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ABSTRACT

The objective of this study was to find out volatile aroma and organoleptic differences if any among wild
and cultured Cirrhina mrigala and Cyprinus carpio and to determine their possible chemical basis using Gas
chromatography. Flavor is the sensation arising from the interplay of the signals produced as a consequence
of sensing smell, taste and irritating stimuli from food stuff. For human, flavor and nutrition are inseparable.
In fish volatile organic compounds (VOCs) are the major compounds, which are produced during storage and
spoilage. Fish contains trace amount of these VOCs, produced during cooking and affect the consumer’s
preference. In the present study, volatile compounds were extracted by Likens-Nickerson concurrent distillation
apparatus from wild and farmed Cirrhina mrigala and Cyprinus carpio. For this purpose, fish was cooked and
volatiles were collected in the organic solvents. Quantitative and qualitative estimation was made by gas
chromatography. Wild and farmed fishes with different weight categories were compared for these compounds.
The compounds (appearing in the form of peaks) were identified from their retention times by comparing with
their standards. Fifteen major VOCs were found in these species which include, hexadecane, 3-octanol, hexanal,
decane, 3-hexene-1-ol, 2-undecanone, 2-heptanone, butanal, 2-nonanone, 1- heptanal, furaldehyde, 3-methyl-1-
butanal, trans-3-hexene-1-ol, octanal and decanal. These compounds varied qualitatively and quantitatively in
both wild and farmed fish of different weight groups. Of the 16 assessors who participated in the triangle test,
10 answered correctly, i.e., found the different sample out of the three that were presented. The test showed
a preference on wild fish, while most common descriptors given for wild fish were “more pleasant taste” (five
answers), “more firm texture” (fie answers) and for cultured fish were “poor taste” (five answers) both for 
Cirrhina mrigala and Cyprinus carpio. From these answers, a superiority of wild fish was indicated. Preference
of fish of higher weight wild fish has been also indicated by the descriptors.
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Introduction

Consumption of fish is increasing, day by day, due to freshness and palatable flavour of fish. Flavour is
the sensation arising from the interplay of signals produced as a consequence of sensing smell, taste and
irritating stimuli from a foodstuff. For human, flavour and nutrition are inseparable. Our sense of taste and
smell permits to enjoy food and drinks. Without this enjoyment, we will reject even the most nutritious and
wholesome food. It is primarily aroma that distinguishes the flavour of one food from another. Aroma depends
upon the vapour pressure of food constituents and on the interaction of volatile compounds with non-volatile
compounds (Laing. 1996). Aromas are formed from volatile organic compounds (VOCs) and semi volatile
compounds, present in trace amounts. Aroma is considered more important than taste Volatile compounds
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contributing to the characteristic odor of fish can be measured and their quantity reflects the freshness of fish.
Potential health hazards and environmental degradation resulting from the widespread use of volatile organic
compounds has promoted increasing concern among scientists, industry and public (Elvevoll and James, 2003).
Although most human exposure to volatile organic compounds is thought to be through air, but chlorinated
drinking water may be another important mode. Freshness is one of the most important aspects of fish because
of consumer’s preference; there is a strong tendency to select fresh fish as alteration of meat flavour negatively
influences the consumer’s acceptance (Venkateshwarlu et al. 2000). First sensory change of fish during storage
is concerned with the appearance and texture. The characteristic taste of species is normally developed in the
first couple of days during storage in ice. The most dramatic change is the onset of rigor mortis. Immediately
after death muscles are totally relaxed and limp elastic texture usually persists for some hours, thereafter
muscles will contract. When it becomes hard and stiffs the whole body becomes inflexible and the fish is in
rigor mortis. This condition usually lasts for a day or more and then rigor resolves. The resolution of rigor
mortis makes the muscles relax again and it becomes limp, but no longer as elastic as before rigor. The rate
of onset and resolution of rigor varies from species to species and is affected by temperature, handling, size
and physical conditions of fish (Kim et al. 2001).

