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Abstract

In this study, the general compositions, amino acids, fatty acids and collagen content of three abalones, which 
were harvested in Wando, Heuksando and Jeju Island in Korea, were analyzed and compared. The abalone body 
and viscera were separated from each other and the physicochemical properties were investigated. The moisture 
and protein contents of the viscera were lower than that of the body; while the lipid, carbohydrate, and mineral 
contents were higher. The general compositions and mineral contents also presented fluctuation among the three 
abalone groups. The amino acid content via hydrolysis in the abalone viscera ranged from 93.16 to 127.02 mg/g, 
which was lower than the amino acid content of the abalone body of approximately 145 mg/g. However, the free 
amino acids level in the abalone viscera ranged from 16.81 to 20.10 mg/g, which was higher than that of the 
abalone body level of approximately 7.90 to 10.59 mg/g. The fatty acid analysis revealed that while the saturated 
fatty acid percentages in the abalone body were higher than in the abalone viscera, the percentages of the monoenoic 
and polyenoic fatty acids of the body were significantly lower. The body of the abalone harvested in Wando contained 
the highest level of collagen (2.26±0.46 mg/g), followed by the abalone harvested in Jeju Island and Heuksando. 
The abalone viscera contained much lower collagen, which ranged from 0.37±0.15 mg/g to 0.20±0.03 mg/g. The 
results of this study will provide useful information for the future research of abalone.
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Introduction
1)

Abalone is an important aquatic economic species widely

cultured in East Asia, Australia, America and many other

regions (1). The production of abalone has increased greatly

in the recent two decades with the introduction of farm

aquaculture system (1). It is estimated the world total output

of abalone is more than 30,000 metric tonnes per year (1).

Abalone is a seafood delicacy, famous for its unique color,

texture and flavor (2). In Korea, Japan, China and many other

Asian countries, abalone has been used as a traditional

medicine and tonics (3,4). In the oriental medicine books,
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such as ‘Dongui Bogam’, ‘Mingyi Bielu’ and ‘Haiyao

Benlun’, abalone was recorded as a useful medicine for the

eye, lung and liver (5). In recent years, several research

articles have been published on the nutritional and pharmacy

values of abalone. González M et al. (6) examined the

nutritional value of abalone and the effects on serum

cholesterol concentration in rats. Maoka T and his coworkers

(7) studied the characteristics of carotenoid pyropheophorbide

A esters obtained from abalone. Peng WD et al. (8)

investigated the learning and memory improving ability of

abalone extracts on mice. Li G et al. (9) purified a

glycosaminoglycan-like polysaccharide from abalone whose

anticoagulant activity was investigated in vitro .

Generally, the visceral part of abalone is not regarded as
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edible by the producers as well as customers (10). The viscera

is treated as by-product and most of them is discarded directly

or used as fish silage (10,11). However, the nutritional and

health value of the visceral part of abalone should not be

overlooked since more researchers have paid attention to the

bio-activities and health promoting activities of the abalone

viscera. Sun L et al. (12) discussed the activities of a sulphated

polysaccharide obtained from the abalone viscera. Ping K

and Qiukuan W (13) studied the potential application of the

enzyme extract of abalone viscera. Several other articles

mentioned the antioxidant potential of polysaccharide

extracted from abalone viscera (14,15). The application of

abalone viscera as the food ingredient has also been

researched (3). Our previous study has discussed the

anti-skin-ageing activities of extract from abalone viscera

(16). The results indicate that abalone viscera possess very

high nutritional and functional value, suggesting its widely

application possibility.

As mentioned above, Korea is the main abalone producer

and the main consumer as well (1). The primary abalone

aquiculture area in Korea located in the south coastal region,

especially Wando, Heuksando and Jeju Island (1). In this

study, we analyzed and compared the chemical constituents,

amino acids, fatty acids and collagen content of the abalone

produced in Wando, Heuksando and Jeju Island. We also

examined and compared the difference between the abalone

body and viscera. Since the similar researches on this topic

are rare, this study will be meaningful to the related

researches.

Materials and methods

Chemical and reagents

The abalone was obtained from the local aquatic market

of Wando, Heuksando and Jeju Island respectively in

February 2012. All the abalone was shucked and eviscerated.

After that, the abalone body and viscera was gathered and

homogenized and stored at -20℃ in refrigeratory until use.

BF3-methanol reagent, chloramine T, perchloric acid,

collagen from calf skin and p-dimethylaminobenzaldehyde

was purchased from Sigma-Aldrich Co. (St. Louis, MO,

USA). All other reagents used in the experiments in this study

were reagent grade chemicals.

Analysis of the general compositions and mineral element

Moisture content, crude protein content, crude lipid and

ash content of abalone body and viscera were analyzed in

accordance with the AOAC methods (17). Conversion factor

for the examination of protein content was 6.25. Minerals

include Ca, Cu, Fe, Zn, K and Na presented in abalone body

and viscera were analyzed with an atomic absorption

spectroscopy (Spectra AA-220FS, Verian, Australia).

Phosphorus content (P) was measured by a spectrophotometer

(Agilent 8453, Agilent, Santa Clara, CA, USA) at 650 nm

according to the molybdenum blue method described

previously (18,19).

