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ABSTRACT

The quality of fish products is dependent upon the
raw material and the process employed for their repro-
duction. The availability of the amino acids present in
the protein component determine the value of the product as
a food supplement. Amino acid availability can be de-
termined by chemical, biochemical and biological methods.
Most of the procedures are rather lengthy. A widely used
chemical procedure, the available lysine method, is based
on determining the quality of total lysine having free or
reactable epsilon amino groups. This research has been
directed toward the development of a procedure for deter-
mining the guantity of reactable -SH and -SS- groups remain-
ing in the protein, as these groups are more reactive than
the epsilon amino groups of lysine and should therefore pro-
vide a more critical index of change. Available procedures
are not readily adaptable to determining -SH and -SS- groups
in intact insoluble proteins. Normally the thiol amino
acids cysteine and cystine are determined by acid digestion
of the proteins and reported as 1/2 cystine.

The procedure developed essentially involves a care-
fully controlled fish protein solubilization with a selected
enzyme, followed by titration with AgNO3z using a Ag/S
specific-ion electrode to determine the quantity of titrat-

able -SH groups. By reducing -SS- groups prior to titration



the combined -SH and -SS- level can be determined. Sub-
tracting the previous -SH value from the total gives the
-S5S- level.

The results obtained when this procedure was used to
determine the thiol amino acids content of a series of spe-
cially prepared and selected fish products, were considerably
lower than those obtained by the use of an amino acid auto-
analyzer but exhibited a high degree‘offcorrelation. The
results also showed a high degree of correlation with those
obtained by pepsin digestion, another procedure for determin-
ing protein quality. When the specially prepared and se-
lected fish products were biologically assayed, using one
week old White Rock chicks, differences in response were
observed that indicated a trend but a high degree of corre-
lation was not established. The results of the biological
assay suggest that the procedure was not sufficiently sensitive
to detect the small difference in the thiol amino acids pre-
sent in the diet.

The effect of selected process conditions on the level
of thiol amino acids in the end products was determined. The
results strongly suggest that two factors contribute to the
loss of thiol groups; cooking in the wet reduction process
and post-drying autoxidation of residual lipids in products
prepared by wet reduction and by alcohol dehydration.

In the herring product (FPg), in which residual lipids

were allowed to oxidize, the 1/2 cystine level was reduced by



4L0% in comparison to the product (FP7) prepared from the
same lot of herring in which the lipids did not undergo
oxidation. Among the menhaden products, the combination of
cooking, drying and lipid oxidation which occurred during the
production of fish meal (FPqj) resulted in a 45% reduction in
the level of 1/2 cystine. Cooking of menhaden followed by
alcohol dehydration and lipid extraction_(FPlo), resulted in
a 23% reduction in the level of 1/2 cystine. Those products
in which the lipids were allowed to oxidize were devoid of
-SH groups available for titration with AgNO3.

The following table summarizes the thiol amino acid
determinations made using the amino acid autoanalyzer and the

ionalyzer methods.

Thiol Amino Acids Fish Products
Herring Menhaden
FP7 FPg FP9 FPyg FP4
% % % % %
1/2 cystine
AAA method 1.00 0.60 1.10 0.85 0.60
Ionalyzer method 0.36 0.22 0.44 0.28 0.22
cysteine
Ionalyzer method 0.11 0.00 0.16 0.10 0.00

Thus, a rapid procedure for determini: thiol amino
acids that shows good correlation with other widely used pro-
cedures for determining protein quality has been developed and

evaluated in a series of selected and prepared fish products.
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Table 8 - Distribution of birds in pens for testing experimental diet (21% protein)

Weigne ot Brids (g) Pen Number with Number ot Birds or bDitferent Weight Range
Range Average 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
45-49 47.0 hoa L 4 4 4 4 L 4 4 4 4 35 3 3
50-54 52.0 b4 4 4 4 L 4 4 4 4 3 3 4 4 4
55-59 57.0 2 2 2 2 2 2 2 2 1 1 2 2 2 2 2
60-64 62.0 0 0 0 0 0 0 0 0 1 1 1 1 1 1

