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Abstract

Among aquatic creatures, molluscs are one of the main phylums of marine organisms
because of their vast biodiversity, nutrition advantages and their natural compounds.
Chemical ecology discusses study of natural compounds in organisms, analyzes their
structures and tracing their production and variation in response to environmental
parameters. There are about 600 natural compounds identified, in which their metabolism
are studied more in four classes of molluscs: polyplacophora, gastropoda, cephalopoda
and bivalves. The main identified compounds are amino acids, lipids and fatty acids, ter-
pens and steroids. Fatty acids and lipids are the main pre-structures for biological mem-
branes, and their physical characteristics create membrane structure and its activities.
Therefore, many cell functions depend on membrane activity and chemical composition
of membrane lipids and environmental parameters as follows. Normally, the omega 6 to
omega 3 ratio has moderate amounts in natural food sources. The more the ratio closer
to 1, the more body metabolism could be sensitive for absorption. Environmental param-
eters, such as temperature, salinity, pH and food type source, could change the amount
and structure of natural compounds. Biological factors such as sex type, reproduction
and breeding cycles, different tissues and their activities could receive different types of
natural compounds.
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1. Introduction

The name mollusc (mollusk) was derived from Latin word mollus meaning soft. This term
was first used by Cuvier in 1798 to describe squids, cuttlefish and animals whose shells is
reduced. After the arthropods the molluscs are the most successful of the animal phyla in
terms of numbers of species. Considering the vast species of molluscs and the large number
of fossil species, they are the largest marine phylum, comprising about 23% of all the named
marine organisms [1].
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Molluscs live in very different habitats and are highly diverse especially in their ecological
behaviors. The phylum consist 10 taxonomic classes, which two are entirely extinct. Among
the existing classes, Cephalopods such as squid, cuttlefish and octopus, are among the most
neurologically advanced of all invertebrates, and gastropods (snails and slugs) are the most
numerous classes in this phylum [2].

Molluscs are highly successful animal group in terms of ecology and adaptation and they are
found in all habitats ranging from deepest ocean to intertidal zone, freshwater and terrestrial
lands where they occupy a wide range of habitats, but the highest diversity could be found
in the sea in comparison with freshwater and terrestrial habitats. Between all classes in the
phylum Mollusca, the most important class is gastropoda comprising more than 80% of all
living Mollusca species. The species belonging to this class occurs in marine, freshwater and
terrestrial habitats. Whereas bivalves occurs both in freshwater and marine environments,
but there is not any species in terrestrial habitats. In the all classes of molluscs, 6 classes are
exclusively marine species [3, 4].

Molluscs are consumed as a food source for humans, birds, fish, mammals and other inver-
tebrates, and also play a key role in the recycling of nutrients, soil-generation and water fil-
tration. They are good bio-indicators too, for environmental quality in all types of aquatic
habitats [4, 5].

Molluscs have very different forms among the other animal phylums. Snails, slugs and other
gastropods; clams, oysters, scallops and other bivalves; squid, cuttlefish, octopus and other
cephalopods; and also lesser known subgroups have interesting diversities in structure, color
and size [6]. The giant squid, which had not been observed alive in its adult form recently, is
one of the largest invertebrates, with 10 m (33 ft.) long and 500 kg (1100 1b.) weighed [7].

Molluscs are an important food source for humans as mentioned earlier, but there is a risk
about poisoning from toxins which can accumulate in certain molluscs under specific condi-
tions. Besides, they are a good source of many luxury goods, such as pearls, mother of pearl,
Tyrian purple dye, and sea silk. Also, in ancient periods, their shells have also been used as
money [4].

Mollusca are very abundant and form an important trophic level in the aquatic food chain.
A large number are filter feeders and hence, are important in nutrient recycling along with
the other soil invertebrates. Numerous molluscs are important food source for humans such
as Clams and Snails. Some gastropods are pest and damage crops or others hosts for some
disease causing parasites such as lung worm which causes schistosomiasis and liver worm for
fascioliasis in humans [3, 5].

