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ABSTRACT 
The risk of acrylamide has only come to the attention of scientists recently, as its discovery in foods was acci-

dental. Acrylamide is formed in many types of food cooked at high temperatures, presence of acrylamide in many 
foods has been recently reported. Four main theories have been proposed to explain the mechanisms by which 
acrylamide is formed in food: Theory 1 : Direct formation from amino acids; Theory 2 : Pathways based on acrolein 
intermediates; Theory 3 : Pathways based on an acrylic acid  intermediate and Theory 4 : Pathways based on Maillard 
browning precursors .A hypothesis that acrylamide is formed by/upon cooking was confirmed in experimental ani-
mals by verification of the identity of the acrylamide adduct in haemoglobin (Hb). This was comprehensively ap-
proved by GC/MS analysis and the demonstration that the increased adduct levels were compatible with expectation 
from the contents of acrylamide determined in fried feeds. A significant dependence of acrylamide formation on tem-
perature was demonstrated. Extensive efforts have been made to assess human exposure to acrylamide by monitoring 
several metabolites excreted in the urine as well as products resulting from biological alkylation by acrylamide. Re-
sults from in vivo studies conducted on rats explored that dermal absorption ranged from approximately 14 to 61% of 
the applied dose. Meanwhile, it was obvious that acrylamide is widely distributed in all tissues of the body. The ma-
jor metabolite formed from acrylamide via the cytochrome P450 pathway is glycidamide. Conjugation to reduced 
glutathione (GSH) catalyzed by glutathione S-transferase (GST) and excretion as mercapturic acid is a major pathway 
for the metabolism of acrylamide. Experiments revealed neuro and reproductive toxicity of acrylamide. Notwith-
standing, the International Agency of Research on Cancer (IARC) has classified acrylamide as “probably carcino-
genic to humans”. Acrylamide in foods can be determined by GC/MS, HPLC and liquid chromatography-mass spec-
trometry (LC-MS) using the MS/MS mode. For the GC/MS and HPLC methods, the achieved detection level of 
acrylamide was 5 µg/kg while for LC-MS/MS method was 10 µg/kg. The latter method is simple and preferable for 
routine analysis. 
Key Words : amino acids, acrylamide, Maillard reaction, heating, distribution, absorption, metabolism, toxicity, 
carcinogencity, determination, food, acrolein, acrylic acid. 

INTRODUCTION 
Acrylamide is a chemical substance whose 

major use is to produce polyacrylamide, a co-
agulant used in drinking water and waste wa-
ter treatment. Acrylamide is also used in the 
construction of foundations for tunnels and 
sewers. The risk of acrylamide has only re-
cently come to the attention of scientists and 
its discovery was accidental. In one of acryla-
mide applications, the construction of the 
Hallandsas railway tunnel in Southern Swe-
den, acrylamide was used to repair water leaks 
that had developed in the tunnel. It is worth to 
mention that not all of the acrylamide hard-
ened into the polymer and some of the acryla-
mide seeped into an adjacent river with the 
result that fish were killed and several cows 
that drank from the river were paralyzed. Con-
cern about the health of the tunnel workers 
(acrylamide was a known carcinogen in rats 
and a neurotoxin in occupationally-exposed 
workers) led a group of scientists to develop a 
test that measured the presence of an-

acrylamide-protein adduct in blood. The inves-
tigators not only found this adduct in the ex-
posed tunnel workers, but also among mem-
bers of the general population that had no 
known occupational exposure to acrylamide 
(Rosen, 2002). 

In April 2002, the Swedish scientists and 
Swedish National Food Administration 
(NFA) called a press conference to announce 
that they had found  “alarmingly” high quan-
tities of acrylamide in bread, biscuits, cereal, 
potato chips and French fries. Lief Busk, 
head of Sweden’s NFA said “I have been in 
this field thirty years and I have never seen 
anything like this before” (Rosen, 2002). 

In June 2002 and because of the possible 
importance of the aforementioned findings to 
human health, WHO & FAO convened a 
meeting of 23 scientific experts from all over 
the world to assess the situation. After 3 days 
of consultations, the experts agreed that they 
did not yet have enough information to assess 
how much risk if any, acrylamide posed and  

* The author to whom correspondences could be addressed. 
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they identified a number of important issues 
for which more research was needed (Rosen, 
2002). Accordingly, investigators have 
looked for other sources of acrylamide. 

European researchers have recently re-
ported presence of acrylamide in many foods 
(Hofler et al., 2002 & Tareke et al., 2002). 
After these papers, many institutions have 
begun to analyze acrylamide in food prod-
ucts. For example, the U.S. Food and Drug 
Administration (FDA) reported the analysis 
of acrylamide in 286 commercial food prod-
ucts. Their results ranged from none detected 
to 1184 ppb. Meanwhile, Swedish National 
Food Administration (NFA) in cooperation 
with University of Stockholm, Sweden, de-
termined acrylamide in many Swedish Foods. 

Notwithstanding, cigarette smoke was found 
to contain acrylamide.  

It was obvious that acrylamide is formed 
in many types of food cooked at high tem-
peratures (Table 1). Acrylamide was detected 
in high  amounts in fried and baked starch-
based foods. Such foods constitute the bulk 
of dietary intake and they are now wide 
spread globally. Consequently, concern for 
acrylamide has become priority issue for 
most countries (Naewbanij, 2002). At those 
times, nothing is known about the sources of 
acrylamide in foods. The data published so 
far indicate that a temperature > 100oC is re-
quired for its formation (Becalski et al., 
2003). 

Table 1 : Acrylamide levels in different foods and food product groups from Norway, 
Sweden, Switzerland, the United Kingdom and the United States of America. 

Acrylamide levels (µg/kg)1 

Food/Product Group 
Mean2 Median2 Minimum-

Maximum 
Number of 

samples 

Crisps,potato/sweet potato3 1312 1343 170-2287 38 
Chips, potato4 537 330 <50-3500 39 
Batter based products 36 36 <30-42 2 
Bakery products 112 <50 <50-450 19 
Biscuits, crackers, toast, bread 
crisps 

423 142 <30-3200 58 

Breakfast cereals 298 150 <30-1346 29 
Crisps, corn 218 167 34-416 7 
Bread, soft 50 30 <30-162 41 
Fish and seafood products, 
crumbed, battered 

35 35 30-39 4 

Poultry or game, crumbed, battered 52 52 39-64 2 
Instant malt drinks 50 50 <50-70 3 
Chocolate powder 75 75 <50-100 2 
Coffee powder 200 200 170-230 3 
Beer <30 <30 <30 1 

1The limits of detection and quantification varied among laboratories; values reported as less than a value 
are below the limit reported by the laboratory. 

2 Mean and median were calculated where individual data available; samples sizes were extremely small 
particularly for some food categories; where the mean and median are different it reflects the skewed 
distribution of the underlying data that were collected in different countries and may represent different 
food items within the larger category. 

3 Products that are thinly sliced and fried (Includes foods called potato chips in some regions including 
North America). 

4 Products that are more thickly sliced (Includes foods called French fries in some regions including 
North America). 

The European Prospective Investigation into Cancer and Nutrition (EPIC), covers a large cohort of a half 
a million men and women from 23 European centers in 10 Western European countries (Denmark, 
France, Germany, Greece, Italy, Norway, Spain, Sweden, The Netherlands, and The United Kingdom). It 
is designed to study the relationship between diet and the risk of chronic disease, particularly cancer. 
Ref : FAO/WHO, (2002). 
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1- What is acrylamide ? 