Average Wei%hg
g

per Bird 51 51 51 51 51 51 51 51 51.5 51.5 52 52 52.5 52.5 52.5
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Table 9 - Distribution of birds in pens for testing experimental diet (18% protein)

Weight of Birds (g) Pen Number with Number of Birds of Different Weight Range
Range Average 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
55-59 57 1 I 1 1 1 0 0O O 0 0 0 0 0 0 0
60-64 62 1 1 0 0 0 1 1 1 1 1 1 1 1 1 1
65-69 67 1 1 2 2 2 1 1 1 1 1 1 1 1 1 1
70=-T4L 72 2 2 2 2 2 3 3 3 2 2 2 2 2 2 2
75=79 77 2 2 2 2 3 2 2 2 3 3 2 2 2 2 2
80-84 82 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
85-89 87 1 1 1 1 1 1 1 1 1 1 2 2 1 1 1
90-94 92 0 0 0 0 0 0 0 © 0 0 0 0 1 1 1

Average Weight
per Bird %g)

ﬂ
ﬂ
ﬂ
ﬂ

75.5 75.5 76.5 76.5 77

ﬂ
-~
ﬂ
-~
ﬂ
0
ﬂ
0
ﬂ
0

73.5 73.5 7L

LG



Table 10 (a) - Results of a ten-day bio-assay of fish products using experimental

diets (21% protein)

Average Feed

Feed Consumed

Consumption Weight Gained per Chick per
Rations per Chick per Chick Day: Wt. Remarks
per Day per Day Gained per
(g) ‘ (g) Chick per day
D1 20.40 + .27 14.50 + 0.58 1.40 + 0.02 Ration D1 was formu-
lated using FP7p
D2 20.60 + .41 13.80 + 0.68 1.49 + 0.01 Ration D2 was formu-
lated using FPg
D3 20.10 + .38 13.80 + 0.63 1.45 + 0.007 Ration D3 was formu-
lated using FPq
D4 20,10 + .16 13.70 + 0.67 1.46 + 0.05 Ration D4 was formu-
lated using FPjp
D5 22.30 + .58 14.40 + 0.87 1.54 + 0.03 Ration D5 was formu-

lated using FPp3
(control)
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Table 10 (b) - Results of a ten-day bio-assay of fish products using experimental

diets (18% protein)

Average Feed

Feed Consumed

Consumption Weight Gained per Chick pe
Rations per Chick per Chick Day: Wt. Remarks
per Day per Day Gained per
(g) (g) Chick per day
Dl 26.85 + 1.3 12.02 + 0.97 2.23 + 0.18 Ration D1 was formu-
lated using FPy
D2 27.73 + 1.9 12.36 + 0.27 2.24 + 0.18 Ration D2 was formu-
lated using FPg
D3 28.82 + 0.4 13.36 + 0.58 2.15 +-0.074 Ration D3 was formu-
lated using FPg
D4 29.28 + 1.5 13.35 + 0.69 2.19 + 0.105 Ration D4 was formu-
lated using FPyg
D5 26.32 + 1.7 11.54 + 0.42 2.28 + .002 Ration D5 was formu-

lated using FPqq
(control)

66
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Table 11 - Amino acid require¢ 3nt , amino acid comparison of experimental diets (21%
protein) and I 3™* by a chick in a 10day feeding test

Amino Acid Amino Acid Composition- %

Amino Acid Requiiement 0 0o D3 oL D
Arg 1.40 1.36 1.27 1.29 1.35 1.34
Gly & Ser 1.15 2.09 2.09 2.04 2.10 2.02
His 0.46 0.45 0.45 0.45 0.45 0.45
Ile 0.86 1.09 1.09 1.01 1.03 1.05
Leu 1.60 1.68 1.71 1.64 1.68 1.70
Lys 1.25 1.41 1.38 1.49 1.29 1.31
Phe & Tyr 1.5(.8+.7) 1.37 1.32 1.35 1.40 1.35
Thr 0.8 0.78 0.78 0.79 0.81 0.82
Val 1.0 1.02 1.04 0.94 0.93 1.0
SAA 0.86 0.51 0.46 0.4k 0.4k 0.45
(Met & Cys) (0.46+0.4) (.32+.19) (.29+.17) (.28+.16) (.27+.17) (.28+.17)
F:G (Feed:Gain) 1.40 1.49 1.45 1.46 1.54

*Amino acid requirement by chicks (0-6 weeks) as recommended by NAS [1971].

