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ABSTRACT

INTRODUCTION

Ready to eat foods are street-vended and have been
associated with poor chemical and microbial quality
which may be linked to the processing and handling
practices. The objective of this study was to evaluate
and document the processing and behavioural practices
of the chips and crisps processors in Nyandarua County.
Questionnaires were administered to chips and crisps
processors in rural and urban areas of Nyandarua County,
and 90 samples collected for microbial analyses. Chips
and crisps were also prepared from potato varieties
Shangi, Deramwana and Dutch Robijn identified as the
most popular in Nyandarua County and taken to the
laboratory to determine their acrylamide content. Product
form significantly affected acrylamide content, with chips
ranging from 350.54 -3771.48 µg/kg while crisps ranged
from 1487.72 – 2871.84 µg/kg. Chips sampled from the
urban areas had the highest total viable count of 3.59
log10 cfu/g, followed by chips from the rural areas with
3.52 log10 cfu/g while crisps had the lowest (0.89 log10
cfu/g). Chips from the rural areas had the lowest yeast and
moulds count of 3.60 log10 cfu/g. The coliform count data
obtained in this study was acceptable. Escherichia coli
was also detected in some samples collected (n=6). This
study recommends that chips and crisps processors be
taught proper processing, hygiene and sanitation practices
to sensitize them on the importance of food safety. This
study also recommends Dera mwana potato variety be
considered as a substitute for Shangi in preparation of chips
as it results in lower amounts of acrylamide than Shangi.

The changing of feeding habits among the low and middle
income population shows that consumers are being
drawn towards convenient foods (Ringquist et al., 2016),
which has resulted as an emerging market for ready-toeat foods (Paudyal et al., 2017). Ready-to-eat (RTE)
foods require little or no processing before consumption
at the point of purchase. It could be raw or cooked, hot
or chilled, and can be consumed without further heattreatment including re-heating (CFS, 2007). Diverse RTE
foods exist ranging from salads to complex ethnic dishes
(Cabedo et al., 2008). There are also diverse methods
of preparing RTE foods, ingredients used, marketing
methods as well as location of preparation (Tesfaye, 2019).
Despite being popular, RTE foods have been linked to
certain food safety concerns. With the informal processing
sector growing, more of these RTE foods are streetvended and have been associated with several spoilage
and pathogenic microorganisms which can cause diseases
such as salmonellosis, listeriosis, typhoid fever, cholera
and diarrhoea, some of which may lead to death (Gitahi et
al., 2012). For instance, Salmonella sp., Staphylococcus
aureus, Shigella sp., Bacillus cereus, Pseudomonas sp.,
Escherichia coli and other coliforms, yeasts and moulds
have been found in dried food and potato products
(Ahmed et al., 2020; Doan and Davidson, 2000).
These may be introduced due to poor food preparation
and handling practices, inadequate storage, sanitation
and disposal facilities, poor personal hygiene of the
vendors and unsafe water sources (Kariuki et al., 2017).
Ndunguru and Ndossi (2019) noted that the presence of
a microorganism in food is not necessarily a threat to
human health. However, their potential to cause illness
is dependent on whether the bacteria ingested exceed a
certain threshold, and resistant to antibiotics (Moussé
et al., 2016). The report by WHO (2004), indicates
that rise in food borne diseases in developing countries
could be due to inadequate safety laws, weak regulation
authorities, insufficient funds to buy safe equipment
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and lack of education of the informal processors.

of this study was to investigate the effects of variety and
processing methods on the acrylamide content of chips
and crisps on potato from Nyandarua County, Kenya.

In addition to microbial hazards, chips and crisps
have also been associated with acrylamide (Rosén
and Hellenäs, 2002), which has been recognized as
a potentially carcinogenic compound (IARC, 2019;
Pedreschi et al., 2013). Acrylamide forms during
Maillard reaction when the reducing sugars react with
L-asparagine at temperatures above 120°C (Robert et al.,
2002), and results in dark pigmentation which influences
several aspects of food quality such as flavour and
colour (Meulenaer et al., 2016). According to Taubert et
al. (2004), the highest levels of acrylamide are formed
between 160-180 °C, while above 200 °C, acrylamide
is degraded to glycidamide which is mutagenic. The
limit of acrylamide in foods has been set by FAO and
WHO at 0.5 mg/kg of body weight/day (Ogolla, 2013).

