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Foreword

Fish is a health-food for many reasons and has been an important part of the human diet
in almost all countries in the world. Fish is one of the cheapest sources of animal
proteins and is playing an important role in preventing protein-calorie malnutrition.
Small indigenous fishes (SIFs), a subset of the total fish and shellfish, contribute greatly
to human nutrition. Besides being an important source of proteins, these small
indigenous fishes are the rich source of micronutrients, i.e. minerals and vitamins. The
majority of fish eaten by the rural poor is the small indigenous fishes and these small fishes
are typically eaten whole, with organs and bones. Therefore, the majority of micronutrients
required by the human body are fulfilled by consuming these fishes. Small indigenous
fishes provide proteins, fatty acids and especially high amount of vitamins and minerals. They
are rich source of calcium, iron, zinc, iodine, phosphorous, selenium and fluorine and these
minerals are highly bioavailable. They are rich source of vitamins, particularly, vitamins A, D
and E as well as thiamin, riboflavin and niacin (vitamins B1, B2 and B3). Vitamin A is
required for normal vision and for bone growth. The small indigenous fish mola,
Amblypharyngodon mola is a very rich source of vitamin A as compared to many other
species. India, like many other countries has not yet eliminated problems of under nutrition,
especially among children of its poor communities. Studies carried out in India have shown
that the incidence of 'low birth weight' is a major child health issue and maternal health
needs to be taken care of to combat this problem. In this context, the small indigenous
fishes are important for tackling such problems.

I am sure the document, "Nutritional Significance of Small Indigenous Fishes in Human
Health" will provide very useful information on the nutrient profile of small indigenous
fishes and their significance in human health. I would be happy to see that the information
being generated in the on-going ICAR Outreach Activity Consortium on 'Nutrient Profiling
and Evaluation of Fish as a Dietary Component, especially on small indigenous fishes,
is incorporated and this document is revised to serve as a 'Handbook' on Small Indigenous

Fishes. The efforts of the authors deserve appreciation.

(S. Ayyappan)

Secretary, Department of Agricultural Research & Education

and

Dated the 2nd March, 2010 Director General, Indian Council of Agricultural Research
New Delhi Ministry of Agriculture, Krishi Bhavan, New Delhi-110114






Foreword

Value of fish as health food is well known, but poorly documented. Fish is the
cheapest animal protein that is accessible to the poor and it is aptly called the 'rich
food of the poor'. Apart from essential fatty acids and protein, fish is rich in vitamins and
minerals. By virtue of the presence of PUFA, consumption of fish can prevent and fight
cardiovascular ailments. Fish as a protective food assumes greater significance in India due
to the rich fish and fisheries resources of the country, which can play a pivotal role
in mitigating the protein deficiency. Except a few, most of the 1300 marine and 720
inland fish species present in Indian waters are edible but they vary widely in their
proximate, fatty acid and mineral composition. For instance, marine fish species like tuna,
sardines and mackerels are known to have high PUFA content compared to their inland
counterparts. Similarly, some inland fish species like singhi (Heteropneustes fossilis), murrels
(Channa spp.) and magur (Clarias batrachus) are known to have therapeutic properties.
Fish also comes in a wide range of prices making it affordable to the poor. But, in
spite of all these advantages of consuming fish, its nutritive value is not well-
documented. Considering that the nutrient profile of fish varies depending on species,
size, geographical locations and production systems, available knowledge is not sufficient to
enable the physicians and dieticians to prescribe fish as health food. Recognizing this gap in
knowledge, the Indian Council of Agricultural Research has launched an inter-
institutional outreach research programme during the XI Plan to investigate all possible
fish species, covering different production system across the country to document their
nutritional status.

The project participants have done a commendable job in gathering a wealth of background
material on the subject, which form the basis of this publication. I am sure, this document will
put the technical programme of the outreach programme in the right perspective and I earnestly
hope that the project, when completed, will result in full documentation of the nutrient profile
in respect of all major fish species and thereby updating our understanding of fish as a

health food.

(V V Sugunan)

Assistant Director General (I Fy)
Indian Council of Agricultural Research
KAB II, Pusa Campus, New Delhi 110012
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Health Benefits of Eating Fish

ish as a food is consumed by many animal species, including humans. It has been an
F important part of the diet of humans in almost all countries in the world. Animal

proteins are generally superior to plant proteins and fish is one of the cheapest
sources of animal proteins and availability and affordability is better for fish in comparison
to other animal protein sources. Fish serves as a health-food for the affluent world owing to
the fish oils which are rich in polyunsaturated fatty acids (PUFAs), at the same time,
it is a health-food for the people in the other extreme of the nutrition scale owing to its proteins,
oils, vitamins and minerals and the benefits associated with the consumption of small indigenous
fishes. Under nutrition, malnutrition and starvation and resultant mortality are major
problems in developing and underdeveloped countries. Two forms of child under nutrition,
'Marasmus' (chronic deficiency of calories) and 'Kwashiorkar' (chronic protein deficiency),
often occurring together, are world health problems. In this context, fish, being one of the
cheapest sources of animal proteins, is playing a big role and can still play a bigger
role in preventing the protein-calorie malnutrition.

Nutrient profiling of fishes show that fishes are superior nutrients and umpteen number of
health benefits are believed to be associated with regular fish consumption. Fish,
especially saltwater fish, is high in Omega-3 fatty acids, which are heart-friendly, and
a regular diet of fish is highly recommended by nutritionists. This is conjectured to be one of
the major causes of reduced risk for cardiovascular diseases in Eskimos. It has been
suggested that the longer lifespan of Japanese and Nordic populations may be partially
due to their higher consumption of fish and seafood. Fish are also great for the skin.
Nutritionists recommend that fish be eaten at least 2-3 times a week. Oily fish is claimed to
help prevent a range of other health problems from mental illness to blindness. The
health benefits of eating fish are being increasingly understood now.

Massive studies to evaluate the health benefits of eating fish are being taken up globally.
Recently, a $20-million US Government sponsored probe has been launched to examine
whether fish oil and Vitamin D can help prevent heart disease, cancer and a range
of other illnesses. Oily fish is claimed to help prevent a range of other health problems from
mental illness to blindness. Similarly, there are Govt of India (ICAR)-sponsored projects
running which aim at nutrient profiling of important food-fishes from the Indian
waters and also to study the health benefits of eating fish.

Nutrient Profile of Fish

Fish is an important component of human diet. More than 50% of Indian population
is fish eating and in some states more than 90% of the population consume fish. Fish
contains proteins and other nitrogenous compounds, lipids, minerals and vitamins and
very low level of carbohydrates. Biochemical composition of fish has been described in the
Table 1 & 2. The superior nutritional quality of fish lipids (oils) is well known. Fish
lipids differ greatly from mammalian lipids in that they include up to 40% of long-
chain fatty acids (Cl4 - C22) that are highly unsaturated and contain 5 or 6
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double bonds; on the other hand mammalian fats generally contain not more than 2
double bonds per fatty acid molecule. Fish is generally a good source of vitamin B complex and
the species with good amount of liver oils are good source of fat soluble vitamins A and D.
Fish is particularly a good source of minerals like calcium, phosphorus, iron, copper
and trace elements like selenium and zinc. Besides, saltwater fish contains high levels
of iodine also. In fact, fish is a good source of all nutrients except carbohydrates and
vitamin C. Some inland fish species like singhi (Heteropneustes fossilis), magur (Clarias batrachus),
murrels (Channa sp.), and koi (Anabas testudineus) are known to be of therapeutic
importance.

Fish and Macronutrients
Proteins

Protein content of fish varies from 15 to 20% of the live body weight. Fish proteins
contain the essential amino acids in the required proportion and thus, improve the overall
protein quality of a mixed diet.The importance of fish in providing easily digested protein

of high biological value is well documented. In comparison to the other sources of dietary
proteins of animal origin the unit cost of production of fish is much cheaper. Fish
also come in a wide range of prices making it affordable to the poor. A common man
can afford to meet the family's dietary requirement of animal proteins because he
has the option to choose from a fairly large number of fish species available. A portion
of fish provides with one third to one half of one's daily protein requirement. This explains
how fish plays an important role in meeting the nutritional food security, especially in preventing
the protein-calorie malnutrition. In the past this has served as a justification for promoting
fisheries and aquaculture activities in several countries. On a fresh-weight basis, fish
contains a good quantity of protein, about 18-20%, and contains all the eight essential
amino acids (Table 3) including the sulphur-containing lysine, methionine, and cysteine.

