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Abstract Marine fishes are rich in n-3 polyunsaturated

fatty acids (PUFA), especially eicosapentaenoic acid (EPA)

and docosahexaenoic acid (DHA), which are extremely

important for human health. The objective of our work was

to determine the content and composition of lipids and fatty

acids in the different tissues of cobia from China and to

evaluate their nutritional value. The results showed that

cobia from China was rich in lipids; the neutral lipid content

was above 82%; the content of cholesterol and phospholipid

was low. Eighteen fatty acids were identified. Myristic

(C14:0), palmitic (C16:0), and stearic acids (C18:0) were

the main saturated acids; palmitoleic (C16:1n-7) and oleic

acid (C18:1n-9) were the main monounsaturated fatty acids.

EPA and DHA were the main PUFA; n-3 and n-6 PUFA

were present as 12–18% and 2.6–3.2% of the total fatty

acids, respectively. The n-6/n-3 ratio was in the range from

0.18 to 0.22, which was far lower than that (5:1) recom-

mended by WHO/FAO. Therefore, cobia lipids from China

have a high nutritional value.

Keywords Cobia � Lipid � Cholesterol � Phospholipid �
Fatty acid

Introduction

Cobia, Rachycentron canadum, is a large migratory

coastal pelagic fish of the monotypic family Rachycen-

tridae and is distributed worldwide in tropical and sub-

tropical seas, except for the eastern Pacific [1]. The culture

of cobia will presumably become an emerging aquaculture

industry in the near future because of the fish’s rapid

growth and high quality flesh [2]. Cobia is now being

cultured in many regions such as Hainan Province of

China, Taiwan, Japan, and Vietnam, especially using sea-

cage farming. Cobia is a famous deluxe food fish and

highly preferred by Oriental consumers, especially people

in Taiwan and Japan [3]. Recently, cobia has been cited as

producing a high quality fillet suitable for sashimi and for

restaurants [4].

Cobia has high nutritional and medicinal value due to its

balanced composition of essential amino acids, its richness

in polyunsaturated fatty acids, and its comprehensive

supply of microelements [5]. In particular, the content of

n-3 polyunsaturated fatty acids (n-3 PUFA), mainly eico-

sapentaenoic acid (EPA, 20:5n-3) and docosahexaenoic

acid (DHA, 22:6n-3), is high in the cobia lipids. The

importance of n-3 PUFA, especially EPA and DHA, in

human nutrition has been widely recognized [6]. Their

potential for the prevention of certain cardiovascular con-

ditions and other diseases has been reported [7–9]. n-3

PUFA has an indispensable role in the synthesis of pros-

taglandins, tromboxaines, leukotrienes, and eicosanoids

[10, 11]. Therefore, the nutritional value of lipids is very

important for human health.

For the nutritive evaluation of fish, the content of

essential fatty acids is as important as the lipid content.

Due to the great importance of n-3 PUFA, the quality

of lipids is presently evaluated on the basis of the n-6
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PUFA/n-3 PUFA ratio [10]. The WHO/FAO recom-

mendation is that, in total daily diet, the n-6/n-3 ratio

should be 5:1 [12, 13], but in fact the lower the ratio the

better. According to the recommendations of the WHO,

about 30% of human energy requirements should be

satisfied from fats, whereby saturated fatty acids (SFA)

should account for about 10% and PUFA up to 7%

[12–14]. The recommended total intake of EPA and

DHA is in the range of 0.3–0.4 g/day [15]. It is also

thought that daily intake of 2 g/day of n-3 PUFA may

completely satisfy the daily needs of the human organ-

ism [15]. On the basis of these data, it is possible to

estimate whether the amount of consumed fish can

satisfy the daily requirements of the human organism for

EPA and DHA. Therefore, an understanding of fish

intake is very important for evaluating whether the fish

has sufficient nutritional value to satisfy daily EPA and

DHA requirements [10].

At present, research on cobia mainly concentrates on

breeding, culture, disease prevention, and feed. The study

of cobia processing is, however, rarely reported. This work

analyzes the lipid and fatty acid composition in the dif-

ferent tissues of cobia from China and evaluates their

nutritional value to provide scientific data for food pro-

cessing and pharmaceuticals.