MATERIALS AND METHODS
Research design and study area
Nyandarua County lies between 0° 32’ 59.99”N and
36° 36’ 59.99” EDMS. A cross-sectional study was
conducted on potato chips and crisps processors.
Sampling procedure and sample size
The site was divided into five study areas namely
Kinangop, Ol jororok, Ol kalou, Kipipiri and Ndaragwa
sub counties. Each of these had two study sites, one rural
and one urban, purposively selected for having the highest
population size (Table I). The five rural wards selected
were Weru, Mirangine, Central, Githioro and Gathara,
while the urban wards were Gathanji, Karau, Kiriita,
Kipipiri and Engineer (Figure 1). As the goal of the survey
was exploratory, 30 sampling units per constituency and
150 in total were selected as recommended by Teddlie
and Yu (2007). In order to compensate for non-response,
10% was added to the sample size (Israel, 2013), hence
165 questionnaires were administered. The questionnaire
was divided into six sections; Introduction, Background,
Demographic data, Potato varieties, Potato processing,
Food safety behaviour/practices and Waste disposal.

Asiegbu et al. (2015) reported that although some
consumers doubt the safety of the RTE foods, they still
consume them as they are relatively affordable and
readily available. This poses a challenge in controlling
and ensuring safety of chips and crisps, which cannot
be ignored as it threatens the health of consumers as
well as resilience of the potato value chain (Augustin
et al., 2016). This study determined the food safety
knowledge of potato chips and crisps processors, and
their microbial and chemical hazard awareness by
assessing their processing practices and how demographic
factors affect these processing practices. The objective

TABLE I – SELECTED RURAL AND URBAN AREAS OF NYANDARUA COUNTY FOR THE STUDY
Study area

Population size

Rural

Population size

Urban

Population size

Kinangop

189,714

Gathara

25,839

Engineer

26,815

Kipipiri

94,820

Githioro

20,010

Kipipiri

22,540

Ol’jororok

94,415

Weru

25,886

Gathanji

21,114

Ol’kalou

118,903

Mirangine

26,779

Karau

25,240

Ndaragwa

91,468

Central

29,592

Kiriita

19,491

Total

589,320

Source: (Ngugi et al., 2013)
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Figure 1. Map of Nyandarua County showing wards where research was conducted
Collection of Potato crisps and chips sample

as described by Muthee et al. (2021) and transported
to the laboratory for analysis of acrylamide content.

Stratified sampling was used to group the potato
processors into sub-counties and wards purposively
identified by selecting rural and urban wards with the
highest population in each sub-county. Chips (n=60)
and crisps (n=30) samples were then picked aseptically
randomly from each rural and urban ward selected. These
samples were collected during lunch hours (between
12.00 noon and 2.00 pm. East Africa time as this is when
they are usually consumed), packed in sterile airtight
containers, stored at 4 °C and transported to the laboratory
for analysis. The microbial load of all the samples was
analysed within 24 hours of sampling, while the rest were
stored at 4 °C until analysis for acrylamide was done.
Approximately four kilograms of tubers of each
potato variety were obtained and washed to remove
the dirt on the surface. These were then peeled using
a kitchen knife, washed and rinsed in clean potable
water. Chips and crisps samples were also prepared

Isolation and enumeration of microorganisms
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Microbial analysis was done using the serial dilution
method. About 25 g of each sample of chips and crisps
were put into 225 ml buffered peptone water and shaken
vigorously. Approximately one ml of mixture was then
pipetted and serially diluted 4-fold (10-5) using peptone
water. The chips or samples (one ml) diluted to 10-2 and
10-3 were transferred into sterile labelled petri dishes.
Aerobic plate count was then determined following the
procedure described in AOAC (1990), method 966.23C.
Approximately 20 ml of count agar was autoclaved at 121
°C for 15 min then poured into the petri dishes containing
each sample and the mixture swirled until it solidified.
The petri dishes were then inverted and incubated at
37 °C for 48 hours and the aerobic plate counts were
evaluated. For total coliform count, the above procedure
was followed using MacConkey agar, according to AOAC
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(1990), method 986.33C. Yeast and mould analysis was
also determined according ISO 21527-2:2008 procedure
using Potato Dextrose Agar (PDA). Briefly, one ml chips
samples diluted to 10-2 and 10-3, and one ml crisps samples
diluted to 10-3 and 10-4 were each transferred into sterile
labelled petri dishes. Autoclaved PDA (20 ml) was then
poured into the petri dishes with each sample and the
mixture swirled until it solidified. The petri dishes for yeast
and moulds were then incubated at 25°C for 72 hours.

