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INTRODUCTION

The c u rre n t emphasis on th e  a p p lic a t io n  
o f  a p p ro p ria te  f is h  p ro ce ss in g  te chno logy  in c lu d e s  
th e  use o f  s o la r  d r ie r s .  The su n 's  rays  have been 
used s in ce  th e  e a r ly  days f o r  d ry in g  fo o d s tu f fs  
such as f is h  and f is h e r y  p ro d u c ts . Sun d ry in g  o r  
t r a d i t io n a l  d ry in g  c o n s is ts  in  sp read ing  o u t th e  
f is h  on racks and exposing them to  th e  sun f o r  
se ve ra l hou rs . Th is  d ry in g  method i s ,  th e re fo re ,  
h ig h ly  dependent upon env ironm enta l c o n d it io n s . 
M oreover, th e  d r ie d  p roduc ts  are f re q u e n t ly  o f  
low q u a l i t y  owing to  exposure to  th e  e lem ents, 
slow  d ry in g  ra te ,  h ig h  m o is tu re  con ten t o r  maggot

* T h is  s tudy  is  p a r t  o f  the  research on Appro
p r ia te  Technology in  F ish  P rocessing, f in a n c ia l ly  
supported by th e  N a tio n a l Science Development 
Board (now NSTA) from  1978-1981.
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in fe s ta t io n .  To m inim ize these drawbacks and y e t 
f u l l y  u t i l i z e  the sun 's  p o te n t ia l ,  s o la r  d r ie rs  
have been developed.

D ry in g , in  o th e r words d e h yd ra tio n , is  
one o f  the most p r a c t ic a l methods fo r  p re s e rv in g  
f is h e r y  p ro d u c ts , the main advantage be ing  th a t  
th e  p roduc ts  do n o t re q u ire  r e f r ig e r a t io n  d u r in g  
t ra n s p o r ta t io n  and s to ra ge . Moreover, costs 
r e la t in g  to  t ra n s p o r ta t io n  and sto rage  are cons id 
e ra b ly  reduced by the  s u b s ta n t ia l ly  low er w e igh t 
o f  the d r ie d  p rodu c ts .

S un-d ried  p roducts  a re , in  ge n e ra l, easy 
to  m arket; b u t when th is  is  n o t the  case, the 
occurrence o f  mould g ives r is e  to  problem s. 
Mould on the  p rodu c t im p a irs  i t s  q u a l i ty  such as 
f la v o u r  and te x tu re ,  and i t s  appearance such as 
c o lo u r . Hence the s a le a b i l i t y  o f  the  p roduct is  
a f fe c te d .  When d r ie d  p roduc ts  are s u s c e p tib le  to  
pathogens and moulds, i t  may be due to  unhyg ien ic  
d ry in g  p ra c t ic e s ,  o r  to  in s u f f ic ie n t  d ry in g , in  
p a r t ic u la r  d u r in g  the  ra in y  season.

In  l in e  w ith  the  p re se n t tre n d , th is  s tudy 
aims to  compare the  e f f ic ie n c y  o f  a s o la r  d r ie r  
w ith  th a t  o f  the  t r a d i t io n a l  d ry in g  method, and to  
determ ine the tim e  and tem pera ture  requ irem ents 
f o r  d ry in g  t ig e r - to o th e d  c ro a ke r, m u lle t and 
h e r r in g  under bo th  methods.
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REVIEW OF PREVIOUS STUDIES

In  th e  la s t  decade, more e f fo r t s  have 
been devoted to  d e s ig n in g  s u ita b le  lo w -c o s t s o la r  
and o th e r  d r ie rs  to  produce d r ie d  seafoods w ith  
b e t te r  s to rage  l i f e  and consumer appea l. 
V ira tc h a k u l (1975) determ ined th e  d ry in g  ra te  o f  
h e r r in g  in  a d r ie r  a t v a rio u s  tem pera tures and 
d i f f e r e n t  a i r  v e lo c i t ie s .  He noted th a t  th e  
d ry in g  ra te  was dependent on bo th  th e  d ry in g  
tem pera ture  and a i r  v e lo c i t y ,  i . e . ,  th e  h ig h e r 
th e  tem pera ture  and a i r  v e lo c i t y ,  th e  more ra p id  
is  th e  ra te  o f  d ry in g .

