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ABSTRACT 

Acrylamide is a processing contaminant w ith genotox ic and carc inogen ic propert ies and it is 

form ed in food when free asparagine reacts with reduc ing sugars at high tem perature. The 

present study was des igned to eva luate the levels of acrylamide in three commercial heat 

processed foods (roasted coffee powder, potato chips and French fri es) co llected from the 

market in Addis Ababa, Ethiopia. A total of90 samples were studied for their acrylamide levels 

us ing high performance liquid chromatography with a diode array detector. The acry lamide 

levels obtai ned ranged from 134.56 ~lglkg to 1138.86 ~lglkg in roasted coffee (n=30), from 

2 11 .09 ~l glkg to 35 14.60 ~lglkg in potato chips (n=30) and from 35.66 ~l g/kg to 1410. 75 ~glkg 

in French fr ies (n=3 0). 43% of the coffee (n= 13), 57% of the potato chips (n= 17) and 40% of 

the French fri es sampl es (n= 12) showed acry lamide leve ls higher than the maximum va lue 

recommended by the European Commiss ion. Eth iopia is the largest coffee consuming count ry 

in Afr ica and one of the biggest in the world. Nearly ha lf of the coffee collected fro m Addis 

Ababa contained levels beyond the European Commission recommended value. The high 

levels of acrylamide obta ined in the present study call for actions when considering large 

consumptions. These high leve ls ofacry lamide a long with the significantly la rge consumption 

history make it diffi cult to consider health ri sks associated with acrylamicic to be low. A 

knowledge assessment of French fri es producing street vendors (n=30) indicated a huge gap in 

informat ion as none of the interviewed producers knew about acry lamide, its formation, health 

impacts or food s susceptible to its fo rmat ion. 

Keywords: Acrylam ide; Mail lard Reaction ; Coffee ; Potato C hi ps; French Fries; Carc inogen 

vi 
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1. INTRODUCTION 

1.1. Background 

Food process ing is an important factor with major roles inc luding the improvement of nutritional 

quality, microbi ologica l safety, sensory aspects and reducti on or removal of some compounds with 

potential hea lth impacts (Gokmen, 20 14; Moskowitz ef a!., 2009). House hold or industrial thermal 

processing of foods is a longstanding practi ce that improves the organo leptic properties of foods, 

microbiologica l safety and their preservation (Studer ef al., 2004). 

Thermal food process ing can be the so urce fo r the formation of some hea lth benefitin g compounds 

like ant iox idants (Li ngert & Wai ler, 1983; Morales et al. , 2009). However, it can also be the reason 

for the formation of heat- induced tox ic food contaminants with carcinogenic and genotoxic 

propelties such as heterocyc lic amines, acrylam ide, furan, furfura ls and chloropropanols (Crews 

ef al., 200 1; Durling ef al., 2009; Husoy ef al., 2008; Mora les et al. , 2009; Skog el al. , 1998; 

Tritscher, 2004) 

Foods produced by thermal process ing like bakery products, roasted coffee, potato chips, French 

fri es, snack food s and refined o il s may result in th e formation of heat generated food toxicants 

ment ioned above at varying co ncentrati ons as a result of heat-induced conversions of so me 

naturally avai lable compounds in food products. The leve l of these contaminants in the final food 

product depends on the concentration of prec ursors required for the ir formation as we ll as the 

thermal-process ing conditions (Gok men , 20 IS) . 

Acry lam ide is a thermal process ing contaminant whi ch is produced in the Maillard reaction, a 

seri es of non-enzymatic react ions betwee n reducing sugars such as glucose and fructose, and free 

am ino acids (Beca lski et al., 2003 ; Mottram et al., 2002; Zyzak ef aI. , 2003). Its prese nce in food 

was first reported by sc ientists from the Swedish National Food Authority and th e University of 

Stockholm in April 2002 when therma lly processed carbohydrate- ri ch foods we re analyzed and 

high acry lam ide co ncentrations were obtained (Tareke et al., 2002). 



Acry lamide has been class ified as probably carcinogenic to humans (Group 2A) by the 

International Agency for Research on Cancer ( IARC, 1994). It is not found in raw and unprocessed 

food items like potatoes. It is formed when food contai ning the precursors is therma lly processed 

at temperatures of 120°C o r above, such as encountered during fry ing, bak in g, roasting, grilling, 

and toasting (Tareke el aI. , 2002). Hi gh leve ls of acrylamide is fou nd in food products deri ved 

from plant ingredients, such as potatoes and cerea ls beca use of the natura l presence of the 

precursors (red uc ing sugars and asparagine) required for its formation. Meat prod ucts conta in little 

or no acry lamide because of the lack of these important precursors (L ineback el al., 20 12). 

The roasted coffee, potato chips and French fries have been reported to have hi gh leve ls of 

acry lamide by d ifferent studies over the yea rs making them some of the majo r d ieta ry acry lamide 

sources with leve ls go ing beyond the European Commiss ion recommended benchmark leve ls for 

theses speci fi c products (EI ias el aI., 20 17; Kotemori el al., 2018; Lineback el aI., 2012; Mesias el 

al., 20 18; Mojska & G ielec inska, 201 3; Pacetti el aI., 20 15). The European Commiss ion drafted a 

regulation on estab li sh ing miti gation measures and benchm ark levels for the reduction of the 

presence of acry lam ide in food (EC, 20 17). To my know ledge, during the t ime thi s study was 

conducted there are no standard s, benchmark levels, guideli nes, miti gation too lboxcs drafted in 

Ethi op ia associated with acrylamide. 

2 



1.2. Statement of the Problem 

Coffee is an important part of Ethiopian tradition and cu lture. Ethiopia is Africa 's largest coffee 

producer accounting for nearly 40% of the continent 's coffee production and the world 's sixth 

largest producer. The United States Department of Agri cu lture est imated Ethi opia's coffee 

production at 423 ,300 metric tons and nearly halfofthe production (approximately 187,000 metric 

ton) is consumed locall y (GA IN, 20 18). Different studies reported high leve ls of acry lamide in 

coffee powder making it one of the main dietary acrylamide exposure sources (Bertuzzi el al. , 

2017; EFSA, 2015; Giikmen, 20 15; Mojska & Gielecinska, 2013). 

On the other hand , the number of street vendors selling French frie s and food processors supp lyin g 

potato chips to supermarkets is rapidly growing in Addis Ababa . Street vended foods are becoming 

a di sh for several people. Se lling street food has become the source of employment for many 

producers and it's not unusual to observe street food vendors and consum ers in every place in the 

city (Temesgen, 20 IS). The main co nsumers for these two products are usua lly children. Many 

studi es have shown that fried products like French fri es and potato chips are hi gher in the li st of 

maj or dietary acrylamide exposure sources due to the natural ava ilability of the necessary 

precursors for its formation during therma l process ing (EFSA, 20 15; Peterse n & Tran, 2005; 

Tareke el al. , 2002). 

There are many researches done on acrylamide leve ls worldwide but it is barely possible to find 

published acry lamide re lated researches done in Ethiopia with a recently published work by 

Kumela et al. be ing the exception . Their work focused on acrylamide occurrence in Keribo, an 

Ethi op ian traditional fermented beverage which repOlted level s of acrylamide go ing as high as 

3440 flg/kg (Kumela el aJ., 20 18). 

Dietary exposure to acrylamide is a function of the food's acry lamide content and the amount 

consumed. The hi gh consumption of these products and the fac t that they are hi gher in the list of 

potential d ietary acrylamide exposure sou rces creates a serious hea lth concern . Since ac rylamide 

leve ls in these products so ld in Addi s Ababa hasn' t been studied and doc umented yet, it is difficu lt 

to have an estimate of th e expos ure. And without the understandin g of leve ls of expos ure, it is 

difficult to propose mitigation practices or set regulatory policies. 
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1.3. Significance of the Study 

The study aims to prov ide a base line data on the leve ls ofacry lamide in these three maj or dietary 

contributors; roasted coffee, potato chips, and French fri es so ld in Addis Ababa . It can also serve 

as a benchmark for further studies on related or different food products prone to acrylamide 

contamination and poss ibl e mitigat ion pract ices. 

The outcomes of thi s study ca n be used for creating awareness of consu mers on major d ietary 

acry lamide sources, the health impacts assoc iated with acry lamid e, and the leve ls of exposure from 

these three major dietary acry lamide so urces. 

The outputs of thi s study may al so he lp regulatory bodies li ke the Federal Ministry of Health 

(FMo H), Ethiop ian Food and Drug Authori ty (EF DA), and Ethio pian Stand ard s Agency in setting 

regulatory li m its on acrylamide level in these food products or deve loping necessary po licies to 

prevent the consum er from hea lth impacts assoc iated with acry lamide. This study can contribute 

to fillin g the ex isting gap in avail abil ity of documented literatures on ac rylamide levels in foods in 

Ethi opian context. 

1.4. Objectives 

1.4.1. Genera l O bj ective 

To determine the levels of acrylami de in French fries, potato chips, and coffee powder being so ld 

in Addis Ababa, Ethiopia. 

