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ABSTRACT 

A substantia l amoun t o f th e tota l annua l landing s o f fis h i n th e Gambi a i s 
sundried an d thi s pape r discusse s th e us e o f sola r dryer s fo r thi s purpose . Solar -
tent dryer s appea r t o hav e considerabl e promis e particularl y i n term s o f cost s 
when loca l an d low-cos t material s ar e use d fo r thei r construction . But , furthe r 
work shoul d b e carrie d ou t t o improv e durabilit y o f th e dryer , increas e th e 
loading capacit y an d improv e it s dryin g efficiency . 

INTRODUCTION 

The mai n proble m tha t prompte d researc h o n th e us e o f sola r dryer s fo r dryin g 
fish i n th e Gambi a i s th e exten t t o whic h losse s ar e encountered . Althoug h 
attempts hav e neve r bee n mad e t o systematicall y quantif y losses , numerou s an d 
various observation s sugges t losse s appea r t o b e quit e hig h an d insec t infestatio n 
prevalent, particularl y durin g th e rain y season . 

Fish dryin g i s a n age-ol d traditio n i n th e Gambi a a s i n man y Africa n countries . 
Fish ar e commonl y fermente d prio r t o sun-dryin g o n lo w woode n racks , th e 
ground o r rocks . Saltin g an d dryin g ar e use d i n conjunction , bu t ther e ar e severa l 
problems an d th e product s obtaine d ar e o f lo w qualit y an d shor t storage-life . 

In a n attemp t t o alleviat e problem s associate d wit h losse s i n drie d fis h 
production th e us e o f sola r dryer s ha s bee n investigated . Thi s researc h i s seen t o 
directly correspon d wit h government' s developmen t priorities , especiall y thos e 
aimed a t increasin g foo d production , an d i n particular , protei n -  foo d 
supplements, b y wa y o f preventin g post-harves t losses . 

Dried fis h productio n ha s considerabl e potentia l i n th e country . I n 1983 , abou t 
500 tonne s o f cure d fis h wer e exporte d t o neighbourin g countrie s an d Asia . 
About hal f o f thi s wa s dried-salte d fis h an d fisher y products . Th e Catc h 
Assessment Surve y o f th e Fisherie s Departmen t ha s indicate d tha t a  tota l o f 
8455.5 tonne s wer e lande d i n 198 3 b y 'marine ' (Atlanti c Coas t an d low r river ) 
artisan fishermen , Demersa l specie s accoun t fo r 1952. 2 tonne s o f thi s tota l o f 
which i t i s assume d tha t al l th e cassav a fis h (Otolithu s typus ) shark s an d ray s 
were sun-dried . Th e estimate d tota l weigh t o f cassav a fis h lande d wa s 296. 1 
tonnes an d o f shark s an d ray s 376. 9 tonnes . I t i s als o assume d tha t 45-50 % o f th e 
balance o f 1656. 1 tonne s o f lande d demersa l fis h woul d hav e bee n sun-drie d 
within th e year . Sinc e onl y a  smal l amoun t o f thi s catfis h (Ariu s Spp. ) i s 
normally smoke d fo r loca l marketing , i t i s estimate d tha t a t leas t 609 6 o f th e 
765.5 tonne s lande d i n 198 3 wa s sun-drie d mainl y fo r expor t t o neighbourin g 
countries. Sea-snail s ar e sun-drie d al l yea r roun d bu t dat a o n th e amoun t i s no t 
available. 

This probabl y underestimate s production . Larg e quantitie s o f drie d fis h an d 
fishery product s ar e suspecte d t o leav e th e countr y unrecorde d eac h year . 
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This projec t ha s bee n undertaken , wit h a  vie w t o improvin g fis h dryin g 
technology b y usin g sola r dryer s constructe d wit h low-cos t an d locall y availabl e 
materials t o reduc e losse s i n cure d fis h production . 

OBJECTIVES 

The objective s o f th e researc h ar e bot h short-ter m an d long-term . 