Fatty acids/ Fish Oils

There are mainly three types of fatty acids: saturated fatty acids (SFAs), monounsaturated
fatty acids (MUFAs) and poly-unsaturated fatty acids (PUFAs). The first two are synthesized
endogenously, but the third one cannot be synthesized by the humans and therefore must be
obtained from the diet.

The human body cannot synthesize n-3 fatty acids de novo, but it can form 20-
carbon unsaturated n-3 fatty acids (like EPA) and 22-carbon unsaturated n-3 fatty acids
(like DHA) from the eighteen-carbon n-3 fatty acid a-linolenic acid. These conversions
occur competitively with n-6 fatty acids, which are essential closely related chemical analogues
that are derived from linoleic acid (LA). Both the n-3 a-linolenic acid and n-6 linoleic acid are
essential nutrients which must be obtained from food. Synthesis of the longer n-3 fatty
acids from linolenic acid within the body is competitively slowed by the n-6 analogues. Thus
accumulation of long-chain n-3 fatty acids in tissues is more effective when they are obtained
directly from food or when competing amounts of n-6 analogs do not greatly exceed
the amounts of n-3.
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Importance of omega-3 fatty acids in diet

The long chain PUFA (LC-PUFA) (i.e. C20 and C22) that belong to the omega
(o)-3 family, have a number of neutraceutical and pharmaceutical applications. Eicosapentaenoic
acid (EPA, 20:5 ©-3) and docosahexaenoic acid (DHA, 22:6 ®-3) are the important
-3 PUFA (Table 4, 5 and 6). EPA and DHA are important in treatment of arthrosclerosis,
cancer, rheumatoid arthritis, psoriasis and diseases of old age such as Alzheimer's and
age-related macular degeneration (AMD). Fish oils are the major source of PUFA, and
considerable evidence has indicated that ®-3 PUFA in fish oil are actually derived
via the marine food chain zooplankton consuming ®-3 PUFA-synthesizing micro algae.
The most widely available source of EPA and DHA is cold water oily fish such as salmon,
herring, mackerel, anchovies and sardines. Oils from these fish have a profile of around
seven times as much n-3 asn-6. Other oily fish such as tuna also contain n-3 in
somewhat lesser amounts.

Like n-3 fatty acids, n-6 fatty acids (such as a-linolenic acid and arachidonic acid)
play a similar role in normal growth. n-6 is "better" at supporting dermal integrity,
renal function, and parturition. These preliminary findings led researchers to concentrate their
studies on n-6, and it was only in recent decades that n-3 has become of interest.

Nutritional Significance of Fish Oils and PUFAs for Human Health-
Some Clinical Correlations:

Coronary Heart Disease (CHD) and ® (omega) -3 fatty acids

o-3 fatty acids have been shown in epidemiological and clinical trials to reduce the
incidence of Coronary Heart Disease (CHD). Studies have indicated decreases in total
mortality and cardiovascular incidents (i.e. myocardial infarctions) associated with the
regular consumption of fish and fish oil supplements. Recommendations made by American
Heart Association (AHA) Dietary Guidelines include at least two servings of fish per week
(particularly fatty fish).

Lack of Essential fatty acids and Attention-Deficit Hyperactivity Disorder
(ADHD)

Lack of Essential fatty acids causes behavioural problem in the pediatric population which is
known as Attention-Deficit Hyperactivity Disorder (ADHD). Children suffering from
ADHD are inattentive, impulsive and hyperactive. Studies have reported that children with
ADHD had significantly lower levels of arachidonic acid (AA), eicosapentaenoic acid
(EPA) and decosahexaenoic acids (DHA) in their blood and these hyperactive children suffered
more from symptoms associated with essential fatty acid deficiency (thirst, frequent
urination, and dry hair and skin) and were more likely to have asthma.

Fish Oils and Childhood Asthma

Children who consume fresh, oily fish have significantly lower risk of developing asthma (airway
hyper responsiveness). Omega-3 fatty acids, EPA and DHA, especially EPA is reported
to prevent development of asthma or reduce its severity. Studies have suggested long-term fish
oil supplementation may reduce asthma severity. Major dietary sources of DHA are fish and
fish oils.
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Dementia and AMD (Age-related Macular Degeneration) associated with low
plasma concentration of n-3 fatty acids

Low dietary intakes and plasma concentration of n-3 fatty acids are associated with
dementia (memory loss), cognitive decline and age-related macular degeneration (AMD) risk.
AMD is a disease associated with aging that gradually destroys sharp, central vision. Central
vision is needed for seeing objects clearly and for common daily tasks such as reading
and driving. AMD affects the macula (located in the center of the retina, the light-
sensitive tissue at the back of the eye), the part of the eye enables to see fine detail. AMD is
a leading cause of vision loss in people over 60 years of age. It has been reported that n-3 Fatty
acids, particularly DHA delay the progression of dementia and AMD. Major dietary sources
of DHA are fish and fish oils.

Higher fish consumption associated with low risk of Low Birth Weight
(LBW)

In a study of nearly 9,000 pregnant women, researchers found women who ate fish once a
week during their first trimester had 3.6 times less risk of low birth weight (LBW) and premature
birth than those who ate no fish. Low consumption of fish was a strong risk factor
for pre-term delivery and low birth weight (LBW).

Utero environment controls prenatal development and also set off structural and functional
mechanisms that will have a prolonged effect in entire life span. New facts in humans describing
the importance of the womb environment for the long-term health of offspring showed for the
first time (27). Study shows that diet taken by a mother in late pregnancy can alter the stress
response in future progeny and eventually will throw to cardiovascular and other stress-related
disease in adulthood. Higher level of meat and fish intake of pregnant mother resulted into
prominent concentration of fasting plasma cortisol in offspring (28). Unbalanced high protein
diet and low-carbohydrate diet in late pregnancy will boost up adult blood pressure in the
children. Chronic elevation of cortisol levels in children and young adults can increase the
threat of hypertension, diabetes, and heart disease in later stages.

Scientists from the University of Cambridge have sited an increased risk of type 2 diabetes
in old age which also leads to heart disease and cancer in children born to mother with unhealthy
maternal diet during pregnancy. The gene Hnf4a, which has been linked to type II diabetes,
is controlled by maternal diet through epigenetic modifications to DNA. It also plays an
important role in pancreatic development and insulin secretion (29). Epigenetic changes
decrease the expression of the Hnf4a gene in the offspring prone to type II diebatics.

Exposure of high saturated fat diet to maternal womb generally leads to onset of chronic disease
in mice in old age. Thus, birth weight, length, body proportion and placental weight are strongly
related to coronary heart diseases, non-insulin dependent diabetes etc which are after result s
of the high fat diets (30, 31, 32). Chronic maternal consumption of a HFD with fetal hepatic
apoptosis and suggests that a potentially pathological maternal fatty acid milieu is replicated
in the developing fetal circulation in the nonhuman primate (33). Maternal diet-induced
obesity in mice led to an increase in mitochondrial potential, mitochondrial DNA content and
biogenesis (34).
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Health experts in a maternity hospital in Motherwell, Scotland have recommended eating one
pound of red meat daily during pregnancy (35). Research have shown that Compared with
offspring of mothers who had reported eating not more than 13 meat/fish portions per week,
the average cortisol concentrations were raised by 22% and 46% in offspring of those reporting
14-16% and at least 17 portions per week respectively. Diets with low-carbohydrate or high
protein have been associated with an increased risk of kidney problems and metabolic ketoacidosis
which is a potential prenatal stressor. The onset of ketoacidosis starts when carbohydrate intake
is restricted and simultaneously body turns to alternative energy sources like fat; acids known
as ketones formed in the blood. When the level of beta-hydroxybutyrate (by-products of
ketoacidosis) rises during gestation period, it can inhibit psychological behavioral and scholarly
development in offspring.

