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I. Introduction

1. General Background

A substantial part of the arable lands of the world has been brought under
cultivation, forests have been leveled, swamps drained and deserts irrigated.
Concurrently, the fishing frontiers have been pushed further out to sea from the
immediate coastline of all continents. Many species of fish are pursued over thou-
sands of miles of ocean throughout their range of distribution.

In spite of all of these great advances made in the knowledge of food and
nutrition and in its application to raise the level of nutrition, it is unfortuate that,
a large majority of the human population still lives on a suboptimal nutritional level
in light of the dietary standards recommended by appropriate international and
national bodies™?. This is in regard to both qualitative and quantitative
deficiencies in the diet of populations over large areas of the world.

Although deficiency diseases like scurvy and rickets are not common today,
there is fairly widespread protein malnutrition in many countries. This occurs
particularly in children, in the late weaning and post-weaning periods?. It should
be pointed out that the damage that may be done to the body in early life by
malnutrition can hardly ever be made up for later in life by correct or even
abundant feeding. The vulnerable groups of the population (children and expec-
tant and nursing mothers) have therefore to be looked aftter with particular care
given to their food consumption according to optimum nutrition standards.

Malnutrition is to a great extent the result of an inadequate consumption of
high quality protein which is needed to complete and to balance the diets of peoples
whose food contains preponderantly vegetables and cereals. Sadly enough, young
growing children and expectant mothers suffer most from a lack of proteins contain-
ing sufflcient quantities, and the correct proportions of the required amino acids®.
Milk, eggs, meat, and chicken all contain high quality animal protein but are often
too costly and are not universally available. The need is great for a satisfactory,
inexpensive animal protein of high quality which would be suitable for incorpora-
tion into the diets of people suffering from protein malnutrition.

Fish is as good a source of animal protein, vitamins, and inorganic components
as are other flesh foods such as meat and poultry. The amino acid balance in the
protein is unexcelled by that of any other foods. The content of B vitamins
approximates that of meat, and the mineral content is richer in iodine than that of
any other foods. Fish is also a fairly good source of calcium and phosphorus,
particularly in the case of small fish which are eaten with the bones. It is also a
source of iron and of a trace element like copper>¥. In regard to most of these
nutrients, fish would appear to be comparable with meat. Difference species and
varieties of fish vary in regard to percentages of protein, fat, mineral matter and
vitamins. There are varieties of freshwater fish which contain as low as 0.69, fat.

—_ 9 —
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Those species of fish having a low oil and high protein content and which represent
a majority of all species, contain lower calorie content per unit of protein than do
meats or poultry?>¥. Thus these lean fish are an ideal source of animal protein for
use in reducing diets.

On the other hand, fish having somewhat higher oil content in the range of 5 to
15%,, while of medium oil content for fish, corresponds to an average lean meat with
respect to fat content. Furthermore, such fish contains up to 1/3 of its oil in a
highly polyunsaturated form with four, five, and six double bonds per fatty acid.
This type of oil has been shown to be effective in lowering blood cholesterol. Such
fish oils are effective even when included in the diet with much larger quantities of
saturated fatty acid*%.

Apart from quality, fish constitutes also quantitatively a good source of protein.
The edible portions of freshwater and estuarine fishes investigated contain about 14-
259, protein. Also, in marine fishes it varies from 9-269,2. Thus qualitatively
and quantitatively, fish consumption could in significant measure supplement the
low-protein, high cereal diet consumed in many countries of the world. Cereal
proteins are rather low in lysine and methionine, both of which fish protein is
relatively rich in.

Fish is, therefore, a good food, the consumption of which deserves to be
encouraged to promote the level of nutrition in the whole world, and particularly in
countries having a high rate of malnutrition among their population.

An analysis of food consumption tables shows®, however, that except in a very
few countries, i.e., in Norway, Chile and Japan, where figures for daily per capita
consumption are in the order of 20 g, 87 g and 60 g respectively, fish and fish products
constitute a relatively minor proportion of the total diet in the world. Even in the
aforesaid countries, where per capita consumption is the largest, it provides not more
than 2-49, of total calories, 10-20%, of total protein and 2-159%, of the total fat
content of the diet. Figures are worst for developing countries where average daily
consumption of animal protein ranges from 8-15g. These statistics illustrate in
part how far behind the former countries are in meeting the dietary requirements of
their populations®. Therefore, consumption of fish in the world should be stepped-
up wherever possible, and particularly in countries where a high-cereal, low-protein
diet is consumed, because there appears to be a difinite supplementary relation of the
proteins of fish to those of cereals. They have also been reported to have a definite
value in combatting protein malnutrition in early childhood?®.

