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ABSTRACT 

 

 

There is an increasing trend of high fat in Ghanaian diet. These fats (cooking oils) 

produced locally and some imported into our country are partly regulated for some 

chemical hazards such as acrylamide. In our local oil industry, it has been observed 

that, the processing methods used are highly questionable. Thus, acrylamide a known 

hazard produced during processing could be present in substantial quantities. The 

objective of this work was to determine the probabilistic exposure assessment of 

acrylamide in locally produced oils and other oils being sold on our local market. 

Crude palm oil, groundnut oil and refined palm oil were purchased from retailers in 

the Kumasi metropolis. Consumers of these oils were identified and made to fill a 

dietary and lifestyle questionnaire. Using HPLC the concentration of Acrylamide in 

the various oils was determined. Palisade @ Risk (2014) Software at 10,000 iterations 

was used to determine the probabilistic exposure of acrylamide in the population of 

study. The acrylamide concentrations determined were 0.844 mg/g, 0.374 mg/g and 

0.172 mg/g for Groundnut oil, Crude palm oil and refined palm oil respectively. 

Groundnut oil recorded the highest value for chronic daily intake when compared to 

crude palm oil and refined palm oil. Results for hazard quotient conclude that 

consuming groundnut oil puts the population at higher risk of ingesting a probable 

carcinogen as compared to crude palm oil and refined palm oil.  
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CHAPTER ONE 

 

INTRODUCTION 

 

BACKGROUND 

 

Edible vegetable oils such as soya bean oil, palm oil, rapeseed oil and sunflower oil 

are mainly used globally in preparing our foods (Rosillo-Calle et al., 2009). However, 

groundnut oil, coconut oil, sheabutter cooking oil and crude palm oil are mostly found 

on the Ghanaian market. During frying processing, chemical, physical, sensory and 

nutritional parameters are affected during frying at elevated temperatures (Singh, 

1995). Research has demonstrated that the mutagens are formed as a result of heating 

process thus resulting in changes in the DNA structure or changes in chromosomes 

which is likely to lead to carcinogenesis (Wu and Yen, 2004; Dung et al., 2006). 

However epidemiological studies in Ghana show a steady increase in prevalence rates 

of non-communicable diseases since the 1950’s (Agyei-Mensah and de-Graft Aikins, 

2010). Nelson et al., (2003), linked western diet of too high animal fats and 

insufficient fruits and vegetables as well as the type of food processing, that is, 

subjecting foods to high heat from processing methods such as frying and grilling 

enable the formation of heterocyclic amines and polycyclic aromatic hydrocarbons 

which are mutagenic agent at high temperatures above 120 oC. According to IARC 

report 2010, cooking oil has little mutagenic potential when heated below 100 oC and 

high mutagenic potential above 230 oC . 

 

In 2002, acrylamide a processing contaminant was discovered (Eriksson, 2005). 

Foods especially plant commodities that are high in carbohydrates and low in protein 

during processing at temperatures greater than 120 °C were found to be high in 

acrylamide contaminant after processing. A recent concern about their possible public 

health risks which is associated with dietary exposure has drawn attention to them in 
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the international arena. (Eriksson, 2005; Friedman, 2003). The toxic nature of 

acrylamide has been extensively investigated. Findings of studies on acrylamide 

indicated that it has a neurotoxic effect in both animals and humans. In rodents, it has 

been found to be a reproductive and developmental toxic agent and carcinogen 

(Cuciureanu et al., 2005; Dybing and Sanner, 2003; Centre for the Evaluation of 

Risks to Human Reproduction (CERHR), 2005). 

 

In 2005 food researchers evaluated the safety of acrylamide. Their finding was re-

evaluated in 2010. A Benchmark Dose Level of lower confidence limit for a 10%. 

(BMDL10) was considered important in assessing the risk of acrylamide exposure in 

animals.  

 

Although processing of foods at elevated temperatures of greater than 120 oC 

increases the production of acrylamide contaminant in foods, the presence or addition 

of preservatives, flavour enhancers, colour additives do not have any role as far as 

acrylamide is concerned (Eriksson, 2005). 

 

A major component (30 %) of our daily energy requirements in our diet is supplied by 

fats and oils (Mahan et al., 2012). These oils enhance the nutritive value of food by 

making it edible and digestible as well as improving the texture and imparting flavour 

to food. Poverty, illiteracy and ignorance on the part of food processors and 

consumers alike may increase the risk of exposure to mutagenic compounds formed 

during oil processing.  

 

1.1 PROBLEM STATEMENTS AND JUSTIFICATION 

 

The increasing trend of non-communicable diseases including cancer has become a 

public health concern both locally (Ghana) and globally. According to researchers 
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these non-communicable diseases are mostly linked to our diet. Acrylamide a 

probable carcinogen and its genotoxic and neurotoxic effect on our health have made 

it an area of interest for most researchers. 

 

These compounds are the most mutagenic agents formed during cooking and high 

temperatures induce their formation.  According to IARC report in 2010 cooking at 

elevated temperatures greater than 120 oC increases the formation of acrylamide in 

foods and a high mutagenic potential above 230 oC. 

 

This has raise a concern in our part of the world where oil processing is partly 

regulated since oils such coconut oil, palm oil, groundnut oil, sheabutter oil are mostly 

processed by small and medium enterprises whom are partly regulated along the lines 

of Good Manufacturing Practices(GMP). 

It is therefore of public health relevance and dietetic interest to identify these risk 

factors that may contribute to the increase in exposure to acrylamide, and thus inform 

health professionals in the education of the populace. In addition, there is little 

information as to the acrylamide values for such products yam, cocoyam, plantain, 

fried fish and other staples in less developed countries as Ghana. 

 
 

1.2 OBJECTIVE 

 

This work was to contribute to safeguard the safety of vegetable oils for consumption. 

However, the main objective of the work was to determine the probabilistic exposure 

assessment of acrylamide in cooking oils sold on our local market. 
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CHAPTER TWO 

 

LITERATURE REVIEW 

  

2.1 ACRYLAMIDE 

 

Acrylamide (AA) which is a chemical substance can naturally be naturally formed 

high carbohydrate foods heated at elevated temperatures (Madle et al., 2003). 

According to Calleman, (1996) and Segerbäck et al., (1995) the reaction between 

nucleophilic sites in macromolecules and a extremely water-soluble α, β-unsaturated 

amide in Michael-type additions is defined as Acrylamide.  In addition, the reaction 

between an amino acid and a carbonyl group of a reducing sugar, known as Maillard’s 

reaction is the major pathway of acrylamide formation (Taeymans et al., 2005; Claus 

et al., 2008). Non-dietary sources may include cigarette smoke and cosmetics are 

known (Ötles and Ötles 2004).  

