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(lv) 

SaJDples of fresh Tilapia (XI] 'pi' GR@cias) and Red! ish 

(iplris'" specie,) ",ere salted using the pickle and kench curinq 

•• thode. The lialted fiah were then dried using solar and aic-

drying .ethods. 

Standard lie thode were used to deteraine the effecta of 

processing and drylnq methods on the ch •• lcal composition of the 

processed I iah. 

With the uptake of salt by the fiah, the 8liih content increased 

aignificantly during processing, wit.h resultant. decreases in the 

fat, protein and moisture content". Fat decrease was alao partly 

attributed to dripping of liquified fat during drying as well as 

ch •• ical o)Cidation of the tat. Protein losses were a1.0 partly due 

to proteolysis ot the prot.ein as weU as denaturation. The extent 

of the differences in moisture, tat and protein between the pickled 

and kenched aa.ples were not si90ificant except tor ash and salt 

Sensory evaluation u8in9 the rank method and analyaed by 

Analysis of Variance (ANOVA) ahowed that the kench cured and air-

dried samples are more acceptable, whiles pickle cured and solar 

dried samples are least acceptable with respect to texture, oc1out: 

and appearance. 

The salted dried Tilapia samples were also tound to have a 

longer .helf-life than the ai.Harly treated Redtiah .a.ple •. 
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cHAPTER 1 

INTRODUCTION 

Filih contributes aignificantly to the nutritional requirements 

of moat people in Africa. Here, it is generally the .. ajor source 

of protein in most dieta. Thb is because flah is relatively cheap 

a. compared to meat. Also unlixe meat, there 1s little or no 

relig 10us r.j8ction of fish . 

However, the proteina pr •• ant in fish are also rich nutrient. 

troa micro-organisms which causes spoilage. Thi& makes fish a 

highly pedshable food, hence the need for rapid processing after 

catch. Spoilage ot fish 800n co_encall aftar it is caught. The 

cliINtlc conditions of high temperature and atlllospheric hUllidity 

pravailing in Ghana contribute to spoilage and therefore makes it 

mandatory that fiah 18 sold or cured without delay after catch. 

The rapidity with which deterioration takes place depends upon 

the particular species of fish, the dalfldge they suffer because of 

the methods tor capt.ure and handling and the conditions under which 

the Uah are subsequently kept (Rawson, 1966). In nature, fish 

.uacl •• are generally considered sterile . However, when fish dies, 

bacteria originally contined to t.he gut.s, liver and gills ot the 

healthy live fiah atart to invade the surroundin9 aterile ti •• ue. 

by way of blood vaacular system (Jalllea, 1977) . Although the 

co.position may vary 60me1Jhat with different .pecies, fi.h 

generally co.prisea 70' water, 20' protein, " fat and S' ash. 

(Rawson, 1966). 

University of Ghana http://ugspace.ug.edu.gh



water is eSi'iential to bacteria fiO that bacterial activity is 

lIiniaized if the water content of the fish is reduced . Le .. s than 

3% water brings bacterial activity to a standstill (RaWfiOn, 1966). 

In recent years, it has been shown that not only bacteria and t.heir 

.etabolic products are responsible for spoilage, but that enzyme!! 

that are inherent in the fish muscle and intestine are also 

involved. According to BraDistadt and Auerbach, 1977), the presence 

of certain fish muscles enzymes appear to be a prerequisite for an 

optilllal growth of bacteria which causes spoilage . Autolysis due to 

the digestible action of tissue enzymes may altar the texture, 

flavor and appearance of the f ish product. 

Another illportant factor of fish spoilage is stiffening after 

death or r igor mortis. After death, Adenosine Triphosphate (ATP) , 

the enerqy producing compound is no longer resynthesi •• d. Its 

concentration in the cell therefore falls. At the same time, the 

pH i. lowered by the aceu.ulation of lactic acid as a product of 

glycolysis. These factors causes a contraction or the auscle and 

10 •• of .. chanical properties, since ATP acts as a plasticisor 

(Jaaes 1977). The hydrolysing activity of some enZYllles and the 

spUttinq of proteins are enhanced. Proteins are broken down to 

peptides and. then to a.ino acida. The allino acid. are subsequently 

broken down by hydrolysis and deamlnat!on, giving among other 

products, a.monia which is characteri.tic of badly spoiled U.h.· 

~onia and other a_ines are also produced as breakdown 

products from trimethylamine oxide which is naturally present 1n 

Ush fl •• h. According to (Jam •• 1977), trimethylamine and other 
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volatile acid components have been shown to be produced mainly by 

bact.aria and 8n~yw.es. The deqradation of nucleotide .. occurs quite 

rapidly after death. ATP is degraded to adenoliine Diphoaphate(ADP) 

and then to Adenoaine ftlonophosphate (AMP) by phosphorylase enzy •• s. 

Dea.ina.. convert AMP Inosine monophosphate (IMP) then to 

hypoxanthine. 

Hypoxanthine can estimated reasonably easily by a 

apectroPhoto";'eter. It foraa a very convenient index of spoilage. 

Production ot IHP ia a150 important in relation to flavor 

enhancers (James, 1977). The .ethods used for fish procesain9 in 

1I0at African Countries are traditional because of their stron9 

links with local traditions (Sefa-Dedeh 1993). Very ai.pl.e •• thods 

have been used to convert the hi9hly periShable fre:.h fish into 

.hdf-stable fo~s. There are tour main traditional _.thode of 

fish preservation in Ghana to enhance ita keeping quality. These 

• Drying 

• SlIloking 

• salting 

• Pa.nM:ntation 

These techniques can be applied in ill single proceas of 

preservation, or two or lIore prOCe&B cOlDb~ndtiona can be uaecl. For 

example, the production ot salted smoked tish (locally called 

·Opoku") salted dried fiah (Koobi) and. aalted fenaentecl Bah 

(locally called "Hollloni·). Other metllods involve cooking and 
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frying, but the&e are regarded a& .ethod& of preparation for hoae 

conliumption than for preservation. The traditional fish procesliinq 

trade spreads a long the coastal towns and beaches and big lakes in 

Chana e.g Chorkor, James Town, Sha.a, £lmina, Ada and cert .. in 

are.a in the volta Raqion. The processing 1. dona lIo&tly by the 

\o1o_n talk whose husbands are fisher.en. 

srooking involve& the deposition of wood slIoke chemicals on the 

tish. usuailY, flah with high fat composition are preferably 

smoked. Drying is done in t.he sun, in Chana. The extent. ot drying 

is deterained by fe.l. The process i. always at. the mercy of the 

weather, so the u •• of .cdern &olar dryer i. reco_ended. The 

e.eence of slIlting is to lIlini.iae the moi.ture content to a level 

.0 a. to ellrlinate the grovth and development of rlicro-organi ••• , 

especially the pathogenic and spoilage lIicre-organislDs. 

Solar-iialt, that is salt made from sea w.s.ter evaporation in open 

pond. 1. the only .alt available to most fish processors. 

ComJ!llercial aalt contains 80llle aJDount of calciu.(ca) and 

aagnesiulII(Mq). According to Cole and Greenwood-Barton (197J), 

flah a.lted with pure sodlu. chloride(Nacl) produce a flabby dried 

product which is pale yellow in colour and does not have the 

characteristic flavor of GaIted fish. Presence of small amounts at 

Ca and Mg salta whiten and stitten the fish a8 well .a i.part a 

bitter flavor which most consumers of salted fish rind palatable~ 

Excessive amounts of Ca and Kg however hinder the penetration ot 

the .ocl1u. chloride into the fleah of the Ush. Salt pene'tration 

1. al.o affected by the tat content ot t.he t ish and the extent ot 

University of Ghana http://ugspace.ug.edu.gh



apoi laqe (Cole and Greenwood-Barton 1973) • 
All solar salta contain 

,)reater or lesser nUllbera of salt tolerant bacteria which cause 

"pink" in inadequately dried fiah . These bdct.eria attack the 

protein of such fiah so that the fish becomes covered with a pink 

alime. 