1.4.2. Specific Objectives 

• To determine leve ls of acrylamide in coffee powder, potato chips and French fri es sold in 

Addis Ababa, Eth iopia 

• Evaluating leve ls ofacry lamide in these food products aga inst recommended benchmark level s 

• Assess ing the knowledge of street vend or produce rs about heat generated food toxicants 

4 



2. LITERATURE REVIEW 

2.1. Heat Generated Food Toxicants 

Therma l processi ng is a crucial factor for food preservat ion for the producti on of shelf-stable 

foods, nutritional qual ity improvement and reduction or removal of toxic components (Gokmen, 

20 14). When food is processed at high tem perature it in duces chemica l changes and a large amount 

of new molecules are generated, of which some have been cla imed to have pos itive health effects 

such as acting as hea lth -promoti ng anti ox idants and anti mutagens (Stud er el ai., 2004). However, 

thermal process ing can also be the reason for the format ion of heat generated tox ic compo und s 

with carc inogen ic or mutageni c properties such as polycyclic aromatic hyd rocarbons, hetrocyc lic 

amines, acrylamide, ruran, and furfura ls (Capuano & Fogliano, 20 II ; Crews & Castle, 2007; 

Gokmen, 2015; Maga & Katz, 1979; Skog el al. , 1998; Tareke el ai., 2002). 

5-Hydroymethyl-2-fu rfura l (HMF) is a heat generated heterocyc lic contaminant produced when 

foods containing asparagine and carbohydrates are therma lly processed (Capuano & Fogliano, 

20 II ; Moral es, 2008; Murkovic & Pichler, 2006). It has been repo rted in many food products 

incl uding honey, citrus j ui ce, tomato paste, syrups, jams, coffee, bakery products and bread 

(Makawi el ai., 2009; Murkov ic & Pi chler, 2006). Its mutageni c properties have been confirmed 

through anima l studi es (G latt el ai. , 2005; Sommer el ai., 2003). 

o 

HO H 

Figure 1. Structu re of 5-Hydroymethyl-2- furfural (HMF) (Severi n el al., 20 I 0) 

Polycyc lic aromatic hydroca rbons (PA Hs) on the other hand are group of hyd rophobic co mpounds 

that co ntai n only ca rbon and hydrogen and are comprised of two or more fu sed aromatic rings. In 

food, PAHs are fo rmed during processi ng and food preparation, espec ia lly du ri ng the processes of 

smoking, drying and cook ing as a result of incomplete co mbusti on or pyrolysis of organi c 

materia ls (Badolato el al., 2006; Zhang el al., 2009). Some of these po lycycl ic aromatic 

hydroca rbon s in clude Benz[a]anthracene, Benzo[a]pyrene, and Dibenz[a,h]anthracene which are 
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categorized as "probably carcinogenic to humans (Group 2A)" by the Internationa l Agency for 

Research on Cancer (IARC, 20 I 0). 

" 

, I g' 
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Figure 2. Structure of so me po lycyclic aromatic hyd rocarbons (JARC, 20 I 0) 

Acrylamide is a processing contaminant that is produced via the Maillard reaction, a series of non­

enzymatic react ions between reduc ing sugars such as glucose and fructose, and free amino ac ids 

(Halford el aI., 20 I I ; Mottram, 2007; Nursten, 2005). Acry lamide is found in a wide range of heat­

treated foods, prepared commercia lly or cooked at hom e, including bread , crisp bread, bakery 

wafers, breakfast cereal s, potato products (cri sps, French fries), choco late and coffee (Stadler & 

Lineback, 2008). 
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2.2. Properties of Acrylamide 

Acry lamide (2-propenamide, CAS Number: 79-06- 1) is an odorl ess white crystall ine so lid . It has 

a molecular we ight of 7 1.08 g/mo l. Acry lamide is highly so luble in water. Acry lamide has a 

me lting po in t of 84.SoC and a boi ling point of 192.6 °C at atmospheric pressure. Acrylamide is a 

react ive chem ica l, which is used as a monomer in the synthesis of po lyacry lamides used for 

example, in the purificati on of water and in the fo rmulation of grouting agents. Water-so luble 

polyacry lamid es are the largest app licat ion of acrylamide and they are used to enhan ced oi l 

recovery as mob ili ty control agents in water flood ing, add it ives for o il well drilling fluids, and aids 

in fract uring, acidify ing and other operations . Acrylamide is primarily react ive through its 

ethy lenic double bond. Polymeri zation of acrylamide occurs through radi ca l react ions with the 

double bond . Acry lamide is not known to occur as a natura l product (lARC, 1994 ; Lingnert el al., 

2002; Smith el al. , 1997). 

Figure 3. 

o 
II 

H2C= CH - C- NH2 

Structure ofacry lamid e (lARC, 1994) 

2.3. Mechanism of Acrylamide Formation in Food 

Since acry lamide has not been fo und in raw and unheated foods, its fo rmation is associated with 

heating at high temperatures (Becalski el al., 2003 ; Stadler el aI. , 2002). The non-enzymatic 

Mi llard reaction has been reported by ma ny stud ies to be the primary route for acrylam ide 

formation. At temperatures above 120 °C free amino acids will react with red ucing sugars to 

generate reactive monocarbonyl and dicarbonyl compounds that are proposed to be respons ible for 

the format ion of co lor, fl avor, and aroma. The mechanism of acry lamide formation invo lves 

reaction of a ca rbony l co mpound with asparagine (Feather, 1994; Mottram el al., 2002; Stadler el 

al. , 2002). 

7 



The mechanism for acrylam ide formation in volves a series of steps. The in itia l step involves the 

fo rmation of Schiff base between the carbonyl formed by the Maillard reaction and the R-amino 

group of asparagine. Under hi gh temperatures, the Schi ff base decarboxylates (fac ilitated by 

delocalization of negati ve charge, which Schi ff base formation a llows), forming a product that can 

react in one of two ways. In the first way, it can undergo hydrolysis to form 3-am inopropionamide 

which further decomposes via eliminati on of ammonia at hi gh temperatures forming acry lamide. 

In the second way, the decarboxylated Schiff base can form acrylamide via the elimination of an 

imine (Zyzak el al., 2003). 

Figure 4. 
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2.4. Acrylamide Levels ill Foods 

As mentioned in the prev ious section, acrylamide in food is formed when food wi th free amino 

acids, mainly asparag ine, and red ucing sugars are cooked at high temperatures. This is the reason 

for acrylamides occurrence in a wide range of food products that are common ly consu med 

worl dwide on a da ily bas is. Dietary exposures from acrylamide is not lim ited to consu mption of 

one or two fo od products, instead the cumulative effect of exposure from a wide var iety of foods 

is the problem (Becalski el aI., 2003; Mottram el al., 2002; Petersen & Tran , 2005). 

Dietary exposure is a function of the acrylamide content of the food products and the amounts 

consumed. A food can still act as a major contributor even when it has low acry lamide content, if 

consumption of that food item is large, e.g., coffee. Sources of acry lamide in the diet inc lude 

foods/food products made at home, in resta urants, commercia lly, and/or by cateri ng services 

(Lineback e/ al., 20 12). 

Since the discovery of acrylamide in food items, several studies have been and are being conducted 

worldw ide on the levels of acrylam ide in va ri ety of foods. A lot of studi es have confirmed the 

presence of acry lamide in a wide var iety of heal lreated foods like in dcep fri ed snacks in Ind ia 

(Shamla & Nisha, 2014); in roasted coffee, barley and potato cri sps in Ita ly (Bertuzz i el al., 2017); 

in potato chips, snacks, vegetable-based non-cereal foods and in process-based cereal infant foods 

in Estonia (E lias e/ aI., 20 17); in coffee qahwa, coffee and tea (Khan el aI. , 20 17); in baked and 

deep fried food s in China (Wang el aI. , 20 13); in in fant form ula, coffee, choco late, bakery prod ucts 

alld potato products in Co lomb ia (Pacetti el aI., 20 15); in French fr ies, potato ch ips, bread, 

crackers, breakfast cerea ls, coffee and beer in Braz il (Arisseto el al., 2007); in processed potato 

products, bread, breakfast cerea ls, biscuits, coo ki es, snacks and coffee in Sweden (Svensson el aI., 

2003); and in French fries in Spain (Mes ias el al., 2018). 

Acry lamide leve ls of most abundant food items and food groups co llected between 2002 and 2006 

in European Un ion member states was summarized by Wenzi & Anklam, 2007 and is presented 

in Table I. 
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Table 1. Overview on most abundant food items/food categories in the European Union 

database on acrylamide leve ls in foods (Wenzi & Ank lam, 2007) 

Acrylamide (/lg/kg) 

Food n Minimnm Median Maximum 

Potato Chips (French Fr ies) 1,408 5 186 4,653 

Potato Crisps 843 5 528 4,215 

Bakery Ware, Biscuits 1074 4 145 3,324 

Ginger Bread 1007 5 303 7,834 

Crisp Bread 455 5 244 2,838 

Bread and Toast 151 5 50 1,987 

Diabetics Cakes and Biscuits 402 5 230 3,044 

Snacks, Popcorn, Sa lt Crackers 11 2 5 145 3, 100 

Cereals 274 5 70 1,649 

Roasted Coffee Beans 291 79 320 1, 188 

Baby Food 191 5 67 432 

Potato Pancake 118 10 385 3,072 

Infant Bisc uits 157 5 79 9 10 

Coffee Substitutes 108 116 773 2,955 

2.4.1. Acrylamide ill Coffee 

Coffee has been reported to be one of the highest dietary acry lamide sou rces to adults and high 

leve ls have been reported in many studies (A rvanitoyannis & Dionisopoulou, 2014; Bertuzzi el 

01.,20 17; EFSA, 20 15; G6k men, 2015; Kotemori el 0/. , 2018; Lineback el 0/., 20 12; Mesias el 01., 

2018; Mojska & Gielec inska, 2013; Sirot el 0/., 20 12). A study conducted on roasted coffee 

powder in Saudi Arabia reported acrylamide leve ls rangi ng between 152 and 682 /lglkg (Khan el 

01., 20 17). A Romanian study on 50 roasted coffee powder showed acrylamide levels rangi ng 

between 48 and 6968 ~lglkg (Oro ian el 01., 20 15). The EFSA Panel on Contaminants in the Food 

Chain (CONTAM) eva luated over 1500 coffee powder sam ples co llected and analyzed between 

20 I 0 and 2013 showed an average acry lam ide level of 578 /lglkg (EFSA, 20 15). 

Acry lamide levels higher than the European Commiss ion recommended leve l of 400 /lglkg have 

been reported in roasted coffee powder by different researc hers over the years (Bagdona ite el 01. , 

2008; Bertuzzi el 0/., 20 17; Mojska & G ie lec inska, 2013; O ro ian el 01. , 2015; Pacetti el 01. , 20 15). 
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An experim ent done to exam ine the effect of brewing on acry lamide leve ls showed that all the 

acrylamide present in the coffee powder was transferred to the coffee brew as a resu lt of 

acry lamide's high so lubility in water and the analysis of the brewed coffee powder indicated that 

no acrylamide was detected (Andrzejewski el 01., 2004; Bagdonaite el 01. , 2008). 

