Toc92834667]
Category of risk

	[bookmark: _Toc89226772][bookmark: _Toc92834668]All consumers 

	[bookmark: _Toc89226773][bookmark: _Toc92834669]Mean 
	
[bookmark: _Toc89226774][bookmark: _Toc92834670]0.000254
	1693
	Of no public health concern
	669
	High 

	[bookmark: _Toc92834671][bookmark: _Toc89226775]5th percentile 
	[bookmark: _Toc89226776][bookmark: _Toc92834672]0.000191
	2251
	Of no public health concern
	890
	High

	[bookmark: _Toc92834673][bookmark: _Toc89226777]95th percentile 
	[bookmark: _Toc89226778][bookmark: _Toc92834674]0.000351
	1225
	Of no public health concern
	484
	High

	[bookmark: _Toc89226779]Males

	[bookmark: _Toc89226780][bookmark: _Toc92834675]Mean 
	
[bookmark: _Toc89226781][bookmark: _Toc92834676]0.000258
	1667
	Of no public health concern
	658
	High

	[bookmark: _Toc92834677][bookmark: _Toc89226782]5th percentile 
	[bookmark: _Toc89226783][bookmark: _Toc92834678]0.000197
	2183
	Of no public health concern
	862
	High

	[bookmark: _Toc92834679][bookmark: _Toc89226784]95th percentile 
	[bookmark: _Toc89226785][bookmark: _Toc92834680]0.000352
	1222
	Of no public health concern
	482
	High

	[bookmark: _Toc89226786]Females

	[bookmark: _Toc92834681][bookmark: _Toc89226787]Mean 
	
[bookmark: _Toc89226788][bookmark: _Toc92834682]0.000252
	1706
	Of no public health concern
	674
	High

	[bookmark: _Toc92834683][bookmark: _Toc89226789]5th percentile 
	[bookmark: _Toc89226790][bookmark: _Toc92834684]0.000186
	2312
	Of no public health concern
	913
	High

	[bookmark: _Toc92834685][bookmark: _Toc89226791]95th percentile 
	[bookmark: _Toc89226792][bookmark: _Toc92834686]0.000353
	1218
	Of no public health concern
	481
	High

	[bookmark: _Toc92834687]Recommended MOE
	≥100
	
	≥10000
	


MOEs for chips (6418), chapatti (4433), Mandazi (5862) and coffee (6800) were less than 10,000. These figures suggest a high risk of public health concern for neoplastic effects. The rest of the MOEs were of low public health concern for neoplastic effects (EFSA, 2015). For non-neoplastic effects, the MOEs calculated for the specific foods consumed individually were all more than 100 hence of no public health concern (Table 10).
[bookmark: _Toc89226798][bookmark: _Toc92834691][bookmark: _Toc138027762]Table 10. Computed MOEs for the specific foods and category of health risk 
	Dietary acrylamide intake/day 

	
	Chips 
	Crisps 
	Bhajia
	Chapati
	Mandazi
	Samosa
	Coffee

	µg/kg bw/day
	0.067
	0.001
	0.002
	0.097
	0.029
	0.016
	0.025

	Mg/kg bw/day
	0.000067
	0.000001
	0.000002
	0.000097
	0.000029
	0.000016
	0.000025

	[bookmark: _Toc89226799][bookmark: _Toc92834692]MOE for Neoplastic effects (0.17mg/kg bw/day)
	[bookmark: _Toc89226800][bookmark: _Toc92834693]2537
	[bookmark: _Toc89226801][bookmark: _Toc92834694]170000
	85000
	1753
	5862
	10625
	6800

	[bookmark: _Toc92834695]Category of risk for Neoplastic effects (≥10000)
	High 
	[bookmark: _Toc92834697]Low 
	Low 
	High 
	High 
	Low 
	High 