 

2.2 CHEMISTRY OF ACRYLAMIDE 

  

In April 2002, Tareke et al., (2002), Swedish researchers discovered acrylamide in 

foods. It revealed that high level of acrylamide was formed in starchy foods, such as 

French fries, Potato chips and bread that has been heated at elevated cooking 

temperatures like frying or baking.  As a chemical, naturally generated as part of a 

cooking process, researchers around the world have been alarmed to research into 

both their toxicity and occurrence in a wide variety of foods. 

 

2.2.1. The physical parameters of acrylamide 

Acrylamide (CH2=CH-CO-NH2; 2-propenamide) is an odorless white crystalline solid 

formed from the hydration of acrylonitrile with sulphuric acid between the 

temperatures; 90-100 oC or by catalytic hydration using copper catalyst. It is soluble 
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in a number of polar solvents like water, acetone and acetonitrile and very difficult to 

determine its boiling point at ambient pressure because there is the susceptibility of 

acrylamide to polymerization during heating (Annon 1999, Eriksson 2005). 

Table 1. Physical Parameters of Acrylamide 

Source (Annon 1999, Eriksson 2005). 

 

2.2.2. Chemical Structure of the Acrylamide Molecule 

 

An amide group and the electron-deficient vinylic double bound that makes it readily 

available for a wide range of reactions like radical reactions as well as nucleophilic 

and Diel-Alder reactions which are very important in biological systems are the two 

functional groups that make acrylamide. Studies by different authors have shown that, 

the amide group undergoes hydrolysis, alcoholysis, dehydration and condensation 

reactions with aldehydes (Andrzejewski et al., 2004; Taeymans et al., 2005; Claus et 

al., 2008). The vinylic double bond on the other hand also reacts with ammonia, 

aliphatic amines, bisulphite and dithiocarbonates, chlorine, phosphines, bromine and 

proteins (CH2CHCONH2 ) (Friedman, 2003; Girma et al., 2005). 

Parameter  Specification  

Chemical Formula CH2=CH-CO-NH; propenamide 

Molecular Weight 71.08 gmol-1 

Solubility  216 g/100g water (30 oC) 

Boiling Point 136 oC at 3.3 kPa/25 mmHg 

Melting Point 84.5 oC 

Vapour Density 2.45 (air = 1) 

Density/Specific Gravity 1.122 kgdm-3 at 30 oC 

Vapour Pressure 0.007 mm Hg at 25 oC 
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2.2.3 Determination of Acrylamide 

 

Intensive refinement in the determination of acrylamide has been carried out since the 

discovery of acrylamide in foods. Wenzl et al., (2003), is of the view that gas 

chromatography with mass spectrometric detection (GC-MS) and high performance 

liquid chromatography (HPLC) with tandem mass spectrometric detection (LC-

MS/MS) appeared to be the most widely used methods. According to international 

guidelines such as ISO 17025, few reports indicate that a rigorous and systematic 

determination of the characteristics of the method has been performed by European 

Committee for Standardization (CEN) and Eurachem (Schaller, 2003). By comparing 

methodologies, there were huge differences in the cleanup strategies. This was found 

for both GC and LC based methods (Tareke et al., 2002). 

 

Isotopically labelled acrylamide at the beginning of the sample pre-treatment is a way 

to take into consideration the losses of acrylamide that can occur during the whole 

sample pre-treatment, but does not reflect correct recoveries in the case of addition 

before extraction. This spiking approach is based on the establishment of equilibrium 

in the matrix interactions between the added internal standard native analyte. As long 

as equilibrium is not established, differences in the extraction procedure might have a 

great influence on recoveries (Thompson et al., 1999).  

 

The paramount importance is if the knowledge of the exact recovery achieved for an 

analyte when applying a certain analytical method; this is known to affect the 

accuracy of the results (Eurachem, 1998). Therefore, reference materials are normally 

accepted for comparison.  
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2.3 HAZARD IDENTIFICATION 

 

In biological targets, acrylamide and glycinamide with nucleophilic centres (i.e., 

unshared electrons) acts as the basis for acrylamide interactions with other 

compounds in a chemical reaction. This is highly correlated with the level of electron 

inadequacy. Electrophiles and nucleophiles during the reaction are usually identified 

as delicate or hard in respect to either low or high-charged densities in a spectral for 

reactivity (Pearson & Songstad, 1967).  

Glycidamide (a genotoxic carcinogen in the liver of neonatal mice) is identified as 

hard electrophile which has high positive charge density, thus has the capability of 

reacting with hard nucleophiles for example pyrimidine and purines bases of DNA. 

(De Caprio and Lopachin, 2005) Also delicate-delicate bonds with marginal 

molecular orbital attributes suggest that the corresponding adduct target for 

acrylamide is the thiolate state of cysteine residues (Lopachin et al., 2007).  

 

Experts from EFSA’s Panel on Contaminants in the Food Chain (CONTAM) 

reconfirmed previous evaluations that acrylamide in food potentially increases the risk 

of developing cancer for consumers in all age groups (EFSA, 2015). Evidence from 

animal studies shows that acrylamide and its metabolite glycinamide are genotoxic 

and carcinogenic: they damage DNA and cause cancer. It has been shown from 

human studies that dietary exposure to acrylamide that causes cancer is currently 

limited and inconclusive. 

 

 

2.3.1 Acrylamide content in foods/regulatory levels 

 

In addition, the type of food as a source of variation, acrylamide content in foods vary 

according to processing factors, storage and handling of the same food (Vinci, 2012). 
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This is logical since food is a chemical repository with each food type, indeed each 

food cultivar, having a unique chemical composition, constituents of which may be 

differentially amenable to acrylamide formation. Foods with mainly carbohydrate 

content and some amount of amino acids tend to produce a high level of acrylamide 

compared to those with mainly protein and some carbohydrate when processed at 

elevated temperatures.  Eight protein foods analyzed had 22–116 ppb acrylamide 

content whereas eight cereals had 47–266 ppb and seventeen potato chips had 117–

2764 16 ppb (Burcham, 2014).  

 

Apart from certain food category, acrylamide may vary according to cultivars or 

varieties of foods of the same species.  Marchettini et al., (2013) found high amount 

of fructose and glucose in Rossa di Colfiorito and Kennebec cultivars of potato. The 

presence of free reducing sugars tends to increase the amount of acrylamide formation 

during food processing at elevated temperature. As a result, they found high levels of 

acrylamide in the former relative to the latter. To reemphasize, acrylamide content 

increases with increasing temperature of processing up to a certain level. This is 

consistent with the fact that generally the rate of a chemical reaction increases with 

increasing temperature. Bråthen (2005) found that a dry-processing temperature of 

190 oC to 210 oC yields the highest acrylamide levels in starch foods and cereals. 