Coffee is roasted at hi gh temperatures usually ranging between 240 °C and 300 °C (Ciri lo el 01., 

2003). Emphasis on acrylamide levels of coffee is important as a research because of its high 

consumption practices in some countries which in turn can and therefore will have poss ible 

hazardous influence on human health (Bagdonaite el 01., 2008). 

The sign ificant variation in acrylamide levels between coffee powders cou ld be associated to 

different factors including the roasting t ime, the temperature appl ied, concentration of precursors 

and the difference in coffee bean species. Amount of asparagine in the green coffee is the limiting 

factor for the formation ofacrylamide in coffee. Studies a lso showed that acrylamide leve l reaches 

maximum during the beginning of the roasting process (as hi gh as 7 mg/kg) and decreases short ly 

resulting in high concentration of acrylam ide in I ight roasted coffee than darker ones. The study 

results also showed Ihat Robusta coffee contained higher level of acry lamide than Arabica coffee 

because of its lower sucrose conlent and hi gher asparagine content (Bagdona ite el 01., 2008; Lantz 

el 01., 2006). 

Following the various studies on reduction of acry lam ide, FoodDrinkEurope developed the 

acry lamide too lbox with an aim to provide manufacturers, loca l authorities and other interested 

part ies with in fo rmat ion about interventi on steps that ca n help prevent or red uce the formation of 

acrylamide in speci fi ed products and processes. This toolbox can a lso help the food processi ng 

business to comply with the European Un ion requirements of the regu lation (EU) 2017/2 158. 

Mitigation results on coffee have been eval uated and they led to the conc lusion that there are very 

limited process options available to lower acrylamide contents of coffee without affecting its 

sensor ial quality and consumer acceptance. T he acry lam ide toolbox recommends optimizing 

roasting conditions to reduce acry lamide levels in coffee since darker roasting and applying low 

temperatures and extended roasting time tend to reduce acry lamide leve ls ; (FoodDrinkEU, 2019). 
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2.4.2. Acrylamide in Potato Chips and French Fries 

Potato products are hi ghly susceptib le to the format ion ofacrylamide as it contains the precursors 

required for its formation and that processing tec hniq ues associated with this product involve high 

temperature as in frying wh ich favors the Millard reaction, a reaction linked to the formation of 

acrylamide (Vinc i et 01., 2012). 

Potato ch ips and French fries are of the maj or dietary acrylam ide exposure sou rces and hi gh leve ls 

of acry lam ide in these products has been reported in many studies (A rvanitoyann is & 

Dionisopoulou, 2014; Elias et 01., 2017; Gokmen, 2015; Mojska & Gielecinska, 2013 ; Pacetti et 

01. , 2015; Tareke et 01., 2002; Tateo et 01., 2007). A study on 20 potato chips samples in India 

showed acrylamide level s that ranged between 82 and 4245.5 >tg/kg (Shamla & Nisha, 2014). 

Another study co nducted in Eston ia reported mean acrylamide leve ls of 529 and 299 >tg/kg for 

potato crisps and French fries respective ly (E I ias el 01., 20 17). 

Acrylam ide levels as high as 1000 >tg/kg and above were reported in processed potato products by 

many researchers over the years (Chen el 01., 2008; Claeys el 01.,20 16; Freisl ing el 01., 20 13; 

Mesias et 01. ,20 18; Pacetti el 01., 20 15; Tareke el 01. , 2002; Tateo el al., 2007; Wellzi & Ank lam, 

2007). 

There are severa l factors that affect the leve ls of acry lamide in potato products inc luding 

process ing conditions, the content of precursors and moisture content (Elmore el al., 2005). In 

potato chips and French fries, the reducing sugar content of the potatoes used is the limiting factor 

fo r the fo rmation of acry lamide as asparag ine ex ists in high concentrations (Amrein el 01., 2004; 

Beca lski et 01.,2004; De Wilde et 01. , 2005; Mes ias el 01.,20 18). A study on the effect of soil types 

on the acrylamide forming capac ity of 16 varieties of potato grown in two different types of so il 

(c lay and sandy loam) indicated that there was insignificant variations between ac rylami de levels 

assoc iated with so il type (De Wi lde el al., 2006). Since acry lam ide is formed on the upper layer 

of the potato product during frying , the surface-to-volume ratio of the fina l cut will influence 

acrylamide leve ls and according ly thinner and sma ll er s izes can lead to an inc reased leve l of 

acry lamide in the fina l fried potato product (Mathau"s el 01.,2004). 
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Blanchi ng has also been reported to contribute to the reduction of ac ry lam ide in potato products 

as it leads to the leaching out of reduc ing sugars (Pedreschi el al., 2007; Vinci el aI., 20 10). Dryi ng 

of potato products after bla nching and befo re frying a lso red uces fo rmation of acrylam ide as the 

duration of fry ing req uired is shorter (Gokmen V, 2006). A pilot study on leve ls of ac rylamide in 

French fries prepa red at home cond itions by ha ving five volunteers prepare the fri es us ing the same 

ingredients but just as they wo uld at home resulted in a significant variati ons in ac ry lamide leve ls 

where it was betwee n 24 and 364 1 /lglkg indicated that process in g conditi ons have signifi cant 

effects on leve ls ofacrylamide (Mesias el aI., 2018) . 

2.5. T oxicity of Acryla mide 

Acryla mid e is classified as " probab ly ca rc inogenic to humans (Group 2A)" by the International 

Agency for Research on Cance r as (lARC, 1994). The U.S. Envi ronm enta l Protect ion Agency has 

also classified acrylamide as " probable human carc inogen (Group B2)" (EPA, 20 1Ia). The U.S. 

Nat iona l Toxicology Program 's (NTP) add itiona lly reported acry lam ide as "reasonab ly 

anticipated to be a hum an carcinogen" (NTP, 20 II a). Acrylam ide's pressuring hea lth concern is 

assoc iated with its w idespread occu rrence in foods and its carcinogenic propert ies (JECFA, 201 1). 

Exposure to acrylamide can be a result of diet, smoking, drinking water, occupati onal conditi ons, 

etc. Coffee , potato chips and French fries are general ly considered the more comm only consumed 

dietary so urces of acry lam ide in the world (Gok men, 20 15). 

Animal studies have shown the carc inogen ic and genotoxic properties of acry lam ide and its 

metaboli te glycidami de. Effects of acry lamide on an imals adm ini stered with acry lamide includes 

inc idence of tum ors in mammary and c litora l gland s; gene mutation; increased inc idence of CNS 

tumors; DNA damage; decreased sperm concentrati on; morphologica l defects of sperm; 

deteriorat ion in the germ ce lls of the seminiferous epithe lium ; increased inc idence of ca ncer in the 

pancreatic is lets and of ma lignant mesotheliomas; and increased incidence of thyroid gland 

adenoma or adenocarc inoma (M. A. Fried man el al., 1995; John son el a/., 1986; Mojska el a/. , 

20 10; NTP, 20 12; Yang el a/. , 2005). 

13 



The primary metaboli sm of acrylamide is through th e action of cytochrome P4S0-2E I to form 

react ive glycidamide via epox idation. Glycidamide, the metabolite ofacry lam ide is anticipated to 

playa significant role in the genotoxicity ofacrylamide by attaching itse lf to DNA and hemoglob in 

and formin g add ucts. Acry lamide undergoes detoxification by direct conjugation with glutathione 

through enzymatic action of glutathione-S-transferase further metabo lized to mercapturic acids, 

and it is detected in the urine as cysteine metabolites (Doerge el al., 2007; Doroshyenko el al. , 

2009; Fennell el al., 2004; Katen & Roman, 2015; Kopp & Dekant, 2009). 
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Figure 5. Metabo li sm of acry lamide in the body by cytochrome P4S0-2E I (Fuhr el al., 2006; 

Katen & Roman, 20 15; Mart ins el aI., 2006) 

According to studies, acrylam ide can be found in the fetus of pregnant animals and in breast milk 

since it is distributed rapidly to all tissues without evidences of accumulation (JEeFA, 201 1). 
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Acrylam ide's neurotoxicity, reproductive toxicity and carc inogen ic properties have been 

confirmed through stud ies (Capuano & Fogliano, 20 I I ; LoPachin, 2004). Acryla mide's 

neurotoxic ity is induced through a mechanism that involves th e inactivation of kinesi n and 

dyneine, prote ins that are invo lved in trans-axonal transpo rt. This will resu lt in an interference 

with trans-axona l transport where transport of nerve growth factor from the distal axon is inhibited. 