Tna salt content. i. illportant mainly because ot its effect on 

uptake of .01sture . The more heavily salted a product, the more 

difficult it ' i. to rellove lIoisture by natural drying and the lIore 

rapid the wetting in humid air. Salt has aome antiseptic 

properties and the grovth of bacteria. other than the salt. tolerant 

types, is inhibited in stron') solutions. The main preservative 

aetion of salt hi that it removes vater frOID t.he flesh of the fish 

in contact with it by oSlDosis. 

"Koobi" the Ghanaian salted and sun-dried fish i. used locally 

for flavoring soups, stews or grilled and eaten with kenkey. 

"Koobi" processinq i. undertaken in fishing towns and villages such 

as Chorkor and James Town in Aeera, Shama, Ada and Elmina . In all 

these areas the SlllDe principle is applied, the differences in the 

.ethods or processing are .ainly found in the number of day. of 

salting and the duration of drying. A large proportion of Ghanaian 

woaen u •• "Koobi" in their food preparations. Although thi. 

product b widely used, very little 8cientific work has been done 

on it. Processing is still done under the traditional unhygienie 

conditions. The proces8 has not been characterized with respect to 

chemical changes. 
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The objectives of this project are therefore to: 

1. To detaralne the affacts of processing on the cha.ica 1 

co.position of salted fish u.sing wet and d.ry saltinq 

2. To detenaine the effects of proc8ssinq on sensory 

characteristics of the a.alted fish . 

3. To deter.ine the etfects of proce8liing in the shelf life of 

the salted fb:h . 

These findings will help in the 5Otandardization ot the pt'ocess for 

industrial adaption. 
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IITIRi'TIIRR RlVlpl 

fISH pRODUCTION IN GHANA 

Fishing has beeo.e a major, source of employment the world 

over . The introduction of modern fishing methods in west Afr ica 

has increased the catch considerably in recent years. (AInU Disney, 

1973) 

In Ghana, there has been a rapid development of fishing due to 

an increa&8 in the operation of deep sea motor ves •• la. Al_ost all 

the towns and villages along the coast line engage in fi&hing. In 

addition, Lagoon and river fishing is wid •• pread. 

However, the distribution of frash marine fish is still 

restricted largely to the coastal areas. This restriction in fresh 

fish distr ibution 1s due to pr iaarlly the very per ishable nature of 

the fish under the warm clilletie conditions (Cole and Greenwood -

Barton, 197J). Other factor such as lack of 8uitable transport 

facilities (bu and Dhney, 1973). development ot new technology 

and availability of trai ned personnel are a180 relevant (Garm & 

Li.pU8 , 1976). 

It h unfortunate that in the tropics where an1.a1 proteins 1s 

in high de.and to satisfy the dietary needs of the people , climatic 

conditions are such that spoilage of fish is more 11kely to occur. 

According to Borgst:ro. (196!1) fish may start. to deteriorate in a 

few hours in the tropics so any quick and sililple steps to pre •• rve 

a catch are beneficial. In contrast, fish can be held for a ddy or 
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two in t •• perate cliaate whiles in the Arctic, it rapidly becOrlles 

frozen (Rawson, 1966) 

According to Talarczak {19'7}, in the Ilajority of artisanal 

fishing centres, the tish is handled on the beach at landing places 

where even IIi_pIe facilities are not available. The fish mayor .ay 

not be chilled with ice at sea and at shore, it is not protect9d 

troll the aun or other weather conditions and it is not cleaned or 

washed betor'e aale. At landing, fish are often dumped on sandy 

beacheil or foul grounds for sorting and marketing (Watanabe, 1982). 

Talarct.ak (1977) further enumerated the procedure of handling 

and collection of fish at landing places as follows: 

(iii) Landing of the canoe in beach. 

(b) Diacuasion between fishermen and fiah mongers or buyers on the 

price ot fish per basket according to the species caught. 

ee) unloading of the fish in baskets froll canoe. by wOllen or 

tiaher.en'a relative. who carry ~he fish to the place where it 

i8 aold or near the beach, or directly .into vehicles. 

(d) Supplying that part of the catch destined for curing before 

aale to the beach eita, where thia operation takes place . 

The relatively hi9h price of tresh fish and the lhlit.ed supply 

ot fiah producte as wall aa t.heir poor k •• ping quality 

together wit.h inadequate lIarketing syatems have all hindered 

a larger consumption. 

Although the d.velo~nt of industrial Uaheries had been 

aiqnif icant, the artisanal fishery is stUl the most. i_portent 

sector ot the fishing industry in Ch.na where ita .ost vdluable 
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role is to provide food for the ho.e .arket (Talarczak, 1977) 

Generally, the quality and freshness of the fish is very 

unsatisfactory both in coastal and inland towns because of the 

conditions under which it 1s handled, transported, sold and kept 

(Talarczak, 1977) 

, TYPES OF FISH COMMQ1:!!/t ... J!~J~ 

}. Trigate Mackerel 

Z. Long fined herrings 

Sardine 

Redfish 

7. Club mackerel 

8. Tilapia 

9. Tiqer fiahes 

Auxi! thazard 

Yi,ha erlanotd 

Sardine]]a aurita 

scgmber c elias 

Hydrgcon species 

Whereas fish types 1 to 7 are obtained from marine habitat, 

speCies 8 and 9 are obtained only for. fresh water environments. 

In Ghana, the main fishing season extends from Augu.t to 

The seasonal nature of fi.hery operation. make. the" 

supply of aU types throughout the year rather ditficult fishing i. 

done aainly ..,ith the aid of nets and basket. (RawBon, 1966). 
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Fiah begins to deteriorate fro. the JIO_ent they are caught 

(Jall_s, 1977) . It ie such an extremely perishable co_odity that it 

may have to be consumed i.aediately or preserved in one torM or 

another without delay. 

In the tropics, the situation 18 even worse and fish will 

spoil within 12-20 hours after a catch, depending on tha species, 

mathod of catChing, handling. the damage t.hey sufter because of the 

method of capture and the conditions under which the fish are 

subsequently kept . A considerable proport.ion of fish landed during 

the glut season goes to waste accompanied by drastic reduction in 

price.. This i. priaarUy due to improper handling and inadequate 

storage and processing conditions. There are two main causes of 

fish spoilage. The first involve& the activity of endoqenous 

digestive enzym •• called autolytic spoilage. The second type of 

fish spoilage involves bacterial breakdown called bacterial 

spoilage. 

AUTOI YTl C SPOIl ACE 

Autolyais i. a coaplex process whereby f ish muscle is digested 

by proteolytic enzy.es naturally present in the gut and living 

auscla (Tressler and Lemon, 1951). The healthy living gut 1& eble 

to resist autodig.etion but •• 800n as the fish d.i •• , enzy.ee 

involved in the dil;leation of food attack and quickly breakdown the 

gut and belly wall as ",.11 as the flesh. In life, the cell i. 

prevented fro. auto digestion because the proteolytic enzymes are 
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encloaed ineide the cells in bag-like structures, the Lysosollles 

(Ja ••• , 1977) 

As the pH decreases, due to glucose breakdown to lactic acid, 

the proteolytic enzy .. s aay b8 relea&eQ form t.he lysosomes and 

dagrada t.he ti •• ues (Ihekoronye and Ngoddy. 1985). Proteins are 

broken down to peptides and then to allino acids. The alRino acids 

are then broken down by hydrolysie and deamination giving among 

other products a_onb . which 1 •• characteristic of badly spoiled 

fiah . Other amines are also produced as breakdown products froUl 

trimethylamine oxide, which is naturally pre •• nt in fish flesh. 