**Peed conversion expressed as a ratio of feed consumed to weight gained.
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Table 12 - Amino acid requirement, amino acid composition of experimental diets (18%
protein) and F:G** py a chick in a 10-day feeding test

Amino Acid Amino Acid Composition - %

Amino Acid Requ%rement - . D3 o D5
Arg 1.4 1.11 1.08 1.11 1.16 1.17
Gly & Ser 1.15 1.47 1.53 1.50 1.56 1.48
His 0.46 0.38 0.38 0.38 0.38 0.38
T1lu 0.86 0.95 0.95 0.88 0.89 0.92
Leu 1.60 1.53 1.56 1.46 1.52 1.55
Lys 1.25 1.19 1.18 1.29 1.09 1.11
Phe & Tyr 1.5(.8+7) 1.16 1.11 1.1 1.19 1.14
Thr 0.8 0.69 0.69 0.71 . 0.73 0.73
Val 1.0 0.88 0.90 0.81 0.81 0.82
SAA 0.86 0.50 0.45 0.45 0.43 0.43
(Met & Cys) (0.46+0.4) (0.29+0.21)(0.26+0.19)(0.26+0.19)(0.24+0.19)(0.24+0.19)
F:G (Feed:Gain) 2.23 2.24 2.15 2.19 2.28

*Amino acid requirement by chicks (0-6 weeks) as recommended by NAS [1971].

**¥Feed conversion expressed as a ratio of feed consumed to weight gained.

9
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Table 13 - Recovery of -SH compounds dissolved in distilled
water by Ionalyzer method

Compound Recovery - %
Cysteine (free base) 100 + 6
2-Mercaptoethanol 100 + 6
Glutathione 100 + 6
Cystine (free base) 100 + 6
Cysteine hydrochloride 233 + 5







oL

Table 15 - Selection of enzyme for hydrolyzing protein
of fish products*

Enzyme Amount of Substrate-FP] AgNQ
Enzyme (mg)  (mg) (8.07m)

ml

Subtilisin BPN! 2.0 0 0.00
1.0 50 0.062

2.0 50 0.125

Collagenase 2.0 0 0.00
1.0 50 0.008
2.0 50 0.016

*Protein was hydrolyzed at 37 C in 0.1M imidazole
(pH 7.0) for 18 hours.
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Table 20 - Effect of urea concentration on determination_ of
TAA in protein hydrolyzate of fish products

Urea Substrate - FP;  Subtilisin 1/2 Cys
Concentration mg mg %
4 M 50 10 0.32
8 M 50 10 0.35
16 M 50 10 0.35

*Protein h drolyzates prepared in 0.1M imidazole buffer
(pH 7.0) at : C for 18 hours.



Table 21 - Optimum temperature for hydrolyzing proteln

from fish products with subtilisin BPN'*

Protein Digestibility - %

Temp?r?ture FP FPg FPq FP1q
C
37 70 73 57 57
43 75 77 63 63
50 87 82 77 66
56 86 83 76 69

*Protein was hydrolyzed at pH 7.0 for 3 hours using

10 mg enzyme per 0.5 g FP.
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Table 22 - Optimum pH for hydrolyzing protein from fish
products with subtilisin BPN'*

Protein Digestibility - %

4.0 ) 51.7 L46.8 40.7
5.5 89.5 92.1 85.5 79.5
7.0 80.7 82.9 71.9 69.9
8.5 61.8 69.5 54,4 44,9

*Protein was hydrolyzed at 50 C for 3 hours using 10 mg
enzyme per 0.5 g FP.
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Table 23 - Period of digestion of protein from fish products
with subtilisin BPN'¥

