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In continuation af preliminary studies," which
showed the feasibility of using chemicals to soften
free bones without the Ileshy portions of the fish,
experiments have been carried aut on the effects
of different pertinent chemical agents an fish
and fish constituents. The flavour, the pala-
tability, the odour and changes in proteins 0.1'
such flesh are all very significant from the can-
sumer's paints of view.> These quaiities have
therefore been determined through the judgements
af a panel af tasters and observers, and optimum
canditians far cooking fish in the presence of
suitable chemicals have been determined an the
basis af these tests.

Experitnental .

Matgrials.-The chemicals used were mostly
guaranteed reagents, while same (citric acid,
sodium citrate, borax, etc.) were of B.P. grade.
Fresh lemon juice after sterilization was utilized.
The fish "f)li" (Notoptsrus Motopterus), "iliisha"
Hilsai lisha, and "putti" (Barbous puntio) were
purc_hayed fro~n__the ~acaj_markets.

Apparatus and Methods.- Three slices of each
fish were cooked in each of several beakers (250. ml.)
placed an a sand bath made of a big aluminium
pan diameter 14" and 7.5" depth with r " thick
layer of sand. The temperature of the sand
bath was maintained at about 110°C. the cooking
solutions being at 98° to. ioovC. The fish slices
were just cavered by a chemical solution or by
plain water in thecontral in each beaker for all
series ofexperiments. The fish slices were stirred

. with glass rods (one in each beaker) at regular
intervals during the processes of cooking, which last-
ed one hour in all cases except those mentioned
otherwise. Each series of experiments was con-
ducted on one sand bath under uniform conditions
as far as practicable.

From more than forty three chemical agents
tried in the prel iminary investigation, I only
sixteen were used in the present experiments.
Each chemical treatment was tried in several
ways: (a) alone (Table I)~ (b) together with
spices and ail (Table II), (c) the chemical solution
being added to. fish slices being fried with spices
and oil (Table III). Additional experiments
were then made following up the above obser-
vations : the innocuous borax solution was used
in combination with a glycerine solution which
further enhances cooking processess (Table IV).

In order to. confirm same of the previous obser-
vations the fish slices immersed in a few chemical
solutions were subjected to. plain 'heat treatment
far various periods af time (Table V). The main
series af experiments were conducted with "foli,"
an inexpensive fish of camplex bany structure,
while the. costly fish, "illisha," and also a small
fish, "putti," were treated only with chemical
solutions of favourable concentration (Tabl~ VI).
In the main series, pieces of "fali" were also.
treated with extreme concentrations of acetic acid
in order to set out the iimitations to its use. On
the basis of the faregoing experiments, supplemen-
ted by further repititions using the optimum con-
centration of chemicals, the cooking procedures
were standardized (Table VII). .Attempts' were
also. made to determine the free acidity due to
hydrolyzed amino. acids in all cooked samples
of fish.

The data recorded in Tables I to VII were
obtained through an organized panel of tasters
and observers. The persons involved in the
tasting panel were trained to avoid bias by the
decisions of one another. The identity of the
sample was not disclosed to any person concerned.
The majority opinion was accepted and a specific
symbol was used.

Results and Discussion

The results of different experiments are shown
in the Tables I-VII, wherein symbolic notations
are used, and the chart shows the meaning given
to the various symbols in each topic of investi-

.gation : turbidity, tolerance, surface effects (visual
perception), chemical effects on proteins, degree
of bone softening and degree of water retention.
A glance through the tabular results reveals several
points: . . . \ '

(a) Spice and oil eliminate bad odour in
certain chernical treatment (cf. items
6 and 7 in Tables I-III).

(b) Spice and oil do not interfere with other
observations made with chemical sub-
stances.

(c) Borax provides better cooking media for
fish.

(d) The. feasibility of using chemicals is
established and the best conditions (cf.
Table VII) are determined.

(e) Fish cooke-d' under these optimum
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CHART.-,-ExPLAINING THE SYMBOLSUSED IN THE TABLES

Turbidity Tolerance Degree of bone
softening

Symbols
used

Surface effects Chemical effects
on proteins

Degree of water
retention

Odour

+ Turbid Edible Affected Mild effects on Mildly malleable Normal Normal
surface

++ Edible and Definite change Surface mildly Malleable Slightly juicy
tasteful hydrolysed

+++ Very turbid Edible and Partially hydro- Fuly malleable Juicy
(dark) highly tasteful Iyse:l

+ +- May be edible Slight change Slight hydrolysis Slightly malleable Less juicy

+- Doubtful May not be Doubtful Doubtful Doubtful
edible

Clear solution Hardly edible No effect No change No effect Slightly dehy- Not good
(normal) (normal) (normal) dratd

Not edible Dehydrated

Obnoxious Very much de-
hydrated and
granular

TABLE I.-HEAT TREATMENT OF INTACT FISH AT 98°~·loo°C.

No. of
test

Solutions used

Observations (after) one hour
r----------------------------~

Ch ernical Degree Degree
Turbidity Tolerance effects on of bone of water Odour

proteins softening retention

I Citric acid 1.25%
2 "" 2'5%
3 Acetic acid I %
4 " ,,1.5%

5 "" 2%
6 " ,,2'5%
7 "" 3%
8 Acetic acid 2%

Sodium citrate 1%
" aceta te 1 0/0

9 Citric acid 2·5%
Borax " 0.2%

10 Citric acid 2'5%
Borax " 0.20/0

II Sodium phosphate 1%
0-Phosphoric acid
(2 drops in 100 m!')