Seafood consumption, ®-3 fatty acid and supplementation and 'Mood
disorders'

n-3 fatty acids are known to have membrane-enhancing capabilities in brain cells. One
medical explanation is that n-3 fatty acids play a role in the fortification of the
myelin sheaths. A benefit of n-3 fatty acids is helping the brain to repair damage by
promoting neuronal growth. Several epidemiological studies suggest covariation between
seafood consumption and rates of ‘mood disorders'. Long term disturbances of mood are considered
mood disorders. Biological marker studies indicate deficits in omega-3 fatty acids in people
with depressive disorders, while several treatment studies indicate therapeutic benefits
from omega-3 supplementation.

Obesity

Obesity defines as the consequence of the excessive accumulation of fat in adipose tissue. This
caused several health problems including cardiovascular disorders such as hypertension, stroke
and CHD, conditions associated with insulin resistance such as type 2 diabetes, and certain
types of cancers (36, 37) resulting in significant morbidity and mortality. Studies of cumulative
degree of weight loss on health benefits by (38, 39) showed a weight loss of 5-10% can reduce
these risks of obesity. Recent studies of effect of n-3 PUFA to improve adherence to weight
loss and weight maintenance have been conducted successfully on abdominal adipose tissues.
Lower plasma concentrations of total n-3 PUFA has been observed in obese individual in
comparison with healthy weight individuals (40). Higher plasma levels of total n-3 PUFA were
associated with healthier BMI, waist and hip circumference. Although it is difficult to maintain
weight loss in the long term (41), effective measures need to be taken for conducting more
intervention trials with dietary supplementation with n-3 PUFA-rich fats/oils in adults examining
in assisting weight loss and weight maintenance. Maternal diet-induced obesity in mice led
to an increase in mitochondrial potential, mitochondrial DNA content and biogenesis. Maternal
obesity prior to conception alters mitochondria in mouse oocytes and zygotes (34).

Fish and Micronutrients

Vitamins

Fish is a rich source of vitamins, particularly vitamins A, D and E from fatty species, as well
as thiamin, riboflavin and niacin (vitamins Bl, B2 and B3). Vitamin A from fish is
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more readily available to the body than from plant foods. Among all the fish species, fatty fish
contains more vitamin A than lean species. Studies have shown that mortality is
reduced for children under five with a good vitamin A status. Vitamin A is also required for
normal vision and for bone growth. The small indigenous fish Amblypharyngodon mola
is a very rich source of vitamin A as compared to many other species (Table 7).

Vitamin D present in fish liver and oils is crucial for bone growth since it is essential for the
absorption and metabolism of calcium. It also plays a role in immune function and
may offer protection against cancer. Oily fish is the best food source of unfortified vitamin D.
Vitamin D is not found in many foods and tends to be a vitamin that many vulnerable groups
go short of, such as teenage girls and the elderly. Fish is also a good source of the
B vitamins and can provide a useful contribution to the diet for this group of vitamins, as
does red meat. The B group of vitamins is responsible for converting food to energy
in the cells of the body and they help with the function of nerve tissue. If eaten
fresh, fish also contains a little vitamin C which is important for proper healing of
wounds, normal health of body tissues and aids in the absorption of iron in the

human body.

Minerals

The minerals present in fish include iron, calcium, zinc, iodine (from marine fish),
phosphorus, selenium and fluorine. These minerals are highly 'bioavailable' meaning that they
are easily absorbed by the body. Mineral content of small indigenous fishes has been depicted
in the Table 8.

India, like many other developing countries has not yet eliminated problems of under
nutrition, especially among children of its poor communities. 'Low birth weight (LBW)'

is indicative of intra-uterine growth retardation and studies carried out in India and abroad
suggest that children who suffer from such problems show substandard growth and
development and are susceptible to obesity in adulthood. Studies carried out in India
have shown that the incidence of low birth weight (<2500 gms) deliveries among
the poor is around 25-30% and nearly 50% of children less than three year of age are stunted
(height less than WHO norms). Combating low birth weight would be a valuable
contribution towards reducing incidence of obesity and type II Diabetes mellitus. Studies have
shown that apart from correction of anemia, supplementation with foods rich in n-3 fatty
acids could significantly reduce the low birth weight incidence. It is evident that fish
contribute more to people's diets than just the high quality protein they are so well known
for. Fish should therefore be an integral component of the diet, preventing malnutrition
by making these macro- and micro-nutrients readily available to the body.

Table 1 : Biochemical Composition of Fish

Moisture 65-80%
Protein 15-20%
Fat 5-20%
Ash 0.5-2%
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Nutritional Significance of Small Indigenous Fishes in Human
Health

Small Indigenous Fishes

India, one of the 17 global mega biodiversity hotspots, is native to many freshwater
fish species. About 450 species, out of the 765 freshwater species reported, are
categorized as small indigenous fishes (SIF). Although there is no clear definition
for small indigenous fishes, the freshwater species which grow to a size of about
25-30 cm in matured or adult stage are categorized as small indigenous fishes. From
a functional point of view, the SIFs in the rural households include the minnow
Amblypharyngodon mola, Puntius sophore and other Puntius species, Esomus
danricus (darkina), Esomus longimanus which may weigh from 5-15 gm to
Anabas testudineus, Mastocembelus armatus, Hetetropneustes fossilis weighing
from 200-250 gm. The small indigenous fishes are prolific breeders that need little
or no management and grow in the backyard ponds, derelict water bodies,
beels, wetlands and in all such places and therefore, they are commonly available in
the rural areas where such aquatic habitats are common. People in the villages
usually consume small indigenous fishes not because they are micronutrient rich,
rather as these are commonly available and do not have good market demand as
compared to large-sized fishes. Many times as affordability for pulses and vegetables
is difficult, rural people live on the small indigenous fishes which they get as a by-
catch. Thus, whether by choice or by default, they consume more small indigenous
fishes and get the associated health benefits. In fact, fish and rice has been the
staple food for majority of rural households. In the urban areas, people are more
health conscious and therefore, there is more demand for the small indigenous
fishes and SIFs have got a fair share in the regular fish consumption schedule
of the urban communities.

Significance of Small Indigenous Fishes in Human Health

Like the Indian major carps (IMCs), large catfishes and other food fishes,
the small indigenous fishes contribute high quality animal protein for human nutrition,
proportional to their muscle biomass. Besides, the small indigenous fishes are
a rich source of micronutrients. Micronutrients are the essential dietary elements
that are needed only in very small quantities. They include the vitamins and trace
minerals which the body must obtain from outside sources. Micronutreints are essential
to the body in small amounts as they are either components of enzymes (the
cofactors) or act as coenzymes in many biochemical reactions and metabolic
processes vital for survival, growth and reproduction (Table 10, 11, 12). The vitamins
include different fat-soluble vitamins like Vitamin A, D, E and K and the water-
soluble vitamins B-complex and C. The trace elements include copper, zinc,
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selenium, iodine, magnesium, iron, cobalt, and chromium. Other than the trace
elements (micronutrients), small indigenous fishes are also rich in macro minerals
like calcium and phosphorous. These fishes are also rich in vitamin A. It
has been documented that vitamin A is present as dehydroretinol and retinol and
are found mainly in the eyes and viscera, although the proportions of these
preformed vitamin A forms vary with species. The culinary practices in those
countries of the world, where micronutrient deficiency, protein-calorie malnutrition
etc are always a challenge, are such that many small indigenous fishes are eaten
whole, with head, organs and bones.

