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ABSTRACT

In recent years, the Beninese shrimp sector has faced a ban on export to the European Union due to lack of compliance with
food safety standards. The present study aimed at obtaining insight into the factors that determine shrimp quality and safety in
Benin. A survey was conducted to investigate the relationships between stakeholders, the conditions under which shrimps are
handled at fishing areas and processed at shrimp plants, and the stakeholders’” perceptions of quality. A total of 325 fishermen,
128 intermediate traders, 12 collectors, and 3 shrimp processing plant managers were interviewed face to face. The results
showed that various specific relations existed between the stakeholders. For example, loyalty was ensured by family
relationships, or incentives were provided to ensure a supply of shrimps between stakeholders. Shrimp handling practices during
the steps prior to shrimp processing at the plants were not in agreement with the requirements of the European regulations. For
example, shrimps were kept at ambient temperature (28 + 1°C) by 94.1% of fishermen and 60.9% of intermediate traders.
Shrimps were also stored in inappropriate holding containers and washed with nonpotable water. Fishermen, intermediate traders,
and collectors considered shrimp size and texture their priority quality attributes, whereas plant managers considered shrimp
appearance (freshness) and texture their priority quality attributes. This survey demonstrated that the steps prior to shrimp
processing at the plants are the critical steps for shrimp quality and safety because of temperature abuse and inappropriate
hygienic conditions. There is a need to communicate and provide incentives for the stakeholders in the first part of the chain to
give priority to shrimp freshness. Moreover, training in Good Fishing Practices and safe food handling practices and evaluation of

compliance with the practices through monitoring will contribute to better shrimp quality and safety management.

In recent years, food safety standards have become an
increasingly prominent issue for global trade in agricultural
and food products (/6). Consumers and authorities have
become more aware of food safety risks and expect safe
handling of food (5, 17, 28). To ensure that imports of
fishery products into the European Union can take place, the
Food and Veterinary Office (FVO) of the European
Commission has sent missions to all exporting countries
to assess the hygienic conditions under which fishery
products intended for export to the European Union were
produced. In 2002, the FVO experts found that, in Benin,
the shrimp collection network from the landing sites to the
processing plants was not well organized and that the hazard
analysis and critical control point plans at the plants were
not well documented. In addition, Benin lacked the legal
basis to ensure shrimp quality and safety (/2). In reaction to
the results of the FVO technical inspection, the national
government decided to self-ban shrimp export as a
precautionary action. Shrimps were one of the most
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exported products from Benin, generating jobs and
revenues; the ban resulted in 60,000 lost jobs and about
10 million Euros in lost revenues from 2003 to 2006 (19).
The ban was lifted in 2005. However, during their second
visit in 2009, the FVO experts observed that only the
Beninese legislation could be considered equivalent to the
European Union feed and food law; the deficiencies related
to shrimp quality management remained.

An important strategy for developing countries to
reduce poverty is to take advantage of international trade
(18). Therefore, Benin should develop and promote quality
improvement spanning the entire supply chain to meet
customers’ expectations. The food chain may consist of
several independent economic stakeholders, but the success
of the final product depends on the concerted efforts of all
stakeholders throughout the chain (23). Therefore, the aim
of the present work was to obtain insight into the factors
determining shrimp quality and safety in Benin by exploring
the entire supply chain. Such an investigation is necessary to
reveal the shortcomings related to shrimp quality and safety
in Benin. The objectives of the present work were (i) to
investigate the structure of the Beninese export-oriented
shrimp chain and the relationships between stakeholders,
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(ii) to determine the conditions under which shrimps are
handled at fishing areas and processed at shrimp plants, and
(iii1) to determine stakeholders’ perceptions of quality.