Materials and Methods

The cobia (Rachycentron canadum) were cultured in

marine cages located offshore of Hainan Province, China.

When the cobia reached 5–6 kg, they were harvested and

transported to a processing factory located in Zhanjiang

City, Guangdong Province, China. Upon arrival, 10 spec-

imens from 1,000 kg of cobia were collected, and each

cobia was divided into five parts (fish back muscle, abdo-

men muscle, fish head, fish skin, viscera). Each part was

ground and mixed by grinder. The samples (stored on ice

during transportation) were taken to the laboratory, and

they were immediately packed in plastic bags and stored at

-20 �C until use. A 10-g sample of each part was used to

extract total lipids every time. All reagents were of

analytical grade.

Extraction of Total Lipids

The samples of back muscle, abdomen muscle, fish head,

fish skin, and viscera from cobia were homogenized thor-

oughly with blenders and mixing mills. Lipid was then

extracted in duplicate aliquots in chloroform:methanol

(2:1; v:v) after Folch et al. [16] as modified by Iverson

et al. [17]. Each part was analyzed in triplicate.

Separation of Neutral and Polar Lipids

Separation of neutral and polar lipids was accomplished on

a preparative scale silica gel column (230–400 mesh;

Sigma-Aldrich, St. Louis, MO, USA) [18]. A petroleum

ether (30–60 �C) slurry of silica gel was poured to a depth

of 1.3 cm into a column consisting of a disposable Pasteur

pipette plugged with glass wool. The gel was washed with

about 5 mL petroleum ether followed by 10 mL dichloro-

methane–methanol (19:1 by volume). A 2-mL aliquot of

chloroform lipid extract containing approximately 10 mg

total lipid was added to the column. Neutral lipids were

eluted with 3 mL chloroform, followed by 14 mL dichlo-

romethane–methanol solution. Polar lipids were then eluted

with 24 mL methanol. Each part was analyzed in triplicate.

Analysis of Cholesterol

Analysis of cholesterol was carried out as described by

Osman et al. [19] and Bohac et al. [20]. The procedure was

as follows. Each part was analyzed in triplicate.

The stock reagent was prepared by dissolving 10 g of

FeCl3�6H2O in glacial acetic acid using a 100-mL volu-

metric flask. Prior to use, 1.0 mL of the stock reagent was

transferred into a 100-mL flask and concentrated H2SO4

was added to volume.

The stock solution (1 mg/mL) was prepared by dissolv-

ing 0.1 g of standard cholesterol (chromatography grade;

Sigma Chemical, USA) in glacial acetic acid using a 100-

mL volumetric flask. The stock solution was used to prepare

working solutions containing 0.0, 0.05, 0.10, 0.15, and

0.20 mg cholesterol. Total volume of each working solution

was added to 4 mL glacial acetic acid. Then, 2 mL of FeCl3
coloring reagent was added, and the absorbance at 565 nm

was determined in a UV-2450/2550 spectrophotometer

(Shimadzu; Tokyo, Japan). Standard curve was determined

by using the standard concentration of cholesterol for the

abscissa and the absorbance of each working solution for

the ordinate. The regression equation was obtained from the

standard curve as y = 0.004x - 0.0153 (R2 = 0.99).

Total lipid (0.5 g) was accurately weighed to 0.0001 g

and saponified using 2% alcoholic KOH. The unsaponified

fraction was extracted with 4 9 10 mL petroleum ether,

and all the extracts were later combined. The extract was

washed with 0.5 mol/L NaOH and repeatedly with distilled

water until neutral. Traces of moisture were removed by

the addition of a sufficient amount of anhydrous sodium

sulphate. Finally, the extract was heated in a water bath to

remove the petroleum ether.

The dried extract was resuspended in 4 mL glacial

acetic acid, 2 mL of FeCl3 coloring solution was added,

and the resultant color was read at 565 nm. The cholesterol

content was calculated using the following equation:
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xð%Þ ¼ c

m� 1000
� 100%

where x (%) = the content of cholesterol in total lipid, c

(mg) = concentration of cholesterol (from standard curve),

m (g) = weight of sample.