	[bookmark: _Toc89226802][bookmark: _Toc92834698]MOE for Peripheral neuropathy
[bookmark: _Toc89226803][bookmark: _Toc92834699](0.43mg/kg bw/day)
	[bookmark: _Toc89226804][bookmark: _Toc92834700]6418
	[bookmark: _Toc89226805][bookmark: _Toc92834701]430000
	215000
	4433
	14828
	26875
	17200

	[bookmark: _Toc92834702]Category of risk for Peripheral neuropathy (≥100)
	Of no public health concern
	Of no public health concern
	Of no public health concern
	Of no public health concern
	Of no public health concern
	Of no public health concern
	Of no public health concern


[bookmark: _Toc89226806]


4. DISCUSSION 
4.1 Dietary acrylamide intake 
The biggest proportion of consumers of chips ate once per week while 4.2% consumed twice daily. This agrees with a study where most (21.0%) of the consumers of chips consumed once per week, while 4.1% consumed twice daily (Abong’ et al., 2021a). Most consumers of crisps ate less than once a month or never as compared to 75% who bought crisps 2-5 times monthly as reported by Abong et al. (2010) in Nairobi. However, daily consumption was consistent for the two studies where this study reported 5.0% who ate crisps daily and Abong et al. (2010) reported that 4.0% of the respondents bought crisps daily. These results differ widely from that reported by Obimbo et al. (2021) that most of the respondents consumed crisps on a daily basis. The difference may be because this current study was conducted in a purely slum area where money is little and varied needs compete for the little money available hence eating crisps could be considered a luxury. 
Chapatti was the most frequently consumed among the seven selected foods for study with a median of 5-6 chapatis per week followed by mandazi with a median of 3-4 per week. This is corroborated by Abong et al. (2021b) who reported that the wheat-based product that was processed the most in Nairobi was chapatti. This frequent consumption of chapati may be due to the fact that chapatti majorly forms part of the main meal unlike other food items in this category. The finding that the biggest proportion (16.7%) of mandazi consumers ate them daily is comparable to the finding by Obimbo et al. (2021) that most (83.6%) ate mandazi daily in a study on child bearing women. However, the number of consumers consuming mandazi for the two studies differed widely. This may be due to the different respondents because the current study targeted all adult consumers.
The average dietary acrylamide intake from the selected foods was 17.008µg/day. This was quite high as compared to a study conducted by Kito et al. (2020) where the mean crude acrylamide intake was 9.69µg/day for all the consumers. In a study in Iran, the average dietary acrylamide intake was higher (23.1µg/day) than for this current study (Nematollahi et al., 2020). Another study in Poland reported a value (43.9µg/day) that was more than two times the value found in this study (Mojska et al., 2010). The difference in acrylamide intake per day may be brought about by the consumption patterns of acrylamide containing food.
Chapatti was the top contributor of daily dietary acrylamide exposure at 6.496µg/day (38.19%). Chapatti was consumed by the biggest proportion (21.2%) of consumers at the rate of 2 per day. In their study, Abong’ et al. (2021b) also reported that chapatti was the most processed wheat-based product in Nairobi. As a type of bread, chapatti contributed to dietary acrylamide exposure of 0.097µg/kg bw/day. This figure is quite low as compared to a study in North Macedonia which found acrylamide exposure through bread to contribute 0.394µg/kg bw/day (Dimitrieska-Stojkovikj et al., 2019).  The difference here may be brought about by body weights of consumers and consumption patterns (Streekstra and Livingston, 2020). The lowest mean contributor of dietary acrylamide was crisps at 0.063µg/kg bw/day although crisps had the highest mean acrylamide content among all the food samples analyzed. This agrees with the finding of this study that crisps was least frequently consumed.