Another processing parameter key to acrylamide content in addition to temperature is 

time of processing. Below a certain temperature limit, time of heating increases the 

acrylamide production. Beyond that limit the, heating time reduces the level of 

acrylamide formed by elimination reaction, the nature of this reaction being unclear 

Bråthen (2005). Conditions under which foods are stored before processing were 

found to affect the acrylamide level during processing. For instance, acrylamide is 
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was found to be higher in stored potato since it is affected by the storage temperature 

(Marchettini et al., 2013) 

 

2.4 MECHANISM OF ACRYLAMIDE FORMATION 
 

Maillard reaction being a major mechanism for the formation of acrylamide The 

maillard reaction is responsible for giving colour and tasty flavour to food products. 

Production of foods with little or no levels of acrylamide without causing a change to 

the sensorial properties is a major challenge in the food industry (Zhang and Zhang, 

2007).  

Some of the methods used in mitigating the formation of acrylamide actually removes 

precursors of acrylamide from the product. Some of these precursors include glucose, 

fructose and asparagine. They can also be as a result of modifications in processes 

that are used in the inhibition or reduction in intensity of the reaction.  

Acrylamide has not been found in unheated and boiled foods. It is therefore 

considered to be formed during heating at high temperatures. This fact has been 

attributed to the higher temperatures which have been reached during the maillard 

nonenzymatic browning reactions. This has been required for desirable colour, flavour 

and aroma production (Coughlin, 2003). It has been shown by Tareke et al., (2002) 

that acrylamide was formed by heating starch based foods above temperatures of 

120oC. 

In addition it is believed that acrylamide is formed by a heat induced reaction between 

an amino acid called asparagine and a sugar (Rosen and Hellenas, 2002; Mottram et 

al., 2002; Stadler et al., 2002; Pedreschi et al., 2005). Work by Mottram et al., (2002) 

has showed that acrylamide could be formed in food components by heat treatment. 

This was a result of a reaction between amino acids and reducing sugars (Stadler et 

al., 2002). 
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The different fatty acid levels in cooking oils are likely to affect the acrylamide 

formation during processing. Studies have shown that high levels of the free amino 

acid asparagine and of reducing sugars in food processed at temperatures ranging 

between 120 and 230 degrees Celsius has the possibility of high acrylamide formation 

by milliard browning reaction (Harlfinger et, al., 2004). 

 
 

 

  

 

2.4.1 Formation of acrylamide in foods during processing 

The Swedish National Food Agency in 2002 after discovering high levels of 

acrylamide foods, it became of great interest and concern for researchers to discover 

acrylamide form non-industrial sources a public health concern. Foods which were 

fried or baked exhibited high concentrations of acrylamide. Subsequent researches 

revealed that carbohydrate rich foods which are processed at high temperatures 

greater than 120 oC (Tareke et al., 2002, 2000) exhibited a concern level of 

acrylamide.  Here it was observed that a non- enzymatic browning reaction (Maillard 

reaction) which occurs during high heating of food during processing attributed to the 

high levels of acrylamide in foods (Mottram et al., 2002; Stadler et al., 2002).  

According to Roach et al. (2003), the browned crispy crusts in foods which are either 

baked or fried tend to have the highest levels of acrylamide. Also at temperatures 

between 98 and 116 degrees celcius processed foods in moist environments  such as 

canned black olives and purine juice exhibited high levels of acrylamide. Thus, an 

observation that the formation of acrylamide in foods in respect to crispiness and 

temperatures greater than 120 ˚C as reported by JIFSAN in 2004 indicates that there 

are varied pathways for its formation. 
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In the USA, the overall estimated daily intake of acrylamide from diet as reported by 

the US FDA in 2006 is 0.4 μg/kg-day with a 90th percentile of 0.95 μg/kg-day. 

However, the estimated daily intake per the US FDA in other global population is 

invariably similar with the difference resulting from cultural differences in food 

preferences. 

 

2.4.2 Foods acrylamide determination has been conducted on 

A survey of substrates on which acrylamide studies have been conducted are 

presented. They have been categorized into purely potato-based, non-potato based and 

model systems. From this work, potato Solanum tuberosum L. is the most studied 

food crop with reference to acrylamide. Acrylamide studies has been conducted on 

biologically cultivated potato (Marchettini et al., 2013), potato crisps (Knolet al., 

2009; Kita et al., 2007; Senyuva et al., 2006), French fries (Pedreschi et al., 2007; 

Sanny et al., 2012, fried potato strips (Zeng et al., 2009), potato chips and French 

fries (Gökmen et al., 2007). Acrylamide studies have also been conducted on potato 

matrices in combination with other products. For example, potato chips and biscuits 

(Anese et al., 2010), potato chips along with biscuits and noodles (Zhu et al., 2008). 

Even organically produced potato powder and conventionally cultivated potato 

powder have also been analyzed for acrylamide after heat processing (Carillo et al., 

2012). Similarly, studies have also been conducted on chestnut-based foods (Karasek 

et al., 2009), cereal-based foods (Senyuva et al., 2006), roasted coffee (Bortolomeazzi 

et al., 2012), cookies from dough (Gökmen et al., 2007), Starch and cereals (Bråthen 

et al., 2005), sweet potatoes and plantain (Quayson et al., 2007). 
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In all these studies, the trend could be observed that these studies were conducted in 

countries where the food products were commercially important, patronage and 

consumption was high and processing was essentially heat-based.  

Laboratory models systems have also been simulated and acrylamide investigations 

done on them. For instance, fructose and asparagine models (Knol et al., 2010) as 

well as asparagine cum glucose models (De Vleeschouwer et al., 2008) have been 

studied. Although not limited to it, these enquiries were done largely to elucidate the 

mechanism of acrylamide chemistry in foods and food processing. 

Note would have to be made here that, additionally (EFSA 2012) has been monitoring 

acrylamide in ten main food groups including French fries, potato chips, pre-cooked 

potato chips, soft bread, breakfast cereals, biscuits and cookies, coffee and its 

substitutes, baby foods and other products since 2007. This is a more comprehensive 

effort in terms of matrices of acrylamide exposure study. There are limited studies on 

such African staples as cassava, groundnut, fish, cocoyam, yam and plantain 

thermally processed in the African context.  

 

 
 

2.5 ABSORPTION OF ACRYLAMIDE 

 

2.5.1 Haemoglobin Abducts as Acrylamide biomarker  
 

Investigations by Fennell et al., (2005), using 24 volunteer adult males, a 

toxicokinetic study of the level of haemoglobin adduct levels were estimated over 120 

days of continuous exposure to acrylamide based on assumptions of 1.26 μg/ kg per 

day exposure to acrylamide. Haemoglobin adducts levels of acrylamide observed in 

workers who were exposed through inhalation and demal exposure exhibited 

qualitative evidence of these routes of absorption.  Acording to Hagmar et al., (2001) 
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and Bergmark et al., (1993), dermal exposure was the predominate route of 

absorption of the workers used in the study. Bergmark et al., (1993) again observed 

exposure to acrylamide in some chines workers who were involved in acrylamide and 

poly acrylamide production for a period of 0.1-8 years. Here the N-terminal valine 

residues in haemoglobin adduct levels were measured at an exposed level of 0.3 to 34 

nmol acrylamide/g haemoglobin.  An average level of 7.3 nano-mole per gram 

haemoglobin (n value of 12 polymerization) and 14.7 nmol/g haemoglobin (n = 14) 

were found in workers involved in an air space of 1.52 and 0.73 mg/m3 for work 

places complicated in the polymerization and amalgamation reactions respectively for 

acrylamide. 