MATERIALS AND METHODS

Sampling of informants. The survey was conducted in the
municipalities located around Lakes Nokoue and Aheme and the
lagoon of Porto-Novo (Fig. 1), which are the main shrimp fishing
areas in Benin. Shrimp freezing plant managers and three other
groups of stakeholders, namely, fishermen, intermediate traders,
and collectors, who are involved in shrimp transport to plants, were
surveyed. To compute the sample size n of each group of
stakeholders to be interviewed, the following formula was used
(9):

4p(1—

= m
where 7 is the total number of stakeholders in the group of concern
to be interviewed, d is the expected margin of error in the
conclusion, which was fixed at 0.05, and p is the proportion of the
group of stakeholders of concern among the total number of fishery
stakeholders (the fishery community comprised shrimp fishers,
other fishermen, fishery product traders, and fishery product
processors) living in the area studied, which could be derived from
the results of the census on fisheries carried out in Benin in 2006.
For instance, the total number of fishery stakeholders (fishery
community) living in the area studied was 29,559. Among them,
8,485 were shrimp fishers, 2,586 were shrimp intermediate traders,
and 150 were shrimp collectors. A total of 328 fishermen, 128
intermediate traders, 12 collectors (instead of 9 generated by the
formula), and the managers of all three Beninese freezing plants
were interviewed. The numbers of fishermen, intermediate traders,
and collectors interviewed in each municipality were proportional
to its number of fishery stakeholders and were calculated as
follows:

n; =i’l‘k,' (2)

where 7; is the number of stakeholders in the group of concern to
be interviewed in the municipality, n is the total number of
stakeholders in the group of concern to be interviewed for the study
(for example, n = 328 in the case of fishermen), and k; is the
proportion of the number of stakeholders in the group of concern of
a municipality / among the total number of stakeholders in the
group of concern living in the area studied.
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FIGURE 1. Map of Benin showing the
fishing areas and the capitals of the
municipalities included in the study (adapt-
ed with permission from the Beninese
National Geographic Institute, 1992). ©,
capital of municipality.
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Questionnaire design and field data collection. Question-
naires were formulated for each group of stakeholders. The
questionnaires were divided into four main parts. The first part
dealt with demographic characteristics of the interviewee (name,
age, gender, level of education, and contact details). The second
part was related to the stakeholder’s shrimp handling practices. The
third part investigated the interviewee’s shrimp quality perceptions,
and the fourth part focused on the relationship between the
interviewee and his/her buyer, i.e. the next stakeholder along the
chain. Questionnaires for freezing plant managers also included
questions related to shrimp processing steps. The questionnaires
consisted mostly of multiple-choice questions which included the
answer choice ‘‘other.”” The answer choice ‘‘other’” was further
specified by the respondents. The questionnaires were adminis-
tered by three interviewers using face-to-face interviews. The
interviewers were agronomic engineers experienced in conducting
surveys in rural areas. A training workshop was organized to get
the interviewers familiarized with the objectives of the study, the
content of the questionnaires, and the appropriate way to meet the
respondents. The questionnaires were first tested in a pilot survey
that included 17 fishermen, 7 intermediate traders, 2 collectors, and
1 shrimp freezing plant manager. Then, the questionnaires were
adjusted when needed and used for the formal survey.

Data were collected in the villages of selected municipalities
from February to April 2011. In each village, interviews with
randomly selected informants were conducted in their local
language. The response rates were 99.1% for fishermen (n =
325) and 100% for intermediate traders (n = 128), collectors (n =
12), and shrimp plant managers (n = 3).

Data analysis. Raw data were recorded in Microsoft Excel,
and descriptive statistics were calculated. Data related to fishing
duration and shrimp storage periods by the fishermen and the
intermediate traders were subjected to analysis of variance using
SAS version 9.2, followed by a Tukey’s multiple comparison test.
Significance was accepted at a P value of <0.05.

RESULTS

The structure of the Beninese export-oriented
shrimp chain. The sociodemographic profiles of the
respondents are presented in Table 1. All shrimp fisher
respondents were male, while almost all intermediate traders
(97.7%) were female. Most of the respondents were
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TABLE 1. Sociodemographic profiles of the respondents
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% of respondents with characteristic

Fishermen Intermediate traders 1 and 2 Collectors Plant managers
Characteristic (n = 325) (n = 128) (n =12) (n=3)
Gender
Male 100 2.3 75 100
Female 0 97.7 25 0
Age (yr)
<20 0.6 0 0 0
21-30 22.8 10.1 8.3 0
3140 22.8 26.6 333 333
41-50 26.1 43.0 333 66.7
51-60 20.6 16.4 25.0 0
>60 7.1 3.9 0 0
Educational level
No schooling 63.4 87.5 333 0
Primary school 24.0 9.4 41.7 0
Junior secondary school 10.5 2.3 16.7 0
Senior secondary school 2.1 0.8 8.3 333
University 0 0 0 66.7

between 41 and 50 years old. Most of the shrimp fishers and
intermediate traders did not receive any formal education,
while shrimp plant managers had at least secondary school
level.