Period of Protein Digestibility - %
Hydrolysis

(Hour FP,7 FPg FP9 FPq

1.0 76.5 74.0 63.4 L. 5

3.0 85.2 84.9 80.9 74.1

6.0 88.1 8l.2 8l.8 775

*Protein was hydrolyzed at pH 7.0 and 50 C using 10 mg
enzyme per 1.0 g FP.
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Table 24 - Enzyme (subtilisin BPN') concentration on
digestibility of protein from fish products

Protein digestibility - %

Enzyme
Concentration
mg/g FP FP7 FPg FPqg FP11
1.0 69.2 74.8 69.8 56.1
2.0 77.1 8l.4 72.1 59.2
5.0 82.9 83.8 75.6 71.9
10.0 85.2 84.9 80.9 74,1

*Protein was hydrolyzed at pH 7.0 and 50 C for 3 hours
using 1.0 g FP.



Th

Table 25 - Comparison of thio amino acid content in fish

products by Ionalyzgr and amino acid
Autoanlyzer methods

1/2 Cys Value of

Fish Tonalyzer Method AAA Method I. Method as % o:
Products Cysteine 1/2 Cys Cysteine 1/2 Cys 1/2 Cys of AAA
Method

Herring

FPy 0.11 0.364 - 1.0 36.4

FPg 0.00 0.223 - 0.6 37.2
Menhaden

FPg 0.16 0.4k - 1.1 40.0

FP1o 0.10 0.275 - 0.85 32.4

FP1q 0.00 0.215 - 0.60 35.8

*Enzymatic hydrolysis was conducted at 50 C and pH 7.0
for 3 hours using 50 mg FP.
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Table 26 - The observed potential and the change of potential

on titrating the protein
products (

hydrolyzates of fish

Amount of AgNO3

Potential Change of

Solutic . Added Observed Potential Remarks
ml mV mV
(a) 0.0 250 0 Fifty mg FP7 was hydrolyzed
0.1 250 0 in 49 ml imidazole buffer
0.2 255 5 (pH 7) with 1 ml of 10 mg/ml
0.3 270 20 subtilisin BPN' for 3 hours
0.4 280 30 in a thermostatically con-
0.5 285 35 trolled magnetic stirrer
incubator under No atmos-
phere. The hydrolyzates were
(b) 0.0 330 0 titrated with AgNO3z (0.001M).
0.1 330 0
0.2 330 0 (a) This was unreduced hy-
0.3 330 0 drolyzate to determine
0.4 330 0 cysteine (R-SH).
0.5 330 0
0.6 335 5 (b) This was after lst re-
0.7 340 10 duction with .05 mg NaBHy
0.8 355 25 to estimate the amount of
0.9 360 30 AgNOz solution to be added
1.0 360 30 before 2nd reduction.
(¢) 0.0 305 0 (c) To the acidified (pH 3-4.
0.1 305 0 hydrolyzate after lst re-
0.2 305 o) duction 0.5 ml AgNO3 solutior
0.3 305 0 was added and the final
0.4 310 5 titration was conducted as
0.5 310 5 usual after second reduction.
0.6 315 10 The equivalence points were
0.7 330 25 obtained from the Fig. No. 1.
0.8 335 30




')
DISCUSSION

General

The thiol amino acids are very sensitive to moist heat,
alkalies and even atmospheric oxygen. Autoxidized fat de-
teriorates TAA beyond the level of -SS éroups, and thereby
they lose the property of thiol aminoacids. These reactions
have been reviewed earlier. If the TAA content can be
utilized as a basis for measuring the quality of fish pro-
ducts, it would be possible to determine the process steps
that affect quality.

Thiol amino acids should include both cysteine and
cystine. Cystine is composed of two molecules of cysteine.
Both of them are reported as 1/2 cystine (1/2 cys in %) in
acid hydrolysis method using an amino acid autoanalyzer,
which is an accepted standard method. Both of them are put
together as TAA. In addition, it is better to compare the
result of a newly developed method with the results of an
accepted standard method.