Acrylamide (2-propene amide or acrylic 
acid amide or vinyl amide) is an odourless, 
white crystalline solid at room temperature, 
with a molecular formula of C3H5NO and  
weight of 71.08 Dalton (Fig. 1). Acrylamide 
is readily soluble in water (2155 g/1 at 30oC) 
and polar solvents (e.g. acetone, methanol 
and ethanol) but not in non-polar solvents 
(e.g. carbon tetrachloride).  Acrylamide has a 
density of 1.27 g/1 (25oC), a boiling point of 
136oC  at 3.3 Kpa and a melting point of 84-
85oC. Acrylamide contains an α,β-
unsaturated amide system (Fig. 1) that reacts 
with nucleophilic compounds via a Michael 
addition. The major site of reaction is sulfhy-
dryl  groups present in proteins and amino 
acids (Anonymous, 2002a). It is worth to 
mention that acrylamide is a reactive mole-
cules which undergoes free radical reactions 
and Michael addition reactions. The amide 
group does not activate the double bond as 
much as a carbonyl or acid group.  

 

 
 
 

 
Fig. 1: Chemical structure of acrylamide 

2- Possible mechanisms for acrylamide 
formation in foods :   

A number of theories have been pro-
posed to account for the mechanism by which 
acrylamide is formed in food. According to 
Rosen (2002), one possible route to acryla-
mide formation is the reaction of ammonia 
with either acrolein or its oxidation product, 
acrylic acid. Acrolein and acrylic acid are 
likely decomposed products of simple sugars 
undergoing non enzymatic browning. These 
materials may also be formed from the tria-
cylglycerols  liberated from the fats during 
frying or sautéing. Another possible mecha-

nism envisions acrylic acid arising directly 
from the decomposition of two common 
amino acids, namely; alanine and aspartic 
acid.  Still another common amino acid as-
paragine, could be directly converted to 
acrylamide by loss of two simple molecules, 
carbon dioxide and ammonia (a process 
whose driving force is predicted from the 
laws of thermodynamics). Asparagine and 
glutamine are found abundantly in wheat, 
corn and oats and contribute to non enzy-
matic  browning of these grains by release of  
ammonia (Riha et al., 1996). Both of  these 
amino acids are abundant in potatoes (Ep-
pendorfer & Bille, 1996).  

Four theories have been proposed to ex-
plain the mechanism by which acrylamide is 
formed in foods : 
Theory 1 : Direct formation from amino ac-
ids : 

The only  certain fact in acrylamide for-
mation is the necessity of a nitrogen-
containing precursor. Since amino acids and 
proteins are the heads-on favorites-for this 
distinction, several acrylamide mechanisms 
based solely on amino acids have been pro-
posed :  

(a) From alanine :  

According to Lindsay (2002), acrylamide 
can be formed from alanine through the fol-
lowing pathway shown in Fig. (2). 

(b) From asparagine and glutamine : 

Recent research has confirmed aspar-
agine’s role in acrylamide formation  and 
strongly implicated glutamine in a low yield 
acrylamide pathway. Acrylamide can be 
formed from asparagine and glutamine 
through the following pathway proposed by 
Lindsay (2002) & Friedman (2003). 

Stable isotopes (13C and 15N) were used 
to map reaction pathways. Sanders et al. 
(2002), reported three verification experi-
ments as shown in Fig. (3). 

 

Fig. 2: Formation of acrylamide from aniline 
Ref. : Lindsay (2002) 
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Step 1: Indicates the α-carbon of asparagines is the focal point of reaction. It also in-
dicates that an asparagines pathway exists exclusive of reducing sugar. 

 
 

 

 

 

Step 2: Suggests that the α-amino group does not participate in acrylamide formation. 
 
 
 
 
 
 

Step 3: Suggests that the amino acid R group in asparagine remain intact  instead of 
being assembled from pyrolytic fragments.  

 
 
 
 

 
 

Fig.  3: Mapping the reaction pathway using stable isotopes (13C and 15N) 
Ref. Sanders et al. (2003) 

Glucose, fructose, sucrose, free aspar-
agine and free glutamine were analyzed in 74 
potato samples from 17 potato cultivars 
grown in 2002 at various locations in Swit-
zerland and different farming systems. The 
potential of these potatoes for acrylamide 
formation was measured with a standardized 
heat treatment. These potentials correlated 
well with the product of the concentrations of 
reducing sugars and asparagine, glucose and 
fructose were found to determine acrylamide 
formation (R2 = 0.9856). The cultivars 
showed large differences in their potential of 
acrylamide formation which was primarily 

related to their sugar contents. Agricultural 
practice neither influenced sugars and free 
asparagine nor the potential of acrylamide 
formation. Accordingly, acrylamide contents 
in potato products can be substantially re-
duced primarily by selecting cultivars with 
low concentrations of reducing sugars (Am-
rein et al., 2003). 

A ribose asparagine combination was 
also found to produce acrylamide. The point 
of interest is that acrylamide in meat and 
other foods low in reducing sugars may arise 
from pyrolytic products of ribose in DNA and 
RNA. Meanwhile, numerous research papers 
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have suggested involvement of dicarbonly 
compounds of their hydroxy carbonyl precur-
sors in acrylamide formation from amino ac-
ids (Becalski et al., 2002, Lindsay, 2002; 
Mottram et al., 2002; Sanders et al., 2002). 

(c) From methionine : 

The following pathway (Fig. 4) was pro-
posed by Lindsay (2002) to account for the 
mechanism by which acrylamide is formed in 
food. 

Theory 2 : Pathways based on acrolein in-
termediates : 

Acrolein detection is common in samples 
testing positive for acrylamide (Stadler et al., 
2002) and has certain structural similarities to 
acrylamide (Fig. 5). The ubiquity of acryla-
mide in compositionally diverse foods could 
be explained by the fact that acrolein can 
arise from degradation pathways of fats, car-
bohydrates and proteins. 

 
Strecker degradation of methionine 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.  4: Formation of acrylamide in food 
Ref. Mottram & Wedzicha (2002) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.  5: Chemical structure of acrolein  and acrylamide. 
Ref. Stadler et al. ( 2002)
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Potential pathways of acrolein formation 
can be explained as follows: 

 (a) Lipid pathways for acrolein : 

1. Glycerol dehydration : Hydrolysis of 
triacylglycerols gives free fatty acids and 
glycerol. The latter through dehydration gives 
a precursor for acrylamide (Lindsay, 2002). 

Such a pathway can be explained as shown in 
fig. (6). 

2 . Oxidation of monoacylglycerol : Ac-
rolein can be formed by oxidation of 
monoglycerol (Fig. 7). The following path-
ways were proposed for such a conversion by 
Lindsay (2002). 

Fig. 6:  Formation of acrolein through glucerol dehydration 
Ref. Lindsay (2002) 

Fig.  7:  Formation of acrolein by oxidation of monoglycerol 
Ref. Lindsay (2002) 
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The point of interest is that potato sam-
ples fried in corn oil and paraffin oil (hydro-
carbon-type oil devoid of triacylg-lycerols 
and thus of acrolein) exhibited very similar 
levels of acrylamide. Addition of ammonium 
carbonate, which decomposes to ammonia 
gas during frying, only negligibly altered lev-
els of acrylamide when potatoes were fried in 
the aforementioned two oils. Thus, it appears 
that acrylamide is not principally formed 
from precursors (especially acrolein) present 
in the oil itself (Becalski et al., 2003). 