In addition to the wide usages of molluscs in food industry, shell decorations, dyes and medi-
cines; determination, identification and extraction of their bioactive compounds and second-
ary metabolites have been an important scientific field of research recently. For instance,
isolated natural products from molluscs and their structural analogues are particularly well
represented in the anticancer compounds in clinical trials. These compounds and their differ-
ent chemical structures could be change in each species [8-10].
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The marine environment is highly competitive and being able to produce fundamental com-
pounds which have both industrial and medical applications. Based on the species number,
molluscs are the second largest phylum in the marine environment. Their morphological and
physiological features attract many investigators [11]. Among molluscs, gastropods have a
particular role in commercial shell craft industry. A wide variety of species exists on land,
fresh water and the sea. Marine gastropods form only a minor component of marine fishery
resources. Many species are exported for the purposes of manufacturing ornaments, curious
and various other artifacts of commercial value. Women and children collect this gastropods
and bivalves from shallow estuaries for nutritional food. Shells and shell crafts of gastropods
are the major economy for the local peoples in marine coasts. Marine bivalves and gastro-
pods are also rich source of many biologically active compounds. Owing to their medicinal
and industrial properties, several species are traditionally fished for food and shell [2].

Mollusc species could be hazardous or pests. For example, blue-ringed octopus which is often
fatal, and Octopus apollyon causes inflammations which can last for over a month. Toxic cone
shells could kill or cause inflammations, while some times their venoms could become impor-
tant tools in neurological research. Also, some snails and slugs are serious agricultural pests
or dangerous vectors for transition parasitic diseases [10, 11].

2. Concept of chemical ecology

The different species from molluscs probably utilizes the neutral and total lipids during cold
seasons in order to survive and stores them for hot seasons. The importance of stored lipids
is for reproductive purposes. However, they have also been shown to provide energy during
winter, when carbohydrate reserves are depleted. This indicates that the fatty acid composi-
tions of animals, neutral lipids in particular, are dictated by their metabolic activities and
components of their dietary lipids [12].

The feeding habitats and diet composition are important factors that cause changes in the
levels or type of the fatty acids in the different groups of molluscs. There are different feeding
habits (such as filter feeder and detritus feeder) in the different groups of this phylum. Most of
the lipids and considerable amounts of C20:5w3 and C22:6w3 acids are provided by diatoms
and dinoflagellates, respectively. For example, diet composition of bivalves which are filter
feeders, consist of dinoflagellates, bacteria and particulate organic material. It is found that
diatoms have high levels of C20:5w3 acid and low C22:6w3 acid, but dinoflagellates have high
concentrations of C22:6w3 acid. Some species of molluscs are detritus feeder, and amounts of
lipids, SFAs and MUFAs of 14-18 carbons are provided by detritus. Therefore, diet composi-
tion has the important role in the variation in the level and type of the fatty acids between
different groups during four seasons of the year [13-15].

The different metabolic processes play an important role in the changes of levels and type
of the fatty acids, because there are significant differences in amount of consumed energy
between different metabolic processes. Between all metabolic processes, reproductive cycles
is the main process for consume of energy, and this process need high levels of energy (fatty
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acid). Therefore, there is probably an apparent relation between reproduction cycles and fatty
acid profiles. In between all fatty acids same as C20:4w6, is mostly associated with the repro-
ductive enzymes and highest levels of this compound is consumed in spawning times and
reproductive processes.

Growth is one of the processes which needs high levels of energy too, and the energy levels
(fatty acid) change in the different stages of the growth. The growth ratio is not similar for
different organs and species, and different types of organs need different fatty acids level for
growth. Among different organs, sexual organs such as gonads need high levels of fatty acids
for growth, and the highest levels of energy are consumed for gonad growth. Therefore, meta-
bolic ratio and followed energy level are varied in different processes, and it could be found
that metabolic ratios are key roles in fatty acid amounts and their profiles [4, 5, 14].

