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Abstract

ICAR-Central Institute of Fisheries Technology,
Cochin, has developed different types of dryers for
improving the quality of dried fishes i.e.  Solar tray
dryer with electrical back up (hybrid), Solar tunnel
dryer, Electrical dryer and Solar cabinet dryer with
electrical back up (hybrid). Drying characteristics
studies on selected fishes, mackerel (Rastrelliger
kanagurta) (80% moisture content (MC) on wet basis
(wb) and glassy perchlet (Ambassis spp.) (77% MC
on wb), was conducted using the solar tray dryer
with electrical back up (hybrid) dryer.  The
tempeature obtained inside the chamber during
drying was 65oC.  The solar tunnel dryer, electrical
dryer and solar cabinet dryer with electrical back up
(hybrid) was evaluated with fresh and salted sole
fish (Cynoglossus semifasciatus) (77% MC).  Solar
tunnel dryer under normal atmospheric conditions
attained 45°C temperature, Electrical dryer was
operated at 65°C temperature and Solar cabinet
dryer with electrical back up (hybrid) attained 70°C
temperature. Among the CIFT dryers evaluated,
electric dryer was found to yield lower moisture dry
product. Also, fish dried under electrical dryer
received highest overall acceptability in sensory
evaluation study.

Keywords:  Dryer, mackerel, solar energy, sensory
evaluation

Introduction

Drying preserves fish from decay by removal of
moisture from fish thereby arresting the growth of
bacteria, action of enzymes and chemical oxidation
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of the fat (Naidu et al., 2016). Open sun drying of
fish is an age old practice, and has problems with
regard to higher microbial load and lower product
quality and requires longer time for complete
drying (Okoroigwe et al., 2013). Traditional method
of fish drying may add up impurities like dust,
sand, insects and bird waste in the dried product
(Pangavhane et al., 2002; Yusuf et al., 1989). This
method of fish drying causes loss of material and
deterioration of final product quality, resulting in
reduced market price. Use of solar dryers helps not
only to reduce losses and maintain the quality of the
product but also helps in conserving the conven-
tional energy sources (Sablani et al., 2003).

ICAR-Central Institute of Fisheries Technology
(CIFT) has developed different types of solar dryers
for improving the drying of fishes viz., solar tray
dryer with electrical back up (hybrid), solar tunnel
dryer, electrical dryer and solar cabinet dryer with
electrical back up (Anon, 2015; 2016). Fresh prawns
(Metapenaeus dobsoni) were dried under CIFT solar
tray dryer with electrical back up (hybrid) to
evaluate dryer for its efficiency and performance
(Nagori et al., 2015). Changes in protein content of
milk fish (Chanos chanos) during drying at 60°C
temperature was studied by Thippeswamy et al.
(2001) using CIFT hybrid dryer.

An attempt was made to study the drying charac-
teristics of selected fishes in four different dryers
developed by ICAR-CIFT.

Materials and Methods

Fresh fishes used in the study were procured from
the local fish market at Thevara, Kochi. Glassy
perchlet (Ambassis spp.) and sole fish (Cynoglossus
semifasciatus) were cleaned thoroughly before dry-
ing. Mackerel (Rastrelliger kanagurta) was prepared
by removing guts, gills and fins, and split opened
into a butterfly style by cutting along the backbone
from head to tail, prior to salting and drying.
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All the drying experiments were conducted at
ICAR-CIFT, Cochin, in the month of October’ 2016,
from 9:00AM to 07:00PM on the days of experimen-
tation. Cleaned fish samples were divided into
groups of 500 g and were loaded in trays of ICAR-
CIFT dryers (Table 1 and Fig. 1). Three experimental
runs were carried out and the dryers were operated
simultaneously at each run. In all drying experi-
ments, samples from three different trays were
collected randomly and weighed to calculate per-
centage weight loss at 1h interval. The moisture
content of fish sample was assessed using standard
hot air oven method.

Average atmospheric conditions during the experi-
ments were measured using renewable energy
monitoring system developed by ICAR - CIFT,
Kochi (Anon, 2012).

Water activity (aw) is defined as the ratio of partial
vapor pressure in the food material to partial vapor
pressure in the pure water at constant temperature.
Water activity of dried fish was determined using
water activity meter manufactured by Aqua Lab, USA.

