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Abstract
The objective of this study was to create a quantitative farm-to-fork risk assessment model
for acrylamide formation in processed potato products (French fries and potato crisps) in
order to estimate human dietary exposure to acrylamide from these products and to identify
possible risk reduction strategies. Various stages along the French fry and potato crisp
making process were modelled, including potato harvest, storage and processing procedures,
using Monte Carlo simulation techniques. Inputs were modelled using a variety of probability
distributions to account for the inherent uncertainty and variability of the input parameters.
The model was developed in Microsoft Excel with the @Risk add-on package and run for
10,000 iterations using Latin Hypercube sampling. The simulated mean level of acrylamide
formation was estimated to be 317 µg/kg in commercially produced French fries and 720
µg/kg in potato crisps. The models indicated that human exposure to acrylamide through
commercially produced French fries may be as high as 0.32 µg/kg bw/day for males and 0.26
µg/kg bw/day for females. This is below the WHO recommended daily limit of 1 µg/kg
bw/day. The level of exposure from potato crisps was significantly less than that estimated
for French fries (0.052 µg/kg bw/day and 0.064 µg/kg bw/day for males and females,
respectively). The level of acrylamide in homemade French fries is likely to be high with a
mean simulated level of 1073 µg/kg. A sensitivity analysis indicated that the initial level of
reducing sugars was the most important parameter in both the French fry model and crisp
model. The results highlight the importance of cultivar selection and process stages such as
reconditioning, blanching, soaking and pre-frying, all of which help to reduce acrylamide
formation and are stages which are not typically carried out in the home environment.
Keywords: Acrylamide, potato, risk assessment, simulation, Monte Carlo
Introduction
Acrylamide is a substance classified by IARC (1994) as a potential carcinogen which occurs
in heated starchy foods. Acrylamide was first discovered in high concentrations in
carbohydrate rich foods (e.g. French fries and potato crisps) by a group of Swedish
researchers (Rosen and Hellas, 2002; Tareke et al., 2002) in 2000. Since this discovery, there
has been an explosion of interest in this area. As a result, a number of excellent and extensive
reviews have been published covering issues such as acrylamide toxicity (LoPachin, 2004),
mechanism of formation (Lingnert, 2002) and analysis of acrylamide (Wenzl et al., 2003).
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The pioneering research of Mottram et al. (2002) and Stadler et al. (2002) strongly suggests
that acrylamide formation in heated potato products results from the reaction of amino acids
such as asparagine (and to some extent glutamine) and reducing sugars (glucose and
fructose). Dietary intakes of acrylamide for the general population were estimated by
FAO/WHO to be in the range of 0.3 to 0.8 µg /kg bw/day (Petersen, 2002). It is clear that the
high profile nature of acrylamide in foodstuffs has raised public awareness to a level where
further investigation is warranted.
Risk assessment is defined as the qualitative or quantitative estimation of the risk of a
particular hazard. It has emerged as a valuable analytical tool for describing the public health
consequences of human exposure to food contaminants. Given the potential danger to human
health, quantifying consumer exposure to acrylamide is a high priority for governments and
the industry alike (Dybing et al., 2005). To date, risk assessment studies on potential
acrylamide intake from foods have been published on populations in Belgium (Matthys et al.,
2005), Sweden (Svensson et al., 2003, Mucci et al., 2003), Holland (Konings et al., 2003),
Germany (Hilbig et al., 2004), Slovakia (Ciesarova et al., 2004), Japan (Maitani, 2004),
Norway (Norwegian Food Control Authority, 2002a), the United Kingdom (FSA, 2005),
Australia (Croft et al., 2004) and the USA (Petersen, 2002). There is a gap in the scientific
literature in terms of the absence of a fully quantitative risk assessment model which
combines all components of acrylamide formation and the factors affecting its formation
from farm-to-fork. Such an approach would lead to a better understanding of the factors
affecting acrylamide formation and enable risk reduction strategies to be identified along the
whole farm-to-fork chain. This study aims to address this gap in the scientific literature and
provide a comprehensive analysis of acrylamide formation in processed potato products such