In  1978, a lo w -c o s t f is h  d r ie r  f o r  s m a ll-  
sca le  o p e ra tio n  was designed and te s te d  by C a rp io . 
The d r ie r  was a 100 kg c a p a c ity  r e c ir c u la t in g  type  
w ith  a heat u t i l i z a t i o n  e f f ic ie n c y  o f  around 70 
pe r c e n t. The bu rne r e f f ic ie n c y  o f  th e  d i r e c t  
h e a tin g  system was more than  84 p e r c e n t. Carp io 
cla im ed th a t ,  w ith  a d ry in g  tem pera ture  o f  71.1°C 
and 173 m/min a i r  v e lo c i t y ,  anchovy, h e r r in g  and 
m ackerel can be d r ie d  w ith  20 p e r cent m o is tu re  
con ten t w ith in  9.1 h rs ,  10.5 h rs ,  and 14.3 h rs  
re s p e c t iv e ly .

Guevarra e t  a l . (1 978) made a study 
comparing th e  e f f ic ie n c y  o f  c a b in e t d ry in g  w ith  
th a t  o f  sun d ry in g . They noted th a t  c a b in e t-d r ie d  
m i lk f is h  are o f  b e t te r  q u a l i t y  than  th e  su n -d r ie d  
products  in  re sp e c t to  m ic ro b ia l load  and p h y s ic a l 
appearance. L ik e w is e , Santos e t  a l . (1978) 
conducted an in v e s t ig a t io n  u s in g  f is h  meal as the  
raw m a te r ia l.  They noted th a t ,  as f a r  as process 
e f f ic ie n c y  is  concerned, no d if fe re n c e  between 
th e  d ry in g  methods was dem onstrated except f o r  
th e  in h e re n t l im i ta t io n s  o f  sun d ry in g . They 
c la im ed , however, th a t  d iffe re n c e s  in  the  q u a l i t y
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o f  the  p rodu c t were d e tec ted . The s u n -d rie d  lo t  
was d a rke r in  c o lo u r  than the  c a b in e t-d r ie d  ba tch . 
Furtherm ore , the  p e ro x id e  va lue  o f  the  s u n -d rie d  
l o t  was always h ig h e r than th a t  o f  the c a b in e t-  
d r ie d  samples a t any g iven  sam pling p e r io d .

More re c e n t ly ,  Kam pitan (1981) made a 
com parative s tudy  o f  the  e f f ic ie n c y  o f  two types 
o f  po ly thene  te n t  d r ie rs  and a t r a d i t io n a l  d r ie r  
u s ing  round scad as raw m a te r ia l.  The s tudy 
showed th a t  the d ry in g  tim e o f  the sample is  
a f fe c te d  by the k in d  o f  d r ie r  used. The samples 
d r ie d  in  one type o f  po ly thene  te n t  d r ie r  were o f  
b e t te r  q u a l i t y  than those d r ie d  by the  t r a d i t io n a l  
method and in s id e  the o th e r type o f  d r ie r .

Much o f  the  e a r l ie r  work on s o la r  and 
o th e r  d ry in g  methods was done by fo re ig n  resea rche rs . 
Legendre (1955 and 1961) worked on the mechanical 
d ry in g  o f  l i g h t l y  s a lte d  cod and f is h  species 
found in  Cambodia. He d iscussed the  e f fe c ts  o f  
tem pera tu re , r e la t iv e  h u m id ity , a i r  v e lo c ity ,  e t c . ,  
on the d ry in g  ra te ,  and he a lso  described  the 
des ign  o f  a commercial d r ie r  used fo r  f is h  in  
Cambodia.

In  In d ia ,  p io n e e rin g  work on mechanical 
d e h yd ra tion  o f  some lo c a l ly  a v a ila b le  f is h  was done 
by Prabhu in  1963, Swaminathan in  1964 and 
Balachandran in  1969. The la t t e r  e s ta b lis h e d  
the  optimum d ry in g  c o n d it io n s  f o r  some In d ia n  
f is h :  a tem perature o f  45-50°C, a r e la t iv e  h u m id ity  
o f  55-65 p e r cent and a i r  v e lo c ity  o f  100-120 m/min.

In  1978, Chakraborty developed a design 
f o r  tu n n e l and s o la r  d r ie rs  f o r  f is h .  He cla im ed 
th a t  bo th  d ry in g  processes were much s u p e r io r  to  
conve n tiona l sun d ry in g  in  terms o f  the  q u a l i ty
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o f  the  p ro d u c t. Tunnel d ry in g , m oreover, is  more 
advantageous than  s o la r  d ry in g  s ince  i t  is  no t 
dependent on weather c o n d it io n s .

Another group o f  researchers  le d  by Doe 
in  1977, made a s tudy on the  e f f ic ie n c y  o f  two 
types o f  s o la r  te n t  d r ie r s .  They noted th a t  th e  
sm a ll d r ie r  (2 m x 2 .6  m) was more e f f i c ie n t  than 
the  la rg e r  d r ie r  (1 .9  m x 9 .1  m ). They a lso  
c la im ed th a t  s o la r  te n t  d r ie rs  cou ld  reduce 
in fe s ta t io n  and sho rten  d ry in g  t im e .