The decrease in the } PUFA level of neutral lipids of mollusks may probably due to transport
of fatty acids to the reproductive organs responsible for gonad maturation. In the different
species of mollusks, which the winter is reproductive time, the level of fatty acids in the win-
ter is low, in comparison with other seasons [6, 7].

Many studies indicate that there are a positive correlation between fatty acids and tempera-
ture in the tissues of mollusks. Accumulation and increase in the amount of lipids especially
PUFAs during summer and decrease in winter may be related to the adaptable regulation of
the melting point of cellular lipids. Therefore, many researches are indicated that the amount
of lipids in summer is higher than the winter, which returns to; (1) consume of lipid in the
reproductive organs for gonad maturation and (2) the adaptable regulation of the melting
point of cellular lipids. Finally, variations in the lipid levels in their tissues are related to
environmental parameters (such as temperature, light and salinity), seasonal variations, feed-
ing habitats, spawning time and reproductive processes, sexual development and growth
metabolisms of molluscs [15-17].

In the total body lipids analyses of molluscs, fatty acids, phospholipids and neutral lipid frac-
tions identified from different tissues. These fatty acids are mostly common in marine and
freshwater mollusks. Also, odd-numbered fatty acids, such as C13:0, C15:0, C17:0, and C20
polyunsaturated fatty acids in body lipids of different species, were identified. As mentioned,
temperature, food availability, metabolic and physiological activities can affect the lipid and
fatty acids compositions of molluscs [6, 8].

3. Chemical ecology of natural compounds in molluscs

Marine molluscs have become the focus of many chemical studies aimed at isolating and identi-
tying novel natural products and secondary metabolites. As scant information is available on the
chemistry of terrestrial and freshwater species, this review focuses on marines. Considering the
chemical redundancy between species, at least 977 distinct compounds have been isolated from
about 251 species in the annual reviews of marine natural products [6], which indicates different
chemical diversities and related compounds derived from their biochemical pathways. These
compounds could be isolated from a single species merely, or from the same family or genus [9].
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Distribution histogram of species diversity reveals multiple metabolites, with a median number
of two and a maximum of 58 compounds isolated from a single species [18, 19].

Search results typically show small groups of structurally related compounds (analogues),
regarding that the compounds vary in different habitats for the same species. For example,
25 compounds such as terpenes, nitrogenous aliphatic compounds, macrolides and fatty acid
derivatives have been isolated from the sea hare Aplysia kurodai. Eight novel metabolites were
isolated from this species in new environment, further [20].

Its close related species Aplysia dactylomela, had 58 compounds which were primarily terpenes
derived probably from algal diets of these cosmopolitan grazing sea hares. The Patinopectin
yessoensis bivalve contained second highest number of sterols and algal toxins. Hence, it could
be found that dietary sources contribute significantly to the chemical diversities in molluscs.
Evidence for the biogenesis of secondary metabolites mostly stems from feeding experiments,
which demonstrate the incorporation of radio-labeled precursors in certain groups of het-
erobranch molluscs. The secondary metabolites isolated, fall into a wide range of structural
classes, with some compounds being more dominant in certain taxa [21, 22].

Clearly, all the secondary metabolite types are present in both gastropods and bivalves. Terpenes
are dominated In Gastropods, while only three terpenes were identified in bivalves. Terpenes
have been an important field of research in soft-bodied grazing gastropods, which they might
gain these compounds from their diet for their own defense [5]. Sterols are dominated in bivalves
partly because of their role in reproduction cycles, while they are rare in gastropods, taking into
account that the large number of researches in bivalves is probably due to their importance in
fisheries and aquaculture. Polyproprionates and alkaloids have been isolated from both classes,
whereas aliphatic nitrogenous compounds are relatively uncommon in both [8].