(a) Th e short-ter m objectiv e i s t o conduc t investigation s o n th e us e o f solar -
tents fo r dryin g fish , usin g low-cost , locall y availabl e material s t o preven t 
infestation an d reduc e losses . 

(b) Th e long-ter m objectiv e i s t o carr y ou t essentia l extensio n service s 
whereby th e us e o f sola r dryer s wil l b e demonstrate d t o loca l processor s 
and fisherme n wh o wil l b e encourage d t o us e suc h facilitie s throughou t 
the country . 

PROJECT ACTIVITIE S 

The researc h programm e encompasse s th e constructio n o f sola r dryers ; dryin g 
fish o f differen t specie s an d performin g subsequen t laborator y analysis , (i e 
moisture, ash , lipi d an d protei n contents) . 

At th e inceptio n o f work , sola r tent s o f variou s dimension s wer e constructe d bu t 
all ha d th e sam e design : 2 m (h ) x  2 m (L ) x  2.5 , (w) ; 2.5 m (h ) x  4 m (L ) x  3 m (w) ; 
and 2.5 m (h ) x  6.3 m (L ) x  6.3 m (w) . Th e forme r wa s capabl e o f dryin g abou t 15 -
20 kg ; th e secon d abou t 40-4 5 k g an d th e thir d 400-50 0 kg . Dryin g tim e fo r a 
satisfactorily drie d produc t wa s abou t 3  days fo r al l th e dryers . 

All fis h sample s wer e obtaine d froze n fro m factories , gutte d an d brine d fo r 
about 1 6 hours . A s brinin g i s note d t o b e mor e effectiv e tha n sprinklin g sal t o n 
fish, i t wa s th e onl y saltin g metho d applie d durin g th e trials . Th e specie s use d 
were mostl y demersa l fis h an d includ e th e familie s Sciaendae , Polynemidae , 
Scrombidae an d Pomadasydae . 

Laboratory analysi s o f we t an d sola r drie d sample s wer e performed , bu t th e sola r 
dried sample s teste d wer e al l obtaine d fro m th e ten t wit h th e smalles t 
dimensions. 

Various kind s o f locall y availabl e material s wer e trie d i n a n attemp t t o reduc e 
cost and/o r t o improv e th e durabilit y o f th e dryers . Importe d woo d wa s use d fo r 
the constructio n o f th e firs t ten t an d 'rhun ' pal m stick s fo r th e secon d an d third . 

Initially, official s o f th e Departmen t wer e solel y involve d i n th e trials , washing , 
gutting, descaling , saltin g an d dryin g fish . Afte r obtainin g som e result s an d 
scaling u p th e desig n o f th e tent s mor e fis h wa s neede d t o loa d th e dryer s full y 
and a t thi s stag e loca l processor s wer e integrate d int o th e project . 

The technica l staf f comprise d o f a  Senio r Fisherie s Officer , Fisherie s Fiel d 
Assistants an d a  carpenter . Ther e wa s n o writte n timetabl e a s fis h wer e 
obtained periodicall y fro m factories , an d later , fro m artisana l fishermen , drie d 
for 2- 3 day s an d store d a t roo m temperatures . Experiment s wer e conducte d fo r 
a perio d o f 6  month s usin g th e smalles t siz e dryer , an d afte r tha t time , extensio n 
services wer e launche d involvin g loca l fisherme n an d processor s thereb y 
examining som e possibl e approache s mos t appropriat e i n technolog y transfe r o f 
this kin d t o th e Gambia n fishin g communities . 



- 137 -

No techno-economi c feasibilit y studie s wer e carrie d ou t bu t experienc e ha s s o 
far hinte d tha t thi s typ e o f ventur e ca n b e viabl e mainl y because : 

(a) Product s ca n b e drie d withi n a  shor t perio d allowin g mor e t o b e produce d 
than whe n sun-drying . 

(b) Th e numbe r o f individua l piece s i n a  give n batc h fo r sola r dryin g remain s 
the sam e a t th e en d o f th e dryin g time , whereas , th e sun-dryin g th e 
number o f individua l piece s starte d wit h i s reduce d a t th e en d o f th e 
drying tim e du e t o sever e infestatio n b y maggots . 