A cup/serving of coffee had approximately1.107µg of acrylamide. This figure is lower than that reported in a Romanian market study (2.20ug) by Pogurschi et al. (2021) and in Saudi Arabia (2.1µg) by Alshawi (2019). This may have been contributed by the setting of the study where cost minimization is important. Vendors may use little coffee to brew a lot of coffee so as to make more profit out of minimal input. However, the results are not far from those reported in a study conducted in Spain which reported acrylamide exposure of 1.6µg/cup, daily acrylamide intake of 2.6µg/person/day and coffee intake at 1.64 cups per person per day (Mesias and Morale, 2016). 
Dietary acrylamide intake from coffee was estimated to be 0.025µg/kg bw/day which accounts for 9.77% of the total acrylamide exposure per day. This is close to findings by Pogurschi et al. (2021) and by Mesias and Morales (2016) where daily exposure by consuming coffee were 0.031 µg/kg bw/day and 0.037µg/kg bw/day, respectively. It is also comparable to a result (0.021µg/kg bw/day) reported in a Korean study on dietary acrylamide exposure (Lee & Kim, 2020). The exposure level falls between 0.0003- 0.456µg/kg bw/day for roasted coffee and between 0.000- 0.565 µg/kg bw/day for instant coffee as reviewed by Arisseto and Vincente (2015) for adults. As earlier reported, coffee was an average contributor of dietary acrylamide which differs slightly from results reported in other studies where coffee is among the major contributors of daily dietary acrylamide intake. In Italian, French and Japanese adults, coffee is considered as among the top three contributors (Mancini et al., 2015; Liu et al., 2019; Nagata et al., 2015). In Finnish adults and Netherlands women, coffee was the top contributor (Hirvonen et al., 2011; Hogervorst et al., 2007). The difference may be because of frequency of coffee consumption and the amount of coffee used to brew a cup of coffee.
Acrylamide exposure from chips was 4.458µg/day (1.4 portions) which translates to 3.184µg per serving. This figure is comparable to that reported in a Romanian market study where potato chips acrylamide exposure per serving was 4.00µg (Pogurschi et al., 2021). The mean acrylamide intake for chips was 0.067µg/kg bw/day which agrees with the result reported in North Macedonia of 0.041µg/kg bw/day (Dimitrieska-Stojkovikj et al., 2019). A study in Korea found a very low value of 0.001µg/kg bw/day (Lee & Kim, 2020). A higher figure was reported by Abong’ et al. (2021a) for street chips at 0.693µg/kg bw/day. Mihai et al. (2021) estimated daily acrylamide exposure from potato fries and reported a value of 30.66µg/day and 0.44µg/kg bw/day. These values are quite high as compared to the values obtained in this study. The difference may be attributed to various factors affecting acrylamide formation before and during cooking of food (Rydberg et al., 2005; Yang et al. (2016).
The mean acrylamide intake for crisps was 0.001µg/kg bw/day. This result is consistent with that (0.002µg/kg bw/day) reported by Lee and Kim (2020) in Korea. However, it is very low as compared to results of a Nairobi (Kenya) study which reported acrylamide intake of 1.57µg/kg bw/day for crisps (Abong’ et al., 2020). A study in North Macedonia reported a higher figure of 0.065 for potato crisps and 0.042 for general crisps which are quite high compared to the result for this study (Dimitrieska-Stojkovikj et al., 2019). Mihai et al. (2021) in a study done in Romania also reported higher values of 19.33µg/day and 0.27µg/kg bw/day. The difference in acrylamide intake per day from crisps may be due a difference in the consumption frequency. The current study was conducted in a slum area and getting a meal is of utmost importance as compared to eating snacks like crisps.
The mean dietary acrylamide intake (µg/kg body weight/day) for all the consumers was 0.254µg/kg bw/day. This figure is a bit low compared with EFSA (2015) estimated mean of 0.3 to 1.1µg/kg bw/day for adults. The result is also lower than that (0.643µg/kg bw/day) reported by Dimitrieska-Stojkovikj et al. (2019). This may be due to the fact that acrylamide was determined for only seven selected foods for this study. It may also be attributed to different food consumption practices in different regions. Also, compared to the results of a study by Nematollahi et al. (2020) in Tehran’s market, mean acrylamide dietary exposure for ages 18 to 60 was 0.61 µg/kg bw/day as compared to 0.254µg/kg bw/day for this study. In Korea, Lee and Kim (2020) reported dietary acrylamide intake of 0.08µg/kg bw/day for adults aged 20-64years and 0.06µg/kg bw/day for senior citizens (≥65 years). This figure is lower than the figure in this study. 
