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Abstract

The main focus of the study was to evaluate the level of knowledge, practices, and
policies of potato-based product, manufacturers in Bangladesh regarding food safety and
quality issues, particularly acrylamide, a probable human carcinogenic compound formed
in potato-based products during heat processing. Among twenty-one processed potato
product manufacturers, only fifteen were found interested in participating in this study. A
pre-developed questionnaire was used to collect data from the respondents and descriptive
statistical measures were used for data analysis. The results revealed that most of the
manufacturers are not aware of the Maillard reaction (60%) and acrylamide formation
(53.3%) during potato processing. Although the manufacturers are familiar with reducing
sugar (80%) and amino acids (73.3%), they were unaware that these are acrylamide
precursors that must be quantified before potato processing. Most of the manufacturers
(83.3%) prefer 150-200°C temperature for frying and the remaining (16.7%) use above
200°C. However, no manufacturers performed acrylamide analysis as they didn’t have any
standard policy. Only 16.7% of manufacturers adopted the mitigation strategy for
acrylamide reduction. Additionally, almost 58.3% of manufacturers are not aware of the
international trade barrier on the export of potato products based on the acrylamide level.
There has been a crucial demand for further research on revising and updating the food
safety policies and practices during the processing of potatoes to safeguard the health of
the consumers by relevant regulatory bodies in Bangladesh for acrylamide to get on with
the latest industrial and technological innovations along with skill developing training to
remove the trade barrier on export.

1. Introduction

Potato (Solanum tuberosum L.) is a widely cultivated

potatoes. According to the Department of Agricultural
Marketing (DAM) in Bangladesh, potato production in

major food crop in Bangladesh next to rice and wheat,
and it ranks first among vegetables (Al Mamun et al.,
2016). In 2019, Bangladesh was the seventh largest
producer of potatoes (9,655,082 tons) in the world and
third in Asia (FAO, 2021). In the last decade,
Bangladesh has experienced progress in potato
production, yield, and land use with growth rates of 21%,
14%, and 6%, respectively (Sabur et al., 2021). As a
result, the production exceeds the annual demand for
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2020 against an annual demand of 6.82 million MT
brings a surplus of 3.40 million MT (DAM, 2020). This
surplus amount of potatoes needs to be used properly
either in food processing industries or exported to other
countries.

Potato is a staple food in many countries as
carbohydrate is its predominant macronutrient and
widely consumed food commodity around the world
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(Beals, 2019). Potatoes contribute vitamins, minerals,
phytonutrients, and dietary fiber to the human diet
(Navarre et al., 2009; McGill et al., 2013). Potato
consumption in the developing world is increasing
gradually. Among all produced potatoes, only 26% have
been consumed as fresh or without processing while the
remaining 74% are utilized in other forms of processed
food (Nayak et al., 2014). Although necessary for food
processing, heat treatment can generate adverse and
undesired changes. Potato processing by using high
temperatures such as frying or baking may lead to the
formation of hazardous chemical compounds, especially
acrylamide (Mesias et al., 2020).

Acrylamide or 2-propenamide (AA, C;HsNO,
molecular mass: 71.08 Da), a process contaminant, is a
product of the Maillard reaction which occurs when food
containing reducing sugars and asparagine is processed
at high temperatures in low moisture conditions
(European Food Safety Authority (EFSA), 2015; Kumar
et al, 2018). It is mainly formed during the frying,
baking, or roasting of carbohydrate-rich foods including
cereals, potatoes, and coffee beans (Mesias ef al., 2020).
There are several mechanisms assumed to be the reason
for acrylamide formation in food, i.e., formation by
acrylic acid which may be derived from degradation of
carbohydrates, lipids, or proteins; formation via the
dehydration/decarboxylation of other organic acids; and
direct formation from amino acids (Kumar et al., 2018).
Acrylamide was listed as a potential carcinogenic risk to
humans by the International Agency for Research on
Cancer (IARC) in 1994 (Kumar et al., 2018). Since
acrylamide was recently discovered to be a carcinogen in
rats, it is believed to have serious consequences for
human health. In the year 2015, the EFSA declared that
acrylamide in foods is an issue of public health concern
(EFSA, 2015). Furthermore, acrylamide may cause
several health problems including neurotoxic effects,
immunotoxicity, hepatotoxicity, and reproductive
toxicity (Kumari et al., 2022).