Although a staple diet of recognized value, fish is a highly perishable material
and it has always been difficult to preserve and distribute. It undergoes autolytic,
microbiological and chemical decomposition quite easily. The consumption of fish
oils, which had deteriorate because of oxidation, has been reported to produce
injurious results on animal*>”. Since most countries consuming a low-protein diet
are locate in tropical and sub-tropical regions of the world, the consumption of fish
in these areas can therefore be stepped-up only if the fish is properly preserved.
Moreover, in tropical and sub-tropical countries where inexpensive protein is needed
most, the means of preservation, transportation and distribution are least available®.

A high priority has to be given to the means of increasing the availability of
fishery products on the market. For this purpose, roads are required and appropri-
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ate means of transport, storage, and distribution have to be acquired or built, and an
efficient marketing organization created. In the field of consumer education, the
first step is to familiarize potential buyers with fishery products. In the long run,
the program must aim toward breaking down pattern which discourage consumption
of fish and which may be traceable to national tradition or religious taboos.

From a nutritional stand point, the most tragic fact is that those whose diets are
the poorest are often those least able to buy fish and other animal protein products.

Consumption of fish in developing countries, of course, could be expected to
expand substantially if people not used to eating fish (because of unfamiliarity with
the products, ignorance of their nutritional value, or because consumption is subject
to taboo) were to acquire the habit of including fishery products in their diets.
Rigid preferences for certain species and certain forms, with discrimination, at the
same time, against other species and other forms have had a depressing effect on the
levels of demand®.

Other preferences encountered in developing countries relate to size, fat content,
texture, and other physical characteristics of the fish. Large fish are generally
preferred to small fish, and consequently fetch better prices in the market. In some
countries, however, the government is trying to encourage consumption of small fish.
The policy, however, is dictated by the nature of the resources exploited, in which
small fish predominate.

Herring and herring-like fishes, small pelagic species such as sardines and
anchovies, undoubtedly constitute the dominant group of the world fish catch.
This is explained by their mass occurrence in all parts of the globe. The total catch
of herring, sardines, anchovies, etc., amounts to approximately one-fourth of the
total world sea-fish catch®. At present most of this cateh is processed into fish meal
or not caught because of a lack of utilization prospects®®.

Actually it is deplorable that fish processed into fish meal, at the present time,
is not wholly converted into direct use as human food. This is primarily due to
technical reasons. Furthermore, there is heavy competition between the well-fed
domestic animals of the world and human beings in these developing areas.
Agriculture is given almost entire credit for the flourishing postwar animal produc-
tion of Europe. However this can not justify an extensive use of fish protein for
animal feeding. Few people realize that several major European countries feed
more fish protein to their domestic animals than they do to human beings. It is
most surprising to find in this same category South Africa, a country where a large
protein of the population is seriously short of protein!®.

The United States constitutes the major market for world fish meal, surpassed
only by Europe when all individual countries there are added together. The United
States” purchase of protein could, in fact, satisfactorily fill the protein gap of the
highly protein deficient South American continent. A channeling of the fish
protein now used as feed for domestic animals into human use could appreciably
improve the poor protein standard in many regions and indirectly enhance produc-
tivity. Undoubtedly such fish protein would constitute an excellent basis for
world-wide relief®.

This protein deficiency is worth observing in discussions concerning economic
balance and surplus problems. On the basis of the experience of Japan and most
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European countries it is correct to assume that agriculture is Latin America would
hardly be able to provide sufficient protein to feed its rapidly growing population,
particularly if the nutritional standard is going to be improved in those many
countries which now live on a substandard level in this respect. Fish would not
only be the cheapest but also the most efficient way of ameliorating these present
conditions. This explains the great interest which today is attached to the develop-
ment of fishery resources in Latin America.