method was done by preparing two blanks which would
determine the recovery. The first blank was prepared
by following the same procedure as the sample but
excluding the sample (Spike A). The second blank was
prepared by diluting the standard with 40% methanol
(Spike B). The ratio of Spike B to Spike A was then
calculated as a percentage to calculate the recovery.
Absorbance was measured at a wavelength of 209nm.
Chromatogram analysis was performed using Chromgate
software. Quantification was done using the formula:

Gram staining and microscopy

C (µg/kg) = (c × Dilution factor × V/w) × 1000,

Gram staining was done as described by Smith and Hussey
(2016) and observation made using a light microscope
to distinguish the gram positive and negative bacteria.
Escherichia coli confirmation using Eosin Methylene Blue
(EMB) Agar was also done by obtaining the pink mucoid
colonies observed on MacConkey agar following the
procedure described in AOAC (1990), method 940.36A.

where C=Total acrylamide content in (µg/kg), c=the
concetration of acrylamide established from calibration
curve, V=the volume of the extract = 5ml), w=the
weight of the sample in g =1g, Dilution factor = 50,
1000= used to convert concentration in mg/kg to µg/kg.
Statistical analysis

Determination of the acrylamide content

Descriptive statistics were done for data obtained from
the respondents (processors) during the survey. Crosstabulation of the factors with the rural and urban locations
was also performed and chi-square tests done to determine
the association with the location (rural and urban). Bacterial
counts were transformed to log10 cfu/g and entered into the
Statistical Package for the Social Sciences (SPSS) version
22. Means were separated using Tukey’s HSD test (P=0.05).

Acrylamide content was determined following the
procedure described by Şenyuva and Gökmen (2005)
with modifications. Sample (one g) was weighed into a
20 ml centrifuge tube and 10 ml of acetone added and
extracted for 5 minutes in an ultrasonic bath (33641Q3A, Lindsonic, Milan, Italy) set at 25 °C. The mixture
was then centrifuged at 4193×g for 10 minutes (Model
8377, Hettich Universal, Tuttlingen, Germany). The
centrifuged sample was then transferred into a round
bottomed flask and the acetone evaporated to dryness in
a rotary evaporator (Model no. 1080219, Buchi, Flawil,
Switzerland). Carrez I potassium hexaferrocyanide and
carrez II (zinc acetate) solutions (20 µl) each was added
to the sample to precipitate the soluble carbohydrate and
protein. Carrez I solution was prepared by dissolving 10.6
g potassium hexaferrocyanide in 100 ml distilled water
while carrez solution II was prepared by dissolving 21.9
g zinc acetate in 3 ml acetic acid and raised to 100 ml
with distilled water in volumetric flask. The mixture was
then spiked with 25 µl acrylamide standard (Acrylamide
(AA) from Fisher Scientific). Approximately 5 ml of 40%
methanol was then added and the mixture shaken in an
ultrasonic bath (33641-Q3A, Lindsonic, Milan, Italy)
for one minute. Microfiltration was then done before
injecting the sample for HPLC analysis (KNAUER,
Berlin, Germany) equipped with a photodiode array
detector (model number 25EE181ESJ). Validation of the

The formula for the chi square statistic used is illustrated:

xc = ∑
2

(Oi − Ei ) 2
Ei

,

where Oi – observed value (actual value) of the
sociodemographic characteristic, processing or food
safety practice being assessed, Ei – expected value of
the sociodemographic characteristic, processing or food
safety practice being assessed, c – degrees of freedom
The

formula

for

Tukey’s

HSD

is

as

follows:

,
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where HSD – Honestly Significant Difference, M1 and
M2 – Means of samples being compared (total viable
count), MSw – variance within the group of samples, n –
size of the sample
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RESULTS AND DISCUSSION

RTE street-vended maize dumpling. However, Adesoji
et al. (2019) who assessed the safety awareness of RTE
foods in Nigeria reported primary school education as the
highest, differing with this study, and found a significant
association between level of education and food safety
awareness. More of the self-employed processors were
also found in the urban areas. Urbanization presents
several business and innovation opportunities for both
the urban workers and the workers in the rural areas
with poor labour market opportunities (Faggio and Silva,
2014). Rural labour markets, although less lucrative, have
lower exit rates compared to the urban, because they
have lower hazard incidences which allows for workers
to continue employment (Haapanen and Tervo, 2010).

Association between location and demographic
characteristics of potato chips and crisps processors
Location (whether rural or urban) did not exhibit any
significant association with gender, level of education,
employment status or age (P>0.05) (Table II). Majority
of the processors were female (60%), similar to findings
by Aruwa et al. (2017). Studies have shown that as a
result of urbanization, participation of women in income
generation also increases (Sarkar, 2019). Majority of the
processors were in the informal sector, most of them being
women thus corroborating the findings of Kisakye et al.
(2020) who suggested that this could be due to limited
access to services such as credit, networks and weak
trade linkages. In this study, majority of the processors
identified were between the ages of 21-30, similar to
findings by Aruwa et al. (2017) and Tortoe et al. (2021),
unlike farming which was not attractive to the youth
(Kapfudzaruwa et al., 2018). Majority of the processors
in this study had completed secondary education level
which is similar to results by Oduro-yeboah et al. (2018)
who surveyed processors of white kenkey, which is a

Association between location and practices of chips
and crisps processors
Location significantly affected the number
peeled potatoes were washed, where water
processing was obtained, and equipment
frying (Table III). This may potentially
the microbial load found in the end

of times
used for
used for
influence
product.

TABLE II - ASSOCIATION BETWEEN LOCATION AND THE POPULATION CHARACTERISTICS OF
POTATO CHIPS AND CRISPS PROCESSORS IN NYANDARUA COUNTY, KENYA
Parameter
Response
Location
Rural (%)
Urban (%)
Chi-square
P-value
Gender
Female
23.2
36.8
0.361
0.617
Male
17.4
22.6
Level of education
Incomplete primary
3.9
1.3
6.090
0.529
Complete primary
Incomplete secondary
Complete secondary
Incomplete college/university

5.8
3.9
20.6
1.3

9.7
6.5
27.7
1.3

Employment status

Complete college/university
Formally employed

3.9
20.6

9.7
27.1

0.396

0.624

Age

Self employed
21-30

20.0
16.8

32.3
22.6

2.090

0.911

31-40
41-50

12.9
5.8

21.3
8.4

51-60
3.9
Above 60
0.0
P>0.05 indicate that the effect of location is not significant.
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Association between location and food safety
behaviour/practices of potato chips and crisps
processors

Majority of the processors washed the peeled potatoes
twice before frying. However, 5.8% in the urban washed
only once and this was significant in terms of microbial
safety. Washing helps to remove dirt, pesticide residues
and nitrates from the potatoes although nitrate contents
is significantly reduced during deep fat frying at 180 °C
(Ebrahimi, 2020). A small number of processors (0.6%)
in the rural and (1.9%) in urban areas also indicated
washing the peeled potatoes and then dipping in brine
before frying which has been found to significantly
reduce oil uptake and improve textural properties of
the chips (Bunger et al., 2003). Urbanization influences
food processing or preparation practices as a lot of food
safety issues are made public which drives processors
and consumers to pay attention to food safety (Umalideininger and Sur, 2005). Water quality significantly
affects the quality of the end product because wells
and borehole water have high levels of E.coli and total
coliforms Bennett et al. (2010). The depth of the wells
also matters because deep wells results in lower incidences
of diarrhoea compared to shallow wells (Escamilla et
al., 2011). Equipment used for frying also reflects on
the ease of cleanliness which is directly associated with
the equipment’s potential to become a contamination
hotspot (Al-kandari et al., 2019; Ayofemi et al., 2020).