Fresh fish has a sweet and delicate taste 2-3 days after catching. Then there is a loss of characteristic odor
and taste. Flesh then becomes neutral and has no off-flavour. After six days, there is sign of spoilage and a
range of volatile unpleasant smelling substances are produced depending on the fish species and type of
spoilage (aerobic or anaerobic). One of the volatile compounds trimethylamine (TMA) may be produced which
has very characteristic “fishy” smell.  Flesh of healthy live or newly caught fish is sterile as the immune
system of the fish prevents the bacteria from growing in the flesh. When the fish dies the immune system
collapses and bacteria get access to proliferate freely. On the skin surface they colonize and during storage
they invade the flesh by moving between the muscle fibers. Microorganisms are found on all outer surfaces
(skin and gills) and in the intestine of live and newly caught fish. These organisms promote spoilage of fish.
In the Pakistan fish spoilage mainly take place during its transport. Fish is transported in the ice bags and it
takes lot of time to transport to the consumer point. The present project will indicate the rate of spoilage Fish
from cold water has very lower number of these parasites than from warm waters. Fish spoil at very different
rates and differences in surface properties of fish have been proposed to explain this spoilage. Skins of fish
have very different textures. Thus whiting (Merlangius merlangus) and cod  (Gadus morhua), having very
fragile integument spoil rapidly as compared to  several flat fish such as Plaice that has very robust dermis
and epidermis.  Furthermore latter has very thick slime layer containing several antibacterial components.
Smaller and younger fish have less time to accumulate contaminants than older and larger fish and are safer
for consumption Lee and Ahn, (2002).

Volatile sulfur compounds are typical components of spoiled fish and most of the specific spoilage bacteria
produce one or several volatile sulfides. The volatile sulfur compounds are very foul-smelling, their minimal
quantity has a considerable effect on quality and they can be detected at ppb levels. Oxidation and hydrolysis
of fish lipids are two distinct reactions for quality deterioration. They result in production of wide range of
substances, among which some have unpleasant taste and smell. Some may also contribute to texture changes
by binding covalently to fish muscle proteins. Fatty fishes are of course particularly susceptible to lipid
degradation and can create a severe quality problem even on storage at subzero temperatures (Hognadottir,
1998). The variable are often difficult to define nature of diet and environmental history of free living fish
makes contrast of sensory attributes of wild and cultured fish difficult. This can be confirmed by the fact that
the consumers preference on farmed or wild salmon may vary dramatically with time or geographic location
where wild salmon is harvested (Haard, 1992). However, existing literature clearly indicates that significant
organoleptic differences always occur when comparing wild and cultured counterparts of the same species.
Many studies in various species such as Chinook salmon (Sylvia et al., 1995), Australian snapper (Prescott
and Bell, 1992) and channel catfish (Webster et al., 1993) confirm this. In general, the meat of farmed fish
tends to be softer in texture and has a milder less robust flavour than wild fish. Also, colour of the flesh and
general appearance of skin and flesh differ significantly between wild and cultured fish in many cases (Mohr,
1986; Karahadian and Fowler, 1991).

No comparison of volatile compounds of meat of these farmed and wild fish species existed in the
literature. The present study was designed to estimate the volatile constituents in the fish flesh from wild and
farmed Cirrhina mrigala and Cyprinus carpio under three different weight categories and to suggest their
preference for consumption by these organic compounds. Furthermore, we made an attempt to correlate these
preliminary results on the volatile compounds to their organoleptic characteristics and to suggest their
preference for consumption.



115Adv. in Nat. Appl. Sci., 3(1): 113-126, 2009

Materials and Methods 

Farmed Cirrhina mrigala and Cyprinus carpio of three weight categories designated as F1 (500- 800 g),
F2 (801-1100 g) and F3 (1101-1400 g) were procured from Fish Hatchery, Satiana Road, Faisalabad, Pakistan.
Whilst, wild Cirrhina mrigala and Cyprinus carpio of three different weight categories designated as W1 (500-
800 g), W2 (801-1000 g) and W3 (1101-1400 g) were procured from Head Trimmu, Jhang. Fish were 
 transported live from the catchment’s area to Fisheries Research Laboratory, Department of Zoology, GC
University, Faisalabad. Farmed fish were fed a commercial extruded diet containing 35% crude protein and
15%.  Feed was fed @ 0.20 g N / 100g fish / day.