S im i la r ly ,  R ichards (1981) made a compa
r a t iv e  te s t  u s ing  box and te n t  d r ie r s  f o r  t i l a p ia  
f i l l e t s .  He noted th a t ,  in  a l l  t r i a l s ,  the  te n t  
d r ie r  proved to  be s u p e r io r  to  the  box d r ie r  and 
to  s im p le  sun d ry in g  in  terms o f  tem pera tures 
ob ta ined  and d ry in g  ra te  o f  th e  f i l l e t s .

The p resen t s tudy  aims to  determ ine th e  
e f fe c ts  o f  t r a d i t io n a l  d ry in g  methods and s o la r  
d r ie rs  s p e c i f ic a l ly  on th e  p rox im ate  com pos ition , 
d ry in g  ra te ,  re h y d ra t io n  c a p a c ity  and s to rage  
s t a b i l i t y  o f  d r ie d  m u lle t ,  c roaker and h e r r in g .

MATERIALS AND METHODS

Fresh, new ly-caught t ig e r - to o th e d  c roaker 
( O to lith e s  ru b e r ) , m u lle t  (M u g il caeru leom aou la tus ) 
and h e r r in g  (S a rd in e lla  f im b r ia ta ) were purchased 
and kep t in  ic e  p r io r  to  p ro ce ss in g . A s o la r  
d r ie r  o f  the  tra p e z o id a l type  (see F ig . 1) and a 
t r a d i t io n a l  d r ie r  were b u i l t  a t C a s t i l lo ,  Cabusao, 
Camarines Sur, P h il ip p in e s .
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B r in in g  tim e  requ irem ents o f  c ro a k e r, m u lle t  
and h e r r in g

T h is  was conducted to  determ ine th e  most 
s u ita b le  soaking tim e  f o r  c roake r (1 6 .9 -2 2 .5  cm, 
S L *) , m u lle t  (14 -14 .2  cm, SL) and h e r r in g  (13-14 
cm, S L ). B rin e  c o n c e n tra tio n  o f  1:3 s a l t  to  
w a te r r a t io  (a p p ro x im a te ly  64.2 p p t)  was used 
fo r  soaking  s p l i t  c roake r and m u lle t ,  and whole 
h e r r in g .  The s p l i t  m u lle t  was d iv id e d  in to  
th re e  lo ts  and each lo t  was soaked f o r  15, 25 
and 35 m inu tes . For the  s p l i t  c ro a k e r, the  
th re e  lo ts  were soaked f o r  15, 25 and 35 m inu tes , 
re s p e c t iv e ly .  For whole h e r r in g ,  th e  soaking 
tim e  was 35, 45 and 60 m inu tes .

D ry ing  Procedures fo r  M u lle t ,  C roaker and H e rr in g

The flow shee ts  o f  d ry in g  procedures f o r  
the  th re e  species under s tudy are g iven  in  F ig s . 
2 and 3 below .

Washing

Soaking in  b r in e  
(1 :3  f o r  1 hour)

D ra in in g

D ry ing  
(8 .5  hours)

F ig . 3. F lowsheet fo r  H e rr in g

* SL = Standard Length
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Washing

S p l i t t in g

Soaking in  b r in e  
(1 : 3 fo r  15 min, 
m u lle t ;  25 min, 
c roaker)

D ra in in g

D ry ing  
(approx. 4 .5  h rs  
m u lle t ;  8.5 h rs ,  
c roake r)

F ig . 2. Flowsheet f o r  M u lle t 
and Croaker

Each species was d iv id e d  in to  two lo t s .
One lo t  was d r ie d  in s id e  the  s o la r  d r ie r  (30-57°C) 
and the  o th e r  in  the  t r a d i t io n a l  manner (30 -39°C ). 
The d ry in g  ra te  was checked a t re g u la r  tim e  
in te r v a ls  and the m ois ture  con ten t (wet and d ry  
b a s is )  was computed f o r  each tim e in te r v a l us ing  
the  fo llo w in g  fo rm u la :

% Md = MoWo -  Wo + Wd x 100
Wd
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where:

% Md = pe rcen t m o is tu re  con ten t a t a 
g iven  tim e  in te r v a l

Wd = w e igh t o f  sample a t a g iven  tim e  
in te r v a l

Wo = w e igh t o f  fre s h  sample
Mo = i n i t i a l  m o is tu re  con ten t

Md (d ry  b a s is )  = MdWd
Wo-MoWo

The tem pera tures in  th e  d r ie r s  were a lso  
recorded a t re g u la r  tim e  in te r v a ls .