There are an extraordinary series of unusual compounds in marine invertebrates, many of
them cause interesting biological properties. For instance, opisthobranchs and pulmonates,
particularly are important due to their secondary metabolites, and the ecological role and
biosynthesis of these compounds could be related to their diet such as microalgae and dia-
toms. Opisthobranchs which are unprotected with reduced or completely absent shells, have
defensive strategies using different chemicals [12]. The selected sampling stations were along
different ecosystems such as Indian, Chinese, Mediterranean, Australian and Atlantic coasts
of Spain, and strongly indicate that the metabolism of the opisthobranchs is influenced by
geographical location, ecosystem type and habitats. The feeding ecology and habitats of all
molluscs species are very selective, so feeding metabolites possessed by related species are
more similar, while those de novo biosynthesized are most identical in species belonging
to the same family but with different geographically habitat. Also, some recent biosynthetic
experiments possessed had been discussed [23, 24].

Natural products research aimed at the isolation and identification of novel secondary metab-
olites, has only been undertaken on a small proportion of molluscan species to date. The bio-
activity of many molluscan traditional medicines is yet to be substantiated, but preliminary
data available from bivalves, cephalpods and caenogastropods suggests that there is likely to
be some chemical basis to their medical applications.
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All compounds which are produced by molluscs are varied because of environmental factors
such as temperature, salinity and seasonally variations. Therefore, changes in environmental
factors could cause variations in the chemical components. Therefore differences in chemical
components need different conditions for production, for example fatty acids and amino acids
are related to specific temperature and salinity. In conclusion, environmental factor changes
in different seasons could be caused in decrease or increase level of compounds. Also, other
biological factors such as food availability, metabolic and physiological activities can affect
the compounds such as lipid and fatty acids composition of molluscs [13-15].

4. Different types of natural compounds in molluscs

Amino acids are classified into essential amino acids (EAA) (cannot synthesized by humans)
and non-essential amino acids (NEAA). In addition to oils and other hydrocarbon derivatives
in the marine environment, the hydrocarbons synthesized by organisms occur normally in
this environment. Aliphatic hydrocarbons are the principal group, and can occur in several
species of marine as well as terrestrial plants and animals.

There are different type of fatty acids such as }.SFA,  MUFA, and Y} PUFA in the whole body of
molluscs. There could be changes or variations in their levels of different groups in the differ-

ent seasons. These differences might be based on temperature, feeding habitats, or metabolic
demands [24-26].

The triacylglycerol compounds store SFAs for energy purposes in different processes in body
and they also may be interim PUFAs reservoir, which could be transferred to the structural
lipids or directed to specific metabolic routes for function of different organs. In contrast,
phospholipid compounds fractions of mollusks show considerably less seasonal variations
to maintain structural exactness of the cell as compared to the store of saturated fatty acids
to be used as a source of energy and store of PUFAs required for phospholipid synthesis to
multiple membrane structures or to be integrated in several metabolic processes [25, 26].

Molluscs are sources of many important and different natural compounds such as amino
acids, fatty acids, lipids, terpenes and steroids. Different types of fatty acids such as lipids,
Y.SFA, Y MUEFA, and } PUFA, omega 6 to omega 3 and other compounds are produced by dif-
ferent classes of molluscs specially polyplacophora, gastropoda, cephalopoda and bivalves.
Four classes are important, that they could produce about 600 natural compounds. The level
of natural compounds between different species, organ and sexes are different, and many of
biotic and abiotic factors can cause variations in those levels. Also, the process and metabo-
lism are different for all compounds. Finally, amino acids, lipids and fatty acids, terpenes and
steroids are important natural compounds that they could be produced [27-29].

5. The role and importance of fatty acids in molluscs

Lipids are major sources of metabolic energy and of essential materials for the formation
of cell and tissue membranes, and they are important in the processes of egg productions.
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They are very important in the physiology and reproductive processes of marine animals and
reflect the special biochemical and ecological conditions of the marine environment. Lipids
also provide energy for growth during conditions of limited food supply, when carbohydrate
levels (the main energetic reserve in molluscs) are low.