(b) Acrolein from starches and sugars:  

Acrolein pathways from sugars also ex-
ist. While these are not traditional Maillard 

type reactants, some evidence for this path-
way appears to exist from research on to-
bacco pyrolysis. According to Lindsay 
(2002), acrolein can be formed from starches 
and sugars as shown in Fig. (8). 

(c) Acrolein from recombination of 
simple aldehydes :  

Pyrolysis, oxidation and irradiation of 
fats, proteins and carbohydrates give acetal-
dehyde and formaldehyde as ubiquitous by-
products. Acrolein production from acetalde-
hyde and formaldehyde have been proposed 
in the following pathway (Fig. 9, Lindsay, 
2002). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.  8:  Formation of acrolein starches and sugars 
Ref. Lindsay (2002) 

Fig.  9:  Formation of acrolein from recombination of simple aldehydes 
Ref. Lindsay (2002) 
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Theory 3: Pathways based on an acrylic acid 
intermediate : 

From the standpoint of organic chemis-
try, conversion of acrolein into an amide is 
difficult to envision. Acrylic acid/ammonia 
reaction offers much more compelling and a 
better documented pathway for amide synthe-
sis (Friedman, 2003). Two mechanisms have 
been proposed by Lindsay (2002) for conver-
sion of acrolein to acrylamide (Fig. 10). Such 
a conversion occurs either by direct oxidation 
of acrolein through an acrylic acid intermedi-
ate or by amination which may or may not 
have an acrylic acid intermediate. 

Notwithstanding, acrylic acid formation 
has been proposed directly from alanine (Fig. 
11). 

Acrylamide production based on the re-
action of ammonia with acrylic acid is 

straightforward and founded on an amination 
process well-documented in organic chemis-
try. Thermal desorption GC/MS confirms the 
presence of ammonia and acrylic acid in 
many acrylamide-containing foods (Stadler et 
al., 2002). The significance of this mecha-
nism is easy to test.  Unless acrylic acid is 
limiting, increasing available ammonia would 
force higher acrylamide yields. However, 
ammonia addition in the from of heat labile 
ammonium carbonate does not significantly 
influence acrylamide production (Becalski et 
al., 2002). While pH and moisture could 
greatly influence this reaction in ways as yet 
not fully researched, it appears at present that 
the reaction between ammonia and acrylic 
acid plays at best a minor role in acrylamide 
formation. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.  10 : Conversion of acrolein to acryloamide 
Ref. Lindsay (2002) 

Fig.  11:   Acrylic acid formation from alanine 
Ref. Lindsay (2002) 
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Yasuhara et al., (2003) proposed  forma-
tion mechanisms of acrylamide from an 
amino acid and a lipid through acrolein  and 
acrylic acid (Fig. 12). 
Theory 4: Pathways based on Maillard  
Browning Precursors : 
Early analytical work observed acrylamide 
primarily in foods browned during prepara-
tion. There was a conjecture that Maillard 
browning precursors might be stoking the 
acrylamide pathway (Fig. 13 & 14). 

Since reducing sugars and free amino ac-
ids are precursors of flavour components and 
of browning formed in the Maillard reaction 
(Roe et al., 1990 & Whit-field, 1992) which 
means that acrylamide is generated parallel 
with falvours and browning. Storage of pota-
toes at temperatures below 8-10°C induced a 
strong increase in sugar content. The phe-
nomenon is commonly known as “low-
temperature sweetening” (Coffin et al., 
1987). Potatoes of the cultivar Erntestolz 
stored at 4°C for 15 days exhibited an in-
crease in reducing sugars from 80 to 2250 
mg/kg (referring to fresh weight). As a con-
sequence, the potential of acrylamide forma-
tion at 120°C rose by a factor of 28 (Bieder-
man et al., 2002). Long-term storage at 
higher temperatures may, however, be a 
problem concerning sprouting in late 
spring/early summer, which usually requires 
the applications of sprouting inhibitors 
(Smith, 1977). 

Yasuhara et al. (2003) investigated 
acrylamide formation in browning model sys-
tems (Fig. 14). Asparagine alone produced 
acrylamide via thermal degradation at the 
level of 0.99 µg/g of asparagine. When as-
paragine was heated with triolein-which pro-
duced acrolein at the level of 1.82±0.31 (n = 
5) mg/L of  headspace by heat treatment, 
acrylamide was formed at the level of 88.6 
µg/g of asparagine. When acrolein gas was 
sprayed onto asparagine heated at 180oC, a 
significant amount of acrylamide was formed 
(114 µg/g of asparagine). On the other hand, 
when acrolein gas was sprayed onto gluta-
mine under the same conditions, only a trace 
amount of acrylamide was formed (0.18 µg/g 
of glutamine). Relatively high levels of 
acrylamide (753 µg/g of ammonia) were 
formed from ammonia and acrolein heated at 
180oC  in the vapour phase. The reaction of 
acrylic acid, which is an oxidation product of 
acrolein and ammonia, produced a high level 
of acrylamide (190000 µg/g of ammonia), 
suggesting that  ammonia and acrolein play 
an important role in acrylamide formation in 
lipid-rich foods. Acrylamide can be formed 
from asparagine alone via thermal degrada-
tion, but carbonyl compounds such as ac-
rolein, promote its formation via a browning 
reaction. 

 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 12:  Hypothesized formation mechanisms of acrylamide from an amino acid and a lipid 
Ref. Yasuhara et al. (2003) 
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3 - Effects of processing conditions on for-
mation of acrylamide in foods: 

       A hypothesis that acrylamide is formed 
in cooking was confirmed in animal experi-
ments by verification of the identity of the 
acrylamide adduct in haemoglobin (Hb). This 
was comprehensively approved by MS/MS 
analysis and the demonstration that the in-
creased adduct levels were compatible with 
expectation from the  contents of acrylamide 
determined in fried feed (Tareke et al., 2000).   
      Factors that affect acrylamide formation 
in different foodstuffs were investigated by 
Tareke et al. (2002). They investigated the 
influence of the cooking method with regard 
to acrylamide formation by comparing heat-
ing in a frypan, boiling and microwave heat-
ing. Fig. (15) shows measured acrylamide 

levels in fried hamburgers from the initial 
experiment with frying of hamburger meat at 
different temperatures. A significant depend-
ence of acrylamide formation on temperature 
was demonstrated. In raw hamburgers, the 
acrylamide content was below the detection 
level (5 µg/kg). Meanwhile, the level of 
acrylamide was below the detection level (5 
µg/kg) in boiled or raw beef and potato, in 
boiled fish, as well as in broth from the boil-
ing tests. Following controlled heating, pro-
tein rich foods exhibited acrylamide concen-
tration between 5 and 50 µg/kg, with lower 
levels in fish. In the experiments with heating 
of carbohydrate-richfoods, relatively higher 
contents of acrylamide (150-1000 µg/kg) 
were measured. On the other hand, following 
microwave heating of fish and potato, no de-
tectable levels of acrylamide were found in 

Fig.  13: Possible relationship between Maillard reaction and formation of acrylamids 
Ref. Mottram and Wedzicha (2003) 

Fig. 14: Possible role of Maillard reaction in acrylamide formation 
Ref. Mottram and Wedzicha (2003) 
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fish. Detailed data are given in Table 2 and 
illustrated in Fig. (15).  