Diverse relationships exist among stakeholders in-
volved in the Beninese shrimp chain (Fig. 2). After fishing,
some fishermen (33% of respondents) sell shrimps to their
wives, the intermediate traders 1. Most of these women
(77% of respondents) sell their product to women or men
specializing in shrimp precollection, the intermediate traders
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FIGURE 2. The export-oriented shrimp chain in Benin. The
percentages indicate the proportions of stakeholders using the
specified routes.

2, who also buy shrimps directly from 58% of the fishermen
interviewed. The difference between the intermediate
traders 1 and intermediate traders 2 is that the former buy
shrimps only from their husbands, while the latter buy their
products from various fishermen and intermediate traders 1.
Special relations may exist between the fishermen and the
intermediate traders 2. For instance, intermediate traders 2
provide fishing tackle and loans in advance to 15% and
11% of fishermen, respectively. Some fishermen (5% of
respondents) sell their products to intermediate traders 2
solely because of a family relationship. In addition to these
types of relationships, the intermediate traders 2 give food
and drink to fishermen selling them shrimps in order to
ensure their loyalty. The intermediate traders 2 in turn sell
shrimps to the collectors, who can also be supplied directly
by the fishermen or their wives (intermediate traders 1).
However, there is a conflict of interest between the
fishermen or their wives and intermediate traders 2, who
believe that all the shrimps should be channeled through
them to collectors. Thirty-two percent of intermediate
traders 1 and 2 asserted having particular relations with
the collectors, who either motivate them in the beginning of
the shrimp season by organizing a party or give them some
money in advance. The collectors transport shrimps directly
to the plants, where they are processed and exported to
Europe. In order to gain the confidence of collectors, the
plants’ owners take various incentive measures. For
example, the plant can put its means of transport at the
collectors’ disposal and can reward the best suppliers at the
end of the shrimp season.

Shrimp handling and processing. Shrimp fishing in
Benin is an activity held by the communities settled on or
near water bodies, which pass it on from generation to
generation. More than 97% of the fishermen interviewed
confirmed having learned shrimp fishing from their
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TABLE 2. Fishing nets, shrimp holding containers, and storage
methods used by fishermen

% of informants

Fishing condition Variant using the variant”
Fishing net Drift net 49.2
Medokpokonou” 252
Gill net 12.0
Bow net 9.8
Gbagbaloulou® 1.9
Cast net 1.9
Holding container =~ Boat 62.5
Plastic basket 20.6
Wooden basket 13.8
Polystyrene bags 2.2
Cool box 0.9
Storage method Ambient temp (28°C) 94.1
Ice 34
Lake/lagoon water 2.5
(23.5°C)

“ The total number of fishermen was 325.

? Medokpokonou means literally “‘only one person laughs.” It is
the name given to a net with fine mesh capable of capturing even
the small shrimps and other fishery products.

¢ Gbagbaloulou is also a local name, given to a tapered net with
fine mesh.

relatives. Fishing generally takes place at night or early in
the morning (4:00 to 6:00 a.m.). The fishing season varies,
but it generally runs from December to September. Table 2
shows the fishing nets, shrimp holding containers, and
storage methods used by the fishermen. The most widely
used net is the drift net. However, fishing nets with fine
meshes (<20 mm) called Medokpokonou and Gbagbalou-
lou, which were prohibited (2), are still used in Lake
Nokoue and Lake Aheme, respectively. The captured
shrimps are often poured directly into a wooden boat
(62.5% of respondents). Refrigerated storage of shrimps by
the fishermen is not a common practice in Benin. Only
3.4% of the interviewed fishermen store their shrimps on
ice. The shrimps are stored at ambient temperature (28 +
1°C) by most of the fishermen (94.1% of respondents) or,
sometimes, kept in a plastic basket containing the lake or
lagoon water, with an average temperature of 23.5 + 0.5°C
(2.5% of respondents). There is a significant difference (P
< 0.05) between the average fishing duration with the
various types of fishing nets. The fishing duration of
fishermen using drift nets was 5.6 + 1.3 h (n = 160). This
time was approximately two times higher than the time
spent by the fishermen who use bow nets (n = 32),
Medokpokonou (n = 82), or cast nets (n = 6). The fishing
durations using gill nets and Gbagbaloulou are 3.6 + 0.9 h (n
= 39)and 3.2 + 1.2 h (n = 6), respectively. During shrimp
fishing with drift nets, 3 or 4 successive captures are realized
and poured into the same container. About 4 h elapse between
the first capture and the last one. After fishing, fishermen who
use ice keep the shrimps for 4.1 + 3.7 h (n = 11). This
holding time is significantly longer (P < 0.05) than the
holding time by fishermen who store shrimps in lake or
lagoon water (1.4 + 1.2 h) (n = 8) or at ambient temperature
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(1.4 £+ 0.6 h) (n = 306). The holding time between the end
of fishing and delivery allows fishermen to get in touch with
their customers and, also, to separate shrimps from other
aquatic species captured.

