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ABSTRACT

Although ene of the bhest possibilities for ralsing the animal
protein of the diets of Wigerians 1s to increase the consvioption

of £ish; particularly through the use of several methods of long
term preservation technigues, such as drying, no radleal approach
hag yet emerged, Although, a great deal of the artisanal fish
<atech is dried for the huge consumer and distant morkets, the
traditional methods of fish preservation need lmprovemsnts to

cope with demand for increased gquantity, shelf-stable, and improved
guality of fish preoducts. There is therefore, a great need to
structurally transform the mode of fish drying.

The paper discusses drying reguirements, heat and wmass transfer,
conswmer acceptance, fuel sources, stovage and marketing of dried

fish products; and suggest ways and means of structurally trans-
forming the artisanal technoleogy of f£ish drying.

INTRODUCTION

Pish Resources of Nigeria

The major proportion of landed fish in Nigeria is by the artisanal
sector {Talabi, 1977). According to a recent study (Uboma et al,
1981), the average yearly total domestic fish production betwean
1971 and 1980 was 486,747 metric toanes {mt). This figure
represented production from coastal and blackish water {55.5%,
rivers {(28.4%}) and lakes and ponds (13.9%); all of which accounted
for 97.8% of the total fish catch. Inshore fishing (industrial)
represented only 2.2%. However, not much seems to be known about
the proportion of this catch which is actually preserved either by
drying or smoking.

The growth rate of the various subsector of fisheries {(Mabawonku,
1981) are:-

Artisanals
al ccastal and blackish water, 3.23%

b) inland rivers and lakes, 2.7%

Industrial {Commercial Trawlers)

al coastal fishing, 2.183%

b) coastal shrimping, 6.82%

The total average annual growth rate is therefore 5.5%. The
average estimated fish production (mt) from Kalnji Lake, Lake Chad
and rivers and reservoirs are 11,000 40,000 and 130,000 respectively.

It is also estimated that fish represents about 403 of Nigeria's
animal protein resources (Uboma et al, 1981). Tt is clear, therefore,
that fish production and processing could play a significant role in
meeting the protein needs of Nigerians.



Higeria imported on the average about 200,000 mt of £ish annually
between 1977 and 1978. Infact, fish lwports rose from 54,416 mt in
1971 o 218,000 mt in 1978 at a rate of 300%. The estimated £ish
consumption (mt} is shown in Table 1.

Table 1 - Fish consumption in Nigerila

Yaar Prajegtadbmatimaﬁ@ £ 10006 (mt)
1280 923.2
1981 1037.8
1982 1084.6
1993 1133.4
1984 1184.4
1985 1237.7

source: Federal Department of Fisheries (Mabawonkw, 1983}

The level of fish consumption shown above iz based on the assumption
of

{a) an income elapticity of demand for fish of 1.0;
{a} 2.5% rate of population growth, and
fod 2.0% rate of growth of real income.

To what enxtent Nigeris can meet this huge protein demand will grsatcly
depend on her ability to reduce the massive post-harvest losses of.
£ish through a deliberate and consgious appllication of sclence and
technology by way of upgrading the artisanal sector of the fisherilss
industyy.

Pish Handling in Higerxia

The marketing of fish includes twe broad systems:-

{al} the modern chain distribution system principally for
inpovrted frozen fish;

() the traditional fish collection and distribution systewm.

The latter lnvolves the collection, processing and transportation

of fish from the cange Zishermen at rewote production areas to the
major consuming centyes. At the retall level, fish are displaved

in open shelves in the marksts. This display method attracts flies
and leads to rapid deteriovation of the product. There is therefore,
considerable amount of spullave through autolysis, decomposition,
insect infestation and such losses arse astimated as bstween 20 and
603 depending on seazon and location. To reduce such huge losses,
and preserve {ish, artisanal fishexrmen and their families engage in -
either, smoke drying oy sun-drying of fishk.

Swmoked fish form the bulk of the retailled fish products. It is -
estimated that 93% of the total artisanal landings are smoked or
sun-dried. The smoking is carried out at different stages of the
distribution chain. In majority of cases, the fish is swoked in
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the fishing settlements by the-fishermen®s wives or family.
Smoking iz also done by wholesallers and even at.retall levels.
Iin areas close to fishing settlements, the'fish is light-smohked
or semi-~dried. In the hinterland, hard smoked f£ish predominate
which have longer shelf-iife but command higher prices than the
semi-dried or lightly smoked ones.