Analysis of Phospholipid

The standard stock and working solutions were prepared

according to the AOCS Official Method (method Ca 12-55)

[21, 22]. Depending on the level of phosphorus in the

sample, a standard curve was established from the series

with 0.000, 0.001, 0.002, 0.003, 0.004, 0.005, and

0.006 mg phosphorus. Phosphorus standard solutions were

placed individually in a 25-mL colorimetric tube. Deion-

ized water was added to bring the volume to 10 mL. The

following reagents were added in the following order:

1 mL sulfate solution, 1 mL ammonium molybdate solu-

tion, and 0.2 mL ascorbic acid solution. The reaction

mixture was vortexed and then heated to 55 �C in a boiling

water bath for l5 min with screw cap on loosely. After the

reaction mixture had cooled to room temperature, the

absorbance at 820 nm was determined in a UV-2450/2550

spectrophotometer (Shimadzu; Tokyo, Japan). Standard

curve was determined using the standard concentration of

phosphorus for the abscissa and the absorbance of each

working solution for the ordinate. The regression equation

was obtained from the standard curve as y = 69.929x

- 0.0012 (R2 = 0.99).

Total lipid (0.5 g) was accurately weighed to 0.0001 g

into a 250-mL flat flask. Then, 10 mL concentrated sulfuric

acid was added. The flat flask was placed in a block heater

at 200 �C. After the flat flask was heated, it was removed

and cooled. One drop of concentrated hydrogen peroxide

was added to the flat flask, which was again placed in the

block heater at 200 �C. The flat flask was removed and

cooled. The flat flask that was not colorless was reheated

with additional hydrogen peroxide to complete the wet

ashing procedure. The wet ashing sample was then trans-

ferred to a 25-mL volumetric flask, and distilled water was

added to 25 mL. The blank was prepared with the same

treatments and reagents, except that the oil was omitted.

The sample and blank solution of accurate volume were

placed in a 25-mL colorimetric tube and dealt with the

same way as described for the standard phosphorus solu-

tion. Each part was analyzed in triplicate. Phospholipid

fraction of the total lipids was calculated according to the

following formula:

xð%Þ ¼ 25� m � 26:31

V1 � M � 10

where x (%) = the content of phospholipids in total lipid,

m (mg) = concentration of phosphorus (from standard

curve), V1 (mL) = the volume of sample solution,

M (g) = weight of total lipid; 26.31 mg per phosphorus is

equivalent to 26.31 mg phospholipids.

Analysis of Fatty Acids

Fatty acid profiles were determined by preparation of

methyl esters as described by Metcalfe et al. [23]. The fatty

acid methyl esters were identified by using a Shimadzu

GC-MS-QP2010 system (Shimadzu; Tokyo, Japan).

A free fatty acid phase (FFAP) capillary column

(30 m 9 0.25 mm 9 0.25 m) was used to separate the

fatty acid methyl esters. The capillary column with a

stationary phase of polyethylene glycol was purchased

from the Dalian Institute of Chemical Physics (Dalian City,

Liaoning Province, China). For chromatography, temper-

ature parameters were set as follows: injector at 240 �C,

ion source 200 �C; for the oven program: initial tempera-

ture 90 �C for 3 min, 90–240 �C at 4 �C/min, 240 �C for

10 min. Carrier gas was helium, column pressure 100 kPa,

split rate 1:30. A 1-lL sample was injected. The energy of

the EI source of the mass spectrometer was 70 eV. Data

were calculated using the normalized peak area percent-

ages of total fatty acid content. Each part was determined

in triplicate.

Statistical Analysis

Each sample was analyzed in triplicate, and all data were

described as mean ± standard deviation. The significance

was analyzed by one-way ANOVA using SAS (1997, SAS

Institute, Cary, NC, USA). The calculated variances were

used in the least significant difference (LSD) test.