The lipid composition can be affected by external (exogenous) factors, such as fluctuations in
the environmental conditions and qualitative and/or quantitative changes in food availability,
or by internal (endogenous) factors such as sexual maturation [28-30].

Accumulation and depletion of stored reserves in molluscs depends mainly on the stage of
gonad development, environmental factors affecting metabolic activities and on the quantity
and nutritional value of the food supply. Usually, the glycogen compound is the major energy
source in species, while lipids are considered as the nutritive store source of the gonad organs.
A high correlation between the gonad lipid content and the phase of the reproductive process
cycle has been established in different species of bivalves and also prosobranch species.

Seasonal variations in lipid and fatty acid compositions have been reported for several marine
molluscs and are generally related to the growth process and the maturation cycle: in the
summer season and in the high temperature when the growth process takes place, receptacles
of lipid compounds are build up and stored, and these are later consume for gametogenesis
in the maturation cycle (often autumn or winter), normally are decreased during spawning
process. However, the majority of these publications have focused on the class bivalve class,
probably because of their major commercial importance and influence on the public health
of people. Studies about biochemical compounds and their chemical structures, particularly
fatty acid compounds in prosobranch gastropods, are strait [30].

Limpets are herbivore grazers which remove large quantities of unicellular microbes, algal
germ lings and detritus, apparently unselectively, during feeding excursions around the
home scar. As a consequence, there are considerable variations in their diets. There is a large
amount of literature detailing about fatty acid compositions of a large number of species
of marine algae. Availability and quality of algal lipids are very important in the nutrition,
growth and development of aquatic animals such as marine fish larvae, shrimps and mol-
luscs [28, 31, 32].

Molluscs phylum are of important aquatic invertebrates that the levels of the chemical com-
pounds such as fatty acid components are higher in their tissues in comparison with other ani-
mals. They exhibit a range of lipid and fatty acid components in both freshwater and marine
species and therefore fatty acid contents in mollusks are studied in many habitats, because of
their importance in human’s life. Among the marine invertebrates, the molluscs are the poten-
tial source of bioactive substances. The bioactive compounds isolated from the gastropods
are considered to have a role in the chemical defense of the animals against their predators.
Molluscs in the oceans are common sight and are virtually untapped resource for the discov-
ery of novel compounds [27, 29].

Marine molluscs are excellent sources of nutritionally important compounds, such as fatty
acids, amino acids and sterols. Fatty acids are essential for life, due to their key role as a good
source of energy, membrane constituents, as well as metabolic and signaling mediators. In
recent years, poly unsaturated fatty acids (PUFAs) have been recognized as a good remedy
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for cardiovascular diseases. Marine organisms consume diets rich in n-3 PUFAs and the lipids
of the animals can contain up to 50% unsaturated fatty acids, with five or six double bonds,
including 22:6 n-3 and 20:5 n-3 [18, 19].

The term sterol refers to a compound with a fused cyclopentano phenanthrene ring with a
3-hydroxyl moiety. Early studies of gastropod sterols indicated cholesterol as the principal sterol
of all species. Most species only one or two types of sterols present. Amino acids are the building
blocks of protein molecules. They cause metabolites in the homeostasis of an organisms, due to
their role as the regulation of several cellular processes and also as precursors of other molecules,
such as hormones and nitrogenous bases. Lipid compositions and storage strategy in molluscs,
particularly of bivalves and gastropods, have been studied since lipids constitute a major fraction
of molluscan tissues. Almost all the data included in their lipid studies, concern the entire organ-
ism and only a few reports on the tissue distribution of fatty acids are available [24, 26, 28, 29].

The lipid in the gill tissue in the marine molluscs has important role for regulate of ions
such as Na. In the marine animals, the primary site of Na uptake is gills. In addition to being
the initially site of an ion transport, gills also captive food, have roles in gas exchanges and
act as a brooding chamber for the larval glochidia in females species. Thus, gills activate in
many different functions, regarding that their related importance may vary during the year.
From the lipids, C20:4w6 acid is an active substrate for prostaglandin productions involved
in regulating Na uptake and it has relatively high contents in gill lipids. Therefore, high level
of C20:4w6 acid in the gill is probably related to prostaglandin synthesizing in the gills to
regulate Na uptake. Finally the accumulation of C20:4w6 acid in the gills was related to physi-
ological activities in the organs [22, 30-33].