2.1 Preparation of Fish Sample for Analysis

Each fish sample was washed with tap water and then given longitudinal cut from the ventral side.
Visceral organs were removed in order to avoid contamination by microbes from the viscera. Flesh was
removed from the fish sample, weighed on electrical balance and cut into pieces before storage in freezer for
further analysis. These samples were analyzed in Flavour Research Laboratory, Nuclear Institute for Agriculture
and Biology, Faisalabad for detection of volatile components. Seven replicas were used for each fish sample
for critical analysis. In this project, Liken-Nickerson concurrent distillation extraction method was used for
extraction of volatile compounds as described previously Liken and Nickerson (1964).

2.2 Identification of Components

The peaks for the compounds present in the volatile mixture were recorded in the given time of half hour
of chromatogram completion. The retention times and concentrations of VOCs were noted by the Gas
Chromatograph directly. Identification of these unknown compounds was made by comparing with the
standards under identical working conditions.

Column used 2mX2mm packed with 10% SE-30 on chromos orb.WAW 80-100 mesh. Column temperature
was programmed 80 0C for one minute and then rise at the rate of 8 0C / minutes  upto 150 0C. Injector
Temperature 150 0C, Detector temperature 200 0C, Carrier Gas Nitrogen, Flow rate of Carrier Gas  25ml/min,
Hydrogen pressure 20 psi, Air pressure 50psi, Volume Injected  10µL, Gas Chromatograph Perkin Elmer
Model 3920 Equipped with FID and Shimadzu C-R4A chromatopac Integrator.

Qualitative and Quantitative Estimation for each individual compound was made by Gas chromatograph
itself. The compounds represent in the form of peaks on the recorder and the concentration was given by the
GC directly for each compound. The identification for each individual compound was done by comparing with
that of standards.

Following standards were used: Hexadecane, 3-octanol, hexanal, pentadecane, 3-hexene-1-ol, 2-undecanone,
2- heptanone, butanal, 2-nonanone, 1-heptanal, furaldehyde, 3methyl-1-butanol, trans-3-hexene-1-ol, octanal and
decanal. (Merck, Germany).

Sixteen assessors participated in the taste panel. All assessors were people who usually include major carps
and Chinese carps in their diet, and therefore, they were considered as selected assessors according to British
Standards 5929 (1986). The panel consisted of eight men and eight women, and ages were between 25 to 48
years old. Proximate analysis of fish fillets took place according to Association of Official Analytical Chemists
/ AOAC (1984).

Results and Discussion

Aroma of fish is dependent on the volatile components. These components are responsible for unique
flavour of fish. The goal of present study was to determine the composition of fish aroma and to find out the
consumer preference due to these compounds and differences if any between the wild and farmed Cirrhina
mrigala and Cyprinus carpio among different weight groups. Muscle proximate composition of wild and
farmed Cirrhina mrigala and Cyprinus carpio are presented in Table 1. In both fish species wild fish were
found to have lower lipid and higher water contents in their muscle. Comparison of means showed the same
differences between wild and cultured Cirrhina mrigala and Cyprinus carpio. 

Chromatogram of wild Cirrhina mrigala of weight category W1 showed that 24 volatile organic compounds
were present in the essence. Out of these, only 10 compounds were identified. These were hexanal, trans-2-
hexen-1-ol, 1-heptanal, octanal, 3-octanal, 2-nonanone, decanal, 2-undecanone, pentadecane, and hexadecane.
(Fig.1A). Decanal was the major volatile compound followed by 2-undecanone. Chromatogram obtained from
the flesh of wild Cirrhina mrigala  under weight category W2, revealed that 30 volatile compounds were
present in this fish. While only 8 compounds were identified as 3-hexen-1-ol for peak 2, octanal for peak 9,
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3-octanol for peak 10, 2-nonanone for peak 11, decanal for peak 13, 2-undecanone for peak 15, pentadecane
for peak 18 and hexadecane for peak 20. In this weight category (W2), 2-undecanone was the major compound
closely followed by decanal and pentadecane (Fig.1B).