The main source of acrylamide exposure in humans
can be food, water, smoking, tobacco smoke, and the
work environment. However, acrylamide is not present
in raw food items. Potato-based processed food products
are the major contributor to dietary acrylamide exposure
(Liyanage et al., 2021). Fried potato products are divided
into two categories, firstly, potato-based snacks;
secondly, french fries and other cut potato products.
Hence, The European Commission has set benchmark
levels of acrylamide in processed foods including potato-
based products and came into force in April 2018 that
requires manufacturers to take mitigation measures and
track success via routine measurement (EU, 2019). Since
foods are proposed to monitor the presence of
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acrylamide in potato products, bakery products, cereal
products, and others such as dried fruits, and olives in
brine (EU, 2019), it is particularly important for the
manufacturers to know the issues regarding acrylamide.

The present study has been conducted to identify the
level of knowledge and practices of potato chip
manufacturers as well as policies to provide a safe food
aspect of acrylamide risk. Thus, the manufacturer of
potato chips can utilize the surplus potato for product
processing by ensuring food safety and possessing no
restrictions in terms of export. Numerous studies have
concluded that food safety is the most crucial issue
nowadays, and is strongly related to good practices,
knowledge, and expertise of those involved in food
production. The findings of this study will provide
information for food safety training and policy
development.

2. Materials and methods
2.1 Questionnaire design

A questionnaire was developed for this study with
the help of a literature review to assess the knowledge of
food safety, processing, and handling associated with
acrylamide and potato processing. The four sections of
the questionnaire contained a total of 37 questions
including 17 yes/no questions, 12 multiple choice
questions, 6 questions needed to fill up the answers, and
2 more questions with the condition only if the answer to
the previous question was “yes”. The first part of the
questionnaire was about potato selection including the
form of potato as raw materials, source of potato, variety,
yield, and storage temperature before processing.

The second part of the questionnaire contained
questions related to knowledge and practice associated
with potato processing methodology including cold
sweetening, blanching method and technique, drying
method and technique, frying method and technique,
coloring agent, frying oil, and additives. The following
part of the questionnaire was focused on knowledge and
practices associated with quality control of potato
products including reducing sugar, amino acid, Maillard
reaction, acrylamide, proximate analysis, trans-fatty acid,
microbiological tests, physical parameters, and chemical
parameters. The last section of the questionnaire
consisted of information and practices associated with
policies including acrylamide policy, acrylamide
formation mitigation method, and export restriction.

2.2 Research population and data collection

To conduct this study, 21 food processing companies
were identified in Bangladesh that manufacture potato-
based products such as potato chips, potato flakes, potato
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starch, crackers, real potato chips, and more. Before data
collection, contact was made with all the enlisted food
companies for data collection and 20 companies agreed
to participate in this study. To obtain the data and
minimize the response bias, direct interviews from the
food processing companies using the questionnaire were
the priority for this study. Moreover, data was also
collected by interview over the phone call based on the
preference of the respondents due to the COVID-19
pandemic situation. We have collected data from the
responsible person for the quality control section of the
companies.

2.3 Data processing

Output data from the survey questionnaire were
primarily compiled in an Excel spreadsheet format. Data
were processed using SPSS software. Categorical data in
this study were expressed as frequencies (number of
companies) and percentages.

3. Results and discussion
3.1 Responses from the participated companies

The present study aimed to identify the level of
knowledge, attitude, and practices, associated with
acrylamide-related food safety, among potato chip
manufacturers in Bangladesh. It is important to ensure a
certain level of knowledge and recommended practices
by the companies to control the acrylamide level in
processed food which is a probable threat to food and
human health safety. A total of twenty potato-based food
processing companies participated in this study and
provided data on their company's knowledge level,
attitude, and processing practices about acrylamide. The
overall responses from the companies reflect that all the
companies have different levels of knowledge and
various practices starting from potato selection, primary
handling, product processing, quality maintenance, and
policy practices.