 
 

 
 
 
 
 
 
 

Fig. 15: Acrylamide concentrations (µg/kg) 
in hamburgers (single and duplicate 
samples) dependent on fry pan tem-
peratures (3 min of frying time on each 
side).  
Ref.: Tareke et al .( 2002) 

Analysis of some commercially prepared 
foodstuffs, mainly potato products, gave re-
sults compatible with those obtained after 
cooking under laboratory conditions (Table 2 
and Fig. 15). French-fried potatoes and potato 
crisps exhibited relatively high levels of 
acrylamide {median values of 422 µg/kg 
(n=5) and 1739 µg/kg (n=6), respectively}, 
(Fig 16). Large variations of acrylamide lev-
els in similar foods were observed and could 
also be expected when prepared commer-
cially, because of differences in heating time, 
etc. This was observed, particularly for 
French fries and potato crisps. There were 
also variations between samples of fried pota-
toes. It should be noted that the commercially 
fried potato pancake contained not only 
grated potato (as in the laboratory frying) but 
also in mixed with egg, milk and flour (Fig. 
16), which might have had an influence on 
acrylamide formation during heating (Tareke 
et al. 2002). Boiling of potatoes prior to fry-
ing seemed to reduce the formation of 
acrylamide (tested in parallel experiments).  
4- Absorption and distribution of acryla-

mide: 
Acrylamide is absorbed by animals and 

humans via ingestion, inhalation or through 
the skin. Numerous studies, both in vivo and 
in vitro, have been conducted to evaluate the 
potential dermal absorption of acrylamide. 
No studies attempted to directly quantify ab-
sorption of acrylamide following oral or inha-
lation exposure (Miller et al. 1982). Exten-
sive efforts have been made to assess human 
exposure to acrylamide by monitoring several 
metabolites exerted in the urine as well as 
products resulting from biological alkylation 

by acrylamide. Distribution and excretion 
studies indicated that following oral admini-
stration in rats; acrylamide was readily ab-
sorbed (Miller et al., 1982; Sumner et al., 
1997), this was found in a study, where rats 
received a single dose (20 mg/kg/day) of 
acrylamide or by intraperitioneal injection 
(50 mg/kg/day). Although no quantitative 
estimate of oral absorption can be made 
based on the results  of this study, a compari-
son of the dose-adjusted area under the 
plasma concentration curves between the two 
routes of exposure can provide a qualitative 
estimate of oral absorption (Barber et al., 
2001). This comparison also indicated that 
systemic absorption following oral exposure 
appeared to be slightly less than observed 
following intraperitioneal administration of 
acrylamide, with greater conversion to gly-
cidamide  following oral exposure. 

Results from in vivo studies conducted in 
rats indicated that dermal absorption ranged 
from approximately 14 to 61% of the applied 
dose (Sumner et al., 1997; Tareke et al., 
2000).  The in vitro results obtained from rat, 
pig and human skin samples showed that 42 
to 93%, 93 to 94% and 27 to 33% of the ap-
plied acrylamide dose was  absorbed for each 
species, respectively (Tareke et al., 2000). 

Animal studies have shown that acryla-
mide and glycidamide are widely distributed 
in all tissues of the body (FAO/WHO, 2002). 
Following oral admini-stration of 1 mg 
acrylamide/kg body weight, distribution of 
acrylamide in dogs and bigs was great in the 
muscle tissue, ranging from approximately 30 
to 50% of the administered dose (Miller et 
al., 1982).Further more, in dogs, the greatest 
radioactivity following muscle tissue was ob-
served in the liver (14%), while in the big it 
was observed in the gastrointestinal tract 
(20%), this may reflect slower absorption in 
the pig (Anonymous, 2002b). Studies on rats 
(Sumner et al., 1999) and mice (Carlson et 
al., 1986), evaluated the distribution of 
acrylamide following dermal application of 
100 to 160 mg/acrylamide /kg body weight. 
At 24 hr post exposure, acrylamide levels 
were higher in the skin for both species. In 
the rat, acrylamide concentrations of ap-
proximately 1 µmol/g tissue were reported in 
red blood cells. The only other location 
where the concentration was higher was at 
the site of application (e.g. the skin, 4µmol/g 
tissue)  (Carlson et al., 1986; Sumner et al., 
1999). A similar pattern was observed in the 
mouse following dermal application of 
acrylamide although no measurement of 
acrylamide in the blood was conducted. 
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Table 2 : Levels of acrylamide analyzed in single samples of different foodstuffs (micrograms per 
kilogram of heated foodstuff)a. 

Laboratory-prepared foods 
Fried food 

A-1 A-2 A-3 median 
Beef, minced 20; 22  15; 15; 17 17 
Chicken, minced  16; 41  28 
Cod, minced <5; <5 11   
Pork, minced 52    
Soymeal beef 15; 16   16 
Potato, grated 730; 780 447 394; 310 447 
Potato, boiled, mashed   201; 144 172 
Beetroot, grated  810; 890  850 
Spinach, grated  112   
Microwave-heated food  A-2  median 
Cod  <5; <5   
Potato, grated  455; 650  551 
Boiled food A-2 A-4 A-5 median 
Potato (boiled or rawb) <5; <5 <5; <5 <10*b  
Potato, broth <5; <5 <5; <5   
Beef (boiled or rawb) <5b; <5b <5; <5 <5; <5  
Beef, borth  <5 <5; <5  
Cod <5; <5    
Cod, borth <5; <5    

Restaurant-prepared/purchased Foods 
Food A-3 A-4 A-5 medianc 
Hamburger   14/14*;23/23* 18 
Pork (fried) 45    
“flau” sausage (fried)  <5   
French fries 732 314; 327 661/684*; 424* 424 
Potato pancake 167    
Potato cubes 313    
Potato crisps  1300; 1538/1544*; 1739 
  1800/1678* 2148*; 3897*;  
   1496*  
Crispbread,  three types 208  37*; 1731* 208 
Bread, white  13d; 53d 49*  
Rye   <5*  
Oat   7.3*  
Beer (dark and larger, three types)   <5; <5; <5  
(a)A-1-A-5 denote different analytical series. Analysis with GC-MS; analysis with LC-MS/MS marked 
with an asterisk(*). Acrylamide concentrations determined in the samples by both GC-MS and LC-
MS/MS have been separated by a slash (/). (b)Sample before boiling. Samples of raw beef from the 
first experiment (Figure 4). (c)For repeated analysis of the same sample. Separated by/ mean values are 
used. (d)before and after toasting. 
Ref. Tareke et al. (2002). 
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Fig. 16:  Acrylamide concentrations (µ/kg) (median and range) in 
laboratory-heated and commercial foodstuffs.  
Ref.: Tareke et al. (2002). 

Animal studies have shown that acryla-
mide and glycidamide are widely distributed 
in all  tissues of the body (FAO/WHO, 2002). 
Following oral admini-stration of 1 mg 
acrylamide/kg body weight, distribution of 
acrylamide in dogs and bigs was great in the 
muscle tissue, ranging from approximately 30 
to 50% of the administered dose (Miller et 
al., 1982).Further more, in dogs, the greatest 
radioactivity following muscle tissue was ob-
served in the liver (14%), while in the big it 
was observed in the gastrointestinal tract 
(20%), this may reflect slower absorption in 
the pig (Anonymous, 2002b). Studies on rats 
(Sumner et al., 1999) and mice (Carlson et 
al., 1986), evaluated the distribution of 
acrylamide following dermal application of 
100 to 160 mg/acrylamide /kg body weight. 
At 24 hr post exposure, acrylamide levels 
were higher in the skin for both species. In 
the rat, acrylamide concentrations of ap-
proximately 1 µmol/g tissue were reported in 
red blood cells. The only other location 
where the concentration was higher was at 
the site of application (e.g. the skin, 4µmol/g 
tissue, Carlson et al., 1986; Sumner et al., 
1999). A similar pattern was observed in the 
mouse following dermal application of 
acrylamide although no measurement of 
acrylamide in the blood was conducted. 