There are strong and conflicting attitudes towards the use of fish protein for
domestic animal consumption. Opponents of this use state “we can not justify
feeding fish to animals at all”'V. Others have made the point that the largest
producers of fish meal are often protein deficient countries that export their product
to industrial countries, thus precluding domestic use of this source of protein®. The
argument continues with the fact that exported fish meal brings hard currency to
producing countries ; Peru’s exports of meal and oil in 1990, for example, had a
value of more than $450 million'?. This is an impressive sum, and its potential for
meeting human needs must be recognized. It should also be recognized that in the
same terms, the 5.4 million tons of fish converted into meal and oil in 1990 would
have benefit more people had it been possible to use that fish as human food. And
that limitation is the rub. Approximately 90%, of the meal produced is from
pelagic species (anchoveta, herring, menhaden, anchovy, pilchard, saury, etc)>'".
These species are oily, have dark-colored flesh, strong flavors, and become rancid
easily. Their dense schooling behavior favors low-cost capture and the economics of
meal production. Although many people use small, oily species by drying, salting,
smoking and fermenting to make fish sauces, the 29.9 million tons of fish processed
into meal in 19882 makes evident the fact that technological improvements in
handling and processing into food products that meet wide acceptability could have
a great impact. In some parts of the world, consideration is already being given to
work towards this end.

The majority of oily species used for meal production could be processed into
food to benefit both protein-deprived populations and manufactures of meal and oil,
who could just as well be processing these species into acceptable human food. The
difficulty of using small pelagic species starts with the nature of the fisheries for them
which are seasonal and characterized by high volumes landed in short periods.
These are often ‘glut’ traditional markets, and are wasted. Ways of increasing the
radius of distribution and of storing the catch, as well as extending the fishing
season, are therefore required. The quality of the protein of these small fish is just
as good as larger ones but it is not surprising that only a few species are used for
human consumption®. We must consider the following points: small fish cannot
be eviscerated economically on a large scale ; they tend to spoil rapidly and the flesh
tends to be soft ; the fish is bony and the skin fragile. These are the problems of
the intrinsic raw material quality that the technologists have to tackle. Present
indications and experience suggest that there is no difficulty in the actual catching
operation but problems start as soon as the fish leave the water. In order to
overcome rapid softening they must be chilled, an expensive process when prices
paid for the fish are taken into consideration. Chilled sea water systems are either
in use or under investigation in many parts of the world. They show considerable
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promise in the reduction of belly bursting and induction of rancidity which are the
two major indicators of incipient spoilage. However, more study is required so as
to ensure minimum quality loss during storage.

Following landing, fresh fish distribution can be extended over a much greater
radius if the raw material is in first-class condition. In many developing countries
this can be assured if handling improvements, are introduced, as most catches are
made in the immediate vicinity of the landing place. Increasing fresh distribution
is mainly affected by the educational process and agreeable economic returns.

Assuming that technological advances can result in the landing of raw material
of sufficiently good quality for processing, the range of options, or available prod-
ucts, is, as described previously, very large. It is clear, however, that new technol-
ogy will be required in order to make full use of the raw material because present
processes are generally not capable of massive throughput to produce cheap prod-
ucts.

Unless technological methods are employed to make small fish and their
products available to the people without deterioration, and without considerable loss
of its nutritive value, its consumption cannot be increased to the extent which may
be desired!?.

Methods for preserving the quality of the fish from the time they are caught
until they pass through the distribution network and reach the consumer have been
studied by technologists the world over. Apart from the use of ice, which can
preserve fish for only very short periods, the methods used in different countries have
been to salt the fish, dry it, or prepare fermented products (pastes and sauces) out of
it. Even though tremendous advances have been made, quality assurance is still
the foremost problem of an industry that deals with a highly perishable commodity.
Fish spoil rapidly. In contrast to animal products, bacteria associated with fish can
thrive at ice temperatures, the actomyosin system of fish is more sensitive to
denaturation, and the highly unsaturated fats are very susceptible to oxidative
rancidity'>'¥. From a technological standpoint, it would seem appropriate under
the circumstances to freeze or otherwise process most fish products rather than
attempt to market them in fresh conditions. The consumer, however, prefers fresh
fish even though it is many instances impractical to supply it. Quality again has
played a role in establishing this preference!®.

Because there is a high demand for fresh fish far from local fishing ports, the
need for long term fresh fish preservation techniques, which begin from the point of
harvest, maintains quality and promote sales, must continue to be addressed. The
assurance of fresh fish quality encompasses the degree of freshness and any deteriora-
tion throughout the period of harvesting, storage, processing, distribution, and sale.
Insufficiency of ice for preservation for the distribution of fresh fish in the market-
place is noted and the need for its replacement or supplementation was affirmed'?.