The percentage moisture content (wb) was deter-
mined by using following formula, (AOAC, 1980)
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Where,

W
1 

= weight of sample before drying, gram

W
2 

= weight of sample after drying, gram

The drying characteristics of different fishes were
expressed by drying curves (Moisture content vs
Time). Sensory attributes of dried fishes including

Table 1. Details of dryers developed by ICAR-CIFT

Sl. Particulars Solar tray dryer Solar cabinet dryer Solar tunnel Electrical
No. with electrical with electrical dryer dryer

backup (hybrid) backup (hybrid)

 1 Capacity (kg) 20 40 5 5

 2 Solar collector/Heat 10 7 8 Not applicable
absorbing area (m2)

 3 Tray material Stainless Steel SS 304 Nylon mesh & SS 304
(SS) 304 poly carbonate

sheet

 4 Automatic Yes Yes No Not applicable
temperature cut-off
system

 5 Heat energy back-up Electrical Electrical No backup Not applicable
system 2 coils of 1000W 2 coils of 1500W

 6 Number trays 10 36 4 5

 7 Dimension of dryer 1.85 × 0.85  × 1.3 3.1 × 2.45 × 1.3 2.21 × 2.10 × 0.60 1.25 × 1 × 0.71
(m)

 8 Dimension of tray (m) 1.60 × 0.75 0.90 × 0.5 0.8 × 0.4 1 × 0.69

Fig. 1. Images of ICAR-CIFT Dryers
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flavor, texture, odor, appearance and overall accept-
ability were evaluated (Amerine et al., 1965). The
evaluation was conducted using a 9-point hedonic
scale (1 - dislike extremely, 9 - like extremely) by
panel of ten members of different age and sex,
selected from scholars, staffs and scientists of ICAR-
CIFT, Cochin. Statistical analysis was performed by
Kruskal Wallis test (Pairwise comparision) using
SAS, 9.3, Statistical software.  In all cases P (0.05)
was taken as the significance level.

Results and Discussion

Solar drying of fish mainly depends on prevailing
atmospheric conditions during experiments. Hence,
fluctuations in the atmospheric parameters such as
temperature, relative humidity and solar radiation
affect the drying process. To overcome the limita-
tions, ICAR-CIFT dryers were provided with electri-
cal heating coils and automatic temperature cut-off
system to supply additional heat requirement to
maintain optimum drying temperature. Therefore,
atmospheric conditions particularly solar radiation
(W/m2) could influence only the heat supplied by
solar collector, not the drying process in the CIFT
dryers.  To determine the energy consumption of the
dryer (electrical coil) vis-à-vis prevailed atmospheric
conditions during drying, the parameters were
monitored on an hourly basis and reported (Table 2).

Solar tray dryer with electrical backup (hybrid),
under no load condition reached 65°C temperature
within 8 minutes and retained the same heat up to
1 hour 20 minutes. Power consumption of the dryer
was found to be lower (0.67 kWh) which means
solar collector supplied more heat energy due to
favorable atmospheric conditions (766 W/m² of solar
radiation, 75.8 % RH and 30.3°C temperature). From
Figure 2, it is shown that the reduction of moisture
content was high for the first two hours of drying,
thereafter reduction level decreased gradually. This
could be due to removal of surface moisture
followed by the moisture migration process from
the tissues of deeper layers to surface. The initial
and final moisture content of mackerel and glassy
perchlet were 80 and 77%, 14.5 and 14% respectively.
Time consumed for complete drying of mackerel
was 15 h and for glassy perchlet was 10 h. Water
activity was observed to be 0.78 and 0.76 for dried
mackerel and glassy perchlet respectively which
were the indications of quality dried products.
Sapkale et al. (2003) observed similar levels of water
activity in the solar dried mackerel fish.

Sole fish was dried in solar cabinet dryer with 3 kW
electrical backup system. Results showed that
electrical coils supplied only 2 kWh of additional
energy apart from solar energy to complete the
drying process. This lower energy consumption (2
units of electricity) by backup system implies that
major part of energy requirement was supplied by
solar energy system alone due to favorable atmo-
spheric conditions (Table 2). It was found that only
8 h of drying is required to bring down to the
recommended moisture content of 18-20% for the
dried sole fish (Fig. 3). It was also observed that
salted fish took more time to dry than fresh because
of the salt concentration in the cells which prevents