In another study on rats following intra-
venous  administration  of 10, 50 and 100 
mg/kg acrylamide to rats, the majority of the 

administered acrylamide was found in the red 
blood cells at most time points (Miller et al., 
1982). The distribution of administered  
acrylamide to the blood  is related to the abil-
ity  of both acrylamide and its metabolite 
glycidamide to bind with haemoglobin to 
form adducts (Calleman et al., 1990).  

5 - Metabolism of acrylamide :  
The major metabolite formed via the cy-

tochrome P450 pathway is glycidamide 
(Miller et al., 1982; Sumner et al., 1999). 
Species differences in the  formation of this 
metabolite has been observed, with acryla-
mide converted to glycidamide to a greater 
extent in the mouse than in the rat, based on 
urinary metabolites (Sumner et al., 1997).  

Once absorbed, acrylamide may conju-
gate by glutathione-S-transferase (GST) to N-
acetyl-S-(3 amino-3-oxopropyl) cysteine or it 
may react with cytochrome P450 to produce 
glycidamide (Miller et al., 1982).  Conjuga-
tion to glutathione reduce (GSH) catalyzed 
by GST and excretion as mercapturic acid  is 
a major pathway for the metabolism of 
acrylamide. The mercapturic acid  is excreted 
in the human urine. The mercapturic  acid 
isolated from the urine of workers exposed to 
acrylamide could be measured by an HPLC 
procedure with a detection limit of 1 p mol 
(Wu et al., 1993). The urine of mice and rats 
exposed to acrylamide also contained several 
other cysteine metabolites. 
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The major metabolite formed in both rat and 
mouse is N-acetyl-S-(3-amino-3-oxopropyl) cys-
teine, accounting for approximately 70% of the 
urinary metabolites observed in rats and 40% of 
those observed in mices (Sumner et al., 1997). 

The GSH concentration in the human 
liver is high, ranging from 3 to 5 µmol/g of 
liver. Conditions that can decrease  GSH lev-
els and hence increase the toxicity of acryla-
mide at much lower exposure include (a) 
malnutrition associated with consumption of 
diets low in the sulfur amino acids cystine 
and methionine (Khanna et al., 1988; 1992), 
(b)  oxidative stress, which may result in oxi-
dation of GSH to GSSG, and (c) liver damage 
associated  with  alcoholic hepatites and  
other malignant disorders. According to Od-
land et al., (1994), the rate of protein synthe-
sis as well as GSH levels of neuroblastoma   
cells decreased on exposure to acrylamide. 
The resulting depletion GSH could lead to 
less protection of cell membranes against 
oxidative stress. 

On the basis of the available data on the 
proportion of various metabolites in the urine 
of the rat, the metabolism of acrylamide via 
cytochrome  P 450 is described by a  Vmax of 
1.6 mg/h/kg and a km  of 10 mg/l and via glu-
tathione-S-transferese catalyzed conjugation 
to  GSH (Kirman et al., 2003). 

Several metabolic studies indicated that 
liver, kidney, brain and erythrocyte GST have 
significant binding capacity with acrylamide. 
The liver GST is 3 times more efficient in  
conjugating acrylamide as compared to brain 
GST in the rat (Aanonymous, 2002b). Addi-
tional studies on rats indicate that acrylamide 
may inhibit GST, resulting in an increase of 
glycidamide by the cytochrome P 450 path-
way (Odland et al., 1994).  

The kinetic analysis suggests that among 
the potential modes of action considered re-
action with SH group appear to be the most 
biologically relevant (Miller et al., 1982; 
Kirman et al., 2003). A parallel metabolic   
pathway involves epoxide hydrolase-
catalyzed hydration of glycidamide to 2,3-
dihydroxypropionamide (Kirman et al., 
2003). 

6 - Toxicity of acrylamide : 
(a) Neurotoxicity : 

Neurotoxicity is the only recognized ad-
verse effect of oral acrylamide in humans. 
Multiple studies have been conducted to 
asses neurotoxic effects of acrylamide in 
occupationally-exposed workers in factories 

manufacturing acrylamide or using acryla-
mide in production. Workers exposed to 
acrylamide exhibited symptoms of peripheral 
neuropathy suggesting that the compound is a 
human neurotoxin (He et al., 1989; Hagmar 
et al., 2001; FAO/WHO, 2002). Occupational 
exposure of Swedish tunnel workers to grout-
ing agent containing acrylamide and N-
methyloacrylamide resulted in mild and re-
versible peripheral nervous system symptoms 
(Hagmar et al., 2001).  

Acrylamide and N-methylolacrylamide 
differ in their ability to form haemoglobin 
adducts in rats (Fennell et al., 2003). A corre-
lation was demonstrated between levels of 
haemoglobin adducts and degree of periph-
eral neuropathy. These studies concluded that 
exposures greater than 1 mg/kg/day were as-
sociated with peripheral neuropathy.  

In a study made by Tareke et al. (2002), 
haemoglobin adducts was formed in vivo 
through Michael addition of acrylamide to 
the amino terminal valine, of haemoglobin 
and detached from  the protein as derivatives 
of N-(2-carbonylethyl) valine. The same ad-
duct has also been observed in studies of 
laboratory animals treated with acrylamide 
and in animals with accidental exposure to 
acrylamide. In a previous study with rats fed 
on laboratory feed, an intake of acrylamide 
was measured as an increase of acrylamide 
adducts to haemoglobin, the incremental ad-
duct level being shown to be compatible with 
the acrylamide in the feed. 

 Seventy one workers between the ages 
of 17 to 41 exposed to acrylamide by indus-
trial production and had been employed from 
1 to 18 months and fifty one unexposed 
workers served as a reference group, were 
compared . Approximately 73% of the ex-
posed workers exhibited symptoms of 
acrylamide poisoning (He et al., 1989).  

In 1989 in a South Africa factory in 
which polyacrylamide flocculants were 
manufactured, five of  peripheral neuropathy 
were diagnosed. These  cases led to an indus-
trial hygiene and neuralgic evaluation of the 
remaining 66 exposed and unexposed work-
ers in that factors (Anonymous, 2002b). Hu-
mans and animals develop a low grade pe-
ripheral neuropathy with advance of age, 
which are more susceptible to acrylamide 
neuropathy. 

The Neurotoxicity of acrylamide has 
been extensively studied in various animal 
models including, rats, mice, monkeys, dogs 
and cats. Overt signs of neurotoxicity were 
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consistent among species. However, while 
some studies evaluated only overt neurotoxic-
ity (grip strength or leg splay), other studies 
examined morphological or biochemical 
changes in nerve tissues (Anonymous, 
2002b). Early studies showed that acrylamide 
induced neurophathological changes (periph-
eral distal axonopathy)  in laboratory animals 
(Miller & Spencer, 1985), whereas more re-
cent studies show that nerve terminals are the 
initial sites  for lesions with axonopathy as a 
conditional effect related to long-term  low-
dose intoxication (LoPochin, 2002). 