(James, 1977) 

According- to Watanabe it '], ATP dacompo&ition proceeda along 

the following •• quence; 

ATP -> ADP -> AMP -> IMP -> HXR - :> HX -> U 

Adenosine triphosp~ate 

Adenosine monophosphate 

Adenosine diphoaphate 

Inosine .onophosphate 

Hypoxanthine 

Uric acid 

Thes. Changes are mainly asaociated. with the endoqenoua 

enzymes. At the sallie ti •• , exoqenous enzymes fro. bacteria are 

also reactinq with subst.rates produced by theSt! reaction. (Jam •• , 

1977) . 

University of Ghana http://ugspace.ug.edu.gh



The effect. of autolytic breakdown ot fish include, 

(1) Flovourdevelopment(Jame., 1917) 

(ii) Enhancing bacter ial growth (He •• , 1960) 

(ii1)Breakdown of tissue muscle resulting in textural changes in 

the !ish (Ihekoronye, Ngoddy, 1985) 

Autolysis is promoted by high t •• perature especially when the 

f hh 18 un-gutted. 

B"CTF.BI AI SPOJ[.AGE 

Although the (lesh of freshly caught fish i. considered to be 

sterile, the skin, the gilla and inteatine .. can carry considerable 

bact.rial loads. Both quantitatively And qualitatively, the 

I\icrobial flora is a function ot the environment in which the tish 

is caught. 

After death, the noraal barrier preventing intection 16 broken 

and the aicro-organisms start to attack. According to Hess (1960), 

the sources of bacterial contamination ot the t iah t l esh are the 

intest.ine cont.entG, the sliae covering the fish and esp.cially the 

q111s, also dirty surfaces with which the fiah comes into contact 

on the deck, in hold. of fishing vesaels and fish plants. 

Work done by karthhyan1 and lyer (1968) on flah troll 

t.a.pera t e waters revealed that the bulk ot the f lora at skin · 

muscle and qut consisted ot graa negative asporoqenou. rod. of the 

Ashroeobtptervjbro , ~, flavObltctertum and ~ 
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The relat.ive percentageli of these genera were at variance .... ith 

tholie reported for fishes of te1Dperat.e waters where ~ 

pradollinated followed by ~ (Georgala 1958). 

Geographic location is known to cauae auch variationa in generic 

distr ibution. 

Thu. Li.ton and Colwell (1963) reported greater abundance of 

~ specie .. on f ish caught. in the warm waters areaa than 

on fiah fro. · Northern pacHic are.1i (Puget sound, off Washington 

coast) . 

In temperate and Arctic water_, the micro-organislII8 found are 

mainly psychrophi18s. In t.he warm waters of tropical countries, a 

qr.ater percentage of gram positive 1II.l5ophile. such a8 thQ ~ 

.pecl.s, ~ and ~ are found. 

Shewan (1910) eU9gested from data that fish can be infected 

and carry not only ~ but also possibly stapbylgc;occus 

~ even when cau9ht in unpolluted waters. 

Work done by Karthiayani and Iyer (1968) revealed that. 

bact.erial density is higher in the guts than on the skin and 

muscle. Bacterial growth 1e characteriZed but he production of 

slime, softening of the muscle tissues and alao the production of 

offeneive odours. Bacterial and autolytic spoilaC}e usually occur 

silloult.aneously. 

POST-MORTEM CHANGM IN FISH 

When A fish die., it stiffens almost immediately. The (lesh 

bl!comel& firm And e1 •• t:ic. 
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Thb condition is called rigor mortil5 (Borgstrom, 1965). AcCording 

to Tre~.ler and Leson (1951), the 5tate of rigor i& a guarantee of 

perfect freshness. Although even under the most favourable storage 

conditions, I"iqor aortis gradually disappears in a short tiae, its 

ab&ence does not indicate that the fish is not sufficiently fresh 

to be an excellent food. 

Rigor .ortis is the manifestation of a series ot co.plex 

blochelllical ~eactions that occur in aniaal ti.sue after death. The 

gradual hardening and stiffening of the carcass, ob.erved, ia 

brouqht about by the contraction of the various individual muscle. 

Conversion of the auacle of a living animal to meat could be 

viewed as a ai.ple mechanical disintergraion of the carcass after 

the animal i. killed (Ihekoronye and Ngoddy 198!.). 

According to Amano.t.t....l.l (1953) Noguchi (1957) and Jones ~ 

(1965), the rigor period of fish is greatly influenced by the 

environmental condition. in which the t'ish die., .uch as 

telllperature. The duration of rigor depends upon the phyaical state 

of the f lsh. It the fish died suddenly and was not starving or 

spawning, rigor would start later and last longer than if the fish 

was starved or had struggled 1n the net before dying (He •• , 1960). 

Jaaes (1977), outlined the biochemical changes associated with 

rigor mortis, or the post morte. period, ae aesociated by lack of 

adenosine triphoaphate (ATP) synthesis that i. the energy 

producing coapound. It. concentration in the cell thereto~e r411& 

(Iwamoto, 1987). 
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At the aaae ti_ there ia a lowering of the PH to about 6.6-6.2 

(Heas, 1960) due to the accu.ulation of lactic acid a5 a product of 

glycolysis. These factors cause contraction of the muscle and 10S8 

of "Behanical properties since ATP acta as a plasticizer (Jam ••• 

1917) • 

Rigor lIortis ataong other tactora retard the post mortelll 

autolytic and bacterial decomposition of the flesh and ita protein 

(Heas, 1960)', Alao fats are known to fiolidify (lhekoronye and 

Ngoddy. 1985) Aft.er coapletion ot the rigor mortis, the fish 

alowly returns to and often exceeds its pre rigor tenderne.s. This 

ia due to the effects ot various proteolytic enzymes that slowly 

degrade the muscle fibrous structure. This so-called "aging" is a 

very iaportant step in tr.sh .... at technology (Ihekoronye and 

Ngoddy. 1955), 

Rigor index ot f ish can be tlea_ur.d and used aa a parameter of 

rigor t.naiona using the equations. 

Rig:or Index' • ~ 

Do 

where; 

Do and D represent the distance of the base ot the caudal fin 

frOID horiZontal line of the table at Che scart (or in pre rigor 

sCate) dnd during: &torage respectively (Iwamoto ~ 1987) 
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QYALI.I..X~HI-'dfi....Qf....U. 