as French fries and potato crisps. French fries (alternatively fries or chips) are pieces of
potato typically 30 - 100 cm in length and 5 - 10 cm thickness that have been deep-fried at
temperatures between 150 °C – 190 °C for 5 - 10 minutes. They are usually known as chips
in the United Kingdom and Ireland or fries in North America. Crisps are a potato snack
product popular in the UK and Ireland (referred to in the United States as potato chips).
During the crisp production process, immersion of wafer thin slices (1.5 mm) of potato are
heated in cooking oil, typically sunflower oil or rapeseed oil, at high temperatures (175 °C –
185 °C) for times ranging from 2 - 3 minutes.
Materials and Methods
Data relating to the various stages involved in the French fry and crisp making process was
collated from existing scientific literature and relevant stages were modelled with respect to
their impact on reducing sugar levels and consequently, acrylamide formation. A flow
diagram of the French fry and crisp making processes modelled in this study are given in
Figures 1 and 2, respectively.
Reducing sugars
Glucose and fructose levels were found to be the main determinant factors in acrylamide
formation (Amrein et al., 2003; Becalski et al., 2004). Several studies reported a strong
correlation between reducing sugars and final acrylamide levels (Amrein et al., 2004b,
Matthaus, Hasse and Vosmann, 2004). Given the scientific evidence of a strong correlation
between glucose and fructose levels and acrylamide formation, the initial focus of the model
was on levels of reducing sugars in raw potatoes and the effect the various processes during
French fry and crisp production have on reducing sugar levels.
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Figure 1: Flow diagram of the production of French fries.
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Figure 2: Flow diagram of the production of potato crisps.
Farm production
Research suggests that sugar contents in potatoes are influenced more by cultivar and storage
conditions than any other factor (Amrein et al., 2003; 2004b; Olsson et al., 2004; Becalski et
al., 2004). Potato variety can have a significant effect on acrylamide formation as this is
correlated with the levels of reducing sugars in the various varieties (Williams, 2005). There
is no correlation between potato size and sugars or acrylamide potential (Amrein et al.,
2003). Results from Brunton (2006a) gave glucose and fructose levels in Maris Piper potatoes
(a variety commonly used for crisp production). The resulting probability distributions were
lognormal in shape with a mean of 176 mg/kg and 180 mg/kg for glucose (G) and fructose
(F), respectively in freshly harvested potatoes. Results from Brunton (2006d) give glucose
and fructose levels in Lady Claire potatoes (a variety commonly used in Ireland for crisp
production). The resulting probability distribution for the glucose (G) and fructose (F) level
in freshly harvested potatoes had a lognormal distribution with a mean of 63 mg/kg and 61
mg/kg for glucose and fructose, respectively. Glucose and fructose are not independent
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variables and a correlation matrix (CF) was used with an r2 = 0.94 to account for this
interaction between glucose and fructose levels, in line with published data (Amrein et al.
2003; Brunton, 2006a; Williams, 2005).
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Storage
When potatoes are stressed (e.g. under cold conditions), starch is broken down to sucrose and
eventually to the reducing sugars glucose and fructose (Biederman et al., 2002; Matthaus,
Hasse and Vosmann, 2004). Storage at higher temperatures may cause problems in terms of
sprouting, resulting in the need for sprouting inhibitors in spring and early summer. The
model assumed a storage temperature (Stemp) of about 8 °C to represent typical storage
conditions for French fry potatoes and a maximum value of 9 °C. At 8 °C potatoes will
typically start sprouting after 50 days but can typically last up to 100 days. Storage time (Stim)
was modelled using a triangular distribution with a minimum of 3 days, a mode of 50 days
and maximum of 100 days (Rastovski and van Es, 1987). The resulting time temperature
combination was transposed through a storage increase factor (Figure 3) generated from a
combination of data reported by Brunton (2006a), Grob et al. (2003), Coffin et al. (1987) and
Haase and Weber (2003).
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Figure 3: Factor increase in reducing sugars
as a function of storage time at temperatures
above 8 °C.