The Peruvian fishery is particularly favored by the upwelling of deep water
masses, rich in nutritive substances, in the area of the Humboldt current. Fishers
such as sardines and anchovies constitute the dominant groups of the Peruvian fish
catch. They appear in big shoals, thus making intensive and profitable fishing
possible. The annual landing of sardine in Peru is about 6 thousand tones which
represents about 959, of the total catch'®. Thus, sardine is the most abundant
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species in the country. Unfortunately nearly 90%, of the Peruvian fishing yields are
processed into fish meal for animal food leaving only a small percentage for direct
human consumption. The high percentage of the landed sardine being turned into
fish meal is mainly due to the following reasons.

- Small size and high volume caught ;

- Lack of freezing and refrigeration facilities on shore ;

- Bad quality of the sardine due to improper handling and transportation on

board.

In view of the prevailing shortage in animal protein which a great part of the
population is suffering, it would seem essential to see that greater quantities of the
catches would be utilized for direct human consumption'V. The consumption of
fish, available in sufficient quantities, can be expected to help considerably in
correcting the state of malnutrition so widely prevalent in Peru today. It would be
particularly valuable to provide proteins of high quality comparable with those of
meat, milk or eggs. This similarity is indicated by biological experiments as well
as by direct amino-acid analysis>*.

Chilling or refrigeration systems on board aims at retaining the fresh fish
character. Chilling media are wet ice, mixtures of ice and seawater or ice-cold sea
water. With this kind of preservation method, one to two weeks could be the
normal storage life”. Unfortunately only a few of the Peruvian sardine catcher
vessels are equipped with some kind of chilling or refrigeration system. Further-
more, the capture is transported in bulk, on deck, inside compartments with remov-
able shelves. The height of fish in these compartments reaches sometimes one meter
or more. Thus, the fish is exposed and rapid decomposition occurs.

The exposure of such conditions, however, reveals the world over the need for
a new methodology for fish preservation. However, any new methodology would
not only have to extent shelf life in a safe manner and result in a quality product,
but it must fit easily into existing seafood industrial technology.

2. The Aim of the Present Study

Fish is one of the most perishable foods and needs proper care from the time it
is caught until it is served or processed. The handling of fresh fish during this
interval determines to what extent deterioration takes place from three sources —
enzymatic, oxidative, and bacterial. How rapidly each of these progresses during
the spoilage of the fish depends upon, first, the application of basic principles of food
preservation and, second, the variables of the species and the fishing methods'.

Investigations have shown, that fish muscle contain high amounts of free amino
acids*'®. So invading bacteria find sufficient free amino acids for growth and
reproduction. This fact in addition to its low connective tissue content, and high
water content, are responsible for the rapid spoilage in fish'®. After fish death
spoilage organisms on the skin, gills and in the intestinal tract multiply rapidly after
a lag phase, to reach numbers exceeding one million per gram wet muscle. Subse-
quently, the bacterial enzymes convert the TMAO into TMA and decompose the
amino acids and proteins forming ammonia, hydrogen sulfide and other undesirable
compounds characteristic of microbial spoilage”.

The principal aim of fish preservation is to delay, reduce or inhibit microbial
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spoilage. In the case of fatty fish, the preservation may also aim at reducing or
inhibiting oxidation and other undersirable changes in the fish oils, which are highly
unsaturated and capable of going rancid at various stages of processing. Factors
affecting life and death of microorganisms are temperature , water activity (ay), pH,
and oxygen availability'”.

The most important means of preservation of fresh fish in tropical and temper-
ate climates is to chill to about 0°C. As the temperature is lowered, microbial
growth slows and eventually stops, thus bringing about a preservative effect. The
normal storage life of cold water fish chilled immediately post mortem is one to two
weeks, while fish from warm tropical waters keep somewhat longer”.

Unfortunately in certain societies where fish is caught abundantly, the availa-
bility of fishing vessels equipped with some kind of chilling or refrigeration system
is insufficient. Thus, fish are liable to suffer rapid decomposition. The solution to
this problem is a challenge and the finding of such a solution is precisely the aim of
this investigation.

The growth and metabolism of microorganisms demand the presence of water in
an available form. The most useful measurement of the availability of water is
water activity (aw). The ay in a food may be reduced by increasing the concentra-
tion of solutes in the aqueous phase of the food, either by removing water or by
adding solutes. Some water molecules are oriented about the solute molecules, and
others become absorbed onto insoluble food constituents. In both instances the
water becomes less available to enter into reactions.

