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Bacteriological Assessment of Smoked-Dried White Shrimp
(NematopalaemonhastatusAurivillius, 1898) Sold in Calabar, Nigeria

ABSTRACT

Aim: Enumeration of bacterial counts is an important index of assessing the safety and
quality of food products. This study aimed to investigate the occurrence of pathogenic
bacteria in crayfish samples obtained from popular market serving consumers in Calabar.
Study design: This study was a cross sectional study conducted between-April 2017
and April 2018.

Methodology: One hundred and twenty (120) samples . of. smoked dried
Nematopalaemonhastatus (white shrimp) were analyzed for: the presence of bacterial
pathogens. Bacterial loads and identification of isolated organisms was determined using
standard microbiological methods.

Results: The results showed that 66.7% of the analyzed shrimps had aerobic bacterial
counts exceeding the upper permissible limit (<1.0x10°Cfulg):and 56.7% had unsatisfactory
(>20Cfu/g) Vibrio counts. The study revealed the presence. of different bacteria genera
namely Klebsiella, Salmonella, Pseudomonas, Serratia, Vibrio, Citrobacter, Proteus,
Aeromonas, Streptococcus, Escherichia, Coagulase-negative Staphylococci (CoNS),
Enterobacter and Bacillus. Predominant organism was Salmonella sp (26.7%), followed by
Vibriosp (21.7%) while the least isolated organisms were Bacillussp and Coagulase-
Negative Staphylococci (1.7%) each. The occurrence of high counts of pathogens in seafood
may cause food poisoning; especially in individuals who consume this seafood raw, or lightly
or insufficiently cooked.

Conclusion: Government should constitute surveillance committee to educate the inhabitant
of coastal areas about the health implication of direct contamination of coastal water with
fecal matter.
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1. INTRODUCTION

White shrimp (Nematopalaemonhastatus, Aurivillius, 1898) is one of the most important commercially
valuable seafood consume not only in Nigeria but in sub-Saharan Africa and other region in the world.
Because of its:nutritional benefits, they are consumed daily in soups and other recipe among coastal
and inland. dwellers'(Omobepadeet al., 2018). Seafood is an important source of animal protein,
omega-3 fatty acids, essential amino acids, essential micronutrients, vitamin and minerals
(Amaglianiet._al., 2012; Venugopal&Gopakumar, 2017). Nutritionally, consumption of seafood is
associated with potential health benefits, including neurologic development during gestation and
infancy and reduced risk of heart disease (lwamoto et al., 2010). Carbohydrate content in sea foods is
known to be very small and as such recommended for weight lost (Elegbede&Fashina-Bombata,
2013; Venugopal&Gopakumar, 2017). In Nigeria, white shrimp are often sold and consumed in dried
form, however, most coastal dwellers consumed it fresh (Omobepadeet al., 2018).

Seafood constitute over 40% of the animal protein consumed by an average Nigerian compared to
meat and it is relatively less expensive. This accounts for the mass preference for fish products

(Nrioret al., 2016). However, along with the nutrients and benefits derived from seafood consumption



come the potential risks of eating contaminated seafood. Consumption of raw or undercooked
seafood is recognized as a health risk to consumers. Sea foods are prone to microbial contamination,
especially filter feeders such as shrimps, which concentrate these pathogens in their filtration systems
(Bakr et al., 2011; Popovicet al. 2010). Infectious agents involved in seafood contamination consist of
bacteria, viruses and parasites, which can cause illnesses ranging from mild gastroenteritis to life-
threatening diseases. Some of these pathogens are naturally present in the aquatic environment,
while others can be introduced through animal or human fecal shedding and sewage pollution
(lwamoto et al., 2010). Additionally, seafood may become contaminated during handling, processing,
or preparation. Microbiological quality of shell fishes has shown that they habour many pathogenic
microorganisms (Nrioret al., 2016) that have been implicated in outbreak of food borne diseases in
many part of the world including Nigeria, where it is highly consumed (Udehet al;, 2017). These
illnesses include Typhoid fever, Cholera, diarrhea and other digestive disorders (Rashedet al.; 2017).