The type of premises may affect the ease of cleaning. The
premises observed were 62.6% (stone), wood (20.0%),
iron-sheets (13.5%) and open-air (2.6%) respectively.
Cleanliness of the premises reflects the quality of food
prepared (Abdul-Mutalib et al., 2015). The sources of
energy identified were firewood (38.7%), electricity
(29.7%) and charcoal (16.8%). About 98.1% of the
processors washed their hands after visiting the toilet but
only 76.1% washed with soap and water. Washing hands
with water and soap, followed by application of sanitizer
is the most effective way of preventing contamination of
food as a food handler. Studies have shown that washing
with water and antimicrobial soap is more effective
in reducing bacteria, particularly Escherichia coli and
Enterococcus faecalis which are faecal coliforms (PerezGarza et al., 2017). Majority (90.3%) of the processors
knew the importance of protective wear when handling
food. In a bid to protect consumers’ safety, the Kenya
government through the Public Health Act Cap.242 law
stipulates that food handlers must undergo regular health
check-ups (Public Health Act, 2020) although only 83%
had a public health license, 7.7% never went for check-

TABLE III - CROSS TABULATION OF LOCATION AND PRACTICES OF CHIPS AND CRISPS
PROCESSORS IN NYANDARUA COUNTY
Processing practice

Number of times potatoes are washed
before processing

Where to obtain water for processing

Equipment for frying
p≤0.05 are considered significant.

Response

Location

Once
Twice
Thrice
Water vendor
Tap water
Borehole
Well water
Rain water
River
Electric fryer
Jua kali pan
Frying basin
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Rural

Urban

0.0
31.6
8.4
6.5
18.1
9.0
3.9
1.3
1.3
9.7
12.3
17.4

5.8
47.7
3.9
9.0
38.7
5.8
0.6
3.9
0.6
23.2
21.9
12.9

Association between location
and practice
P value
Chi-square
13.024

0.003

16.445
0.010

10.199

0.020
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ups while 8.4% only went when they felt unwell, as seen
in Table IV. Good manufacturing procedures also require
food handlers to wear protective clothing such as gloves
and head gear (Tybor et al., 1988). Dust coats were the
most popular protective wear observed in both the rural
and urban locations (Figure 2). This could probably be
because it is legally required of all food manufacturers by
the department of public health, both in the formal and
informal sector, to wear clean protective wear as part of
good manufacturing practices. Some processors also stated
that apart from protecting them from dust and contact
with food, dust coats gave them a more professional look
which assured the consumers of the safety of their food.

Chi-square values with P<0.05 indicate a significant
association between location and the food safety
behaviour/practice
Microbial quality of the RTE potato products
Product form significantly affected total coliform count
(TCC) and the total viable count (TVC) (P<0.05). Chips
collected from the urban areas had the highest TVC,
followed by chips from the rural while crisps had the
lowest TVC (Table V) and this can be explained by the
differing dry matter. Crisps have high dry matter which
lowers the water activity that is required for microbial
metabolic purposes (Laranjo et al., 2017). The data in
this study differed from the findings of Johnston et al.
(2005) and Manani and Collison (2006) who reported
high values of aerobic count (4.5 to 6.2 log CFU/g), but
similar findings for coliform count (1 to 4.3 log CFU/g)
in leafy vegetables. As these products, particularly crisps
were stored at room temperature, they tend to have higher
yeast and mould counts than chips which are consumed
hot. Chips from the rural areas had the lowest yeast and
moulds count, while crisps and chips collected from
the urban areas had similar results. Yeast and moulds
produce mycotoxins, for instance ochratoxin, which has
been classified as a potential carcinogen (Cebrian et al.,
2019). Other mycotoxins may be produced that result
in spoilage of food but presence of yeast and moulds
does not confirm presence of mycotoxins, it only shows
potential contamination with mycotoxins (Melo et al.,

Chi-square tests were done to check whether there was
an association between food safety practices and location
as illustrated in Table IV. Significant relationships were
observed between location and whether food processors
went for lessons/training, with a relatively high number
who had taken improvement lessons coming from urban
areas. This could be due to more opportunities in the urban
areas for instance training programs and capacity building
of stakeholders (Monney et al., 2016). A larger number in
the urban areas (54.8%) compared to the rural areas were
aware that insects are potential food contaminants. Control
of insects around the food environment is necessary
because insects pose several risks for instance, microbial
contamination, production of toxins and heavy metals,
and allergenicity through inhalation or food ingestion
by workers and consumers (Cappelli et al., 2020).