Figure 4: Factor increase in reducing
sugars as a function of storage time at
temperatures between 3 and 8 °C.

Cultivars used in the crisp trade tend to be stored for longer periods of time than those used
for French fries. As a result, these cultivars may need to be stored under refrigerated
conditions to avoid sprouting. The temperature can range from 3 °C to 6 °C over long storage
periods. This lower temperature may significantly influence sugar levels. Brunton (2006d)
provided data on the impact of cold storage (3 °C) on reducing sugars for Lady Claire
potatoes. An increase of over 10 fold was noticed after 267 days storage at 3 °C. The factor
increase in reducing sugars due to storage at low temperatures (< 8 °C, Figure 4) is based on
cold storage data derived from Brunton (2006d).
Reconditioning refers to the process of storing potato tubers at an elevated temperature
(usually greaten than 10 °C) for a period of 1 – 2 weeks. This can result in a decrease in the
reducing sugars level, but tubers will not reach their initial level prior to refrigerated storage
(EFSA, 2003; Grob et al., 2003; Coffin et al. 1987). For the French fry model, as the potatoes
were stored at 8 °C it was assumed that reconditioning (R) was not carried out as potatoes
stored at temperatures greater that 8 °C generally do not receive any reconditioning. Given
that potatoes stored for the crisp trade are likely to undergo long-term refrigerated storage,
there is a need for reconditioning of the potatoes to avoid the formation of brown spots later
on during the frying process. For the crisp model, the reconditioning stage (R) was modelled
by means of a triangular distribution with a minimum reduction factor of 1 (i.e. no change), a
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mode of 2 (i.e. 50% reduction) and a maximum of 3, thus encompassing the best available
scientific literature (Coffin et al. 1987; Burton et al., 1992).
Processing
While the initial processing stages (destoning, peeling, sulphiting) are essential for the
production of good quality French fries and crisps, there is no evidence to suggest that any of
these stages will influence the reducing sugar levels in the raw potatoes or acrylamide
formation in the final fried products. During washing/soaking, water soluble components,
such as glucose and fructose, are washed out from the external layer of the potato (Matthaus
et al., 2004). Pedreschi et al. (2004) found that glucose content decreased by 32% in potato
slices soaked for 90 minutes and a 25% reduction following a 40 minute soak in distilled
water. Other reducing sugars such as fructose and sucrose followed a similar trend. Grob et
al. (2003) reported a reduction in glucose of 6% and 12% in fructose following 30 minutes of
washing in cold water. To model the sugar reduction following washing (W) and soaking (S)
and to model the uncertainty about this parameter, a continuous empirical distribution was
fitted to the data provided in the literature in the form of a cumulative distribution (Figure 5).
This was used in both the French fry and crisp model.
Blanching refers to the process of immersion of raw vegetables in a heated fluid (either water,
oil or an acid) for a period of time. Blanching is used to extract the reducing sugars and
asparagines from the surface of potatoes in order to reduce browning, particularly the
formation of brown spots (Grob et al., 2003). Another study (Pedreschi et al., 2004) found
that blanching reduced on average 76% and 68% of the glucose and asparagines content in
potatoes, respectively. Trials conducted by Brunton (2006b) found a 28% reduction in
reducing sugars compared to a control following a water blanch at 85 °C for 3.5 minutes and
21% reduction for an oil blanch at 150 °C for 43 seconds. To account for this uncertainty, a
continuous empirical distribution, in the form of a cumulative distribution (Figure 6), was
fitted to the data from Brunton (2006b) and data provided by others (Pedreschi et al., 2004;
Wicklund et al., 2005; Hasse et al., 2003); this was used to simulate the effect of blanching
(B) on reducing sugars in the raw potato.
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French fry production
In many cases French fries may undergo a pre-frying treatment at about 140 °C in order to
accelerate the finishing process. Grob et al. (2003) hypothesise that pre-frying results in the
formation of a firm tight crust which results in a more visually appealing product for the
consumer. The pre-frying stage was incorporated into the model by simulating its effect on
acrylamide levels. Uncertainty about the parameter (PF) was incorporated by means of a
uniform distribution with a minimum reduction of acrylamide of 40% and a maximum of
62%, in line with data published by Grob et al. (2003).
There is still considerable uncertainty about the formation of acrylamide and the reaction
which takes place following frying. Experimental data shows that it is impossible to
determine absolute potential i.e. a complete conversion of the starting materials to acrylamide
(Biedermann et al., 2002a); hence, relationships used to convert reducing sugars to
acrylamide are purely empirical. This model assumes a linear relationship between total
reducing sugar levels (i.e. glucose plus fructose) and acrylamide levels for a particular time
and temperature combination. This assumption is supported by previous research conducted
by Amrein et al. (2003, 2004b) and Matthaus et al. (2004). This method enables the
calculation of an estimate of the level of acrylamide resulting from a particular time
temperature regime and for a given level of reducing sugar in the raw potato. A summary of
the inputs and relevant distributions used in the French fry model is given in Table 1.
Homemade French fries
While the consumption of commercially produced French fries undoubtedly represents the
greatest consumption of French fries in Ireland, anecdotal evidence suggests that a significant
number of people peel, wash and chip potatoes purchased from the supermarket. Cultivars
sold in the supermarket may not necessarily have the same low levels of reducing sugars as
the cultivars used in commercial production. In addition, potatoes stored at supermarkets may
undergo a period of refrigerated storage but will typically not undergo a reconditioning
process. Also important process stages such as soaking, blanching and pre-frying are not
likely to be carried out in the home environment. All these factors lead to increased reducing
sugar levels at the point of frying, with the result that significant acrylamide formation can
occur. As an additional exercise, a separate model run was performed using the French fry
model scenario described above, with some alterations to reflect the practice of home
produced potato French fries.
Data was provided by Brunton (2006c) on the level of glucose and fructose in potatoes
bought from a supermarket in Ireland and was used to simulate the glucose and fructose
levels in tubers post processing (i.e. parameters Gps and Fps in Table 1). In addition,
reconditioning and blanching were assumed not to occur (i.e. R = 1 for reconditioning factor
and B = 0 for blanching reduction fraction). Pre-frying is unlikely to occur in the home
environment also, hence the pre-frying reduction (PF) was set to zero. All other parameters
are as given in Table 1.
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Table 1: Table of model distributions and inputs for the French fry model.
Symbol Description
Harvesting data
G
Glucose in raw potato
F
Fructose in raw potato
CF
Correlation factor
Hf
Harvest date factor
Gph
Glucose in harvested potato
Fph
Fructose in harvested potato