Che.ical co.pounds, such as volatile basic nitrogen and ATP 

related compound& which norlflally didn't exist in the living tissues 

of f ish and are for_ad by autolysis and/or microbial action. are 

used as indication. ot fish trsr;hness (Saito .A.t....Al 1959) 

A .ore accurate indicator ot ti&h fre&hnesa result. froll over 

all enzYlDatic reactions attributed to the changes in t ish treshness 

because the ~arioua reactions taking place In flah meat proceed at 

individual reaction rates (Watanabe at aI, 1987) 
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~ I'RESHNgS$ CHARAkI'ERISTICS Of PISH 

Appearance 

2. Skin tone 

l. 5 •• 11 

4. Eyes 

SUllY. metallic wet Dull, dry, wrinkled 

Elastic, fira Inelastic, alack. 

bloated 

tresh, seaweedy sour, ott-odour 

clear, projecting Opaque, sunk 1n 

brightred/pinkcolor dull, brownish in 

fresh aaell 

6. Mucous coating' tree flowing tine coagulated IlUCOU. 

on Skin (s11my) 

Source, Flsn processl.ng (1988) Fooa CYCLe echo Source Book No 4 

United Nation Development Pund tor Women (UHIFEM) 

J'oseph&on and Lindsay (1987) have shown that certain volatile 

compounds responsible (or the arolll.as of freshly harv •• ted f iah are 

the result. ot degradation of site speCific (ie engYllatically­

toraed) hydroperoxid ••. 
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These enzy.es mediated dagradationa are expre&sed in the 

for.atlon of a variety ot alchols and carbonyl& which are present 

in highest concentration in skin and 81 illle fraction of f leah 

(Josephson tlt....Al 1987) 

Production of tri.ethylamine (THA) and total volatile baai. 

(TVa) are the lIost commonly used tests for (reshness (Ja.es, 1977). 

Puncture testinq is an empirical method used in textural studies of 

food (BOUrne: 1982). It aea&Ur8S the force required to push a metal 

probe into food to a depth that caused irreversible crushing or 

flow ot t.he sallple (Kronenberg and Hang, 1985). 

TRAplTJONAI Mt-"THOOS Qf rISH pRESERVATION 

The major portion at fish landed in Chana is processed in one 

form or another wit.h t.he ai ... of preserving it. the various met.hOds 

of traditional proce.sing ot Ush are; 

(i) slIoking 

( ii) sundry ing 

(Ui, •• lting 

iv) fermentation 

(v) frying 

The traditional fish processing trade spread along the co"'st 

of Chana, near the flah landing beaches and around lakes, "ith 

bigger concentration in the coastal towns (Okraku - otIei 1970).' 
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A.ong the traditional methodS, s.okinq: is the lIO.t widely 

u •• d. coverinq about 65 - 70\ of t.h. totill f ish per annul).. 

Sundrying, salting, frying and feraantation acount for about 10 -

15\ of the catch and the rest is consulled fresh (OkrakU - Offei 

1970) 

Dry a.oked ebh 18 of low moisture content (l0-1St) co.pared 

to tresh fish (7s,water) aru:i ia done using .moking ovens (Raw.on, 

1966). Smoki~q i. ettected by both drying and deposition of smoke 

che.ieal. like aldehyde, ketones, phenol., organic acid. Th ••• 

have a preservat.ive effect on the fish. There's a180 an 

antioxidant ettect produced by phenolic compound. on the surface. 

The slloked product owes its storage lite prilrlarily to the drying 

and cooking processes, rather than the preservative value of the 

wood emoke chemical. 

Sundrying of fish is one of the ai.pleat and ch.apest 

methods of curing fiah. Sun dried fish plays an important role in 

Northern Ghana as the main source of protein. The quality of the 

product depend. on cl1raatic conditions since the product is at the 

mercy of the weather. Ho .... ever, the introduction of the solar dryer 

h •• e.8~ a lot the problems encountered (Akutto, 1976) 

In hot humid eli.ate., spoihqe is not always arrested by 

dehydration methods a. it is difficult to keep the product dry. 

fer.ent.tion ot fish is a method .."hlch inhibits .poUaqe 

chanqe. within the fish by increasinq the acidity. Durinq 

fermentation, t.he use of salt inhibits the action of the spoilage 

bacteria and allows the fish enzymes or beneficial. acld"producinq 
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bacteria to break down the flesh. The uaQ of ferllentation 4& a 

low cost .ethod of (ish preservation is ,,"ore co..anly practised in 

South East Asia and West Aafriea (Food Cycle Tech. BK No 4) 

So.e b19 tishe5 are also salted betore sundrying 89 "koobi-

(Okraku-offei, 1970) 

The most important effect at the salt is the removal of water 

frol'l the fish flesh to the point where aicrobial and enz'ymatic 

act.1vities are retarded (Duere and Dryer, 1952) 

Some spoila;e bacteria cannot live in salty condition and a 

coneentration of 6-10' salt in the fish tissue 101111 prevent their 

activity. A group of lIIicro-organisms known aa halophylic bacteria 

are however salt loving and will apoil salted tish only. 

Puther reaoval of water by drying w111 inhibit these bacteria. 

The removal of water which take. place during the salting of fish, 

i,. due to the fact that the salt solution outside the fiith is of a 

higher concentration than the residual wat.er in the fish tle.h. As 

water is re.oved fro. the fiah fleah salt. will penetrate into it. 

It the salt concentration out.side the fiah h equal to that inside 

the fish flesh, no 1Il0ve •• nt of water or salt will occur. Once this 

happens, more salt. will have t.o be added: t.o the solution so that 

the saltin9 can continue. 
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The rate of water mov,uaent. out and salt .ove.ant in depends 

the concentration of the salt solution 

the fat content of tile fi .. h 

the thickness of the fiah 

t._perature 

ti ... that the saltinq is allowed to continue. 

The type of aalting operation used will depend, on; 

consu.er preferencea 

availability of aalt and costa 

fish type, that is, lean or oily 

Salt is variable in it. properties,as it is produced in 

several wayiO 

The .ain types are: 

sea salt from the sea or lake .... aters 

brine evaporated salts from undergound sources 

These salts differ in their chemical composition, their 

lIIic['obiological purity and their physical properties which will 

affect the saltad fish quality. 

Apart frOm contamination such as dust, sand, mud and moisture, 

salt intended for use on fish should have a low content of 

magnesium and calcuim salta to avoid the bitter taste. and 

toughness illparted by these salts althou9h the whiter colour effect 

JDay be a consumer preference. 
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Salt co-.es in different aized crystals or particlea depending 

on whether or not it has been grounded and how it has been ground . 

Coarae grain more suitable (Urge in size) ..... ill not penetrate into 

fish flesh as quickly as po&sibla as fine grain (s.all in &iziI) nor 

will it dissolve in water rapidly . Although fine grain salt will 

be suitable tor .aking brines, coar •• r grains ia 'IIore su.itable for 

dry saltinq as a condition known as "salt burn" lIlay occur if tine 

grain salt 1~ used. That is, the surface of the fish bec omes 

hardened dUR to too rapid a removal of water froa the fiah surtace 

in a .1I:1114r way to case hardening. The hard surtace then prevents 

both salt penetration and water removal . 

Salting a& a traditional processing me thod has taken two 

torms; 

Dry salting 

Wet salti09 

Dry aalting ia alao known aa "k.nch" salting. In thia proc858 

the fish are mixed with dry crystalline salt, usually by rUbbiftCJ it 

into or sprinkling it on the fiah .. urtace, and then stacking the 

thh .aking the .iddle hiljlher than the sidee. The water 1. removed 

torm the tish by the action at the salt, and osmotic draining away 

as brine. 
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Non-fatty fish are u5ually 4ry salted. salting fatty filih in 

this way ..,ill allow tor ext.enSlve breakdown of oils, giving 

characteristic rancid fiavoucli and smell, due to exposure to the 

air, and thus i5 not. reco_ended. 

