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Group 2A carcinogen and thus remains a suspected human carcinogen
and a neurotoxicant that calls for a concerted effort to minimize its
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Introduction:-

Starchy foods are harmful to the human health; in the recent past scientists in Britain have discovered that the process
of cooking starchy foods under high temperatures produces acrylamide in those foods [22]. The discovery of
acrylamide in some cooked starchy foods in 2002 prompted concerns about the carcinogenicity of those foods [43].
Cooking starchy foods such as chips, Potato fries, and bread at high temperatures (120°C) leads to the production of
acrylamide in the heating process. Following the discovery of the presence of acrylamide majorly in carbohydrate
rich foods, intensive investigations have been undertaken, involving the analysis, occurrence, chemistry, toxicology
and potential health risk of this contaminant in the human diet [36].
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Acrylamide is a chemical substance formed by a reaction between amino acids and sugars. It typically occurs when
foods with high starch content such as potatoes, root vegetables and bread, are cooked at high temperatures (over
120°C) in a process of frying, roasting or baking.

Acrylamide is not deliberately added to foods instead it is a natural by-product of the cooking process and has always
been present in our food. It is a chemical compound with the chemical formula CsHsNO. Acrylamide has been
classified as a Group 2A carcinogen and thus remains a suspected human carcinogen and a neurotoxicant that calls
for a concerted effort to minimize its presence in all human diets [24].

Chips are among the starchy foods commonly used as a tuberous crop from the perennial night shade Solanum
tuberosum. They have a high content of carbohydrates and vitamin C and thus, forming an important component of a
balanced diet. With an annual global production of approximately 340 million tons of potatoes, therefore forms one
of the world’s chief staple foods. Worldwide, it is the fourth most widely grown food crop after rice, wheat and maize
[14]. In Kenya, potato is the second most valuable cash and food crop after the cereal grains [9].

Acrylamide doesn’t appear to be in raw foods themselves. It is formed when certain starchy foods are cooked at high
temperatures that cause chemical reaction between sugars and an amino acid (asparagines) in the foods which forms
acrylamide longer cooking times and cooking at higher temperatures on starchy foods increases the amount of
acrylamide [5].

Acrylamide is formed in starchy foods heated at high temperatures either through frying or baking. The maillard
reaction between the amino acid asparagine and reducing sugars or reactive carbonyls at temperatures above 120°C
has  been  suggested as  possible  pathway for its  formation in  these foods [20]
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Figurel: Maillard reaction mechanism

Exposure to acrylamide can occur through inhalation of vapor, dust, or aerosol and absorption through the skin or mucous
membranes. The current Occupational Safety and Health Administration (OSHA) permissible exposure limit (PEL) for acrylamide is
0.03 mg/m® as an 8-hr time-weighted average (TWA) concentration. The OSHA PEL also bears a "Skin- designation, which indicates
that the cutaneous route of exposure (including mucous membranes and eyes) contributes to overall exposure [22].

The National Institute for Occupational Safety and Health (NIOSH) has established a recommended exposure limit (REL) of 0.03
mg/m® as an 8-hr TWA with a "Skin" notation. However, acrylamide has been designated as a potential occupational carcinogen and
exposure should be limited to the lowest feasible concentration [21].

The American Conference of Governmental Industrial Hygienists (ACGIH) has designated acrylamide an A2 substance (suspected
human carcinogen) and assigned acrylamide a threshold limit value (TLV) of 0-03 mg/m® as a TWA for a normal 8-hr
workday and a 40-hr workweek with a "Skin" notation. All the above limits are based on the risk of systemic poisoning associated
with exposure to acrylamide [2].
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Conclusions from a consultation between FAO/WHO agreed that the "no observed adverse effect level" (NOAEL)
for acrylamide neuropathy is 0.5 mg/kg body weight/day while that for fertility changes is four times higher than for
peripheral neuropathy. The estimated average chronic human dietary intake is in the order of 1 pg/kg body
weight/day which results in a margin between exposure and the NOAEL of 500 [40][41].

Methodology:-

Despite acrylamide being a relatively new contaminant for food analysts, intensive method development and
refinement have been carried out. Various methods of determining the concentration of acrylamide in foods have
been addressed. Among all these methods, three have been widely used for extraction and quantification of
acrylamide in foods.

The samples were prepared for the analysis of potato chips and crisps by weighing 1 g of crushed potato chips and
mixing with 10 mL methanol on a wrist action shaker for 20 minutes to enable the sample to fully soak in the extract
solution. The samples were refrigerated for 2 minutes for easier extraction of the oily top layer to avoid interferences.
The supernatant was filtered through a 0.45 um nylon syringe filter and the filtrate discarded and the residue stored
for further cleanup and analysis.

