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Nutritional, textural and quality attributes of white and dark muscles of little tuna
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The proximate composition, fatty acid profile, texture, colour and freshness of white and dark muscles of little tuna
(Euthynnus affinis) were investigated. The moisture content was higher in white muscle (75.52±0.13%) compared to that in
dark muscle (74.85±0.10%). Both white and dark muscle had higher levels of protein, 23.12± 0.13% and 23.15± 0.02%,
respectively. Analysis of fatty acid profile by gas chromatography showed that the dark muscle had high levels of
eicosapentaenoie acid (C20:5) and docosahexaenoic acid (C22:6) compared to white muscle. Texture profile analysis
showed that dark muscle had higher values for hardness (3.74±0.15kgF), whereas adhesiveness, cohesiveness, springiness
and chewiness values were greater for white muscle. Colour analysis revealed dark muscle had lower L* value than that of
white muscle. The total volatile base nitrogen, tri - methyl amine, texture profile analysis and histamine contents were
higher in dark muscle. Overall nutritional quality of dark muscle was superior to that of white muscle.
[Keywords: Little tuna, Muscle type, Proximate composition, Fatty acid composition, Colour analysis, Freshness analysis]

Introduction
Fish is consumed globally because of its unique
source of nutrients, high protein content and low
saturated fatty acid. Fish is a rich sources of omega-3
(n-3) polyunsaturated fatty acids (PUFA), especially
eicosapentaenoic
acid
(EPA;
20:5)
and
docosahexaenoic acid (DHA; 22:6), which play an
important role in the prevention of heart disease and
can be used to treat diseases like hypertension,
arthrosclerosis, cancer and enhance the development of
mammalian brain1-2.
The muscle of fish is generally white in colour;
however, some fishes contain a certain amount of
dark tissue of red or brown colour called the dark
muscle. The dark colour is due to the large amount of
myoglobin content which renders the reddish brown
colour to the meat3. Fish with dark muscle constitute
40-50% of the total catch in the world4. The
proportion of dark muscle may vary based on the
activity of the fish. Pelagic fish that swim
continuously have 48% of the body weight made of
dark muscle5. The dark muscle is located directly
under the skin, which and is used for continuous
swimming at low speed, while the white muscle is

used for short bursts of swimming6. Active fish such
as tuna, herring, mackerel etc have more dark muscle
than bottom dwelling fishes such as flounder and
cod7. The dark muscle makes up 13-16% of headless
skipjack tuna8 and help this species of fish to swim at
high speed for longer periods of time without fatigue9.
The white meat contains less lipids as compared to
dark meat and the amount of lipid can vary based on
the species and time of harvesting10 and dark muscle
which contains more lipid is prone to lipid oxidation
more than white muscle11.
Euthynnus affinis (Cantor, 1849) popularly known
as ‘little tunny’ or ‘kawakawa’, and belongs to the
family scombridae, fetch high value in the global
market12. Little tuna (E. affinis) is available in the
Indian Ocean and the Gulf of Thailand and form huge
landing with the volume of 45600 metric tons and a
value of 37 million US dollars in 2007 and provide a
high economic value for canning and sashimi
industries13. The sashimi market which was
exclusively centered in Japan, has recently expanded
worldwide14; therefore, this fish fetches a high price
in the raw seafood market, representing a very
interesting species from both nutritional and
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economic point of view. Along the Indian coast,
E. affinis is exploited throughout the coastal states and
islands and forms the bulk of the tuna landings of the
country15-16. There is no study on the nutritional
qualities of dark and white muscle of this species.
Therefore, the objective of this study is to compare
the proximate composition, fatty acid profile, colour,
texture and freshness of dark and white muscle of
little tunny which can serve as a baseline data for
selecting suitable processing methods and also
development of potential nutraceuticals.

used was 1 µl and the carrier gas was controlled at
16 psi. The split was 1:10. Fatty acid was identified
by comparing the retention times of FAME with a
standard component FAME mixture (Supelco, USA).
GC analysis was performed (n=3) and the results were
expressed in area % as a mean value ± standard error.
Texture Analysis

Samples of little tuna (E. affinis) were procured
from the landing centre of Thoothukudi coast of
South India. The samples were placed in sterile
polythene bags, kept in ice and brought to the
laboratory within 30 min. In the laboratory, the fish
was washed and length (cm) and weight (g) data were
recorded. Then fishes were dissected to remove skin,
gills, fins and viscera and the muscle portions (both
white and dark) were collected for analysis.