Kanch salting has the advantage that water drains away trOll 

the stack ot ftah lila leaving it fairly dry. The fish .ay not be 

left long e~oUllh for coaplete .alt penetration and it the pile 1s 

not re-stacked to allow re-arrangement. of the fi&h, thOlie at the 

botto. will have been aalted to a different degree to tho •• at tha 

top 

(Food cycle Tachaslogy source book No 4, 1988) 

WIIT SAlTING OR SAlT PICkIING 

Thia p,"OCa&&& is ideal for oily fish such as herringlil. 

sardines, anchovies, aackeraia especially to help inhibit rancidity 

by ilxcludinq air. 

Pickle curing starts a» for the dry salting met.hod in t.hat the 

prepared fish are layered alternately with dry aalt crystal.. The 

fluids are not lett to drain away a8 1n "kench"' salting but are 

allowed to accuaulate to cover all the t'1sh. Often, weights are 

kept or placed on the top to keep the flah iaeeraed in the brine. 

and •• sist in t.he t'emoval ot water 

(fOod cycle technoloqy .ourc. book No 4 1988) 
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gpfECT OF SAlTING ANp PRYING ON J IPIDS 

Koizumi ~ (1980) found out that dried-salted fish product .. 

are .ore susceptible t.o oxidative chanqe& than freeze-dried t ish 

fl •• h, because the added salt functions as a pro-oxidant. 

Cutting (1962) has stated that although salt promotes 

rancidity in frozen fatty fish where cured fish are covered with a 

saturated salt brine, oxgyen is rendered almost insoluble and 

rancidity de'velops ext.remely slowly . other evidence exist& that 

salt has a protective effect on lipids. 

Nallbudiry(1980) st.at.ed that it is a pro-oxidant in fatt.y 

species at lower concent.rations, but as concent.ration increases, 

•• It inhibit lipid oxidation. In addition to its effects on 

oxidation, salting also exerts an os.osic effect on fish fleah, 

thus 011 and other constituents may be lost from the tatty fish 

(cuttings, 1962) 

Rao §..t........I.l (1983) !itudied lipid composition of commercial 

samples of salted sundried mackerel. Compared to fresh f ish, these 

lIlackerel have a decresed glyceride content and higher free fatty 

acids indicating hydrolytic cleavage. Therefore sundrying causes 

considerable 108S of polyunsaturated f~tty acid •• 

EFFECT or SAl TING ANp DRYINe ON PROTgTN QUAI lTV 

Evidently, the impact of .~ltin9 and dryinq on the protein 

quality aay be assessed frail known effects of physical and ahe.leal 

para.eters employed in the production such as dehydration, 

temperature, tiae and added compounds, but only tests on the actual 
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products can provide reliable data on t.heir protein quality . 

The effects of drying te_perature and salting on protein 

quality o( dri'KI cod wre investigated by Aitken ~ (1967) using 

the accelerated .eehanical drying (AHD) system. 

unsalted fish have HPUst (net protein utilisat.ion -

standardised) values of 96 when dried with a 1naxil1luJII temperature of 

loooe co_pared with 87 when dri&d with a maximum t.emperature of 

usoe 

Liqhtly salted (10.8% Nacl) and heavily salted (28.9' Hacl) 

fish have NPUst value. of 9. and 90 for undried, lightly salted 

fish. 

EI-Wakeil (1975) studied the protein quality of tresh water 

Ush (Tete' ntlnticmq. Drying of the salted fish was done in air 

over 10-30 days depending on fish size. Thereafter, the fish was 

stored at room telllperature for 30 days. The final product 

contained 10-12' Ilositure about 12' of (at and about 80\ protein. 

The effects of drying regimes on the invitro digestibility by 

L •• and Rye. (1987) ahows that drying in the sun for a long time 

causes a slow but. only slight lowering of digestibility due to 

protein damage and to the formation of enzyme indigestible 

From these result.s and others, drying per sey may not have any 

adverse effect. on protein quality. Aa long as the dry in!!) 

temperat.ure is kept below 1000e losses in prot.ein quality are 

moderate. When drying temperatures are in excess of lOOoe, 10 •••• 

in protein quality increase progressively with temperature. 
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MATERIALS AND MtjIHOpS 

SAqI E COLl J!CTIQN AND PHt'I'A~ 

Twenty' pieces each of fre&h Tj lapjo species and Redt'ish 

apecies fsparidae spec:ie. l were purchaaed at the Kaneshie market. 

and brought back into the laboratory. 

In the laboratory, all of the fish samples were eviscerat.ed, 

scaled and .. ashed clean with tap water. 

SALTING PRocepURE 

):2.1 pICKLE SAl TING (WIT Hn.I:!2IU. 

Ten pieces ot' the prep4red ~ were weighed. This was 

accordingly salted using a ): 1 ratio by weiqht of t.he Ush to the 

aalt. The e.lting W.Ii done by placing and rubbing salt into all 

opened areas of the fiah aa well aa on the surface of the fiah. 

The salted fish were then placed in a b •• ket which was in t.urn 

placed in a bowl in a uch a way that the liquid exuddt.e will form 

around the t ish. A jute sack was placed on top of the f i.h in t.he 

basket and then weighed down \filth stones. 

The a._ procedure wae used for the Red fish e.apl ••• 

Salting was allowed to continue tor 48 houra for both varieties. 
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)CprC" SAl TING mRY PIlITltOQ) 

The other ten piece. of both the Tilapia and Redfish varieti •• 

ware weighed. and &alte d in a 3:1 ratio by weight of fiah to salt as 

was done for the pickle salting. 

The fish .amples were then plac8d in ba s kets which were inturn 

placed on top of smaller bowls in such. way that the bottom of the 

basket was 'not in contact with the bottoll of the bOwl. In this 

way, the liquid exudate will not form around the fish but flow out 

into the. bowl. Again, the baskets were covered with jute sacks and 

...,eighed down with stones. saltinq ...,as allowed to continue for 48 

TWo (2) methods of drying were employed. These were solar 

drying and open-air drying. For the Tilapla species, the ten(lO) 

pieces that were piCkle cured were divided into two batche •. 

piece& were solar dried whiles the ot.her five pieces were 

.ir- dried. 

Five pieces each of the other ten pieces of Tilapia which were 

kench cured were also solar dried and air-dr ied. For the Red! ish 

sa.ples, the ten piece. that were pickle aalted were alao divided 

int.o tva batches . Five pieces were solar dried and !ive pieces 

air- dried. 

The ••• e thing was done for the ten piece. which were kench 
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Five pi aces wera solar dried whiles the other five pieces were air­

dried. In all the above casas, drying was allowed to continue for 

5 days. 

sa.ples of both the ~ and the Redfish species were 

aha both air-dried. and solar dried without saltinq to serve as 

control. After dryinq, all the samples were .. iUed into tine flour 

for proxilUlt'e analysia. 
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Figure 1 fI.DW PIAGIU" roR SAlTING AND pRYING PROCEDURE 

FISH (~ Varieties) 

SCALE AND EVISCERATE 

PICKLE SALT (48hrs) Kt:NCH SALT (48hrs) 

(5 dayS) (5 days) (S days) (S da.ys) 
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PROXHIAT§ ANALXSIS OF PROCF.5Sr:O fISIi SMPLgS 

MOrSTlffle CONTENT DETERMINATIONS 

Moisture was deterillined using Air-oven lIIethod 

Association of ctticial Analytical Chemista (AOAC method 14004. 