Seafood provides a good medium to the proliferation of known medically.important pathogens
including Escherichia coli, (Costa, 2013)Salmonella species (Amaglianiet al;, 2012) Vibrio species,
(Bakr et al., 2011) Pseudomonas species etc. (Hariharan&Amadi, 2016; Nrioret al., 2016). |Adequate
cooking kills most pathogens; however, unlike other foods, such as meat and poultry, that are usually
fully cooked, seafood is often consumed raw or with minimal cooking. Clearly, the information

available suggests that the bacteria associated with shrimp (N. hastatus), includes potential human

-1 Comment [U1]: Explain the cooking methods

. . . - . . used in Nigeria so that you feel it is important to do
to investigate the occurrence of pathogenic bacteria in crayfish samples obtained from popular market this research and whether poisoning has ever
occurred due to this method of cooking so that the
background of the research becomes clear. What is
the condition of the sales place, does it meet health
requirements?

serving consumers in Calabar.

2. MATERIALS AND METHODS

2.1 Study Area

This study was carried out in Calabar, a city in Cross River State, in Southern Nigeria. The city lies
between Longitudes 4°57°0”N and.8°19'30"E and Latitudes 4°95'0N and 8°32’0°E. Calabar is divided
administratively<into Calabar Municipal and Calabar South LGAs. The city is mostly populated with
Efik speaking people. The ¢ity has an area of 406 square kilometers and had a population of 371, 022
at the 2006 census. The study was conducted in two major markets (Watt market and Marian market)
and two beaches (Esuk-Nsidung beach and ObufaEsuk beach). These sites were selected because
they are the most visited market in Calabar metropolis (Etanget al., 2017).

2.2 Sampling Method
(This study was a cross sectional study conducted between April 2017 and April 2018. A total of 120
white shrimps (Fig. 1) samples were purchased from 2 major market (i.e. Marian market and Watt

market) and 2 beaches (i.e. Esuk-Nsidung beach and ObufaEsuk beach) in Calabar metropolis. Each - --{ comment [U2]: Explain where fish is obtained,
. . . L how is the process of smoking shrimp which is
sample was collected in a sterile polythene bag to avoid further contamination and then labeled generally done there.

appropriately by indicating the site of collection, time and date. These were then conveyed to

microbiology laboratory for analysis. Shrimps (10g) samples were homogenized using sterile
laboratory mortar. About 1.0g of the homogenate was mixed with 10mL of alkaline peptone water and



incubated at 37°C for about 6-7 hours as enrichment medium. The suspension of homogenized tissue
was serially diluted 10-fold using normal saline then 0.5mL of the appropriate dilution was spread over
a freshly prepared Thiosulfate Citrate Bile-Salt Sucrose (TCBS) Agar plate and MacConkey Agar
plate, using a sterile bent spreader. The plates were incubated at 37°C for 18-24 hours. After
incubation, the incubated plates were observed for characteristic colonies. Each colony, distinguished
mainly by colour and size, was counted and results were also recorded. Then discrete representatives
of each colony type were randomly selected for purification, characterization and identification using

conventional biochemical tests.

FIG. 1: Picture showing white shrimp (N. hastatus) (Source, Watt market)

2.3 Data Analysis

Data was analyzed using Statistical Package for the Social Sciences (SPSS) software version 20 and
resultsgpresented in percentages. The contamination rate of the samples was interpreted using the
guideline given by Center of Food Safety (2014).

