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Heating conditions have heen standardised for measurement of
maisture in dry cured fish vsing infrared irradiation source of 150 W,
Resulis obtained are comparable to those obtained from standard air
oven method (diving to a constunt weight at 102°C), the mean
The method works egually well

deviation being less than 2 uaits.

for fresh fish muscle.

InTRODUCTION

As moisture content is one of the
limiting factars in deciding the storage life
of cured fishery products, its quantitative
determination is absolutely essential in nny
guality control programme for such
products:. Estimation of moisture content
in fresh fish musele {8 also important in
ajl routine research work connected  with
the technology of fish processing. In India
about S0% of the fish catches is cured by
the traditions! methods of salting and sun-
drving and a sizeabls portion of the cured
products is exported ta Ceylon and other
Far Eastern countries. Our export of dry
fishiand prawns in 1966 was 7.7 million kgs.,
earning forelgn exchange equivalent to
R5. 18 million. However, strict guality
comtrol measures are needed in order that
we may gat botter market for such-products
in other countries. The Government of
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India have recently introduced preshipment
inspection on a limited scale for export of
dried fish products to Ceylon. Very soon
it is likely to be made cumpulsory for all
exports of dried fish as it has been done
with frozen and canned prawns and frozen
frog legs. When this is done, large
namber of samples will have to be handled
the same day which may practically be
impossible by the ‘conventional air oven
mzthod as it is relatively a slow process
taking 4 to 5 hours for ¢ach determination.
Hence woark was initiated with a view 1o
evolving a quick method for determining
moisture content in cured fishery products.

Mew sophisticated methods are avail-
able for measuring moisture contents in
food materials using principles of magnetic
resonance by hydrogen nuclei (Shaw,
Elsken & Kunsman 1953), (Stitt, 1958) and
microwave attenuation (Ince & Turner,



1965). But these methods besides requ-
iring expensive and imported instrumsnts,
liave not been fully investigated in the case
of fishery praducts, Insttuments based on
electrical properties of maoist materinls viz;
* conductivity, dielectric constant, loss or
dispersion etc. used for timber, textiles,
Aol ete. are severely hmited in themr use in
cured fishery products due 1o intetference
by the salt, minerals and fat present in the
material,

Infrared irradiation technigue has been
applied for determining moisture contents
in tobacco, grains, oil seeds, smoked fish
ete. (Ramachar, Allabakshi & Tirumal
Rao, 1966) (Levieva 1960). However in
these works, wmuch attention has not
been paid for standardisation of drying
conditions viz: temperature of the material
being dried, sample size elc. So much so
samples have attained temperatures higher
than 100°C which j¢ not desirable in case
of fishery products, Also the heating time
and the beight of bottom surface of the
bulb from material had to be adjusted
according to moisture content of the
sample (low B-10% or high 16-30%) which
are rather cumbersaome for routine analysis.

MATERTALS AND METHODS

The method was applied to drv prawns
and cured sardines, mackere! and lactarius
as well as fresh prawn and sardine muscle,
Samples of dry prawn were prepared by
cooking peeled and deveined prawns in 7%
brine followed by drving in laboratory hnt
air tunnel dryer to moisture levels varying
from 20 to 58%. In the case of other fish
they were eviscerated, cleaned and treated
with salt (6:1) overnight, excess salt rinsed
off and dried as in the case of cooked
prawns. In all the cases the material was
homogenised in a waring blender and a
weighed aliques was spread uniformly In a
petridish of 100 mm. diameter and dried
under an infrared lamp (150 W/230V
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A C), approximate wave length of rays
being 171000 mm. The lamp was provided
with a heat resistant red bulb which had
its rear end coated with a reflective layer
to.skit an even concentrated beam of ravs.
It was ehnnected to the mains throuzh an
electronic timer switch which cut off the
source from supply at the end of preset
time interval. Temparatures | tf} 29C)
were recorded at two poines in the sample
by means of 36 SWG iron constantan ther-
mocouples over a millivalt  recorder
throughout the heating cycle to ensure that
no overheating of the sample took place.
Weighings of the samples were done in a
physical balance to  an accuracy of
+ 005g After drying in the infrared

light and recording the loss in weight, the
samples were [urther dried to a constant
weight in an air oven at 102° 4 2°C for
comparison. 100°C was taken as the
maximum limit to which the sample could
be heated without causing heat damage.