Analyses o f  th e  f in is h e d  p roducts

(a) R ehydra tion  and re h y d ra t io n  
c o e f f ic ie n t  r a t io s

The re h y d ra t io n  and re h y d ra t io n  
c o e f f ic ie n t  r a t io s  o f  the  d r ie d  p roduc ts  were 
determ ined by b o i l in g  in  d i s t i l l e d  w a te r f o r  30 
m inu tes. The r a t io s  were determ ined as fo llo w s :

R ehydration r a t io  = Weight o f  re hyd ra ted  f is h
Weight o f  d r ie d  f is h

R ehydra tion  
c o e f f ic ie n t  r a t io = Weight o f  rehyd ra ted  p roduc t

Weight o f  fre s h  sample

(b) Proxim ate A n a lys is

The p ro te in  con ten t o f  th e  samples 
was determ ined by th e  K je ld a h l method, the  m o is tu re  
con ten t by oven method, ash con ten t by in c in e ra t io n  
in  a fu rn a ce , f a t  con ten t by th e  S oxh le t e x t ra c t io n  
method and s a l t  d e te rm in a tio n  by th e  V o lha rd  method 
(K ra m lich , 1973).
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(c)  S o rp tio n  Iso therm  S tud ies

The s o rp t io n  iso therm s o f  the  samples 
were determ ined to  a s c e rta in  the  s t a b i l i t y  o f  the 
d r ie d  p roducts  when s to re d  under va rio u s  e n v iro n 
m ental c o n d it io n s , us ing  W ink 's e q u il ib r iu m  
method.

RESULTS AND DISCUSSION

D ry in g  Process

The range in  tem pera ture was w id e r in  the  
s o la r  d r ie r  than in  the t r a d i t io n a l  d r ie r  (Table I ) .  
The tem pera ture  in  the  s o la r  d r ie r  ranged from  
30-57°C, w h ile  in  the t r a d i t io n a l  d r ie r  the  
tem pera ture  ranged from  30-39°C. R e la t iv e ly  
h ig h e r  tem pera tures were recorded  in  the s o la r  
d r ie r  than in  the t r a d i t io n a l  d r ie r  a t g iven tim e 
in te r v a ls .

The d ry in g  tim e requ irem ent o f  each species 
v a r ie d . For c ro a ke r, bo th  samples were d r ie d  f o r  
8.5 hours (F ig . 4 ) .  The s o la r  d r ie d  samples 
y ie ld e d  a m ois tu re  con ten t o f  1.43 g w a te r/g  s o l id  
(d ry  b a s is ) . The same le n g th  o f  d ry in g  was re q u ire d  
f o r  h e r r in g  (F ig .  5 ) .
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The s o la r  d r ie d  p rodu c t had a m o is tu re  
con ten t o f  0.699 g w a te r/g  s o l id  (d ry  b a s is ) ,  
w h ile  the t r a d i t io n a l l y  d r ie d  sample gave 0.78 g 
w a te r/g  s o l id  (d ry  b a s is ) . In  the  case o f  
m u lle t ,  the samples re q u ire d  4 .5  hours o f  d ry in g  
(F ig . 6 ) ,  y ie ld in g  m o is tu re  con ten ts  o f  1.43 g 
w a te r/g  s o l id  (d ry  g a s is ) and 1.56 g w a te r/g  
s o l id  (d ry  b a s is ) fo r  the  s o la r  d r ie d  and t r a d i 
t io n a l l y  d r ie d  samples re s p e c t iv e ly .

Tab le I .  Temperatures in  s o la r  t r a d i t io n a l  
d r ie rs

Time Taken
Temperature °C

S o la r 
D r ie r

T ra d it io n a l 
D r ie r

10:35 am 37 35
10:50 am 37 35
11:15 am 40 39
11:40 am 40 35
12:05 pm 39 35
12:45 pm 45 38

1:25 pm 43 35
2:45 pm 38 35
2:45 pm 38 35
3:25 pm 37 32
4:05 pm 30 30
9:45 pm 45 39

10:25 pm 48 36
11:00 pm 47 38
11:40 pm 55 38
12:15 am 57 39

1:25 am 54 35
2:49 am 48 33



-  15 -

The d ry in g  ra te  curves o f  each species 
were c o n s tru c te d  from  th e  d ry in g  tim e  c u rve s . 
The curves e x h ib ite d  two d is t in c t  phases: the  
cons tan t ra te  phase where the  d ry in g  ra te  is  
co n s ta n t, fo llo w e d  by th e  f a l l i n g  ra te  phase 
where the  d ry in g  ra te  p ro g re s s iv e ly  f a l l s  o f f  
w ith  t im e .

