
EFFECTS OF VITAMIN E ON ANTIOXIDANT ENZYME ACTIVITIES AND FATTY ACID

COMPOSITIONS IN JUVENILE ABALONE HALIOTIS DISCUS HANNAI INO

JINGHUAFU,WENBINGZHANG, KANGSENMAI,* XIUNI FENG,WEI XU, ZHIGUOLIUFU,

HONGMING MA AND QINGHUI AI

The Key Laboratory of Mariculture (Education Ministry of China), Ocean University of China,
Qingdao 266003, People’s Republic of China

ABSTRACT A 240-day feeding trial was conducted in a recirculated water system to investigate the effects of dietary vitamin E

on the activities of antioxidant enzymes (catalase, CAT; superoxide dismutase, SOD; glutathione peroxidase, GPX) and the

composition of fatty acids in abalone,Haliotis discus hannai Ino. Triplicate groups of juvenile abalone (initial weight: 0.71 ± 0.00 g;

initial shell length: 15.49 ± 0.04mm)were fed to satiation one of three semipurified diets containing 0, 50, and 5,000-mg/kg vitamin

E, respectively. Abalone were sampled on the 120th day and the 240th day, respectively. There were no significant differences in

activities of CAT and SOD in soft body of abalone fed with different levels of dietary vitamin E for 120 days (P > 0.05), but

significantly higher activity of GPX was found with 5,000-mg/kg dietary vitamin E (P < 0.05). Activities of CAT and GPX were

significantly elevated by dietary vitamin E on the 240th day. The lowest value of 18:1n-9, 18:2n-6 and the highest value of 22:6n-3

in soft body were found with 50 mg/kg dietary vitamin E supplement on the 120th day. On the 240th day, the content of

monounsaturated fatty acids (MUFA) in abalone with 50-mg/kg dietary vitamin E supplement was significantly higher than those

in the other two treatments (P < 0.05). There were no significant effects of dietary vitamin E on the content of polyunsaturated

fatty acids (PUFA) in abalone during the two sampling periods (P > 0.05). In conclusion, 50-mg/kg dietary vitamin E supplement

elevated the activities of antioxidant enzymes and could protect MUFA from peroxidation damage. Excessive dietary vitamin E

(5,000 mg/kg) did not serve as an antioxidant any more, but tended to be a pro-oxidant in the soft body of abalone.
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INTRODUCTION

Highly reactive oxygen species (ROS) are continuously
produced during the course of normal aerobic cellular metab-
olism. Excessive ROS generation leading to oxidative stress and

damage of cellular macromolecules (proteins, lipids, and nucleic
acids) has been hypothesized to be the major contributor to
aging process and many diseases, such as cardiovascular dis-

eases and cancers (Hercberg et al. 1998; Drew & Leeuwenburgh
2002). In particular, lipid peroxidation is considered to be a
major phenomenon by which ROS can cause tissue damage
leading to impaired cellular function and alterations in physi-

cochemical properties of cell membranes, which in turn disrupt
vital functions (Rikans & Hornbrook 1997).

Antioxidant enzymes are an important protective mecha-

nism against ROS and, like many other biochemical systems,
their effectiveness may vary with the stage of development and
other physiological aspects of the organism (Halliwell &

Gutteridge 1999, Livingstone et al. 2001). The most important
antioxidant enzymes are superoxide dismutase (SOD), catalase
(CAT) and glutathione peroxidase (GPX) (Halliwell &Gutteridge

1999). A second important factor affecting the potential for
oxidative damage is the level of the target molecules, for
example polyunsaturated fatty acids (PUFA) are readily oxi-
dized by ROS to lipid peroxides (Di Giulio et al. 1995). Thus,

the incidence of lipid peroxidation may depend upon both the
level of antioxidant enzymes and the composition of fatty acids
in the organisms, the latter of which may also change with

aspects of the animal’s physiology, including development, age
and sex (Parihar & Dubey 1995).

Vitamin E is an essential nutrient for all species of animals
(Mcdowell 1989). As a fat-soluble vitamin, it is the most

effective chain-breaking, lipid-soluble antioxidant in biological
membranes, where it contributes to membrane stability. It
protects critical cellular structures against damage from oxygen

free radicals and reactive products of lipid peroxidation (Chan
1998, Devaraj et al. 1996). Vitamin E occurs in several naturally
occurring forms, with a-tocopherol having the highest vitamin
E activity (Lee & Shiau 2004).

A number of studies have demonstrated the potential effects
of vitamin E on the activities of antioxidant enzymes, fatty acid
composition and lipid peroxidation, mainly in vertebrates

(Klvanova et al. 1998, O’Neill et al. 1998, Ammouche et al.
2002, Kiron et al. 2004). Up to now, however, there is no
relative information available on molluscs. Abalone, Haliotis

discus hannai are the large algivorous marine molluscs of the
genus, Haliotis (Gastropoda, Prosobranchia, Archaeogastro-
poda, Haliotidae), which are the most commercially important

gastropods in aquaculture. In our previous studies, it was found
that 50–100 mg/kg dietary vitamin E supplement was needed
for the optimal growth of abalone H. discus hannai (Zhou et al.
2001). The aim of this study is to investigate the effects of

vitamin E on the activities of antioxidant enzymes and fatty acid
composition in juvenile abalone H. discus hannai.