3000 Vitamin A level in some food fishes
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T— .
Amblypharyngodon mola
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C. mrigala H. molitrix P. sophore A. mola C. batrachus C. soborna O. cotio

Figure 1 : Vitamin A content in some food fishes.
Mola (Amblypharyngodon mola, Cyprinidae) is a very rich source of vitamin A
(Data source : ref. 25)

The small indigenous fishes contribute to food and nutritional security akin
to the large fishes and thus, serve as a health-food; however, the large fishes contribute
more towards the proteit and fish oil, especially PUFAs, requirement where as
the small indigenous fishes are important for their richness in micronutrients. In
this chapter, the major focus of discussion is on the different macro- and trace-
elements and vitamins.

Small Indigenous Fishes and Micronutrients
Vitamins

Fish is a rich source of vitamins, particularly vitamins A, D and E from fatty species,
as well as thiamin, riboflavin and niacin (vitamins Bi, B2 and Bs). Vitamin A
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from fish is more readily available to the body than from plant foods. Among all
the fish species, fatty fish contains more vitamin A than lean species. Studies
have shown that mortality is reduced for children under five with a good vitamin
A status. Vitamin A is also required for normal vision and for bone growth. As
sun drying destroys most of the available vitamin A better processing methods
are required to preserve this vitamin. The small indigenous fish Amblypharyngodon
mola is a very rich source of vitamin A as compared to many other species (Figurel).
The amino acid and fatty acid profile of Mola fish has been depicted by chromatogram
(Figure 2 and 3).

Vitamin D present in fish liver and oils is crucial for bone growth since it is essential
for the absorption and metabolism of calcium. It also plays a role in immune
function and may offer protection against cancer. Oily fish is the best food source
of unfortified vitamin D. Vitamin D is not found in many foods and tends to be a
vitamin that many vulnerable groups go short of, such as teenage girls and the
elderly. Fish is also a good source of the B vitamins and can provide an useful
contribution to the diet for this group of vitamins, as does red meat. The B group
of vitamins is responsible for converting food to energy in the cells of the
body and they help with the function of nerve tissue. If eaten fresh, fish also
contains a little vitamin C which is important for proper healing of wounds,
normal health of body tissues and aids in the absorption of iron in the
human body.

Presence of vitamin D receptors (VDR) and hydroxylases in brain tissue facilitated
developmental movements of brains. Calcitriol or 1, 25 dihydroxy cholecalciferol, the
bioactive form of vitamin D is the key component to augment the mechanism (42,
43). Vitamin D posses curative properties for chronic diseases like osteoporosis, cancer,
cardiovascular diseases, mood disorders and diabetes (44, 45). Recent studies also
shows as ailment role for vitamin D in cognitive function and mental health (46, 47,
48, 49). Studies on depression diagnosis in the US population showed the likelihood
of having depression in vitamin D deficient persons which is significantly higher
compared to those with adequate vitamin D status (50). Future studies need to carried
out in interpreting the productive role of vitamin D in psychosomatic disorders.

Minerals

The minerals present in fish include iron, calcium, zinc, iodine (from marine
tish), phosphorus, selenium and fluorine. These minerals are highly 'bioavailable'
meaning that they are easily absorbed by the body:.

Iron

It is important in the synthesis of hemoglobin in red blood cells which is
important for transporting oxygen to all parts of the body. Iron deficiency is
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associated with anemia, impaired brain function and in infants is associated
with poor learning ability and poor behavior. Due to its role in the immune
system, its deficiency may also be associated with increased risk of infection.
Compared to other animal sources, although fish contain less iron than the amount
found in red meat, iron in white fish is well absorbed and so is a useful source of
iron. However, on a weight for weight basis, shellfish contais as much iron
as lean meat.

Calcium

It is required for strong bones (formation and mineralization) and for the
normal functioning of muscles and the nervous system. It is also important in the
blood clotting process. The intake of calcium, phosphorus and fluorine is higher
when small fish are eaten with their bones rather than when the fish bones
are discarded. Deficiency of calcium may be associated with rickets in young
children and osteomalacia (softening of bones) in adults and older people. Fluorine
is also important for strong bones and teeth.

Zinc

It is required for most body processes as it occurs together with proteins in
essential enzymes required for metabolism. Zinc plays an important role in growth
and development as well in the proper functioning of the immune system and for a
healthy skin. It also has a role in cell division, cell growth, wound healing and the
break down of carbohydrates and is needed for the senses of smell and taste.
Zinc deficiency is associated with poor growth, skin problems and loss of hair
among other problems. High-protein foods like meat and fish contain the
highest amount of zinc, and it is easily absorbed from these sources. Oysters
provide more zinc than any other food. Other types of oily fish and seafood
such as skate, anchovies, herring, sardines, crab, prawns, shrimps, mussels, and winkles
also provide a significant amount of zinc.

Iodine

It present in seafood, is important for hormones that regulate body metabolism
and in children it is required for growth and normal mental development. A deficiency
of iodine may lead to goitre (enlarged thyroid gland) and mental retardation in
children (cretinism). Fish is one of the few reliable sources of iodine. The UK
recommended intake of iodine for adults is 140 mcg a day and a 100g portion of
some fish can provide all the requirement of iodine for the day.
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Selenium

Fish is a particularly good source of selenium. In UK, the recommended intake for
selenium is 75 mcg a day for men and 60 mcg a day for women and a 100g portion
of baked cod could provide 34 mcg of selenium, which is roughly half the daily
recommended intake. Selenium is a component of some of the enzymes which protect
the body against damage due to oxidation (free radical damage). It is also necessary
for the use of iodine in thyroid hormone production and for immune system function.
Low levels of selenium intake may be associated with the increased risk of some
cancers.

It is evident that fish contribute more to people's diets than just the high quality
protein they are so well known for. Fish should therefore be an integral
component of the diet for preventing malnutrition by making these macro- and
micro-nutrients readily available to the body.
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List of Small Indigenous Fishes

Table 1 : List of Small Indigenous Fishes

fllc;. Scientific Name Commom name / Local Name
1 Alilia coila Kojoli, Kajri, Banspata
2 | Amblypharyngodon mola Mola, Mouralla
3 | Anabas testudineus Climbing perch, Koi
4 | Anodontostoma chacunda Chacunda gizzard shad
5 | Aplocheilus panchax Techokha
6 | Aspidoparia morar Olahalale
7 | Badis badis Badis, Chameleon fish
8 | Barilius barila Chalake
9 | Barilius barna Barna baril
10 | Barilius bendelisis Zhorya
11 Barilius bola Bhol, Indian Trout
12 | Barilius vagra -
13 | Botia dayi Rani, Loach
14 | Botia lohachata Reticulate loach
15 | Brachydanio rerio Zebra fish
16 Chanda nama Chanda, Glass fish
17 | Chanda ranga Chanda, Glass fish
18 | Channa gachua Chang
19 | Channa orientalis Walking/Brown snake head, Cheng
20 Channa punctatus Lata/ spotted snake head
21 Channa stewartii Assamese snake head
22 | Channa striatus Striped Snake head
23 | Chela bacaila Chela
24 | Chela laubuca Indian hatchet fish, Chep chela
25 | Clarias batrachus Magur, Walking catfish
26 | Clupisoma garua Garua Bachcha, Ghaura
27 | Colisa fasciata Kholse, Cheli
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zlé_ Scientific Name Commom name / Local Name
28 | Colisa lalia Kholshe, Ranga Kholsey, Dwarf gourami
29 | Corica soborna Kanchki,Sona Khorke

30 Cynoglossus lingua Long tongue sole

31 Danio aequipinnatus Giant danio

32 | Danio devario Sind danio

33 | Eleotris fusca Dusky sleeper

34 | Esomus danricus Flying barb, Danrika

35 | Euryglossa orientalis Oriental sole

36 | Eutropiichthys vacha Bacha, Kangon

37 | Gagata cenia Jungla

38 | Glossogobius giuris Beli

39 | Gonialosa manmina Ganges gizzard shad

40 | Gudusia chapra Khoira, Chapra

41 | Heteropneustes fossilis Stinging catfish, Singhi

42 Laubuca laubuca Blue laubuca, Indian glass barb
43 | Lepidocephalus caudofurcatus -

44 | Lepidocephalus guntea Gute, Poe

45 | Mastacembelus armatus Ban/ Zig-zag eel

46 | Mystus cavasius Gangetic mystus

47 | Mystus gulio Nona tangra, Gule tangra

48 | Mystus tengara Stripped Dwarf Catfish, Bajari-Tengra
49 | Mystus vittatus Tangra