Texture profile analyses (TPA) was performed
using a TA plus texture analyser (Lloyd Instruments,
Hampshire, UK)20. A flat-ended cylinder with a
diameter of 35 mm was used and the thickness of the
fillets was 7 mm. The flat-ended cylinder approached
samples at a speed of 1 mm/s and penetrated into
fillets to a sample depth of 50% of the sample
thickness. Then, the force was reduced and the fillet
was allowed to rebound 10 secs with the cylinder just
touching the surface. After this, the cylinder was
pressed on the fillets second time and the hardness,
cohesiveness,
springiness,
chewiness
and
adhesiveness of the white and dark muscles were
obtained. The results were expressed as mean value ±
standard error.

Proximate Composition Analysis

Colour Analysis

Moisture content was determined by hot air oven
method17. Nitrogen content was determined by
Kjeldhal method17 using KEL PLUS – Elite ExVA –
digestion and distillation apparatus (Pelican
Equipment’s, Chennai, India), and the protein content
was calculated by multiplying the nitrogen content
with a factor of 6.25. The crude fat was determined by
Soxhlet method17 using petroleum ether (60-80 °C)
as solvent in a SOCS PLUS-SCS 08R system (Pelican
Equipment’s, Chennai, India). Ash content was
determined in a Muffle furnace at 500-550 °C for
16 hrs17.

The colour of both white and dark muscles was
measured using Hunter Lab Colorimeter model no.
D/8-S (Miniscan XE Plus, Plate 3.5, USA) with
geometry of diffuse /8°C (sphere 8 mm view) and
illuminant of D 65/10°C21. The tuna muscle was made
into 7 mm thickness fillets and the colour differences
of white and dark fillets were measured. The values of
L*, a* and b* were used to evaluate the meat colour
and the results were expressed as mean ± standard
error (n=3).

Materials and Methods
Materials

Fatty acid Analysis

For determination of fatty acid composition by gas
chromatography, total lipid was extracted from fish
using chloroform and methanol18, methylation of fatty
acids by BF3-methanol and subsequent analysis of
fatty acids methyl esters (FAME) by capillary gas
chromatography19. Fatty acid profile was analysed
using gas chromatography (Clarus 580, Perkin Elmer,
USA) with a flame ionization detector and capillary
column. The oven temperature was 50 °C, held 3 min,
raised to 150 °C held 5 min and raised to 250 °C. The
injector and the detector temperature were set at
220 °C and 280 °C respectively. The sample volume

Freshness Analysis

The histamine content was determined by the
modified method of Cinquina et al. (2004)22 using
HPLC (Shimadzu Co., Milford, MA, USA). Tuna
sample was homogenised with perchloric acid. The
extracted solution was injected into HPLC system
equipped with UV-VIS detector and was resolved in
C18 column (ODS, 4.6×250 mm, 5 μm) using ionpair chromatography method. The absorbance area of
histamine peak at 214 nm in sample was compared
with the absorbance of standard histamine solutions
and the concentration was calculated.
Thiobarbituaric acid-reactive substances (TBARS)
of fish sample was estimated according to the method
of Tarladgis et al. (1960)23. The amount of TBARS
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was expressed as mg malonaldehyde (MDA)/kg
sample. Trimethylamine-nitrogen (TMA-N) and total
volatile base-nitrogen (TVB-N) was determined by
micro diffusion method24. TMA-N and TVB-N
contents were expressed as mg/100 g of muscle.
Statistical Analysis

Data were expressed as mean±standard error (SE)
of measurements in triplicate. All data were subjected
to analysis of variance (ANOVA). Differences in
mean values were determined based on the least
significant difference (Turky HSD, P<0.05) procedure
of the statistical analysis system software (SPSS Inc.,
Chicago, IL, USA)25.
Results and Discussion
Proximate Composition Analysis