In general, cumulative dose is important 
when overt  neurotoxicity is evaluated. In  
rats exposed via the oral route, single dose of 
100 mg/kg were reported to result in altera-
tions in grip strength and motor function 
(Anonymous, 2002b). With short term multi-
ple exposures, clinical signs of toxicity and 
decreased motorfunction were reported in rats 
following administration of 25 mg/kg/day for 
21 days (Wise et al., 1995). Also, feeding of 
high amount of acrylamide to rats (21 
mg/kg/day at 7, 14, 28and 38 days) resulted 
in degeneration of the brain stem, cerebellum 
and spinal cord (Friedman et al., 1995; Wise 
et al., 1995), whereas long-term consumption 
of low levels of acrylamide contribute to the 
causes of Alzaheimer’s or other degenerative 
diseases of the human brain. 

In a subchronic toxicity study, effects on 
rotorad performance were observed at doses 
around 14.5 mg/kg (Tyl & Friedman, 2003) 
and hindlinb splay was increased in rats that 
received 9 mg/kg. They also reported an in-
crease in morphological changes following 
electron microscopic examinations of periph-
eral nerves  of rats that received 1 mg/kg/day 
for 90 days. These effects were reversible 
after 144 days of recovery, with the exception 
of the group that received 20 mg/kg/day 
(Friedman et al., 1995; Anonymous, 2002b). 

In mice, decreases in rotorad perform-
ance were reported at doses 9 mg/kg (Bull et 
al., 1984). The  administration of 10 
mg/kg/day to monkeys for 45 to 60 days re-
sulted in losses of motor function (Granath et 
al., 2001). Overt evidence of neurotoxicity 
and decreased nerve conduction velocity was 
reported in cats that received doses of 15 
mg/kg/day for up to 4-16 weeks. 

Recent studies of LoPachin et al. (2002a) 
measuring multiple neurological parameters 
across two intoxication schedules (21 and 50 
mg/kg) have indicated that acrylamide pro-
duces cumulative neurotoxicity. Research 

from other laboratories suggests that this cu-
mulative phenomenon applies to dose-rates 
significantly lower than those used in the 
aforementioned study.  

According to Godin et al., (2002), seven 
beef cattle accidentally exposed to acryla-
mide while grazing, exhibited clinical signs 
of impaired nerve function in hindlegs, irrita-
bility and sensitivity to touch. The severity of 
neurological symptoms correlated with levels 
of Hb-acrylamide adducts. Although meas-
urement of Hb-acrylamide adducts appears to 
be an accurate biomaker for acrylamide-
induced neurotoxicity, the nature of the cellu-
lar SH components of nerve tissues involved 
have not been elucidated. These could in-
clude both nonprotein SH groups as well as 
protein-bound SH group (Martenson et al., 
1995). 

Srivistava et al., (1986) showed that 
acrylamide inhibit the action of brain GST 
and reduced the levels of brain GSH. Related 
studies by Cupta & Abou-Donia (1996), sug-
gest that acrylamide interacts with tubulin 
and other cytoskeleton proteins, resulting in 
accumulation of microfilaments as well as 
increases of brain and spinal cord neurofila-
ment proteins. 

LoPochin et al. (2002a, b) proposed that 
the nerve terminal is the primary site of 
acrylamide action leading to inhibition of 
neurotransmission at central and peripheral 
synapses is based on adduct formation be-
tween acrylamide and cysteine-rich terminal 
proteins that mediate fusion of membrane 
during exocytosis. Acrylamide is a weak 
thiolalkylating compound; therefore, it can be 
administered on a subchronic daily basis at 
relatively high dose rates. 

A possible explanation for the neurotox-
icity of acrylamide is that it is a bipolar mole-
cule, where in the CH2 = CH part can un-
dergo hydrophobic interactions and the 
CONH2 part, hydrogen bonding  interactions 
with cell components. This property may en-
hance its ability to alter cell membrane struc-
tures and accelerate its diffusion and penetra-
tion to nerve terminal sites associated with 
normal function of the nervous system . 
Among these interactions are  hydrogen bond-
ing with H2O,-CO-NH-,-COO–   of aspartic 
and glutamic acid residues and positively 
charged molecules forming charged, non-
covalent intermediates (Friedman &  Wil-
liam, 1977), charge transfer interaction with 
tryptophan and nucleic acids may also influ-
ence this process. 
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The SH groups associated with compo-
nents of the peripheral nervous system fall 
into the highly reactive category (Friedman, 
1973). This would explain the apparent high 
affinity of these groups for acrylamide. One 
factor that would be expected to influence  
rates, is the extent of ionization of the SH 
groups in tissues to facilitate future studies, it 
is also instructive to examine electronic and 
charge effects, which may influence reaction 
rates of SH and NH2 groups with acrylamide. 
The mechanism of formation of the respec-
tive transition states differs in several features 
that energetically favour reaction of the ion-
ized SH group (i.e., S, mercaptide ion) more 
than that of the NH2 group (Friedman, 1973). 
Model studies show that both groups have to 
approach the double bond of acrylamide al-
most at right angles to the plane of the mole-
cule but the NH2 group has to assume a more   
restricted orientation than the sulfur atom to 
form the transition state.  

(b) Reproductive toxicity : 
Acrylamide has been evaluated for re-

productive toxicity in multigenerational  stud-
ies in rats and mice (Tyl et al., 2000). It was 
reported to induce dominant lethal mutations 
in spermantids (chromosome damaging ef-
fects) of rats and mice and is thus considered 
to be a mammalian germ cell mutagen 
(Shelby et al., 1987; Tyl et al., 2000). Al-
though it is not active in the in vitro Ames 
test, acrylamide does elicit mutagenic effects 
in stem cell spermatogonia (Dearfield et al., 
1995). Studies by Paulsson et al. (2003) sup-
port the view that in the mouse, glycidamide 
is the  predominant genotoxic factor in   
acrylamide expsosure. 

Acrylamide administered in drinking wa-
ter (50-200 ppm) to female and male rats 
prior to breeding and through the gestation 
and lactation period (up to 10 weeks) pro-
duced disruptions in mating, interference 
with sperum ejaculation, depression in body 
weight gain and food intake and depression in 
pup body weight at birth and weight gain dur-
ing lactation (Zenick et al., 1986). Feeding 
acrylamide to rats at levels of 5-20 mg/kg/day 
induced neurological manifestations lasting 
for 30-90 days. At neurotoxic doses, acryla-
mide also acts as a reproductive toxicant, as 
evidenced by reduced fertility rates, increased 
resportions of fetuses and reduced litter size 
of pregnant females and by formation of ab-
normal sperm and decreased sperm count in 
males (Sakamoto & Hashimoto, 1986. Cha-
pin et al., 1995). 

In another study by Tyl et al. (2000) at 
15 mg/kg/day of acrylamide, signs of neuro-
toxicity and changes in copulatory  behavior 
were noted as well as decreased in sperm mo-
tility. At these doses in both mice and rats, 
acrylamide resulted in decreases in fertility in 
addition, changes in pre-and post-
implantation loses (Paulsson et al., 2003). 
Some data suggest that exposure of females 
to acrylamide may contribute to reproductive 
toxicity. A delay is vaginal potency was 
noted in  offspring females treated by 14 
mg/kg/day for 70 days mated to untreated 
males suggesting that perimatal exposure of 
female pups might result in subtle alterna-
tions in the estrogen/progesterone balance 
(Zeinck et al., 1986). Although acrylamide 
caused toxicity in the pregnant mother, there 
was no evidence for acrylamide-induced neu-
rotoxicity in the offspring of F1 males.  