 

The authors observed the inconsistency levels of haemoglobin adduct levels during 

inhalation and hypothesised dermal exposure was the predominant exposure route in 

the workers used for the study (Bergmark et al., 1993). In a group of 210 tunnel 

construction works who were being exposed to chemical grouting agent containing 

acrylamide and N-methyl-acrylamide, the haemoglobin adduct levels were measured 

over a period of 2 months without personnel protective devices were determined 

(Hagmar et al., 2001).  

 

At the first month of exposure, blood samples were drawn after the day’s 

constructional activity and analysed for N-terminal valine adducts levels. From 

previous assumptions by researches workers were expected to have varying extent of 

both dermal exposure and inhalation. At a limited quantitative exposure data of two 

personal air samples concentrations of 0.27 and 0.34 mg/m3 for the sum of acrylamide 

and N- methyl-acrylamide was obtained. Also at a mixture of equal proportions of the 

reactants, haemoglobin adduct concentration varied at about 18non smoking control 
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subject varying between 0.02-0.07 nanomole per gram globin.  Out of the 210 passage 

works, 47, 89, 36 and 38 had their adduct levels as <0.08 nmol/g globin, 0.08–0.29 

nmol/g globin 0.3–1.0 nmol/g globin, and1.0–17.7 nmol/g globin individually. Blood 

tests gathered at interims up to 5 months after suspension of presentation from five 

laborers with starting levels running from 2.2 to 4.4 nanomole per gram. The levels 

diminished inside 120 days to the foundation level. 

 

2.5.2 Human oral / dermal exposure 
 

Fennell et al. (2005) in respect to the Code of Federal Regulations guiding the safety 

of humans, 24 Caucasian aspemic male adult and had not used tobacco for a period of 

6 months with weights between 71 and 101 kg and ranging between the ages of 26 

and 68 years had their haemoglobin adduct formation levels evaluated following oral 

and dermal administration of acrylamide.   

 

The study used radio labelled acrylamide.  A low dose study protocol of 3mg/kg radio 

labelled acrylamide by gavage was administered in rats before human exposure in the 

study. A continuous monitoring of acrylamide delivered via oral routes in water 

solution of 0.5, 1.0, and 3.0 at 3 mg per kg body weight under controlled conditions at 

3 times daily.  Within 24 h of administering about thirty four percent delivered 

dosages was recouped in the urine. This is a representation a lower range on aggregate 

assimilation from the oral path. The results observed by Fennell et al., (2005) for 

dermal exposure indicated lower levels of acrylamide and glycinamide –haemoglobin 

terminal adduct levels. This comparably had 6.6 percent of doses delivered via the 

dermal route to a 100 percent oral absorption.  
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2.6 METABOLISM OF ACRYLAMIDE 

 

2.6.1 Human metabolism 
 

The majority of urinary metabolites observed from the 24 adult male volunteers in a 

study, the excreted   N-acetyl-S-(3-amino – 3-oxopropyl) cysteine S-oxide from 

glutathione conjugation. Fennell et al., (2005). In addition whilst oral administration 

showed a linear dose response for acrylamide and glycinamide – haemoglobin 

terminal adduct levels, low levels of N-acetyl-S-(3-amino-2-hydroxy-3-oxopropyl) 

cysteine were additionally recognized in urine of participants.   Acrylamide is 

metabolized is through epoxidation using cytochrome P450 (CYP450) pathway to 

form three possible pathways with glycinamide preceding: formation glycinamide 

formation is a phase 1 metabolite which is catalyzed by epoxide hydrolase, formation 

N-acetyl-S-(2-hydroxy-2-carbamoylethyl) cysteine or GAMA and/or with 

glycinamide left metabolized.  Thus, the un-metabolized glycinamide, The latter is 

assumed to be the cause of acrylamide’s genotoxicity (Shibamoto and Bjeldanes, 

2009) even as both glycinamide and acrylamide can and do form adducts with DNA 

and as such prime suspects of mutagenicity and possible carcinogenicity. It must be 

qualified that latter research indicates this rate is low. On ingestion acrylamide trips to 

the stomach and sent into liver where hepatocytes metabolize acrylamide through 

either the dermal or oral routes.  

 

Another work by Sumner et al., (2003) concludes that the main metabolic pathway for 

urinary metabolites in humans was through a conjugation of glutathione forming N-

acetyl-S-(3-amino-3-oxopropyl) cysteine thus the similarities and differences in the 

pathways of rat and mice which occurs through conjugation of glutathione and its S-

oxide respectively 
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2.7 TOXICITY AND HEALTH EFFECT OF ACRYLAMIDE IN FOODS. 
 

Processing methods and its factors such as cooking time, processing temperature and 

variety affect acrylamide formation in foods. In the developed countries reach 

institution have put many efforts into determination of the toxicant acrylamide in 

products such as potatoes and coffee whist same cannot be said for our Ghanaian 

staples. As result, not much is known between the food toxicant such as acrylamide 

and the rising levels of non-communicable disease such as cancer in our parts of the 

world. However quiet a number of researches on the effect of acrylamide 

consumption in our foods is ongoing.  

 

Analytical and mechanistic studies have revealed a clear mechanism by which 

acrylamide formation occurs in carbohydrate rich foods processed under high 

temperatures by non-enzymatic browning (Maillard Reaction) this browning reaction 

mostly affect the organoleptic properties of the food. According to Hitherto 

acrylamide studies generally used deterministic models which limit the application of 

results to real populations, as such their evident need of stochastic methods that would 

enhance the level of accuracy of acrylamide studies to real populations. Whereas 

respondent sampling methods were clearly reported especially for cohort studies, 

acrylamide studies generally did not report matrix sampling method, this may have a 

telling effect on the reproducibility and accuracy of acrylamide studies and so a clear 

method of matrix sampling needs research into especially for national and regional 

monitoring of acrylamide. Acrylamide analytical quantitation methods including 

HPLC–MS/MS, GC-MS and spectrophotometry are standard, although other 

validated methods like HPLC-DAD are used. 
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2.7.1 Food exposure and Risk of Acrylamide to Health 

The direct exposure of acrylamide to consumers may result from the ingestion of 

foods high in carbohydrates. Other indirect means of exposure can be as a result of 

residual traces of the monomer which is present in food packages. In most of these 

products polyacrylamide is used as binding agent. (Samuelson 2003; Zhang et al., 

2005). 