(c) Th e sola r tent s ar e chea p an d eas y t o construc t (cos t o f on e i s abou t 
D200-D300) an d tak e onl y a  fe w hour s wit h littl e labou r t o construc t onc e 
the material s ar e availabl e o n site . 

PROBLEMS WIT H THE SOLAR-TENT DRYE R 

(a) Procuremen t o f appropriat e material s suc h a s U V resistan t polythen e i n 
developing countrie s lik e th e Gambi a i s difficul t a t times . 

(b) Th e polythen e coverin g th e tent s i s delicat e an d extrem e car e mus t b e 
taken alway s durin g operation s t o preven t damage . Thunderstorm s ar e 
potential hazard s t o th e dryers . 

(c) Durabilit y o f th e dryer s need s improvemen t especiall y th e nettin g o n th e 
air vents . Thes e ten d t o tea r easil y afte r contac t wit h 'salt y air ' fro m th e 
sea. 

(d) Th e positio n o f th e dryin g rack s o n th e side s o f th e tent , beneat h whic h li e 
the blac k collectors , ma y caus e sun-ray s reachin g th e fis h spreadin g o n 
the rack s befor e reachin g th e collector s below , an d henc e reduc e th e 
efficiency o f th e dryers . Thi s situatio n migh t hav e contribute d t o case -
hardening problem s encountere d durin g trials . 

(e) Loca l processor s mus t b e educate d t o us e th e facilit y correctl y b y 
ensuring tha t th e air-vent s ar e utilise d properl y durin g operation s t o giv e 
enough ventilatio n a t th e initia l dryin g stag e an d hel p reduc e case -
hardening problems . 

RESEARCH METHOD S AND ANALYTICAL PROCEDURE S 

Various specie s o f fis h wer e descaled , gutted , brine d an d drie d i n sola r tents . 
From eac h specie s 5- 7 gm s o f fles h wa s remove d fro m representativ e sample s 
and th e laborator y analysi s fo r moistur e content , as h an d lipi d wer e carrie d out . 
It i s worth y t o not e tha t sample s teste d durin g thes e laborator y exercise s wer e 
obtained fro m th e solar-ten t wit h th e smalles t dimension . Al l th e exercise s 
could no t b e performe d fo r al l th e specie s du e t o lac k o f certai n apparatu s an d 
chemicals. 

Determination o f moistur e conten t 

(a) Moistur e dishe s wit h a  laye r o f acid-washe d san d i n th e botto m wer e lef t 
to dr y overnigh t i n a n ove n a t 105°C . Remove d fro m ove n an d place d i n a 
dessicator fo r 3 0 min s t o cool . The n weighe d o n a n analytica l balanc e 
(W1). 
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(b) Abou t 2.5 g of representativ e sampl e o f flesh  wa s homogenised an d place d 
in dishe s an d re-weighe d (W 2). Al l sample s wer e i n duplicate . Dishe s 
were returne d t o th e ove n an d lef t overnight . The y wer e the n remove d 
from th e ove n an d agai n dessicate d fo r abou t 3 0 min s t o coo l an d re -
weighed (W3). 

(c) Percentag e moistur e calculated thus : 

Ash determination 

(a) Abou t 1.5k g o f sampl e wa s weighed an d place d i n labelled crucible s which 
were pre-weighed whe n empty. 

(b) Th e content s wer e charre d unde r bunse n burne r flam e an d place d i n a 
furnace. 

(c) Afte r 3 0 minutes th e sample s wer e place d i n et dessicator fo r abou t 20-3 0 
minutes. 

(d) Crucible s wer e re-weighed an d the percentage as h content calculated : 

Lipid determinatio n 

'Soxhlet' extractio n metho d wa s used . 

Protein determinatio n 

'Kjeldahl' metho d wa s applie d bu t onl y a  singl e tria l wa s performed du e t o lac k o f 
chemicals. 