The proximate composition including moisture,
protein, lipid and ash in the dark and white muscles is
given in Table 1. Proximate composition is generally
a good indicator of the physiological condition of the
fish. Tuna is considered as an excellent source of high
quality protein. The moisture content was higher in
white muscle (75.52±0.13 g/100 g muscle) compared
to dark muscle, while lipid and ash were higher in
dark muscle (0.44±0.003 & 1.29±0.008 g/100 g of
muscle, respectively). Both white and dark muscles
had higher level of protein (23.12% and 23.15%,
respectively).
Earlier studies by Undeland et al. (1998)26 on
herring (Clupea harengus) have shown that lipid
content in dark muscle was three times higher
compared to white muscle. The white muscle had
higher moisture, ash content and lower amount fat
content in chub and blue mackerel27 as well as yellow
tail (Seriola quinqueradiata)28. In skipjack tuna
(Katsuwonus pelamis), moisture content, lipid and ash
content were higher in dark muscle29. The dark colour
in dark muscle is due to the higher myoglobin and
haemoglobin content which is five times higher in
dark muscle compared to white muscle30. In general,
the proximate composition of fishes varies with feed
intake, size of fish, season, sex and other
environmental conditions31.
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was observed in little tuna (Euthunnus alletteratus)
from the Mediterranean32. Palmitic acid was the
dominant saturated fatty acid in both dark and white
muscles, contributing approximately 57.50% (white
muscle) and 48.89% (dark muscle) of the total
saturated fatty acids. Among the SFA, white muscle
had high amount of palmitic acid (20.12%), while
dark muscle had high amount of stearic acid (13.73%)
which is similar to earlier studies in fish19,33-36.
Palmitic acid occurs naturally in fish, being a source
of metabolic energy for their growth37. The MUFA
content in white and dark muscle was 13.14% and
11.52%, respectively. Among the monounsaturated
fatty acids, oleic and palmitoleic acids were higher in
white muscle (11.08% and 1.45% respectively) than
that in the dark muscle. The result showed that tuna
muscles had higher percentage of PUFA’s than the
SFA and MUFA, which is contrast to studies in
yellow tail (Seriola quinqueradiata)28 where, the dark
muscle contained lower percentage of PUFA and
higher percentage of SFA and MUFA. PUFA content
in white and dark muscles in the tuna studied was
51.86% and 55.87%, respectively. Among PUFA’s,
DHA was 42.70% and EPA was 5.27% in dark
muscle (Table 2). Similar result was observed in
yellow fin tuna studied by Karunarathna &
Attygalle38and contradictory to other studies27,39,
where the levels of PUFA including EPA (20:5) and
DHA (22:6) were higher in the dark muscle compared
to light muscle in chub mackerel and skipjack tuna.
The fatty acid composition of fish varies with species,
sex, age, water temperature, degree of pollution,
nutritional condition, and season40-41. The general
recommended level for daily intake of DHA/EPA is
0.5 g for infants and 1 g for adults42. Therefore,
consumption of E. affinis can be considered as a good
source of these fatty acids. Fishes are excellent source
of EPA and DHA as the major constituent of PUFA.
Although the muscle tissue of the tuna species
Table 1 — Proximate composition of white and dark
muscles in little tuna
Parameter (g/100 g of
muscle)
Moisture

White muscle

Dark muscle

75.52±0.13b

74.85±0.10a

a

Fatty Acid Analysis

Crude protein

23.15±0.02

23.12±0.13a

The fatty acid composition of dark and white
muscles of tuna studied is listed in Table 2. The major
fatty acids found were C16:0, C18:0, C18:1, C20:4,
C20:5, and C22:6. The major fatty acid class was
PUFA followed by SFA and MUFA; similar result

Crude lipid

0.07±0.002a

0.44±0.003b

Ash

a

1.23±0.01

1.29±0.008b

Results are mean ± standard error (n=3); values with different
letters within a row are significantly different (p<0.05) in oneway ANOVA followed by Tukey HSD test.
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Table 2 — Fatty acid profile of white and dark muscles of little tuna
S. No.