3.2 Potato selection

The companies who participated in this study have
several potato-based products such as 46.7% of
companies manufacture potato chips, 40% of companies
have potato crackers, 20% produce potato flakes, 13.3%
manufacture potato powder, and only 1 company
produces potato granules. There are several forms of
potato used as raw material for potato-based product
processing (Table 1). Among the companies
participating, 60% are using potato flakes as raw
materials followed by 53.3% using real potato, 33.3%
potato starch, and 13.3% companies using potato powder
and potato granules. Most of the companies (66.7%) are
using one form of potato, and the remaining (33.3%) are
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using two or more forms of potato. All forms of potato
used as raw material in these companies are collected
from 3 sources, of which 73.3% of companies collected
from the local market, 33.3% sourced by contact
farming, and 20% of companies used imported potato
flakes. The companies using potato flakes as raw
material mainly used local sources (66.7%) and the
remaining companies (33.3%) used imported potato
flakes.

Table 1. Final potato-based products, the form of potato used
as raw material and sources of potato of different food
companies.

List
Potato-based products

No. of Company %

Potato Chips 7 46.7
Potato crackers 6 40.0
Potato granules 1 6.7
Potato Flakes 3 20.0
Potato Powder 2 133
Form of potato used in company as raw material
Potato 8 53.3
Potato Flakes 9 60.0
Potato Powder 2 13.3
Potato Starch 5 333
Potato granules 2 133
Sources of potato
Local Market 11 73.3
Contract Farming 333
Imported Potato Flakes 20.0

Almost 8 varieties of potatoes are used in these
Bangladeshi companies for potato processing (Figure 1).
The most widely used potato variety is Lady Rosetta
(33.3% companies), followed by Diamant (26.7%),
Cardinal and Courage (20% for each variety), and
Granola, Lady Claire, and Asterix (6.7% for each
variety). It is recommended that the potato processing
company select appropriate potato varieties for the
preparation of fried potato products based on raw
potatoes as the composition of the potato directly affects
the quality of the final products (Mesias et al., 2020).

Asterix
Cardinal
Courage
Diamant
Granola
Lady Claire
Lady Rosetta
0 1 2 3 4 5 6

Figure 1. Variety of potatoes used in potato processing food
companies in Bangladesh.
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Potato variety plays a significant role in determining the
extent of acrylamide formation, for example, varieties
with low levels of reducing sugars will form less
acrylamide in potato-based products (Rosen et al., 2018).
This urges a recommendation for asparagine and
reducing sugar (fructose and glucose) content that is as
low as possible for fried potato products. Reducing
sugars and asparagine are well-known acrylamide
precursors, with the potential for acrylamide formation in
potato products being constrained by reducing sugars
(Williams, 2005). Therefore, the company shall take the
main strategy to lower the concentration of acrylamide in
fried potato products by controlling the level of reduced
sugar.

3.3 Knowledge and practices associated with processing

Potato processing companies that participated in this
study were asked about the knowledge associated with
potato processing quality production, and food safety
(Table 2). Most of the respondents (60%) are unfamiliar
with ‘Maillard Reaction’ in potato processed products.
Among the participants, only 66.7% are familiar with the
term ‘acrylamide’, while 53.3% don’t know about
acrylamide formation in potato products. One-third of
participants are not familiar with blanching as a part of
potato processing and the term ‘cold sweetening’. About
80% of participants are aware of the term ‘reducing
sugar’ while 73.3% are familiar with ‘amino acid’ in

Table 2. Knowledge of potato processing.

Nahid et al. / Food Research 8 (5) (2024) 117 - 125

potatoes. Amino acids (e.g., lysine, glycine) play a key
role in reducing acrylamide content significantly (63-
88%) in processed potato products (Food Drink Europe
(FDE), 2019; Kumari et al., 2022).