 

Assessing the presence of acrylamide is a major concern in many countries. Some of 

the results obtained have shown that products such as potato account for 50% of the 

exposure to acrylamide. Baking products and bread also account for about 20% of 

human exposure to acrylamide. Acrylamide formation has been through heating or 

drying in the oven or frying (Eriksson, 2005; Torqvist, 2005). 

 

Acrylamide is known to be genotoxic. It increases the incidence of cancer in rats. 

These have been related to doses of 1 – 2 mg/kg body weight per day. It has been 

reported that the maximum intake of acrylamide in foods is 0.05 mg/kg body weight 

per day. This level has however been challenged. There has been urgent outcry to 

reduce this level in foods. The heatox project in 2003 was started to investigate the 

risk of acrylamide to human health. The following risks were identified by the project. 

The evidence of acrylamide posing as a cancer risk has been strengthened. With the 

reduction of acrylamide levels in bread and potato in the laboratory, there is the 

potential of reducing human exposure. Acrylamide was found to be not the only 

genotoxic compound formed when food is heated. In total, close to 50 compounds 

have been highlighted as potential carcinogens (HEATOX project, 2003). 
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2.8 STOCHASTIC AND DETERMINISTIC ACRYLAMIDE RISK STUDIES 

Murniece et al., (2013) assessed the risk of acrylamide toxicity among consumers of 

fried potato in Latvia. Like many other studies in this area, the assessment fell short of 

stochastic standard, citing the mean as a representative point data along with the 

confidence interval and/or standard deviation. This deterministic approach has serious 

shortfalls, including limits to it extrapolability using only a handful of discontinuous 

data, data that is severely limited relative to the actual total population, limits to its 

representativeness of the distribution of acrylamide in the population it not capturing 

the probability of acrylamide toxicity, limits to it accuracy in it curtailing the 

possibility of acrylamide toxicity of every member of the population  to a single data 

point and so ignoring variability, including vulnerable and resistant sections, and 

limits to its certainty in not accounting for the glaringly high level of uncertainty 

inherent. In short deterministic approaches to risk analysis although beneficial provide 

nothing more than a point data within a range of spread or error margin. Popular of 

deterministic methods among food scientists include hazard quotient (HQ) which is 

an index of the exposure denominated by the reference dose, hazard index (HI) which 

is an aggregate of the HQ of individual chemo-hazards.  

 

Correlational risk studies have also been done using odds ratio (Wilson et al., 2009; 

Larsson et al., 2009) and hazard ratio (Garcia et al., 2015; Burley et al., 2010; 

Schouten et al., 2009; Obon-Santacana et al., 2013) as standard methods in clinical 

trials or epidemiological cohort studies. These methods having almost gain standard 

status in medical research are all point data, that is they each essentially consist of an 

aggregate value representing the sample, and although they have unique advantages 

including being easy to calculate, flexible, highly used and appreciated by the medical 

profession (Spruance et al., 2004), they are nonetheless deterministic, they are froth 
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with the limitations that comes with deterministic approaches to risk estimates 

itemized previously. As a result, stochastic methods are being used to enhance 

conventional toxico-medical models dietary hazard exposure (Huybrechts et al., 

2011). In addition acrylamide spectral analyses is also being used but to a very limited 

extent, despite its immense advantages including utility and versatility (Wang et al., 

2010). 

 

A stochastic approach using Monte Carlo simulation for example works by iteratively 

generating output distributions and their corresponding probabilities from a 

corresponding distribution of the sample, and in this manner create a more realistic 

representation of the model, capture the uncertainties across the sample population. In 

addition to the likelihood of each outcome, a Monte Carlo simulation spawns out a 

probabilistic outcome graphs. Also Monte Carlo outputs include probabilistic 

correlational, sensitivity, optimization and scenario analyses. Furthermore, the built-in 

iterations enable a more realistic extrapolation of results of studies to the general 

population. 

 

2.9 ACRYLAMIDE RESEARCH IN DEVELOPING COUNTRIES 
 

Despite the current enormous research output on acrylamide in the world, there have 

been little inquiries on acrylamide in Ghana and Africa generally. Quayson and 

Ayernor (2007) contend that the major research related to acrylamide was focused on 

cocoa, a cash crop and a major foreign exchange earner, despite the fact that Ghanaian 

staples are starch-based and prepared under high temperatures in dry cooking, such 

foods being highly susceptible to high acrylamide content. In the light of the obvious 

high exposure rate among the citizenry, the risk of acrylamide toxicity may be an 

issue worth investigating. 
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Acrylamide concentration is high in potato food products because potato is rich in 

acrylamide precursors: mainly carbohydrate and naturally-occurring asparagine. Also 

the principal use of potatoes requires processing at elevated temperatures. Thus, 

creating a chemical system in which acrylamide is produced principally by the 

Maillard reaction. French fries and potato chips being main food products from 

potatoes are categorized as ‘junk’ among the convenience foods served by food joints. 

As a result, due to their generally high patronage, potato-based products have high 

exposure and consumption rate occasioning high level of research focus, inquiry and 

activity regarding acrylamide risk. 

 

In some countries, however coffee with a similar acrylamide profile as potato but 

relatively less acrylamide concentration, is ranked highest as the most important in 

terms of acrylamide dietary exposure, principally because it is having a high exposure 

frequency, being consumed more often in a day than potato. 
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CHAPTER THREE 

MATERIAL AND METHODS 

3.0 MATERIALS 

The freshly refined oil (crude palm oil, groundnut oil and refined palm oil) samples 

was obtained from four selected Markets (Ayigya Market, Kumasi Central Market, 

Bantama Market and Ayeduase Market) in Kumasi and stored in plastic bags. They 

were stored in a refrigerator prior to analysis.  

All the chemicals were purchased from Sigma Aldrich Chemicals (Germany). 

Homogenizer, shaker, vortex, centrifuge was purchased from Gen Lab, UK, IKA®, 

Germany, Gallenkemp Orbital Shaker, UK, VortexGene, Holland, Eppendoff, USA 

respectively. 

 

3.1 METHODS 

 

3.1.1 Study population and selection 

 

A total number of 100 oils samples were purchased from retailers of cooking oil 

within the Kumasi metropolis over a period of three weeks. A total of 50 samples of 

used oils were also obtained from identified food vendors within the study area.  The 

Retailers were randomly selected. A total of three hundred questionnaires were 

distributed for the study. Rational for the study was explained to the participants, after 

giving their consent, participants were selected to answer the questionnaire set for the 

study. 