Fatty acids are organic compounds consist of hydrocarbon chains with terminal carboxyl
groups. The fatty acid chains in sea foods differ from vegetables in length. In the presence
of Omega-3 fatty acids, prostaglandins actions on epinephrine is diminished and thus con-
striction or narrowing of blood vessels is prevented. Therefore, marine Mollusca have been
regarded as a good source of lipid compounds, and lipids are proper energy sources for ani-
mals and nutritive foodstuff for human diets [34].

6. Omega 6 to omega 3 ratio and its related effects

Normally, the omega 6 to omega 3 ratio has moderate amounts in natural food sources, espe-
cially in marine foods. In aquatic creatures, omega 6 to omega 3 ratio in the tissues of mol-
luscs is significantly higher in comparison with others. Also, the omega 6 to omega 3 ratio
vary between different organs and different species, as well as marine and freshwater species.
There are significant differences in the omega 6 to omega 3 ratio in the gills, foot, mantle and
whole body tissues of molluscs species, respectively [12, 14, 35].

Different species of the marine molluscs are generally rich in fatty acid compounds of w3 (espe-
cially C18:3w3, C20:5w3 and C22:6w3). The mussels species in freshwater, however, include
a greater proportion of fatty acids compounds of w6 (especially C18:2w6 and C20:4w6). The
Lw6/Lw3 ratios is 2:4 in freshwater mussels, but the marine species have ratios of 0.1:1.0 [12].
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Obesity disease which is a complex condition along with organs dysregulations and molecu-
lar pathways, such as adipose organ, liver, gastrointestinal tract, pancreas, central nervous
system (CNS), and genetics. The role of the CNS in this disease needs more attention as obe-
sity rates rise and relating treatments might fail. Since hypothalamus system has long been
recognized in the regulation of appetite and food intake, the role of the CNS systems were
examined as well as environmental impacts on energy balance. Furthermore, the omega-3
fatty acids have an important role in this disease and in the prevention and management of
obesity [3, 4, 6].

The omega-6 and omega-3 polyunsaturated fatty acids (PUFAs) compounds are very impor-
tant and essential fatty acids that must be derived from the diet compositions. Since omega-6
and omega-3 polyunsaturated fatty acids (PUFAs) compounds need endogenous enzymes for
omega desaturation and there are no endogenous enzymes for omega desaturation in human
and other mammals, these compounds cannot be made by man or other mammals and could
be made particularly by Mollusca species. Modern agricultural western diets contain exces-
sive concentrations of omega-6 PUFAs but very low concentrations of omega-3 PUFAs, lead-
ing to an unhealthy omega-6/omega-3 ratio of 20:1, instead of 1:1 proper for evolution process
in the humans [9, 10].

Thus, an unbalanced omega-6/omega-3 ratio in favor of omega-6 PUFAs is highly prothrom-
botic and proinflammatory, which contributes to the prevalence of atherosclerosis, obesity,
and diabetes. In fact, regular and balance of the omega-6/omega-3 ratio have positive effects
for of these diseases and is the important factor for improve of these diseases (obesity, diabe-
tes, atherosclerosis and cancer) [23, 24, 26, 30].