Fatty acids

1
2
3
4
5
6
7
8
9
10

C12:0
C14:0
C15:0
C16:0
C17:0
C18:0
C20:0
C21:0
C22:0
C23:0

11
12
13
14
15
16
17

C16:1
C17:1
C18:1 trans 9
C18:1 cis 9
C20:1 cis 11
C22:1 cis 13
C24:1 cis 15

18
19
20
21
22
23
24
25
26

C18:2 cis 9,12
C18:3 cis 6,9,12 gamma
C18:3 cis 6,9,12,15 alpha
C20:2 cis 11,14
C20:3 cis 8,11,14
C20:4 cis 5,8,11,14
C22:2 cis 13,16
C20:5 cis 5,8,11,14,17 EPA
C22:6 cis 4,7,10,13,16,19 DHA
ΣSFA
ΣMUFA
ΣPUFA
n3
n6
n3/n6
PUFA/SFA
Results are mean ± standard error (n=3)

Name

Tuna white (Area %)

Saturated fatty acid (SFA)
Lauric
Myristic
Pentadecanoic
Palmitic
Heptadecanoic
Stearic
Arachidic
Henicosanoic
Behenic
Tricosanoic
Monounsaturated fatty acid (MUFA)
Palmitoleic
cis-10- Heptadecanoic
Elaidic
Oleic
cis -11- Eicosenoic
Erucic
Nervonic
Polyunsaturated fatty acid (PUFA)
Linoleic
Linolenic
Linolenic
cis-11,14-Eicosadienoic
Eicosatrienoic
Arachidonic
Docosadienoic
Eicosapentanoic
Docosahexaenoic

contains low levels of fat (2%) and has desirable fatty
acid profile and can contribute to good health43.
The quality of fat is determined by the balance
between PUFA and SFA consumed in the diet and is
an important feature that influences the risk of
cardiovascular disease. PUFA/SFA ratio gives a good
indication of the fatty acid composition of fish. A
minimum of PUFA/SFA ratio (0.45) is recommended
by HMSO, (1994)44. PUFA/SFA ratio in the white
and dark muscles of tuna studied was 1.48 and 1.71,

Tuna dark (Area %)

0.28
0.66
0.33
20.12
0.86
12.43
0.18
0.00
0.13
0.00

0.08
0.63
0.34
15.97
1.23
13.73
0.34
0.06
0.22
0.06

1.45
0.21
0.00
11.08
0.25
0.15
0.00

1.17
0.08
0.00
9.54
0.34
0.28
0.05

1.39
0.17
0.09
0.26
0.18
7.48
0.14
5.27
36.88
34.99
13.14
51.86
42.41
8.87
4.78
1.48

2.23
0.18
0.00
0.45
0.23
5.35
0.22
4.51
42.70
32.66
11.52
55.87
47.39
7.58
6.25
1.71

respectively, which is above the recommended level.
Pigott and Tucker (1990)45 suggested that the omega3/ omega-6 ratio is a useful indicator for comparing
relative nutritional value of fish. The n3/n6 ratio in
the white and dark muscles was 4.78 and 6.25,
respectively. The n3/n6 ratio was much higher than
the little tuna studied from Srilanka where the n3/n6
ratio was only 0.4 in white muscle and 0.95 in dark
muscle39. Higher n3/n6 ratio of fatty acid has a
positive influence on the lipid content. An increase in
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Table 3 — Colour, texture and freshness analysis of white and dark muscles of little tuna
Indices

White muscle

Dark muscle

L*
a*
b*

38.72±2.47b
6.80±0.72a
13.16±0.27b

26.68±0.86a
7.29±0.55a
10.77±0.33a

Colour analysis

Texture profile analysis (TPA)
Hardness (kgf)
3.40±0.23
Adhesiveness (kgf)
0.12±0.03
Cohesiveness
0.13±0.01
Springiness (mm)
1.17±0.07
Chewiness (kgf)
0.57±0.12
Freshness analysis
TVB-N (mg/100 g)
13.02±0.17a
TMA (mg/100 g)
3.45±0.03a
TBA (mg MDA/kg)
0.10±0.005a
Histamine (ppm)
-Results are mean ± standard error (n=3); values with different letters within a row are significantly different
ANOVA followed by Tukey HSD test.

the human dietary ω-3/ω- 6 fatty acid ratio helps in
prevention of coronary heart disease by reducing plasma
lipids and reduce the risk of cancer46-47. It was suggested that
a ratio of 1:1–1:5 would constitute a healthy human diet48.
Texure Analysis

