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Abstract 

Shrimp paste (Ngapi) is the oldest method of preservation and is used as a condiment in 

culinary in almost all Asian countries. It has specific taste and flavor properties developed 

due to aging or fermentation. Therefore, the primary goal of the current study was to 

investigate the shelf-life of shrimp paste produced in the laboratory. The sensory 

characteristics, biochemical, and microbiological aspects of low salt fermented shrimp 

paste products were conducted at various storage periods (0, 10, 20, 30, 50, 70, and 90 

days). Ngapi samples were kept at chilled storage of -2.2±0.5°C during the experimental 

period. Sensory attributes were determined by expert panel members, and nutritional, 

biochemical, and microbial quality were determined by the standard validated methods. 

Sensory investigation revealed that the quality was adequate during the storage period. 

The protein, lipid, and moisture decreased significantly (p<0.05), although ash and total 

volatile base-nitrogen increased during the experimental period. Throughout the 

investigation, the microbial quality remained within permissible limits. Finally, the 

findings of the study demonstrated that the nutritional, biochemical, and microbiological 

quality of shrimp paste (Ngapi) products could be preserved for a longer storage duration, 

providing a safer food item for consumers especially ethnic people in Bangladesh. 

1. Introduction 

Fermentation is a well-known and conventional food 

preservation or processing technique that increases the 

shelf life and enhances the nutritional properties of foods 

(Visessanguan et al., 2004; Kim et al., 2014; Lv et al., 

2020). Shrimp paste is one of the most frequent 

preservation methods in South and Southeast Asian 

countries due to effective, simple technology and the 

availability of low-cost raw materials and equipment that 

are generally used in the shrimp fermentation process 

(Cai et al., 2017). Nonetheless, shrimp paste is widely 

used in cuisine because of its umami flavor, delicious 

nutritional value, and appetite-stimulating aroma 

(Pongsetkul et al., 2015). Shrimp paste is also known as 

“Xiajiang” in China, “Terasi” in Indonesia, “Saeu-jeot” 

in Korea, “Mamruoc” in Vietnam, “Kapi” in Thailand, 

"belacan” in Brunei and Malaysia, and “Ngapi” in 

Bangladesh and Myanmar (Kim et al., 2014). Ngapi is a 

popular fermented fishery product for some ethnic 

groups of people of the Hill Tract region in Bangladesh 

(Chakma et al., 2015) and is produced by converting 

shrimp into high-value-added products (Irianto and 

Giyatmi, 1997). Under ambient conditions, typical 

shrimp pastes are naturally fermented with 25-30% salt. 

Traditional fermentation of shrimp paste products is not 

fully emphasized in some essential points such as proper 

salt percentage, quality of raw shrimp, storage periods, 

and hygienic conditions. Owing to the addition of sand, 
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A B S T R A C T   

Globally, microplastics (MPs) contamination in aquatic organisms is emerging as an alarming phenomenon. In 
the present study, we investigated MPs in three commercially important fishes (Bombay duck Harpadon nehereus, 
ribbon fish Trichiurus lepturus and hairfin anchovy Setipinna phasa) in fresh and dried conditions collected from 
two sites (Chattogram and Kuakata) of the Bay of Bengal. It was evident that fresh T. lepturus ingested highest 
amount of MPs through the gills (6.41 mps/g) from Chattogram followed by in the gastrointestinal tract, GIT 
(6.20 mps/g) and in the muscle (1.20 mps/g) from Kuakata. Among the fresh fishes, H. nehereus from Kuakata 
accumulated highest amount of MPs (0.21 mps/g), while S. phasa from Kuakata contained the least amount of 
MPs (0.06 mps/g). On the other hand, among the dried fishes, T. lepturus from Kuakata contained highest amount 
of MPs (46.00 mps/g), while S. phasa from Kuakata retained lowest amount of MPs (2.17 mps/g). Strangely, all 
the dried fishes showed significantly higher amount of MPs compared to fresh fishes from both the locations. 
Fiber was the most dominant type of shape of MPs which accounted 66 %, followed by fragment (27.38 %), 
microbeads (3.59 %), film (1.48 %), foam (1.31 %) and pellet (0.25 %). Size-wise, the major portion (39.66 %) of 
MPs was present to be in size range less than 0.5 mm followed by 37.67 % in the size range of 0.5–1.0 mm group 
and rest 22.67 % within 1.0–5.0 mm. Red (41.55 %) colored MPs was the most prominent, followed by brown 
(22.11 %), blue (16.32 %), pink (11.69 %), purple (5.10 %), and green (2.25 %). Among polymer types, low- 
density polyethylene (LDPE) was the most common (38 %), followed by polystyrene (PS-22 %), polyvinyl 
chloride (PVC-16 %), polyamide (PA-13 %) and ethylene-vinyl acetate (EVA-9 %). The present study confirms 
high occurrence of MPs in the dried fishes over the fresh fishes from the Bay of Bengal, with high potential of 
trophic transfer to the human body.   