3. RESULTS AND DISCUSSION

The results presented in Table 1 indicate that all the analyzed N. hastatus were contaminated with
various degree of bacterial growth. Enumeration of bacterial count is an important index of assessing
the safety and quality of food products. In line with Center of Food Safety guideline (2014), acceptable
upper limit of aerobic bacterial count in shellfish is <1.0 x 10°Cfu/g. The results showed that 33.3%
(40/120) of the examined shrimps had bacterial count under the permissive limit, 56.7% (68/120) are
at borderline (106-S1O7Cfu/g) while 10.0% (12/120) of samples are unsatisfactory (>10'Cfu/g) for
consumption. Of the 12 unsatisfactory samples, 8 (26.7%) were from Nsidung beach and 4 (13.3%)
from ObufaEsuk beach. Previous findings showed high microbial load in different species of shrimps.



Ajibareet al. (2021) reported total heterotrophic bacterial counts (THBC) of 1.076 to 1.125 x 10°Cfu/g
from white shrimp (N. hastatus) in Ondo state, Nigeria. The high bacterial load observed in this study
corroborated Orji et al. (2016) in Ebonyi state, Nigeria, who reported mean aerobic counts of
1.87+0.543 x 10'Cfu/g from fresh shrimps (Palaemon serratus). Similarly, another study conducted by
Amin et al. (2021) in Egypt recorded mean aerobic counts of 4.62 x 10* + 1.7 x10°Cfu/g. The results
of the current study also agreed with Talukderet al. (2019) in Bangladesh who recorded total viable
counts between log 2.92 + 0.22 Cfu/lg and log 3.41 + 0.23 Cfu/g from Rupsha and Mongla
respectively. In this study, 56.7% (68/120) of the analyzed samples had Vibrio counts higher than the
upper acceptable limit (Center of Food Safety, 2014). This is comparable to other study. Talukderet al.
(2019) reported Vibrio count ranged from log 2.06 to 2.11 Cfu/g from shrimp (Penaeus monodon).
Nwosuet al. (2020) found heavy Vibrio counts in market smoked dried . shrimps
(Litopenaeusvannamei) compared to home smoke dried rinsed shrimps. The “elevated aerobic
bacterial counts recorded in this study may be attributed to pollution of coastaliwaters with domestic
and industrial wastes (Nwosuet al., 2020). Unsanitary or unhygienic status of handlers and the untidy
environment where these fish products were sold may have contributed to increased bacterial load
(Adebayo-Tayoet al., 2012). Fresh shrimps are often washed with unclean sea water at the seashore
before drying, this processing method may be the reasons.for elevated microbial load observed in the
current study (Nwosuet al., 2020). [Dried crayfish are often sold in an opened space; hence,
inappropriate storage and exposure to flies may have contributed to unacceptable contamination rate
observed in this study (Gram &Dalgaard, 2002). The survival of any microbial group, within a
particular ecological niche, is greatly dependent on environmental parameters, such as temperature,
pH, aeration, availability of organic nutrients etc. Hence, abundance of plethora of microbial groups in
the aquatic environment have a significant effect in the high contaminated rate (Nwachukwuet al.,

Microorganisms by nature are adapted to survive in diverse ecosystem. However, anthropogenic
activities increase their. diversity, and:numbers in any ecological system (Khatri &Tyage, 2014).
Thirteen different bacterial genera were recovered from N. hastatus (Fig. 2). The bacteria isolated
include species of Klebsiella, Salmonella, Pseudomonas, Serratia, Vibrio, Citrobacter, Proteus,
Aeromonas;:.Streptococcus, Escherichia, Coagulase-negative Staphylococci (CoNS), Enterobacter
and Bacillus.iThese organisms were previously reported in seafood (Nrioret al., 2016; Ajibareet al.,
2021; Orji etal., 2016). The occurrence of these bacterial species is of public health concern because
majority ‘are known pathogen implicated in gastrointestinal disorder such as diarrhea, dysentery,
typhoid fever, cholera among others (Ajibareet al., 2021).