In  th e  case o f  c roaker (F ig . 7 ) ,  the  
t r a d i t io n a l l y  d r ie d  samples had a fa s te r  d ry in g  
ra te  than  the  s o la r  d r ie d  samples. I t  w i l l  be 
noted th a t  d u r in g  th e  cons tan t ra te  p e r io d , a 
g re a te r  amount o f  w a te r was removed in  the  
t r a d i t io n a l l y  d r ie d  f is h ,  i . e . ,  a p p ro x im a te ly  
0.64 g w a te r /h r /g  s o l id ,  than  in  th e  s o la r  d r ie d  
samples, i . e .  0.56 g w a te r /h r /g  s o l id .  T h is  can 
be a sc ribe d  to  th e  h ig h e r a i r  v e lo c ity  in  the  
t r a d i t io n a l  d r ie r  which increased  th e  amount o f  
m o is tu re  removed. D uring  th e  f a l l i n g  ra te  phase, 
however, th e  amount o f  w a te r removed was low er 
in  the  t r a d i t io n a l l y  d r ie d  samples. The p o s s ib le  
e x p la n a tio n  fo r  t h is  is  th a t  the  h ig h e r  d ry in g  
tem pera tures in  the  s o la r  d r ie r  speeded up the  
ra te  o f  m o is tu re  removal d u r in g  th e  f a l l i n g  ra te  
phase. The le n g th  o f  the  d ry in g  phases were 
s im i la r  in  bo th  samples. The cons tan t ra te  phase 
o f  bo th  p roduc ts  ended a f te r  about one h ou r, 
which is  r e la t iv e ly  s h o r te r  in  p ro p o r t io n  to  i t s  
f a l l i n g  ra te  p e r io d , which took  around seven and 
a h a l f  hou rs .
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F ig . 7. D ry ing  ra te  curves o f  t r a d i t io n a l l y  and 
s o la r  d r ie d  c roaker (O to lith e s  ru b e r ) .
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F igu re  8 shows a reve rse  tre n d  f o r  the  
m u lle t  samples. The s o la r  d r ie d  samples had a 
fa s te r  d ry in g  ra te  than  those d r ie d  in  th e  t r a d i 
t io n a l  manner. A pprox im a te ly  1.02 g w a te r /h r /g  
s o l id  was removed i n i t i a l l y  from  the  fo rm er 
compared to  1.01 g w a te r /h r /g  s o l id  removed from  
the  la t t e r .  The cons tan t ra te  phase was somewhat 
s h o r te r  in  th e  t r a d i t io n a l l y  d r ie d  samples, i . e . ,  
about 0.05 hour in  c o n tra s t to  0.75 hour in  s o la r  
d r ie d  m u lle t .  On th e  o th e r hand, the  f a l l i n g  ra te  
phase o f  bo th  p roducts  was r e la t iv e ly  lo n g e r than 
t h e i r  cons tan t ra te  phase.

In  h e r r in g  samples (F ig . 9) the  ra te  a t 
th e  i n i t i a l  stage o f  d ry in g  was fa s te r  in  the  
t r a d i t io n a l l y  d r ie d  samples w ith  0.75 g w a te r/ 
h r /g  s o l id  removed. M eanwhile, the  s o la r -d r ie d  
samples had an i n i t i a l  d ry in g  ra te  o f  0.55 g 
w a te r removed pe r hour pe r gram s o l id .  The 
cons tan t ra te  phase o f  the  fo rm er was a lso  
s h o r te r  than  th a t  o f  th e  s o la r -d r ie d  samples. 
However, a t th e  la t e r  stage o f  d ry in g , th e  ra te  
was fa s te r  in  th e  s o la r -d r ie d  samples than in  
th e  t r a d i t io n a l l y  d r ie d  samples.
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F ig . 8. D ry ing  ra te  curves o f  t r a d i t io n a l l y  and 
s o la r  d r ie d  m u lle t (M u g il caer u leom acu la tus )
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R ehydra tion  C apacity