50 | Nandus nandus Gangetic leaffish

51 | Nemacheilus zonatus Victory Loach

52 | Oreichthys cosuatis Highfin barb, Purjebarbi

53 Oreochromis niloticus Tilapia

54 | Osteobrama belangeri Pengba

55 | Osteobrama cotio Cunma osteobrama

56 | Osteobrama neilli Nilgiri osteobrama

57 Pama pama Bhola
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zt_ Scientific Name Commom name / Local Name
58 | Pellona sp. =

59 | Polynemus paradiseus Paradise threadfin

60 | Pseudambassis/ Parambassis lala Highfin glassy perchlet
61 Pseudapocryptes lanceolatus -

62 | Neutropius atherinoides Indian Potasi

63 | Pseudosciaena coitor

64 | Puntius arulius Arulius barb

65 | Puntius binotatus Spotted Barb

66 | Puntius chagunio Chaguni

67 | Puntius chola Swamp barb

68 | Puntius conchonius Puti, Kankan puti, Rosy barb
69 | Puntius cumingi Cuming's Barb

70 | Puntius denisonii Redline Torpedo Barb

71 Puntius dunckeri Bigspot Barb

72 | Puntius everetti Clown Barb

73 | Puntius fasciatus Melon Barb

74 | Puntius fraseri Dharna barb

75 | Puntius gelius Glass Barb, Golden Barb
76 | Puntius hexazona Sixband Barb

77 | Puntius jayarami -

78 | Puntius lateristriga Spanner Barb

79 | Puntius manipurensis -

80 | Puntius nigrofasciatus Black Ruby Barb

81 Puntius oligolepis Checker Barb

82 | Puntius padamya Odessa Barb

83 | Puntius partipentazona Partipentazona Barb

84 | Puntius pentazona Fiveband barb, pentazona barb
85 | Puntius phutunio Dwarf barb

86 | Puntius sarana Olive barb, Sar puti

87 | Puntius semifasciolatus Green Barb
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fllc;. Scientific Name Commom name / Local Name
88 | Puntius sophore Sona puti/ Pool barb

89 | Puntius stigma Stigma

90 | Puntius stoliczkanus Stoliczkae's Barb

91 Puntius terio Onespot barb

92 | Puntius tetrazona Tiger Barb

93 | Puntius ticto Puti

94 | Puntius titteya Cherry Barb

95 | Puntius vittatus Greenstripe Barb

96 | Rasbora caverii Cauvery rasbora

97 | Rasbora daniconius Striped Rasbora

98 | Rhinomugil corsula Kharsula, Tarui

99 | Salmostoma bacaila Chala
100 Salmostoma phulo Fine Scale Razor Belly Minnow, Chalake
101 Schistura vinciguerrae -
102 | Setipinna phasa Phansa
103 | Sicamugil cascasia Chuno parsia
104 | Silonia silondia Silondia vacha
105 | Stigmatogobius sadanundio Knight goby
106 | Xenentodon cancila Gangdhara, Kanklesh
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Proximate Composition of SIF

Table 2 : Proximate Composition of SIF

Crude Crude Ash Moisture

protein (%) Fat (%) (%) (%)
Amblypharyngodon mola 18.46 410 1.64 76.38
Gudusia chapra 16.23 5.41 1.55 75.07
Chanda nama 18.26 1.53 3.92 65.88
Pseudeutropius atherinoides 15.84 224 3.29 73.32
Ailia coila 16.99 3563 1.98 78.62
Puntius chola 14.08 3.05 1.19 74.43
Channa punctatus 19.84 315 1.00 75.80
Channa striatus 20.50 4.07 1.45 77.50
Puntius sarana 20.84 395 AT 74.84
Heteropneustes fossilis 16.43 0.40 1.30 81.03
Barbus spp. 18.81 0.19 1.12 79.67
Mystus vittatus 18.90 1.63 1.19 77.50
Clarias batrachus 18.20 1.42 0.97 78.70
Ambassis sp. 18.63 1.28 1.12 79.72
Glossogobius giuris 16.35 0.25 1.25 79.10
Osteobrama cotio 16.90 5.96 3.06 74.58
Puntius Stigma 18.95 6.27 0.98 72.97
Mystus tengra 16.81 6.28 2.82 73.67
Xenentodon Cancila 21.70 2.82 1.1 73.90
Oreochromis niloticus 20.47 0.58 0.90 77.30
Etroplus suratensis 22.50 2.40 0.90 75.30

All values given are mg/100gm of tissues
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Amino Acid Composition of SIF

Table 3 : Amino Acid Composition of SIF

Amino A Ambassis | Puntius H. P C. G. Chela 0.
Acid mola spp. sarana | fossilis | stigma | striatus | chapra phulo | noloticus
Asp 9.82 9.52 9.63 6.33 2.80 10.74 3.53 3.78 12.91
Thr .72 3.23 4.79 429 1.68 424 1.93 1.87 532
Ser 6.68 2.34 3.48 2.41 1.30 3.60 1.43 1.40 4.05
Glu 16.31 14.88 20.31 10.79 5.76 21.6 6.72 6.96 17.056

Pro 0.38 3.29 4.61 3.86 2:31 4.0 2.30 2.25 4.07
Gly 13.74 3.31 4.47 474 3.22 3.5 322 2.99 6.68
Ala 10.50 439 6.47 4.47 2.88 5.49 3.03 2.93 7.36
Val 0.84 4.48 521 4.07 224 5.54 2.64 2.50 5.81
Cys 3.15 0.74 0.80 0.50 0.24 2.40 0.26 0.31 0.84
Met 1.72 2.05 1.83 1.34 722 2.47 1.49 1.46 2.97
Iso 5.45 422 3.07 4.56 2.02 450 2.31 235 6.58
Leu 9.62 7.05 8.05 6.92 3.00 8.76 3.48 3.51 9.83
Tyr 1.39 4.81 2.58 1.84 1.60 1.90 1.81 1.84 1.47
His 4.41 3.30 1.21 4.86 1.11 3.16 1.08 1.03 2.53
Lys 5.17 11.30 el 10.98 3.36 13.26 4.10 413 15.76
Arg 1.87 6.21 5.66 2.78 2 4.87 37 3.20 5.62
Try 1.73 1.12 1,13 1.38 — — — — —

Phe 1:5 - - 3.84 1.85 2.91 2493 2.07 3.10

All values are gm amino acid per 100 gm protein
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Figure 2 : Chromatogram showing amino acid profile of Amblypharyngodon mola (Cyprinidae)

(Source : Reference 19)

Some common Polyunsaturated Fatty Acids (PUFAs)
Table 4 : Some common Polyunsaturated Fatty Acids (PUFAs)

Commom Name Omega Delta Abbre.
Linoleic Acid 18:2n-6 18:2 A%12 LA
Arachidonic Acid 20:4n-6 20:4 AS811.14 AA
Alpha-linoleic Acid 18:3n-3 18:3 A91215 ALA
Eicosapentaenoic Acid 20:5n-3 20:5 AS811.14.17 EPA
Docosahexaenoic Acid 22:6n-6 22:6 A4710.131619 DHA
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Fatty Acid Composition of the Lipids of SIF