As mentioned earlier, omega-6 to omega-3 fatty acids compounds cannot be made and con-
vert in humans and other mammalian cells, therefore, they cannot made enzyme for omega-3
desaturase and so they lack converting enzyme, omega-3 desaturase. Omega-6 and omega-3
fatty acids compounds are not interconvertible, and they are metabolically compounds and
functionally distinct. Also they have important opposing physiological influences, therefore,
omega-6 to omega-3 fatty acids balance in the diet is very important for better function and
body protection [6, 7]. When fish consume by humans or predators, the EPA and DHA from
the diet composition partially replace the omega-6 fatty acids, especially AA, in the skin and
membranes of almost all body cells, but specifically in the membranes of platelets, erythro-
cytes, neutrophils, monocytes, and liver cells. The parent compounds for eicosanoid formation,
are AA and EPA fatty acids. Because of high levels of omega-6 in the diet, the eicosanoid meta-
bolic products from AA, especially prostaglandins, thromboxane, leukotriene, hydroxyl fatty
acids, and lipoids, are formed in larger amounts than those derived from omega-3 fatty acids,
especially EPA [32]. The eicosanoids from AA are biologically active in very small concentra-
tions and, if they are formed in high levels, they contribute to the formation of thrombus and
atheroma; allergic and inflammatory disorders, particularly in susceptible people; and prolif-
eration of cells. Thus, a diet composition rich in omega-6 fatty acids shifts the physiological
state to prothrombotic, proinflammatory, and proaggregatory effects with increases in blood
viscosity, vasospasm, and vasoconstriction and cell proliferation. Omega-6 and omega-3 fatty
acids balance is a physiological state that is less inflammatory in terms of prostaglandin, gene
expression and leukotriene metabolism activity, and interleukin-1 (IL-1) production [28-31].
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Novel agricultural technologies, by changing animal feeds for better and short term produc-
tions, have decreased the omega-3 fatty acid contents in many foods such as meats, eggs, and
even fish. Foods from edible wild plants contain a good balance of omega-6 and omega-3
fatty acids. For instance, Purslane, a wild plant, in comparison to Spinach, red leaf lettuce, but-
ter crunch lettuce and mustard greens, has eight times more ALA than the cultivated plants
[30]. New aquaculture technologies produce fish with less omega-3 fatty acids than naturally
grown fish in the ocean or freshwaters. The fatty acid composition in egg yolk from free-
ranging chicken has an omega-6: omega-3 ratio of 1.3 whereas egg production supervising by
the United States Department of Agriculture (USDA) conclude ratio of 19.9. By enriching the
chicken feed with fishmeal or flaxseed, the ratio of omega-6: omega-3 decreased to 6.6 and 1.6
respectively [33].

High omega-6/omega-3 ratios cause some disorders such as increasing in the end cannabi-
noid signaling and related mediators, which could lead to change inflammatory state, energy
homeostasis, and mood. In animal experiments a high omega-6 acid intake leads to decreased
insulin sensitivity in muscle and promotes fat accumulation in adipose tissues. Nutritional
approaches with dietary omega-3 fatty acids reverse the dysregulation of this system, improve
insulin sensitivity and control body fat [5, 7].

End cannabinoids are lipids, derived from the omega-6 AA. Their concentrations are regu-
lated by (1) dietary intake of omega-6 and omega-3 fatty acids; and (2) by the activity of
biosynthetic and catabolic enzymes involved in the end cannabinoid pathway, which is an
important parameter in regulation of appetite and metabolism. The end cannabinoid system
is involved in preservation of energy balance and sustained hyperactivity of the end canna-
binoid system which result obesity. Finally, omega 6 to omega 3 ratio is important factor in
regulation metabolism and enzyme activities, and is important factor in control and improve
of the nervous system diseases and genetics [9, 10, 13, 14].

7. Environmental parameters and nutrition effects on biocompounds
variations

Environmental and biological parameters could change the amount and structure of natural
compounds (fatty acids, amino acids and steroids). The environmental and biological factors
could change in the different seasons, therefore, seasonal changes have the main role in the
variations in the amount and structure of natural compounds. Studies of seasonal variations
in biochemical contents of organisms explain how environment, biology, ecology and physi-
ology can affect the compositions. As such, seasonal variations in the biochemistry of phylum
Mollusca are known to be related to the complex interaction of both biological parameters
(reproduction, growth, food type, food bioavailability, sex, tissue variance), and environmen-
tal parameters (temperature, salinity of water and pH) [21, 23, 24].