Analysis of hydrolysis amino acid compositions

All the samples were hydrolyzed with 6 M hydrochloric

acid for 22 hr at 110℃. After the hydrolysis, the hydrolysate

was concentrated in vacuum and diluted by 0.02 M

hydrochloric acid (10 v/v). The samples were filtered with

0.45 μm membrane filter for the amino acid composition

analysis using the Hitachi L-8800 amino acid analyzer

(Tokyo, Japan) according to the method described previously

(20,21).

Analysis for free amino acid composition

The free amino acid of abalone body and viscera was

extracted with twice of 5% trichloroacetic acid solution for

24 hr. Once extracted, the solution was centrifuged at 10,000g

for 10 min. The supernatant was neutralized by three times

0.05 M hydrochloric acid and then diluted with five times

of distilled water. All the samples were filtered with 0.45

μm membrane filter and the free amino acid composition

was analyzed by the same amino acid analyzer stated above.

Analysis for fatty acids composition

The total lipid of all the samples was extracted according

to the method recorded by Bligh and Dyer with some

modifications (22). To a certain quality of sample contained

1 g water, added 3.75 mL of a mixture prepared with

chloroform, methanol, 0.88% KCl solution (5/10/4 by volume)

and then homogenized for 30 sec. After homogenization, 1.25

mL chloroform and 0.88% KCl solution (5/4 by volume)

was added to the sample solution and homogenized for 30

s before centrifuged at 2,500g for 20 min. The lower phase

was collected, desiccated and evaporated. The lipid extract

was then transferred to a test tube, filled with nitrogen gas

and stored at 4℃. The fatty acids was methylated using the

AOCS Official Method (23). To 1 g fatty acids, 24 mL of

0.5 N methanolic NaOH was added to a round-bottomed flask

and the mixture was heated and boiled for 20 min until all
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the lipid globules went into solution. After that, the flask

was heated at 80℃ for 10 min. About 28 mL of BF3-methanol

reagent was added to the flask and the flask was boiled for

2 min before 20 mL of hexane was added and the mixture

was boiled again for 1 min. After cooling to the room

temperature, about 25 mL of saturated sodium chloride

solution was added to the flask and shook the solution

vigorously for 15 sec. A small amount of hexane was

transferred to a test tube with appropriate amount of

anhydrous sodium sulfate. The dry hexane solution was

injected into a gas chromatograph for fatty acid analysis.

The gas chromatography working conditions were listed in

Table 1.

Table 1. The working conditions of the gas chromatography for
the fatty acids

Instrument Hewlett-Packard 6980 Series Gas Chromatography

Column

DB-23 (J&W Scientific, Folsom, CA, USA)

0.25 mm i.d.×30 m, 0.25 μm film thickness

Initial 160℃ Holding 2 min

3.5℃/min 250℃ 5 min

25.0℃/min 260℃ 5 min

Injector 250℃ Split ratio 50:1

Detector 260℃ FID detector

Carrier gas Helium Flow rate: 1.4 mL/min

Collagen content

We measured the collagen content in abalone body and

viscera using the Woessner’s method (24) with some

modifications. All the samples were grinded and 10 mg of

sample was mixed with 1 mL of 6 N HCl solution in a glass

test tube. The test tube was heated at 100℃ for 24 hr before

several drops of 0.02% methyl red was added to it. Added

2.5 N NaOH solution to neutralize the test sample until the

color changed to faint yellow. After centrifugation at 1,000g

for 10 min, 1 mL of the supernatant was mixed with 1 mL

of distilled water and 1 mL of chloramine T into a test vial.

The mixture was vortexed for about 1 min and then the

solution was allowed to stand for 20 min before 1 mL of

perchloric acid solution was added. After 5 min of standing,

the solution was mixed with 1 mL of p-dimethylaminoben-

zaldehyde, vortexed, incubated at 60℃ in a water bath for

20 min. Collagen from calf skin which was used as the

standard was treated under the same procedures. The collagen

content was measured at 557 nm by the same

spectrophotometer listed above.

Results and Discussions

Analysis of the general compositions and mineral elements

The general compositions of abalone body and viscera is

influenced by the abalone species, harvested regions,

harvested time, feed, abalone age and several other factors,

as have been mentioned in the previous studies (25-28). The

results of the general compositions and mineral elements are

presented in Table 2 and 3 respectively. As we can see from

the Table 2, the protein, lipid and carbohydrate content of

body part of abalone produced in Wando, Heuksando and

Jeju Island show no significant difference. The moisture

content of abalone body produced in Wando and Jeju Island

is higher than that of Heuksando. While abalone body

produced in Heuksando possess significant higher crude ash

content than that of the other two groups. The general

compositions of abalone viscera show that the moisture and

Table 2. The proximate composition of abalone body and viscera

(%)

Origin Wando Heuksando Jeju Island

Abalone body

Moisture 80.80±0.36
b1)

81.16±0.45
ab

81.48±0.55
a

Protein 11.06±0.34
NS2)

10.44±0.37 11.10±0.66

Lipid 0.26±0.05
NS

0.32±0.04 0.27±0.02

Carbohydrate 6.06±0.66
NS

5.76±0.75 5.40±0.97

Ash 1.82±0.08
b

2.32±0.47
a

1.77±0.07
b

Abalone viscera

Moisture 77.82±0.68NS 78.16±0.54 77.60±0.46

Protein 4.88±0.33a 4.08±0.24b 4.62±0.37a

Lipid 2.97±0.16ab 3.06±0.06a 2.88±0.09b

Carbohydrate 9.51±0.55NS 9.54±0.31 10.16±0.46

Ash 4.82±0.08b 5.16±0.12a 4.75±0.06b

1)Mean±SD (n=3) in the same row with different superscripts are significantly different
at p<0.05.