RESULTS 

TABLE 1 : Chang e i n % moisture conten t durin g solar dryin g 

Drying 
times i n O. 

hrs 

0 
7 

14 
20 
28 

senegalensis 
(Ngouka) 

79.3 
51.4 
32.9 
25.2 
19.1 

P. jubelin i 
(Sompat) 

79.9 
43.3 
30.0 
23.3 
20.0 

Species 
Epinephelus 
sp (Choff ) s p 

78.9 
42.6 
31.4 
24.1 
20.5 

Cranx 
(Sacca) 

72.2 
47.6 
34.8 
27.3 
22.3 

Scomber 
sp (Njunna ) 

76.6 
52.2 
36.6 
27.3 
22.3 

Sardinella 
spp (Yaboi ) 

75.1 
26.9 
21.5 
21.5 
13.3 
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TABLE 2: Change s in weight (kg) during solar drying 

Drying 
time in 

hrs 

0 
7 

14 
20 
28 

Ngouka 

0.27 
0.20 
0.13 
0.14 
0.12 

Sompat 

0.30 
0.19 
0.17 
0.15 
0.12 

Species 

Choff Sacc a 

0.43 
0.38 
0.21 
0.19 
0.17 

0.40 
0.30 
0.25 
0.22 
0.20 

Njunna 

0.79 
0.69 
0.49 
0.36 
0.27 

Yaboi 

0.13 
0.08 
0.06 
0.06 
0.05 

TABLE 3: Chemica l composition of we t fish sample s 

Species 

Ngouka 
Sompat 
Choff 
Sacca 
Njunna 
Yaboi 

% 
Moisture 

79.3 
79.9 
78.9 
72.2 
76.6 
75.1 

% 
Ash 

1.54 
1.72 
1.60 
1.60 
1.99 
1.97 

% 
Lipid 

0.97 
0.44 
1.02 
1.14 
2.07 
3.69 

% 
Protein 

-
-
-
-
-
-

TABLE 4: Chemical  composition o f solar dried samples 

Species 

Ngouka 
Sompat 
Choff 
Sacca 
Njunna 
Yaboi 

% 
Moisture 

19.1 
20.0 
20.5 
22.3 
22.5 
13.8 

% 
Ash 

20.1 
15.5 
14.9 

-
19.3 

_ 

% 
Lipid 

-
2.5 
3.2 
-

6.08 
_ 

% 
Protein 

-
-
-
-

43.0 
_ 
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DISCUSSION 

As indicate d i n th e dat a provided , th e as h an d lipi d content s o f eac h specie s 
increased afte r drying . This , however , i s assume d t o b e a  relativ e increas e a s 
the tota l amoun t o f thes e compound s remai n unchanged . A s a  substantia l 
amount o f wate r wa s remove d durin g dryin g thi s relativ e increas e wa s observed . 
The increas e i n as h conten t i s als o a  resul t o f additiona l mineral s take n int o th e 
fish fles h durin g brining . 

Due t o th e deficienc y i n laborator y equipment , chemical s an d othe r material s al l 
intended analysi s coul d no t b e carrie d out . Th e brine-strengt h wa s no t measure d 
because o f lac k o f hydrometers . 

Samples tha t wer e selecte d fo r storag e trial s wer e kep t unde r ambien t 
temperatures. Som e wer e package d i n seale d plasti c bags , other s wer e lef t 
exposed. Thos e i n th e plasti c bag s wer e brittl e bu t stil l o f goo d edibl e qualit y 
after 6  month s storage . Th e mackere l (Njunna ) an d sardinell a (Yaboi ) had , 
however, develope d a  somewha t ranci d tast e durin g storage . Th e expose d 
samples wer e mould y an d wer e infeste d wit h Dermeste s beetles . 

Apart fro m th e sardinell a al l th e othe r sample s wer e slice d int o piece s o f variou s 
sizes. Th e sardinell a sample s wer e lef t a s whol e fis h becaus e thes e wer e smal l 
size individuals . Thi s migh t hav e contribute d t o th e achievemen t o f lo w 
moisture content , a s lo w a s 20 % withi n 28-3 0 hour s i n thes e species , becaus e th e 
thinly slice d o r smal l whol e fis h hav e larg e surfac e are a relativ e t o thei r masses , 
and a s such , thi s wil l spee d th e rat e o f diffusio n b y decreasin g th e distanc e fro m 
the centr e o f th e fis h flesh  t o it s surface . 