1. Introduction 

Microplastics (MPs) are particles derived from large plastic compo-
nents used in a range of mechanical and photo oxidative procedures 
which are less than 5 mm in size (Arthur et al., 2009). Large amounts of 
non-degradable and hazardous solid waste have been distributed in the 
aquatic ecosystem due to extensive uses of plastics which is increasing 
the accumulation rate severely over the past decades (Selvam et al., 
2021). The methodical cohesion of bigger plastics traces are broken 
down through biological, physical and chemical activities that transform 
into microscopic particles afterwards (Rahman et al., 2020). It is esti-
mated that around 93–268 kilotons of MPs are streaming along the 

ocean at present (Aliko et al., 2022; Jambeck et al., 2015; Sebille et al., 
2015). MPs are denser than sea water such as acrylics pile up in the 
ocean floor those lead to a significant quantity of MPs accumulation in 
the deep sea and pass through the food webs of marine species even-
tually. These plastics are eventually causing the presence of MPs in 
various tissues of marine organisms including commercially important 
species such as mollusks, crustaceans and fishes (Alimba et al., 2021; 
Prokić et al., 2021; Hossain et al., 2019; Mak et al., 2019; Hossain and 
Olden, 2022). MPs may transfer from marine organisms to the human 
body and can lead as potential hazards to human health (Crew et al., 
2020; Sunitha et al., 2021). 

The Bay of Bengal is a good source of numerous aquatic organisms 
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A B S T R A C T

The purpose of this study was to evaluate the nutritional, microbial and sensory quality of five dried fish species
from five fish drying centers in Bangladesh, and consumers' perception on quality and perceived health problems
of consuming dried fish. Proximate composition and bacterial load were determined following AOAC and total
plate count method, respectively. Data on peoples' perception regarding the quality aspects of dried fish were
collected using a structured questionnaire. Sensory analysis showed samples from Cox’s Bazar had higher
acceptability than other regions. Moisture content ranged from 12.00 � 1.12% to 22.99 � 1.09%, the highest
found in Bombay duck from Patuakhali. The highest values of protein were found in shrimp from Chittagong
(64.33 � 0.99%) and the lowest in Bombay duck from Bhola (51.80 � 0.95%). The lipid content varied from 5.38
� 0.37% (Bombay duck from Cox’s Bazar) to 8.67 � 0.96% (Bombay duck from Khulna). The ash content was
ranged from 13.89 � 0.94% to 20.07 � 1.64% in Bombay duck from Patuakhali and Cox’s Bazar. The mean total
plate count of dried Bombay duck were 7.1 � 0.2�107, 9.8 � 0.1�107 and 7.8 � 0.52 � 107 cfu/g, whereas, total
Vibrio spp. count were estimated 1.1 � 0.1�103, 3.7 � 0.2�105 and 1.8 � 0.1 � 105 cfu/g for Chittagong, Cox’s
Bazar and Bhola, respectively. The pathogenic bacterial species E. coli and Salmonella sp. were absent in dried
Bombay duck from all locations. Of 500 respondents, the majority (94.8%) reported no complications after
consuming dried fish. Significant quality variation among the dried fish samples suggested further improvement
in dried fish quality through maintaining hygiene and sanitation to produce quality and safe dried fish for the
consumers in home and abroad.