Table 5 : Fatty Acid Composition of the Lipids of SIF

Fatty Acid A Channa Etroplus E. H. M.
mola Punctatus | maculatus | suratensis fossilis armatus
Saturated
C11:0 0.017 0.0 0.0 0.0
C12:0 0.329 0.0 0.0 0.0 7 24
C13.0 0.157 0.3 0.2 1.0 1.4 0.7
C14:0 6.918 0.7 34 38 33 36
C15:0 1.955 2.1 14 2.8 22 3.0
C16:0 36.755 24.0 24.7 19.9 17.6 13.7
C17:0 1.568 3.0 2.8 0.4 25 3.8
C18:0 7.779 13.7 12.0 15.7 94 12.6
C19:0 0.000 1.3 0.9 0.0 1.6 1.8
C20:0 0.224 0.0 0.0 - 0.0 -
C22:0 0.143 0.0 0.0 - 0.0 -
Total 55.865 451 45.1 436 39.2 41.3
Monounsaturated
C16:1 n7 0.618 58 6.3 11.1 16.5 [
C17:1 n7 0.372 20 12 04 0.0 14
C18:1n9 18.100 14.0 137 20.3 153 20.4
C20:1 n9 0.818 0.7 0.9 16 0.0 1.0
C22:1n9 0.046 03 0.7 1.0 0.9 0.5
Others 0.236 1.8 0.2 0.1 25 3.0
Total 20.190 24,6 23.0 345 35.2 335
Polyunsaturated
C18:2 n6 4,846 38 2.1 76 41 8.2
C18:3n3 9.362 0.5 0.6 55 0.9 1.9
C18:4 n3 0.000 1.8 3.6 24 i 1.6
C20:2 n6 0.362 0.2 1.0 0.0 1.0 0.0
C20:3 n6 1.300 0.2 0.7 0.0 21 15
C20:4 n6 3.569 6.1 3.0 35 6.3 yéil
C20:5n3 4,504 6.0 2.2 05 3.8 1.2
C22:4 n6 0.000 24 59 0.0 0.9 18
C22:5n3 0.000 2.2 5. 1.0 05 03
C22:6 n3 0.000 6.7 8.0 1.0 03 2.2
Others 0.021 0.0 0.0 0.5 13 0.0
Total 23.945 29.9 32:2 22.0 229 25.3
Unidentified - 0.4 - 0.0 28 -
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Figure 3 : Chromatogram Fatty Acids of Amblypharyngodon mola

(Source : Reference 19)

List of common n-3 and n-6 Fatty Acids found in nature

Table 6 : List of common n-3 and n-6 Fatty Acids found in nature

Common name Lipid name | Chemical name Abbr.

Common n-3 (v-3) Fatty Acids

a-Linolenic acid 18:3 (n-3) | all-cis-9,12,15-octadecatrienoic acid ALA
Stearidonic acid 18:4 (n-3) | all-cis-6,9,12,15-octadecatetraenoic acid STD
Eicosapentaenoic acid 20:5 (n-3) | all-cis-5,8,11,14,17-eicosapentaenoic acid EPA
Docosapentaenoic acid 22:5(n-3) | all-cis-7,10,13,16,19-docosapentaenoic acid DPA
Docosahexaenoic acid 22:6 (n-3) | all-cis-4,7,10,13,16,19-docosahexaenoic acid| DHA

Common n-6 (»-6) Fatty Acids

Linoleic acid 18:2 (n-6) |9,12-octadecadienoic acid LA
Arachidonic acid 20:4 (n-6) |5,8,11,14-eicosatetraenoic acid AA
Docosadienoic acid 22:2 (n-6) | 13,16-docosadienoic acid DDA
Docosapentaenoic acid 22:5 (n-6) |4,7,10,13,16-docosapentaenoic acid DPA
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Mineral content of some SIF

Table 7 : Mineral content of some SIF

SIF Ca Fe Zn Na K P Mn Cu Mg
(mg) | (mg) [ (mg)
Chanda nama 955 1.8 2.3 - 750 - 424 | 182 | 110
Gudusia chapra 1063 7.6 2.1 - 860 - 476 | 1.97 | 120
Etroplus. suratensis 315.30 1.80 - 126.90 | 296.70 | 251.00 - - -
Oreochromis. niloticus 585.20 1.50 - - - 235.00 - - -
Esomus danricus 891 12.0 2.1 - - - - - -
Corica soborna 476 2.8 2.1 - 520 - 7.01 6.14 100
Amblypharyngodon mola 853 57 3.2 - 630 - 4.21 2.67 120
Puntius sophore
Puntius chola 1171 3.0 3.1 - 860 - 739 | 1.16 | 100
Puntius ticto
Channa punctatus 766 1.8 1.5 - - 535.00 - - -
Channa striatus 82.20 1.88 - 44 .86 153.80 | 198.28 -
Puntius sarana 30.32 2.55 - 34.36 121.28 | 268.20 - - -
Heteropneustes fossilis 42.61 4.86 - 57.58 247.29 | 135.94 - - -
Barbus spp. 47.96 0.84 - 76.98 24493 | 118.48 - - -
Clarias batrachus 76.52 2.21 - 76.52 280.44 | 122.29 - - -
Osteobrama cotio 140 39.7 13.6 - 920 - 442 | 2.82 110
Mystus tengra 190 14.5 17.0 - 840 - HES) 3.20 110
Puntius. stigma 120 326 11.3 - 650 - 568 | 3.98 110
Chela phulo 170 30.8 10.0 - 670 - 472 | 1.23 | 130
Chela bacaila 160 33.2 12.8 - 880 - 432 | 120 | 110
Chanda ranga 150 24.7 14.6 - 990 - 326 | 1.15 | 100
Pseudeutropius atherinoides| 400 33.0 14.4 - 610 - 6.34 1.25 200
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Vitamin content of some SIF

Table 8 : Vitamin content of some SIF

P. sophore

P. ticto
Lepidocephalus guntea
Gudusia chapra
Colisha fasciatus
Colisha lalia

H. fossilis

Clarias batrachus
Puntius sophore(55)
Clarias batrachus(30)
Corica soborna(87)

Fish Name Vitamin-A Content Category
Amblypharyngodon mola (2680) >1500 Very High
Parambassis baculis

Osteobrama cotio cotio(937) 500-1500 High
Esomus danricus

Parambassis ranga 100-500 Medium
Chanda nama

Mystus vittatus

Channa punctatus

Chela canchius

Puntius chola <100 Low

RAE*/100g raw cleaned parts
*RAE: Retinol Activity Equivalent

Small Indigenous Fishes in Human Health e 22




I Bamji MS. 2008. Diet, nutrition and health- challenges and opportunities. National
Academy Science Letters 31 (1&2): 1-6.

2 Bang HO, Dyerberg ] and Hjoorne N. 1976. The composition of food consumed by
Greenland Eskimos. Acta medica Scandinavica 200: 69-73.

3 Biochemical Composition of Indian Food Fish. 1997. Ed. K Gopakumar, Published by
Central Institute of Fisheries Technology (Indian Council of Agricultural Research),
Cochin, India. 1997 Revised Edition.

4  Blanc AK and Wardlaw T. 2005. Monitoring low birth weight: an evaluation
of international estimates and an updated estimation procedure. Bulletin of World Health
Organization 83(3): 178-185.

5  Breslow JS. 2006. n-3 fatty acids and cardiovascular disease. American Journal of
Clinical Nutrition, 83 (suppl), 1477 S-1482S.

6  Calder PC. 2008. Polyunsaturated fatty acids, inflammatory processes and inflammatory
bowel diseases. Molecular Nutrition and Food Research 52: 885-897.

7 Enas EA, Senthilkumar A, Chennikkara H and Bjurlin MA. 2003. Prudent diet and
preventive nutrition from pediatrics to geriatrics: Current knowledge and practical
recommendations. Indian Heart J. 55: 310-338.

8 Gam LH, Leow CY and Baie S. 2006. Proteomic analysis of snakehead fish
(Channa striata) muscle tissue. Malaysian Journal of Biochemistry and Molecular
Biology 14: 25-32.

9  Ghosh A (2008) Fishes of Hooghly Estuary: Hundred species of bony fishes- a
pictorial field guide. CIFRI Bulletin No. 115.

10 Gopalan C. 2007. The 'dual nutrition burden'- Need for a balanced response.
Bull. Nutrition Foundation of India. 28(1): 7-8.

11 Hibbeln JR, Nieminen LRG, Blasbalg TL, Riggs JA and Lands WEM. 2006. Healthy
intakes of n-3 and n-6 fatty acids: estimations considering worldwide diversity.
American Journal of Clinical Nutrition 83(suppl): 1483S-1493S.