In the noxrthern drier parts of the country, olar drying has baen
very .important because:

(1) the relative humidity is low:; and

{2) woud a8 a source of heat swoke is relatively scares
and expensive,

R great deal of the fish landed in the Lake Chad shores, are sun~
dried but with associated problems. Traditional sun-drying of f£ish

ag practleed, is relatively slow, and because fish is highly o
perishable, losses through spoilage are high and products are not
uniformly dried. Another major problem encountered with open-air
sun~drying iz fly infestation. In the absence of intense sunlight
maggots develop and cause disintegration of the fish., Eggs laid

on exposed fish could hatch and cause damage to the prgducts during
subsequent storage {Capioc, 1982). Handling the materlals during
unexpected raing presents anohter problem. To alleviate such problems
there is need for controlled procedures and appropriate equipment to
ensure the manimum yield of sun~dried fish with a satigfactory storage
life.

Pogt-Harvest Fish Losses

Food wastage from the farm level to the “dinner table® has been
recognised as a significant comstraint in achieving the much desired
self-sufficiency in food and fibre production in Nigeria (Akinrele,
1977) . Efforts to quantify the magnitude of such losses have
encountered difficulties; both in definition and in magnitude. Losses
of fish foods post-harvest have been estimated as 50%, at least inm the
Lake Chad area of Borxno State. Much of the existing catch is either
under utilized, malused or misused; lesading to considerable wastage
after capture. Microbial spolilage represents the most serious loss
of wet f£ish. Further serious problems can also arise from conta-
mination by pathogeniec microorganisms,

Although technologies for control of spoilage of fish arve well
established, Nigeria has been unable to apply such technologies.
Substantial spoilage losses also ccour in prodessed (swoked, and
sun=dried} products. Problems arise partisularly in the dried fish
industry as practised by artisanal fishermen. The problems include
microbiological and lipid oxldation, leading to off-flavours and
poor storage stabilities. Dried fish represent a significant source
of low-cbst protein among Nigerlan consumers. There is alsc the
problem of large scale insect infestation as a result of inadequate
drying, poor handling and inadeguate packaging, storage and retail.
Losses as high as 50% are reported for dried-£fish products.

Optimal Handling of Fish

Fish is a notoricusly perishable commodity (Jones and Disney, 1977).
In the tropics, at ambient temperatures, spoilage is rapid, occuring
within 24 hrs. Tropical fish often spoil more rapidly than cold
watey fish. PFreezing of fish or the iced distribution of fish for
the internal markets has become widely practiced and holds-much
prospects in Nigeria. <Canning has also been successfully applied to
fish processing in many countries, and canned fish products abound in
Nigerian markets. However, canning, freesing and icing, which are .
simple and relatively cheap methods of preserving fish in Burope and
North America, are generally too expensive to adopt in Nigeria for
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various reasons. On the other hand, ﬁdci@QGultural as well as
consexvative attitudes regarding consumers acceptance of frozen
.or ecanned f£ish should be considered.

The drying of £ish, using the sun'’s thermal energy or weod fuel as
means of preservation, have been carried out for centuries throughout
the world in general and in Nigeria in particular. Fish drying has
therefore, become very popular in Nigeria (Mabawonku, et,al, 1982)
because it is Wwithin the socio-economic levels of the Fishermen and
also a meaningful technological imput. Above all, there is an
insatiabPe market for dried fish products in Nigeria (Mabawonku
et. al, 1982)., wMevertheless, consumers are interested in the
characteristics of fish processed. In relation to that is the fasct
that there are various species of fish gold in the Nigerian market
and each has different characteristics. A particular consumer will
purchase fish in relation to the distinect characteristic which th@t
consumer aﬁkaches to what he buysm

Unfortunately however, fish drying as a technology has not improved
in Wigeria due to several factors; some of which are related to ths
level of technological developments within the artisanal subsector
of the conomy. Two major phenomenon have taken place in Wigerian
fisheries in the last two decades. The first began with the
modernization of the fishing boats, the increase in the number of
inshore fishing vessels, and the growth of refrigerated or frozen
fishes in the market, all within the industrial sector of the
fishing industry. However, no radical change has taken place as
far as preservation of fish by drying is concerned. Fish processing
by drying is not standardized and there is a wide variation in
Juality,