TABLE 1: Contamination rate of dried crayfish obtained in Calabar

-1 Comment [U3]: It should also be explained how

the process of drying shrimp is there, whether the
equipment is unhygienic, washing with polluted
water or inappropriate drying conditions causing the
growth of these pathogenic microbes.

No of
Location samples Aerobic Bacterial Counts VibrioCounts
Satisfactory Borderline Unsatisfactor ~ Satisfactor  Borderline Unsatisfactory
<1.0x10°Cfu/g 10>-10'Cfu/g  >10'Cfulg <20Cfulg 20 -€10°Cfu/lg  >10°Cfulg
Watt market 30 10(33.3) 20(66.7) 0(0.0) 16(53.3) 8(26.7) 6(20.0)

Marian market 30 20(66.7) 10(33.3) 0(0.0) 12(40.0) 6(20.0) 12(40.0)



Nsi-dung beach 30 8(26.7) 14(46.7) 8(26.7) 6(20.0) 20(66.7) 4(13.3)

ObufaEsuk 30 2(6.7) 24(80.0) 4(13.3) 18(60.0) 10(33.3) 2(6.7)
beach
Total 120 40(33.3) 68(56.7) 12(10.0) 52(43.3) 44(36.7) 24(20.0)

This is in agreement with Hariharan and Amadi (2016) who reported the prevalence of pathogenic
bacteria in shellfish. This study indicates high occurrence of Salmonellaspp (26.7%) and Vibriospp
(21.7%) in the analyzed samples which implies that their consumption should be of public health
importance. Similar observation was made by Bakr et al., (2011) in their study, detection of
Salmonella and Vibrio species in some seafood in Alexandria, Egypt. The highest prevalence of
Salmonellaspp in crayfish is somewhat similar to Bakr et al. (2011). The potential source of
Salmonella contamination in crayfish is likely due to poor water quality, surface water.run-offand fecal
contamination from wild animal or livestock (Moussa et al., 2013).

The occurrence of Escherichia coli in seafood is considered a sanitary case and may.represent a risk
to the consumers if related to pathogenic strains, especially diarrheagenicEscherichia coli. However,
the presence of non-pathogenic Escherichia coli in seafood should.also alert to public health, since
this bacterium is recognized as an indicator of fecal contamination, possibly indicating the presence of
other enteric pathogens (Costa, 2013).

The genus Pseudomonas is the most important in the order Pseudomonales. Pseudomonas species
frequently cause nosocomial infections especially in‘immune compromised patients. These infections
are complicated and life threatening (CDC, 2015). Citrobacter, Proteus, Serratia,
KlebsiellaandEnterobacterare mostly members of the Enterobacteriaceae family which are mainly
fecal contaminants that could be picked from.unhygienic sources. Citrobacterspecies are rarely the
source of illness, except for.infection'@f the urinary tract. The disease caused by Staphylococcus
aureus is intoxication and:common symptoms may appear with 2-4 hours of consumption of
contaminated of food include nausea, but in severe cases dehydration can lead to shock and collapse
(Nrioret al., 2016):/Aeromonasspp is ubiquitous in fresh water environment, and their presence is in
consonance with Markey et al: (2013). The presence of CoNS implies contamination from human
during handling (Orji‘et al., 2016; Talukderet al., 2019). The differences in the prevalence of isolated
organisms between this and earlier studies could be explained when factors such as differences in

sample size; storage condition, hygiene, environmental and geographical variation are considered.
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FIG 2: Prevalence rate of the isolated bacteria