R ehydration and re h y d ra tio n  c o e f f ic ie n t  
r a t io s  are g iven  in  Table I I .  The s o la r  d r ie d  
samples o f  c roake r had a b e t te r  r e c o n s t itu t io n  
c a p a c ity  than th e  t r a d i t io n a l l y  d r ie d  samples as 
in d ic a te d  by the  h ig h e r re h y d ra t io n  and rehyd ra 
t io n  c o e f f ic ie n t  r a t io s .  S im i la r ly ,  th e  s o la r -  
d r ie d  m u lle t  samples showed h ig h e r re h y d ra tio n  
and re h y d ra t io n  c o e f f ic ie n t  r a t io s  than the  
t r a d i t io n a l l y  d r ie d  samples. The low rehyd ra 
t io n  r a t io  and re h y d ra tio n  c o e f f ic ie n t  r a t io  o f  
the  t r a d i t io n a l l y  d r ie d  samples may be due to  f a t  
m ig ra t io n  to  th e  su rfa ce  o f  the  p roduc t which 
made i t  to  some e x te n t re p e lla n t  to  w a te r upon 
re h y d ra t io n . However, in  th e  h e r r in g  samples, 
the  computed re h y d ra tio n  and re h y d ra tio n  co
e f f i c ie n t  r a t io s  o f  th e  t r a d i t io n a l l y  d r ie d  f is h  
were h ig h e r than those o f  th e  s o la r -d r ie d  sam ples. 
Th is  may be due to  a decrease in  th e  w ater 
h o ld in g  c a p a c ity  o f  the  s o la r -d r ie d  samples 
brough t about by p ro te in  d e n a tu ra tio n . The 
d e n a tu ra tio n  o f  th e  p ro te in  m igh t have been 
a ffe c te d  by hea t trea tm en t d u r in g  d ry in g .
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Table I I .  R ehydration and re h y d ra t io n  c o e f f ic ie n t  
r a t io s  o f  t r a d i t io n a l l y  and s o la r -d r ie d  
c ro a ke r, m u lle t  and h e r r in g

Species
R ehydra tion  

R a tio
R ehydra tion  
C o e ff ic ie n t  

R a tio

A. Croaker
t r a d i t io n a l l y  d r ie d 1.008 0.332
s o la r -d r ie d 1.146 0.365

B. M u lle t
t r a d i t io n a l l y  d r ie d 1.030 0.337
s o la r -d r ie d 1.110 0.353

C. H e rr in g
t r a d i t io n a l l y  d r ie d 1.065 0.587
s o la r -d r ie d 0.962 0.562

Proxim ate Com position

Table I I I  shows the  p rox im a te  com position  
o f  s o la r  and t r a d i t io n a l l y  d r ie d  c ro a ke r, m u lle t 
and h e r r in g .  The s o la r -d r ie d  samples o f  c roake r, 
had a h ig h e r  p ro te in  con ten t and a lower f a t  and 
m o is tu re  con ten t than the  t r a d i t io n a l l y  d r ie d  
samples. However, the s o la r -d r ie d  samples had a 
h ig h e r s a l t  and ash c o n te n t. The h ig h  f a t  con ten t 
o f  the t r a d i t io n a l l y  d r ie d  c ro a ke r, i . e . ,  6.14 pe r 
c e n t, m ight c o n tr ib u te  to  the fa s te r  onset o f  
r a n c id i t y  d u r in g  s to ra g e .
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S im i la r ly ,  a h ig h e r p ro te in  va lue was 
ob ta in e d  in  s o la r -d r ie d  h e r r in g ,  i . e . ,  48.72 
p e r c e n t, w h ile  low er va lues o f  f a t ,  ash, m o is tu re  
and s a l t  were ob ta ined  in  the  same p ro d u c t.

On the o th e r hand, the  p ro te in  va lues o f  
the  t r a d i t io n a l l y  d r ie d  m u lle t  were h ig h e r than 
those o f  the s o la r -d r ie d  samples. I t  is  a lso  
no tew orthy th a t  bo th  p roduc ts  had the  same amount 
o f  m o is tu re , i . e . ,  30.2 p e r c e n t. There was a lso  
a s l ig h t  d if fe re n c e  between the  s o la r  and t r a d i 
t io n a l ly  d r ie d  samples as regards f a t  and s a l t  
c o n te n t.

Table III. Proximate composition of solar and traditionally 
dried croaker, mullet and herring

Species
P e r c e n t a g e s

Protein Moisture Fat Ash Salt

A. Croaker
traditionally dried 45.90 36.14 6.14 11.82 6.45
solar-dried 50.40 34.2 2.59 12.81 6.56

B. Mullet
traditionally dried 55.36 30.20 4.18 10.26 7.40
solar-dried 54.84 30.20 4.45 10.51 7.42

C. Herring
traditionally dried 47.80 38.20 3.82 10.18 6.95
solar-dried 48.72 37.70 3.75 9.83 6.85
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Storage S t a b i l i t y

(a) S o rp tio n  Isotherm

The s o rp t io n  iso the rm  is  im p o rta n t 
in  d e te rm in in g  the  s to rage  s t a b i l i t y  o f  d r ie d  
p ro d u c ts . I t  is  the  p lo t  o f  the  amount o f  w a ter 
absorbed as a fu n c t io n  o f  the  r e la t iv e  h u m id ity  
(RH) o r  a c t i v i t y  o f  the  vapour p ressu re  su rro und ing  
the  m a te r ia l (Labuza, 1968). The re la t io n s h ip  
between RH and m o is tu re  o f  food substances 
e x h ib its  se ve ra l c h a ra c te r is t ic s  curves which are  
g e n e ra lly  s igm oid  (C au rie , 1971).

