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Abstract: In this   study,  changes  in  physical,  chemical  and  sensorial  quality  of  dried  tilapia  fish  fillets
(no treatment), treatment with sodium chloride (T1), treatment with sodium chloride and mixture of citric and
ascorbic acid (T2) using solar drying system for 80 hours and after storage for 180 days at room temperature
(25±3°C) were determined. Also, evaluations of some maycotoxin after drying and during storage were
investigated. Results showed that the values reported for moisture, crude protein, fat and ash were 74.99, 18.69,
3.86 and 1.19% for fresh sample, while these values were 18.51-13.42, 57.47- 62.04, 14.73-15.62 and 6.75-7.85%
for dried tilapia fillets, respectively. Total volatile basic nitrogen (TVBN) values were significantly (P<0.05)
higher in all dried samples as compared to the fresh one. The control sample had the highest  content  of  TVBN
as  compared  to other treatments (T1&T2). Generally, the TVBN of dried fillets (T1& T2) increased slightly
towards the end of the storage period. No statistically significant differences (p<0.05) in thiobarbituric acid
values (TBA) were observed among the three treatments after drying. A significant increase was observed in
all lots with higher levels in T1 samples (p < 0.05). There were significant differences in color properties
(lightness L*, redness a* and yellowness b*) affected by the drying process. After 135 and 180 days of storage
the total bacterial count of become stable except the dried fillet tilapia fish without any treatment (control one)
showed slight increase during storage. Fresh tilapia fillet and derided samples during storage period were
analyzed for aflatoxins (B , B , G1 and G ), ochrtoxin A and zearalenone. No mycotoxins contamination could1 2 2

be detected.
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INTRODUCTION Spoilage of fish is slowed when water is drawn from

Fish is one of the most important available sources of Natural or sun drying is widely used in most tropical
animal protein in the tropics and has been widely countries because it is abundantly available. This type of
accepted as a good source of protein and other elements drying is weather dependent and involves placing the
for the maintenance of healthy body. Emokpae [1] product in the sun and relying on air-circulation around
reported that immediately the fish dies, a number of the product to evaporate the excess moisture. The general
physiological and microbial deterioration set in and there method of sun drying is associated with several problems.
by degrade the fish. The relative high moisture content Long periods of sunshine without rain are required, the
and high degree of unsaturated fatty acids in fish drying speed is slow and in areas with a relatively high
accounts for its perishability either during processing or humidity it is often difficult to dry the fish. Sun dried fish
storage. Fish is a perishable food which needs processing are often of low quality as a result of slow drying, insect
and preservation [2, 3]. Also,  it  is  well  known  and damage and contamination from air [5]. Thus, in the
documented that a large percentage of the fish caught in search for improved drying techniques using naturally
the developing countries are lost through poor handling. abundant solar energy, the use of enclosed solar drying
Therefore, there is need for improved processing and systems (solar dryers) have recently been investigated as
preservation techniques [4]. an  alternative  to  traditional  open-air sun drying for fish

fish are achieved by combining salting with drying.
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drying.  The  dryers  are  less  susceptible   to  variations MATERIALS AND METHODS
in weather. Solar dryers employ some means of collecting
or concentrating solar radiation with the result that Raw Material: Tilapia (Oreadromes nilaticus) fish was
elevated temperatures and, in turn, lower relative humidity purchased from the local fish market and then transported
is achieved for drying. When using solar dryers, the with crushed ice to the laboratory of food technology
drying rate can be attained and product quality is higher division, National Recherché Center (NRC). Fish samples
[6]. weighing 100 kg, the average length was 37cm and

Dried fish are usually considered shelf stable, average weight was 550 g. Samples were scaled, cleaned,
therefore, often stored and distributed unrefrigerated and headed, eviscerated, skinned before being filleted about
the resulting product is easily transported to market or (4 ×12 × 1 cm), washed to remove all traces of blood then
from one country to another. The characteristic of dried divided into three groups after draining the excess water
fish that makes them shelf stable is their low water activity for 30 min. (one was left as a control ).
(aw) and thus prevention of growth of many spoilage
microorganisms [7, 8]. Brining Process: Saturated brine solution made from