4. CONCLUSION

The maximum upper limit for acceptable "aerobi¢ bacterial and Vibrio counts in crayfish is
<1.0x10°Cfu/g and <20Cfu/g respectively as given by Center of Food Safety guidelines. As observed
in this study, 66.7% of the analyzed crayfish had, aerobic bacterial counts exceeding the upper
permissible limit. Similarly, 53.3% of the examined shrimps had unsatisfactory Vibrio counts. This may
be due to human handling, improper hygienic conditions and fecal contamination of the coastal water.
The finding of potential human pathogens in crayfish obtained from markets in Calabar underscores
its nutritional values. In_conclusion, the, occurrence of high counts of pathogens in marine food may
cause food poisoning; especially in individuals who consume this seafood raw, or lightly or
insufficiently eooked. (Government should constitute surveillance committee to educate the inhabitant
of coastal areas about the health implication of direct contamination of coastal water with fecal matter.
Before sewage disposal into the sea, it should be treated otherwise it may influence the organic load
directly and bacterial load indirectly. |

-1 Comment [U4]: First check the conditions for

processing shrimp into dried shrimp, whether this
contributes to the growth of pathogenic bacteria in
the product, so that sanitation in the processing unit
is also market conditions and how it is sold, whether
in open or closed spaces. Re-check the chances of
possible origin of pathogenic microbes




REFERENCES

Adebayo-Tayo AC, Odu NN, Michael MU, Okonko 10. Multi-drug resistant (MDR) organisms
isolatedfrom sea-foods in Uyo, south-southern Nigeria. Nature andScience. 2012; 10:61-70.

Ajibare AO, Olawusi-Peters OO, Oyinlola KA. Microbiological load evaluation of white
shrimp(NematopalaemonhastatusAurivillius, 1898) in the coastal watersof Ondo state, Nigeria.
Agricultural Science and Technology. 2021;13(4):425-431.

Amagliani G, Brandi G, Schiavano GT. Incidence and role of Salmonella in sea food safty, Food
Research International. 2012; 45:780-788.

Amin AN, Ahemd AM,Ahmed OM. Chemical and bacteriological risks of shrimp and clams (Gandofly)
from Suez Gulf. Food Research. 2021;5(3):281-288. DOI: https://doi.org/10.26656/fr.2017.5(3).635.

Bakr WMK, Hazzah WA, Abaza AF. Detection of Salmonella and Vibrio spp in some sea food in
Alexandra, Journal of American Science. 2011; 7(9):663-667.

Center for Disease Control and Prevention. Relevant pathogens from A-Z: Pseudomonas species.
www.bodesciencecenter.com. 2015; Accessed 5th December 2017.

Center for Food Safety, Food and Environmental Hygiene Department. Microbiological guidelines for
food.Availableat:https://ww.cfs.gov.hk/english/food_leg/files/food_leg Microbiological_Guidelines_fo
r_Food_e.pdf. 2014; Accessed: Nov. 20th, 2022.

Costa RA. Escherichia coli in sea food: A brief overview. Advances in Bioscience and Biotechnology.
2013; 4:450-454.

Elegbede 10, Fashina-Bombata HA. Proximate and mineral compositions of common crab species
[Callinectespallidus and Cardisomaarmatum]. of Badagry:Creek, Nigeria. Poultry, Fisheries &Wildlife
Sciences. 2013; 2. 110. doi:10.4172/pfw.1000110.

Etang UE, Ikon GM, Udofia SM, Umo AN, Udo EE, Uyanga FZ,0Ohagim PI. Microbiological analyses
of kunu drinks locally produced and:sold in Calabar, southern Nigeria. Journal of Advances in
Microbiology. 2017;5(2):1-8.DOI: 10.9734/JAMB/2017/36169.

Gram L, Dalgaard P. Fish spoilage bacteria - Problems and solutions. Current Opinion in
Biotechnology. 2002;13(3):262—-266.

Hariharan H, Amadi V. Shell fish as:reservoirs of bacterial pathogens. Journal of Coastal Life
Medicine. 2016; 4:6-13.

Iwamoto M, Ayers:T, Mahon BE, Swerdlow DL. Epidemiology of seafood-associated infections in the
United States. Clinical Microbiology Reviews. 2010; 399-411. doi:10.1128/CMR.00059-09.