 

3.1.2 Dietary and lifestyle questionnaires 

 

Participants were made to complete a 24-h self-administered food frequency 

questionnaire. First, the content of the questionnaire was explained to the participants. 

The consumers were made to give information on the type of cooking oils used in the 
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preparation of dishes. They were again asked as to whether it was used for 

commercial or domestic food preparation. The various types of oils were purchased 

from retailers in the various markets. 330 ml of each oil costing GH₵ 1.50 were 

bought. The participants were required to identify how much oil and the type of oil 

used in their food preparation in a week and how often they consume the foods 

prepared with oil. The questionnaire also required participants’ weight to be taken. 

The questionnaire was pre-tested before the study to ensure all parameters needed to 

be addressed was made available.   

 

3.2 DETERMINATION OF ACRYLAMIDE 

 

3.2.1 Extraction and Clean-up 

 

Extraction and clean-up was based on QuEChERS as proposed by UCT, (2009) with 

modifications. The sample (1g) was weighed into a 50 ml centrifuge tube, 5 ml of 

hexane added and vortexed for 1min. Subsequently 10 ml each of distilled water and 

acetonitrile was added and shaken vigorously for 1 min. The resulting solution was 

centrifuged for 5 min at 3000 rpm. To 1 ml of acetonitrile layer, 150 mg MgSO4 

(Sigma Aldrich, Germany) was added and mixed for 30 s. The tube was shaken at 400 

rpm for 5 min and supernatant used for spectrophotometric reading. 

 

3.2.2 HPLC 

Standard of acrylamide (0.0, 0.1, 0.2 and 0.3 mg/ml) were prepared from a stock 

solution of 10mg/ml. The absorbance of calibration standards was measured using a 

Thermo Scientific Nandrop spectrophotometer at 220 nm. A calibration curve was 

established by plotting absorbance against the corresponding concentration. The 

concentration of samples was calculated by plugging the corresponding absorbance 

into the equation of the line. Determinations were done in triplicates. 
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3.3 STATISTICAL METHOD 

 

The data was tabulated in Microsoft Excel and analyzed using Palisade @Risk 

software to simulate acrylamide risk in the oils using the Monte Carlo simulation. The 

data was entered in excel spreadsheet columns as acrylamide content, Number of 

times of consumption of oil per day, volume of oil used per day (M), Ingestion rate 

(IR), exposure frequency and exposure duration (EF and ED) and body weight (BW). 

Each column of data was fitted to an appropriate or best fit distribution using the 

@Risk distribution fitting function specifying whether it is discrete or continuous and 

writing the aggregate output to a designated cell.  

 

Each value so generated was added to a unit excel cell using the “add output” tool and 

simulated at first order and ten thousand iterations. A construct of the empirical model 

was built using Excel formulas into which the model parameters were referenced to 

determine the risk using the potency factor value. The risk value so generated to cell 

was added to output and simulated at first order and ten thousand iterations. Excel 

reports, including graphs, of the outputs were then extracted as results for discussion. 

 

3.4 RISK CALCULATION 

 

           Chronic Daily Intake (CDI) was computed using the equation 1 (Hans et al, 

2003). 

𝐂𝐃𝐈 =  
𝐂 × 𝐂𝐑 × 𝐄𝐅𝐃

𝐁𝐖 × 𝐀𝐓
… … … … … … … … … … … … … … . . (𝟏) 

Where; C = concentration of Acrylamide (mg/g), CR = contact rate (mL/day), 

EF =           exposure frequency (days/year), ED= exposure duration (years), 

BW = body weight (kg), AT = average time of exposure (days). 
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A reference dose (RfD) of 0.002 mg/kg (USEPA, 2000b) was used for this 

work. Thus, it is assumed that 0.002 mg/kg body weight of acrylamide may be 

consumed in a lifetime without any adverse health effects. The risk was finally 

calculated using the formula; 

Hazard Quotient (HQ) =   )2...(........................................
RfD

CDI
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CHAPTER FOUR 

RESULTS AND DISCUSSION 

 

4.1 POPULATION DESCRIPTION 

 

4.1.1 Gender and oil preference 

The sample population was asked to identify the oil type with which they consume. In 

all 192 respondents participated. Results from the study show that majority of the 

respondents consumed “refined palm oil”. They accounted for about 64% of the 

sample. A little over 35% of the respondents consumed crude palm oil while 0.005% 

of the respondents were associated with the consumption of groundnut oil. On a 

gender basis females were seen to consume mainly refined palm oil followed by palm 

oil. The same trend is also seen by the male counterparts. None of the females 

however was linked to the consumption of groundnut oil. Out of the 192 participants 

sampled for the consumption of oils, 14% were males whiles females accounted for 

86%.  The ratio of consumption of oil from female to male is 6:1. This is also an 

indication that females have a higher preference for oil when compared to males 

(Table 4.1). 

Table 4.1:  Gender and Oil Preference 

          
   

 

 TYPE OF OIL 

Gender 
Crude Palm 

oil 

Ground

nut oil 

Refined palm 

oil 
Total  

Male 11 1 15 
27 

(14%) 
 

Female 57 0 108 
165 

(86%) 
 

Total 
68 

(35%) 

1 

(0.005%) 

123  

(64%) 
 92  
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4.1.2 Age and oil preference 

The age of respondents in relation to the type of oil consumed was also analysed. The 

study looked at the ages between 18 and 60 years. Consumption of refined palm oil 

was found to be highest (65.7%) in all age groups. This was followed by crude palm 

oil (33.7) and groundnut oil (0.5%) (Table 4.2). 

 

 Table 4.2 Age and Oil preference  

 TYPE OF OIL 

Age Crude 

Palm oil 

Groundnut oil Refined palm oil   Total 

18-28 9 0 45 54    (30.3%) 

29-39 22 0 41 63    (35.4%) 

40-60 29 1 31 61   (34.3%) 

Total  60 (33.7%) 1 (0.005%) 117 (65.7%) 178 

 

Generally, 25.2% of the respondents aged between 18 – 28 years were found to 

consume refined palm oil. In the same age group only 5% consumed palm oil. This 

confirms that respondents in the age group of 18 – 28 years have high preference for 

refined palm oil when compared to palm oil. None of the respondents in this age 

group however consumed groundnut oil. The same trend follows for respondents 

between the ages of 29 – 39 years. For age groups between 40 to 60 years however 

some of the respondents consumed groundnut oil. The study concludes that 17% of 

the total respondents preferred refined palm oil, 16% preferred crude palm oil while 

0.5% preferred groundnut oil. That is groundnut oil consumption is seen in the age 

group between 40 to 60 years. 
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4.1.3 Occupation and oil preference 

 

The occupation of the respondents was also identified. Out of the sampled participants 

37.6% were students, 58.0% were works and 3.4 % were found to be unemployed. In 

all three occupations results from table 5 indicates that about 59% of workers 

consume all three types of oil. Students who consume all three types of oils also 

accounted for 37.5% of the respondents. The unemployed made up 3.4% for the 

consumption of oil. 