Results and Discussion

Total Lipid Content in the Different Tissues of Cobia

There was a significant difference (p \ 0.01) among the

total lipid content in the different tissues of cobia from

China (Fig. 1). The total lipid content was highest in

viscera (16.34 ± 0.12%), followed by abdomen muscle

(11.55 ± 0.20%), fish head (9.82 ± 0.35%), back muscle

(6.23 ± 0.59%), and fish skin (2.89 ± 0.10%). The total

lipid content in abdomen muscle was higher than back

muscle, which is a general characteristic of fish and also

the main reason that abdomen muscle tastes better than

back muscle. The total lipid content in fish head was higher

because of the orbital fat. These results showed that the

lipids of cobia from China are mainly found in muscle,

head, and viscera. Cobia muscle from China is mainly used

for processing into sashimi, providing a high nutritional
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value for the product because of the richness of the fats.

However, fish head, viscera, and fish skin are usually

byproducts of processing sashimi. The lipid content of fish

head and viscera is higher; therefore head and viscera are

good raw materials for extraction of fish oil. Fish skin is

usually used as a raw material for the production of

collagen.

Neutral and Polar Lipid Content in the Different

Tissues of Cobia

There was a significant difference (p \ 0.01) between

neutral and polar lipid content in all tissues of cobia from

China (Fig. 2). There was also a significant difference

(p \ 0.05) across the different tissue types for both neutral

and polar lipid content. Neutral lipids (glyceride) were the

main component of cobia lipids, accounting for more than

82%. The content of neutral lipids was highest in muscle

(above 91%), followed by fish head (89.68 ± 2.06%), fish

skin (84.23 ± 3.14%), and viscera (82.09 ± 2.83%). The

content of polar lipids in viscera (16.55 ± 2.64%) and skin

(10.23 ± 2.51%) was relatively higher than in the other

tissues. Neutral lipids—mainly in their function as storage

lipids—provide energy for the fish activity, while polar

lipids—as structure lipids—are an important part of the

membrane structure.

Cholesterol and Phospholipid Contents in the Different

Tissues of Cobia

The lower content of cholesterol and phospholipid was

characteristic of the cobia from China, but the amount of

cholesterol differed significantly (p \ 0.01) in the different

tissues (Fig. 3), ranging from 0.3 to 1.5% of total lipids,

with the lowest content in the muscle (0.3–0.5%) and the

highest content in the fish skin (1.49 ± 0.22%). The

amount of phospholipid also differed significantly

(p \ 0.01) in the different tissues, ranging from 0.2 to 1.4%

of total lipids, with the lowest content in the viscera

(0.25 ± 0.03%) and the highest content in the back muscle

(1.39 ± 0.08%). The content of phospholipids in fish head

(1.15 ± 0.23%) was significantly higher than that of fish

skin (0.34 ± 0.03%) and viscera (0.25 ± 0.03%).

According to Eilert [24] and Gertler et al. [25], rather

than considering either cholesterol or phospholipid levels

in serum, the cholesterol-to-phospholipid ratio as an index

of atherogenicity should be considered more significant;

Gertler et al. [26] suggested 0.78 as a normal cholesterol-

to-phospholipid ratio [27, 28]. Their molar ratios differed

along this series: back muscle (0.33)–fish head (0.67)–

abdomen muscle (0.86)–viscera (2.66)–fish skin (4.39).

The cholesterol-to-phospholipid ratios of back muscle and

fish head are lower than the normal value, the ratio of
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abdomen muscle is closer to the normal, and the ratios of

viscera and fish skin are far higher than the normal value.

Therefore, normal consumption of cobia from China does

not present a danger of high cholesterol intake.