In humid  conditions  dried  fish  can  take up food-grad  sodium chloride dissolved in distilled water
moisture  from  the  air,  this  moisture  can  cause  mould was used as the osmotic medium (3.5kg Nacl /10 liter
to grow on the fish. Naturally occurring toxicant water).  Prior  to  osmotic  dehydration  one  group of
contamination of food with mycotoxins is unavoidable tilapia fish fillets (T2) was immersed for 5 min. in dilute
and  unpredictable  and  poses  a  unique  challenge to mixture of citric acid and ascorbic acid (5%). After
food safety [9]. soaking,  fish  fillets  1  cm  thick (T1 and T2) were salted

Aflotoxins production by moulds in food and feed in brine solution (1.5 w fillet /1 v brine) for a period of 4 h.
materials by Aspergillus flavus (grow in water activity at chilling temperature. After brining, samples were
between 0.84-0.86 and the temperature between 25-40°C) quickly  rinsed  with  chilled  water  to   remove  any
and A. parasiticus [10, 11]. surface  salt  which can reduce the appearance of white

Ochratoxin A, is a low-molecular weight. It is salt crystals on the surface during subsequent process.
secondary   metabolite   by   several   species   of  the After that, the water was drained for 30 min. and the
genus Aspergillus and Pencillium.these fungi were samples were placed into green house dryer for further
capable  of  growing  on  avariety  of  substrates  and process.
under diverse conditions of moisture, pH and temperature,
[12]. Fish  Drying:  The  dryer,  which is  direct  drying  type,

Zearalenone  (6-[10-hydroxy-6 oxotrans – 1 undecen]- has  area  of  10m×4m  with  2m height. The dryer used
-resorcyclic  acid  lactone),  a  secondary  metabolite both natural and forced circulations by using 90 watt

from Fusarium graminearum. Zearlalenone is better soaker  (was  put  in the dryer chimney) with air velocity
classified  as  a  nonsteroidal   estrogen  or mycoestrogen 1.3  m/s.  The  dryer  absorber  was  made  from  black  tin
[13]. plate  with  0.4  mm thickness, coated by black coating

Shephard [14] emphasized that much of the research (Fig. and photo 1). 
effort has been performed in South Africa, Egypt and in The samples were hanged inside the dryer and tied
various countries in West Africa published deals with with thread (polypropylene) in three levels. Each piece of
levels of aflatoxin contamination in local foods such as fish was put 10-15 cm far from the other for good drying
cured and smoke-dried fish which have been implicated as (Photos2-4). The temperature inside the dryer must not
sources of dietary aflatoxin in various areas of Africa. exceed 60°C. to prevent melting process for the fat inside

Tilipia (Oreadromes Nilaticus) fish is a common fresh the samples and also to prevent the drying outer surfaces
fish, available species and relatively inexpensive in Egypt before inner surfaces of the samples which can lead to
and usually sold freshly as a raw product which is easy deterioration of the samples. Finally the fish samples must
spoiled. The objective of the present work was to study be put in the dryer early morning or at the sun set to avoid
the effect of salting and enclosed solar energy drying on put it with high temperatures. 
tilapia fish fillet quality as assessed by sensory analysis The dried samples after 80 hours in greenhouse
and determination of chemical indices and mycotoxins (Photo5) packaged under vacuum in polyethylene bags
evaluation. and stored at ambient temperature (25±3°C).
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Fig. 1: General Layout of the greenhouse dryer.
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Determination of Moisture Content: Moisture content to prepare a dilution of 10  from which decimal dilutions
was determined by oven drying of 5g of fish fillet at 105°C up to 10  were prepared. Fungi were counted on PDA
until a constant weight was obtained [15]. (Oxoid), plats were incubated at 25°C for 5 days. Free cells