2)
Not significantly different in the same row at p<0.05.

carbohydrate content had no significant difference among the

three groups. Abalone viscera produced in Wando and Jeju

Island present higher amount of protein but lower amount

of lipid and crude ash. When comparing between the body

and visceral part of abalone produced in the same region,

the moisture (77.82±0.68, 78.16±0.54 and 77.60±0.46

respectively for Wando, Heuksando and Jeju Island) and

protein (4.88±0.33, 4.08±0.24 and 4.62±0.37 respectively in

the same region sequence as above) content of viscera are

relatively lower than that of body (80.80±0.36, 81.16±0.45,

81.48±0.55 and 11.06±0.34, 10.44±0.37 and 11.10±0.66 for

moisture and protein content with the same region sequence)
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but the other components are higher than that of body part,

even though the statistical comparison was not undertook in

this study. The general compositions show the difference

between the visceral and the body part of abalone as well

as the influence of the different origin regions. The mineral

compositions also suggest the same trend between body and

viscera of abalone (listed in the Table 3). Except for the

potassium, the abalone viscera showed significant higher level

of the mineral elements examined in this study than that of

abalone body. The body part of abalone produced in

Heuksando presented nearly three times of potassium content

than the other two groups. And the calcium and sodium level

was also higher than the abalone body produced in Wando

and Jeju Island. At the same time, the visceral part of abalone

produced in Heuksando presented higher ferrum and sodium

content than the other ones. The compositions difference

between the body and visceral part of abalone can be attributed

to the different functions of the two part. The body part,

in fact the foot muscle, is the main edible part according

to the conventional view. However, the visceral part of the

abalone contain significant amount of digested and partial

digested brown seaweeds such as Alaria esculenta, Laminaria

digitata and several red seaweeds which may contribute to

the difference of the chemical composition between abalone

body and viscera (29). As to the three abalone groups the

variations may be attributed to the regions, feed, weather

and several other factors.

Analysis of hydrolysis amino acid composition

Abalone has long been regarded as a rich source of protein

which can provide human with balanced and ample amino

acids (30). The hydrolysis amino acids and free amino acids

contents of body and visceral part of the three abalone

harvested in three different regions are listed in Table 4 and

5 respectively. The hydrolysis amino acids and free amino

Table 3. Mineral content of abalone body and viscera

(mg/100 g)

Origin Ca Cu Fe K Mg Na P Zn

Body

Wando 33.78±1.29
a1)

0.60±0.04
a

3.20±0.36
b

57.02±5.89
b

52.78±1.20
c

537.26±12.90
ab

115.36±5.25
a

0.90±0.16
NS2)

Heuksando 35.12±1.50a 0.44±0.03c 2.74±0.25c 158.12±9.41a 55.52±2.10b 543.52±8.24a 98.48±3.76b 0.80±0.10

Jeju Island 31.68±0.78b 0.52±0.03b 3.82±0.19a 65.66±3.89c 62.72±2.19c 529.12±3.41b 114.3±3.76a 0.72±0.13

Viscera

Wando 59.78±3.65a 1.32±0.24b 23.32±1.63b 117.22±5.93a 84.56±1.62a 603.07±17.71b 137.84±6.29b 2.48±0.31a

Heuksando 50.56±2.38b 0.93±0.06c 27.4±1.46a 105.48±0.63b 70.34±3.90b 631.40±20.01a 157.08±5.55a 1.82±0.23b

Jeju Island 46.74±3.12b 1.96±0.12a 20.92±1.21c 119.14±3.58a 84.72±3.81a 587.16±9.33b 159.44±5.59a 2.04±0.18b

1)Mean±SD (n=3) in the same column with different superscripts are significantly different at p<0.05.
2)Not significantly different in the same column at p<0.05.

acids compositions fluctuate along with several factors such

as abalone species, ages, harvested regions and others (26,31).

The total hydrolysis amino acids content of the abalone body

showed little difference among the three groups. The most

abundant amino acids in the abalone body are glutamic acid,

aspartic acid, arginine, glycine and leucine which range from

10 to 26 mg/g of the abalone body. Both the body and the

viscera of the abalone contain all the essential amino acids

for human; hence both of them are high quality protein

sources. The total content of hydrolysis amino acid of the

visceral part of abalone is relatively lower than that of the

body part since the viscera possesses lower crude protein

content. Aspartic acid, glutamic acid, glycine and arginine

are the most abundant amino acids in the abalone viscera.