This wi ll hinder transport o f orga ne lles and nutrients from the ce ll body to the dista l axo n caus ing 

nerves to d ie (Tyl & Friedman, 2003). Acry lamide also degenerates centra l and periphera l nerve 

terminals, damages cerebral cortex, causes myodegeneration of muscles and interferes with kinesi n 

motor protein functions and trans-axonal transport (Capuano & Fogi iano, 20 I I). Earlier concerns 

to acrylamide exposure were typically associated with occupat ional exposure, but ani ma l studies 

showed th e contribution of dietary exposure (M. Friedman & Lev in , 2008) . 

Margin of Exposure (MOE) approach was chosen by JECFA to eva luate human health risks 

associated with acry lam ide exposure. MO E estim ates is the rat io between the dose resu lt ing in a 

low but defined cancer incidence to human acrylamide intake. In its recent evaluation, the EFSA 

CONTAM panel chose two points for characterizing hea lth impacts assoc iated with acry lamide 

based on NTP's study on F344 rats exposed to acry lamide in dri nking water for 2 years (NTP, 

2012). A benchmark lower dose level or BMDL,o of 0.43 mg/kg body weight per day for induction 

of mammary tumors in rats and a va lue of O. 17 mg/kg body we ight per day for Harderi an gla nd 

adenomas and adenoca rcinomas in mice were se lected as a reference point for non-neop lastic and 

neoplastic effects respect ively (EFSA, 20 15). 

MOE va lue above 100 gives no reason fo r public hea lth concern as long as there are no large gaps 

concerni ng toxicity data. MOE of 100 includes the uncertainties and variabi li ty assoc iated with 

both kinetic and dynam ic differences between study animals and humans, as well as within a 

popu lati on. For substances that have bot genotoxic and ca rcinogen ic properties, MOE values of 

10000 or higher wou ld be ofa low hea lth concern from the view point of the public. MOE va lues 

lower than 10000 ind icate a concern associated with neop lastic effects (EFSA, 2012). 
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2.6. Legislations Associated with Acrylamide Levels in Foods 

Cou ntri es are drafting codes of practice, guidance and minimization concepts for the industry to 

enco urage minimi zation of acry lamide levels in foods using the ALARA (as low as reasonab ly 

ach ievab le) approach (Kliemant & Gobel, 2007). 

The Europea n Co mmiss ion drafted a regulat ion on estab li shing mitigation measures and 

benchmark levels fo r the red uction of the presence of acrylamide in food. Benchmark leve ls are 

performance indicators that can be used to verify the effect iveness of the miti gation measures and 

are based on experience and occurrence for broad food categori es. They are estab l ished at a leve l 

as low as reasonab ly ach ievable with the application of all re leva nt mitigation measures (EC, 

2017). The benchmark leve ls for the presence of acrylamide in foodstuffs as set by the European 

Commiss ion Regu lat ion are selective ly summarized in Table 2. 

Table 2. Europea n Commission benchmark levels fo r acry lam ide in foodstuffs (EC, 2017) 

Food Benchmark Level (fIg/kg) 

French Fries 500 

Potato Ch i ps 750 

Soft Bread from Wheat 50 
Soft Bread Other than wheat 100 

Breakfast Cereals 

Bran Products and Who le Grain Cerea ls 300 

Wheat and Rye Based 300 

Maize, Oat, Spelt, Barley, and Rice Based 150 

Roasted Coffee 400 

Instant (So luble) Coffee 850 

Processed Cerea l Foods for Infants and You ng 

Children Exc luding Biscuits and Rusks 40 

Biscuits and Ru sks for In fa nts and Young Children 150 

Codex Alimenta rius on its document numbered CAC/RCP 67-2009 gives codes of practice for the 

reduction of ac ry la mide leve ls in foods wi th poss ible mi tigation practices that can benefit 

producers (Codex, 2009). A n East African standard developed for potato chips by East Afri can 

Partner States under the East Afr ican Standardizat ion, Quality Assurance, Metro logy and Test Act, 

2006 enactme nt s ites the above mentioned Codex document as a requirement for thi s potato 

product to ensu re red uced acrylam ide levels (EAC, 20 I 0). 

16 



A toolbox and a guidance for ind ustry have been developed by Food Drin k Europe and the U.S . 

Food and Drug Ad min istration in order to provide the manufacturi ng sector with mitigati on 

options to lower acrylamide leve ls (FDA, 2016; FoodDrinkEU, 2019). 

2.7. Coffee Production in E thiopia 

Eth iop ia is the birthplace of coffee Arabica (Dav iron & Ponte, 2005; Jena el aI., 2012). Coffee is 

grown by over 4 mill ion sma llho lder farmers and employs nearly 15 million people, or roughly 

15% of the country's population at different points a long the va lue cha in. Around 95% of the 

coffee is cu ltivated on sma ll plots. Smallhold er fanners do not typically use pesticides and ferti lizer 

and harvesting is done by hand. Ethiopia is the world 's s ixth largest coffee producer, accounti ng 

for 4% of productio n and the largest producer in Africa, accounting for about 40% of conti nenta l 

production (GAIN, 2018). 

Oro m ia and Southern Nations, Nationa l ities and Peop les Region accou nt for nearly 97 percent of 

Ethiopia 's coffee production making them the two major coffee production regions. The southern 

part of Ethiop ia inc lu ding Sidama, Wolaita and Yirgacheffe produce washed coffee and accounts 

for 22 percent ofthe tota l coffee prod uction with. The southwest part of Ethi op ia which includes 

Jimm a, Illubabor, Kaffa, Kelem, Bench Maji, Shaka, and Wollega produce dry coffee acco unting 

nea rly 70 perce nt of the coffee prod uct ion. The eastern part of Ethi op ia including East and West 

Hararghe (Hara r) produces both dry and washed coffee beans accountin g for nea rly 8 percent of 

the total nat ional coffee production (Hernandez el al. , 20 IS). 

The United States Depa rtment of Agricu lture (USDA) Foreign Agric ultura l Serv ices (FAS) on its 

report approved by the World Agricu lture Outlook Board summarized Ethi op ia's coffee 

production between the years 20 13 and 20 18 is given in Table 3. 

Table 3. Ethiopia 's coffee production data (FAS, 20 18) 

Production (60 kilog ra m bags) 

2013/14 6,345 

2014/15 6,475 

2015/16 6,5 10 

2016/17 6,943 

2017/18 7,055 

20 18/19 7, 100 
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Share of co ffee producti on that is ex ported was summarized by USDA FA S is given in Table 4. 

Table 4. Share of coffee producti on in Eth iopia that is ex ported (FAS, 2018) 

Production (60 kilogram bags) % Locally 

Production E xport % Exported Consumed 

2014/15 6,475 3,500 54 46 

2015/16 6,5 10 3,405 52 48 

2016/17 6,943 3,853 55 45 

201 7/18 7,055 3,950 56 44 

2018/19 7, 100 3,980 56 44 

Coffee consumption is growing slowly as the population expand s. Coffee is an important part of 

the country's trad ition, cu lture, and reli gio n. Families roast, prepare, and drink coffee at home as 

part of a traditiona l ceremony as many as three tim es a day (GAIN, 2018). 

2.8. Potato Production in Ethiopia 

Potato (Solanum luberosUlI1 L.) is one of the world 's maj or stap le food crops (Pedreschi el al., 

2007). Accord ing to Food And Agricul ture Organization of the United Nati ons, potatoes were 

among the top fi ve ite ms produced in 20 13 with an amount of over 368 milli on tons (FAO, 201 5). 

Potato is easy to grow and re lat ive ly not that expensive to buy. Potato can prov ide stable yie ld in 

condit ions where other crops fi nd it difficult to grow (Lutal adio & Castald i, 2009). 

In terms of volumes of production, potato ranked fourth in the world after rice, wheat and maize 

(Hirpa el al. , 2010) . Potato's yie lding capacity and fl exibility when it comes to environmenta l 

conditions make it one of the best crops for food security (Kyama nywa el a l., 20 I I). It is this 

ability to grow in a ra nge of climatic conditions and acceptance by a wide range of cultures which 

resulted in an increased potato consumpt ion worldwide (King & Slavin, 201 3). 

Potato has been prod uced in Ethi opia for over 150 years (Dersseh e l ai. , 20 16) . It is produced in 

Ethi op ia ma inly for loca l market and consumption (Gebru el aI. , 20 17). In its 201 7/ 18 Agri cultura l 

Sampl e Survey Report , the Ethi opian Centra l Stati stica l Agency reported that there were around 

1, 127,467 farm ers invo lved in the production of potato in Ethi opia culti vat ing potatoes in around 

69,6 10 hectares of land whi ch was higher by 4 percent than the previous productio n year (CSA, 

2018). 
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In Ethi opia, potatoes are grown in three major regions: Oro mi a, Amhara and Southern Nat ions 

Nationa li ties and Peoples Region. Thi s three regions account for 99 percent of the country's potato 

production. In the 20 17118 production year, Ethiopia 's potato prod uction was around 968,969 

tonnes whi ch was hi gher by 5 percent from the previous production year. Around 50 percent of 

the potato production was fro m Oromia reg ion with a potato prod uctiv ity of about 12.46 

tonnes/hecta re. Nearly 30 percent of the co untry's potato product ion was obta ined from the 

Amhara regio n wi th a productivity of 14.99 tonnes/hectare. The remai nin g about 20 percent of the 

national potato production was obtai ned from the Southern Nations Nationa lities and Peop les 

Region with a productivity of around 17.58 tonnes per hectare (CSA, 20 18). Table 5 summarizes 

the potato production in Ethi op ia. 