BesuLTs anD DIscuUsSSIoN

Table [ shows the effect of distance
of the heating infrared source from the
material under test on the efficiency of
drying.

From the figures in the table. it could
be seen that distances less than 60 mm.
cause overheating of the sample while at
longer distances the time required for dry-
ing is unduly prolonged as indicated by
larger differences of moisture valuss from
those obtained by the air oven method.
At a distance of 60 mm, the dilference
is minimum (1.5 to 1.8) the maximum
temperature  attainad  during  drying
remaining faicly  low (90 to $4.5%C).
Hence for all further experiments the dis-
tance of the lamp from the materinl was
fived at 60 mm. Results obtained by in-
creasing the wattage of lamp to 250 and
using supplementary heating from bottom




TABLE 1 EFFECT OF DISTANCE OF INFRARED TRRADIATION SOURCE
(150 W) FROM MATERIAL ON THE EFFICIENCY OF DRYING.

Sample size: 10 + 0.2 g,
Initial moisture content 40.59 W, W. B,

| Mwtmee of infrared

Muxicum tonysrniore Vorintion af moistare

Durstion of deying

| soree fpom drving nltained by sl ot e vantont from sir oven
' mirnple. NERTRE . ond of drying metbod (Negative]
25 mm 10-12 102 - 104°C 86-104
50 mm 20 100 - 102.5°C 37- 42
60 mm k1] 90 - 94.5°C 1.5- 18§
75 mm 30 92°C 24- 3
20 mm o 90°C 40- 42

TABLE 1l EFFECT OF SOURCE AND SUPPLEMENTARY HF:juTING
ON THE EFFICIENCY OF DRYING.

Sample size .. 10 + 0.5 g

Muoisture content b*ﬂ!.ﬂg W. W. B,

THutoso of infrasc]

Varistion of miksiare contemt
ssirre Doy olrving

Maxisritam o porsirs
feoun ale ovBa plluad

Buyration of drying attaised by the sumple

nziries

snmiple. ot the ond af drying I Keggtive) -
250 W. Source
75 mm. 0-15 109°C 45-50
100 pm, 16 =20 1020C 55-6.0
125 mm. 20 — 6.2
30 98°C 21
150 mim. 25 93.5°C 31-37
30 —_ 2.8
150 W. Source +
18 W. supplementary
healing.
100 mm. 12-15 97 - 102°C 6.1
150 mm. 30 105°C H="1%

TABLE Il RATE OF DRYING WITH VARIATION IN SAMPLE SIZE

(Distance of infrared Jamp from sample: 60 mm)

Walyht of Dsing poriml Dritfuronion Tegtin e dvori st hidd In aniis { = i for
wbtif L takon. TR s phis sl brdtdad ol ountenis]
57.8% 379y
3 +02p 20 = 0.7
7.5 + 0.2, 20 - I =2
7] 30 1.0 —=
10 +65, 20 . LO-1.1
< 30 1§ — 2.0 —
12:5 P 30 10 -
15 s 30 a3 e

30



TABLE IV RATE OF DRYING OF SAMPLES WITH DIFFERENT MOISTURE
CONTENTS

(Distance of infrared source from drying sample is 60 mm)

Moistare confand Weight of Ihrying Maxirnum temporatuns =
o e oyl MaSTV TR e S
Dry Cured Fish
1 218 +0.1% 10+01 g 30 92 — 94.5°C 12— 1.8
2) 29.4 + 02% 10 + 0,05, 30 - 10=T14

ke 69 +02. 20 — 08 — 1.2
3 40.5% 10+ 02, 30 92 — 94.5°C 1.5 — 1.8
4) 4927% 104 + 05, 30 955 —97°C 2225
5) 46,4 + 0.2% 1w, 0 99°C 07T — 14
6) 53.6% 0402, 330 979C - 1.6 — 1.8
n §18% 0+02, 30 92°C 1.8 — 20
72702, 98 — 99°C 1.0
Fresh Fish =
8) 72.6% 78 4 0 0 93 — 9§°C 20— 22
926, 45 96 — 102°C 0.7
9) 76.6% 1046, 45 97 — 99°C 0.8
132 5n. 30 84 — 86°C 2.0