In the free amino acids analysis, 27 and 34 kinds of free

amino acids had been detected in the body and visceral part

of abalone respectively. The abalone viscera also contained

much more free amino acids in quantity than that of abalone

body. Among the free amino acids, taurine is the most

abundant one both in the body and viscera which ranged

from 3 to 4 mg/g and which is nearly 10 times than the

content of most of the other free amino acids. As have been

pointed out by several researchers, taurine has many

physiological roles in human and is crucial to maintain human

health (32,33). On the other hand, the free amino acids are

the main contributor to the characteristic flavor of the abalone

(34). As the results indicate, both the body and the viscera

of abalone are very good sources of amino acids for human.

Fatty acids composition of abalone

The fatty acids composition of abalone body and viscera

was analyzed by gas chromatography the working condition

of which was listed in the Table 1. As indicated in the Table

2, abalone body and viscera contained approximately 0.28%

and 3.00% of crude lipid respectively. In Table 6, the fatty
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Table 4. The hydrolysis amino acids composition of abalone body and viscera

(mg/g)

Amino acid
Abalone body Abalone viscera

Wando Heuksando Jeju Island Wando Heuksando Jeju Island

Aspartic acid 15.44 14.15 14.03 10.97 11.04 7.38

Threonine 6.32 6.81 6.73 5.82 6.14 4.15

Serine 8.17 8.47 8.94 5.72 5.55 3.76

Glutamic acid 26.72 22.49 23.63 24.45 22.04 18.65

Glycine 14.87 14.96 17.15 12.06 10.75 9.34

Alanine 9.10 9.15 9.45 8.21 8.13 6.66

Cysteine 0.94 1.01 1.00 1.81 1.83 1.50

Valine 5.04 5.52 5.37 4.65 5.04 3.44

Methionine 3.36 3.49 3.53 2.05 1.99 1.22

Isoleucine 4.40 4.72 4.48 3.39 3.67 2.41

Leucine 10.00 10.35 10.09 9.42 10.01 7.52

Tyrosine 3.89 4.17 3.98 3.96 4.14 2.44

Phenylalanine 4.54 4.79 4.49 4.35 4.72 3.05

Lysine 8.41 8.97 8.25 6.77 7.28 4.38

Tryptophan 1.65 1.69 1.78 1.43 1.73 1.02

Histidine 1.98 2.24 2.09 2.97 2.73 2.08

Arginine 16.38 17.20 13.01 14.45 13.62 10.94

Proline 6.74 6.89 7.86 4.54 4.23 3.22

Total 147.95 147.07 145.86 127.02 124.64 93.16

acids composition of abalone body and viscera was expressed

as the percentage of respective total lipid content. The saturate

fatty acids of abalone body was about 31% of the total lipid

while the abalone viscera contained relatively lower

percentage of saturate fatty acids which was about 26%. In

the saturate fatty acids, palmitic acid (16:0) is the most

abundant fatty acid and followed by lignoceric acid (24:0),

stearic acid (18:0) and myristic acid (14:0) both in the body

and viscera. The monoenes account for about 14% of the

abalone body lipid but the range for abalone viscera is from

15% to 20%. The monoenes contents show no significant

difference among the three abalone body groups. But the

viscera of abalone produced in Wando possess highest

monoenes content which is followed by Heuksando and Jeju

Island. The oleic acid (cis-9 18:1) and vaccenic acid (cis-11

18:1) are the most abundant fatty acids both in the abalone

body and viscera. The polyenes in the abalone body also

shows no significant difference among the three groups which

is about 25% of the total lipid. At the same time, abalone

viscera contains higher percentage of polyenes than that of

abalone body, ranged from 30% to 34%. The arachidonic

acid (20:4) and eicosapentaenoic acid (20:5) are the most

abundant fatty acid both in the abalone body and viscera.

The distribution of the fatty acids in the abalone body and

viscera is confirmed by several previous researches

(22,27,35). While the viscera possess relatively lower

percentage of saturate fatty acids compared with that of body,

the unsaturated fatty acids content in viscera is higher than

that of body part. As is well known, monoenoic and

polyenoics can raise the HDL concentration and reduce the

LDL concentration and related with tumorigenesis, diabetes,

coronary heart disease (36-38). The fatty acids compositions

in the abalone body show little variation among the three

abalone groups. However, the viscera compositions present

variation which may be influenced by the different harvested

regions.