Different practices during potato processing are
shown in Table 3 and processing methods used by the
companies are enlisted in Table 4. After receiving the
potatoes, 60% of the companies performed the analysis
of reducing sugar or glucose levels in incoming potatoes
to check the quality. In addition, during receiving the
potato several companies practice different tests
including starch (non-reducing sugar), glucose, sucrose,
and fructose (Figure 2A). For storage of raw potatoes, a
range of temperatures, starting from 2°C until ambient
temperature, were used by the companies. For immediate
use, companies stored the potatoes at ambient
temperature, while 10-15°C temperatures were used for
7-10 days of storage, and 2-5°C temperatures were used
for longer storage. Among the potato storing companies,
only 45.5% took measures to reduce the sprouting of
potatoes during storage. Controlling reducing sugar
content is essential for minimizing acrylamide
concentration in fried potato products, which can be
accomplished by ensuring potatoes are mature, selecting
suitable potato varieties with low reducing sugar, proper
storage conditions, and conditions to minimize senescent
sweetening and cold sweetening (FDE, 2019). Reducing
sugar and other chemical content also depends on

Associated questions Yes (%) No (%)
Whether the interviewee is familiar with the term “cold sweetening”? 10 (66.7) 5(33.3)
Whether blanching is a part of potato processing or not? 10 (66.7) 5(33.3)
Whether the interviewee is familiar with the term “reducing sugar” in potatoes? 12 (80) 3 (20)
Whether the interviewee is familiar with the term “amino acid” in potato? 11(73.3) 4(26.7)
Whether the interviewee is familiar with “maillard reaction” in potato products? 6 (40) 9 (60)
Whether the interviewee is familiar with the term “acrylamide”? 10 (66.7) 5(33.3)
Whether the interviewee is familiar with the “acrylamide formation” in potato products? 7 (46.7) 8 (53.3)
Table 3. Practices associated with potato processing and acrylamide policy.
Questions associated with practice and policy Yes (%) No (%) Not applicable
Practices related to the process
Whether the company has performed an analysis of reducing sugar/ Glucose levels in 9 (60) 6 (40) -
Are there any measures taken to reduce the sprouting of potatoes during storage? 5(45.5) 6(54.5) 4 (53.3)
Whether the company use coloring agents to enhance the color of potato products? 12 (85.7) 2(14.3) 1(6.7)
Does the company prefer high moisture endpoints after frying potato products? 3(25) 9 (75) 3 (20)
Whether the company has performed the proximate analysis of potato products? 10 (71.4) 4 (28.6) 1(6.7)
Whether the company perform an analysis of trans-fatty acid in potato products? 7(58.3) 5(41.7) 3 (20)
Whether the company performed an analysis of Acrylamide in potato products? 0 12 (100) 3 (20)
Practices related to policy
Is there any “acrylamide policy” in the company? 0 12 (100) 3 (20)
Is there any “acrylamide formation mitigation method” adopted by the company? 2 (16.7) 10(83.3) 3 (20)
Whether the company aware of the international trade barrier on the export of potato 5@41.7) 7(58.3) 3 (20)
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Figure 2. (A) test done by the companies during the receiving of potatoes (B) type of oil used for frying (C) Color preference by
the companies after frying, (D) measure taken by the companies to enhance the color (E) additives used during processing of
potato (F) method is used for Acrylamide Formation Mitigation by the companies.

Table 4. Time and temperature combination for different
potato processing steps by food companies in Bangladesh.

Potato Processing No. of Companies %

Stored before processing

2 -5°C 2 13.3

10-15°C 5 333

25°C-ambient temperature 4 26.7

Does not store 4 26.7
Blanching method

Water blanching 7 70.0

Steam blanching 3 30.0

Not applicable 5 333
Blanching temperature

70 -100°C 8 80.0

Below 70°C 1 10.0

Above 100°C 1 10.0
Drying method

Conventional drying 9 60.0

Drum drying 3 20.0

Not applicable 3 20.0
Drying potato products

50-100°C 7 58.3

101-150°C 2 16.7

>150°C 3 25.0
Frying method

Deep fat frying 11 73.3

Shallow frying 1 6.7

Not applicable 3 20.0
Frying potato products

150 -200°C 10 83.3

>200°C 2 16.7

https://doi.org/10.26656/r.2017.8(5).488

whether the potato is freshly harvested or the duration
and condition of storage (Muttucumaru et al., 2014). De
Wilde et al. (2005) reported that cold sweetening can
happen because of the change in potato sugars due to
potatoes stored below 6°C for a long time followed by
inadequate re-conditioning before processing. All the
practices associated with different potato processing
stages must be controlled to minimize the formation of
acrylamide during potato frying.