TABLE V EFFECT OF SIZE OF PARTICLE ON THE 'RATE OF DRYING

{Distance of heating source from material is 60mm. and initial moisture content
of sample is 19.5%)

e Woightot mumple. Dol drying Db R
Units
1. Finely powdered in ]
waring blender 10 g, 30 1.0 — 1.4 |
69 + 02 ., 20 0.8 — 1.2 |
0 1.04
2. (Cutinto coarse parti-
clesof 2 to 3 mm,
thickness 10 g 30 L8
68 30 12
v 5 b1 30 1.15
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of the sample in case of 150 W lamp are
shown in Table I1. The maximum supple-
mentary heating that could be applied
without owverheating the sample was
18 watts (15V at 1.2A) and in both cases
the safe distance of the lamp from
the material had to be increased to
125-150 mm. This is undesirable as it
will unnecessarily increase the size of any
compact squipment that could be impro-
vised on this principle.

Figure T shows the course of drying
of 7.5 g sample with an initinl moisture
content of 39.3%¥ W.W.B. at a distance of
60 mm. from 150 W infrared lamp.

Al intervals of 20, 30 and 60 minules
the differences of moisture contents from
the alr oven method were 1.8, 1.2 and 0.2
units. Hence 30 minutes were fixed asa
reasonable period of drying as a fair
amount of accuracy was nlso obtained.

Results obtained in experiments con-
ducted with a view to determining the
optimum sample size to be used for drying
are shown in Table 111,

The greater the sample size, the more
it represents the fot. But as seen from the
table, increasing the sample size beyond
10g results in less removal of moisture in
the fived time of 30 minutes. For sample
sizes of 10 2 (.52, maximum removable

moisture was obtained in 30 minutes and
this sample size is large enough for a fair
representation of the lot as evidenced by
the standard methods of analysis. Hence
sample sizes upto 10 4 0.5g can be used

in the present method with a fair amount
of accuracy.

Table 1V gives the results obtained
from drying experiments conducted with
cured samples containing different moisture
levels (21.87 to 57.8% W.W.B.) and fresh
fish muscle (72.6% to 76.6%).
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For a 102 cured sample at as high a
moisture level as 57.8% the error is more
or Jess same (1.8 to 2.0 units) as for those
at lower maisture levels of the order of
21.B%. This should be expected as the re-
moval of moisture from the sample, as a
result of infrared irradiation depends to a
large exteat on the medium of communic-
ation of heat, the emissivity of the surface,
distance of the lamp frem the sample,
power of the source and  thickness of the
sample, In the present study since all the
Inctors excepling the last are constunt the
course of dehiydration s mamly dependant
on the thickness of the sumple. Obviously
thickness of same weight of samples spr-
ead over the wime areas will be inversely
proportional to their moisture contents.
Hence even though the amount of moisture
to be removed in case of samples with
higher moisture contents is more than that
in samples with less moisture contents, the
rates of drying in all cases are approxima-
tely sume due to their differences in thick-
nesses, The method therefore works equ-
ally well for both cured products at differ-
ent moisture Jevels as well as for Tresh fish
muscle with comparatively high moisture
level (76.6%). There was also u little vari-
ation in the maximum lemperatures attain-
ed by fish samples atthe end of drying
period, which could be attributed partly
to the uneven distribution of samples.

The effect of size of purticles an the
rate of drying was studied and the resulrs
are shown in Table V.

The rate of drying was found to be
approsimately same irrespective of the
sire of particles. This may be true as long
as the thickness of particles does not ‘ex-
ceed that.ogcupied by the same weight of

finely ground sample spread over the
same surface area.



SuMMARY

Infrared  drving technigue can' be
sticcessfully applied for quick determin-
ation of moisture contents in cured as
wall as fresh muscle. The time required
for drying o sample of 10g is 30 minutes,
with an infrared souree of 150 W kept at
a distance of 60mm. [rom the sample,
The error in this method is less than 2
units from the conventional method. In-
creasing the wattage of the lamp to 250
and  decreasing the distance of lamp
from the sample, cause overheating of the
sample. This method is universally appli-
cable to all types of fish viz; fresh, salied
or unsiited and dried. This is particularly
suitable for quick determinntion of mois-
ture conténts in cured fish samples,
especially when a large number of samples
have to be analysed the same day as in the
case of preshipment inspection, for which
purpose the miethod has been investigated
in detail,
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