Determination of Water Activity [Aw]: The water activity were incubated at 30°C for 48 h [20].
[Aw] was determined according the method described by
Vos and Labuza and AOAC [16, 17]. This method based Extraction and Determination of Mycotoxins: Aflatoxins
on the equilibrium moisture absorption of microcrystalline (B ,B , G  and G ), ochratoxin A and Zearalenone were
cellulose. The Aw was determined by referring to qualitatively  detected  by  thin   layer   chromatography
standard curve. (20 x 20 cm silica gel 60 aluminum sheets, Merck KGaA,

Proximate Composition: The macronutrient of Tilapia fish method. Quantitative detection of toxin was performed
(raw and dried was determined according to AOAC [17]. using high performance liquid chromatography (HPLC).
The macronutrients analyzed were protein, fat and ash. The HPLC system comprised a Water model 600 delivery

Determination of pH value: The pH was measured using 470 and  a  Nova  Pach  (150  x 36 mm) C -column
a pH-meter at room temperature on homogenates in water (Waters, Milford, MA, USA). A mobile phase of water/
in a ratio 1:10 (W/V) [15]. methanol/acetonitrile (56: 14: 30, by Vol.) was applied

Total Volatile Basic Nitrogen (TVB-N): Total volatile integrated and recorded using a Millennium
basic nitrogen content was determined by the method of Chromatograph. Manger Software 2010 (Waters).
LÜcke and Geidel as described in Inal [18]. The quantity
of TVBN in mg/ 100 of fish flesh was calculated as Sensory Evaluation: The sensory quality of dried Tilapia
follows: fillets was evaluated at each sampling time by a ten

% mg TVBN = (V× C× 14×100) / weight of sample. non  cooked  fish fillets were examined organoleptically

The volume (V) of hydrochloric acid added for good -8, fair -6, half rotten -2, rotten -0). Eating quality of
titration and its concentration (C). the cooked fish fillets (dried fish fillets are rehydrated

Thiobarbituric Acid values (TBA): TBA values were 30 minutes into distilled water, the ratio between the dry
spectrophotomerically determined according to the material and water was 1:5) was determined for smell and
method described by Smith et al. [19] and calculated as taste.
mg malonaldehyde (MDA) / kg of sample. The
concentration  of  MDA  was   calculated   from a Statistical Analysis: Analysis was tested in triplicate.
standard curve using solutions  of  the  MDA  precursor Conventional statistical methods were used to calculate
(same molecular weight) 1, 1, 3, 3-tetraethoxy-propane means and ± standard deviation (SD). Results were
(TEP) into distilled water after the addition of a quantity evaluated statistically using analysis of variance
of TBA solution. according to McClave and Benson [21].

Color  Measurement:   Color measurement was in RESULTS AND DISCUSSION
triplicate for each sample using a Hunter, Lab. Scan XE,
colormeter, calibrated with a white color standard Moisture Content (MC): Moisture content of dried fillets
(X=77.26, Y= 81.94 and Z= 88.14). The color reading is given in table 1 and fig.2. Results revealed that, all the
includes lightness (L*), redness (a*) and yellowness (b*). moisture content of the samples decrease after solar

Microbiological Analysis: 10 g of fish samples were put fillet without any treatment (control), but the reduction
into a flash containing 90 ml of sterile peptone water 1% was reduced to 13.42% in case of fish samples from T2.

1

8

of bacteria were counted on Nutrant agar (Oxoid), plates

1 2 1 2

Merch, Darmstadt, Germany) following the AOAC [17]

system  equipped   with   fluorescence   detector  model
18

isocratically at used flow rate of 1 ml min . Data were1

members  of  laboratory staff. Appearance and smell of

and scored on a ten point hedonic scale (excellent -10,

through soaked in cold water for 8 hours and boiling for

energy drying. It was reduced from 74.99 to 18.511% fish
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Table 1: Moisture content of dried tilapia fish fillets during storage

Moisture content (%)  Storage period (days)