TABLE IV - ASSOCIATION BETWEEN LOCATION AND FOOD SAFETY PRACTICES OF POTATO
CHIPS AND CRISPS PROCESSORS IN NYANDARUA COUNTY
Food safety behaviour
Association between location
Response
Location
practice
and safety practice
Rural (%)
Urban (%)
P- value
Chi-square
Yes
4.5
14.2
Studied processing
4.855
0.059
No
36.1
44.5
Yes
3.9
16.1
Gone for improvement
8.164
0.010
lessons
No
36.8
42.6
Yes
0.0
4.5
Handling of food when
5.819
0.046
sick
40.0
53.5
No
Know insects are food
contaminants
Frequency of Medical
screening

Yes

34.8

54.8

No

3.2

0.6

Every 3 months
Every 6 months
Never

9.7
25.2
3.2

5.8
45.6
4.5

Only when unwell

2.6

5.8
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0.119

6.501

0.146
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Figure 2. Comparison of protective wear worn by potato chips processors in the rural and urban areas in Nyandarua
County

that processing and hygiene controls be implemented,
as well as studying the food environment (FSANZ,
2018). According to the International Commission on
Microbiological Safety of Foodstuffs (ICMSF), the
TVC and TCC data obtained in this study is considered
‘borderline’ (ICMSF, 2020), and ‘acceptable’ according
to Public Health Laboratory Sciences (PHLS) advisory
committee for food and dairy products (Gilbert et al.,
2000) and recommend studying the hygiene practices of
the processor.

2017). According to Enache et al. (2017), crisps are more
prone to yeasts and moulds due to their low water activity
(<0.85), whose growth is only inhibited below 0.62.

The TVC data in this study was also marginal (103 – ≤105
cfu/g) according to Food Standards Australia New Zealand
(FSANZ, 2018) which indicated poor handling practices
after preparation/processing. All the samples collected
in this study fell between <102, regarded as satisfactory,
and 102 –104 regarded marginal hence it is recommended

15

MUTHEE, ANYANGO, AND MATOFARI
TABLE V - EFFECTS OF LOCATION AND PRODUCT FORM ON MICROBIAL LOAD OF POTATO CHIPS
AND CRISPS
Location

Product form

TVC
(Log10cfu/g)

TCC
(Log10cfu/g)

Yeasts and Moulds
(Log10cfu/g)

Urban

Chips

3.59±0.91a

0.85±0.85b

4.31±0.65a

Rural

Chips

3.52±0.90a

3.24±0.84a

3.60±2.11a

Urban

Crisps

0.89±0.86b

2.65±1.08ab

4.36±0.46a

Values are Means ± Standard deviation. Means followed by a different letter in the same column are significantly
different (p≤0.05)
TVC- Total Viable Count
TCC- Total Coliform Count

Figure 3. Yeast and moulds isolated from chips samples cultured on potato dextrose agar (PDA)

Figure 4. Microbial colonies isolated from crisps samples cultured on Plate Count Agar (PCA)
Characteristics of bacteria found in potato chips and
crisps
More gram positive cocci than gram positive and gram
negative rods were detected in samples collected in both
rural and urban areas (Table VI). The relationship between
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bacterial group and location was however not significant.
More gram positive rods and gram positive cocci were
also detected in samples in the rural areas, compared
to urban areas. Stojek and Dutkiewicz (2006) found
significantly greater amounts of gram negative bacteria in
water samples from the rural sources. In this study, the

Assessment Of Safety Of Potato Chips And Crisps In Nyandarua County, Kenya
results are contrary to findings by Minj and Behera (2012)
that there are more enteric microorganisms in urban milk
samples than in rural samples. No gram positive rods
were detected in samples collected from the rural areas.