Observations the close correlations between temperature in the aquatic environment
and different compounds in the tissues of Mollusca, could be explained by varying the
level of metabolisms in different temperatures, which could change in the amount of
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biocompounds in the tissues of animals. Also, salinity of water and pH has effect on the
variations in the compounds such as fatty acids. The accumulation of fatty acids in the
different tissues of organisms vary in different salinity and pH. Also, the accumulation of
fatty acids in the different level of salinity and pH are not similar for different organs, and
fatty acid profiles and their amounts in gill tissue for example, has more variations in the
different salinities [4, 6].

Levels of proteins, lipids and carbohydrates (glycogen) have been shown to fluctuate with
food availability. Food abundance allows for the accumulation of proteins and lipids in the
tissues of the different species such as bivalves and gastropods. There are correlations between
food type source and biocompounds structure, which increase in the food availability in the
aquatic environment could result increasing the amount of the biocompounds in the tissues
of the different species of Mollusca. When food availability levels are high in the environment
the level of biocompounds are higher in comparison with other situations [17, 20]. The repro-
ductive cycle and time spawning have the key role in the variation of chemistry compounds
especially fatty acids, because of the high levels of energy needs for spawning processes and
the high level of fatty acids consumed in this process [31, 32].

Lipids generally increase during the course of gametogenesis and decrease upon release
of gametes. For proteins, diverging trends have been observed throughout gametogenesis
and spawning. During gametogenesis, protein content was found to increase, decrease or
even remain stable. During spawning, levels of protein were found to increase or decrease.
Differences in food availability and water temperature conditions may partially explain the
observed discrepancies since these factors are known to influence protein accumulation [1, 2].

Focusing on proteins and lipids, compounds involved in most biochemical and physiologi-
cal processes of any organism is therefore useful for the recognition of ecological and physi-
ological changes. Indeed, differences in seasonal trends have been observed among both
AAs and FAs. More commonly reported, is the different behavior exhibited among free AAs
in relation to salinity and that exhibited among FAs in relation to temperature. The bio-
chemical composition of an organism is determined by endogenous (e.g., gametogenesis,
maturation, spawning) and exogenous (e.g., food availability, salinity, temperature) pro-
cesses. The temporal tests in the field of biochemical compounds permit intercrossing along
with chronological and other variables allowing researchers to gain knowledge about ecol-
ogy and physiology of an organism and also understanding how the surrounding ecosystem
may affect [8, 9, 12].

There are significant differences between tissues and their activities for accumulation of
amount and structure of natural compounds, and different tissues based on their activities
can be accumulated fatty acids, amino acids and other compounds. Therefore, the level of
compounds in the tissues are related to their activities. Some tissues such as gonad have
highest level of biocompounds in comparison with the other tissues, due to this fact that
gonad must have high level of energy for reproductive and spawning process. Since, gonad
consume high amount of energy for this process, reproductive and spawning processes need
high levels of energy. Also, gills need high energy levels for their metabolism, and so the high
levels of fatty acids can be accumulate in this tissue [15, 16].
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Sex types in the mollusca could affect variations in the concentrations and structures of natu-
ral compounds, because the biological factors are different between male and female animals
and therefore changes in biological factors could cause variations in the compounds. One of
the important factors in female animals is reproductive or spawning process, which could
result variations during consuming of compounds. Since this process needs high energy,
almost more energy levels are consumed in the reproductive cycles. Therefore, decreasing in
energy levels of female species are observed. Also, other factors such as metabolism ratio vary
between different sexes, therefore, level of compounds change between sex types [17].

Finally, according to many studies conclusions biotic and abiotic factors have effective results
on variations of natural compounds. Throughout abiotic and environmental factors; tempera-
ture, salinity and pH, and in biotic factors; growth, reproduction cycle, food availability, sex
type, tissue variances and functions, have the most important effects on the variations of natu-
ral compounds concentration and structure of lipids, fatty acids, amino acids and steroids.
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