The collagen content

It was reported that two types of fibril-forming collagen

have been examined in abalone (39). In the present study,

the collagen content in the abalone body and viscera was

investigated and the result was listed in Figure 1. Compared

to the viscera, abalone body possesses much larger amount

of collagen which ranges from 1.85±0.06 to 2.26±0.05 mg/g.
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Table 5. The free amino acids composition of abalone body and viscera

(mg/g)

Amino acid
Abalone body Abalone viscera

Wando Heuksando Jeju Island Wando Heuksando Jeju Island

ο-Phosphorserine 0.13 0.05 0.06 0.39 0.43 0.26

Taurine 3.68 4.65 3.25 3.92 3.54 3.75

Urea - - 0.33 - 0.21 -

Aspartic acid 0.14 0.13 0.13 1.33 1.27 1.48

Threonine 0.38 0.46 0.46 0.72 0.69 0.61

Serine 0.45 0.35 0.54 0.94 0.32 0.47

Scacosine - - - - 0.06 0.09

Glutamic acid 0.65 0.51 0.49 2.78 2.15 2.22

L-2-aminoadipic acid - 0.07 - 0.12 0.07 0.10

Glycine 0.75 1.31 0.87 1.02 1.00 0.90

L-citrulline - - - - 0.02 0.25

Alanine 1.18 0.50 0.54 1.21 1.14 1.05

DL-2-aminobutyric acid - 0.01 - 0.01 0.01 0.01

Valine 0.39 0.16 0.23 0.88 0.41 0.63

Cysteine - - - 0.10 0.16 0.08

Methionine 0.27 0.06 0.08 0.04 0.13 0.18

L-cystathionine 0.34 0.11 0.07 - 0.07 -

Isoleucine 0.27 0.10 0.15 0.58 0.28 0.44

Leucine 0.36 0.11 0.19 0.15 0.30 0.63

Tryptophan 0.59 0.25 0.21 0.53 0.28 0.55

Phenylalanine 0.35 0.12 0.15 0.15 0.20 0.41

β-alanine 0.21 0.12 0.02 0.05 0.08 0.04

DL-3-aminoisobutyric acid 0.11 0.02 0.02 0.05 0.03 0.03

γ- aminobutyric acid - - - 0.01 0.02 0.02

ethanolamine - - - 0.06 0.03 0.01

ammonium chloride 0.14 0.07 0.07 0.46 0.51 0.17

DL-plus allo-δ-hydroxylysine 0.20 0.02 0.04 0.05 0.04 0.04

L-ornithine 0.05 0.02 0.02 0.08 0.12 0.03

Lysine 0.31 0.30 0.12 1.20 0.43 0.76

Histamine 0.20 0.13 0.16 0.25 0.12 0.25

L-anserine - - - 0.29 0.24 0.29

L-carnosine 0.34 0.17 0.24 0.02 0.08 0.02

Arginine 2.92 2.56 2.17 2.16 2.07 1.87

Proline 0.66 0.10 0.59 0.55 0.30 0.55

Total 10.59 9.18 7.90 20.10 16.81 18.19

Abalone body produced in Wando contains the highest

collagen level and is followed by abalone produced in Jeju

Island and Heuksando. Abalone viscera shows much lower

collagen level which ranged from 0.20±0.03 to 0.37±0.15

mg/g. Collagen is the main component of connective tissue

and the most abundant protein in the human body. It is crucial

for skin health since its degradation is one of the incentives

of the wrinkle and skin ageing. Our previous work revealed

the beneficial effects of abalone extracts on the skin and

collagen synthesis in the human dermal fibroblasts (16).
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Fig. 1. Collagen content of abalone body and viscera.

Bars with different superscripts are significantly different at p<0.05.

Table 6 Fatty acids composition of abalone body and viscera

(area %)

Fatty acids
Abalone body Abalone viscera

Wando Heuksando Jeju Island Wando Heuksando Jeju Island

12:0 0.08±0.02b1) 0.02±0.01c 0.18±0.01a 0.13±0.02b 0.15±0.04a 0.13±0.01a

14:0 4.14±0.06NS2) 4.00±0.22 3.96±0.21 5.88±0.37a 5.23±0.40b 5.79±0.12a

16:0 15.93±0.74
NS

15.49±0.72 15.72±1.43 13.63±1.10
b

13.5±0.04
b

15.56±0.89
a

18:0 4.19±0.76
NS

4.09±0.95 4.13±0.29 2.49±0.01
b

3.12±0.44
a

2.84±0.39
a

20:0 0.33±0.14
b

0.64±0.06
a

0.09±0.01
c

0.11±0.02
c

0.26±0.01
b

0.38±0.03
a

24:0 6.87±0.18
NS

6.89±0.37 6.94±0.52 3.25±0.02
b

3.47±0.47
b

3.67±0.44
a

26:0 0.42±0.08
a

0.08±0.01
b

0.08±0.01
b

0.34±0.02
NS

0.30±0.07 0.32±0.09

Total saturates 31.96±1.37
NS

31.20±0.94 31.1±1.02 25.83±1.77
b

26.03±1.17
ab

28.69±1.33
a

14:1 0.13±0.03NS 0.14±0.04 0.13±0.04 0.26±0.06a 0.23±0.07b 0.17±0.01c

16:1 0.98±0.27b 1.25±0.01a 0.99±0.30b 2.58±0.45a 2.34±0.69a 1.83±0.08b

18:1 5.15±0.73a 5.06±0.07a 4.75±0.13b 8.13±0.70a 6.50±1.00b 6.09±0.26b

18:1 (11-cis) 6.01±0.98c 7.06±0.35a 6.40±1.47b 6.76±1.84a 5.87±0.29b 5.06±0.40c

20:1 1.56±0.28a 1.27±0.21b 1.40±0.08ab 2.56±0.30NS 2.67±0.07 2.35±0.02

Total monoenoic 13.83±1.41NS 14.78±0.66 13.67±1.51 20.29±2.21a 17.61±1.54b 15.5±0.79a