Mean value Distribution
176
180
0.9495
1

Lognormal, standard deviation 77
Lognormal, standard deviation 86
Fixed value
Exponential, beta value of 1
G × Hf
F × Hf

mg/kg
mg/kg

Triangular, minimum 3, maximum 186
Triangular, minimum 8, maximum 9
From table
Gph × Sf
Fph × Sf
Fixed value
Gps / R
Fps / R

Days
°C
Factor
mg/kg
mg/kg
Factor
mg/kg
mg/kg
fraction
fraction
fraction
mg/kg
mg/kg
mg/kg

Stim
Stemp
Sf
Gps
Fps
R
Gpc
Fpc

Storage
Storage time
Storage temperature
Storage factor
Glucose post storage
Fructose post storage
Reconditioning
Glucose post conditioning
Fructose post conditioning

W
B
S
Gpp
Fpp
TSpp

Processing
Washing reduction
Blanching reduction
Soaking reduction
Glucose post processing
Fructose post processing
Total sugars

Cumulative, based on data
Cumulative, based on data
Cumulative, based on data
Gpc × (1-W) × (1-B) × (1-S)
Fpc × (1-W) × (1-B) × (1-S)
Gpp + Fpp

Ftime

Main Frying
Time

Discrete, all 10%

Ftemp
IP
RSL
RAL

Temperature
Intercept
Reference sugar level
Reference acrylamide level

M
A
PF
Mm
IPDM
Mf
IPDF

90
8.5

1

Factor
mg/kg
mg/kg

min (5-10
min only)
Triangular, minimum 160,maximum 190 °C
Uniform(0,60)
µg/kg
From data, see text
µg/kg
From data, time & temp dependent,
µg/kg
see text
(IP-RAL)/(0-RSL)
M × TSpp + IP
µg/kg
Uniform, minimum 0.41, maximum 0.62 fraction

180

Slope
Acrylamide
Pre-fry reduction
Exposure assessment
Males mean weight (18-64y)
Intake of product per day
Females mean weight (18-64yr)
Intake of product per day