Observations hav e show n tha t th e "Fallin g rat e perio d o f drying " (i e th e phas e a t 
which th e rat e o f movemen t o f moistur e t o th e surfac e o f th e fis h i s reduce d an d 
the dryin g rat e become s slower ) i s significantl y shortene d whe n th e sola r tent s 
were used . Thi s cause d a  tremendou s reductio n i n th e overal l dryin g tim e 
especially whe n th e smal l siz e fis h wer e use d i n th e trials . 

Although som e limitation s hav e bee n observe d i n th e us e o f solar-ten t dryers , 
results obtaine d fro m thes e trial s hav e bee n encouraging . Th e interna l 
temperatures o f th e drye r ar e usuall y letha l t o flie s whic h occasionall y enter , 
and product s obtaine d ar e o f good , clea n an d well-drie d quality . Durin g th e 
trials onl y a  fe w maggot s wer e observe d infestin g th e fis h sample s i n th e dryers . 
However, becaus e th e sampl e deal t wit h throughou t th e trial s wa s les s tha n a 
kilogram, th e absenc e o f heav y insec t infestatio n coul d b e understoo d no t onl y a s 
a resul t o f th e effectivenes s o f th e dryer , bu t als o tha t smal l quantitie s o f we t 
fish at trac t fewe r flies . Mor e maggot s wer e observe d i n fis h i n th e large r dryer s 
but thes e di d no t caus e significan t losses . 

The majo r limitation s i n th e us e o f solar-ten t dryer s fo r fis h dryin g are : 

1. Clea r UV-resistan t polythen e an d plasti c mes h ma y b e difficul t t o procur e 
in developin g countrie s lik e Gambia , an d t o improvis e substitute s migh t 
not b e a n eas y thin g t o do . 

2. Th e constructio n technique , particularl y i n claddin g th e structure , need s 
improvement t o improv e th e durabilit y o f th e dryers . 

3. Car e mus t b e take n a t al l tim e durin g operation s a s th e plasti c i s delicate . 
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This repor t concede s tha t despit e thes e problems , th e us e o f solar-ten t dryer s fo r 
fish coul d b e a  vita l facto r i n th e developmen t o f ou r traditiona l dryin g 
technology. Acknowledgin g tha t abou t 35-75 % o f th e we t fis h lande d b y 
artisanal fisherme n ge t spoil t o r stal e a t landin g o r befor e reachin g intende d 
markets; an d tha t al l thes e spoil t fis h mus t b e drie d t o preven t furthe r losses , 
the us e o f sola r dryer s a s a n improve d technolog y shoul d b e highlighted . 

It i s a  generall y accepte d vie w tha t th e introductio n o f an y ne w technolog y i n 
developing countrie s i s usuall y me t wit h problem s an d constraint s tha t ar e 
fundamentally socio-economic . Fo r instance , traditiona l fis h processor s ar e 
especially obsesse d wit h th e weigh t o f thei r product s an d prefe r drie d fis h wit h 
some amoun t o f moistur e enoug h t o giv e mor e weigh t an d mor e mone y whe n 
marketed o n wholesal e basis . Hence , i t i s difficul t t o persuad e processor s t o 
leave thei r fis h i n th e dryer s t o dr y t o lo w moistur e content s (i e a s lo w a s 20%) . 
Consequently, i f th e applicatio n o f sola r dryer s fo r fis h i s t o fulfi l it s objective s 
under thes e circumstances , advic e o n improvemen t o n packagin g an d storag e 
methods usin g locall y available , low-cos t material s shoul d b e th e follow-u p t o 
solar dryin g exercise s t o hel p preven t losse s afte r processing . 

It canno t b e urge d tha t th e sola r ten t i s no t th e ultimat e desig n fo r a  fis h sola r 
dryer. But , s o far , i t ha s show n considerabl e promis e an d shoul d b e give n tim e 
and though t fo r modificatio n t o increas e it s capacity , efficienc y an d durability . 