18:2 1.93±0.12
NS

2.08±0.08 1.97±0.01 2.79±0.40
c

3.28±0.04
b

3.63±0.14
a

18:2 (9-11-cis) 0.71±0.01
NS

0.75±0.01 0.70±0.06 3.91±0.87
b

3.39±0.62
b

4.37±0.39
a

18:2 (10-12-cis) 1.94±0.51
ab

1.74±0.54
b

2.07±0.11
a

0.22±0.11
b

0.17±0.04
b

0.39±0.08
a

18:3 1.62±0.37
NS

1.62±0.35 1.57±0.46 4.29±0.79
b

4.33±0.53
b

5.11±0.73
a

20:2 0.58±0.20
a

0.44±0.02
b

0.54±0.14
ab

0.80±0.05
c

0.94±0.03
b

1.12±0.02
a

20:3 0.14±0.07
a

0.37±0.33
b

0.13±0.05
a

0.40±0.02
b

0.42±0.02
b

0.57±0.05
a

20:4 11.53±1.08a 10.35±0.02b 11.52±0.31a 9.84±0.91b 9.86±0.96b 11.63±0.28a

20:5 7.35±0.05b 7.68±0.06a 7.37±0.18b 8.19±1.40a 8.00±0.47a 7.77±0.52b

20:6 0.06±0.02b 0.17±0.02a 0.06±0.02b 0.04±0.01b 0.10±0.01a 0.09±0.07a

Total polyenoics 25.86±1.71NS 25.2±1.28 25.93±0.83 30.48±1.51b 30.49±1.66b 34.68±1.53a

Unknown 28.35±0.78NS 28.82±1.11 29.3±0.94 23.4±0.58b 25.87±0.72a 21.13±0.45c

1)
Mean±SD (n=3) in the same column with different superscripts are significantly different at p<0.05.

2)Not significantly different in the same column at p<0.05.

Combined with the results of the present study, it is concluded

that abalone, especially the body part, contains significant

amount of collagen and is beneficial for the human skin health.

Conclusion

Abalone viscera are not taken seriously as food by most

of the researchers. Apart from a few articles discussing the

novel bio-active compounds such as sulphated polysaccharide,

carotenoid pyropheophorbide A esters and glycosaminoglycan-

like polysaccharide isolated from abalone viscera, their

nutrition value compared with the abalone body is largely

overlooked. In this study, abalones harvested in three regions
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in Korea, Wando, Heuksando and Jeju Island was investigated

for the general compositions of the body and viscera part.

The body part of abalone harvested in Jeju Island presented

higher moisture content (81.48±0.55%) than that of

Heuksando and Wando while the ash content of body part

of abalone produced in Heuksando (2.32±0.47%) is higher

than both of Jeju Island and Wando. On the other hand, the

visceral part of abalone produced in Heuksando shows lower

protein content (4.08±0.24%) than that of Jeju Island and

Wando but higher lipid (3.06±0.06%) and ash content

(5.16±0.12%). The mineral compositions also reflect the

influence of the different origin regions. In the body part,

except for Zn all the other minerals examined presented

variation among different regions. While all the minerals

examined in the visceral part of the abalone reflect the region

difference.

Hydrolysis amino acids and free amino acids are important

flavor chemicals and their variation among different regions

may related the tastes and evaluations by the consumers (40).

Collagen content of the three abalones shows variation among

the three regions. The comparison between the abalone body

and viscera revealed in the results is interesting. Abalone

body possesses higher amount of protein, ranges from

10.44±0.37% for Heuksando to 11.10±0.66% for Jeju Island,

than that of viscera which ranges from 4.08±0.24% for

Heuksando to 4.88±0.33% for Wando. However, the lipid,

carbohydrate and ash contents in viscera are much higher

than that of body. The total hydrolysis amino acids level

of the body is higher than the viscera but the free amino

acids show the reverse outcome. Moreover, the fatty acids

analysis results indicate that unsaturated fatty acids level in

the viscera is higher than that of the abalone body. On the

other hand, abalone body is the main contributor for collagen

whose contents range from 1.85±0.06 mg/g to 2.26±0.46

compare with that of the viscera which is lower than 0.40

mg/g. It is hoped that this study will be helpful for the future

researches on the abalone.