Processed f£ish products in the markets include salted-dried;
unsalted-dried/half salted; unsalted-smoke-dried/salted smoke-dried:
sun=-dried (salted/unsalted) and fermented dried. Given the array of
dried fish products on the market, oné would hope that given the-
dynamic and growing economy of ngeria, consumers attitudes could
greatly influence the type and quality of dried fish available on
the market. This could then lead both to a change in technigues of
product processing and product delivery ag well as to changes in
consumers preferences.

Studies of consumers preferences and attitudes to dried fish should
aid in the improvement of the technology of fish drying such assi-

{1} buyers preferences,

{2) reasons for those preferences,

{3) the guality of the dried fish and their shelf life, and
(4) constraints in selling and suggestions for product

guality improvements.

Such information is required to guilde the development of improved
processing and drying technology. There is also a need for a
marketing survey to identify important characteristice for marketing
dried fish; regarding salt'content, speciss of fish, and storage life
including packaging.

Technology of Fish Dehydration

Fish drying has become more of a science than an art, considering
the present—day technological development in drying as a science.
Drying in food is referred to as the removal of moisture so that
environment is unfavourable for the development of moulds and
bacteria (Hall, 1957). It is therefore, to minimize the chances
of spoilage by microbial action. The problems facing fish drying
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in Nigerie inciude the low level pf technelogical development in
the scionce and art of wmolstuxe removal ©o converve £ish resources
and produce gialitative dried producia.

Prying of Fish

Drying 48 emoking are widely woed in FLisb preservation. In the
process of drying and smoking, much of the moisture coptent of ¢he
Eish iz extracted throuwgh heat, thus inhibiting the action of the
microorganisms and prolenging shelf 1ifs, Surshermore, the fish
while being smoked becomes impregnated with wood smoke, and is thus
glven » distinctive flavour and becomes less lisble to spollage,
gipre- pany copponents of the weod swmoke zob &6 antiseptics.

Depending on the type of contaet of molsture with the product, we

may distingwish surface molsture which olings $o the body of the

fish by adhesion, capillary moisture which Fills up the pores of

the colloidal particles, and aoisture which 1s chemically linked

with the cells of the £lsh. In the process of drving and smoling,
practically all the suxfesce and capiliary molsture is extracted

fwom the Lizh, Accoxding to the principle by which heat iz applied,
dorying installatieons may be divided into atmospheric dryers, vacuum
dryers and special dryers in which the product is exposed to high
fregquency currents and infra-yxed rays. Similarly, smoking installations
may be dividded into cold-smoking plamnt (with temparature not exceeding
40°C) and hot-smoking plant (with tesserature between B0 and 140°¢).

In the course of drying and smoking, the amount of absclwiely dry
matter remaing constant {(provided there are no merhanical apd other
iogsses) and may bs aupresssd by the formulas

GG = Gy 100 ~ W & 83 100 - #9

100 180

Where &1 = amount of molist material adwmitied o the dry and
smoking installation, kg/hr.

Gy = amount of dehydrated material, ke/hr.
Gd = amount ©f absolutsly dry matter in the dehvdvated material kg/hr.,

wl, wWe are respectively, the moisture contents of the wmaterial before
and after dryving, %.

The amount of molstuwre extracted during drying and smoking is
W= Gy - Gp

The amouwat of molisture extracted in relation te 1kg of moist material
CEn e oxpreszed ags
W~ 4 5T AT bhe amenind , .
W o= Gy TN ¢ zimilariy the awount of wmolisture extracted
in relation to kg of dehydrated matericl van be expressed as:
Wl = 32
AT P A ot
S 400TRT

A}lcwing for losses in the drying and smeking ilnstallations, the
yield of the finished product may be detorminasd from the formulas

- fl
Gg = EGy %%%m:_%z; where E is the coefficient of

conservation of the product. B equals €.98 for drving and 0.97 -
0.99 for smoking.
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Prying, either without or after sslting and with ov without swoking
lg a widely accepted traditional practice of pressrving fish.
Salting, swmoking and drving are processss that can be ebployed with
the minimus of eguipment and operated by semi or unskilled workers.
However, as “pressures” mouwnt ¢o seek new ways and means of inproving
the animal protein intake by WNigerilass, it haz become inmperative to
“advance” the processes of fish drying from ainimum egquipment to
maximun egquiprent and from semi-—skilled to skilled workers., The
gquality of life of the fisherman and his family also adds urgenecy
to the need to improve the returns on his hazardous labour, through
the infusion of the relevant technology.