-----------------------------------------------------------------------------------------------------------------------------------------------------------

Samples 1 45 90 135 180

Control 18.51 18.00 18.13 17.90 17.24

T1 15.95 14.99 14.83 14.89 14.43

T2 13.42 13.33 12.95 12.28 12.18

Fresh fish 74.99%

Fig. 2: The variation of moisture conttent of fish with time during drying process

(Treatment with sodium chloride and mixture of citric through  six  months  of storage both dried fish from
and ascorbic acid). Moreover, the moisture content control and T1 become stable during the storage period.
decreased became near stable during the six months The dried fillet fish of T2 samples showed a decreased
storage for the same treatment. Similar observation has value.
been reported by Zaki et al. [22] and Rowland et al. [23] These  results  are  in  agreement  with  those of
and Crapo et al. [24]. Crapo et al. [24]who found that the water activity (Aw) of

The  relation  between  moisture  content  of  fish salmon was 0.4 after freeze-dried for 9h. Also, Scott [25]
fillet during drying process with time for drying which reported that salt, sugar, proteins and there solutes bind
were recorded during 35 to 80 hours for all samples is water. Thus, growth of micro-organisms cannot take
shown in fig. 2. It was found that, fish fillet samples (T2) place, as water is not present in an available form.
treated with sodium chloride and mixture of citric and
ascorbic acid recorded the longest time for drying (80 Proximate Composition: The proximate compositions of
hours) and the lowest value for moister content (13.42%) raw and dried tilapia fish are presented in table 3. Fresh
after drying. samples contain high moisture, low fat and ash. Fish

Water  Activity  (  AW):  Water  activity  is  the  measure Decrease of moisture content and relative increase of
of  the amount  of  water  in  a   food   that   is  available protein, lipids and ash contents due to the reduction of
for  the  growth  of microorganisms, including pathogens. moisture were the most prominent changes after drying
The  data  in  Table   2   showed    that,    the    dried   fillet process. All treatments had moisture content values
fish of T2 (sodium chloride and mixture of citric and below 20%. This low moisture content indicated that the
ascorbic acid) had the highest value of water activity dried fish products have the tendency to be very stable.
(Aw)  which  reached  0.86  followed  by   the   dried  fish As expected the control dried fillet had the highest
of  T1  samples  (sodium  chloride  treatment).  On  the moisture contents. There was a strong inverse
other hand, the control dried fillet fish (without any relationship between the moisture and crude protein
treatment) indicated the lowest value of Aw (0.58 ) contents.  All dried products showed crude protein above

species with low levels of fat are suitable to be processed.
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Table 2: Water activity (Aw) of raw and dried tilapia fish fillets

water Activity(Aw) Storage period (days)

-----------------------------------------------------------------------------------------------------------------------------------------------------------

Samples 1 45 90 135 180

Control 0.58 0.58 0.55 0.55 0.54

T1 0.66 0.65 0.68 0.69 0.66

T2 0.86 0.84 0.77 0.8 0.72

Fresh fish 0.90

Table 3: Proximate composition of raw and dried tilapia fish fillets

Samples after drying

------------------------------------------------------------------------------------------------------------

% Fresh Control T1 T2

Moisture 74.99±o.11 18.51±0.6 15.95±0.05 13.42±0.07

Protein 18.69±o.o7 57.47±0.44 59.65±0.15 62.04±0.14

Fat 3.86±0.11 15.18±0.09 14.73±0.07 15.62±0.08

Ash 1.19±0.03 6.75±0.12 7.88±0.09 7.85±0.20

Values represent the mean of three determination ±SD 

Table 4: pH values of raw and dried tilapia fillets during storage

Samples after drying

------------------------------------------------------------------------------------------------------------

Storage period (days) Fresh Control T1 T2

1 6.15±0.03 6.30±0.11 6.17±0.04 5.73±0.06

45 ---- 6.33±0.04 6.19±0.09 5.83±0.08

90 ---- 6.35±0.03 6.20±0.07 5.87±0.01

135 ---- 6.38±0.06 6.23±0.04 5.88±0.02

180 ---- 6.41±0.01 6.22±0.07 5.87±01

Values represent the mean of three determination± SD (n: 3±SD)

50% with the highest being that of T2 which was 62.o4%. Total Volatile Basic Nitrogen (TVB-N): Total volatile
The results indicated that dried fish is a good source of
quality protein as a healthy food.