요 약

전복의 기능성과 성분에 대한 연구와 한국 전복의 지역

별 성분특성에 대한 연구는 거의 없는 실정이다. 본 연구에

서는 한국의 주요 전복 생산지인 완도를 중심으로 남쪽인

제주도와 북쪽인 흑산도 전복의 육과 내장에 대하여 일반성

분, 미네랄, 아미노산, 지방산 및 콜라겐 함량을 비교 분석하

였다. 전복내장 중의 수분과 단백질 함량은 전복육에 비하

여 낮은 경향을 보였으나 지방과 탄수화물 함량은 더 높았

다. 지역간 전복의 일반성분과 미네랄 함량은 다소 차이가

있는 것으로 나타났으며 수온이 낮은 지역일수록 지방함량

이 약간 높았다. 전복내장의 구성아미노산 함량은

93.6~127.02 mg/g이었으며 이는 전복육의 평균 145 mg/g에

비해 낮은 편이었다. 반면에 전복내장의 유리아미노산 함

량은 16.81~20.10 mg/g으로 전복육의 7.90~10.59 mg/g에

비하여 2배 높은 값을 보였다. 전복육의 총 구성아미노산

지역별 차이는 없으며 전복내장의 결과를 살펴볼 때 완도와

흑산도 높고 제주도 낮은 것을 나타났다. 전복육 총 유리아

미노산은 완도 전복은 가장 높았으며 이어서 흑산도와 제주

도 순이었고 내장의 경우는 완도, 제주도와 흑산도 순으로

총 유리아미노산 함량이 낮아졌다. 전복육의 지방산조성은

불포화지방산이 약 41%로 포화지방산 약 31%에 비하여

높았으며, 전복육보다 전복내장이 높은 결과를 보였다. 콜

라겐 함량은 완도 전복육에서 2.26±0.46 mg/g으로 가장 높

았으며 이어서 제주도와 흑산도 순이었다. 전복내장에서는

0.20±0.03~0.37±0.15 mg/g으로 전복육보다 낮은 값을 보였

다. 본 연구 결과는 향후 전복에 관한 연구에서 유용한 정보

로 활용될 수 있을 것으로 기대된다.

References

1. Cook PA, Roy Gordon H (2010) World abalone supply,

markets, and pricing. J Shellfish Res, 29, 569-571

2. Allsopp M, Flores-Aguilar R, Watts E (2011) Abalone

Culture. In: Recent Advances and New Species in

Aquaculture, Ravi F, Bruce P (Editor), Wiley-Blackwell,

Hoboken, NJ, USA, p 231-251

3. Lee K, Shin E, Lee H, Kim M, Kim K, Byun M, Lee

J, Kim J, Ahn D, Lyu E (2008) Quality characteristics

of abalone porridge with viscera. J Korean Soc Food

Sci Nutr, 37, 103-108

4. Kim SK, Pallela R (2012) Medicinal foods from marine

animals: current status and prospects. Adv Food Nutr

Res, 65, 1-9

5. Kim HL, Kang SG, Kim IC, Kim SJ, Kim DW, Ma

SJ, Gao T, Li H, Kim MJ, Lee TH (2006) In vitro

anti-hypertensive, antioxidant and anticoagulant activities

of extracts from Haliotis discus hannai. J Korean Soc

Food Sci Nutr, 35, 835-840

6. González M, Caride B, Lamas A, Taboada C (2001)

Nutritional value of the marine invertebrates Anemonia

viridis and Haliothis tuberculata and effects on serum

cholesterol concentration in rats. J Nutr Biochem, 12,

512-517



Analysis and comparison of general compositions, amino acids, fatty acids and collagen of abalone harvested in three different regions in Korea 449

7. Maoka T, Etoh T, Akimoto N, Yasui H (2011) Novel

carotenoid pyropheophorbide A esters from abalone.

Tetrahedron Lett, 52, 3012-3015

8. Peng WD, Chen QI, Zhao JH (2004) Effects of

enzymolytic extracts of abalone on learning and memory

in mice. Acta Nutrimenta Sinica, 26, 45-48

9. Li G, Chen S, Wang Y, Xue Y, Chang Y, Li Z, Wang

J, Xue C (2011) A novel glycosaminoglycan-like

polysaccharide from abalone Haliotis discus hannai Ino:

Purification, structure identification and anticoagulant

activity. Int J Biol Macromol, 49, 1160-1166

10. Viana MT, López LM, García-Esquivel Z, Mendez E

(1996) The use of silage made from fish and abalone

viscera as an ingredient in abalone feed. Aquacult, 140,

87-98

11. Zhou DY, Tong L, Zhu BW, Wu HT, Qin L, Tan H,

Murata Y (2011) Extraction of lipid from abalone

(Haliotis discus hannai Ion) gonad by supercritical carbon

dioxide and enzyme-assisted organic solvent methods.

J Food Proces Pre, 36, 126-132

12. Sun L, Zhu B, Li D, Wang L, Dong X, Murata Y, Xing

R, Dong Y (2010) Purification and bioactivity of a

sulphated polysaccharide conjugate from viscera of

abalone Haliotis discus hannai Ino. Food Agr Immunol,

21, 15-26

13. Ping K, Qiukuan W (2006) Enzymes extracted from

abalone viscera and its potential application. Fisheries

Sci, 3, 13-19

14. Zhu BW, Wang LS, Zhou DY, Li DM, Sun LM, Yang

JF, Wu HT, Zhou XQ, Tada M (2008) Antioxidant

activity of sulphated polysaccharide conjugates from

abalone (Haliotis discus hannai Ino). Eur Food Res

Technol, 227, 1663-1668

15. Zhou DY, Zhu BW, Qiao L, Wu HT, Li DM, Yang

JF, Murata Y (2012) In vitro antioxidant activity of

enzymatic hydrolysates prepared from abalone (Haliotis

discus hannai Ino) viscera. Food Bioprod Process, 90,

148-154

16. Li J, Tong T, Ko DO, Chung DO, Jeong WC, Kim JE,

Kang SG (2012) Anti-oxidant and anti-skin-aging effects

of abalone viscera extracts in human dermal fibroblasts.