The residue was conditioned through a carboPrep™ 200 SPE tube using, 6 mL of the sample in 2 mL acetone and 2
mL methanol. The sample solution was allowed to pass through the tube by gravity and 0.5-1.0 mL water was run
through the tube to wash the sample. A vacuum pump was used to dry excess water from tube for 1 minute and eluted
with 2 mL of acetone through gravity therefore ready for analysis in the instrument. Many sample extracts can be
analysed directly, however, sample cleanup and solvent pre-concentration was essential.

An isocratic elution pattern was adopted for the separation of the analyte, and 7% (v/v) methanol in 0.025 mol/L
sodium dihydrogen phosphate was used as the mobile phase. The column temperature was set at 25°C, the flow rate
was maintained at 1.0 mL/min, while the detection was performed at 215 nm. The injection volume was 20 pL in the
HPLC. By use of HPLC, the chromatographic separation is then done on; hydrophilic reversed phase, ion exchange
column or carbon black.

Results:-

Acrylamide Levels of potato chips and crisps

Using HPLC, the study sought to determine the concentrations of acrylamide in the eight sub counties where potato
French fries samples were obtained for the study. To ensure the correct identification of the compounds, three
independent parameters i.e. mass spectra, chromatographic retention indexes, and partition coefficients, were used in
the identification process. Mass spectra recorded during analyses were compared to the spectra contained in the
National Institute of Standards and Technology (NIST) MS database. Determined retention indexes values and
partition coefficients were compared to values from literature. The differential parameter j, which is a combination of
K, and retention indices, was used additionally for identification of components. The j parameter was calculated from
equation:

j=0.001I - log K,

The average the peak areas (or height) ratios of the eight samples from each sampling point were calculated by
averaging the response ratios (r values). For each sample injection the response ratio (r) is given by the equation:

sample peak area

r=
area of internal standard peak

The concentrations of the acrylamide from the spectra were calculated using the following formula:

Concentration in (g/kg) = %
1*My

Where r; is the average response ratio for calibration solution

r, is the average response ratio for sample solution

m; is the mass of the organic contaminant standard in its calibration solution (mg)
m, is the mass of sample taken (mg)

P is the purity of organic contaminant standard (g/kg)
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Table7: Chips samples

Sample CONC

ID (mg/kg)
C1 2.78367
C3 3.62797
C4 5.05677
CK8 1.60488
CK9 1.42343
CK10 5.07071
C12 1.81402
C13 1.44802
Ci4 3.38732
C15 2.81289

In the results, Sample (CKZ10) is seen to have a high concentration of 5.07 mg/L, compared to the other sampling
points. This could be attributed to the high temperatures of cooking in Potato chips being that the locality is a major
town and the residents highly consume this product due to the nature of their work on commercial breaks. Further, this
is the major town that produces the Potato chips and from this town the majority of the population is the youth that
relates the high intake hence constant cooking and high number of sales of the product. The high concentration of this
sample could be due to using already hot cooking medium therefore high temperatures.

The findings of this study are in agreement with those of [6], who carried out a study on the concentration of
acrylamide in Potato chips. Their findings indicate that acrylamide was detected in all samples, but its concentration
varied significantly from 50 to 1800 pg/g. Their statistical analysis indicated that the effect of sugars and asparagine
on the concentration of acrylamide in Potato chips is positive and significant (p < 0.001) signifying that one of the
ways acrylamide formation in potato chips was through cooking.

In this sample (CKyp) a high peak area mean is experienced compared to the other five sampling points. This could be
attributed to the high temperatures of cooking in potato chips being that the locality is a major town and the residents
highly consume this product due to the nature of their work on commercial breaks. Further, this is the major town that
produces the potato chips and from this town the population the majority is the youth that relates the high intake hence
constant cooking and high number of sales of the product.

Samples from Mogonga, Mwembe and Nyamataro seemed to be moderate in the levels of acrylamide. This could be
due to the demand in the places are moderate while the temperature used is moderate.

Table 8: Acrylamide levels in crisps

Sample CONC

ID (mg/kg)
CK1 73.67321
CK2 20.08649
CK3 17.94632
CK4 34.67102
CK5 85.12951
CK6 19.08206
C16 35.49095
C17 88.44686
c18 60.37521
c19 75.5314
C20 121.0318
c21 127.4604
Cc22 83.04034
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WHO in conjunction with FAO has set a maximum permissible limit for acrylamide in food products at 0.5 mg/kg
[42]. This implies that all the crisp samples had acrylamide levels higher than the permissible limits. However, the
levels of acrylamide in the potato crisp samples were comparatively higher than the levels in Potato chips. This could
be due to the high temperatures of cooking and size of the crisp.

Samples CK2, CK3 and CK6 were observed to be having extremely low levels of acrylamide. This could be due to
the sample not being fully cooked due to low temperatures and the potatoes being mature while, samples C20 and
C21 were observed to be containing extremely high amounts of acrylamide. This could be due to high temperatures,
Maillard reaction due to browning or premature potatoes used. The samples could be further influenced by the effect
of the small size of crisps that leads to complete cooking of the crisp and the locality or company producing the
sample.