  

            Table 4.3: Occupation and Oil Preference 

 TYPE OF OIL 

    Occupation Crude palm 

oil 

Groundnut oil Refined palm oil Total 

Student 11 0 54 65 (37.6%) 

Worker 34 1 68 102 (58.9%) 

Unemployed  2 0 4 6 (3.4%) 

Total  60 (34.7%) 1 (0.005%) 91 (52.6%) 173 

 

For crude palm oil consumption, workers were found to consume higher proportions. 

They accounted for 56.6% of the crude palm oil population. This was followed by 

students with a percentage of 18.3. The least respondents to consume crude palm oil 

were found to be unemployed; they made up 3.3% of the crude palm oil consumption 

population. Workers again dominated the consumption of refined palm oil. They 

accounted for about 74.7% of the respondents. Students also made up 59.3% of the 

refined palm oil consumers while the unemployed accounted for 4.3% of the 

respondents. Generally, only 0.5% of the entire population consumed groundnut oil 

were found in the worker’s category. 
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4.1.5 Distribution of Data Gathered 

Data gathered from the field of study were characterized using statistical probabilistic 

distributions. As shown on Table 4.4. Acrylamide concentration of Groundnut oil 

follows the triangular distribution whilst that of Crude palm oil and refined palm oil 

had exponential distribution using the dietary recall food survey. Both Exposure 

frequency and Exposure duration followed a uniform distribution. Body weight and 

Consumption Rate follows Poisson and Log logistic distribution respectively. 

 

Table 4.4. Model parameters and primary and secondary data sources used for 

the estimation of neurotoxicity risk 

Risk parameters                                                      Data sources and values Fitted Distribution/references 

Hazard concentration(HC) 

   Groundnut oil  

   Crude Palm oil 

   Refined palm oil  

 

Dietary Recall Food Survey 

 

Triangular (0.27996, 1.12738) 

Exponential (0.15072,0.22421) 

Exponential (0.1725, - 

0.0000541) 

 

Consumption rate(CR) Dietary Recall Food Survey 
Log logistic (-113.30, 

121.161,12868) 

Exposure frequency 365 days per year  Uniform (1,365) 

Exposure duration 5 years Uniform (1,5)  

Body weight Dietary Recall Food Survey Poisson (61.667) 

Averaging time(AT) for 

carcinogenicity 
365 x Exposure duration/days 

 

Reference dose(RfD) 

0.00002 mg/g-day oral 

acrylamide slope factor for 

water) 
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4.2 ACRYLAMIDE CONCENTRATION 

 

The mean concentration of exposure to acrylamide contaminant in the oils 

(groundnut, crude palm oil and refined palm oils) decreases respectively (0.1720, 

0.2319 and 0.084 mg/g). The concentrations of acrylamide in all oils decrease at 5%, 

50% and 95% groundnut, crude palm oil and “refined palm oils” Table 4.5. 

 

The least recorded acrylamide concentration in “refined palm oil” was found to be 

(0.0083 at the 5th percentile. The value is found to be higher than the 0.001mg/g 

acrylamide levels in foods as recoded by (EFSA 2012). And again, the acrylamide 

concentration was all exceeding maximum value of 0.004533 mg/g recommended by 

EFSA (2012). Groundnut oil recorded 0.4693 and Crude palm oil recording 0.2319 at 

the fifth percentile. 

 

Recent studies have shown that acrylamide is formed in foods with a high content of 

the free amino acid and reducing sugar of asparagine.  Taubert et al., 2003 and 

Harlfinger et al., 2007 in addition discovered that when these conditions are met 

under high temperature. It is also known that asparagine is readily found in some 

plant based foods such as legumes, nuts and seeds. Longer cooking or processing 

times at elevated temperature affect acrylamide formation in foods. Thus the high 

concentration levels of acrylamide in groundnut oil and least in refined palm oil. 

 

 

 

 



30 
 

Table 4.5: Sample size (N), mean, mode, 5 %, 50 % and 95 % percentile values 

of acrylamide in mg/g of foods sampled in the study and iterated 10000 in a 

Monte Carlo simulation. 

 

 

4.3 CHRONIC DAILY INTAKE (CDI) 

 

The mean daily intake of acrylamide of acrylamide per body mass per day 

(mg/kg/day) is recorded as 0.8449, 0.0906 and 0.0431 for groundnut oil, crude palm 

oil and “refined palm oil” respectively. In Table 4.6 the chronic daily intake at the 5th 

percentile of exposure to acrylamide recorded 0.003, 0.0006 and 7.21005E-05 

respectively for groundnut, palm and refined palm oils. In addition at the 95th 

percentile were 0.4844 for groundnut oil, and 0.208 for palm oil.  (Table 4.6) 

 

The dietary intake of acrylamide recorded for groundnut oil in this study is far higher 

than that estimated by FAO/WHO (0.3-0.8 mg /kg/day) for the general population 

(Petersen, 2002). Acrylamide, a genotoxic (mutagenic) contaminant increases the 

incidence of cancer in rats at doses of 1–2 mg/kg bw/day. The maximum acrylamide 

intake in the oils is recoded as (0.4844mg/kg/day) for groundnut oil is far higher than 

the maximum acrylamide intake from EU foods (0.05 mg/kg/day) which even called 

for urgent action to minimize the level of acrylamide in foods.  

  

Matrix N Mean Mode 

5% 

Percentile 

50% 

Percentile 

95% 

Percentile 

Groundnut oil 28 0.8449 1.1252 0.4693 0.8791 1.1231 

Palm oil 15 0.2319 0.2250 0.2319 0.3623 0.6755 

Refined palm oil  19 0.1720 0.0003 0.0083 0.1191 0.5161 

       



31 
 

Table 4.6: Chronic daily intake  

CDI 

(mg/kg/day) 

Mean Mode 

5% 

Percentile 

50% 

Percentile 

95% 

Percentile 

Groundnut oil 0.8449 0.0007 0.003 0.0272 0.4844 

Crude palm oil 0.0906 0.001 0.0006 0.011 0.208 

Refined palm 

oil 

0.0431 1.64736E-05 7.21005E-05 0.0034 0.0885 

 

 

4.4 RISK OF CONSUMPTION OF GROUNDNUT OIL, CRUDE PALM OIL 

AND “REFINED PALM OIL” 

 

Hazard Quotient (HQ) is the ratio of the potential exposure (Chronic Daily Intake) to 

a substance and the level at which no adverse effects are expected (Reference Dose). 