Units

82.9
74
67.5
44

Fixed value
Lognormal, standard deviation 69
Fixed value
Lognormal, standard deviation 44

kg
g/d
kg
g/d

Crisp production
Based on available literature, the cooking time and temperature distributions for crisps are
detailed in Table 2. For a given time temperature combination, the model simulated
acrylamide formation using empirical distributions derived from Granda et al., (2004). A
summary of the inputs and relevant distributions used in the potato crisp model is given in
Table 2.
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Table 2: Table of model distributions and inputs for the crisp model.
Symbol Description
Harvesting data
G
Glucose in raw potato
F
Fructose in raw potato
CF Correlation factor
Hf
Harvest date factor
Gph Glucose in raw potato
Fph Fructose in raw potato

Stim
Stemp
Sf
Gps
Fps
R
Gpc
Fpc

Storage
Storage time
Storage temperature
Storage factor
Glucose post storage
Fructose post storage
Reconditioning
Glucose post conditioning
Fructose post conditioning

W
B
S
Gpp
Fpp
TSpp

Processing
Washing reduction
Blanching reduction
Soaking reduction
Glucose post processing
Fructose post processing
Total sugars

Ftime
Ftemp
IP
RSL
RAL

Main Frying
Time
Temperature
Intercept
Reference sugar level
Reference acrylamide level

M
A
Mm
IPDM
Mf
IPDF

Mean value Distribution
63
61
0.9495
1

100
4.5

2

180

Slope
Acrylamide
Exposure assessment
Males mean weight (18-64y)
Intake of product per day
Females mean weight (18-64yr)
Intake of product per day

82.9
6
67.5
6

Units

Lognormal, standard deviation 43
Lognormal, standard deviation 48
Fixed value
Exponential, beta 1
G × Hf
F × Hf

mg/kg
mg/kg
Factor
mg/kg
mg/kg

Triangular, minimum 30, maximum 186
Triangular, minimum 4, maximum 6
From table
Gph × Sf
Fph × Sf
Triangular, minimum 1, maximum 3
Gps / R
Fps / R

Days
°C
Factor
mg/kg
mg/kg
Factor
mg/kg
mg/kg

Cumulative, based on data
Cumulative, based on data
Cumulative, based on data
Gpc × (1-W) × (1-B) × (1-S)
Fpc × (1-W) × (1-B) × (1-S)
Gpp + Fpp

Fraction
Fraction
Fraction
mg/kg
mg/kg
mg/kg

Discrete, 2,2.5,3 – 10%, 80%, 10%
Triangular, minimum 160,maximum 190
Uniform(0,60)
From data, see text
From data, time & temp dependent,
see text
(IP-RAL)/(0-RSL)
M × TSpp + IP

min
°C
µg/kg
µg/kg
µg/kg

Fixed value
Lognormal, standard deviation 12
Fixed value
Lognormal, standard deviation 10

kg
g/d
kg
g/d

µg/kg

Exposure assessment
A consumption survey carried out on the island of Ireland (IUNA, 2001) gave details of the
various food products consumed by Irish consumers and the corresponding intake amounts
(g/day). Under the category chipped and fried potatoes, the report gave a daily mean intake
(IPDM, n = 662) for males of 74 g/d with a standard deviation of 69 g/d. Similarly for the
female population the survey indicated a daily mean intake (IPDF, n = 717) of 44 g/d with a
standard deviation of 44 g/d. Under the category crisps and savory snacks, the report gave a
mean intake (IPDM, n = 662) for males of 6 g/d with a standard deviation of 12 g/d. Similarly
for the female population, the survey indicated a daily mean intake (IPDF, n = 717) of 11 g/d
with a standard deviation of 16 g/d. A lognormal distribution was used to model the
uncertainty about the intake of French fries and crisps for males and females, using the mean
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and standard deviation quoted in the IUNA survey (IUNA, 2001). Most surveys report
exposure in terms of chemical in µg per kg body weight (Dybing et al., 2005). Therefore,
acrylamide exposure is usually expressed in terms of body weight i.e. µg/kg bw/day. In order
to do this, an estimate of the average body weight of both males and females is required.
From a sample of 662 males aged between 18 – 64, the average body weight (Mm) was 82.9
kg. For females, the average body weight (Mf) was 67.5 kg (IUNA, 2001).
Model run
The input parameters detailed in Tables 1 and 2 were combined onto a spreadsheet (Microsoft
Excel 2000) running the @Risk add-on package (Palisade Software, Newfield, N.Y.) and the
simulation was performed using Monte Carlo simulation. Monte Carlo methods randomly
select values from given distributions to create multiple scenarios of a problem. The
simulation was performed using the parameters and calculations presented and the model run
for 10,000 iterations. A table of the simulated outputs is given in Table 3.
Table 3: List of simulated model outputs for the French fry and crisp model.
Symbol