Table 2. Observations of atmospheric conditions during
drying

Time Solar Atmospheric Relative
Radiation temperature Humidity

(W/m2) (oC) (%)

9:00 AM 796 33.2 79.5

10:00 AM 815 34.4 76.3

11:00 AM 1072 34.2 75.5

12:00 PM 1257 33.1 74.3

1:00 PM 942 33.0 69.4

2:00 PM 918 32.3 70.2

3:00 PM 774 33.8 75.8

4:00 PM 652.7 32.7 76.2

5:00 PM 666 33.2 70.1

6:00 PM 445 33.2 77.4

7:00 PM 125 30.9 79.5

Fig. 2. Drying curve for Mackerel and Glassy perchlet
fish in solar tray dryer
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the movement of moisture from internal tissues.
Joshi et al. (2014) noticed similar trends of drying
of fishes in improved solar dryers. The quality of
drying was confirmed with the water activity value
of 0.70 for salted and 0.74 for fresh dried fish.

The electrical dryer was operated at 60°C tempera-
ture and 75% corresponding relative humidity. From
Figure 4, it is seen that 10 h drying time was
required for obtaining optimum moisture content in
the salted sole fish where as unsalted fish require
8 h only. This may be explained by the fact that
during salted fish drying, water movement to the
surface of the fish is accompanied by salt migration.
Further water evaporation on the surface results in
crust formation which in turn makes the fish less
permeable to water. Final products of salted and
unsalted fishes showed uniform drying and equally
distributed firmness which are the indications of
quality dried product. Energy evaluation of dryer

revealed that the power consumption was as high
as 1 kWh which confirms that heat was solely
supplied electrical coils continuously which in turn
provided controlled drying conditions.

The low cost solar tunnel dryer is fabricated using
poly carbonate sheet and nylon wire mesh trays
without electrical backup systems. It was observed
that the temperature of solar tunnel dryer fluctuated
between 29 and 65°C under no load conditions
(Table 2). Sole fish was used in this dryer. It was
observed that average temperature of drying was
45°C with 75% RH and took 3 days to dry to safe
moisture level (<20 % MC).  However, fungal
growth was observed on the dried sample which
could be due to prolonged drying time and cooling
of sample during off sunshine hours. Bhor et al.
(2010) observed similar results for dhoma fish
drying under solar tunnel dryer.

Table 3. Sensory evaluation of fish samples dried under ICAR-CIFT dryers

Parameters Sensory scores of dried fish products

Solar tray dryer Solar cabinet dryer Solar tunnel dryer Electrical dryer

Color 6.1±0.49a 5.0±0.66 a 3.6±0.48 a 6.3±0.44 a

Appearance 5.2±0.48 a 5.9±0.19 a 4.0±0.71 a 7.8±0.15 b

Odour 5.4±0.74 a 5.0±0.87 a 3.5±0.37 a 6.0±0.74 a

Overall acceptability 6.0±0.25 a 7.3±0.15 a 3.1±0.65 a 8.9±0.76 b

Flavour 4.4±0.78 a 5.0±0.97 a 3.0±0.55 a 7.0±0.82 a

Texture 7.2±0.35 a 8.1±0.32 b 4.1±0.22 a 6.0±0.69 a

All values are given as mean ± standard deviation; Different letters (a-b) in the same row indicate significant differences
within the sensory values (p<0.05).

Fig. 3. Drying curve for fresh and salted sole fish in solar
cabinet dryer

Fig. 4. Drying curve for fresh and salted sole fish dried
in electric dryer
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Results showed that for all the sensory attributes
examined, panelists preferred fish dried under
electrical dryer with highest overall acceptability
score (Table 3). This confirms that the highly
acceptable dried fish products can be obtained only
if the samples are dried under controlled conditions.
This is in agreement with the results of sensory
attributes of salted tilapia dried under thermostati-
cally controlled kiln (Nketsia et al., 1995). It was
observed that fishes dried under solar tunnel dryer
received very low score in all the sensory attributes
(Fig. 5). This may be due to visible fungal growth
and discoloration that occurred during prolonged
drying. The results show that there were insignifi-
cant differences in most of the sensory attributes of
samples dried in solar tray dryer and solar cabinet
dryer. However, significant differences were re-
corded in texture of fish products dried under solar
cabinet dryer over other ICAR-CIFT dryers (Table 3).