Fatty Acid Composition and Content in the Different

Tissues of Cobia

Eighteen fatty acids were identified in the different tissues

of cobia from China. Table 1 shows the content of these

fatty acids in the different tissues. The data showed that the

amount of fatty acids differed significantly among the

different tissues, but the characteristic fatty acid composi-

tion was similar. Myristic (C14:0), palmitic (C16:0), and

stearic acid (C18:0) were the predominant saturated acids,

and there were also small but noteworthy amounts of tri-

decanoic acid (13:0), pentadecanoic acid (15:0), margaric

acid (17:0), nonadecanoic acid (19:0), and arachidic acid

(20:0). Palmitoleic (C16:1n-7) and oleic acid (C18:1n-9)

were the major monounsaturated fatty acids, and there were

also small but noteworthy amounts of gondoic acid

(20:1n-9). EPA and DHA were the major PUFA, the total

content of which was above 10%. The percentage of DHA

exceeded that of the EPA in different tissues of cobia from

China. There were also small but noteworthy amounts of

linoleic acid (18:2n-6), a-linolenic acid (18:3n-3), arachi-

donic acid (20:4n-6), and docosapentaenoic acid (DPA,

22:5n-3).

Table 2 shows the total saturated fatty acids (SFA),

monounsaturated fatty acids (MUFA), PUFA, n-6 PUFA,

n-3 PUFA, and the n-6/n-3 ratios. The SFA were the most

abundant fatty acids in the different tissues of cobia from

China, accounting for 42–47% of the total fatty acids. The

second-most abundant fatty acids were the MUFA, which

Table 1 Fatty acid composition and content in the different tissues of cobia (wt% of total fatty acids)

Fatty acids Back muscle Abdomen muscle Fish head Fish skin Viscera

12:0 0.08 ± 0.01 0.07 ± 0.00 0.06 ± 0.00 0.07 ± 0.01 0.05 ± 0.02

13:0 0.03 ± 0.00 3.60 ± 0.03 0.02 ± 0.00 0.02 ± 0.00 0.02 ± 0.00

14:0 4.10 ± 0.03 3.23 ± 0.01 3.49 ± 0.03 3.58 ± 0.02 3.58 ± 0.05

15:0 0.66 ± 0.04 0.55 ± 0.00 0.65 ± 0.01 0.60 ± 0.00 0.62 ± 0.02

16:0 27.61 ± 0.32 23.60 ± 0.41 26.48 ± 0.38 28.76 ± 0.52 27.25 ± 0.39

16:1 (n-7) 9.97 ± 0.11 8.15 ± 0.13 9.42 ± 0.20 9.61 ± 0.18 9.58 ± 0.21

17:0 0.94 ± 0.03 1.21 ± 0.05 1.04 ± 0.02 0.82 ± 0.02 0.92 ± 0.03

18:0 12.08 ± 0.15 9.87 ± 0.13 11.13 ± 0.14 10.70 ± 0.21 12.78 ± 0.35

18:1 (n-9) 27.09 ± 0.46 25.09 ± 0.45 24.32 ± 0.38 26.31 ± 0.24 27.68 ± 0.48

18:2 (n-6) 1.04 ± 0.04 1.11 ± 0.02 1.13 ± 0.04 0.80 ± 0.05 1.05 ± 0.03

19:0 0.34 ± 0.01 0.38 ± 0.02 0.40 ± 0.03 0.32 ± 0.01 0.39 ± 0.02

18:03 (n-3) 0.51 ± 0.03 0.53 ± 0.00 0.55 ± 0.05 0.41 ± 0.06 0.52 ± 0.03

20:0 0.51 ± 0.02 0.43 ± 0.01 0.57 ± 0.00 0.45 ± 0.02 0.58 ± 0.04

20:1 (n-9) 0.83 ± 0.05 1.49 ± 0.03 0.94 ± 0.01 0.92 ± 0.04 0.97 ± 0.03

20:4 (n-6) 1.62 ± 0.03 1.98 ± 0.05 1.95 ± 0.03 2.39 ± 0.02 1.67 ± 0.10

20:5 (EPA, n-3) 3.22 ± 0.04 4.37 ± 0.05 4.29 ± 0.07 3.87 ± 0.08 2.87 ± 0.11

22:5 (DPA, n-3) 1.62 ± 0.06 2.22 ± 0.03 2.27 ± 0.05 0.89 ± 0.01 1.81 ± 0.02

22:6 (DHA, n-3) 7.40 ± 0.17 10.16 ± 0.14 10.44 ± 0.18 9.33 ± 0.13 7.32 ± 0.15

The values are means ± SD in triplicate

Table 2 Fatty acid analysis in the different tissues of cobia (wt% of total fatty acids)