Table 5. Ethiopia ' s 20 17/ 18 potato production data (CSA, 2018) 

Region Area (hectares) Production (to lilies) Yield in (tonnes/hectares) 

Amhara 19, 199.47 287,80 1.92 14.99 

Oromia 38,925 .67 484,83 1. 16 12.46 

SNNPR 10,77 1.22 189,378.39 17.58 

Tigray 547.25 4,235.30 7.74 
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3. MATERIALS AND METHODS 

3.1. Location of the Stndy 

The study was cond ucted in Add is Ababa, the capita l city of Eth iop ia. Addis Ababa city is 

co mpri sed of 10 sub c ities. The study covered samples co llected from a ll 10 sub c ities of Addis 

Ababa. 

3.2. Study Design 

A cross-secti ona l study des ign was used fo r the eva lu ation ofacry lamide leve ls in roasted coffee, 

potato chips and French fr ies. All ana lyt ical laboratory works were carried out in Bless Agri Food 

Laboratory Services PLC, the largest private food and agricul tural testing laboratory located in 

Lege Tafo, Orom ia, Ethiopia. 

3.3. Knowledge Assessment of French Fries Producers 

A structured questionnaire was developed and used to eva luate the know ledge of street vendors 

producing and se lling French fries about acrylam ide. A total of 30 peop le from the street vendors 

were interviewed . 

3.4. Estimation of Ex posure to Acrylamide from Consumption of French Fries 

A questi onnaire was developed and used to have an estimate of French fries consumption which 

later was used to estimate leve ls of exposure to acrylamide. A tota l of 30 French fries consumers 

were interviewed fo r thi s purpose. 

3.5. Sample Collection 

A total of 90 samples (30 roasted coffee powder, 30 potato chips and 30 French fries) were 

co llected from Add is Ababa. The roasted coffee powder and potato chips samples, commerc ially 

packaged and produced in Ethiopia, were co ll ected from supermarkets while the French fr ies were 

co llected from street vendors with priorities give n to those located near primary and secondary 

schools. 
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Figure 6. Samples collection activities 

3.6. Sample Handling 

100 grams of commercially packed potato chips and 250 - 500 grams of roasted coffee powder 

samples were collected and transported to the laboratory for analysis. About J 00 grams of French 

fry samples were co llected and transported to the laboratory for ana lysis in sealed plastic sample 

bags. The samples were stored in the refrigerator at 4 °C until the time of analysis . 

The French fry and potato chips samples were ground using a high speed multi-functioning 

laboratory grinder (RRH-500A, Zhejiang Winki Plastic Co. Ltd, Wuyi, linhua City, Zhejiang 

China). 
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Figure 7. French fries sample preparation at the laboratory 

3.7. Analysis of Acrylamide 

3.7.1. Chemicals and Reagents 

Chemicals, reagents and analytical standards used in this study were; Acrylamide Analytical 

Standard (2':99% assay, Sigma Aldrich, Germany, pin 23701), n-Hexane (HPLC Grade, 2':97%, 

Sigma Aldrich, Germany, pin 34859), Water (HPLC Grade, Sigma Aldrich, Germany, pin 

270733), Acetic Acid (Extra Pure, 2':99% assay, Sigma Aldrich, Germany, pin A6283), Potassium 

Hexacyanoferrate (2':99.50% assay, Sigma Aldrich, Germany, pin 60279), Zinc Sulfate (99% assay, 

Sigma Aldrich, Germany, pin 221376), Agilent and Waters SPE Cartridges. 

Figure 8. Chemicals and analytical standard used for the determination of acrylamide 
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3.7.2. Analytical Quality Assurance 

3.7.2.1. Limit of Detection 

The limit of detection was determined by comparing measured signals of known low concentration 

analyte to the signal of a blank sample and measuring signal-to-noi se ration. The minimum 

concentration of the analyte that gives a signal-to-no ise rati o of3 was taken as the I imit of detection 

(FDA, 20 10). 

3.7.2.2. Limit of Quantification 

The limit of quantification was determined by co mparing measured signa ls of known low 

concentration analyte to the signal of a blank sample and measuring signal -to-noise rati on. The 

minimum concentration of the ana lyte that gives a signa l-to-noise ratio of 10 was taken as the limit 

of quantificat ion (FDA, 20 I 0). 

3.7.2.3. Accuracy 

Accuracy refers to the closeness of test results to the ' true" or accepted va lue. The accuracy of the 

method was determ ined by spiking samples with acry lam ide, analyzing in rep li cates (n=6) and 

evaluating the recovery against the AOAC gu idel ine fo r the respecti ve concentration value 

(Horwitz, 2002). 

The % recovery was ca lcu lated using the foll owing formu la; 

Cs - Co 
%Recovery = C

A 
x 100 

Where; Cs is the concentration of acry lamide in the spiked sample in Jlglkg, 

Co is the concentration of acrylam ide in the original sample in Jlglkg, and 

Ca is the amount of acry lamide added to the original sample in ,lg/kg. 
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3.7.2.4. Prccision 

The prec ision of the method was eva luated by analyzing samples spiked wi th acry lamide in 

replicates (n=6) and evaluating the relative standard deviation of the measurements agai nst AOAC 

gu ideline for the respective concentration va lue (Horwitz, 2002). 

3.7.2.5. Linearity 

The linearity of the ca libration curve was eva luated by plotting peak area as a function analyte 

concentration and using goodness offit of the linea r regress ion line (FDA, 20 10). 

3.7.3. Extraction and Clean up 

Water extraction with SPE cleanup was employed for the determi nation of acry lamide (Gokmen 

et aI. , 2005; Oro ian et ai., 20 I 5; Wang et ai., 20 I 3). 

2.5 grams of we ll ground sample was we ighed in a 50 ml centrifuge tube. 10 ml of water was 

added to the tu be. The tube was mixed vigorously for 5 minutes using a vortex mi xer. 5 ml of n­

hexane was then added to the contents of the tube in order to remove fat. The tube was mixed 

vigorously for 5 minutes and centrifuged at 4000 rpm for 5 minu tes. The upper hexane layer was 

then discarded. I ml ofCarrez I (prepared by di sso lving 15 grams of pota ss ium hexacyanoferrate 

in 100 ml of water) and I ml ofCarrez II (prepared by di sso lving 30 grams of zinc sulfate in 100 

ml of water) so lutions were added to the content of the flask to remove the protein and to purify 

the water layer. The tube was mixed vigo rous ly fo r 5 minutes and centrifuged at 4000 rpm for 5 

minutes. The clear layer was aga in puri fi ed by add ing I ml of Carrez I and I ml of Carrez II 

so lutions. The tube was mi xed vigoro usly for 5 minutes and centrifuged at 4000 rpm for 5 minutes. 

The clea r layer was transferred to an SPE co lumn prev iously conditioned with I ml of methanol 

and I ml of water. The extract was passed through the cartridge. The first five drops were 

discarded. 4 ml fi ltrate was co llected and evaporated to dryness. The residue was reconstituted 

using 2 ml water. It was then fil tered using 0.20 fllll fi lter disk and transferred to allto-sampler 

vials fo r HPLC-DAD determ ination ofacrylamide. 

A flow diagram fo r the extraction of acry lamide is given in Figure 6. 
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Weigh 2.5 grams of samp le in a 50 ml centrifuge fla sk 

... 
I Add 10 ml of water and 5 ml o f Hexane to the tube 

... 
Mix vigorously for 5 minutes and centrifu ge at 4000 rpm for 5 mi nutes 

... 
Disca rd the upper layer 

... 
Add I ml ofCarrez I and I ml of Carrez II so lutions 

... 
Mix vigorously fo r 5 minutes and centrifuge at 4000 rpm for 5 mi nutes 

... 
Add I ml of Carrez I and I ml of Carrez II so lutions 

... 
M ix vigorously for 5 minutes and centrifuge at 4000 rpm for 5 minutes 

... 
Condition SPE cartridges with I ml of methano l then by I ml of water 

... 
Pass the purifi ed extract through the SPE cartridge 

• 
Disca rd the fi rst few drops and collect 4 ml of the fi ltrate 

• 
Evaporate to dryness 

... 
Reconstitute w ith 2 ml of water and fi lter using 0.20 ]1m fi lter di sk 

... 
Transfer to an auto-sampler via l for HPLC-DAD determinati on 

Figure 9. Flow chart for the extraction and c leanup of acry lam ide 
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Figure 10. Extracti on of acrylamide in the laboratory 

3.7.4. Chromatographic Conditions 

The flow rate was set at 0.50 ml/min and the co lumn oven was fixed at 30 °C. The total run t ime 

was 15 minutes with 10 minutes for acqui s ition and 5 minutes for post-run . The inj ection volume 

was set at 20 Ill. The mobile phase used was 0.1 % Acetic Acid so luti on. Acrylamide was detected 

using a Diode Array Detector set at 2 10 nm. 

3.7.5. Equipment 

The identification and quantification of acrylamide was performed using an Agilent 1260 Infin ity 

HPLC equipped with quaternary pump and Diode Array Detector set at 2 10 nm. Separation of the 

cOl11pounds was achieved by using an Agi lent ZORBAX Ec lipse Plus co lul11n (4 .6111111 x 100111111, 

3.5 fUll ). The data was processed by an Agilent Open Lab CDS software. 