4-pH values: The changes in the pH of dried tilapia fillets
are given in table 4. The initial pH value of flesh tilapia
fillets was 6.15. After drying process the pH value was
higher in control sample compared to other solar dried
samples (T1 & T2). The pH decreased in fish flesh by the
addition of salt this is explained by the increase of the
ionic strength of the solution inside of the cells [7]. Also,
Leroi and Joffraud [26] reported that salt had a highly
significant linear decreasing effect on the pH of smoked
salmon. After drying process a higher decrease was
observed in pH value of T2 samples may be attributed to
treated this fillets by soaking in dilute mixture of citric and
ascorbic acid before drying. The pH remained constant
during storage of T2 samples.

nitrogen  contains  total  amount  of  volatile  nitrogen
bases (Trimethlamine) together with nitrogen which is
synthesized by reaction from protein. TVBN values of
dried tilapia fish fillets are presented in table 5. The initial
TVB-N level of untreated fillet samples was 17.15 mg/100g,
which is indicative of freshness of raw fish material and
high quality. Table 5 shows that total amount of volatile
bases is by far the highest in dried fish from tilapia fillets
where, the TVBN values were higher in all dried samples
compared to the fresh sample. This difference is due to
partial dehydration of dried samples and subsequent
concentration of TVBN constituents. The control sample
had the highest content of TVBN compared to other
treatments (T1&T2). Generally, the TVBN of dried fillets
(control & T1) increased slightly towards the end of the
storage period. The TVB-N content in T2 lot showed no
significant changes.
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Table 5: Total volatile basic nitrogen (TVBN) mg N/ 100g of raw and dried tilapia fish fillets during storage
Samples after drying
-------------------------------------------------------------------------------------------------------------

Storage period (days) Fresh Control T1 T2
1 17.15±0.5 64.39±0.41 52.41±0.32 44.27±0.06
45 ---- 64.46±0.32 54.68±0.60 43.64±0.50
90 ---- 64.35±0.03 53.16±0.33 44.67±0.11
135 ---- 65.38±0.12 55.01±0.07 44.85±0.12
180 ---- 66.41±0.52 54.94±0.16 44.82±09
Values represent the mean of three determination ± SD

Table 6: Thiobarbituric (TBA) mg of malondialdehyde/kg of dried tilapia fish fillets during storage
Samples after drying
-------------------------------------------------------------------------------------------------------------

Storage period (days) Fresh Control T1 T2
1 0.10±0.01 o.22±0.0.01 0.26±0.02 0.23±0.01a a a

45 ---- 0.29±0.03 0.44±0.05 0.36±0.02a c b

90 ---- 0.60±0.07 0.73±0.11 0.48±0.08b c a

135 ---- 0.66±0.10 0.84±0.07 0.59±0.5b c a

180 ---- 1.37±0.15 1.44±0.16 1.09±09b c a

-values represent the mean of three determinations ± SD.
-values in the same line followed by different letter are significant different (p<0.05).

Table 7: Color properties of raw and dried tilapia fish fillets during storage
Samples after drying
-----------------------------------------------------------------------------------------------------------------------

Fresh Control T1 T2
-------------------------------------- ------------------------------------- -------------------------------------- --------------------------------------

Storage period (days) L* a* b* L* a* b* L* a* b* L* a* b*
1 44.77 12.47 17.30 62.46 3.73 22.82 63.47 3.10 21.47 66.25 2.57 19.10

±0.09 ±0.28 ±0.11 ±0.15 ±0.06 ±0.19 ±0.60 ±0.11 ±0.23 ±0.81 ±0.04 ±0.13
45 ---- 62.82 3.86 23.28 63.80 3.22 22.12 66.46 2.68 19.73