Fatty acids Back muscle Abdomen muscle Fish head Fish skin Viscera

SFA 46.35 ± 0.25 42.94 ± 0.24 43.84 ± 0.28 45.32 ± 0.32 46.19 ± 0.40

MUFA 37.89 ± 0.32 34.73 ± 0.26 34.68 ± 0.38 36.84 ± 0.21 38.23 ± 0.18

PUFA 15.41 ± 0.15 20.37 ± 0.21 20.63 ± 0.18 17.69 ± 0.15 15.24 ± 0.17

n-3PUFA 12.75 ± 0.08 17.28 ± 0.10 17.55 ± 0.11 14.50 ± 0.09 12.52 ± 0.12

n-6PUFA 2.66 ± 0.12 3.09 ± 0.08 3.08 ± 0.14 3.19 ± 0.06 2.72 ± 0.08

n-6/n-3 0.21 ± 0.01 0.18 ± 0.02 0.18 ± 0.01 0.22 ± 0.02 0.22 ± 0.01

The values are means ± SD in triplicate
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accounted for 34–39% of the total fatty acids. The PUFA

accounted for 15–21% of the total fatty acids. The n-3

PUFA were present as 12–18% of the total fatty acids, most

abundant of which was DHA (above 7%), while EPA and

DPA were also present in important proportions. The n-6

PUFA were present as 2.6–3.2% of the total fatty acids and

were mainly linoleic acid and arachidonic acid.

Total PUFA content, n-3 PUFA content, and n-6/n-3

ratios are essential for the evaluation of the biological and

nutritional value of lipids. It is considered biologically

more important that the n-3 PUFA content be enhanced

relative to n-6 PUFA, which should result in a lower n-6/n-3

ratio [10]. As n-3 PUFA, especially those with 20 and 22

carbon atoms, shorten the process of biosynthesis of eico-

sanoids, their high lipid content can effectively prevent the

appearance and development of cardiovascular and other

diseases, as confirmed by clinical investigations [7–9].

Hence, concentrates of n-3 PUFA are already commer-

cially available in capsule form [29].

Although the WHO/FAO recommendation is that in

total daily diet the n-6/n-3 ratio should be 5:1 [12, 13], a

low n-6/n-3 ratio is desirable. Lipids of cobia from China

contain more n-3 PUFA (about 12.5-17.6%) and much less

n-6 PUFA (about 2.6–3.1%), so that the n-6/n-3 ratio is in

the range of about 0.18 to about 0.22 (nonsignificant,

p [ 0.05). Therefore, cobia lipids from China have a high

biological and nutritional value, and their great importance

as a significant dietary source of n-3 PUFA can be con-

firmed. In people consuming cobia, the risk of cardiovas-

cular and other diseases should be lowered.

On the basis of the lipid content in the investigated

muscle tissue of cobia and the composition of the fatty

acids involved, the mean DHA and EPA content (back and

abdomen muscle) can be calculated as 0.78 g/100 g and

0.34 g/100 g. In order to satisfy the daily needs for DHA

and EPA of 0.4 and 0.3 g/day, respectively [10, 15], it can

be calculated that daily consumption of cobia muscle from

China should be in the range of 51–88 g. As for the intake

of other essential fatty acids, in contrast to EPA and DHA,

these fatty acids are also present in some other food

products. Therefore, the consumption of cobia from China

in normal amounts can satisfy the daily needs of DHA and

EPA.

Conclusion

The study confirmed that the lipid content of cobia from

China was high. Neutral lipids were the main compo-

nent, and the content of cholesterol and phospholipid in

total lipids was low. The PUFA accounted for 15–21%

of the total fatty acids, and the ratio of n-6/n-3 PUFA

was far lower than that recommended by WHO/FAO.

Therefore, cobia from China have a high nutritional

value in terms of lipids and can be a great dietary source

of n-3 PUFA. In addition, the information presented in

this study may be valuable for the food and pharma-

ceutical industries.
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