The molecular mechanisms of reproduc-
tive toxicity could be the result of alkylation of 
SH groups in the sperm nucleus and tail, deple-
tion of GSH and DNA damage in the testis 
(Dearfield et al., 1995). To separate neurotoxic-
ity from reproductive effects, Tyl et al. (2000),  
designed a two-generation reproductive study 
with neurotoxic end-points. The results show 
that in rats, neurotoxicity and reproductive tox-
icity were affected by different doses of 
acrylamide in drinking water. Evidently, neuro-
toxicity appears to be the cause or is a major 
contributor to reproductive toxicity. The avail-
able evidence is consisted with similar mecha-
nisms leading to both fertility and neurotoxic 
endpoints. Dominant lethality effects, with dif-
ferent dose-response profiles, appear to operate 
by a mechanism involving chromosomal dam-
age during spermatogenesis in the tests (Tyl et 
al., 2000). 

Otherwise, the roles of nutrients (pro-
teins, carbohydrates, fats, vitamins and min-
erals) on the  severity of acrylamide toxicity 
as well as possible additive and synergistic 
effects of heat-induced food mutagens and 
carcinogens and dietary acrylamide are 
largely unkown.  

      (c) Carcinogenicity of acrylamide : 
On the basis of numerous studies, the In-

ternational Agency of Research on Cancer 
(IARC, 1994) has classified acrylamide as 
“Probably carcinogenic to humans”, as is ap-
parently also N-methyloloacrylamide. Epi-
demiological investigations have been unable 
to either confirm or disprove human carcino-
genicity of acrylamide, even in occupation-
ally exposed cohorts (IARC, 1994, NTP, 
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1998). Thus, human data useful for cancer 
risk estimation are not available. The magni-
tude of the cancer  risk from acrylamide has 
therefore been assessed from animal experi-
ments (two-years tests with rats) (IARC, 
1994; Friedman et al., 1995). Acrylamide is 
carcinogenic in laboratory rats in standard 2 
years bioassays, producing increased inci-
dences of a number of benigen and malignant 
tumors identified in a variety of organs, e.g. 
thyroid and adrenals. Furthermore, experi-
mental animal studies showed that acryla-
mide could induce an increased incidence of 
cancers in brain central nervous system and 
reproductive organs of mouse (Bull et al., 
1984). 

According to WHO, a life long (70 
years) intake of 1µg of acrylamide per day 
would be associated with a life time cancer 
risk of 1x10-5  (WHO, 1996). The drinking 
water guideline of WHO for acrylamide as 1 
µg/day at a consumption of 2 l/day. A life-
time oncogenicity study in rats administered 
acrylamide in drinking water at 0-2 
mg/kg/day showed increases in the incidence 
of tumors in several organs, especially at the 
higher doses (Friedman, et al.,  1995). 

The mutagenic and carcinogenic factor 
in acrylamide exposure is assumed to be the 
epoxy metabolite; glycidamide (Paulson et 
al., 2003). Acrylamide does not induce gene 
mutations in bacteria, but the epoxide me-
tabolite does in the absence of metabolic ac-
tivation. Also, acrylamide was unable to in-
duce unscheduled DNA synthesis (UDS) in 
rat hepatocytes, whereas glycidamide induced 
UDS in human mammary cells, with  equivo-
cal results in rat hepatocytes (Hashimoto & 
Tanii, 1985; Dearfield et al., 1995). Gly-
cidamide was 100-1000 times more reactive 
with DNA than was acrylamide. 
7- Determination of acrylamide : 

Castle et al. (1991) has determined 
acrylamide monomer in hydroponically 
grown tomato fruits by capillary gas chroma-
tography-mass spectrometry (GC/MS). To-
mato fruits were analysed by extraction of the 
aqueous phase, bromination, silica gel car-
tridge  cleanup and capillary GC-MS deter-
mination by selected ion monitoring. The re-
covery of the method was 26-62% but losses 
were compensated for by use of 2,3-dibromo-
2-dimethylpropionanide as internal standard. 

A rapid and convenient procedure for the 
determination of acrylamide in foodstuffs 
was described by Brandl et al., (2002). Sam-
ple  extraction was performed by Accelerated 
Solvent Extractor (ASE), using dichloro-
methane (DCM) containing 2% ethanol. 

Acrylamide was determined by HPLC, using 
Dionex ASE 200, Thermo Quest TSQ 7000 
(Triple quadrupole mass spectrometer) by 
using atmospheric pressure chemical ioniza-
tion (APCI), HPLC: Shimadzu LC 10. It is 
worth to mention that it was necessary to add 
to all samples inclusively the blank the same 
amount of water because it may act as a 
modifier during the ASE procedure. The cali-
bration graph of standard solutions in water 
showed excellent linearity (R2  = 0.999). The 
limit of detection was determined at a level of 
10 ng/ ml-1. Applying the aforementioned 
conditions, nearly all of the target foodstuffs 
could be analyzed. 

Acrylamide levels in foodstuffs were 
analyzed by an improved GC-MS method 
after bromination of acrylamide and by a new 
method for measurement of the under-
ivatized acrylamide by liquid chroma-
tography-mass spectrometry (LC-MS) using 
the MS/MS mode. For both methods, the re-
producibility, given as coefficient of varia-
tion, was 5% and the recovery close to 100%. 
For the GC-MS method, the achieved detec-
tion level of acrylamide was 5 µg/kg and for 
LC-MS/MS method, 10 µg/kg. The analytic 
values obtained with the LC-MS/MS method 
were 0.99 (0.95-1.04%, 95% confidence in-
terval) of the GC-MS values. The LC-
MS/MS method is simple and preferable for 
most routine analysis. Taken together, the 
various analytic data should be considered as 
proof  of the identity of acrylamide (Tareke et 
al., 2002).  

Yasuhara et al., (2003) analyzed   the 
acrylamide formed in browning model sys-
tems using a gas chromatograph with a nitro-
gen phosphorus detector (NPD). The detec-
tion and quantitative limits of GC/NPD were 
0.20 and 0.67 ng., respectively. 

Acrylamide in food products-chiefly in 
commercially available potato chips, potato 
fries, cereals and bread was determined by 
liquid chromatography-tandem mass spec-
trometry (LC-MS/MS). Samples were ho-
mogenized with water/dichloromethane, cen-
trifuged and filtered through a 5 KDa  filter. 
The filtrate was cleaned up on mixed mode, 
anion and cation exchange (Oasis MAX and 
MCX) and carbon (Envirocarb) cartridges. 
Analysis was done by isotope dilution ({D3} 
or {13C3} acrylamide) electrospray LC-
MS/MS using a 2x150 mm (or 2 x 100 mm). 
Thermo Hyper Carb column  was eluted with 
1 mM ammonium formate in 15% (or 10% 
for the 2 x100 mm column) methanol (Becal-
ski et al., 2003).  