±0.21 ±0.05 ±0.13 ±0.23 ±0.07 ±0.14 ±0.70 0.03± ±0.08
90 ---- 62.98 4.10 23.66 63.94 3.41 22.11 66.32 2.71 19.93

±0.21 ±0.05 ±0.13 ±0.24 ±0.06 ±0.09 ±0.60 ±0.11 ±0.17
135 ---- 63.51 3.94 23.11 64.01 3.70 22.68 66.78 3.38 20.39

0.09± ±0.03 ±0.06 ±0.03 ±0.06 ±0.12 ±0.06 ±0.17 ±0.45
180 ---- 64.15 4.16 23.78 64.19 3.82 23.11 66.84 3.61 20.73

±0.17 ±0.08 ±013 ±0.02 ±0.07 ±0.09 ±0.11 ±0.14 ±0.13
-Values represent the mean of three determination ± SD.

Thiobarbituric Acid (TBA): One of the quality parameters had a significantly lower level of lipid oxidation which
is known as TBA and maximum allowed level is accepted may be attributed to treatment of this fillets by soaking in
as 8 mg malonadehyde / kg [27]. Thiobarbituric acid dilute mixture of citric and ascorbic acid before drying.
values of raw and dried fillets are presented in table 6. The Thereafter a significant increase was observed in all lots
oxidative breakdown of lipids is also evidenced by the with higher levels in T1 samples (p < 0.05) toward the end
incidence of high TBA values in the respective samples. of the storage period although samples were within
Fresh fish contained 0.10 mg MDA /kg. This value acceptable levels for this parameter. The increase in TBA
increased to 0.22 (control), 0.26 (T1) and 0.23 (T2) mg indicated formation of secondary lipid oxidation products
MDA/kg after drying process. The result suggested that such as aldehydes and others volatiles compounds [29].
salting and drying process cause dehydration of fish and
considerable loss in higher polyunsaturated fatty acids Color Properties: Color properties of dried tilapia fish
attributable to lipid oxidation [7, 28]. No statistically fillets are shown in table 7. There were significant
significant differences in TBA values were observed differences in color (L*, a* and b*). It was observed that
among the three treatments. However, the T2 treatment different    treatments    pre-drying   processing   affected
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Fig. 3: Total bacterial count of tilapia fish (Oreadromis nilaticus), fresh, after solar drying and through storage period

Fig. 4: Total fungal count of tilapia fish (Oreadromis nilaticus), fresh, after solar drying and through storage period

the lightness, redness and yellowness of the samples. It Microbiological |Analysis: Total bacterial and fungal
was observed that pigment retention in dried fish count were estimated in fresh tilapia fillet fish, after drying
decreased as temperature increased. Drying  changes  the and during storage at room temperature for six months as
surface characteristics of food and hence alters the shown in figs 3 and 4. It was found that,the count of both
reflectivity and color which caused by heat and oxidation total bacteria and fungi decreased after solar drying and
during drying process. Comparison between the after 135 and 180 days storage the total count become
treatments showed that sample T2 had higher values of stable except the dried fillet tilapia fish without any
lightness (L*) than the other samples. Generally, the treatment (control one) showed slight increase during
lightness increased with storage time for all treatments storage.  Similar  results  were  obtained  by  Zaki et al.
while, no significant differences were found between [22, 31] who reported that, the reduction of total bacterial
different storage times. Drying process reduced redness count is due to the high salt content and the lack of free
(a*) value of samples for all treatments compared to water in fish tissues after drying.
control. This reduction in a* values were very sharp for The fungus is commonly related to food
sample T2. The significant decrease in a* values indicated contamination, highlighting the economic losses caused
the change in color from red to brown which could be due by  these  contaminants  and  human  health problems
to the formation of metmyoglobin [30]. Little difference in from mycotoxin production [32]. There are few sanitizer
a* values was observed for any samples during storage. solutions that have been studied regarding its
Yellowness (b*) values increased for all treatments after antimicrobial activity being mentioned chlorine-based
drying process and the b* value of the sample T2 was disinfectant solutions, quaternary ammonium compounds
lower than that for other treatments. The control sample and organic acid such as citric acid [33].
had recorded the highest b* values followed by treatment
(T1). In all cases as time of storage progressed, a slight Mycotoxins Evaluation: Fresh fillet of tilapia, solar energy
increase in b* values was noticed for all treatments. dried  fillet after drying as well as through storage period
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Table 8: Sensory evaluation of dried tilapia fillets during storage