12 Johnson EJ and Schaefer EJ. 2006. Potential role of dietary n-3 fatty acids in the
prevention of dementia and macular degeneration. American Journal of Clinical Nutrition
83 (suppl), 1494 S-1498 S.

13 Kongsbak K, Thilsted SH and Wahed MA. 2008. Effect of consumption of the
nutrient-dense, freshwater small fish Amblypharyngodon mola on biochemical indicators
of vitamin A status in Bangladeshi children: a randomized, controlled study of efficacy.
British Journal of Nutrition 99: 581-597.

14 Kris-Etherton PM, Harris WS, Appel LJ. 2002. Fish consumption, fish oil, omega-3 fatty
acids, and cardiovascular disease. Circulation, 106, 2747-2757.

15 Kris-Etherton PM, Taylor DS, Yu-Poth S, et al. 2000. Poluunsaturated fatty acids
in the food chain in the United States. American Journal of Clinical Nutrition
71(suppl): 179S-188S.

Small Indigenous Fishes in Human Health e 23



16

17

18

19

20

21

22

23

24

25

26.

27.

28.

Small Indigenous Fishes in Human Health e 24

Liu RH. 2003. Health benefits of fruit and vegetables are from additive and
synergistic combinations of phytochemicals. American Journal of Clinical Nutrition.

78(suppl):5175-520S.

Mat Jais AM, McCulloch R and Croft K. 1994. Fatty acid and amino acid composition
in Haruan has a potential role in wound healing. General Pharmacology 25: 947-
950.

Mazumder, M. S.A., M. M. Rahman, A. T. A. Ahmed, M. Begum and M. A.
Hossain (2008). Proximate composition of some small indigenous fish species (SIS) in
Bangladesh. International Journal of Sustainable Crop Production. 3(4):18-23.

Mohanty BP, Behera BK, Anandan R, Sankar TV and Sharma AP. (2010). Nutrient
profie of small indigenous fish Amblyopharyngodon mola (communicated).

Mohanty BP, Behera BK, Anandan R, Sankar TV and Sharma AP. (2010).
Nutrient profiles of different sizes of hilsa, Tenualosa hilsa from East-coast of India
(communicated).

Ng Ka-Hung, Meyer BJ, Reece L and Sinn N. 2009. Dietary PUFA intakes in
children with attention-deficit/hyperactivity disorder symptoms. British Journal of Nutrition
102: 1635-1641.

Roos N, Islam MM, Thilsted SH. 2003. Small indigenous fish species in Bangladesh
contribution to vitamin A, calcium and iron intakes. Journal of Nutrition 133:
4021S-4026S.

Stillwell W and Wassall SR. 2003. Docosahexaenoic acid: membrane properties
of a unique fatty acid. Chem Phys Lipids. 126 (1): 1-27.

Tavani A, Pelucchi C, Negri E, Bertuzzi M and Vecchia CL. 2001l. n-3
polyunsaturated fatty acids, fish and nonfatal myocardial infarction. Circulation
104: 2269-2272.

Thilsted, S.H. 2003. The importance of small indigenous fish species for improved
human nutrition in rural Bangladesh. pp 65-69. In: Wahab, M.A., Thilsted, S.H. and
Hoq, M.E. (eds.), Small Indigenous Species of Fish in Bangladesh. Technical Proc.
of BAU-ENRECA/DANIDA Workshop on Potentials of Small Indigenous Species of
Fish (SIS) in Aquaculture & Rice-field Stocking for Improved Food & Nutrition
Security in Bangladesh. 30-31 October 2002, BAU, Mymensingh, Bangladesh.
Bangladesh Agricultural University, Mymensingh 2202, Bangladesh.166 p.

Zuraini A, Somchit MN, Solihah MH, Goh YM, Arifah AK, Zakaria MS, Somchit N,
Rajion MA, Zakaria ZA and Mat Jais AM. 2006. Fatty acid and amino acid
composition of three local Malaysian Channa spp. fish. Food Chemistry 97: 674-
678.

Reynolds RM, Godfrey KM, Barker M, Osmond C, Phillips DI., 2007. Stress responsiveness
in adult life: influence of mother's diet in late pregnancy. J Clin Endocrinol Metab.
92(6):2208-10.

Herrick, K., Phillips, D. I. W., Soraya Haselden, Alistair W. Shiell, Mary Campbell-
brown and Keith M. Godfrey, 2003. Maternal Consumption of a High-Meat, Low-

Carbohydrate Diet in Late Pregnancy: Relation to Adult Cortisol Concentrations in the
Offspring. The Journal of Clinical Endocrinology & Metabolism 88(8):3554-3560.



29. Sandovici, I., Smith, Noel H., Nitert, Marloes D., Ackers-Johnson, M., Santiago Uribe-
Lewis, Yoko Ito, R. Huw Jones, Victor E. Marquez, William Cairns, Mohammed Tadayyon,
Laura P. O'Neill, Adele Murrell, Charlotte Ling, Miguel Constancia and Susan E. Ozanne,
2011. Maternal diet and aging alter the epigenetic control of a promoter-enhancer
interaction at the Hnf4a gene in rat pancreatic islets. PNAS Early Edition 1-6.
doi/10.1073/pnas.1019007108.

30. Khanna, SB., Dash, K. and Dwivedee, SK., 2007. Fetal origin of adult disease. JK Science,
9(4): 206-210.

31. Nair, L., Nair, MKC and Chacko, DS., 2009. Markers of fetal onset adult diseases. Indian
Pediatrics, 46(supplement): S48-S54.

32. Liang, C., Oest, ME and Prater, MR., 2009. Intrauterine exposure to high saturated fat
diet elevates risk of adult-onset chronic diseases in C57BL/6 Mice. Birth Defects Research
(Part B) 86: 377-384.

33. Grant, W.E, Melanie B. Gillingham, Ayesha K. Batra, Natasha M. Fewkes, Sarah M.
Comstock, Diana Takahashi, Theodore P. Braun, Kevin L. Grove, Jacob E. Friedman,
Daniel L. Marks. 2011. Maternal High Fat Diet Is Associated with Decreased Plasma
n-3 Fatty Acids and Fetal Hepatic Apoptosis in Nonhuman Primates. Plos one. 6(2):
el7261.

34. Igosheva N., Andrey Y. Abramov, Lucilla Poston, Judith J. Eckert, Tom P. Fleming, Michael
R. Duchen, Josie McConnell. 2010. Maternal Diet-Induced Obesity Alters Mitochondrial
Activity and Redox Status in Mouse Oocytes and Zygotes. Plos one. 5(4): e10074.

35. Mead M. N., 2007. Diet and Nutrition. You Are What Your Mother Ate, Environews,
Environmental Health Perspectives, 115(10): A492-A4930

36. World Health Organization, 1998. Obesity: Preventing and Managing the Global
Epidemic. Geneva: WHO.

37. World Health Organization, 2003 Diet, Nutrition and the Prevention of Chronic Diseases.
Joint WHO/FAO Expert Consultation.WHOTechnical Report Series no. 916.
Geneva:WHO.

38. Goldstein DJ., 1992. Beneficial health effects of modest weight loss. Int ] Obes Relat
Metab Disord 16: 397-415.

39. Blackburn, G., 1995. Effect of degree of weight loss on health benefits. Obes Res 3,
Suppl. 2: 211s-216s.

40. Micallef, M., Irene Munro, Melinda Phang and Manohar Garg. 2009. Plasma N-3
polyunsaturated fatty acids are negatively associated with obesity. Br. J. Nutr.,, 102(9):
1370-1374.

41. Hill JO, Thompson H and Wyatt H., 2005. Weight maintenance: what's missing? J Am
Diet Assoc 105(Suppl.1): S63-566.

42. Pruefer, K., Veenstra, T., Jirikowski, G., Kumar, R., 1999. Distribution of 1, 25-
dihydroxyvitamin D3 receptor immunoreactivity in the rat brain and spinal cord. ] Chem
Neuroanat, 16:135-145.