The high concentrations of acrylamide in the crisp samples are attributed to various factors. Firstly, state of maturity
and storage conditions of the raw potatoes which influence sugars levels and hence directly affect the amount of
acrylamide present in fried potato products [8]. The formation of acrylamide mainly occurs in plant based food stuffs
through an irreversible combination of reducing sugars and amino acid mainly asparagine the maillard reaction[20].
The high concentrations of acrylamide can be attributed to the high frying temperatures. In this process, acrylamide
formation begins at 120°C and optimal development occurs between 160°C - 180°C [32]. The use of low frying
temperature (under 160°C) has been shown to reduces the concentration of acrylamide produced [26] but this
negatively affect the quality characteristics of the product like texture, colour and oil content and consequently the
acceptability of the product by the consumer may be reduced [26].

These results agree with those of [32] who assessed the concentration of acrylamide in potato crisps collected from
Ibaraki, Japan. Her results showed that most of the potato crisps samples and showed acrylamide concentrations
>10.00 mg/kg. Similar results were obtained by [23] who analyzed potato crisps purchased from Nairobi, Kenya. Her
findings showed that the acrylamide levels significantly differed among the brands and place of purchase ranging
from 5.67 mg/kg to 8.67 mg/kg. All the samples had acrylamide concentrations high above the permissible limits.
Dissimilar results were obtained by [31] who analyzed acrylamide concentration in potato crisps from Uppsala,
Sweden. Their findings indicated that all the crisp samples purchased in Uppsala had acrylamide concentrations
below 0.98 mg/kg.

There was a statistically significant difference at the p<.05 level in Levels of acrylamide for the samples. Sampling
points [F (7, 64) =86423.952, p <.001]. This strongly shows the presence of acrylamide in the samples which proves
the hypothesis on the presence of acrylamide.

The findings of this study are in agreement with those of [6] who carried out a study on the concentration of
acrylamide in French Fries. Their findings indicate that acrylamide was detected in all samples, but its concentration
varied significantly from 50 to 1800 pg/g. Their statistical analysis indicated that the effect of sugars and asparagine
on the concentration of acrylamide in French fries is positive and significant (p < 0.001) signifying that one of the
ways acrylamide formation in French fries can be effectively controlled is by the use of raw products with low sugar
content. [11] got similar results in their study of the relationship between the acrylamide formation and time-—
temperature history of surface and core regions of French fries.

The high concentrations of acrylamide in the crisp samples are attributed to various factors. Firstly, state of maturity
and storage conditions of the raw potatoes which influence sugars levels and hence directly affect the amount of
acrylamide present in fried potato products [9]. The formation of acrylamide mainly occurs in plant based food stuffs
through an irreversible combination of reducing sugars and amino acid mainly asparagine the maillard reaction [16].
These results agree with those of [32] who assessed the concentration of acrylamide in potato crisps collected from
Ibaraki, Japan. Her results showed that most of the potato crisps samples and showed acrylamide concentrations
>10.00 mgkg™. Similar results were obtained by [23] who analyzed potato crisps purchased from Nairobi, Kenya.
Her findings showed that the acrylamide levels significantly differed among the brands and place of purchase ranging
from 5.666 mg/kg to 8.666 mg/kg. All the samples had acrylamide concentrations high above the permissible limits.
Dissimilar results were obtained by [31] who analyzed acrylamide concentration in potato crisps from Uppsala,
Sweden. Their findings indicated that all the crisp samples purchased in Uppsala had acrylamide concentrations
below 0.98 mg/kg.
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Objective:-
To determine the presence and levels of acrylamide in samples of potato chips and crisps obtained from retail
outlets in Kisii, Kenya

Conclusion:-

Results of this study are clear that the intake of fried starchy foods should stop and From the study, results of cooked
potato products, such as crisps and chips (potato chips), contribute a substantial proportion of the estimated intake of
acrylamide in the population of Kisii and unless the consumption is reduced over time the acrylamide levels are
likely to be increased in the human body therefore, potential increases the risk of developing cancer. Further efforts
on developing and implementing mitigation methods for acrylamide in foods of major importance for dietary
exposure’’ [33].

People should avoid fast starchy foods for they are rich in acrylamide and if not possible, encourage cooking of
potato chips under low conditions but regulate the intake to avoid accumulation of the acrylamide in the body.
Considerations should be made on the type of potato and effect in amount of acrylamide in the type of potato and
region of collection since it is assumed that different soils have different nutrients in the outcome of planting
potatoes.

Consideration should be made on observation of harvesting potatoes and raw potato pre-treatment to be made in an
effort to reduce reducing sugars that aid in acrylamide formation.
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