Storage time (days)
----------------------------------------------------------------------------------------------------------------------------

Samples after drying 1 45 90 135 180

Control Appearance score 10.0±0.00 10.00±0.00 9.5±0.01 9.4±0.04 9.0±0.031 a a a ba c

Off odour** ----- --- --- ± +
Cooked fish score* 8.0±0.11 7.4±0.04 7.1±0.02b 7.0±0.12 6.2±0.50ba bac ac c c

palatability 8.5±0.03 8.2±0.41 7.2±0.26 7.0±0.09 6.5±0.55ba ba bac c d

T1 Appearance score 10.0±0.0 10.0±0.0 10.0±0.0 9.8±0.02 9.5±0.071 a a a a b

Off odour** --- --- --- --- ±
Cooked fish score* 8.2±0.03 8.0±0.21 8.0±0.05 7.5±0.14 7.0±0.23a a a ba c

palatability 9.0±0.02 8.4±0.06 8.0±0.04 7.8±0.09 7.0±0.3a ba b bac c

T2 Appearance score 10.0±0.0 10.0±0.0 10.0±0.0 10.0±0.0 9.7±0.011 a a a a a

Off odour** --- --- --- --- ---
Cooked fish score* 8.5±0.12 8.3±0.08 8.0±0.06b 7.8±0.11 7.5±0.21a a a b c

palatability 9.4±0.05 9.1±0.03 8.8±0.07 8.5±0.2 8.3±0.3a a ba ba b

Data are the mean± SD, n=10 values in the same line followed by different letter are significant different (p<0.05).
*Average of smell and taste for 10 scores ** ---none, + some, ± slight
1 average of appearance and smell for 10 score of non cooked dried fillets

were  analyzed  for  aflatoxins  (B , B ,  G   and G ), were no significant differences in preference of taste and1 2 1 2

ochrtoxin A and zearalenone. No mycotoxins could be smell between T1 and T2 after cooking whereas, the
found.  These  results  are  in    good    agreement   with panelist failed to detect any differences among samples
Deng et al. [34] who studied the effects of toxic and since, both products remained without noticeable
residue of aflatoxin B  in tilapia (Oreadromes nilaticus) deterioration up to the end of storage.1

during 20 weeks dietary exposure and they found the
AFB  residue was only detected in liver, in a dose- CONCLUSIONS1

dependent manner, but not in edible flesh. On the other
hand, Nwokolo and Okonkwo [35] found that in the fish Treatment with  sodium  chloride and  mixture of
Nigeria from unwholesome quantities of aflatoxin exists. citric and ascorbic acid (T2) was  better  quality  than
Also, Jonsyn and Lahai [36] extracted amounts of other samples in relation to chemical and organoleptic
aflatoxins B ,B  G , G  and ochratoxin A from smoke-dried parameters.   All   samples  were   free   from   aflatoxins1 2 1 2

fish called “Bonga” from homes and markets in Njala (B , B , G  and G ), ochrtoxin A and zearalenone. The
(Sierra Leone). present study also provide a possible  application of

The liver is the primary target organ, with liver solar drying as an efficient drying process for fish
damage occurring when poultry, fish, rodents and preservation. It proved that fish drying by solar energy
nonhuman primates are fed aflatoxin B , Eaton and often  dry  faster,  keep on good nutritional qualities,1
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