The chromatogram of volatile compounds in the flesh of Cirrhina mrigala under weight category W3

revealed that 23 compounds were present in this fish flesh. Among them, 7 compounds were identified as
furaldehyde, trans-2-hexen-1-ol, 2-heptanal, 3-octanol, decanal, 2-undecanone and hexadecane. It has been
observed that decanal and 2-undecanone was found in equal proportion and was closely followed by
hexadecane while 2-heptanone was found in the least amount (Fig.1C).

Chromatogram of flesh of farmed Cirrhina mrigala under weight category F1 showed that 23 volatile
compounds were detected under this weight category. Among them, 7 were identified as 3-methyl-1-butanol,
3-hexen-1-ol, 1-heptanal, 3-octanal, 2-undecanone, butanal and hexadecane. 2-Undecanone was in abundance
and was followed by 3-hexen-1-ol and butanal (Fig.1D).

Chromatogram of farmed fish under F2 (weight category) showed that there were 7 compounds present
in this fish category. Among them, 8 were identified as furaldehyde, trans-2-hexen-1-ol, 2-undecanone, 3-
octanol, 2-nonanone, 2-heptanopne, butanal, and hexadecane. Maximum concentration was recorded for trans-2-
hexen-1-ol and was followed by butanal (Fig.1E).

Chromatogram of farmed Cirrhina mrigala under weight category F3 showed that 18 compounds were
present in the fish meat sample of this fish; 7 compounds were identified as trans-2-hexen-1-ol, octanal, 3-
octanal, 2-nonanone,  decanal, 2-undecanone and hexadecane. Trans-2-hexen-1-ol and 2-nonanone existed
almost in equal concentration closely followed by 2-undecanone. 3-Octanal occurred in the least amount
(Fig.1F).

Chromatogram obtained from the analysis of flesh sample from wild Cyprinus carpio under weight
category W1 showed that 24 compounds were present in the fish but 15 were recorded by the recorder phase
of GC. From these 15 compounds, 6 compounds were identified. These six compounds were furaldehyde, 1-
heptanone, 3-octanol, 2-nonanone, 2-undecanone, hexadecane. From these compounds, 1-heptanone was found
in considerable amount closely followed by 2-nonanone (Fig.1G).

Chromatogram obtained from the analysis of flesh sample from wild Cyprinus carpio under weight
category W2 indicated that 14 compounds were present in the sample. Out of those, 9 compounds were
identified. These were trans-2-hexen-1-ol, 1-heptanal, octanal, 3-octanol, 2-nonanone, decanal, 2-undecanone,
butanal, hexadecane. 2-nonanone was found in its maximum concentration (Fig.1H).

Chromatogram obtained from the analysis of fish meat from wild Cyprinus carpio under weight category
W3 represented that 26 volatile compounds were present in the fish. From these total 26 volatile compounds,
8 compounds have been identified namely furaldehyde for peak 1, trans-2-hexen-1-ol for peak 3, 3-octanal for
peak 5, 2-nonanone for peak 8, decanal for peak 12, 2-undecanone for peak 15, pentadecane for peak 19 and
hexadecane for peak 20. In this fish, decanal was the major compound followed by pentadecane (Fig.1 I).

Chromatogram obtained from the analysis of flesh from farmed Cyprinus carpio under weight category
F1 showed 24 volatile compounds. Out of those total 24 volatile compounds, 9 compounds were identified.
These were 3-methyl-1-butanol, hexanal, 1-heptanal, octanal, 2-nonanone, decanal, 2-undecanone, butanal and
hexadecane. Volatile compound 2-nonanone was dominating (Fig.1J).

Chromatogram obtained from the analysis of essence from farmed Cyprinus carpio under weight category
F2 showed that 22 volatile compounds were present in fish flesh. Out of those 22 volatile compounds, 6
volatile compounds were identified to name them. These volatile compounds are hexanal, octanal, 3-octanol,
2-nonanone, 2-undecanone and hexadecane (Fig.1K).