[bookmark: _Toc92834718][bookmark: _Toc138027722]Additionally, mean acrylamide exposure for men was higher than for females. This result is in line with the finding on the weights of male and female consumers. The average weight of males was 65.81kgs while that of female consumers 67.83kgs. This finding is consistent with a study conducted in Tehran market by Nematollahi et al. (2020) where the estimated acrylamide exposure for men was higher across age groups than for girls and women. As the bodyweight of the consumer decreases, acrylamide exposure per bodyweight from the same food increases (EFSA, 2015).
4.2 Health risks associated with acrylamide exposure 
All the MOEs for the study were calculated based on the set CONTAM Panel values for BMDL10 (0.43mg/kg bw/day for peripheral neuropathy and 0.17mg/kg bw/day for neoplastic effects). In addition, the panel recommended MOE values of at least 10,000 and at least 100 for neoplastic and non-neoplastic effects, respectively (EFSA, 2015). Based on the average intake of 0.254µg/kg bw/day, MOE values were 669 and 1693 for neoplastic effects and peripheral neuropathy respectively. MOE for neoplastic effects was close to the MOE (470) reported by Deribew and Woldegiorgis (2021). Dimitrieska-Stojkovikj et al. (2019) reported much lower MOEs (264 and 528) for neoplastic effects and peripheral neuropathy respectively. 
MOE findings for this study agree with findings reported by Nematollahi et al. (2020) where MOE values based on neoplastic effects showed concern among all consumers as well as in male consumers and female consumers separately. In Korea, MOEs calculated were also lower than 10,000 for all the age groups which, like in this study, indicate a possible high risk of public health concern for genotoxic and cancer related effects (Lee & Kim, 2020). Therefore, it is important to note that for this particular study, all the consumers would be at increased risk for development of neoplastic effects. 
[bookmark: _Toc89226824][bookmark: _Toc92834719]According to CONTAM panel, acrylamide levels encountered in food are less likely to cause the discussed health effects. However, the panel concluded that dietary acrylamide intake contributes significantly to the total acrylamide exposed to the general public and that it is important to mitigate acrylamide in food (EFSA, 2015). Hence, it is important to avoid possible risk in the specific food types with MOEs less than 10,000 by reducing dietary exposure to acrylamide. When cooking temperatures especially for potato-based products are reduced to a maximum of 175oC, acrylamide formation is minimized (EC, 2017/2158/EU; FDA, 2016; Rifai & Saleh, 2020). It is also of crucial importance for all consumers to diversify their diet to minimize dietary exposure to acrylamide.
CONCLUSION
The mean dietary acrylamide intake from the selected foods was 17.008µg/day and the mean dietary acrylamide intake body weight per day was 0.254µg/kg bw/day for the selected foods. Though coffee had the highest mean acrylamide content, it contributed less than a tenth of the daily acrylamide dietary intake while chapatti was the topmost contributor. This shows that frequent consumption of acrylamide containing foods significantly contributes to dietary intake regardless of the concentration of acrylamide in the food.
The mean MOE obtained for neoplastic effects is of high risk of public health concern while that for non-neoplastic effects is of no public health concern. For neoplastic effects, MOEs computed for consumption of chips, mandazi, coffee and chapatti were less than 10,000 hence of public health high risk of concern. Therefore, for neoplastic effects, there is need for caution when making food choices. However, for non-neoplastic effects, there is no cause for alarm. Furthermore, there is need for consumers to diversify their diet and eat acrylamide forming foods in moderation because each food containing acrylamide contributes to dietary acrylamide intake and to the overall acrylamide exposure.
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