1975). The .oisture content was deterlllined 1.18inq 2 Qrams .ample& 

of the f ish. These were weighed accurately into tarred moisture 

a~d heated in an oVlln (Callenk.!llmp Oven) at 10So C to 

constant weight, The dishes were cooled in a dessicator and 

weighed to obtain the lIoi&ture loss, 

TOTAl ASH CONTENT PJ:."Tt'BMINATION 

The total aah content for the samples were determined by 

a.hing itt 6000C in a .utt'la turnance to a constant weight (AOAC, 

13.066, 1975) 

CRUDR PROTglN DET&RMINATION 

The protein content was determined by analysing for total 

nitroejlen us1ng the macro-kjeldhal method, (ACAC 7. 04S, 1975). 

2 gra •• of the samples were digested in a kjeldhal t'lask using 

25 .. 1 concentrated 81.11phuric ilcid and 10 grams Rease and William 

reaction mixture. This Iotas then distilled over 150 m1 and then 

titrated "ith 0.1 N sulphuric acid to a taint pink. The nitroqen 

determined was converted to protein using the Conversion factor 
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CRUPg fAT PR'TfRMINATION 

The aethod used was the 50xhlet extration method . This .ethod 

i. baaed upon the extraction with petroleum ether and subsequent 

weighing ot all et.her-soluble .aterial from a welghad aa.ple (AOAC 

18.02),1975) 2 gram:i sample. were used in the determinationa. 

~:N'I' lsopllJM CHLORIDE ) OE'rt"RMINATION 

10 gram& :ia_ples were weighed into a 250 Iftl erlenmeyer flask 

and then an excess of 0.1 N AgNo) solution was added to precipitate 

all the chloride as silver chloride. This was boiled gently on a 

hot platllil until all solids except A.gCL diaaolved. Thi& wali cooled 

and then 50111 water and 51111 indicator were added and then titrated 

with 0.1 N HH.5CN solution to a par.anent light brown. 

The difference in volume between O.IN A.qNO) added and O.IN 

NH45CH used tor the titration was used to calculate for sodium 

chloril1a (NaCI) {"OAC 18.0)1, 1975} 

SpSQRY ANAl YSIS QF PROCESSEQ SAMP[ ES 

'l'wenty(20) in-house panelists evaluated each or the processed 

(Salted) fiah a •• ple. with respect to texture, odour, appearance 

and general acceptability. The panelists assigned the aallpl. with 

the most acceptable texture a rank value of 1, the next sample .... ith 

the- next acceptable texture a rank value of 2, the next ) and the 

least acceptable texture a rank value of 4. The evaluation waa 

repeated tor odour f appearance and general acceptability. 
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The results were analysed using c01llputar-aided Analysis of 

Var iance (ANOVA). 

SHELP LIfE OETERMINATIQN 

samples of the ewo vari.ties of processed fish ware stored in 

a dry, airy place . The sallpl •• were inspected at three day 

intervals to checK tor signa of spoilaqe. 

University of Ghana http://ugspace.ug.edu.gh



R£SUI TS "NP PISCUSSION 

MOl STIIR& CONT£jNT 

With th~ Tilapia samples which were aohr dried, the moisture 

content decreased to 46.49\ and 45 . 03\ in the pickled and k.nch~d 

cured samples respectively as co.pared to 64.25' in the unaalted 

The decreased moisture content for the cured sa.ple was due to 

thll action of the .alt which rellloved water fro. the tisliues of the 

fi .. h by osaoais . The main aim of reducing the lIoiature content of 

the fish is to concentrate the aalt in the fish, thus create an 

environment resultin9 1n a water activity th.st ls unsuit.sbl. for 

rlicro-organis_ that cause spoilage to survive. 

The pickle cured sa.ple had a higher moisture content than the 

kench cured TUapia. This was because dur .1ng the pickle cur lng, 

the pickle that was formed eventually covered all the fish. The 

net result is that sOllie of the w.ster In the fish 1. retained alnce 

a ata98 1s reached where there is no movement of water molecules 

out of the f18h . Since in keneh curing , the Uquid pickle thrt 

forllS is allowed to drain, the salt had ample contac~ wi~h the fish 

to cause removal of IaOre vater by OSlll08is, thus a lower .. oiature 
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A simUar observation was made tor the Red! ish sa.pla which 

were solar dried. The .oisture content decreased to 52. sot and 

51.801: in the pickled and kench cured samples respectively compared 

to 67.621: in the unsalted aaaple. The observed decreases in the. 

lIOisture could be due to thlil same reasons attributed to the 

aoisture changes in the Til.pia apacie ... 

These difference in the moisture content ora not significant 

and shows that the lIoiture content of the t ish sample. after 

proc •• sing does not depend on the aalt treat.ent given (Appendix 1) 

The .ethoda of drying also had statiatically signi t icant 

effects on the moisture contents. It wae observed that samples 

which were solar dried had slightly lower .oisture content than 

samples which were air-dri4ild for the sallie lIlethod ot salting . 

ror example, pickled Tilapia speci4ils which were solar dried 

had 46.491: .oisture whiles those which were air-dried had 47.971: 

moiat.ure. Alao kenched Redf ish which were solar dried had a 

moisture content of 51.801: while. those which were air - dried had 

aoisture content of 53. OH:. 

These observed difference .. in moisture content between solar 

and air-dried samples are due to the fact that the average 

te.perature 1n the 1I0lar dryer is comparatively higher th<4n the 

a.bient teaperature. Because the solar dryer is enclosed, mare 

heat is trapped inside the cabinet which causes further relloval of 

vat.er than that removed by air drying. During the drying period, 

the average teJD.per",ture as recorded In the solar dryer was 4'OC 

whiles the ambient "t •• perature (averaC).} was 340C. 
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Air drying has many lillitations; long periods of sunshine 

without rain are required, drying rates are low and in areas of 

high humidity, it is often difficult to dry the fiah sufficiently. 

Changes In Moisture content of Sa 1 ted-Dr ied 

And Unsalted-dried fj,b somp1.s 

MOISTURE(') 

Tllapia. pickled, solar dried 

Tilapla, kenched, solar dried 

Tilapia, pickled, air-dried 

Tilapia, kenched, air-dried 

R_dUsh. pickled, solar dried 

Redfish, kenched, solar dried 

Redt'ish, pickled, air-dried 

Redfish, kenched, air-dried 

Unsalted Tilapia, solar dried 

Unsalted Tilapia, air-dried 

unsalted Redfish, solar dried 

Unsalted Red! iSh, air-dried 
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The quality of the gun dried fhh is likely to be low due to 

slow drying, insect daaaCje and contamination frOID air-borne dust, 

and it is difficult to obtain a uniform product (Clucas and 

Slltchiff'e , 1981) . Thus in the sea.rch for i.proved drying 

techniques, t.he use of the solar dryer have been investiCjated a& an 

alt.ernat.ive to the traditional open air-sundrying (Trim and Curvan, 

1983). 

The advantage& of the Golar drying over t.he t.raditional aun 

dryinc) of fish are well known. 

Faster drying 

Bett.er qua 11 ty 

Protection frOID dirt. insects and other predat.ors 

Generally, it. was observed that irrespective of the methods of 

Balt.ing and drying, the Red! ish samples had e; higher Jlai&tur. 

content. than the Tilapla samples, possibly due to the differences 

in 8pecies, size or differences 1n initial lIIoisture contents. 

gUJDg peT CONTRNT 

The tat cont.ent of the fish sa.ples decreased with aalting . 