Korean J Food Preserv, 19, 463-469

17. AOAC (1996) Official Methods of Analysis. 15th ed,

Association of Official Analytical Chemists, Washington

DC, USA, p 317-324

18. Holman W (1943) A new technique for the determination

of phosphorus by the molybdenum blue method. Biochem

J, 37, 256-259

19. Crouch SR, Malmstadt H (1967) Mechanistic

investigation of molybdenum blue method for

determination of phosphate. Analyt Chem, 39, 1084-1089

20. Li XX, Han LJ, Chen LJ (2008) In vitro antioxidant

activity of protein hydrolysates prepared from corn gluten

meal. J Sci Food Agr, 88, 1660-1666

21. Lu P, Li D, Yin J, Zhang L, Wang Z (2008) Flavour

differences of cooked longissimus muscle from Chinese

indigenous pig breeds and hybrid pig breed

(Duroc×Landrace×Large White). Food Chem, 107,

1529-1537

22. Bligh E, Dyer WJ (1959) A rapid method of total lipid

extraction and purification. Can J Biochem Physiol, 37,

911-917

23. AOCS (1997) Preparation of Methyl Esters of Fatty

Acids, Official and Recommended Practices of the

AOCS, 5th ed, AOCS Press, Urbana, IL, USA, p 2-66.

24. Woessner J (1961) The determination of hydroxyproline

in tissue and protein samples containing small proportions

of this imino acid. Arch Biochem Biophys, 93, 440-447

25. Brown MR, Sikes AL, Elliott NG, Tume RK (2008)

Physicochemical factors of abalone quality: a review. J

Shellfish Res, 27, 835-842

26. Lee YJ, Park JW, Park IB, Shin GW, Jo YC, Koh SM,

Kang SG, Kim JM, Kim HS (2009) Comparison of

physicochemical properties of meat and viscera with

respect to the age of abalone (Haliotis discus hannai).

Korean J Food Preserv, 16, 849-860

27. Lou QM, Wang YM, Xue CH (2012) Lipid and fatty

acid composition of two species of abalone, Haliotis

discus hannai Ino and Haliotis diversicolor reeve. J Food

Biochem, 6, 1-6

28. Chiou TK, Lai MM, Shiau CY (2001) Seasonal variations

of chemical constituents in the muscle and viscera of

small abalone fed different diets. Fisheries Sci, 67,

146-156

29. Kraan S, Guiry MD (2000) Strain selection in the edible

brown seaweed Alaria esculenta: Genetic fingerprinting

and hybridization studies under laboratory conditions.

Marine Institute, Dublin, Ireland. p 3-8

30. Kim SK (2013) Marine Nutraceuticals: Prospects and

Perspectives. CRC Press, Boca Raton, FL, USA. p 57-71

31. King RH, Rayner CJ, Kerr M, Gorfine HK, McShane

PE (1996) The composition and amino acid balance of

abalone (Haliotis rubra) tissue. Aquac, 140, 109-113

32. Huxtable R (1992) Physiological actions of taurine.



한국식품저장유통학회지 제20권 제4호 (2013)450

Physiol Rev, 72, 101-163

33. Chesney R (1985) Taurine: its biological role and clinical

implications. Adv Pediatr, 32, 1-42

34. Ha J, Song D, Lee E (1982) Taste compounds of abalone,

Haliotis diversicolor japonica. Bull Korean Fisheries Soc,

15, 117-122

35. Dunstan GA, Baillie HJ, Barrett SM, Volkman JK (1996)

Effect of diet on the lipid composition of wild and cultured

abalone. Aquac, 140, 115-127

36. Lizenko MV, Regerand TG, Bakhirev AM, Petrovskii

VI, Lizenko EI (2007) Content of the main lipid

components in blood serum lipoproteins of human and

of some animal species. J Evol Biochem Phys, 43,

183-190

37. Berra, B (1993) Trans fatty acids in infantile nutrition.

Nutr Res, 13, 47-59

38. Rudel LL, Sawyer JK, Bray GA, Ryan DH (1996) Dietary

monounsaturated fat and the development of coronary

artery atherosclerosis in African green monkeys. Nutr

Genes Heart Dis, 24, 161-176

39. Yoneda C, Hirayama Y, Nakaya M, Matsubara Y, Irie

S, Hatae K, Watabe S (2001) The occurrence of two

types of collagen pro α‐chain in the abalone Haliotis

discus muscle. Eur J Biochem, 261, 714-721

40. Kato H, Rhue MR, Nishimura T (1989) Role of free

amino acids and peptides in food taste. Flavor Chem,

388, 158-174

(접수 2013년 6월 5일 수정 2013년 6월 28일 채택 2013년 7월 4일)