CONCLUSION 

The result s o f thi s researc h programm e wil l b e use d b y official s o f th e 
department a s a  basi s fo r givin g prope r advic e t o loca l processor s an d promotin g 
the us e o f sola r tent s i n traditiona l fishin g communities . 

As th e tent s ar e chea p an d eas y t o buil d th e prospect s fo r socio-economi c cost -
effectiveness ar e brigh t an d shoul d b e investigate d in-dept h t o gi v a  broade r 
perspective o f sola r dryin g i n th e Gambia . I t i s though t tha t onc e durabilit y i s 
enhanced th e sola r ten t woul d becom e mor e attractiv e t o loca l processor s wh o 
may the n inves t i n procurin g th e facilit y wit h th e assistanc e o f th e Department . 

Even thoug h peopl e hav e realise d th e effectivenes s o f th e dryer , especiall y whe n 
used durin g th e rains , mos t o f the m ma y no t conside r i t worthwhil e t o searc h fo r 
materials an d inves t i n on e becaus e othe r essentia l material s suc h a s th e U V 
resistant polythen e an d plasti c mes h ar e no t readil y availabl e i n th e country . I t 
is importan t t o not e that , alon g th e marin e coas t fisher y wome n ar e th e mai n 
persons engage d i n fis h dryin g an d thei r presen t socio-economi c statu s doe s no t 
provide the m wit h strengt h an d fund s t o b e abl e t o procur e al l th e neede d 
materials an d contrac t a  carpente r t o buil d th e dryers . I n thi s case , i t i s though t 
that th e Fisherie s Departmen t shoul d b e intimatel y involve d i n assistin g 
processors t o set-u p dryin g yard s wit h relate d facilitie s an d thereb y arrang e wit h 
these end-user s t o remi t th e cos t incurre d i n instalment s a s agree d b y th e 
parties. 

The socia l compatibilit y o f th e facilit y fo r th e intende d end-user s i s 
unquestionable. However , th e peopl e wil l als o b e mor e responsiv e t o th e ide a i f 
assistance i s give n t o the m b y organisin g the m int o smal l association s a t eac h 
site; providin g th e facilit y i n th e for m o f a  fence d drying-yar d wit h fe w tents , a 
platform fo r gutting , descalin g an d cleaning ; a  tan k fo r saltin g an d fermentin g 
fish, an d a  small-siz e store . This , i t i s envisaged , wil l rende r th e peopl e a  goo d 
sense o f belongin g an d a  chanc e t o d o somethin g ne w an d differen t o n a 
collective basi s t o improv e thei r lot . 
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RECOMMENDATIONS 

Experiments o n packagin g an d storage , usin g locall y available , low-cos t 
materials t o reduc e beetl e infestatio n an d subsequen t losse s shoul d b e 
conducted t o alig n wit h improvemen t i n dryin g technology . 

As transportatio n problem s ar e no t uncommo n i n th e country , drie d fis h 
products destine d fo r upcountr y marketin g o r expor t shoul d b e 
appropriately package d an d store d t o avoi d losses . 

In lin e wit h Government' s polic y t o improv e th e nutritiona l standar d o f 
Gambians an d generat e mor e financia l benefit s withi n th e artisana l 
sector, thi s projec t ha s bee n see n a s a  potentia l sourc e o f boostin g th e 
cured fis h trade ; diversif y th e developmen t strategie s fo r th e artisana l 
fisheries sector , an d amongs t othe r things , provid e employmen t 
opportunities fo r nationals , especiall y th e women . 

To thi s end , i t appear s tha t ther e i s a  pressin g nee d fo r mor e cooperatio n 
between th e Gambi a an d participatin g countries ; provisio n o f fund s an d material s 
not onl y t o construc t dryers , but , t o als o buil d accompanyin g facilitie s suc h a s 
platforms etc , an d b e abl e t o purchas e smal l amount s o f fis h t o demonstrat e t o 
intended end-user s ho w t o us e th e facilitie s an d preven t losses . 
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