In curing or salting, it is the addition of solute which lowers ay and preserves
the foods. The principal preservation action of salt is achieved by the lowering of
the moisture content and consequently a,, of the foods or solution in which it is
contained. This is enhanced by the fact that at high salt concentrations most
bacterial action is halted or at least greatly retarded, although halophilic bacteria
are not so affected. Furthermore, in the brine salting process which is used for salt
preservation of various oily fish such as herring and salmon, the fish are kept beneath
the surface of the brine. This helps to minimize oxidation of the oils in such fish
by keeping oxygen away to a large extent”.

For thousands of years, the acidity of food has been increased ; either naturally
by fermentation or artificially by the addition of a weak acid, to enhance mi-
crobiological stability and preserve the foods. A low pH can also assist in the
preservation of foods by directly inhibiting microbial growth, thus in effect prolong-
ing the keeping quality of the food or fish to a considerable extent.

Another way of preserving food is through the use of antimicrobial food
additives. Intentional food additives include chemicals which are used for nutri-
tional purposes, consumer acceptance, preservation of quality and processing.
These chemicals are needed to efficiently produce an abundance of high quality food.
The way they preserve food is closely related to changes in pH and ay.

Taking into consideration all the above factors, for the realization of this work,
it was decided to test the use of brine alone (NaCl solution) at different concentra-
tions, as well as brine and sea water with some preservatives for fish immersed
storage.
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II. Brine in Fish Preservation

Spoilage of fish is brought about chiefly by autolysis and bacterial decomposi-
tion. In autolysis, chemical and physical changes are brought about by enzymes
contained in the cells of the fish after its death. It begins almost immediately after
death and proceeds most rapidly at high temperatures. The lower the temperature,
the slower the action. The blood, certain tissues, and glands, such as the kidney,
contain very active enzymes. The autolytic enzymes are most active under slightly
acid conditions ; in alkaline media their activity is greatly reduced. They are most
active in dilute solution and do not act in the absence of water. Most enzymes are
destroyed or rendered inactive by concentrated salt solutions, therefore salting
preserves fish from autolytic decomposition”®.

Sodium chloride in concentrated solution possesses antiseptic properties since it
extracts water ; salt has therefore been used to keep meat and fish since prehistoric
times. In salting fish it is generally very important to select methods which
facilitate rapid removal of moisture and penetration of salt; this is especially
important in hot climates where the onset of spoilage is rapid unless the preservative
effects of the salting process are expedited.

Penetration of salt into the fish depends upon the quality of the sodium
chloride. The temperature of the fish and brine during salting is another important
factor. Raising the temperature accelerates the rate of penetration of salt into the
fish. It also, however, increases the rate of bacterial spoilage. The salt concentra-
tion of the solution surrounding the fish is, of course, also an important factor with
more rapid penetration and removal of moisture taking place at higher salt
concentrations™!&19,

Chemical and Sensory Changes vn Fish

From the moment fish is taken from the water a series of deteriorative changes
start to occur which eventually will render the fish unmarketable. These changes
occur as either the result of microbiological action or can be classified as being some
form of more or less pure chemical changes. In most cases, deteriorative changes
resulting from microbiological action are the most extensive.

Fish proteins undergo various chemical changes. In some special cases, notably
in cold storage of frozen fish, largely chemical alteration in the lipids is
involved*5719),

Nucleotide degradation in fish muscle starts immediately after death and their
degradation products, apart from having implications in the flavor of fish, are also
important as indices of freshness and quality. All the methods of freshness assess-
ment based on the measurement of the products bacterial action are only applicable
in the stages of spoilage where bacterial numbers begin to rise sharply. Prior to
this, chemical tests have to be based predominantly on the products of autolityc
enzyme breakdown. The most important and useful of these has been found to be
the decomposition products of adenosine triphosphate (ATP). Thus, a measure-
ment of ATP decomposition products, represented in the so called K value, offers a
means of eastimating freshness?®2,

While many chemical and bacterial tests have been proposed for the measure-
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ment of the freshness of fish, none of these are universally applicable. Actually,
such tests usually are expected to correlate with various organoleptic conditions.

Volatile base nitrogen (VB-N) is considered quite generally applicable.
Although many conflicting results, favorable, unfavorable and others expounding
about its variability, have been reported for this test, it usually provides reasonably
good correlation with organoleptic freshness”?%22).