From the study the mean recorded HQ values were 0.0538, 0.0144 and 0.0142 

respectively for groundnut, palm and refined palm oils (Table 4.7). At the 50th 

percentile exposure to acrylamide, groundnut oil recoded the highest value of 

0.0.00195.  The least value recorded was for “refined palm oil” which is 0.00063. 

Crude palm oil recorded 0.00167. From the results, it can be observed that the HQ 

values for all the oils were less than 1. A ratio larger than unity suggests that the 

concentration of the chemical is high enough to cause adverse health effect 
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Table 4.7: Sample size (N), mean, mode, 5 %, 50 % and 95 % percentile values 

of acrylamide in mg/g of foods sampled in the study and iterated 10000 in a 

Monte Carlo simulation. 

Matrix (HQ) Mean Hazard Quotient 

5% 

Percentile 

50% 

Percentile 

95% 

Percentile 

Groundnut oil 0.0538 0.00011 0.00195 0.0338 

Palm oil 0.0144 9.769E-005 0.00167 0.0294 

Refined palm 

oil  

0.005 9.902E-006 0.00063 0.0142 

       

. 
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CHAPTER FIVE 

 

CONCLUSION AND RECOMMENDATION 

 

5.0 CONCLUSION 

 

The risk associated however varies with the different type of oil used in the study. The 

study concluded that the acrylamide concentration in the sampled oils ranges from 

0.172 to 0.844 mg/g. Groundnut oil had the highest concentration of acrylamide, this 

was followed by crude palm oil and refined palm oil. Although the hazard quotient for 

all the oils was found to be less than one, consumption of groundnut oil presents the 

highest risk compared to crude palm oil and then refined palm oil. The population is 

therefore at risk of ingesting acrylamide. 

 

5.1 RECOMMENDATION 

It is recommended that further work be done to identify the processing methods in 

which our local manufactures go through during processing of our local oils. It also 

recommended that regulatory bodies in the country educate manufactures on the need 

to adhere to Good Manufacturing Practices during processing to prevent 

contamination during processing. 

 

Finally, the risk results of this study call for the concern of government and public 

health officials to put in measures on how to reduce the risk of consumers of cooking 

locally produced oils.  
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APPENDIX 

 

 

APPENDIX 1: ACRYLAMIDE CONCENTRATION OF OILS USED 
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APPENDIX 2: PARAMETER ESTIMATES OF ACRYLAMIDE RELATED 

MATRICES IN GROUNDNUT OIL. 

Parameter  Mean   Mode  
 5 % 

Percentile  

 50 % 

Percentile  

 95 % 

Percentile  

Acrylamide 

concentration/mg/g 
0.844 1.1252 0.413 0.879 1.116 

No. of times of 

consumed/per day 
0.763 0.7596 0.200 0.763 1.327 

Mass of medium/g 430.369 3.5850 3.841 41.734 626.413 

Ingestion rate/g/day 289.538 2.2186 1.752 28.650 480.053 

 Weight of 

respondent/kg 
61.6 61.0 49 61 75 

Cancer CDI 

(mg/kg-day) 
0.32 0.0007 0.0031 0.0272 0.4844 

Hazard Quotient 131.31 0.895 0.824 13.54 227.96 

      

 

 

APPENDIX 3: PARAMETER ESTIMATES OF ACRYLAMIDE RELATED 

MATRICES IN CRUDE PALM OIL  

Parameter  Mean   Mode  
 5 % 

Percentile  

 50 % 

Percentile  

 95 % 

Percentile  

Acrylamide 

concentration/mg/g 
0.374 0.224 0.231 0.328 0.675 

No. of times of 

consumed/per day 
0.763 0.742 0.199 0.763 1.327 

Mass of medium/g 269.515 2.561 3.836 41.740 625.884 

Ingestion rate/g/day 204.639 4.360 1.733 28.524 470.875 

 Weight of 

respondent/kg 
61.6 61 49 61 75 

Cancer CDI 

(mg/kg-day) 
0.0906 0.001 0.0006 0.011 0.208 

Hazard Quotient 48.61 0.501 0.353 5.88 98.76 
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APPENDIX 4:  PARAMETER ESTIMATES OF ACRYLAMIDE RELATED 

MATRICES IN REFINED PALM OIL 

Parameter  Mean   Mode  
 5 % 

Percentile  

 50 % 

Percentile  

 95 % 

Percentile  

Acrylamide 

concentration/mg/g 
0.172 0.0003 0.008 0.119 0.516 

No. of times of 

consumed/per day 
0.763  0.7596 0.199 0.763 1.327 

Mass of medium/g 413.20 3.07 3.84 41.74 626.19 

Ingestion rate/g/day 303.66 1.92 1.78 28.81 485.09 

 Weight of 

respondent/kg 
61.665 62.34 47.48 61.664 75.832 

Cancer CDI 

(mg/kg-day) 

6.224E-

005 
1.616E-008 7.1495E-008 3.496E-006 9.570E-005 

Hazard Quotient 31.12 0.00808 0.0365 1.75 47.85 

      

 

 

APPENDIX 5: MEAN OF CDI FOR OILS USED. 
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APPENDIX 6   A GRAPH SHOWING RISK EXPONENTIAL 

REPRESENTATION OF ACRYLAMIDE CONCENTRATION IN PALM OIL.

 
 

APPENDIX 7   A GRAPH SHOWING RISK TRIANGULAR 

REPRESENTATION OF ACRYLAMIDE CONCENTRATION IN PALM OIL. 
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APPENDIX 8   A GRAPH SHOWING RISK EXPONENTIAL 

REPRESENTATION OF ACRYLAMIDE CONCENTRATION IN “REFINED 

PALM OIL”. 
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APPENDIX 9: QUESTIONNAIRES 

 

KWAME NKRUMAH UNIVERSITY OF SCIENCE AND TECHNOLOGY, 

KUMASI 

Please tick where applicable 

1.  Sex           Male (   )          Female  (  )    

2.  Age  ………………. 

3.     Educational/Professional background?  Student (  )   Worker (  )    Unemployed (  

) 

4.  Do you use cooking oil in your food preparation? 

         Yes (  ) No (  ) 

5.   If Yes is it for…  Domestic (  )     Commercial (  ) 

*Commercial  

 6. What type of Oil do you use in your preparation? 

 Crude palm oil()    Refined palm oil (  )        Others …………………. 

  7.  How often do you change the oil used for commercial frying? 

      Daily …………        Others ………... 

*Domestic 

 8. What type of Oil do you use in your preparation? 

 Crude palm oil(  )      Refined palm oil (  )Others …………… 

9. How often do you change the oil used for domestic frying? 

      Daily …………                Others ………... 
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10. How much oil do you use in a week?  ………………. 

11. How often do you consume oil foods in a week?  ………………… 

12. Do you cook for a family? Yes (  )                                      No (  ) 

13.  If Yes How many in a family?   ………………. 

14.  Body weight of participant………………..… 

 

 

 
 

 