Numerous works on the determination of the amino acid
composition of proteins have used the "acid hydrolysis method"
and "enzymatic hydrolysis method." In this work, an Ionalyzer
with 1../S specific-ion electrode has been combined with

enzymatic hydrolysis to develop a new method to determine the

76
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TAA in protein in fish products. The new method has been
named the "Ionalyzer method." The results of the analysis
of TAA om the proteins of fish products obtained by the
Ionalyzer method have been compared with those obtained with
the acid hydrolysis method using an amino acid autoanalyzer.

The latter method is abbreviated herein as the "AAA Method."

Fish Product Definitions

"Fish meal" is any product prepared from fish and fish
wastes by reducing the moisture content below a certain level,
which is usually below 10% to make the product more stable,
with respect to its keeping quality, than the raw materials
from which it has been prepared. Fish meals normally contain
6-10% moisture, 5-12% fat, 60-75% protein and 10-20% ash
[Sparre, 1965]. Fish Protein Concentrate (FPC) on the other
hand, is any stable, wholesome product of high nutritive
quality, hygienically prepared from fish in which the protein
and other nutrient materials are more concentrated than they
were in fresh fish [Stillings and Knoble, 1971]. There is
no difference between FPC, type B, and fish meal when they
are hygienically manufactured from fresh fish. However, there
is a difference between FPC type A and fish meal. The com-
position of FPC type A and B are prescribed by the Protein
Advisory Group of PAG [FAO/WHO/UNICEF-1971]. The protein,
moisture, fat and ash contents in FPC type A are >75%,

<10%, £0.5% and £ 0.5% (acid insoluble) and for type B
> 60.0%, < 10%, no limit and £ 0.5% respectively. The
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specification made by the Food and Drug Administration of
the United States for FPC is more stringent than that of the
PAG of the United Nations. The former prescribed that FPC
must be made from hake or hake-like fish. Protein, moisture,
fat, ash and flouride contents must be »75%, ¢ 10%, £ 0.5%
and ¢ 100 ppm respectively. In addition, the iso-propanol
and ethylenedichloride levels should be less than 100 ppm and
5 ppm respectively [Federal Register, 1967].

The newly developed method for determining TAA in fish
protein can be used on both fish meal and FPC to observe the
effects of various types of processing on fish protein. More-
over, the products prepared do not qualify as FPC type A or
FPC as prescribed by the US-FDA, but they possess the quality
of FPC type B and fish meal. The products prepared for use

in this study have been termed "fish products" (FP).

Selection of Fish

Both herring and menhaden are important commercial
species used for the production of fish meal in the United

States. Clupea ilisha (Hamilton) [Bhuiyan, 1964] is an

important similar commercial species in Bangladesh. This
latter species belongs to the herring family. Hence, these
two species were selected for the study.

Selection of Methods for Processing Fish for Evaluation of
Nutritional Quality of Fish Products

Two methods of processing fish to products were used.

In one method, water content and polar fats in ground raw
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fish were extracted at room temperature with methanol. Then
methanol was removed by azeotropic distillation with short
chain aliphatic hydrocarbons (Cg or C7) as azeotrope formers.
In this way, the process temperature could be controlled.

Two factors, moisture and heat, are responsible for the de-
terioration of TAA. In this process, moisture is reduced to
less than 10% before the fish protein is subjected to heat
for distillation. The temperature required for distillation
of methanol azeotropically with heptane does not rise above
59.1 C. Hexane forms an azeotrope at a much lower tempera-
ture (50 C) with methanol. This has two beneficial effects.
The product is subjected to a low temperature and minimum
energy is consumed. It will be easy to recover methanol from
methanol-water- "il miscella as it does not form an azeotrope
with water. All other alcohols possess a lower capacity for
the extraction of moisture and polar fats and form azeotropes
at much higher temperatures with the above mentioned hydro-
carbons. When higher molecular weight alcohols are used,
the fish proteins are subjected to higher temperatures and
more destruction of TAA may occur.