Chromatogram obtained from the analysis of essence from farmed Cyprinus carpio under weight category
F3 showed that 28 volatile compounds were present in this fish sample. Out of those 28 volatile compounds,
7 were identified to name them. These were 3-methyl-1-butanal, hexanal, 2-nonanone, decanal, 2-undecanone,
butanal and hexadecane. Hexanal was found in maximum concentration (Fig.1L).

Figures (M-P) indicate comparative studies between wild and farmed and in between different species. Of
the 16 assessors who participated in the triangle test, 10 answered correctly, i.e., found the different sample
out of the three that were presented (Table 5). The proportion of people who made the correct choice (P) was
0.62. Thus, the alternative hypothesis (there is organoleptic difference) was valid (P<0.001). The variance of
the proportion of correct answers was 0.0101. The proportion of correct answers in a difference test, such as
triangular test, is not itself a good measure of the degree of difference between the two tested groups. Thus,
the degree of discrimination was used to remove the dependence on the type of test and to adjust the
probability of being correct by guessing. The calculated proportion of people who can really distinguish (degree
of discrimination) was 0.5. The probability level for proportion of people who could distinguish was calculated
at 0.01. Thus, the conclusion from the correction made was that the null hypothesis (H0: no organoleptic
difference exists) was rejected at the 1% level. Thus, wild fish species of both Cirrhina mrigala and Cyprinus
carpio differed significantly in its organoleptic attributes from cultured counterparts.

Descriptors from the panelists were used to obtain a general idea as to what attributes the two fish groups
had, and to see which was preferred by the majority of assessors (Table 5). 
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Figure: Volatile compounds are shown in the form of peaks (each peak represent particular type of compound)
in the chromatograms above (A) Volatile compounds in flesh from wild Cirrhina mrigala under weight
category W1 (500-800gm), (B) volatile compounds in flesh from wild Cirrhina mrigala under weight category
W2 (801-1100gm), (C) volatile compounds in flesh from wild Cirrhina mrigala under weight category W3

(1101-1400gm), (D) volatile compounds in flesh from farmed Cirrhina mrigala under weight category F1 (500-
800gm), (E) volatile compounds in flesh from farmed Cirrhina mrigala under weight category F2 (801-
1100gm), (F) volatile compounds in flesh from farmed Cirrhina mrigala under weight category F3 (1101-
1400gm), (G) volatile compounds in flesh from wild Cyprinus carpio under weight category W1 (500-800gm).
(H) volatile compounds in flesh from wild Cyprinus carpio under weight category W2 (801-1100gm) (I)
volatile compounds in flesh from wild Cyprinus carpio under weight category W3 (1101-1400gm). (J) volatile
compounds in flesh from farmed Cyprinus carpio under weight category F1 (500-800gm). (K) volatile
compounds in flesh from farmed Cyprinus carpio under weight category F2 (801-1100gm).(L) volatile
compounds in flesh from farmed Cyprinus carpio under weight category F3 (1101-1400gm),

Figures: M-P show comparison of VOCs of two samples in a single chromatogram. (M) volatile compounds
in flesh from farmed and wild Cirrhina mrigala.,(N) volatile compounds in flesh from farmed and wild
Cyprinus carpio.(O)Chromatogram for comparison of volatile compounds in flesh from farmed Cirrhina
mrigala and Cyprinus carpio.(P) volatile compounds in flesh from wild Cirrhina mrigala and Cyprinus carpio.