Other instruments used in the ana lysis of acrylamide included centrifuge (Universa l 320, Andreas 

Hettich GmbH & Co. KG, Tuttlin gen, Germany) , analytical balance (ABT 220-4M, KERN & 

SOHN GmbH, Balingen, Germ any), vortex mi xer (GENIUS 3, IKA - Werke GmbH & Co. KG, 

Germany), ultrasonic bath (5510, Branson Ultrasoni cs. Danbury, USA) . 
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3.7.6. Identification of Acrylamide 

Acrylamide was identified based on retention time by injecting a blank sample and a pure 

acrylamide standard solution using the specified chromatographic conditions. The injection 

repeatability and retention time precision was evaluated by injecting a pure acrylamide standard 

solution six times over a range often days. A relative standard deviation of2% or lower was taken 

as an acceptable limit (Sistla e/ aI. , 200S). 

3.7.7. Calibration of the HPLC 

Standard stock solution of 1000 mgll acrylamide was prepared by dissolving 10 mg of acrylamide 

analytical standard in 10 ml of water. An intermediate stock solution of 10 mg/I acrylamide was 

then prepared by taking I ml of the standard stock solution in 100 mione-mark volumetric flask 

and diluting it to the mark with water. Eight calibration solutions at acrylamide concentrations of 

SO, 100, 2S0, SOO, 7S0, 1,000, 1,SOO, and 2,000 fig/I were prepared by diluting the intermediate 

stock solution with HPLC grade water and injected to the HPLC for calibration. 

Figure 11. Identification of acrylamide using HPLC-DAD in the laboratory 
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3.7.8. Calcu lation 

Acry lamid e in the sa mple was ca lcu lated us ing the fo ll owing fo rmu la; 

(
V e) 1 Acry la mide ( Ilg/kg) = n x - x (- ) 
VI Me 

Where; n is nanogram of acry lamid e obta ined from HPLC, 

V, is e luate vo lum e in Il l, 

Vi is injection vo lume in ~tI , and 

M, is the mass of sam pl e in grams represented by the fina l extrac t. 

3.7.9. Statistical Data Analysis 

Microsoft Exce l 20 16 and IBM SPSS Stat isti cs Vers ion 20 were used for data analysis. One-way 

ana lysis of vari ance was used and p-val ue < 0.05 was considered statistica lly sign ificant. Duncan 

Mu ltiple Range Test was used for separation of means. 
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4. RESULTS AND DISCUSSION 

4.1. Identification of Acrylamide 

The retention time for acrylamide was found to be 6.99 minutes. The instruments injection 

repeatabili ty and retention time precision were demonstrated (Tab le 6) as the obta ined re lative 

standard deviation was below the specified limit of2%. 

Table 6. System suitab ility data for the HPLC-DAD determination ofacry lamide 

Acrylamide (500 Ilg/l) 

Retention Time (minutes) Peak Area 

Mean (n = 6) 7.0 1 80833018 

SD 0.13 1287759 

%RSD 1.81 1.59 

Name • ~ 
,0 ·E ' 0 • 

• ~ • • • > 0 0 > 

· '0 ·'0 

0 6 B 9 '0 
M'"~l" 

Figure 12. Chromatogram for blank 
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Figure 13. Chromatogram for 500 fig/I acrylamide standard 
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Figure 14. Overlaid chromatogram of 500 fi g/ I acrylamide so lution system suitability runs 
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Figure 15. Chromatogram for sample 

4.2. Prepa"ation of Calibration Curve 

An eight·point li near ca libration curve (Figure 10) was constructed by plotting peak area aga inst 

concentration of acrylamide using the data obta ined (Table 7) from replicate (n=3) injections of 

each concentration level. The ca libration curve obtained (Figure 13) demonstrated linearity with a 

correlati on coefficient value of (r2) 0,9997. 

Table 7. Ca libration data for the analysis of acrylamide 

Acrylamide Peak Area 

Concentration (fig/I) Run 1 Run 2 Run 3 Average 

50 9504289 9564181 9786661 9618377 

100 17060983 16681828 17049356 16930722 

250 43846683 441 65050 43769410 43927048 

500 85557 163 8 1763535 81247079 8285 5926 

750 126066 147 125296758 12416763 1 125176845 

1000 163050564 1636037 10 164178049 163610774 

1500 245303794 245236627 24497201 9 245 1708 13 

2000 322798509 322848925 32325 79 16 322968450 
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Figure 17. Overlaid chromatogram of the ca libration series 

4.3. Ana lytical Quality Assurance 

4.3.1. Limit of Detection (LOD) 

The limit of detection was found to be 5 ~g/kg . 

4.3.2. Limit of Quantification (LOQ) 

The limit of quantification was found to be 20.40 ~g/kg. 

4.3.3. Accuracy a nd Precision 

The recoveries obta ined (Table 8) ranged between 85% and 108% and the %RSD obtained was 

2.63% fo r th e coffee powder. The method was found to be both accurate and precise for its 

intended use as th e recovery was between 70% and 125%; and the %RSD was less th an 15% as 

speci fi ed in AOAC Guidelines for Single Laboratory Validation of Chemical Met hods (Horwitz, 

2002) for th is concentration level. 
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For the potato chi ps sample, the recoveries obta ined ranged between 83% and 100% and the %RSD 

obtained was 6.20%. This shows the method's accu racy and prec is ion as the recovery was between 

75% and 120%; and the %RSD was less than 8% as specifi ed in AOAC Guide li nes for this 

concentration level. The method was also fou nd to be accurate and prec ise fo r the determinat ion 

of acry lamide in French fries as the obtai ned recovery was between 70% and 125%; and the %RSD 

was less than 15% as specified in AOAC Guide lines for Sing le Laboratory Va lidat ion of Chem ical 

Methods (Horwitz, 2002) for th is concentration level. 

Table 8. Accuracy and precision data for acry lamide analysis 

Acry lamide Acrylamide Acrylamide %Recovery %RSD 

Matrix (l1g/kg) Spiked (l1g/kg) Obta ined (fLg/kg) (n = 6) (n = 6) 

Coffee Powder 270.34 ± 7. 10 100 365.07 ± 9.62 94.73 2.63 

Potato Chips 247.39 ± 7.52 1000 11 84.65 ± 73.42 93.73 6.20 

French Fries 363 .9 1 ± 10. 5 1 500 813.1 1 ±34.20 89.84 4.2 1 

4.4. Acrylamide Levels in Coffee Powder 

The acry lamide content of roasted coffee powders co llected from Addis Ababa ranged between 

134.56 Ilg/kg and 1138.86 Ilg/kg (Tab le 9). The mean acry lam id e content of roasted coffee 

powders was 420.48 Ilg/kg. 

Different stud ies on acrylam ide levels in roasted coffee were conducted in different parts of the 

worl d. In Ita ly, 66 coffee samples showed a mean acrylamide leve l of 465 fI g/kg (Bertuzzi el al., 

20 17) which is similar to the reports of this study. In Po land, 17 roasted coffee samples showed an 

acry lami de leve l rang in g between 17.7 Ilg/kg and 776. 1 fLg/kg (Surma el al., 2017) where both 

lower and higher ranges were significantly lower than what is observed in thi s study. 29 1 roasted 

coffee sam ples analyzed in Europe showed an acry lami de conce ntrat ion rangin g between 79 fLg/kg 

and 1188 fLg/kg (Wenzi & Ank lam, 2007) where both lower and higher values were re latively 

similar to the outputs of thi s study. 
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The s igni ficant va riati on in acrylamide level between the samples may be assoc iated with roast ing 

cond itio ns inc lud ing factors like roasting temperature, durat ion and leve l of roasting. Diffe rent 

stud ies show that during the beg inni ng of roast ing th e amount of acry lamide formed increases 

drastica lly, attain s a max imum point, and then lowers quickly (Bagdo na ite el 01.,2008; Borda & 

Alexe, 201 1; Lantz el 01. , 2006; $enyuva & G6kmen , 2005). Coffee species also has an impact on 

the leve l of acry lamide formed during roast ing since Rob usta coffee contain s higher amount of 

asparagi ne, which is the li m iti ng factor on the formation of acry lamide in coffee, than Arabica 

coffee (Bagdonaite el 01., 2008; Lantz el 01.,2006). Since Ethi opia only produces Arab ica coffee 

(GAIN, 2018), the variat ions in thi s study couldn ' t have been a resu lt of variations in spec ies. 

Table 9. Acrylamide leve ls in roasted coffee powder col lected from Addi s Ababa 

Acrylamide Content (~l!/kg) 
Coll ection Site N Minimum Maximum Mean Median 

Site I 3 134.56 5 17.78 389.56 5 16.35 

Site 2 3 252.47 54 1.8 1 392.47 383. 14 

Site 3 3 199.10 5 17.69 329.17 270.72 

Site 4 3 238.47 565.38 407.75 419.40 
Site 5 3 333.64 768.69 478.94 334.49 
Site 6 3 492.5 1 85 1.58 646.90 596.62 

Site 7 3 278.42 11 38.86 598.09 376.98 

Site 8 3 3 I 1.52 535 .71 4 10.20 383.38 
Site 9 3 181.94 302. 16 238.62 23 1.77 

Site 10 3 193 .84 5 16.04 3 13. 10 229.43 

TOTAL 30 134.56 11 38.86 420.48 380.06 

The benchmark leve l for acrylam ide in roasted co ffee powder set by the Eu ropean Commiss ion is 

400 fI g/kg (EC, 20 17). Out of a tota l ofJO roasted coffee powder samples co llected from the 10 

sub cities in Add is Ababa, 13 samp les (43%) had acrylamide level s higher th an the recom mended 

400 Ilg/kg benchmark leve l set by the European Commission (Figure 15). Acrylamide 

concentration as high as 11 38.86 Ilg/kg was fo und in a roasted coffee powder in one of the 

co llection s ites. 