Of the positive gram positive rods identified (bright pink
colonies on MacConkey agar), Escherichia coli were
confirmed to be present in 6.67% (n=6) of the total samples.
When streaked on Eosin Methylene Blue (EMB) agar, the

TABLE VI - EFFECTS OF LOCATION ON BACTERIAL GROUPS IN POTATO CHIPS AND CRISPS
FROM NYANDARUA COUNTY
Location
Bacterial group
Presence
Rural (%)
Urban (%)
Chi-square
P value
Gram negative rods
Detected
33.3
20.0
0.268
0.709
Gram positive rods
Detected
0.0
6.7
4.286
0.103
Gram positive cocci
Detected
46.7
26.7
0.341
0.452
Chi square values with p>0.05 indicate no significant relationship between location and bacterial group
colonies were purple with a blue-black bull’s eye and in
the light appeared to have a green metallic sheen. E.coli
was confirmed in 6.67% of the samples collected, seen to
have a blue-black centre, similar to findings by Kariuki et
al. (2017). E. coli has been detected in a lot of street food
analysed and their presence means the food is not safe to
eat (Al-kandari et al., 2019; Kariuki et al., 2017; Melo
et al., 2017; Paudyal et al., 2017; Turner et al., 2016).

More gram negative rods and gram positive cocci
were detected in chips compared to gram positive
rods, whereas no gram positive rods were detected
in crisps (Table VII). In a study done by Jawad et al.
(2019) gram negative rods from the Bacillus species
were more prevalent due to their availability in air,
tolerance to hard unsuitable conditions and formation
of resistance spores. The effects of product form on the
bacterial group was however not statistically significant.

TABLE VII - EFFECTS OF PRODUCT FORM ON BACTERIAL GROUPS FOUND IN POTATO CHIPS
AND CRISPS FROM NYANDARUA COUNTY
Bacterial group
Presence
Product form
Chips (%)
Crisps (%)
Chi square
P value
Gram negative rods
Detected
40.0
13.3
1.071
0.442
Gram positive rods
Detected
6.7
0.0
1.071
0.540
Gram positive cocci
Detected
53.3
20.0
1.364
0.384
Chi square values with p>0.05 indicate no significant relationship between location and bacterial group
Acrylamide content of chips and crisps prepared from
Shangi, Dera mwana and Dutch Robijn potato varieties

Figure 5. Gram negative rods as observed under a light
microscope.
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Acrylamide levels in chips collected in the rural and
urban areas of Nyandarua County ranged from 350.54 to
3771.48 µg/kg while in crisps the range was 1487.72 to
2871.84 µg/kg (Table VIII). Although maximum limits
for acrylamide foodstuffs in Kenya have not been set, the
European Commission has established acceptable levels
of acrylamide at 500 µg/kg for French fries (chips) and
750 µg/kg for potato crisps (Mihai et al., 2021), which
a majority of the values in this study exceeded. Both
variety and product form significantly affected acrylamide
content, however the interaction effect was not significant.
This is similar to findings by Bethke and Bussan, (2013).
Acrylamide levels in both chips and crisps were lower
than maximum acrylamide values observed by Vinci
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et al. (2012) which were between 2668-3380 µg/kg for
chips and 4180-4804 µg/kg for crisps. These results
were also significantly lower than acrylamide in crisps
samples obtained from Nairobi, Kenya, studied by Ogolla
(2013). Crisps had a higher acrylamide content which
is similar to results by Deribew and Woldegiorgi (2020)
who obtained samples from Addis Ababa city, Ethiopia.
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TABLE VIII - ACRYLAMIDE CONTENT OF
CHIPS AND CRISPS PREPARED FROM THE
DIFFERENT POTATO VARIETIES
Potato variety

Product form

Acrylamide
content (µg/kg)

Shangi

Chips

2091±803.27a

Dera mwana

Crisps
Chips
Crisps

2718.19±25.23a
343.24±10.32c
2836.24±5.20a

Dutch Robijn

Chips

819.3±26.46b

Crisps

2040.33±569.27a
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