Table 1: Proximate composition of wild and farmed Cirrhina mrigala and Cyprinus carpio under three different weight categories used
for estimation of volatile compounds (Mean values ± standard deviation)

Fish species Wight Category Mean Moisture Mean Protein Mean Fat Mean Ash
Cirrhina mrigala (wild) W1 77.26±0.08a 16.78±0.03d 1.95±0.04d 0.60±0.02e

W2 76.56±0.08b 17.83±0.02c 1.66±0.03e 0.69±0.02e
W3 75.92±0.07c 17.98±0.02c 1.36±0.02f 0.84±0.03d

Cirrhina mrigala (farmed) F1 76.40±0.10c 17.93±0.03c 2.38±0.02c 1.08±0.01c
F2 74.44±0.04d 18.77±0.02b 3.88±0.03b 1.23±0.01b
F3 72.18±0.07e 19.12±0.02a 4.34±0.04a 1.40±0.02a

Cyprinus carpio (wild) W1 77.04±0.09a 17.06±0.04d 2.88±0.05e 1.08±0.03d
W2 75.22±0.10b 17.44±0.06c 3.11±0.07d 1.77±0.04c
W3 75.92±0.07b 18.62±0.08b 4.06±0.06b 1.92±0.05b

Cypinus carpio (farmed) F1 77.30±0.10a 17.63±0.04c 3.18±0.02d 1.90±0.01b
F2 74.53±0.06c 18.68±0.07b 3.68±0.04c 2.31±0.01a
F3 72.52±0.07d 19.06±0.02 4.41±0.04a 2.40±0.02a

S.E = Standard error;       W = Weight category of wild fish;     F = Weight category of farmed fish  
Means with the same letter in a column are statistically similar at (P < 0.05)   
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Table 2: Analysis of variance for concentration (%age) of volatile compounds from wild and farmed Cirrhina mrigala and Cyprinus
carpio under three different weight categories

Source of Variation DF SS MS F Probability
Species 1 45.31 45.31 1.45 0.23NS

Wild.Farmed 1 0.02 0.02 0.00 0.98NS

Weight Categories 2 26.11 13.06 0.42 0.66NS

Species×Wild.Farmed 1 59.45 59.45 1.90 0.17NS

Species×Weight Category 2 110.21 55.11 1.76 0.17NS

Wild xFarmed×Weight Category 2 51.32 25.66 1.82 0.44NS

Species×Wild.Farmed×Weight Category 2 6.70 3.35 0.11 0.99NS

Error 238 7447.73 31.29
Total 249

Table 3: Comparison of means of concentration (%age) of volatile compounds from wild and farmed Cirrhina mrigala and Cyprinus
carpio under three different weight categories

Fish Species Weight Category WildConc.±SE Farmed Conc.±SE t-value Probability
Cirrhina mrigala W1.F1 4.35±0.86 4.76±1.46 -0.24 0.81NS

Cirrhina mrigala W2.F2 3.78±0.58 4.54±0.75 -0.81 0.43NS

Cirrhina mrigala W3.F3 4.08±0.67 5.95±1.38 -1.21 0.24NS

Cyprinus carpio W1.F1 6.67±2.26 4.16±1.23 0.97 0.34NS

Cyprinus carpio W2.F2 7.14±1.97 6.25±2.30 0.30 0.77NS

Cyprinus carpio W3.F3 3.99±0.82 4.46±1.10 -0.34 0.74NS

Table 4: Overall comparison of means of concentration (%age) for volatile compounds from wild and farmed and three different weight
categories

Variables MeanConc.±SE Mean Conc.±SE t-value Probability
Wild x Farmed 4.70±0.45 4.91±0.54 -0.30 0.76NS

W1. F1 7.63±0.72 7.22±0.71 0.41 0.68NS

W2. F2 8.28±0.75 8.21±0.76 0.06 0.95NS

W3. F3 7.89±0.66 7.25±0.58 0.72 0.47NS

SE = Standard Error
W1, W2, W3 = 1st, 2nd and 3rd Weight Categories respectively for wild fish
F1, F2, F3 = 1st, 2nd and 3rd Weight Categories respectively for farmed fish

Table 5: Organoleptic evaluation of wild Cirrhina mrigala and Cyprinus carpio
Fish species Wight Category More pleasant taste More firm More juicy More fresh More darkflesh
Cirrhina mrigala (wild) W1 5 4 3 2 2