Since studi es show that brew in g effective ly tran sfers a ll the acry lamide to the coffee brew due to 

acrylam ide's high solubility in water (A nd rzejewski el 01., 2004; Bagdonaite el 01., 2008), the fact 

that 43% of the co ll ected coffee powder contained acry lamide beyond the EC recommended leve l 

ra ises a seri ous concern to the consumer. 
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Figure 18. Graphi cal presentati on of acrylamide leve ls 111 roasted coffee powder co ll ected 

from Add is Ababa 

4.5. ACl'y lamide Levels in Potato C hips 

The acry lamide content of the potato chi ps coll ected from Addi s Ababa ranged between 2 11 .09 

~g/kg and 35 I 4.60 ~g/kg (Table 10). The mean acrylamide content of the potato chi ps was found 

to be I 298.28 ~g/kg. 

Vari ous studi es on acrylamide leve ls in potato chips were conducted in diffe rent parts of the world . 

Acry lamide concentrations ranging between 150 fl glkg and 4000 ~glkg were reported by Tareke 

el al. (2002) in carbohydrate-rich foods including potato, beetroot and selected commercial potato 

products fo r the firs t time which were re lative ly similar to the fi nd ings of this study. In Romani a, 

50 potato chips samples showed ac rylamide concentrations ranging up to I 782 ~ g/kg (Oroian el 

al. , 2015). A Chinese study repolted acry lamide concentrations as high as 301 6 ~g/kg in potato 

cri sps (Chen el aI. , 2008) which is in agreement w ith the hi ghest va lues found in thi s study. 1408 

potato chips samples analyzed in Europe showed an acrylamide concentration ranging between 5 

~g/kg and 4653 ~g/kg (Wenzi & Anklam, 2007). The lower acrylamide content repOlt ed in thi s 

study was s ignifi cantly hi gher whi le the max im um acryla mide content was s ignificantl y lower 

than what is repOlted by Wenzi & Anklam in 2007. 
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The high content of acry lam ide and the sign ificant va riat ion between samples can be a result of 

many factors. The concentration of the precursors required for the formation of acrylamide may 

signifi cantly affect the rate of acrylamide formation (E lmore el al., 20 15; Mottram el al., 2002; 

Rydberg et al. , 2003; Tareke el al. , 2002). 

The reducing sugar content of potatoes being the limiting facto r for the formati on of ac rylamide, 

the variation in leve ls of acrylam ide in the potato chips samples may be associated with the 

reduc ing suga r content of the raw potatoes (Amrein el aI. , 2004). The va riation can al so be due to 

variations in processing conditions since ti me and temperature playa cru cial role in the formation 

of acrylam ide (8eca lsk i et al., 2003; Mesias et al., 20 18; Mottram et al., 2002; Tareke e/ aI. , 2002) . 

Table 10. Acrylamide levels in potato chips col lected from Addis Ababa 

Acrylamide Content (I'g/kg) 

Collection Site N Minimum Maximum Mean Median 

Site I 3 552 .25 1906.43 11 68.65 1047.28 

Site 2 3 320.83 1967.39 1322.7 1 1679.90 

Site 3 3 226.97 263 1.40 1028.55 227.28 

Site 4 3 1590.43 2203.85 1936.17 20 14.23 

Site 5 3 2 11.09 930.03 479.24 296.59 

Site 6 3 676.14 2522.93 \329.9 1 790.67 

Site 7 3 340.8 1 35 14.60 1458.66 520.58 

Site 8 3 1258.92 2835.6 1 1906.91 1626. 19 

Site 9 3 3 19.97 1472.30 790.15 578. 17 

Site 10 3 468.90 236D.43 156 1. 85 1856.23 

TOTAL 30 21 1.09 35 14.60 1298.28 1153.1 0 

The benchmark leve l fo r ac rylamide in potato chips in a regulation drafted on establi shing 

mitigatio n measures and reduction of the presence of acrylam ide in food set by the European 

Comm iss ion is 700 fIg/kg (EC, 2017). Out of the 30 potato ch ips, 17 samples (57%) had 

ac rylamide leve ls hi gher than the 700 fl g/kg benchmark leve l set by the European Commiss ion 

(F igure 16). Acry lamide concentration as high as 35 14.60 flg/kg was found in one of the sample 

sites. 
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Graphical presentation of acrylamide leve ls in potato chips collected from Addis 

4.6. Acrylamide Levels in French Fries 

The acrylamide content of the French fries collected from Addis Ababa ranged between 35 .66 

fig/kg and 1410.75 fi g/kg (Tab le I I). The mean acry lamide content of the French fries was 614.84 

fi g/kg. 

Elias ef al. (2017) reported acry lamide leve ls up to 750 fig/kg in French fries in Estonia and a mean 

acrylamide content of 299 fi gi.kg which is signifi cantly lower than both the hi ghest amount and 

mean acrylamide content found in French fries in thi s study. 10 homemade and 15 fa st food type 

French fri es samples co llected from the Romanian market showed acrylamide level s ranging 

between 210 and 2922 fig/kg (Oroian ef aI., 2015). Both hi gher and lower va lues reported by 

Oro ian ef al. (20 15) were signi fi cantly higher than the findings of thi s study. 

The variations in acrylamide level s between the samples can be a result of different factors. One 

of the reasons for thi s variation can be the way the potatoes were s l iced before fry ing as surface­

to-vo lume ratio plays a role in the formation of acry lamide. Small size cuts can lead to an increased 

leve l o facry lam ide since it is formed on the upper layer of th e fried potato (Mathau"s ef al., 2004). 
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Pretreatments of the raw potato by blanching can lead to a red uced ac ry lami de formation as 

reduci ng sugars can be leached out (Pedreschi et aI. , 2007; Vinc i el aI., 20 10). Frying temperature 

and time a lso s ignifi ca ntly influence the formati on of acrylamide and hi gh temperature and longer 

fry.ing time ca n res ult in the format ion of higher acry lamide leve ls. That is why it is essent ial to 

determ ine proper end poi nt of the fryi ng process since acry lam ide format ion s ignificantly increases 

ap proaching the end of the frying process (Franke, 2009; Grob & Pfefferle, 2003). 

Table 11. Acry lamide leve ls in French fri es co llected from Add is Ababa 

Acrylamide Content (~'g/kg) 

Collectio n Site N Minimum Maximum Mean Media n 

Site I 3 163 .97 1041.36 487.70 257.77 

Site 2 3 457.22 744.77 6 19.92 657.78 

Site 3 3 129. 15 1410. 75 897.50 1152.61 

Site 4 3 3 15.74 1406.42 837.50 790.34 

Site 5 3 639.38 11 96.87 830.40 654.96 

Site 6 3 86.61 1046.45 569.29 574.80 

Site 7 3 35.66 889.47 457.47 447.28 

Site 8 3 290.77 789.93 485.53 375.88 

Site 9 3 242.56 763.84 528 .50 579. 11 

Site 10 3 146.29 948.22 434.63 209.37 

TOTAL 30 35.66 1410. 75 614.84 609.24 

T he bench mark leve l fo r acry lamide in French fri es as set by the Eu ropean Co mm issio n is 500 

Ilglkg (EC, 20 17). 12 French fries' samples (40%) out of the 30 ana lyzed had acry lamide leve ls 

higher than the 500 Ilglkg benchmark level set by EC (Figure 17). 
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Graphi ca l presentation of acrylam ide levels in French frie s co llected from Addis 

4.7. Comparison of Acrylamide Levels Between the Food Items 

The signifi cance of the differences in acrylamide levels between roasted coffee, potato chips and 

French fries co llected from Addi s Ababa was eva luated usi ng analysis of variance (Table 12). 

While the difference between the acrylamide content of roasted coffee and French fries was not 

s ignificant, the potato chips exhibited a significant difference in acrylamide content. The rel ative ly 

high natura l availability of the reactants required for the formati on of acrylamide, main ly the 

reducing sugars, is considered the main reason for th e higher level s of acrylamide in heat processed 

potato products (Lineback el 01. , 2012; Studer el 01. , 2004; Williams, 2005). 

The reason why potato chips contained high levels of acry lamide when compared to French fries 

whil e potatoes are the main ingredi ent can be assoc iated to the surface-to-volume rati o of the 

potato cuts. Smaller and thinner potato cuts can result in a hi gher level of acrylamide since it is 

formed on the upper layer of the prod uct during frying (Mathau"s el 01. , 2004). Since potato chips 

have larger surface area when compared to volume, there is a higher chance of acrylamide 

fo rm ation when com pared to French frie s. 
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Table 12. Comparison of acrylal11ide levels between roasted coffee, potato chips and French 

fr ies 

Food Type N Mean Acrylamide Level (Ilg/i<g) 

Roasted Coffee 30 420.48" 

Potato Chips 30 1298.28b 

French Fri es 30 614.84" 

"b Dlffe rent alphabate supersc]"]pts betwee n food types denote significa nt difference (p<0.05) 

using Dunca n Multip le Ra nge Test. 

A lthough th e ri sk of exposure to acry lamide is a fun ction of the food s acry lamide content to the 

amount of co nsumpti on, of a ll the three prod ucts investigated in this study, potato chips can 

introd uce a high er leve l of acry lam id e to the consum er when compared to roasted coffee and 

French fr ies. 

4.8. Knowledge Assessment of French Fries Producers 

A tota l ofJO French fries produc ing street vendors from Addis Ababa were interviewed using the 

annexed interview format. Out of the 30 interviewees 26 (87%) were fema les and 4 ( 13%) were 

males . The interviewees we re between the ages of 15 and 42 (Ta ble 13). 

None of the interviewed French fries' street vendors knew what acry lamide was or even heard of 

acrylamide befo re. None of them knew how it is formed in food or its hea lth impacts. All of the 

prod ucers were not familiar with the types of food susceptible to the formation of acrylam ide. 