The textural difference of white and dark muscles was
evaluated based on TPA parameters, including hardness,
adhesiveness, cohesiveness, springiness and chewiness as
shown in Table 3. The high variability of the results from
different samples directly indicated the textural difference
between the two muscle types. The values of
adhesiveness, cohesiveness, springiness and chewiness
were higher than corresponding values of dark muscle.
Conversely, dark muscle had higher values of hardness
(3.74±0.15 kgf) due to differences in chemical
composition,
fiber
diameter
and
muscle
heterogeneity20,49,50 and similar result was observed by
Shulai et al. (2014)29 in skipjack tuna (K. pelamis). The
texture of fish muscle is related with the muscle fiber
density and depends on a number of intrinsic biological
fators51. The higher value of cohesiveness in white muscle
(0.12±0.03 kgf) indicates better textural attributes because
it is a measure of the elasticity of muscle. The fluctuations
in water, protein and fat content, which are caused by
cycles in the reproduction process, have a significant
impact on the texture of fish meat52.
Colour Analysis

Colour is an important quality attribute of meat and
seafood, especially for tuna where the market value is

3.74±0.15
0.10±0.02
0.08±0.01
1.01±0.04
0.34±0.06
18.6±0.34b
5.53±0.14b
0.18±0.005b
2.82±0.11
(p<0.05) in one way

based on muscle appearance and colour53. Colour of
tuna meat depends on the amount of myoglobin and
haemoglobin content in the muscles54. The results of
the colour measurement of white and dark muscle are
shown in Table 3. The white muscle had higher L*
and b* when compared to dark muscle and similar
result was observed in little tuna (E. affinis)55 and
skipjack tuna (K. pelamis)29. The dark muscle had
higher value of a* (redness) due to high amount of
myoglobin content in dark muscle which contribute to
the reddish brown colour of fish muscle56 and similar
result was reported in dark muscle of yellow fin tuna
(Thunnus albacarus)57. The concentration of
myoglobin in the muscle of tuna is 3-4 times higher
than the same in mammal muscle58. The dark muscle
also contains large amount of haemeproteins, low
molecular weight metal and microbial enzymes26.
Freshness Analysis

The white and dark muscle freshness values were
determined based on TVB-N, TMA, histamine
content and TBARS (Table 3). The dark muscle had
higher TVB-N value than the white muscle, which is
similar to studies by Shulai et al. (2014)29, mainly due
to ammonia and amines which might result from
protein degradation and non-protein nitrogenous
compounds59. The TMA value was higher in dark
muscle than the white muscle. The histamine content
was observed in dark muscle which clearly revealed
that the dark muscle is prone to quick spoilage than
the white muscle, similar to earlier studies reported
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for big-eye tuna. The TBARS value was higher in
dark muscle which might be due to a higher lipid
content in dark muscle, similar to the report in
skipjack tuna (K. pelamis)29.

9
10
11

Conclusion
The study has shown that little tuna is an excellent
source of nutrients and fatty acid. The data from the
present study could serve as baseline data for further
studies. These nutritive, textural and quality
characteristics of white and dark muscles of tuna
indicate that this species is very much suitable as raw
material for food industry. The dark muscle has a high
nutritive value with respect to its total lipid content
and that it is mainly in the form of PUFA’s. Little
tuna is a good source of protein which is similar to the
protein content of other commercially important tuna
species such as skipjack, yellow fin and big eye.

12
13
14
15
16
17
18

Acknowledgement
Authors are grateful to Dr. Baskaran Manimaran, ViceChancellor, Tamil Nadu Dr. J. Jayalalithaa Fisheries
University, Nagapattinam and Dr. G. Sugumar, Dean,
Fisheries College and Research Institute, Thoothukudi, for
their valuable support in conducting this research work.
References
1
2