Shrimp precollection is conducted by intermediate
traders 1 and 2 who receive shrimps at home or on shore.
Baskets are the materials most used for the precollection
(61.7% of the respondents). During the precollection,
shrimps are stored on ice by 25% of the intermediate
traders. Most of the intermediate traders (60.9%) just wash
the shrimps using water from the lake, lagoon, well, or
pump and keep their products at ambient temperature (28 +
1°C) in the holding container until their delivery. The
remainder (14.1%) store washed shrimps in water (23.5 +
0.5°C) until the time of sale. The shrimp holding time by
intermediate traders who store shrimps at ambient temper-
ature is 1.5 + 0.8 h (n = 78). This holding time is
significantly shorter (P < 0.05) than the holding time by
intermediate traders who store shrimps in ice (3.1 + 2.0 h)
(n = 32) or in lake or lagoon water (2.9 + 1.7 h) (n = 18).

Like shrimp precollection, shrimp collection takes place
in an open environment where intermediate traders and
some fishermen deliver their products to collectors. All the
collectors use iceboxes in which they store collected
shrimps on ice. The ice used is generally provided by
shrimp processing plants. However, collectors are some-
times supplied with ice at the local market. The water used
to make ice is from tap water and meets the standards
mentioned in decree no. 2001-094 (3). After the collection,
which lasts on average 4.7 + 1.9 h (n = 12), shrimps are
transported by taxi. In the villages with difficult access, part
of the transport of shrimps is carried out on motorcycle or
by boat. The final destination of shrimps is one of the three
shrimp processing plants in Cotonou (economic capital of
Benin). The average duration of the transportis 2.1 + 1.2 h
(n = 12).

Upon receipt of the shrimps, the processors carry out a
sensory examination based on the color, consistency, smell,
and presence of foreign bodies, including sticks and meshes.
The temperature in the center of the mass of shrimps is then
measured using a probe thermometer. This temperature
should be lower than 7°C according to the plant managers
interviewed. However, when the temperature is between 7
and 10°C, the shrimps are accepted but with a rapid
lowering of temperature by the addition of ice. Shrimps are
rejected when the temperature is higher than 10°C. The
rejected shrimps are smoked or fried and sold in Benin and
in the subregion, mainly in Nigeria, according to the plant
managers interviewed. Sometimes shrimps of large size
without any physical damage and showing no sign of
spoilage are just washed, kept on ice, and exported to
European countries, namely, Belgium, France, and Spain.
However, shrimps are often subjected to different process-
ing steps (Fig. 3) prior to export. Received shrimps are
weighed and washed with tap water at a temperature of
about 5°C to get rid of sand and foreign bodies. Shrimps are
washed a second time in water of about 5°C containing
active chlorine at 0.2 to 0.5 ppm for 1 min to kill some
microorganisms. Afterwards, they are soaked in a solution
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FIGURE 3. Flow chart of plant-level shrimp processing for
exportation purposes.

of 1% metabisulfite for 1 to 3 min at about 5°C to prevent
the development of melanosis (blackspot). Shrimps are then
sorted, graded, and distributed into three processing lines:
beheaded shrimps, peeled shrimps, and entire shrimps. The
entire shrimps undergo a second soaking in a solution of
0.25% metabisulfite for 1 to 2 min at about 5°C, whereas
the beheaded and peeled shrimps are soaked in simple water

TABLE 3. Stakeholders’ first two priority quality attributes
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for 3 min at about 5°C. The shrimps are then packed in
boxes of 1 or 2 kg, frozen at —40°C, and glazed at about
5°C. To protect the shrimps, they are wrapped using sterile
shrink films. The boxes are closed and packed in cartons of
8, 10, or 16 kg. The cartons are stored in a freezing room
(about —20°C) and then exported to Europe.