Most of the companies practiced water blanching
(70%) followed by 30% steam blanching and almost
80% of them used 70-100°C as blanching temperature.
Blanching is one of the important practices before frying
potatoes which involves mild heat treatment for a short
time (60-80°C, 2-3 mins) (Oladejo et al., 2017).
Blanching helps to reduce sugar content and asparagine,
inhibits browning enzymes, and less oil absorption
during frying, which finally contributes to minimizing
acrylamide production in fried potato products (Abboudi
et al., 2016; De Meulenaer et al., 2016). Drying is
widely practiced in potato processing. Among the
participating companies, 60% use conventional drying,
and 20% drum drying (Table 4). Almost 58.9% of
companies use 50 -100°C, 25% of companies use >150°
C and 16.7% use 101 -150°C as drying temperature.
Generally, the drying step takes place after pre-treatment
like blanching, which helps to lower the moisture
content, modify the potato structure, reduce oil
absorption, and shorten the frying duration, resulting in
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the improvement of quality attributes of potato products
(Kumari et al., 2022). Another important processing step
is frying which is mandatory for several products such as
potato chips, potato crackers, etc. and also plays a
notable role in the safety and quality of the products.
Most of the companies use deep fat frying (73.3%) and
shallow frying (6.7%) as frying techniques. For frying,
most of the companies (83.3%) prefer 150-200°C
temperature, and the remaining (16.7%) use above 200°
C. Controlling frying temperature is crucial as it is one of
the primary determinants of acrylamide production in
processed potato products (Perera et al., 2021). It is
recommended to use frying temperature below 175°C or
as low as possible as it is reported a rapid increase in
acrylamide concentration at higher temperatures (e.g.,
180 -190°C) than at lower temperatures (e.g., 150 -170°
C), considering food safety requirements (Matthdus et
al., 2004). Mesias et al. (2020) reported that almost 81%
of Spanish respondents controlled the temperature during
household frying of potato products. Frying oil also
plays a vital role in product quality and safety. Among
the companies, 9 of them use palm oil, while 3 use palm
olein (Figure 2B). However, till now no studies reported
the contribution of oil to the significant change in
acrylamide concentration (Matthdus et al., 2004). In this
study, 75% of the companies prefer low moisture
endpoints after frying potato products. After frying
potato products, several colors are preferred by the
companies such as golden yellow (66.7%), brown
(13.3%), yellow and natural color (Figure 2C). Around
85.7% of companies use coloring agents during
processing to enhance the color of potato products.
Several coloring agents were used by the companies
including, disodium pyrophosphate or SAPP (66.7%
companies), sugar dip, SO,, and other food-grade
coloring agents (Figure 2D). Other practices followed by
the companies during potato processing include the
addition of spices (73.3% of companies), antioxidants,
and vitamins as food additives (Figure 2E). Generally,
fat-soluble vitamins have no contribution to reducing
acrylamide but the studies reported that water-soluble
vitamins like riboflavin, pantothenic acid, etc. can play a
vital role in inhibiting the acrylamide forming
mechanism (Sansano et al., 2015). Although antioxidant
has no direct relation to acrylamide formation, increasing
or decreasing the concentration, nevertheless, influences
acrylamide formation indirectly by regulating the
Maillard reaction or lipid oxidation (Jin ef al., 2013;
Kumari et al., 2022).

3.4 Product quality and policy regarding acrylamide

Different analyses, such as physical, chemical, and
microbiological, practiced by the companies for
maintaining product quality are shown in Table 5.
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Physical parameters are the primary test to check the
quality of products. Several physical parameters were
checked by the companies including color (86.7%
companies), crispness (80%), texture (80%), bulk density
(40%), porosity (33.3%), dry matter content (6.7%), and
particle size (6.7%). Besides this, almost 71% of
companies have performed the proximate analysis on
potato products. Several chemical parameters were tested
for potato products including the percentage of fat
(57.1% companies), salt content (57.1%), free fatty acids
(62.9%), total ash (50%), acid value (50%), protein,
peroxide value, heavy metals, reducing sugar, starch
content, oil content, iodine value, and moisture.
Moreover, almost 58% of companies also performed the
analysis of trans-fatty acid in potato products. Due to the
high calorie and fat content, potato chips and french fries
are a matter of concern which is linked to a higher
prevalence of health disorders like hypercholesterolemia,
obesity, and/or high blood pressure (Bastida and Sanchez
-Muniz, 2015). For these reasons, it is important to
monitor the types and fat content present in foods. The
addition of salt (NaCl) in potatoes before heat treatment
has been described as reducing the formation of
acrylamide content (Mesias et al., 2020). Thus, it is
important to analyze the salt content to ensure the
amount of added salt does not exceed the
recommendation for salt consumption (He et al., 2020).