Evidence of both social and structural transformation of the Wigerian
society can now be found not only in the advances in the techniguss
of preduction; but more especially in the areas of wrbanlzation,
commercialigation of the economy and the demand for high guality
products by Nigerian consumers. In the area of f£ish processing, the
traditional methods of £ish presarvation, {smoking/drying, salting

or sun~drying} need lwmprovements or should be modernized to cope with
the increasing consumer and national demand for f£ish products.

The improvements required include increased quantity, sheli-stable
and improved guality of preserved fish products. Technological
innovation (the scientific study of a practical art) in the drying
of fish holds much prospect; but whe initiates, prosecutes ox
execuwes such innovation? Should the iunovation originate from
Government, the industrial sector of fishery industry ox the
artisanal fishermen? My thesis is that it will be unrealistic to
axpect technological innovation alons to contribute a decisive
input; coming from the artisanal subsector. Any effective actlon
to upgrade the technology of fish drying must be taken by governmmants,
their agencies, private enterprise or industry; action which should
lead to a structural transformation of the “practical art” of fish
preservation.

"Thip Nigerian Fighery Industry has developed inte & mere {ish
importer or shore based frozen fish~handling institution with little
or 1o plans for upgrading its rele into a manufacturing industry as
a means of gualitatively and guantitatively improving its outputs”
{Falabi, 1977). The artisanal subsector, which accounts for about
98% of the total fish catch is tetally incapable of upgrading the
quality of processed dried £ish and fish products. Herein lies the
dilemma facing the fishery industry. Prospects of the HNigerian
Fisheries in the Eighties" lies in our ability to structurally
transform the industyry into & viable and enduring enterprise.
However, this calls for a systematic series of studies specifical
on Nigerian fishes and which must be backed by the goodwill of
government and other agencies charged with the destiny of this
country. Meanwhile, some fundamental work need to b2 done on
important "Nigerian® fishes.

AREAS GF WORK REQUIRING ATTENTLON

a) EBguilibrium Moisture Contant

The isotherms of a number of Higsrian important species of £ish,
salt or fresh water varieties within the relative humidity rangs
of 20 te 80% should pe studied scientifically regarding the
attainment of desired eguilibrium wmeisture content (MCel. This is
esgential and fundamentally necessary.

k) Rate of Dryving

as indicated earlier, the whole idea of f£ish drying is centered on
the removal of sufficient molsture (free molisture) to ensure the
preservation of the food material. The rate at which the free
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moidisture iz removed from the product does not remain constant.
Jazon (1962} and Burgess et.al {1267} desoribed the drylng Process
as ecompesed of the cmn tant rate period vheve muisture is removed
at uniform rate until it reaches a eritical moisture (MCce) aftexw
which the rate of mox sture removal decreases as the drying process
enters a falling rate pericd. XIn the c¢ase of fish muscles, which
initiaily have a wabtex coantent of about 4 g/fg of dry welght, the
WeLEture ovapbrates at a constant rate untili Lt falls to about
1 gfg oif dzy weight {(Jason, 1962},

Henderson and Perrxy (19833) have des ¢&lb@d the free surface
gvaporation of moisture during the constant rate period in the
aguation:

1) {(dW/aLYy = 4,39 x 103 £vA (P3 - Pa)

2} = 0.4336 Re A {ts ~ a)/nfy

Whers: (dW/dyr) = drying rate, kg of watexr/hx:

fv = water vapour transfer coefficient kg/ (m.mékg/mé;

& = water surface area, mi:
Pe = water vapour preszuve at ts, ztm;
ki = thermal conductaenve of aly Ffilm, Keal/{m.m* °¢);

té = alr temperaturd, "o;
5 = waler temperature, wet bulb, “op and
hig = latent heat of vaporization, Heal/kg.