For the Tllapia samples which were solar dried, the tat. content 

decreased fro_ 15.47\ in the unaalted sample to 7.68't and 7 . 36' In 

the pickled and kenched aallples re.pectively . (Table 4) 

Similarly, air-dried Tilapia samples had moisture cont.ents 

which d.ereased fro. 16 . 93\ in the unsalted. •• ltple to 8.14' and 

7.98\ in the pickled and kenched samples respectively . 
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Change. In Crude fat Content of Salted-Dried 

and Unsalted-Dr'@d fish sllmpl@s 

CRUDE FAT (t) 

TU.pia, pickled, 80lar dried 

Tilapia, kenched, solar dried 

THapia, pickled, air-dried 

Tilapia, kenched, air-dried 

Redfbh, pickled, solar dried 

Redfleh, kench.d, solar dried 

Redtish, pickled, air-dried 

Redtish, kenched, air-dried 

Unsalted, Tilapia, solar dried 

Unsalted, Tilapia, air-dried 

Unsalted, Redti.h, solar dried 

Un.alted, Redfish. air-dried 

a~LI.. are 1118ane 0 Clup lcate deterllllnatlona expressea on dry 
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The salle trend wa& observed for the Redfish samples; Un s ",lted 

Redfish. Solar dried (11 . 42-\) Redhsh, pickled and .alar dried 

(9 . 62t). kenchcd Redtish. solar dried (9 . 27\) . 

Alao unaalted Redfish which was air dri.d had 17 . 82' tat 

whiles pickled and kenched redfish which were also air dried had 

9.78' and 9 . 4)\ tat respectively. 

The apparent decrease in the tat content frolll the un.~lted 

salllples t.o the salted sa.ples aay be largely due to the addition 

and uptake of salt during curing. The value .. of fat contents were 

recorded on dry matter baais, as such any imposed increa •• in one 

component will result in apparent decreases in the other components 

auch all protein. ash and tat.. 

When s.lt in added to the sample, it goes to inc['e"ae the ash 

Hence the fat content should decrease accordingly t.o 

accommodate the increases in percentage ash observ.d . In this 

respect. the decre.se could be apparent. 

It was observed that tor both the Tilapia and Redfiah aa_ples , 

those that were kench cured had slightly lower crude tat content. 

t.han t.ho.e which were pickled . However analysis of variance for 

tat shows that the ditferences in tat c ontent are statistically 

aiqniticant.. (Appendix 2) 

Multiple ranqe analysis for tat by specie. ahowe that the 

Redfish samples have higher tat content th4n the Tilapia speciea . 

Also the ••• e analysis for tat by salt treatJDent shows that. changes 

in tat cont.ent cau6ed by pickle and kanch cur in9 are not 

dqnit leant.. (App.ndix 2) 
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It was al&o observed that samples which were &olar dried had 

lower crude fat content than those which were air-dried for the 

same lIethod of salting (Table 4). 

This observation could be due to the high teaperatures within 

the solar dryer tent which could have liquified some of the fat 

and be lost through exudation during the period of drying. 

oecreaae'& in thfil fat content could alae possibly be due to 

lipid oxidation. Los. in the fat content may cause ill decrease 1n 

nutritive value of the salted dried fish product. On the other 

hand , decreasing the fat content imparts better storage potential. 

According to Clucas and Jutcliffe (1981), spoilage of Ush 

products is partly due to chemical oxidation of fat which cause. 

rancidity . The higher the fat content, the lIore rancid the product 

As !ish oil goes rancid, malonaldehyde is produced, which 

reacts with 2-thiobarbituric acid to yield. pink or red cOllpound. 

the intensity of which is a .easure of the degree of rancidity (A.u 

and Disney, 1973). 

The protein content was determined by analysing tor total 

nitrogen. As with the tat content. protein decrea.ed fro,. the 

un.alt.ed dried sa.ples t.o he salt.ed dried sample. (Table S). 

Unsalted 1'llapia which was solar dried recorded a protein 

content. of 74 .1St Whi,le. pickled and kench cured TUapia which were 

also solar dried had 59 . 9\ and 58.8l\ protein respectively. 
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Unsalted Tilapia which was air-dried had 74.92\ protein as 

against 60.47\: and 59.8U for pickled and kench cured Tilapia which 

were air-dried. 

Similarly. for the Redtish sa.ples, the un&alted ones which 

"ere solar dried had 75.7St protein whiles the pickled and kench 

cured Redfish samples which were also solar-dried had 62.43\: and 

61.13' respe~tivelY. Further more, unsal ted Redf ish (air-dried ) 

had 76.04\ as against 63.46\ and 62.08\ tor the pickled and kench 

cured aampl.s respectively, also air-dried . 

The apparent decrea.es in the level of protein 1n the &alted 

aaaphls may be largely due to the uptake of salt in the course of 

curing. Ae was discussed earlier, the crude protein was also 

recorded on dry .atter basia. The uptake of salt results in a 

corre&ponding decrease in protein in order to acconunodate the 

increased aaount of .alt. 
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Changes In crude Protein Content of Salted-Dried 

And lips,,) tId or' Ad f' $h s"mplss 

CRUDE PROTEIN (') 

Tililpia, pickled, solar dried 

Til.pi", kenched, solar dried 

Tilapia, pickled, air-dried 

Tilapia, kenched, air-dried 

Red t'ish , pickled, solar dried 

Redtish, kenched, soler dried 

Redfish, pickled, air-dried 

RedUsh, kenched, air-dried 

Unaalted, Tllapia, solar dried 

Unsalted, Tilapia, air-drilld 

Unsalt.ed, Redfish, .olar dried 

Unsalted, Redfish, air-dried 

Values are .eans 0 duplicate ae'CeZ'lll na~10n. expressed on~y' 

matter basis. 
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Another probable re ... son for the obser-ved decrease in t.he 

protein content of the salted sample could be due t.o proteolytic 

action ot bact.erial anzymes, converting the proteins into volat.ile 

nitroljJenous compound. 

The high temperatures associated with drying especially in t.he 

solar dryers could also have denatured t.he protein hence the 

decreased pr~tein content. 

AnalYlilis of variance for prot.ein shows that the differences in 

protein with respect to species and drying condit.ion i. not 

significant. This means that change. in protein does not depend on 

the species or drying condition. 

However, chang •• in the protein content with respect to one 

.alt treatment are statistically signif icant. The protein content 

of the processed fi&h depends very much on the salt 

given. (Appendix 3). 

ASH AND soPIUM CHLORInE (SALT) CONTENT 

The ash content increased lIIarkedly from t.he unsalt.ed sample to 

the aalted samples (Table 6). 

Ash i. an expression for the inorganic components of the 

sa.pIe which include all the mineral.. The high ash cont.ent at' the 

salted samples in du.e to the uptake at' salt during the .alt1ng 

proc.... The higher the a.ount of aalt uptake, the greater the 

perc.nt.age total ash. 
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It was observed tha.t generally, for fish samples t.hat were 

kllnch cured, salt uptake was higher than for the saaplea that were 

pickled cured and therefore sa.ples that ... ere kench cured had 

higher percent.age total ash t.han the sa.ples that were pickle 

The reason is that for pickle curing, as water exudes frOM the 

fiah as .. result of salt. uptake, a pickle forms around the fish. 

The rate ot ~ater removal depends on the concentration of solutes 

(salt) inside the fish and in the surrounding pickle. 

Aa slllting continues, a stage Is reached where the 

concentration of salt inside the tissue. of the fish is the saUle as 

the concentration of $alt in the surrounding pickle . When this 

equilibriua atage h established, there would be little or no 

further uptake at all It and hence 1 ittle or no wllter is removed. 

However, with the kench or dry salting, a pickle does not torlll 

around the f uh. The pickle is allowed to drain away. In this 

way, salc upcake is higher because no equilibrium ia established. 