For the microbial quality check, several tests had
been performed by the companies including E. coli
(76.9%), total viable counts (69.2%), total coliform
count (69.2%), Salmonella spp. (61.5%), yeast and mold
(15.4%), Staphylococcus aureus (15.4%), and Shigella
(15.4%).

However, all the food companies had not performed
any analysis for acrylamide. In addition, all the
companies had no standard policy to control acrylamide
in potato products. Almost 83% of companies don’t have
any method for mitigation of acrylamide formation,
while only 2 companies follow ‘treatment with
acidulants’ or ‘treatment with asparaginase’ (Figure 2F).
However, almost 58% of companies are not aware of the
international trade barrier on the export of potato
products based on acrylamide concentration. Potato-
based products especially fried potatoes like potato
chips, potato crackers, and french fries are popular all
around the world (EFSA, 2015). Different steps of potato
processing including potato selection by considering the
acrylamide precursors (asparagine and reducing sugar),
storage condition, blanching, and frying temperature are
needed to address for mitigation of acrylamide formation
(Kumari et al., 2022). However, mitigation techniques
are important for public health safety which can be
achieved by maintaining low acrylamide formation
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Table 5. Physical parameters, chemical, and microbiological tests performed for potato products.

No response

Parameters Frequency (%)

No response

Parameters Frequency (%)

(%) (%)

Physical parameters Chemical parameters
Bulk Density 6 (40) - Fat % 8(57.1) 1(7.1)
Color 13 (86.7) - Protein % 2(14.3) 1(7.1)
Crispness 12 (80) - Total ash 7 (50) 1(7.1)
Dry matter content 1(6.7) - Acid insoluble ash 2(14.3) 1(7.1)
Particle size 1(6.7) - Reducing sugar content 3(21.4) 1(7.1)
Porosity 5(33.3) - Starch content 1(7.1) 1(7.1)
Texture 12 (80) - Moisture % 7 1(7.1)
pH 1(7.1) 1(7.1)
Microbiological tests Acid value 7 (50) 1(7.1)
TVC/APC/SPC 9 (69.2) 2 (13.3) Acidity of extended fat/FFA 6 (42.9) 1(7.1)
Total Coliform Count 9(69.2) 2(13.3) Iodine value 1(7.1) 1(7.1)
E. coli 10 (76.9) 2 (13.3) Peroxide value 3(214) 1(7.1)
Salmonella spp. 8 (61.5) 2(13.3) Rancidity 1(7.1) 1(7.1)
Staphylococcus aureus 2 (15.4) 2 (13.3) Oil Content 1(7.1) 1(7.1)
Yeast and Mold 2(15.4) 2(13.3) NacCl (salt) 8 (57.1) 1(7.1)
Shigella 2(15.4) 2(13.3) Heavy metals 3(21.4) 1(7.1)

during the entire potato processing including potato
selection, storage conditions, pre-treatments, processing
temperature-time combination, processing conditions,
use of different additives, etc. Extensive research on the
acrylamide contamination pathway and reduction
strategy is necessary to develop and implement the
acrylamide policy.

4. Conclusion

To our knowledge, this is the first study about
knowledge, attitude, and practice of acrylamide-related
food safety among potato products manufacturers in
Bangladesh. Most of the manufacturers were not aware
of acrylamide formation and associated food processing.
Besides, no manufacturers performed acrylamide
analysis as they didn’t have any standard policy or
mitigation strategy for acrylamide reduction. This study
will help to update the food safety policies and practices
during potato by relevant regulatory bodies. It is
recommended that a study be conducted on the
measurement of acrylamide exposure in various food
products, the lowering of acrylamide levels, and the
specifics of acrylamide's detrimental effects on the
human body.
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