3

4
5
6
7

8

Nordoy, A., Marchioli, R., Arnesen, H. & Videbaek, J., n-3
Polyunsaturated fatty acids and cardiovascular diseases: To
whom, how much, preparations. Lipids, 36 (2001), 127-129.
Suzuki, H., Park, S.J., Tamura, M. & Ando, S., Effect of the
long-term feeding of dietary lipids on the learning ability, fatty
acid composition of brain stem phospholipids and synaptic
membrane fluidity in adult mice: A comparison of sardine oil
diet with palm oil diet, Mech. Ageing and Develop., 101
(1998) 119-128.
Chaijan, M., Benjakul, S., Visessanguan, W. & Faustman, C.,
Characteristics and gel properties of muscles from sardine
(Sardinella gibbosa) and mackerel (Rastrelliger kanagurta)
caught in Thailand, Food Res. Int, 37(2004) 1021-1030.
Hultin, H.O., & Kelleher, S.D, Surimi Processing from Dark
Muscle Fish, in: Surimi and Surimi Seafood, edited by J. W.
Park, (Marcel Dekker Inc, New York) 2000, pp. 59-77.
Love, M, The chemical biology of fishes. (Academic Press,
London) 1970, pp. 395.
Tsukamoto, K., The role of the red and white muscles during
swimming of yellow tail, Nippon Suisan Gakkaishi., 50 (1981)
2025-2030.
Kobayashi, A., Tanaka, H., Hamada, Y., Ishizaki, S.,
Nagashima, Y. & Shiomi, K., Comparison of allergenicity and
allergens between fish white and dark muscles, Allergy, 61
(2006) 357-363.
Hiratsuka, S., Aoshima, S., Koizumi, K. & Kato, N., Changes
of the volatile flavor compounds in dark muscle of skipjack
tuna during storage. Nippon Suisan Gakkaishi., 77 (2011)
1089-1094.

19
20

21
22

23

24
25
26

27

28

29

Herpandi, N. H., Rosma, A. & Nadiah, W.A.W., The tuna
fishing industry: A new outlook on fish protein hydrolysates,
Comp. Rev. Food Sci. Food Safety, 10 (2011) 195-207.
Suzuki, T., Fish and Krill Protein Processing Technology.,
(Applied Science Publishers Ltd, London) 1981.
Shahidi, F. & Spurvy, S.A., Oxidative stability of fresh and
heat-processed dark and light muscles of mackerel (Scomber
scombrus), J. Food Lipids., 3 (1996) 13-25.
Poisson, F., Compilation of information on neritic tuna species
in the Indian Ocean, IOTC, SC-INF11, 2006.
Fisheries Foreign Affairs Division, Statistics on Fishery
Production, 2007.
Food and Agriculture Organization (FAO), Fisheries and aquaculture
department, Rome. 2010. http://www.fao.org/fishery/species/3277/en.
Silas, E.G. & Pillai, P. P., Taxonomy and distribution of tunas,
tuna like fishes and billfishes in the Indian Ocean, CMFRI
Bulletin., 32 (1982) 3-23.
Khan, M. & Zaffar., Age and growth, mortality and stock
assessment of Euthynnus affinis (Cantor) from Maharashtra
waters. Indian J. Fish., 51 (2) (2004) 209-213.
AOAC, Official methods of analysis. (Washington DC:
Association of Official Analytical Scientists) 1995.
Folch, J., Lees, M. & Sloane Stanley, G.H., A simple method
for the isolation and purification of total lipids from animal
tissues. J. Biol. Chem., 226 (1957) 497-509.
Stephen, N.M., Shakila, R.J., Jeyasekaran, G. & Sukumar, D.,
Effect of different types of heat processing on chemical
changes in tuna, J. Food Sci. Tech., 47 (2) (2010) 174-181.
Sigurgisladottir, S., Hafsteinsson, H., Jonsson, A., Lie, O.,
Nortvedt, R., Thomassen, M. & Torrissen, O., Textural
properties of raw salmon fillets as related to sampling method,
J. Food Sci., 64 (1) (1999) 99-104.
Shah, A.J., Extrusion cooking of corn girts. Ph.D Thesis,
School of food and fisheries studies, Humberside Polytechnic,
U.K. 1991.
Cinquina, A.L., Longo, F., Calì, A., De Santis, L., Baccelliere,
R. & Cozzani R., Validation and comparison of analytical
methods for the determination of histamine in tuna fish
samples. J. Chromatography A., 1032 (1-2) (2004) 79-85.
Tarladgis, G.B., Watts, M.B. & Younathan, T.M., A
distillation method for the quantitative determination of
malonaldehyde in rancid foods, J. Amer. Oil Chemist Soc.,
37(1960) 44-50.
Conway., E. J, Micro Diffusion Analysis and Volumetric
Error, (Parch Crosbey, London) 1962, 5, pp. 467.
SPSS, Computer program, MS for windows, Version 16, USA.
Undeland, I., Ekstrand, B. & Linggnert, H., Lipid oxidation in
herring (Clupea harengus) light muscle, dark muscle and skin,
stored separately or as intact fillets, J. Americal Oil Chem.
Soc., 75 (1998) 581-590.
Bae, J.H., Yoon, S.H. & Lim, S.Y., A comparison of the
biochemical characteristics of different anatomical regions of chub
(Scomber japonicas) and blue mackerel (Scomber australasicus)
muscles, Korean J. Fish. Aquatic Sci., 43 (2010) 6-11.
Bae, J.H., Hwang, S.Y., Yoon, S.H., Noh, I. &Lim, S.Y.,
Comparison between Ordinary and Dark Muscle Extracts of
Yellowtail
(Serila
quinqueradiata)
on
Chemical
Characteristics, Antiproliferative and Antioxidant Properties, J.
Food Tech., 9 (3) (2011) 99-105.
Liu, S., Li, X., Zhou, X., Zhang, X. & Ding, Y., Comparative
Study of Basic Characteristics of Ordinary and Dark Muscle in