43. Eyles, D., Smith, S., Kinobe, R., Hewison, M., McGrath, J., 2005. Distribution of the
vitamin D receptor and 1 alpha-hydroxylase in human brain. J Chem Neuroana, 29:21-
30.

Small Indigenous Fishes in Human Health e 25



44.

45.
46.

47.
48.

49.

50.

Small Indigenous Fishes in Human Health e 26

Holick, M., 2004. Sunlight and vitamin D for bone health and prevention of autoimmune
diseases, cancers, and cardiovascular disease. Am J Clin Nutr., 80(Suppl 6):1678-1688.

Holick. MF, 2007. Vitamin D deficiency. New Eng ] Med., 357:266-281.

Kalueff, A., Minasyan, A., Keisala, T., Kuuslahti, M., Miettinen, S., Tuohimaa, P., 2006.
The vitamin D neuroendocrine system as a target for novel neurotropic drugs. CNS
Neurol Disord Drug Targets, 5:363-371.

Wilkins, C., Sheline, Y., Roe, C., Birge, S., Morris. J., 2006. Vitamin D deficiency is
associated with low mood and worse cognitive performance in older adults. Am | Geriatr
Psychiatry, 14:1032-1040.

Przybelski, R., Binkley, N., 2007. Is vitamin D important for preserving cognition? A
positive correlation of serum 25-hydroxyvitamin D concentration with cognitive function.
Arch Biochem Biophys, 460:202-205.

Oudshoorn,. C., Mattace-Raso, FU., van der Velde, N., Colin, EM, van der Cammen
TJ., 2008. Higher serum vitamin D3 levels are associated with better cognitive test
performance in patients with Alzheimer's disease. Dement Geriatr Cogn Disord, 25:539-
543.

Ganiji, V., Milone, C., Mildred M Cody, Frances McCarty, Yong T Wang, 2010. Serum
vitamin D concentrations are related to depression in young adult US population: the
Third National Health and Nutrition Examination Survey, International Archives of Medicine,
3:29. http://www.intarchmed.com/content/3/1/29.



SOME USEFUL BIO-CHEMICAL INFORMATIONS

Table

Table

Table

Table

Small Indigenous Fishes in Human Health e 27

10 :

11 :

12

Abbreviation of Amino Acids
Elements Required in Human Nutrition

Some Inorganic Elements that Serve as
Cofactors for Enzymes

List of Vitamins and Deficiency Diseases






Table 9 : Abbreviation of Amino Acids

A Ala Alanine

B Asx Asparagine or Aspartate
C Cys Cysteine

D Asp Aspartate

E Glu Glutamate

F Phe Phenylalanine

G Gly Glycine

H His Histidine

I lle Isoleucine

K Lys Lysine

L Leu Leucine

M Met Methionine

N Asn Aspargine

P Pro Proline

Q GIn Glutamine

R Arg Arginine

S Ser Serine

T Thr Threonine

Vv Val Valine

W Trp Tryptophan

X - Unknown or nonstandard amino acid
Y Tyr Tyrosine

Z Glx Glutamine or Glutamate

Asx and Glx are used in describing the result of amino acid analytical procedures in which Asp and Glu are not
readily distinguished from their amide counterparts, Asn and Gln.
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Table 10 : Elements Required in Human Nutrition

Bulk Element:

Calcium

Chlorine

Magnesium

Phosphorus

Potassium

Sodium

Trace Element:

Copper

Fluorine

lodine

Iron

Manganese

Molybdenum

Selenium

Zinc

Other Trace Element known to be essential in animals and very likely essential for Human

Arsenic

Chromium
Nickel

Silicon
Tin

Vanadium
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Table 11 : Some Inorganic Elements that Serve as Cofactors for Enzymes

Cu® Cytochrome oxidase

Fe *or Fe ** Cytochrome oxidase
Catalase, peroxidase

K* Pyruvate kinase

Mg # Hexokinase

Glucose 6- phosphate
Pyruvate kinase

Mn 2 Arginase

Ribonucleotidase reductase

Mo Dinitrogenase

Nitrate reductase

Ni 2 Urease
Se Glutathione peroxidase
Zn'* Carbonic anhydrase

Alcohol dehydrogenase
Carboxypeptidases A & B
DNA polymerase
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Table 12 : List of Vitamins and Deficiency Diseases

Vitamin Chemical Source Metabolic Recommended Deficiency
Name Function Dietary Allowances Diseases
(age 19-70)
Fat soluble Vitamins
A Retinol, Cod liver oil | Co-enzymatic 900ug Night-blindness
Retinal, Pro-hormonal and
retinoic acid keratomalacia
D Ergocalciferol Cod liver oil | Pro-hormonal 5.0-10 pg Rickets and
(D2) Osteomalacia
Cholecalciferol
(D3)
E Tocopherol Wheat germ | H+/e- transfer 15.0mg Mild hemolytic
oil and liver anemia in
newborn infants
K Phylloguinone Alfalfa Co-enzymatic 120 pg Bleeding
(K1) H+/e- transfer diathesis
Menaquinones
(K2)
Water soluble vitamins
B1 Thiamine Rice bran Co-enzymatic 1.2mg Beriberi
B2 Riboflavin Eggs Co-enzymatic 1.3mg Ariboflavinosis
H+/e- transfer
B3 Niacin Liver Co-enzymatic 16.0mg Pellagra
Niacinamide H+/e- transfer
B5 Pantothenic Liver Co-enzymatic 5.0mg Paresthesia
acid H+/e- transfer
B6 Pyridoxine Rice bran Co-enzymatic 1.3-1.7mg Anemia
Pyridoxamine peripheral
Pyridoxal neuropathy
B7 Biotin Liver Co-enzymatic 30.0 pg Dermatitis
B9 Folic acid, Liver Co-enzymatic 400 pg Birth defects,
Folinic acid neural tube
defects
B12 Cyanacobalamine Liver Co-enzymatic 24 ug Megaloblastic
anemia
C Ascorbic acid Lemons H+/e- transfer 90.0mg Scurvy
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Eutropiichthys vacha
Gudusia chapra
Puntius binotatus

Puntius sophore

Danio devario
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Pseudambassis lala
Puntius chola
Garra gotyla gotyla

Setipinna phasa

Puntius Jayarami
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Barilius Barila
Channa striatus
Mystus cavasius

Heteropneustes fossilis

Channa orientalis
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Esomus danricus
Nemacheilus corica
Badis badis

Corica soborna

Botia dario
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Botia lohachata
Pacudeupropius atherinoides
Anabas testudineus

Botia dayi

Ailia coila
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Parluciosoma daniconius
Mystus vittatus
Batasio batasio

Rasbora daniconius

Puntius chagunio
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Puntius titteya
Berilius barila
Salmostoma bacaila

Puntius conchonius

Aplocheilus panchax
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Xenentodon cancila

Colisa lalia

Barilius bendelisis

Otolithoides biauritus

Deverio devario
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Brachydanio rario
Lepidocephalus guntea
Aorichthys aor

Channa orientalis

Stigmatogobius sadanundio
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Mastacembelus armatus
Amblypharyngodon mola

Puntius terio

Sicamugil cascasia

Boleopthalmus boddarti
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Ompok pabda
Puntius phutunio
Puntius sarana

Puntius oligolepis

Puntius semifasciolatus
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Puntius gelius
Channa punctatus
Nandus nandus

Gagata cenia

Clupisoma garua
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Mystus gulio
Cynoglossus lingua
Osteobrama belangeri

Euryglossa orientalis

Pseudapocryptes lanceolatus
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Channa punctatus
Silonia silondia
Pama pama

Laubuca laubuca

Puntius manipurensis
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Mystus tengara
Colisa sota
Anodontostoma chacunda

Osteobrama neilli

Puntius lateristriga
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Nangra viridescens

Puntius conchonius

Colisa fasciata
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Puntius tetrazona

Pnntius pentazona
Osteobrama cotio
Polynemus paradiseus
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