Stakeholders’ quality perceptions. The different
groups of stakeholders do not have the same perceptions
of shrimp quality (Table 3). The majority of fishermen,
intermediate traders 1 and 2, and collectors consider shrimp
size and texture to be their first two priority quality
attributes, whereas at the plant level, plant managers
consider the appearance (freshness) and the texture of
shrimps their first two priority quality attributes.

As far as quality criteria are concerned, all stakeholders
prefer shrimps that are large (at least 15 g per piece of
shrimp), firm, and without any physical damage (whole
shrimps without injury). Shrimp freshness is evaluated
based on the carapace, which should be shiny. Also, fresh
shrimps should keep their natural (grey) color, especially in
the head, where a red color is perceived as a sign of
spoilage, and should not produce any off-odor. The decision
on a batch of shrimps which does not meet the quality
criteria depends on the stakeholder who wants to buy the
product. The intermediate traders 2 accept the product but
may reduce the price, the collectors sort out the shrimps that
comply with their criteria and reject the remainder, and the
processors reject the entire batch.

DISCUSSION

Shrimp chain structure. The structure of the shrimp
chain in Benin shows that there are many specific relations
between the stakeholders. According to Harland (73),
relationships between stakeholders represent valuable bridg-
es, as they give one stakeholder access to the resources of
another. According to Trienekens et al. (27), the acceptance
of a product by the stakeholders of a supply chain depends
on a combination of price, quality and safety, and associated
guarantees. However, in the Beninese shrimp supply chain,
some stakeholders may accept the shrimps only on the basis
of the relationships existing between stakeholders. For
instance, some wives buy their husbands’ shrimps at normal
price whatever their quality because, according to the local
custom, a woman should not oppose her husband. This
asymmetric relationship, i.e. unbalanced power between
stakeholders (29), may affect shrimp quality, as the

% whose priority quality attributes are”:

Stakeholders 1,2 1,3 1,4 2,1 2,3 5,2
Fishermen (n = 325) 72.3 26.1 0 0.9 0.6 0
Intermediate traders 1 and 2 (n = 128) 68.0 22.6 7.8 1.6 0 0
Collectors (n = 12) 75.0 8.3 8.3 8.3 0 0
Plant managers (n = 3) 0 0 0 0 0 100

“ Quality attributes: 1, size; 2, texture; 3, color; 4, lack of physical damage; 5, appearance.
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fishermen may not be motivated to improve the quality of
their products.

The intermediate traders 2 accept all the shrimps from
the fishermen or the intermediate traders 1 because they
smoke the shrimps of marginal quality, which they sell at
the local and subregional markets. However, the quality of
shrimps intended for export can also be affected, and
shrimps will not meet the quality criteria stated in the
inspection manual procedures of the Beninese fishery
directorate (unpublished document). Deficiencies related to
shrimp quality at this stage of the chain can affect the end
product. In fact, the quality and safety of the end product in
a food supply chain depend on the roles played by all
members of the supply chain (27).

Shrimp handling. Many shortcomings related to
shrimp quality were observed during the survey. The
captured shrimps are often dumped into the wooden boats,
where different catches are mixed. This practice does not
meet the requirements of European Commission Regulation
No 853/2004 (10), which states that each successive catch
must be kept separated. Moreover, the cold chain is not well
maintained. Shrimps are stored at ambient temperature
(28°C) during the fishing and the precollection before their
delivery to the collectors, who finally put them on ice. This
practice is in violation of the requirements of the Codex
Alimentarius (7) and of European Commission Regulation
No 853/2004 (10), which stipulate that chilling of fishery
products should start as soon as possible. In fact, shrimps
are extremely sensitive to deterioration (2/). Unlike other
crustaceans (e.g., crabs and lobsters), which can be kept
alive until processing, shrimps die soon after being caught,
and they are often contaminated with bacteria from their
endogenous microflora, as well as from the mud trawled up
with them (/). Therefore, the storage temperature is crucial
(8, 20). For instance, as reported by Mendes et al. (27),
sensory analysis of fresh samples showed that raw chilled
shrimps reached the limit of acceptability (50% rejection)
after 4 days in ice, whereas 100% of the samples stored at
room temperature (22°C) were rejected after 24 h.