The mass wigration eguation {equation 1] describzs the rate of
drying as belng dependent on the vapour pressure difference
betwzen the product surface and the bulk ¢of air and on the mass
tranafer coefficient. The constant vate of drying may also he
evaluated in terms of the heat transferred to the product o
avaporate the suvfsace moisture (equation 2}.

Usually, at the end of the constant drying rate, the hygvoscopic
material hes reached the critical moisture content that can sustain
a uniform rate of flow of free water to the surface which is equal
to the maximum rate of water vapour removal from the surlace
{Capio, 1982). The moisture diffusion within the fish decreases
balow that needed to replenish the melsture at the surface, and as
such, the rate of moisture removal from the product slows. The
falling rate period is largely controlled by the wovement of
molsture within the material to the surface by liquid diffhsion and
removal of molsture frow the surface (Hall, 195%}).

The drying rate at thiz stage may be describad by the Pick's law
of diffusion:

3} faMe/at) = DL{s  2Me/s =2

Where: DL = liguid phase diffusion ceoeffigient appltrach for
movement through the solid phase, mé/hr;:

MC = moisture content, dry basis;

i

t
x

time and

distance along travel of moisture, m

The Ioregoing has important practical applications for us. The
equations are of practical value in that for the drvince of f£ish
to be efficiently carried out, we need to determine the drying
constant for the different species of fish of commercial value.
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One cannot therefore, over swphasise the importance of sclentific
appraisal in the much needesd upgraded large scale commercial drying
required today and in the decadesd ahead, t© be able to expleit our
£ish resources.

@) Design of Suitable Equipment

Dehydration is defined as "drying under controlled conditions of
temperature and hmidity to a specific end point in a given time”
(Parker &t al, 19%4}. There are several means of drying fish
products; the most important of whieh is air convectlon drysrs
since they are relatively simple to operate and sre in expensive.
The work done at the Nigeriapn Institute of Coeancgraphy and Marine
Research {NIOMR), Lagos, which lead %o the design and development
of a smoking Xiln is in the right direction. This sffort should
howaver, be seen as only setkting the stage for a greater task
ahead if Wigeria is to be able to improve the quality of dried
fish available to consumers.

Conseguently, this calls for a radical approach which can lead to
a structural transformation of the erstwhile backward primitive
technologies practised by artisanal fishermen to the. application
of modern technigues of fish dehydration. Such a radical approach
should lead to:-

{1 The development of smoking XKilns which styress simplicity,
low cost with some measurs of control of the main variables in
smoking -~ smoke guality, volume, air volocity, temperature and
humidity:

{ii) The introduction of dryers which are simple to construct,
operate and maintain; wades of local material, scgeptable to the
users, cost effective and capable of drying a variety of commodities;

{314} the evolvement of shorter-time smoking procedures
vis-a-vis savings in wood and Fuel;

{iv) Development of adeguate salting as per species of fish;
(v} Bvaluation of consumer attitudinal preferences for

processed fish producte and their keepilng quality:

{vi} BEvaluation «f the chemical, nutritional, toxicological,
flavour and colour gualities of smoke dried, dried, and sun-dried
fish products; and

{vii} Bvaluation of the bsgst procedures/methods of packaging,
marketing and storage of heat preserved fish and fish products.

The realisation of the set objectives calls for a multi~disciplinary
and team approach to drying as a technology. The steps that should
he taken in the development of & drylng system include:

(L} cooperation b#twean tha Engi

) 5 v Ees 2 ineer and the Food Sci
Tgcnnolg$lgt to determing the quantity and nature of the fizﬁtiﬁzguct
to be dried and specifis consumer raguirements; ¥ .

{ii) determine drving requirements <

GEYing b1 &, heat and mass transfey
phepomena and fuel sources. Following éhe development of ‘drying
squipnment, the Home Economist counld begin consumer-acceptance

testing, while the Pood Scientigt 1 =
and packaging. ooks at product quality, storage

Such a team approach with interactive feedback is th

proach ‘ : < en used in
prototype quif&aat}on until the prototype is suitable for the
drying of high-guality products acceptable to the consumer.
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