1. Introduction

Bangladesh’s fisheries sector contributed 3.57% and 25.30% to the
national and agricultural gross domestic product (GDP), respectively, and
earns approximately $5 million by exporting fish and fisheries products
in 2017–18 (DoF, 2018). Additionally, by contributing 60% of the total
animal protein, this sector helps to ensure food and nutrition security
(DoF, 2018). Among all fisheries products, dried fish known as “Shutki”
locally, is the cheapest source of essential amino acid containing protein
along with essential fatty acids, several minerals and vitamins
(Mazumder et al., 2008; Siddique and Aktar 2011).

Bangladesh is endowed with vast diversified fisheries resources
(Hanif et al., 2015; Islam et al., 2017), and dried fish and fishery products
are produced from a wide range of freshwater and marine water fish

species, including Bombay duck, Chinese pomfret, Ribbon fish, Shrimp,
and Silver jewfish (Paul et al., 2018). Moreover, several fish species such
as Bombay duck and Ribbon fish are preferred to be taken as dried rather
fresh condition (Hoque et al., 2021). Apart from that, people usually
consumed dried fish because of its distinctive flavor and aroma (Hossain
et al., 2013). Given this enormous demand, nowadays fish is dried
commercially in several areas of Bangladesh. The major areas for dried
fish production are Chittagong, Dublar Chor of Bagerhat, Moheskhali,
Sonadia and St. Martin Island of Cox’s Bazar, and Kuakata of Patuakhali
(Hossain et al., 2013; Nowsad, 2007).

Despite potential market demand and the nutritional benefits of dried
fish, there are a range of challenges with the traditional sun-drying
process (Mithun et al., 2021; Reza et al. 2005; Roy et al. 2014). Dried
fish may lose nutritional value if kept for an extended period of time
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Abstract
The chemical contaminants in dried fish are of great food safety concern and an emerging public health issue in Bangla-
desh. The aim of this study was to assess the public health risk associated with exposure to pesticides (organochlorine and 
organophosphorus) and heavy metals (lead, mercury, cadmium, chromium, arsenic) through the consumption of dried fish 
(Bombay duck, ribbon fish, silver jewfish, shrimp, Chinese promfret) in coastal districts (Cox’s Bazar, Chittagong, Bhola, 
Patuakhali, Khulna) of Bangladesh. Dried fish consumption data were collected from 500 adult respondents (100 from each 
district) using a food frequency questionnaire (FFQ). Pesticide residues were determined using QuEChERS extraction cou-
pled to gas chromatography and gas chromatography mass spectrometry, and heavy metals were estimated using an atomic 
absorption spectrophotometric method. The results revealed that the frequency and amount of dried fish consumption was 
highest for Bombay duck in Cox’s Bazar (11.57 g/capita/day) and ribbon fish (12.10 g/capita/day) in Chittagong. The esti-
mated daily intake (EDI, 7.40 ×  10−5 to 1.10 ×  10−4 mg/kg/day) and health risk index (HRI, 0.013 to 0.16) values expressed 
no health risk from pesticide residues in all the positive samples. For heavy metals, target hazard quotients (THQ) for non-
carcinogenic health risk were below 1 (0.001–0.154), indicating no health risk for all samples. However, carcinogenic risk 
R value indicated a potential health risk for chromium (2.64 ×  10−6 to 4.06 ×  10−6), and carcinogenic RT value (2.82 ×  10−6 to 
5.71 ×  10−6) indicated a potential health risk for all the metals. It is concluded that the risk of exposure to pesticides through 
the consumption of dried fish is low, while heavy metals pose moderate-to-high health risks to dried fish consumers in the 
study area. Thus, the study suggests an appropriate risk management policy that controls pesticides and heavy metals in 
dried fish to ensure safe food for local and global consumers, underpinned by a producers’ capacity building and consumers’ 
awareness raising strategy.

Keywords Dried fish · Consumption frequency and tendency · Pesticide residues · Heavy metal risk index · Seafood 
consumers and safety
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