Description

Distribution

Afinal
IPDMbw
IPDFbw

Final Acrylamide in product
A × (1-PF)
Intake of acrylamide per day (males) Afinal × IPDM / Mm
Intake of acrylamide per day (females) Afinal × IPDF / Mf

Units
µg/kg
µg/kg bw/day
µg/kg bw/day

Results and Discussion
The model resulted in a number of output distributions which can be used to predict the
formation of acrylamide in French fries and crisps and to assess the likely human exposure to
acrylamide. Outputs from the model include probability distributions describing acrylamide
levels in fried potato products and human exposure to acrylamide from fried potato products.
Acrylamide formation in fried potato products (Afinal)
The simulated probability density distribution describing the uncertainty about the acrylamide
level in French fries and crisps is given in Figure 7. The simulated mean acrylamide level in
French fries was 317 µg/kg. However, there was a large uncertainty distribution generated
around this (90th percentile range 36 - 1003 µg/kg). A study by Brunton (2006a) found a
range of between 60 - 720 µg/kg for acrylamide levels in French fries made from Maris Piper
potatoes cooked under laboratory conditions simulating the commercial French fry process.
This range validates the model estimates. For homemade French fries, the mean level of
acrylamide was estimated to be 1073 µg/kg. This is over three times the estimated level of
acrylamide in commercially produced French fries. The range of acrylamide estimated in
home produced French fries, as determined by home cooking trials conducted at the Ashtown
Food Research Centre on retail potato varieties Rooster, Record and Oilean, was between 180
and 2970 µg/kg (Brunton, 2006c). This range validates the models estimate and indicates that
distributions used for model inputs parameters are justified. The mean simulated level of
acrylamide in fried potato crisps was 720 µg/kg (Figure 7). A range of between 650 and 1120
was estimated by Brunton (2006d). The mean level of acrylamide in potato crisps was over
twice the level of acrylamide in French fries.
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Figure 7: Simulated probability distribution for the acrylamide level in fried potato products.
Acrylamide Daily Intake (IPD)
A probability density distribution describing the daily exposure to acrylamide following the
consumption of French fries using Irish consumption data is provided in Figure 8. It is
noticeable that females are exposed to smaller levels of acrylamide (0.20 µg/kg bw/day) than
males (0.27 µg/kg bw/day). This is mainly due to the greater consumption levels for males
when compared with females. This observation is consistent with previous studies, for
example the, Norwegian Food Control Authority (2002a) report total intake of acrylamide by
males (16 - 30 years) in Norway of 0.53 µg/kg bw/day and 0.33 µg/kg bw/day for females.
The limit of exposure to acrylamide, as suggested by WHO, is 1 µg/kg bw/day (WHO, 2002;
Grob et al., 2003). The mean simulated exposure levels for males and females from French
fries are well below this limit (0.27 µg/kg bw/day and 0.20 µg/kg bw/day, respectively). This
indicates that eating French fries on its own does not constitute a significant risk to human
health for the majority of the human population.
There is a notable lack of data in the literature on the extent of human consumption of home
produced French fries. As a result, for this model, human exposure was expressed in terms of
µg/kg bw per portion, (rather than the usual µg/kg bw/day), thus indicating the likely intake
of acrylamide from one portion of home produced French fries (where one portion was taken
as 74 g and 44 g for males and females, respectively).
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Figure 9: Acrylamide daily exposure
resulting from the consumption of a single
portion of home produced French fries.