12 Borax 0'5%
13 ,,1%
14 ,,3%
15 ,,5%
16 Lemon juice (fresh)

I7 Water as control

+ + +H + + +
+- + + -i- + +
+ + + + + + +
+ + + + +
+ + + +

+ + +
+ + + + +

+ + + +

+ + -I- +
-I- + + -I- -I-

+ + + + +- + -I-

-I- -I- -I- + -1-- -I- +
-I- + -I- -I- -I- -1-- -I- -I-
+ -I- + + + -;:. -1-- + + +
+ + + + + -I- -I- -I- -I- +

+ + +
-I- + +
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TABLE II.-:COOKING OF INTACT FISH WITH S,PICES AND OIL.

Observations (spices and oil) one hour,
No. of Chemical Degree Degree
tests Tolerance effects on of bone of water

proteins softening retention

I + +- +
2 + + + +
3 + + +
4 + + + +
5 + + + +-
6 + + + +
7 + + + + +
8 + +- + + +-
9 + + +-

10 + + + +
I I +- +- +-
12 + + + + + +
13 + + + + +
14 + + + + + +-
15 + + + + +16 + + + +-
17 + +

Odour

+
+
+
+
+
+
+-
+
+
+
+
+
+
+
+
+
+

TABLE IlL-COOKING OF INTACT FISH WITH SPICES FRIED IN OIL.

Observations (spices and oil) one hour
r ,

No. of Chemical Degree Degree
tests Tolerance effects on of bone of water Odour

proteins softening retention
-----

1 + + +- +
2 + + + +- +
3 + + +- +- +
4 + + +- + +- +
5 + + +- + +- +
6 + + +- + +
7 +- ++ + +
8 + + + + +
9 + + + +- + +

10 + +- + +- + +-u + + +- + +- +
12 + + + +- + + +
13 + + +- + + +
14 + + + + + +
15 + + + + +- + + +
15a + + + + + +- + + +
(Borax 10%)
16 + + + + +- +
17 + + +
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TABLE IV.-SPECIAL HEAT TREATMENT OF INTACT FISH AT g8°-IOO'C.

Observation after one hour
,--------------------------------------------~

1~0. of Solutions used Chemical Degree Degree
test Tolerance effects on of bone of water Odour

proteins softening retention

Borax 3% + + + + + + +
+ Glycerine

2 Borax 5% + + + + + + + +
+ Glycerine

3 Borax 10% + + + + • + + + +
+ Glycerine

4 Water 200 ml. + + +
Glycerine 0.5 m!.

5 Water 100 ml. + + +

TABLE V.-HEAT TREATMENT OF INTACT FISH UNDER DIFFERENT CONDITIONS.
(TEMPERATUREOF SOLUTIONS: g8°-IOO°C.)

----- ----------
Observations

r: ,
No. of Solutions used Chemical Degree Degree

test Tolerance effects on Surface of bone of water Duration
proteins effect softening retention

I Citric acid 2'5% + + + + + + I hr.
2 Citric acid 2'5% + + + + + + + + "Borax 0.2%
3 Acetic acid 4% +- + + + + + + "4 Borax 2% + + "5 " 4% + + + + + + "6 " 5% + + + + .+ + "7 " 10% + + + + + + + "8 Water +- Normal "
I Citric acid 2'5% -I- + + + + 2 hrs.
2 Citric acid 2·5% + + + + + "Borax 0.2% + + + + + "3 Acetic acid 4% + + + + + + + "4 Borax 2% + + + + + "5 " 4% + + + + + "6 " 5% + + + + + "7 " 10% + + + + + "8 Water +- Normal "
I Citric acid 2'5% + + + + + + + 3 hrs.
2 Citric acid 2·5% + + + + "Borax 0.2%
3 Acetic acid 4% + + + + + + + "
4 Borax 2% + + + +- + + "
5 " 4% + + + +- + + "6 " 5% + + + +- + + "
7 " 10% + + + +- + + "8 Water + Normal "
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TABLE VI.- TREATMENTOF INTACT FISH SLICESUNDEROPTIMUMCONDITIONS.

Name of Chemical Degree Degree
fish Solutions used Tolerance effects on of bone of water Odour

in pieces proteins softening retention

Illisha Acetic acid 1.0% (a) + + +
Citric I.5 % (b) + + + + +
Borax 5.0% (c) + + + + + + + +

Putti a + + +
b + + + + +
c + + + + + + +

Foli Acetic acid 10.0% + + + + + +

TABLE VII.-OPTIMUM CONDITIONSFOR COOKINGINTACT FISH SLICESWITH CHEMICALS
IN PRESENCE OF SPICES.

Chemicals Range of
concentrations

Duration
hrs.

Temperature Heating arrangements-

Acetic acid
Citric
Borax
Lemon juice
Water (control)

0.5 -- 2.0%
0·5 - 3.0%
3.0 - 7'5%
Same as in fruits
110% " "Open burner or

electric heater (con-
trolled)

98°C.
120°C.
120°C.
110°C.

98°C.

Water or steam bath
Sand bath

It
2
2

95 -
110 -
110 -
105 -
95 -

" "

conditions show several desirable features.
(cf. Table VI).
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. These observations point the way to future
progress in work on fish bones softening in the
intact fish through suitably adapted chemical
treatment. The hydrolysis of proteins to amino
acids during such cooking process was not signi-
ficant enough to be detected by the ordinary
titration methods. It therefore appears that the
fundamental aspects of protein loss, nutritive
degradation, toxicity and others that might be
caused by chemical treatments, have been essen-
tially controlled. Further work is in progress and
the results will be published later.
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