None of the interv iewed street vendors had the ir French fri es tested by a laboratory before. 

The overall outcomes of the interview indicate that the knowled ge of people involved in the street 

production of French fries in Add is Ababa about acrylamide, its formation, and associated health 

im pacts is nonex istent. 
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Table 13. Summary on know ledge of French fr ies producers about acrylamide 

Questions Response Respondents 

Do you know what acrylam ide is? Yes 0(0%) 

No 30( 100%) 

Have yo u ever heard of acrylamide before? Yes 0(0%) 

No 30 (100%) 

Do yo u know how acrylamide is formed in food? Yes 0(0%) 

No 30 (100%) 

Are you familiar with hea lth assoc iated impacts of Yes 0(0%) 

acrylamide? No 30 (100%) 

Do you know what food types are mainly susceptible for the Yes 0(0%) 

format ion of acrylam ide? No 30 (100%) 

Do you frequently consume fri ed products? Yes 27 (90%) 

No 3 (10%) 

Do yo u reuse frying oi I? Yes 30 (100%) 

No 0(0%) 

Have yo u ever had your food products tested? Yes 0(0%) 

No 30 (100%) 

4.9. Estimation of Exposure to Acrylamide from Consumption of French Fries 

A tota l of 30 French fries' consumers from al l 10 sub citi es of Addis Ababa were interviewed 

using the annexed in terview fo rmat at point of purchase in order to obtain an estimation about the 

frequency of French fri es consumption. Out of the 30 interviewees II (37%) were females and 19 

(63%) were males. The interviewees were between the ages of 7 and 16. 

Out of the 30 ch ildren interviewed, 16 (53%) consume French fries at least 3 times in a week. Out 

of the 30 children interviewed, 23 children (77%) take more than 100 grams of fri es during a single 

consumption (Table 14). The amount of single dose consumption was estimated by assoc iating the 

money paid for one-time consumption with the relative weight of the product in the market for that 

paid amounl. 
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Considering a 100 grams of French fries' co nsumpti on 3 times a week, the average chil d consumes 

about 15.60 kg of French fri es in a year. This va lue is equi va lent to a daily consumption of 42.74 

grams of French fri es. Taking 614.84 J.lg/kg mean acrylam ide content obtained in thi s study, the 

exposure from consumption of 42.74 grams of French fries per day becomes 26.28 J.lg. 

The Joint FAa/WHO Expert Committee on Food Add itives (JECFA) recommends the Margin of 

Exposure (MOE) approach to eva luate the hea lth ri sks assoc iated with exposure to acrylamide by 

estimating the rati o between the dose res ulting in a low but defined cancer incidence to acry lam ide 

intake (EFSA, 2015). 

Considering a body we ight of 40 kg, the daily consumption of ac rylam ide can be calc ul ated to 

0.66 J.lg/kg body we ight/day. Usi ng the JECFA app roac h and the two reference points selected by 

the EFSA CONTAM panel (0.43 mg/kg body weight/day for non-neop last ic effects and 0.1 7 

mg/kg body weight/day for neop lastic effects) the margin of exposure was ca lculated to be 652 for 

non-neoplas tic effects and 258 for neop lastic effects. These va lues indicate that there is no ri sk of 

non-neoplast ic hea lth effects from expos ure to acrylamide from French fries alone as the va lue is 

higher than 100 giving no reason for pub lic hea lth concern . However, the MOE val ue for 

neoplastic effects is significantly lower than the theoretica l maximum of 10000 ind icating risk of 

neo plastic hea lth effects (characterized by the inc idence of Harderian gland adenomas and 

adenoca rcinomas in animal studies) fro m ex posure to acry lamide from the co nsumption of French 

fries considering the frequency and vol ume of consu mption stated above. 

Table 14. Summary of interview outco mes on French frie s consumpti on frequency & amount 

Q uestio ns Res ponse Respondents 

How many t imes do you consume French fri es in a single I tim e 6 (20%) 

week? 2 times 8 (27%) 

3 times 9 (30%) 

4 times 5 ( 17%) 

5 times 2 (6%) 

6 tim es 0(0%) 

7 times 0(0%) 

On average, how much French fr ies do you consume at a 50 grams 7 (23%) 

single time? 100 gra ms II (37%) 

ISO grams 7 (23%) 

200 grams 5 ( 17%) 

41 



5. CONCLUSION AND RECOMMENDA nON 

5.1. Concl usion 

Acry lamide was detected in all coffee powder, potato chips and French fri es investigated in thi s 

study. According to the outcomes of this study, 43% of the coffee powders co ntained acrylamide 

higher that the recommended Europea n Co mmission 400 Ilg/kg benchmark leve l. Ethi op ia be ing 

the largest coffee con sum ing country in Africa, risk of exposure is not something that should be 

taken li ghtly considering nearly half of the samples contained acrylamide above the recommended 

benchmark level. 

Acrylamide leve ls h igher than the maximum benchmark levels recommended by the European 

Commission were observed in 57% of the potato chips and 40% of the French fries analyzed in 

thi s study. From the three fo od types eva luated in this study, potato chi ps comparatively had higher 

mean acry lamide content than coffee powder and French fr ies. The outcomes of thi s study indicate 

that these food products can be maj or dietary acrylamide sources as nearly half of the food items 

analyzed showed ac rylam ide levels beyond the recommended benchm ark va lues. Accordingly, the 

hea lth ri sks associated with these products high acrylamide levels is not something that can be 

considered ins ign ificant. 

The outcomes of thi s study a lso showed that there is a huge knowledge gap in the street vendors 

invo lved in the production of French fries when it comes to acry lam id e. 

The estimation of exposu re to acrylamide and its assoc iated health impacts from the consumption 

of French fr ies ind icates a hea lth risk that req uires a serious attenti on es pec ially when cons iderin g 

there are many additional dietary acrylami de sources in add it ion to French fries that a consumer 

ca n be exposed to. 

42 



5.2. Recommendation 

• Since these study was aimed to prov ide a base line data on leve ls of acrylamide in coffee 

powder, potato chips and French fri es; pilot scale researches focusing on lowerin g acrylamide 

leve ls by work ing on processing temperature, time, technology, pretreatments and other 

parameters that have impacts on formation of acrylam ide should be conducted . 

• Eth iopia is country rich in culture where there are different traditional foods and beverages are 

produced and consumed. Resea rches should focus on studying other heat processed traditional 

foods and beverages with the necessary precursors for the formation of ac rylamide 

• Regulatory authorities shou ld focus on creating awareness of consumers on acry lamide, its 

hea lth ri sks and major dietary sources as it is ev ident from th is study that consumers could be 

exposed to high levels of acrylamide from consumption of these food items. This will help 

consumers make an informed dec ision abo ut consuming foods with high leve l of acrylamide. 

• The large va riations in acrylamide leve ls within the same food item as evident by the outcomes 

of this study indicates that process optimizati on could be a critical factor. Regu latory 

authori ties should work hand in hand with uni versi ties, researchers and processors for process 

optimization to identify, implement and monitor appropriate mitigat ion practices. 

• Adopting benchmark levels on acrylamide levels based on researches and help street vendors 

and processors in implementing interventions in order to lower acry lamide leve ls to achieve 

the values set. 
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ANNEX-l 

INTERVIEW FORM FOR FRENCH FRIES VENDORS 

Sex: D Male 

Age: 

Date: 

Do you know what acrylamide is? 

D Female 

Have you ever heard of acryla mide before? 

Do you know how acry lamide is formed in food? 

Are you fa miliar with hea lth associated impacts ofacrylamide? 

Do you know what food types are main ly susceptib le for the formation of 

acrylamide? 

Do you frequent ly consume fried products? 

Do you reuse frying oi I? 

Have you ever had your food products tested by a laboratory? 

Yes No 
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ANNEX-2 

INTERVIEW FORM FOR FRENCH FRIES CONSUMERS 

Sex: 0 Male 

Age: 

Date: 

Consumption Frequeucy 

o Female 

1- · How many times do you consume French fries in a single week? 

I time 2 times 3 times 4 times 5 times 

2- On average, how much French fr ies do yo u consume at a single time? 

6 times 

50 grams 100 grams 150 grams 200 grams 

7 times 
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ANNEX-3 

ANOV A AND MEAN SEPARA nON 

Descriptive Statistics 

Acry lamide Conlenl (~g/kg) 

N Mean Std, Deviation Std. Error 95% Confidence Interval for Mean 

Lower Bound Upper Bound 

Roasted Coffee 30 420.4817 220.20282 40.20335 338.2566 502.7068 

Pota to Chips 30 1298.2800 929.08827 169.62753 951.3527 1645.2073 

French Fries 30 61 4.8443 396 .47013 72.38521 466.8000 762 .8887 

Tolal 90 777 .8687 701 .13482 73.90610 631 .0188 924 .7185 

Minimum Maximum 

Roasted Coffee 134.56 1138.86 

Potato Chips 21 1.09 3514.60 

French Fries 35.66 1410.75 

Total 35.66 3514.60 

ANOVA 

Acrylamide Content ( ~q/kq) 

Sum of Squares df Mean Square F Sig. 

Between Groups 12753910.707 2 6376955.353 17.898 .000 

Within Groups 30997603.025 87 356294.288 

Total 43751 513.731 89 

Acrylamid e Content (~g/ kg) 

Food Type N Subset for alpha - 0.05 

1 2 

Roasted Coffee 30 420.481 7 

French Fries 30 614.8443 
Duncana 

Pota to Chips 30 1298.2800 

Sig. .2 11 1.000 
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