From the studies it is concluded that drying time
depends on the variety of fish used and drying
conditions. It was also observed that the backup
systems in the dryers are efficient in providing heat
energy during off sunshine hours. Quality evalua-
tion indicated that fish dried under electrical dryer
is superior to other dryer due to its controlled
drying conditions, and received highest overall
acceptability in sensory attributes. The future scope
of this study could be evaluation of storage stability
of the dried fish products.  The operating costs of
different dryers could be compared along with
assessment of varios financial viability criteria. The
study also indicated that the solar tunnel dryer
requires additional heating source and air flow
system to improve the quality of dry fish produc-
tion.

Acknowledgement

Authors would like to acknowledge Director, ICAR-
Central Institute of Fisheries Technology for providing
necessary facilities for the research work. We also express
our thanks to staff of engineering workshop for their
timely help and support.

References

AOAC (1980) Official Methods of Analysis, 13th edn.,
Association of Official Analytical Chemists. Washing-
ton D.C. 376-384

Amerine, M., Pangborn, R.M. and Roessler, E.B. (1965)
Principles of Sensory Evaluation of Food. Academic
Press, New York, USA

Anon (2012) 2011-12 Annual Report of the ICAR-Central
Institute of Fisheries Technology. Retrieved from
cift.res.in/annual_reports/english/2014-15/Annual-Re-
port_2011-12.pdf

Anon  (2015) 2014-15 Annual Report of the ICAR-Central
Institute of Fisheries Technology. Retrieved from
cift.res.in/annual_reports/english/2014-15/Annual-Re-
port_2014-15.pdf

Anon (2016) 2016-17 Annual Report of the ICAR-Central
Institute of Fisheries Technology. Retrieved from
cift.res.in/annual_reports/english/2014-15/Annual-Re-
port_2016-17.pdf

Bhor, P. P. Khandetod, Y.P. Mohod, A.G. and Sengar, S.H.
(2010) Performance study of solar tunnel dryer for
drying of fish variety dhoma. Int. J.  Agric. Engg. 2(2):
222-227

Joshi, S. A. Gore, S. B. and Relekar, S. S. (2014)
Comparative studies on effect of improved methods
of drying on biochemical composition of small head
ribbon fish. Asian J. Anim. Sci. 9(1): 26-32

Naidu, M. M. Vedashree, M. Satapathy, P. Khanum, H.
Ramsamy, R. and Hebbar. H. U. (2016). Effect of
drying methods on the quality characteristics of dill
(Anethum graveolens) greens. Food Chem. 192: 849-856

Nagori, A. Joshi, P. N. and Ravishankar, C. N. (2015)
Development of Solar Dryer with Electrical Energy
Backup for Hygienic Drying of Fish and Fish
Products. Fish. Technol. 51: 112-116

Nketsia, T.J. and Sefa, D.S. (1995) Optimization of process
conditions and quality of salted dried tilapia
(Oreochromis niloticus) using response surface method-
ology. J. Sci. Food Agric. 69: 117-127

Okoroigwe, E.C. Eke, M. N. and Ugwu, H. U. (2013)
Design and evaluation of combined solar and biomass
dryer for small and medium enterprises for develop-
ing countries. Int. J. Physical Sci. 8(25): 1341-1349

Fig. 5. Radar diagram for sensory evaluation of dried
fishes under ICAR-CIFT dryers

Fasludeen, Murali, Samuel, Ninan and Joshy 72



Pangavhane, D.R. Sawhney, R.L. and Sarsavadia, P.N.
(2002) Design, development and performance testing
of a new natural convection solar dryer. Energy. 27:
579-90

Sablani, S. and Rahman, M, S. (2003) Drying rates and
quality parameters of fish sardines processed using
solar dryers. Agric. Mar. Sci. 8(2): 79-86

Sapkale, P. Basil, S. and Warriert, S.B. (2003) Storage
characteristics of solar dried mackerel. J. Ind. Fish.
Assoc. 30: 165-171

Thippeswamy, S. Ammu, K. and Joseph, J. (2001) Changes
in protein during drying of milk fish (Chanos chanos)
at 60°C. Fish. Technol. 38(2): 97-101

Yusuf, A. and Agarwal, Y.C. (1989) Effect of Sun on
Quality of Fish Solar Drying Proceeding of National
workshop, 188-194, Himanshu publications, Udaipur

Evaluation of Drying Characteristics of Selected Fishes in Dryers 73



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