Ordinarily the most important post mortem change in fish is the changing of the
muscle metabolism reactions largely to irreversible ones with the resulting accumula-
tion of lactic acid in the tissue and a decline in its pH. The pH of living fish muscle
1s not far from 7.0 ; as a result of post mortem accumulation of lactic acid, pH values
in the range of 5.8 to 6.2 are reached at peak rigor development. Once resolution
of the rigor mortis, enzymatic changes in the protein and other components cause an
increase in amino acids and related compounds. These changes rise the pH and are
succeeded by a period of gradually accelerating growth associated with organoleptic
changes in the fish?!-2%,

The oldest and still most widespread means of evaluating the acceptability and
edibility of fish are the senses of smell and sight, supplemented by taste and touch.
The reasons for the preferential use of sensory tests are obvious: no special labora-
tory equipment is needed ; the fish can be examined wherever they happen to be;
the tests can be carried out quickly; and many samples can be evaluated in a
relatively short time.

The odor of fish ordinarily changes from the moment of capture through storage
to the point of inedibility following a general pattern. At the first stage, most fish
possess an odor and flavor characteristic of the species. Soon after, much if not all
of the natural species characteristic odors and flavors disappear. At the next stage,
a group of perhaps quite unrelated odors and flavors, which are referred to as “fishy”
begin to accumulate. Later these odors often develop to be quite difinite. But
from this point on, various amine and other odors and flavors give the fish definitely
undesirable properties which certainly drastically lower its quality. At the last
stage, where sulfide and other obnoxious odors and flavors predominate, the quality
of the fish has sunk to such a low level that by most standards it is considered to be
quite inedible.

Another type of odor and flavor which results from oxidation and
rancidification of the lipids of fish is more important with certain preserved fish?!:23.

When brine is used, with or without preservatives, in fish immersed storage,
changes in all the above indices and in bacterial counts can be expected to be slowed
down, thus extending the shelf life of fish.

1. Effect of Fish Amounts on Preservation of Sardine Immersed
in Brine

Brine capability for fish preservation related to the amounts of fish and brine
solution that can lead to an economic and accurate preservation of the fish were
important to determine.
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Materials and Methods

Raw material
Freshly caught sardine (Sardinops melanosticta), weighing ca. 85 g each, were
purchased from a commercial market in Hakodate and brought to the laboratory.

Fish storage and sampling

Two procedures were used for the determination of brine capability for fish
preservation.

In the first place the fish were divided into three lots of 1 and 2 kg, each. Each
lot was immersed in 2 [ of 4, 10, and 159, brine (NaCl solution) and stored at 0°C for
7days. At predetermined times, two fish were randomly drawn from each brine
sample for K value determination.

In the second place 1, 2, and 3 kg of fish were immersed in 2 I of 109, brine and
stored at 15°C during 5 days. The VB-N of the samples was evaluated and compar-
ed within storage.

K value

The K value defined by Saito et al?¥. was performed by the method described
by Kobayashi and Uchiyama?®.

Muscle extract : One gram of the muscle was homogenized with 2 ml of chilled
10%, perchloric acid at ice temperature. The homogenate was centrifuged at 3,000
rpm for 3 min. The residue was washed with 2 ml of chilled 5%, perchloric acid,
and centrifuged. After repeating this process twice, the supernatants were com-
bined and immediately neutralized at ice temperature with 10N potassium hydrox-
ide to a pH of 6.4 to 6.8. The neutralized extract was centrifuged and the precipi-
tate of potassium perchlorate was washed twice each time using about 2 ml of
chilled neutralized perchloric acid solution, with a pH of 6.8. The supernatant and
washings were combined, and the total volume was brought to 10 m! with the chilled
neutralized perchloric acid solution.

Ton exchange resin : Dowex 1 4 (Cl) was washed with acetone followed by 1n
sodium hydroxide, deionized water, and 1x hydrochloric acid in this order. After
being washed finally with deionized water, it was stored in a refrigerator.

Column : A column (1x 18 cm) fitted with a glass filter, at its lower end, was
used. The lower end of the column was narrowed to minimize dead space, and
thereby to give sharp separation®®. It was packed in, 6 cm high, with Dowex 1 X
4 (Cl).

HxR, Hx and nucleotides elution: Two ml of the neutralized extract was
adjusted to a pH of 9.4 with 0.5M ammonium hydroxide solution (TB pH test paper)
and changed to the column. The column was washed with 20 ml of deionized water
which was adjusted to a pH of 9.4 with ammonium hydroxide solution. HxR and
Hx were eluted with 50 m/ of 0.0025 HCI and the effluent (elute A) was collected in
a 50 m! volumetric flask, while IMP, AMP, ADP and ATP were eluted with the same
volume of 0.68 NaCl in 0.01n HCI (elute B). Elute B was also made up at 50 ml.
And both elutes were measured for absorbance at 250 nm to c