W2 4 5 4 2 1
W3 6 4 3 2 1

Cyprinus carpio (wild) W1 4 5 2 3 2
W2 5 4 3 3 1
W3 6 4 3 2 1

Organoleptic evaluation of farmed Cirrhina mrigala and Cyprinus carpio
Cirrhina mrigala (farmed) Wight Poor More More pleasant, Smells more More

Category taste  fatty aromatictaste fishy white
W1 4 5 3 2 2
W2 5 6 2 2 1
W3 6 7 2 1 1

Cypinus carpio (farmed) W1 5 5 3 2 1
W2 5 6 2 2 1
W3 5 7 2 1 1

Discussion

Taste is usually thought to be perceived in the mouth and is due to non-volatile constituents, while aroma
is usually thought to be perceived in nose and mainly due to volatile constituents of the food (Anderson, 1995).
However some volatile compounds not only affect taste (flavour by mouth) but also aroma (flavour by nose).
Although odour or taste perception by human is not normally necessary for survival, we are still quite sensitive
to volatile substances. Certain foods are liked or disliked because of such compounds present in very small
concentration. Typically fishes do not contain level of contaminants, enough to cause a remarkable threat to
the health even after a few meals. Risk from persistent organic contaminants increases for those persons
regularly consuming larger fish and predatory fish from areas of contaminations. In the present study wild fish
was caught from the river and farmed fish was procured from hatchery ponds to generate the information for
the consumers. Wild and cultured fish were found to differ significantly in their organoleptic properties, and
also in their volatile compound profiles of wild and cultured Cirrhina mrigala and Cyprinus carpio differed
as well. Organoleptic differences can be related to high degree to the compositional differences.
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Cultured fish were found to have a more white appearance of its muscle compared to the wild
counterparts. The impression fillets originated from wild fish were looking darker which might be related to
the higher proportion of dark muscle in them. The dark muscles are used for continuous swimming motion,
while white muscles help rapid energy bursts (Venugopal and Shahidi, 1996). This could explain why wild
fish, which have to move continuously, have a darker appearance. Also, the higher fat content cultured fish
muscle may contribute to its whiter appearance. In agreement with present results on fish muscle colour, fast
growth was found to be a precondition to obtain a whitish meat in African catfish (Wedekind, 1995). The same
scientist related a negative texture trend in African catfish under highly intensive feeding conditions. The
proximate composition can affect the sensory textural properties of the fish, as differences in texture of fish
muscle tissue have been related to the lipid, protein and water contents (Venugopal and Shahidi, 1996). With
reference to the textural impression, in the present study, wild fish were found to have a firmer flesh. This
can be explained by the lower muscle fat content of wild Cirhina mrigala and Cyprinus carpio. Lipids
noticeably influence the sensation of cooked fish in the mouth of the consumer. Fat-rich tissues usually taste
very smooth and succulent (“juicy”), while on the contrary, when fat levels are low, the sensation of “dryness”
or “fibrousness” (“rough” or “coarse”) describes the tissue better (Grigorakis et al. 2003). The results of the
present study were seems to be in line with referred work of the above mentioned authors. Dunajki (1979)
found that water and lipid content resulted to softer texture when they were increased. In a study on salmon,
Einen and Thomassen (1998) have shown a very strong correlation of sensory fatness and juiciness to the fillet
fat content. Although fats have been proposed to modify tenderness, bite, lubrication elasticity and juiciness,
the precise mechanism of action of lipids is very difficult to define (German, 1990)

Also the textural difference between wild and cultured gilthead bream may be related to the higher muscle
protein content of the wild fish which may mirror a different muscle structure. Thus, Hatae et al. (1990) have
stated that the species with less water, plus higher protein content became firmer when cooked. However,
protein content by itself does not give much information on the fish muscle texture, as other protein factors,
such as collagen content and structure and muscle fiber diameter and structure are more important in
characterizing muscle texture (Venugopal and Shahidi, 1996; Rasmussen, 2001).