F igu re  10 shows the  m o is tu re  s o rp t io n  
o f  s o la r  and t r a d i t io n a l l y  d r ie d  c ro a ke r, m u lle t 
and h e r r in g .  The cu rves , as can be observed, are 
n o t s igm o id . Furtherm ore , an in c rea se  in  the  
r e la t iv e  h u m id ity  showed an in c rea se  in  th e  m o is tu re  
con ten t o f  th e  samples. T h is  can be a sc rib e d  to  
the  in c re a se  in  the  amount o f  w a te r absorbed by 
the  samples as the  s a tu ra t io n  o f  the  su rround ing  
atmosphere w ith  w a te r m olecu les in c rea sed .
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(b) BET (Brunauer, Emmet and T e l le r ,  1938)

The m o is tu re  s o rp t io n  curves o f  the 
d i f f e r e n t  samples were transfo rm ed in to  the  
co rrespond ing  BET curves as shown in  F igures 11 
and 12. The monolayer va lues were c a lc u la te d  
and were used in  d e f in in g  the  s a fe , minimum 
m o is tu re  con ten t o f  the  sam ples.

The c a lc u la te d  BET va lues v a r ie d  in  
each d r ie d  p ro d u c t. In  t r a d i t io n a l l y  d r ie d  p roducts  
the  va lues ob ta ined  were as fo llo w s :  c ro a ke r, 
0.126 g w a te r/g  s o l id ;  m u lle t ,  0.129 g w a te r/g  
s o l id ;  and h e r r in g ,  0.046 g w a te r/g  s o l id .  On 
the  o th e r hand, the  BET monolayer va lues f o r  s o la r  
d r ie d  p roduc ts  were: 0.019 g w a te r/g  s o l id  in  
c ro a k e r; 0.078 g w a te r/g  s o l id  in  m u l le t ;  and 
0.104 g w a te r/g  s o l id  in  h e r r in g .  These va lues 
re p re se n t the  le v e l a t which th e  p roduc ts  are 
sa fe  from  any type o f  s p o ila g e , whether o x id a t iv e ,  
enzym atic o r  m ic ro b ia l in  n a tu re .
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F ig . 11. BET p lo ts  o f  t r a d i t io n a l l y  d r ie d  c ro a ke r, 
h e r r in g  and m u lle t
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F ig . 12. BET p lo ts  o f  s o la r  d r ie d  c roaker 
h e r r in g  and m u lle t .
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(c) Henderson Isotherm  p lo t

The Henderson p lo t  is  used to  determ ine 
the  l im i t s  o f  Region I I  o f  the s o rp t io n  iso the rm . 
The low er and upper l im i t s  in  Region I I  o f  the 
Henderson p lo t  o f  the d i f f e r e n t  d r ie d  p roducts  are 
shown in  Table IV . The m o is tu re  con ten t o f  each 
s p e c i f ic  p rodu c t must be kep t w ith in  the g iven 
l im i t s  in  o rd e r to  a t ta in  s t a b i l i t y .  As can be 
seen from the  ta b le ,  t r a d i t io n a l l y  d r ie d  m u lle t 
and h e r r in g  had a w ide r m o is tu re  range than the 
o th e r p ro d u c ts . The la t t e r  w i l l ,  th e re fo re , have 
a w ide r range o f  s t a b i l i t y .  I t  i s  s a id  th a t  the  
BET values mentioned e a r l ie r  must co in c id e  w ith  
the values in  the low er l im i t  o f  Region I I  o f  the  
Henderson p lo t .  However, the  computed BET va lues 
o f  a l l  the samples were low er than the  va lues o f  
the low er l i m i t  o f  Region I I  o f  the  Henderson p lo t .