The •• It qo •• to remove most of Che waCer from the t ish 

cissues. Thi. i. why salt upcake is hiqher in Che kench cur.d 

samples than in the pickle cured samples. This also explains why 

the aoi.ture content of the kenched samples in lower than that ot 

Che piCkled ••• ple •• (table 3) 

For example, for Che samples that were solar dried, pickled 

Til.pi. had 5.28.\ •• It and. corre.pondiF\9 22.88' tottll a.h, Where 

as kenched Tilapia. had 5.49\ salt and a corresponding 2).27\ total 
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Changes In Aeh And Sodiua Chloride Content ot Salted-Dried 

And Iln'aJted-Driud fish Sampl@§ 

ASH (t> Sodiull Chloride (t) 

Tllapia. pickled, iiolar dried 

Ti lapia. kenched, solar dried 

Tilapia, pickled, air-dried 

Tllapia, kenched, air-dried 

Redf ish. pickled, solar dr ied 

Redriah, kench.d, solar dried 

R.dtiSh, pickled, air-dried 

Redtish, kenched, air-dried 2~ . 65 

Unsalted, Tilapia, 801ar dried 

Unaalted, Tilapia, air-dried 

Unsalted, Redfish, solar dried 

Un.alted, Redfish, air-dried 

Values are .sans or dupllcate deter.l.natlons expre.sed on drv 

mat.ter basis. 
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Again tor the Redfish fialDples, those that were piCkle cured 

and air-dried had 6.67\ Malt and a corresponding 26.03\ total ash, 

wher!! aa the kench cured sa_ples also air-dried recorded 6.84\ aalt 

and 26.65' total aah. 

Statistical analysis shows that the fMthod of drying does not 

have any significant effect on the total aah content of the 

pcoc •••• d ti~h sa.pl.. . However, the variety of fish as well as 

the salt treatment have signif icant effect on the .alt content. 

The Redfhh sample& had higher amount of salt than the Tilap1a 

sallples. This ditterenc. i. not surpci8ing aince the two varieties 

of f1Gh come from different water environment. The Redfish coaes 

fro. a marine habitat while the Tilapia is a fresh .... ater tish. The 

macine .nvironmont has a higher a.ount of di •• olved aalts than 

fresh water and this could have contributed to the higher salt 

content ot the Redfi.sh as against the Tilapia. The high salt 

content ot "koobi" enables it to keep for weeks, and it impart. to 

it a typical strong flavour much liked by the consumer (Okraku-

Off.l. 1970). 

A probable disadvantaqe ot salting 1n that essential water-

.olubl •• in.rals can be loat throuqh the water that exudes. 

University of Ghana http://ugspace.ug.edu.gh



Twenty in-house I 

aa.ples with respect 

acceptability using tl 

variance wa. us.d to 

There were sign ; 

respect to t.e,.xtur., 0 

evaluated by the panE 

The extent of t 

plot which ia a plot 

the quality {Appendic 

• rank value of 

characteristic whil4ll 

acceptable quality ct 

Thi. means that 

samples are t.aken wit 

s •• ple with the small 

sa.pIe wit.h the highl 
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SllDllarly, all the Redf18h .amples which were kench cured and 

air-dried wera the _elit acceptable in terms of texture, odour, 

appearance and general acceptability. 

One striking finding was that for the samples that were lea.t 

accepted, aU were solar dried. For the Redfish samplea, all the 

pickle cured and solar-dried were least accepted by the judqe at 

panelists. 

Tilapia saraple. which ware kench cured and aolar dr i.d ware 

ledst accepted for odour whiles pickle cured saznplea and .olar 

dried were least accepted for appearance. However, both piCkle and 

kench cured Tilapia which were solar dried were lea.t accepted for-

It appears the high temperatures within the solar tent dryer 

affected the physical nature of the solar-dried samples and hence 

their leaat accepta.bility by the panel of judge •• 
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ACCEPTA8J1 ITt of PBOCt'SSFD fISH SAMP' ES AS EVA' IJATEP By PANElISTS 

(1) VAriftty of fish- Tllopja Spftci@s 

Quality Moat Acceptable 
Charaeteristic Sample 

Tilapia, pickled, air-dried 

2_ Odour Tilapia,kenched,air- drled 

J. Appearance Tl1apia,kenched, airdried 

General Til.pia, kanched, air-dried 
Acceptability 

(2) yarhty 9f fish' Bedfish spgcie' 

Quality 
Characteristic 

Moat Acceptable 
Sample 

Leaat Acceptable 
Sample 

Both picklltd and 
kanch~ Tilapia, 
aolar-dr ied 
Tilapia, kenched, 
solar-dried 
Tilapia, pickl&d, 
eolar-dr ied 

Tllapia, kench~ 
aolar-dried 

Least Acceptable 
Sa_pIe 

Red!ish,kenchad,air-dried Redf ish, pickled, 
solar-dried 

Red! ish, kenched,air-dr ied Redfish, pickled, 
solar- dr ied 

J. Appearance Red!ish,kenched, airdried Redtish,pickled, 
solar-dr ied 

Caneral Tilapia,kenched , air-dried Redt ish, pickled, 
Acceptability aolar- drled 

Key To M,.n. Plot 

Sample 1 -
Sa.pIe 2 -
Sa.ple 3 -
Sample f -
Sa.ple S -
Sa.ple 6 -
Sa.pIe 7 -
Sa.pla a -

Tllapia, pickled, solar-dried 
Tilapia, kenched , aolar-dr ied 
Tilapia, pickled, air-dried 
TUapla, kenched, air-dried 
Redt iah, pickled, aolar-dr ied 
Redf iah , kenched, solar-dr ied 
Redtish, pickled, air-dried 
Redthh, kenched, air-dried 
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She] '_I t fa oar@ra;nation 

Samples of the two varieties of processed fish were stored in 

a dry, airy place in a bid to determine their shelt-lite. At 

intervals of two(2) day&, the aalllplas were inspected to check for 

signs o·f spoilage such as production of allae on surfac., 

discoloration, mould growth and ease of fragmentation. 

The Til~pia samples were able to keep for more than three(3) 

months. The Redfish samples started deteriorating atter five(~) 

weeks. The most visible si9n of spoilage was mould growth. It 

also becaae easily frag.ented. Rancidity of the Redfish fat could 

have enhanced ita spoila;e and there tore its shorter shelt-life as 

compared to the Tilapia samples. 
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The two methods of salting em 

curing, resulted in decreased molstuI 

deqree. duri~g processing, while the 

the addition of salt . Apart from 1081 

the ini tia 1 stages of processing. the 

content was expected. a s a conseque 

involved in the process. The decreas, 

(axpresaed on dry matter basilii) coull 

the uptake of salt. However, for f 

attributed to dripping ot l1quHied t 

oxidation. For protein, proteolysis 

.lso be attributed to the observed de 

of the differ.ences 1n moisture, prote 

and kenched samples are not signi!1' 

sensory evaluation by twenty 1r 

the kench cured and air-dried samplel 

terms of texture, odour and appeara 

were pickle cured and solar dr ied 

sensory evaluation panelists. 
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The Tilapia samples had a longer shelf-life than the Redfish 

.aaplea probably because of the latter's high fat content. 

Tilapia was able to keep for over three months wh i les the Redtiah 

deteriorated after !lve weeks . 

RECOMM ENDATION 

It is ~ecolDmended that rllicro-organl. s ms .specially .ould. 

asaoclated with deterioration of the processed aample be isolated 

and characterised in aubsequent work. 
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