The second method used in producing fish product is the
wet reduction method. The meal and a press-cake used in
this study were manufactured from menhaden by this method
by Lipman Marine Inc. The press-~cake was converted to a
product (FP1g) and the menhaden meal was also obtained from
the above mentioned company. The menhaden meal was used as

standard product and the control in feeding tests.
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Selection of Method for Hydrolyzing Protein in Fish Products

There are three methods of hydrolyzing proteins, e.g.,
acid, alkaline and enzymatic ..ydrolysis methods.

Acid hydrolysis requires 24 hours for digestion of pro-
tein with 6N-HCl. To remove free HCl from the hydrolyzates
at 40 C requires a long time and under acidic condition HC1l
bound to -NHp of amino acid may be set f 2e and interfere in
titrating -SH groups with AgNO=z. In'addition, the inorganic
bases form chlorides as the -NH2 groups of amino acids do and
the chlorides are not removed during distillation of free
HC1l from the hydrolyzate. In high concentration, chlorides
may interfere in titration of -SH with AgNO3 solution. Hence
the acid hydrolysis method was not considered suitable for
the Ionalyzer Method.

Alkaline hydrolysis of protein [Tannenbaum et al., 1970]
was rejected on the ground that alkalies destroy sulfur con-
taining amino acids [Abel et al., 1927]. Al alies also cause
racemization of the amino acids [Block, 1945]. This method
of hydrolyzing FP was also rejected.

Enzymatic hydrolysis. Various proteolytic enzymes have
been used to hydrolyze proteins by many workers [Clandinin,
1949; Hale, 1969; Sen, et al., 1962]. There are several
disadvantages to their use among which are: (1) the hydroly-
sis seldom goes to completion; (2) many days are often re-
quired to get satisfactory digestion; (3) enzymes are pro-
teins and often undergo partial autolysis with the result

that a portion of amino acid to be determined may have been
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derived from the enzyme preparation itself [Blcck, 1945].
In spite of these inherent difficulties, this method was
adopted because there was the possibility of less destruction
of thiol amino acid and the least interference in titrating

-SH groups with AgNO=z solution.

Selection of Enzyme for Hydrolyzing Fish Products

The enzymes are proteins. Most of them contain either
cysteine or cystine, or both. They also will be accounted
for in the titration along with the TAA of the protein hydrol-
zates. As the proteins are not, generally, completely hy-
drolyzed by enzymatic method of digestion, it may be diffi-
cult to find out the proportion of TAA liberated by hydrolyz-
ing the protein. Therefore, it was necessary to find a pro-
tease which is devoid of cysteinyl and/or cystinyl residues.
The proteases subtilisin [Ottesen and Svendsen, 1970] and
collagenase [Seifter and Harper, 1970] do not contain these
groups. Therefore, these two enzymes were selected to

hydrolyze the fish products.

The Effects of Processing on Fish Proteins

Chemical properties of fish products

The bound water content in cod fish tissue is about
9.5% [Love, 1968]. The moisture content of fish meal and
FPC should not exceed 10% in either case. The moisture con-
tent of ground fish can be reduced below 10% by extracting
twice with methanol using the ratio of alcohol to wet ground

fish at 1:1 by weight [Meade, 1973]. The moisture content
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Protein content of fish products (Table 2) prepared
from herring FP;-FPg were above 75% except in FP5 where it
was 68.2% It was because the fat content was kept high. The
protein content in products prepared from menhaden (FP9—FP11)
were low, 64-66%. This indicates that herring can be used to
prepare FPC with a good amount of protein. The head of this
species may be discarded to insure the proper level of pro-
tein. But in case of menhaden, both head and backbone should
be discarded to prepare fish products with high protein level.
There was no difference in the level of protein due to dif-
ferences in process conditions.

Ash content of fish products (Table 2) made from herring
was close to 10%. Menhaden products contained 20-23% ash due
to their high bone content. The composition of amino acids
of the fish products FP,, FPB—FP6 prepared in the preliminary
experiments from herring are shown in Table 3. The differ-
ences in the level of amino acids due to differences in pro-
cessing are minimal except for cystine. The levels of cys-
tine were higher in the products prepared at lower tempera-
ture with lower fat content than those products prepared at
higher temperature and higher fat content.