T ab le  IV . Lower and upper l im i t s  in  Region I I  o f  the Henderson 
Iso the rm  p lo t  in  s o la r  and t r a d i t io n a l l y  d r ie d  c ro a k e r, 
m u lle t  and h e r r in g

S pec ies/T rea tm en ts Lower L im its  
(g  w a te r/g  s o l id )

AW* Upper L im its  
(g  w a te r/g  s o l id )

AW*

S o la r -d r ie d

C roaker 0.135 0 .2 0.152 0 .3
M u lle t 0.120 0 .2 0.130 0 .3
H e rr in g 0.145 0 .2 0.170 0 .3

T r a d i t io n a l ly  d r ie d

C roaker 0.141 0 .2 0.160 0 .3
M u lle t 0.129 0.25 0.149 0 .4
H e rr in g 0.152 0 .2 0.210 0 .4

* AW = W ater a c t i v i t y
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CONCLUSION AND RECOMMENDATION

The s o la r  d r ie r  has advantages compared 
w ith  the  t r a d i t io n a l  d r ie r  in  terms o f  d ry in g  
ra te  o f  m u lle t  and h e r r in g ;  re h y d ra t io n  c a p a c ity  
o f  c roaker and m u lle t ;  and p rox im a te  com pos ition , 
i . e . ,  p ro te in ,  f a t  and m o is tu re  c o n te n t,  o f  m u lle t 
and h e r r in g .  However, the t r a d i t io n a l  method has 
advantages which the  form er la cks  when i t  comes 
to  s to rage  s t a b i l i t y  o f  m u lle t  and h e r r in g .

A fu r th e r  s tudy  on the  use o f  the va rio u s  
types o f  d r ie r  is  recommended. I t  shou ld  in c lu d e  
a m ic ro b io lo g ic a l exam ination o f  the  d r ie d  p roducts  
and comprise t o t a l  p la te  count (TPC), and a moulds 
and yeasts  coun t.
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LIST OF SAFIS EXTENSION MANUALS

SEC/SM/1 Khumua lia n g  p la  namcheut (Freshwater 
F ish  Farm ing: How to  B e g in )- -  in  Tha i

SEC/SM/2 O yster C u ltu re

SEC/SM/3 Mussel C u ltu re

SEC/SM/4 Ang pagpuna ug pagtapak sa pukot 
(Net Mending and P a tc h in g )- -  in  
Cebuano-Bisaya

SEC/SM/5 Mussel Farming

SEC/SM/6 Menternak Ikan A ir ta w a r (Freshwater 
F ish  Farm ing: How to  B e g in )— in  
Bahasa M a lays ia

SEC/SM/7 Makanan dan Pemakanan Udang Harimau, 
Penaeus monodon ( N u t r i t io n  and 
Feeding o f  Sugpo, Penaeus monodon) 
- -  in  Bahasa M a lays ia

SEC/SM/8 Macrobrachium C u ltu re

SEC/SM/9 S e le c tio n  o f  M arine Shrimp fo r  
C u ltu re

SEC/SM/10 Induced Breeding o f  T ha i S i lv e r  
Carp

SEC/SM/11 C u ltu re  o f  Sea Bass

SEC/SM/12 Sm oke-curing o f  F ish

SEC/SM/13 Cockle C u ltu re
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SAFIS

0 What is  SAFIS?

SAFIS is  th e  Southeast Asian 
F is h e r ie s  In fo rm a tio n  S e rv ice . 
I t  is  a p ro je c t  o f  th e  SEAFDEC 
S e c re ta r ia t  se t up to  p ro v id e  
ex tens ion  m a te r ia ls  fo r  
s m a ll-s c a le  fisherm en and f is h  
farm ers in  th e  re g io n .

0 What are i t s  o b je c tiv e s ?

The immediate o b je c t iv e s  are 
to  c o l le c t  and com pile  f is h e r ie s  
ex tens ion  manuals, b rochures, 
pamphlets and re la te d  a ids  fo r  
s m a ll-s c a le  f is h e r ie s  development, 
and to  t ra n s la te  s e le c te d  l i t e r a 
tu re  in to  lo c a l languages fo r  
d is t r ib u t io n  to  f is h e r ie s  ex ten 
s io n  workers in  Southeast A s ia .
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o What se rv ice s  w i l l  SAFIS p rov ide?

SAFIS w i l l  a ttem pt to  p ro v id e  
in fo rm a tio n  and p u b lic a t io n s  
such as:

-  l i s t s  o f  a v a ila b le  te x ts  in  
f is h e r ie s  ex tens ion  s e rv ic e s ,

-  t r a n s la t io n  o f  s u ita b le  manuals,

-  manuals o f  a p p ro p ria te  te c h n o lo g ie s ,

-  pho tocop ies o f  a p p ro p ria te  
f is h e r ie s  e x tens ion  l i t e r a t u r e ,

-  a c u rre n t awareness s e rv ic e  o f  
re g io n a l f is h e r ie s .

o How much w i l l  these se rv ic e s  cost?

A nom inal cost o f  US $0.15 p e r page 
w i l l  be charged fo r  pho tocopy ing , 
h a n d lin g , and su rfa ce  m a il.  A irm a il 
costs  w i l l  be e x tra .  The p u b lic a t io n  
cos t p e r manual w i l l  v a ry  accord ing  
to  th e  book.
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