In addition, the quality of lake and lagoon water used to
wash shrimps is not in agreement with the requirements of
European Commission Regulation No 853/2004 (10). This
nonpotable water may be a source of contamination. In fact,
the microbial status of seafood after catch is closely related
to the environmental conditions and the microbiological
quality of the water (//). Also, shrimp collection in an
unprotected environment is in violation of the European
Commission Regulation (/0), which states that fishery
products must be kept in a protected environment.

Our survey showed that, in Benin, shrimps are not
handled properly and therefore may pose a potential risk to
public health because improper handling practices may
cause food contamination with pathogens and, consequent-
ly, foodborne disease (15, 24, 26). Stakeholders involved in
the Beninese shrimp sector should meet one of the key
principles of the European regulations on the hygiene of
foodstuffs (/0), which stipulates that it is necessary to
ensure food safety throughout the food chain, starting with
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the primary product. This is of great importance, given that
food safety starts at primary production (/4) and further
processing can never restore the poor quality of shrimps
improperly handled between the harvesting and the
processing periods (4).

To ensure shrimp quality and safety, there is a need to
train the fishermen in Good Fishing Practices and shrimp
handlers in safe food handling practices. However, it is
known that food hygiene training will only be effective if
the resources and systems are in place to encourage food
handlers to implement good practices (6, 25). Therefore,
other measures, such as building adequate facilities for
shrimp collection at the landing sites and providing
incentives for fishermen and shrimp handlers to improve
hygiene, are needed. In addition, the use of ice by upstream
stakeholders (fishermen and intermediate traders) should be
promoted.

Shrimp quality perception. The upstream stakehold-
ers in the chain give priority to shrimp size because they can
make more money with shrimps that weigh more. There is
concordance between our results and the results of Omemu
and Aderoju (22), who concluded from a survey conducted
in Benin’s neighboring country (Nigeria) that vendors
considered the volume and the price more important than
freshness and cleanliness when buying food to be cooked or
vended. The fact that nonfresh shrimps can be smoked or
fried and sold in Benin or in the subregion also explains
why the upstream stakeholders do not give priority to
shrimp freshness. The shrimp plant managers, on the other
hand, give priority to shrimp freshness because they must
ensure the quality of exported products. In fact, products
exported to Europe are regularly inspected on the market or
at the border, and noncompliant products are rejected.
Therefore, there is a need to inform upstream stakeholders
about the importance of shrimp freshness, and incentives
may be developed to reach this goal.

In conclusion, this study shows that the conditions
under which shrimps are handled in Benin are not in
agreement with the requirements of European regulations.
The steps prior to shrimp processing at the plants, namely
fishing, precollection, and collection, are the critical steps
for shrimp quality and safety in Benin because of
temperature abuse and inappropriate hygienic conditions.
To fulfill the requirements of European regulations, joint
efforts should be made. Because of the importance of
foreign currency to its economy, Benin should provide
training in Good Fishing Practices and safe food handling
practices and develop incentives to improve shrimp quality
and safety. The compliance with good practices should also
be evaluated through monitoring. Moreover, it is important
to ensure that the relationship between stakeholders, for
example, a family relationship, do not pose a threat to
shrimp quality and safety. This is one of the challenging
factors to be taken into account in the strategies to improve
shrimp quality and safety. The importing countries might
provide technical and managerial assistance for exporting
countries with limited resources to implement food safety
requirements. A ban on products from exporting countries
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will certainly protect the health of their European Union
consumers but may also prevent these consumers from
consuming some foods they have a particular interest in, for
instance, because of their organoleptic qualities. Our study
highlights how a chain-wide survey can reveal technical and
social aspects of relevance for better management of food
safety and quality along the chain. Also, it provides data on
time and temperature regimes along the chain, which can be
used to evaluate relevant scenarios to determine the growth
of pathogenic organisms and spoilers in future studies.
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