Figure 8: Acrylamide daily exposure for
males and females resulting from the
consumption of French fries in Ireland.
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The simulated human exposure to acrylamide for males and females following the
consumption of one portion of home produced French fries is given in Figure 9. The
simulated mean exposure level is 0.69 and 0.94 µg/kg bw per portion for females and males,
respectively. These results indicate that individuals who prepare their own French fries are
likely to be exposed to greater levels of acrylamide in one portion than those who consume
commercially produced French fries. This also highlights the importance of process stages
such as reconditioning, blanching, soaking and prefrying in reducing the sugar levels and
hence the level of acrylamide formation, all of which are not typically carried out in the home
environment.
The simulated daily exposure to acrylamide from crisps is given in Figure 10, with a mean
exposure of 0.052 µg/kg bw/day and 0.064 µg/kg bw/day for males and females, respectively.
The exposure level is significantly lower than that estimated for commercially produced
potato French fries. This is mainly due to the greater exposure levels and portion size for
French fries compared to potato crisps. A sensitivity analysis was carried out to evaluate
model inputs, parameters and assumptions. The sensitivity analysis for the level of
acrylamide in French fries is presented in Figure 11 and for crisps in Figure 12. The analysis
revealed that the parameter having the biggest impact on both model predictions was the
initial level of reducing sugars present in the potatoes. Uncertainty about cooking
time/temperature and blanching regime also have an impact on model predictions. The
analysis indicated that by careful selection of cultivars with low levels of reducing sugars,
significant reductions in acrylamide can be achieved. It highlighted the importance of the
current practice of selecting cultivars with low reducing sugars for the production of French
fries. The analysis highlights the need to carefully control the cooking regime in terms of
cooking time and cooking temperature and emphasises the importance of processing practices
such as blanching, reconditioning and soaking.
25
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Probability Density
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10
5

0
0

0.05

0.1

0.15

0.2

0.25

0.3

Acrylamide daily intake (µg/kg bw/day)

Figure 10: Acrylamide daily exposure resulting from the consumption of fried potato crisps.
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Figure 11: Sensitivity analysis for level of
acrylamide in French fries.
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Figure 12: Sensitivity analysis for level of
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Conclusions
This study represents an initial attempt to model the farm-to-fork production of French fries
and potato crisps and resulting acrylamide formation, of which there are no other published
attempts in the scientific literature. The simulated mean level of acrylamide formation was
estimated to be 317 µg/kg for French fries and 720 µg/kg for potato crisps. The models
indicated that human exposure to acrylamide through French fries may be as high as 0.32
µg/kg bw/day for males and 0.26 µg/kg bw/day for females. This is below the WHO
recommended daily limit of 1 µg/kg bw/day, but it does represent 26 - 32% of the
recommended limit for females and males (WHO 2002). The level of exposure from potato
crisps was significantly less than that estimated for French fries (0.052 µg/kg bw/day and
0.064 µg/kg bw/day for males and females, respectively). The level of acrylamide in French
fries made in the home is likely to be high with a mean simulated level of acrylamide of 1073
µg/kg. Human exposure to acrylamide from one portion of homemade French fries is also
likely to be high (0.94 and 0.69 µg/kg bw/portion for males and females, respectively).
The sensitivity analysis will be of interest to risk managers trying to devise possible risk
reduction strategies. The fact that the level of reducing sugars was the most important
parameter identified in the sensitivity analysis in both the French fry model and crisp model
indicates that the most effective risk reduction strategy is to select cultivars which are known
to have low reducing sugar levels. Traditionally, processors have selected cultivars with low
reducing sugar levels for their better storage qualities and ability to produce nicely coloured
produce. Thus, processors have inadvertently been selecting cultivars with low potential for
acrylamide formation. Optimising the time-temperature regime can also result in significant
reduction in acrylamide formation. The sensitivity analysis highlights the importance of
process stages such as reconditioning, blanching, soaking and pre-frying, all of which help to
reduce acrylamide formation and are stages which are not typically carried out in the home
environment.
While significant scientific work has been done on acrylamide and the factors affecting its
formation, further research is required, particularly in the area of cultivar selection and
cooking conditions optimisation. There is also a need to communicate the risk reduction
strategies to the public. In particular, the importance of blanching and reconditioning of retail
potatoes before production of home produced French fries should be highlighted. The
challenge for food processors and advisory/regulatory agencies is to establish processing
protocols that limit the formation of acrylamide while maintaining finished product quality.
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