Biedermann et al., (2003) described two 
GC/MS methods for the analysis of acryla-
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mide in foodstuffs. The steps of the first 
method are as follows : 

Mixing with some water 

Swelling at 70oC 

Extraction with 1-propanol 

Azeotropic evaporation of water/propanol 

Dissolution in acetonitrile 

Defatting with hexane 

GC - CI/MS 

The steps of the second method are as follows: 

Mixing with water 

Swelling at 60oC and extraction into water 

Transfer into 2-butanone 

Evaporation of 2-butanone 

Dissolution in acetonitrile 

Defatting with hexane 

GC-El MS 

8 - Conclusions  
In the light of the report of FAO/WHO 

(2002) working group, the following main 
points were explored: 

Full list of Proposed Research (not 
ranked by priority):  
1. Need data on the quantity of free aspar-

agine on a dried weight basis for various 
foods (database-variety, crop conditions, 
storage). Need data on the quantity of   
glucose, fructose (and other sugars) and 
amino acids other than asparagine for 
various foods. 

2. Define the direct correlation of asparagine 
to acrylamide production in foods. 

3. Investigate the effects of production of 
acrylamide in meats from methionine 
(and cystine). 

4. Time/temperature/pH moisture/surface  
area-mass mapping and kinetics of aspar-
agine/carbonyls reaction in various ma-
trices. may include mathematical model-
ing. 

5. Does irradiation of foods containing free 
asparagine and carbonyls result in the 
formation of acrylamide? 

6. Pressure processing effects on the forma-
tion of acrylamide. 

7. Investigate the purity of amino acids (e.g. 
glutamine or aspartic acid) used in  
model systems for studying the mecha-
nism of formation of acrylamide. 

8. What is the effect of fermentation on the 
quantities of asparagine in foods and sub-
sequently on acrylamide production? 

9. Do acrylamide formation intermediates, 
(e.g. the Schiffs bases), form during stor-
age of potatoes as the asparagine and 
glucose levels go up?  

10. Other mechanisms of acrylamide forma-
tion, i.e. directly from protein.  

Recommendations for Acrylamide Mitiga-
tion Research : 
1. For potatoes (and perhaps other foods) 

storage conditions should be investigated 
for ultimate effect on acrylamide forma-
tion. 

2. What are the kinetics of acrylamide de-
struction under various conditions? 

3. Investigate mixed amino acids, i.e. do 
competitive reactions and/or scavenging 
reactions reduce the free acrylamide?. Is 
ammonium ion (i.e. ammonium carbon-
ate or ammonium bicarbonate) a possible 
competitive agent ? Glutathione/Cystine 
to promote sulfhydryls-disulfide inter-
change to provide scavengers? 

4. Reduction of free amino acids in matrices 
by yeast or other organisms and mecha-
nisms. 

5. Hydrolyzed nucleic acids as a scavenging 
agents for acrylamide. 

6. Asparaginase conversion of free aspara-
gines to asparatic acid. Can asparagine be 
converted/transformed to other com-
pounds of lesser concern, i.e. esters or 
other derivatives? 

7. Modification of biosynthesis pathways to 
control the formation of free asparagine 
and/or glucose (Horticulture, breeding, 
genetic modification). Is asparagine es-
sential for the survival of the plant? 

8. Modification of biosynthesis pathways to 
control the formation of cysteine and/or 
glutathione as trapping agents (Horticul-
ture, breeding, genetic modification). 
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 مد محمود يوسف، هانئ علي حسن أبو غربية، مح

 حمادة عبد الستار أبو بكر
 جامعة اإلسكندرية –كلية الزراعة  –م علوم وتكنولوجيا األغذية قس

 جمهورية مصر العربية –الشاطبي  –، اإلسكندرية ٢١٥٤٥ي يدلرقم البرا

ل خطورة األكريالميد إال حديثاً وبمحض الصدفة حيث تبين مؤخرا وجود            ام يعر العلماء اهتماما الحت    لم
د اقترحت أربع   وق.األكريالميد في العديد من األغذية وال سيما تلك التي تعامل علي درجات حرارة عالية                

المباشر  نالتكوي : لنظرية األولي ا: نظريات لشرح الميكانيكية التي قد يتكون بها األكريالميد في األغذية وهي           
 : لنظرية الثالثة امسارات تعتمد علي مركبات وسطية لألكرولين،         : لنظرية الثانية ا. من األحماض األمينية  

لي مولدات خالل    ع مسارات تعتمد  : لنظرية الرابعة امسارات مبنية علي المركبات الوسطية لحامض األكريليك،        
ريالميد في عملية الطهي وذلك باستخدام حيوانات        وقد تأكد االفتراض بتكوين األك     .تفاعل اإلغمقاق لميارد    

التجارب، حيث أمكن التعرف علي وجود األكريالميد مرتبطا مع الهيموجلوبين في صور مركب متداخل                 
(Adduct)   .        المطياف الكتلي    -وقد أمكن إثبات ذلك مراراً بواسطة التحليل بكروماتوجرافيا الغاز  GC/MS  

مكون بين الهيموجلوبين واألكريالميد تتسق مع ما هو متوقع من تركيز              حيث تبين أن زيادة مستوي ال      
ذل ب. وكان جليا اعتماد تكوين األكريالميد علي درجة الحرارة        ٠األكريالميد الذي تم تقديره في األغذية المحمرة      

ى، وقد تم تتبع    خرأوباً لرصد األكريالميد الذي يدخل جسم اإلنسان إذا ما تعرض له بطريقة أو ب             دؤالعلماء جهداً   
مستويات األكريالميد في جسم اإلنسان عن طريق تقديره في مركبات ميتابولزمية عديدة تم إفرازها في البول                 

جريت في هذا السياق تجارب      أ لحيوية بواسطة األكريالميد، وقد   ا  Alkylation وكذلك كنتيجة لعملية األلكلة   
من % ٦١ إلى   ١٤الميد من خالل الجلد يتفاوت من       ير وتبين أن امتصاص األك    ٠حيوية علي فئران التجارب   

تبر مركب  ع ي ٠ ومن ناحية أخري فقد اتضح أن األكريالميد يتوزع في كل أنسجة الجسم             ٠الجرعة المستخدمة 
 رئيسي الذي يتكون من األكريالميد من خالل مسار السيتوكروم         الالجليسيد أميد بمثابة المركب الميتابولزمي       

P450. لرئيسي لميتابولزم األكريالميد فهو ارتباط تبادل     ا ما المسار أ  Conjugation  ع الجلوتاثيون المختزل    م
GSH       من خالل تفاعل يحفز بواسطة انزيم الجلوتاثيون  -S-  رانسفيريزت  (GST)  ميد في  اليتم افراز األكري  و

لجهاز التناسلي في   اي  هرت البحوث أن لألكريالميد سمية عصبية وسمية عل       ظأ٠البول كحامض ميركابتيوريك    
مكن ي.حين أدرجت الوكالة الدولية لبحوث السرطان األكريالميد ضمن المركبات التي قد تسبب سرطانا لإلنسان             

  (GC/MS)  المطياف الكتلي /زتقدير األكريالميد في االغذية بعدة طرق أهمها كروماتوجرافيا الغا            
استخدام ب  LC/MS  المطياف الكتلي / رافيا السائل   جتوكروماو  HPLC  روماتوجرافيا السائل عالية اإلظهار   ك

إن الحدود الدنيا   ف  HPLC  الـو  GC/MS  النسبة لطريقتي ب . MS/MS مطياف الكتلة / نمط  مطياف الكتلة     
 كجم في حين أن القيمة المناظرة لطريقة كروماتوجرافيا السائل        / يكروجرام م ٥للكشف بهما عن األكريالميد هي      

 LC-MS/MS  وتعتبر الطريقة األخيرة هي األفضل إذا ما أريد تقدير األكريالميد . كجم/  ميكروجرام   ١٠انت  ك
 .في عمليات التحليل الروتيني
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