KANNAIYAN et al.: WHITE AND DARK MUSCLES OF LITTLE TUNA
Skipjack Tuna (Katsuwonus pelamis), Food Sci. Biotechnol.,
23 (5) 2014 1397-1404.
30 George, C., Biochemical differences between the red and
white meat of tuna and changes in quality during freezing and
storage, Fishery Technol., 12 (1975) 70-74.
31 Kitts, D.D., Huynh, M.D., Hu, C. & Trites, A.W., Season
variation in nutrient composition of Alaskan wall eye Pollock,
Canadian J. Zool., 82 (2004) 1408-1415.
32 Selmi, S., Mbarki, R. & Sadok, S., Seasonal change of lipid
and fatty acid composition of little tuna Euthunnus alletteratus
by-products, Nutr. Health., 19 (3) (2008) 189-194.
33 Mahaliyana, A.S., Jinadasa, B.K.K.K., Liyanage, N.P.P.,
Jayasinghe, G.D.T.M. & Jayamanne, S.C., Nutritional
Composition of Skipjack Tuna (Katsuwonus pelamis) caught
from the Oceanic Waters around Sri Lanka, American J. Food
and Nutr., 3 (4) (2015) 106-111.
34 Gopakumar, K. & Nair, M.R., Fatty acid composition of eight
species of Indian marine fish, J. Sci. Food Agric., 23(1972)
493-496.
35 Bhuiyan, A.K.M.A., Ratnayake, W.M.N. & Ackman, R.G.,
Stability of lipids and polyunsaturated fatty acids during
smoking of Atlantic mackerel (Scombers combrus L.), J.
American Chem. Soc., 63 (1986) 324-328.
36 Bandarra, N.M., Batista, I., Nunes, M.L., Empis, J.M. &
Christie, W.W., Seasonal changes in lipid composition of
sardine (Sardina pilcharchus), J. Food Sci., 62 (1997) 40-41.
37 Sargent, J.R & Tocher, D.R, The lipids, in: Fish Nutrition,
edited by J G. Bell, (3rd edition). (Academic press, San diego)
2002, pp.181-257.
38 Karunarathna, K.A.A.U. & Attygalle, M.V.E., Nutritional
evaluation in five species of tuna. vidyodaya J. sci., 15 (1&2)
(2010) 7-6.
39 Sohn, J.H. & Ohshima, T., Control of lipid oxidation and meat
color deterioration in skipjack tuna muscle during ice storage,
Fish. Sci., 76 (2010) 703-710.
40 Tanakol, R., Yazici, Z., Sener, E. & Sencer, E., Fatty acid
composition of 19 species of fish from the Black Sea and
Marmara Sea, Lipids, 34 (1999) 291-297.
41 Bandarra, N.M., Batista, I., Nunes, M.L. & Empis, J.M.,
Seasonal variation in the chemical composition of horsemackeral (Trachurus trachurus), Euro. Food Res. Tech., 212
(2001) 535-539.
42 Kris-Etherton, P.M., William. R.D. & Harris, S., Fish
Consumption, Fish Oil, Omega-3 Fatty Acids, and
Cardiovascular Disease, Cerculation, 106 (2002) 27472757.
43 Reena, P.S., Nair, P.G.V., Devadasan, K. & Gopakumar K.,
Fatty acid composition of 32 species of low value fishes from
Indian waters, ASEAN Food J., 10 (1994) 167-174.
44 HMSO, Nutritional aspects of cardiovascular disease, London,
1994.
45 Pigott, G.M & Tucker, B.W., Seafood effects of technology
on nutrition. (Marcel Dekker Inc., New York) 1990,
pp. 359.