The composition of amino acids of the fish products
FP7 and FPg prepared from herring and fish products, FPg-FPjj
prepared from menhaden are shown in Table 3. The amino acids:
Arg, Cys, Lys, Met, Phe, Ser and Tyr, were slightly lower in
FP8 than they were in FPy

The amino acid composition of FPg, FPjg, and FPj; made
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from fish products ranged between 32-40% of the level es-
tablished by the AAA method of analysis.

15. Imidazole was found to be the most suitable buffer
for use in the AgNO3z titration of -SH groups in fish protein
hydrolyzates.

16. The Ionalyzer method for determining the thiol
content of fish products can be carried out in from 4~5 hours.
The time required for determining 1/2 oystine by the AAA
method is about 40 hours and it is not possible to differen-

tiate between -SH and -SS- groups.

Recommendations

1. The TAA (1/2 cys %) values in protein hydrolyzates
of the fish products made in a 3 hour digestion period using
the enzyme subtilisin BPN' in the Ionalyzer method were
32-40% lower than those using the AAA method. Subject to
further studies, it appears that the probable causes of the
low TAA in the Ionalyzer method are either: (a) incomplete
hydrolysis of protein in the products; (b) oxidation of -SH
and -SS- groups beyond the level of -SS-~ by residual oxygen
in the buffer and the flask; (c) the interaction of -SH and
~SS- groups with the products of autoxidized lipids; (d)
complex formation between available metallic ions and -SH
groups present in the hydrolyzates or their synergistic
actions. Further work is necessary on these points.

2. The experiments were conducted using the enzymes

having no -SH and/or -SS- groups to avoid difficulties in
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separating the amount the TAA contributed by the enzyme and
the protein of fish products. The suitability of using
enzymes containing -SH and -SS- groups for hydrolyzing pro-
tein in fish products should be studied.

3. The bio-assay experiments conducted in this study
showed, although it was not conclusive, that the fish pro-
ducts prepared by dehydrating the fresh or frozen ground fish
with methanol at ambient temperature*foilowed by removal of
methanol by azeotropic distillation produced better ratios of
feed consumed to weight gained by chicks in a 10-day test.

It is, therefore, suggested that more bio-assay experiments
be conducted to determine the degree of correlation that
exists between TAA level and the growth response of selected
test animals.

It needs to be proven conclusively that the fish pro-
ducts produced by dehydrating fish with alcohol followed by
removal of alcohol by azeotropic distillation and of fat
by extraction with hydrocarbons (Cg, C7 or any other suitable
one), products which retain more TAA, also produce more
growth than the fish products produced by conventional wet

reduction method.
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Procedure

(a) Fish proteins - if the protein contains 5.0%
lipids, wash 50 g of it three times with 100 ml of hexane
or heptane stirring properly for 15-20 minutes and after each
wash remove the miscella preferably by filtration or centri-
fuging at 1000 x G for 15 minutes. Desolventize the product
and grind it in "Hammer Mill" using 60 mesh screen.

(b) Hydrolysis with enzyme - to 50—160 mg of ground fish
product add 1 ml of 0.1 M imidazole buffer (pH 7.0) and
1 mg of fish product previously warmed to 45-48 C in a 250
ml Erlenmyer flask. Bubble nitrogen gas (free from 0Os) for
15 minutes. Add 1 ml of enzyme solution of required
strength; stopper the flask immediately after removing the
nitrogen gas capillary tube to minimize the exposure of the
mixture in the flask to oxygen in the air. Hydrolyze in a
50 C shaker incubator or in a 50 C magnetic-stirrer incuba-
tor for 3 hours.

Determine TAA as per method of Harrap and Gruen [1971],
using Ag/S specific-ion electrode and standardized AgNO3
solution. The amount of AgNOz solution needed can be ob-
tained from the titration curve. The curves prepared from
the hydrolyzates of FPy by plotting the amount of AgNO3
required versus the change in potential are shown in Figure 1.
The amount of AgNO3 needed for titration can be obtained

from the respective curves.
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