Khatri N;. Tyage S:Influence of natural and anthropogenic factors on surface and groundwater quality
in rural and urban areas. Frontier in Life Science. 2014; 8:23-39.
https:#/doi.org/10.1080/21553769.2014.933716.

Markey B,:Leonard F, Archambault M, Cullinane A, Maguire D. Clinical Veterinary Microbiology,
Oxford University Press, New York, NY, USA, 2nd edition. 2013.

Moussa D, Bouba G, Daniel EM, Serge HZ, MoiseN, Thomas N. Survival and growth of Vibrio
cholera, Escherichia coli and Salmonella spp in well water used for drinking purposes in Garova north
(Cameroon). International Journal of Bacteriology. 2013; 1(3):248 — 255.

Nrior RR, lyibo SN,Ngerebara NN. Microbiological assessment of niger delta shell sea foods;
Periwinkle (TympanotonusFuscatus), Oyster (CrassostreaVirginica) and Veined rapa whelk
(Rapanavenosa) from crude oil polluted site. International Journal of Current Research in
Multidisciplinary (IJCRM). 2016; 2(7):01-09.



Nwachukwu MI, Duru MKC, Odika PC, Udujih GO. Microbial evaluation of Njaba river and its effect on
body weight of rats following consumption. Journal of Chemical, Biological and Physical Sciences.
2013; 3:2851-2857.

Nwosu OR, Obire O, Wemedo SA, Ogbonna DN. (2020). Microbiological and nutritional quality of
market and home smoke dried shrimp. Journal of Advances in Microbiology. 2020; 20(5):35-42. DOI:
10.9734/JAMB/2020/v20i530243.

Omobepade BP, Adebayo OT, Amos TT. Consumers’ preference and perception of smoke-driedwhite
shrimp (Nematopalaemonhastatus) in coastalareas of Ondo State, Nigeria. International Journal of
Fisheries andAquaculture. 2018;10(3):22-33. DOI: 10.5897/1JFA2017.0661.

Orji JO, Nnachi AU, Egwuatu CC, Akujobi CN, Ilwuafor AA, Efunshile AM...Aghanya IN.
Bacteriological quality of vended fresh shrimps harvested from Ndibe beach,Afikpo north local
government area, Ebonyi state, Nigeria. Scholars Journal of Applied Medical Sciences (SJAMS).
2016; 4(11C):4058-4063. DOI: 10.21276/sjams.2016.4.11.40.

Popovic NT, Skukan BA, Dzidara P, Coz-Rakovac R, Strunjak-Perovic |, Kozacinski k.. .; Brlek-Gorski
D. Microbiological quality of marketed fresh and frozen seafood caught off the Adriatic coast of
Croatia. VeterinarniMedicina. 2010; 55(5):233-241.

Rashed SM, Hasan NA, Alam M, Sadique A, Sultana M, Hog MM..., Hug A.Vibrio cholera 01 with
reduced susceptibility to ciprofloxacin and azithromycin isolated from a rural coastal area of
Bangladesh. Frontiers in Microbiology. 2017; 8:252.

Talukder B, Chakma F, Sabuj AA-M, Haque ZF, Rahman.T, Saha S. ldentification, prevalence and
antimicrobial susceptibility of major pathogenic bacteria in exportable shrimp (Penaeus monodon) of
southern Bangladesh. International Journal of Fisheries and Aquatic Studies. 2019; 7(1): 96-99.

Udoh DI, Udo IU, Udoh EI. Microbiological analysis of the freshwater clam (Galatea paradoxa, Born
1778) caught from Cross River, Nigeria. Nigerian Journal of Agriculture, Food and Environment.
2017;13(3):59-64.

Venugopal V, Gopakumar K. Shellfish: “Nutritive “value, health benefits, and consumer safety.
Comprehensive Reviews in Food Science and:Food Safety. 2017; 16:1219-1242. DOI: 10.1111/1541-
4337.12312.