Another partly textural and partly taste difference is the characterization “more juicy” given to the wild
fish. This may result from the higher water content in wild counterparts, although lipids also contribute to the
juiciness impression at a significant level, as already discussed. Water-portion interactions, or otherwise
expressed “bound water” measured as Water Binding Capacity (WBC), affect the texture sensory properties
of the muscle ad upheld the findings of Grigorakis et al. (2003). In specifically, capillary held water influences
the sensory properties as loosely bound water, located in large pores in the flesh, contributes to the
characteristics as juiciness and flavour release. Juiciness is related to the impression of moisture running out
of the meat as teeth pressure is applied (Zayas, 1991; Grigorakis et al. 2003).

Concerning the taste, it seems that fat content strongly affects the mouth impression, as cultured fish is
characterized as more fatty, and also fishy descriptors are often correlated with fat content (Grigorakis, 1999).
Differences in the volatile aroma compound profiles seem also to correlate with sensory taste differences. No
previous work exist on the volatile compounds of Cirrhina mrigala and Cyprinus carpio and furthermore on
the profile differences among wild and cultured fish. Thus, initial screening of these differences can be used
as a very useful tool in defining their nature and organoleptic impact.

It is evident from the results that wild fish contains more number of volatile organic compounds as
compared to farmed fish. Halpern and Pierce, (1996) reported that wild fish contains more number of volatile
organic compounds as compared to farmed fish. Their findings are in line with the results of the present study.
It has been recorded that the amount of VOCs slightly increases with increase in body weigh. Fischer and
Widder, (1997) noted many six carbon compounds among the VOCs recorded in their study. They were
documented as products of oxidation of fatty acids in the fish flesh just after death and declared as one of the
major cause of off-flavor in fish.  Flavor is created by aromatic substances which are produced from mass
grown in nature. Aromatic substances with important odour and taste affect the human palate with relish, zest
and sense (Anderson, V.B., 1995). Chromatograms obtained from the analysis of wild and farmed Cirrhina
mrigala indicated presence of a large number of VOCs in even fresh flesh. They may affect negatively on the
consumers’ preference as has been found in the present study. Soil also contains large number of VOCs
(Elvevoll and James. 2003). As this fish species is a bottom feeder and is exposed to almost all contaminants
which rest upon bottom and are absorbed by plants there. These plants, crustaceans may be consumed by this
fish species and may get accumulated in their muscles. These organic chemicals cause sensory changes in fish
linked with appearance and texture. It is also evident from the findings of Raatikainen et al., (2001) that
freshness of the fish can be detected by VOCs present in the fish. The similar attempts have been made in
the present study as the information in the literature is non existent about fish flavour, storing and quality
improvements of indigenous Indian major carps. These findings may be considered as the initial information
about these fish species for consumers and researchers.
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Conclusion

We extracted fifteen volatile compounds by Likens-Nickerson concurrent distillation apparatus from wild
and farmed Cirrhina mrigala and Cyprinus carpio. For this purpose, fishes were cooked and volatiles were
collected in the organic solvents. Quantitative and qualitative estimation was made by gas chromatography.
Wild and farmed fishes with different weight categories were compared for these compounds. The compounds
(appearing in the form of peaks) were identified from their retention times by comparing with their standards.
The compounds were found to be hexadecane, 3-octanol, hexanal, pentadecane, 3-hexene-1-ol, 2-undecanone,
2-heptanone, butanal, 2-nonanone, 1- heptanal, furaldehyde, 3-methyl-1-butanal, trans-3-hexene-1-ol, octanal
and decanal were the major volatile organic compounds in these species. These compounds varied qualitatively
and quantitatively in both wild and farmed fishes of different weight groups. The statistical analysis indicated
that the results are non significant and there are significant differences among the species. When we deal at
compound level then there are significant variations among different compound concentrations. The results are
shown in the Tables 1-3. From our findings we can conclude that these compounds are responsible for the off-
flavor of wild and farmed Cirrhina mrigala. Further, detailed study can explore the mechanism of these volatile
compounds in the spoilage of Cirrhina mrigala and Cyprinus carpio. Further research needs to be done on
the volatile compounds of these fish species feeding on the same niches and as well as on the contribution
of these compounds to the taste. Furthermore research on the impact of feeding on the volatile compound
profile would provide ways of their regulation. 
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