46

211

Kinsella, J.E. & Lokesh, B., Stone R A., Dietary Omega-3
polyunsaturated fatty acids and amelioration of cardiovascular
disease: Possible mechanisms. American J. Clinic. Nutri., 52
(1990) 1-28.
47 Simopoulos, A.P., Omega-3 fatty acids in inflammation and
autoimmune diseases. J. American College Nutri., 21 (2002)
495–505.
48 Osman, H., Suriah, A.R. & Law, E.C., Fatty acid composition
and cholesterol content of selected marine fish in Malaysian
waters, Food Chem., 73 (2001) 55-60.
49 Hatae, K., Yoshimatsu, F. & Matsumoto J., Role of muscle
fibers in contributing firmness of cooked fish, J. Food Sci., 55
(3) (1990) 693-696.
50 Kanoh, S., Polo, J.M.A., Kariya, Y., Kaneko, T., Watabe S. &
Hashimoto, K., Heat induced textural and histological changes
of ordinary and dark muscles of yellow fin tuna, J. Food Sci.,
55 (3) (1988) 673-678.
51 Zhao, J., Li, J.R., Wang, J. L. & Lv, W.J., Applying different
methods to evaluate the freshness of large yellow croacker
(Pseudosciaena crocea) fillets during chilled storage, J. Agric.
Food Chem., 60 (2012) 11387-11394.
52 Dunajski, E., Texture of fish muscle. J. texture Studies., 10
(1979) 301-318.
53 Lori F. P., Faustman, C., Rossi, S., Surendranath, P.S., Palmer,
C., Nicole, L.R., Christopher, E.P., Michael, D., Quality
Assessment of Filtered Smoked Yellowfin Tuna (Thunnus
albacares) Steaks, J. Food Sci., 76 (6) (2011) 369-379.
54 Richards, M. P. & Hultin, H.O., Contributions of blood and
blood components to lipid oxidation in fish muscle, J. Agric.
Food Chem., 50 (2002) 555-64.
55 Thiansilakul, Y., Benjakul, S. & Richards, M.P., The effect of
different atmospheric conditions on the changes in myoglobin
and colour of refrigerated Eastern little tuna (Euthynnus
affinis) muscle, J. Sci. Food and Agric., 91 (2011) 1103-1110.
56 Sohn, J.H., Taki, Y., Ushio, H., Kohata, T., Shioya, I. &
Ohshima, T., Lipid oxidations in ordinary and dark muscles of
fish: influences on rancid off-odor development and color
darkening of yellowtail flesh during ice storage, J. Food Sci.,
70 (2005) 490-496.
57 Elena, S., Amensour, M., Oliver, R., Fuentes-Zaragoza, E.,
Navarro, C., Fernández-López, J., Sendra, E., Sayas, E. & PérezAlvarez1, J.A., Quality Characteristics of Dark Muscle from
Yellowfin Tuna (Thunnus albacares) to Its Potential Application
in the Food Industry, Food Nut. Sci., 2 (2011) 22-30.
58 Kanoh, S., Suzuki, T., Maeyama, K., Takewa, T., Watabe, S.
& Hashimoto, K., Comparative Studies on Ordinary and Dark
Muscle of Tuna Fish, Bull. Japanese Soc. Fish.
Oceanography., 52 (10) (1986) 1807-1816.
59 Fan, W.J., Chi, Y.L. & Zhang, S., The use of a tea polyphenol dip
to extend the shelf life of silver carp (Hypophthalmicthys molitrix)
during storage in ice, Food Chem., 108 (2008) 148-153.
60 Ruiz-Capillas, C. & Moral, A., Free amino acids and biogenic
amines in red and white muscle of tuna stored in controlled
atmospheres, Amino Acids, 26 (2004) 125-132.