MATERIAL AND METHODS

Experimental Diets

Composition of the casein-gelatin-based diets used in this

study is presented in Table 1. Dietary crude protein level was
approximately 30.1%, which is considered to be sufficient to*Corresponding author. E-mail: kmai@ouc.edu.cn
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maintain optimum growth for H. discus hannai (Mai et al.
1995a). A mixture of soybean oil and menhaden fish oil (1:1)
was used as the basal lipid sources. Dietary lipid level was about

3.3%, which was sufficient to support optimum growth and
provide enough essential fatty acid (EFA) for abalone (Mai
et al. 1995b).

Diets supplemented with three levels of vitamin E (0, 50,
and 5,000 mg/kg) were prepared by adding appropriated
quantities of DL-a-tocopherol (Sigma Chemicals, St. Louis,

MO). The proximate analysis of vitamin E content
in experimental diets was 3.5, 52.8, and 4856.8 mg/kg,
respectively.

Animal Rearing

Abalone juveniles were derived from a spawning at Maidao
Fisheries, Qingdao, P. R. China. Prior to initiation of the
experiment, animals were placed in glass aquaria (45 3 25 3

35 cm) and conditioned with the basal diet for 2 wk. The growth
experiment was conducted in a recirculated water system.
Similar size of H. discus hannai (initial weight, 0.71 ± 0.00 g;
initial shell length: 15.49 ± 0.04mm)were assigned to the rearing

system using a completely random design with 3 triplicated
treatments. Abalone were stocked at 55 animals for each rearing
unit and were hand-fed the test diets at a rate equaling 5% to

10% of wet body weight once daily at 17:00. Every morning,
feces and uneaten feed were removed to maintain the water
quality. During the experimental period, water temperature was

17.5–19.0�C, salinity 31–34&, pH 7.4–7.9. Dissolved oxygen

was not less than 7.0 mg/L. The feeding trial was conducted for
240 days.

Sample Collection and Analysis

On the 120th day of the experiment, 20 abalone in each
replicate were sampled randomly from the aquaria andwere not

fed for three days. Then the soft body of abalone were dissected
and stored at –70�C for subsequent analysis. At the termination
of the feeding trial (on the 240th day), all remaining animals
were treated in the same manner as mentioned above.

Analysis of the soft body composition was according to
AOAC (1995). The method numbers in AOAC for protein and
lipid analysis were 990.03 and 4.5.01, respectively.

Analysis of catalase activity (CAT) in the soft body of
abalone was performed by the method of Góth (1991). Super-
oxide dismutase (SOD) activity was analyzed by the method

of Marklund and Marklund (1974). Glutathione peroxidase
(GPX) activity analysis was according to the method of Bell
et al. (1985).

A HPLC method was used to analyze vitamin E content in
diets (Salo-Väänänen et al. 2000). The method involved alkali
saponification, extraction of the unsaponificable matter with
n-hexane, washing the extracts with an aqueous 5% NaCl

solution, and quantification with HPLC on an ODS Hypersil
column (HP; 2503 4 mm; 5 mm). The mobile phase was
methanol at a flow rate of 1mL/min. UV absorbance detection

was operated at wavelength of 280 nm.
The fatty acid compositions in the soft body of abalone were

analyzed by the method of Metcalfe et al. (1966) with some

modifications. Briefly, an HP 5890 gas chromatograph fitted
with a carbowax capillary column (30 mm 3 F 0.25 mm) was
used. High purity N2 was used as the carrier gas at a flow rate of
2 mL/min. Injector and detector temperature was 270�C. The
oven was programmed from 150�C to 200�C at 15�C/min, then
to 250�C at 2�C/min and held at 250�C until all peaks had
appeared. Fatty acid methyl esters were identified by comparing

the retention time of experimental samples to standards.
The sum of the saturated fatty acids (SFA) was calculated

using the equation:

SFA ¼ 14:0 + 16:0 + 18:0

The sum of the monounsaturated fatty acids (MUFA) was
calculated using the equation:

MUFA ¼ 16:1 + 18 : ln-9þ 18 : ln-7

The sum of the polyunsaturated fatty acids (PUFA) was
calculated using the equation:

PUFA ¼ 18:2n-6 + 18:3n-3 + 20:4n-6 + 20:5n-3 + 22:6n-3

Statistical Analysis

All percentage data were square-root arcsine transformed
before analysis. Data from each treatment were submitted to
one-way ANOVA using the SPSS package (version 11.0, SPSS

Inc., Chicago). When overall differences were significant at less
than the 5% level, Tukey test was used to compare the means
(Gill 1978).

TABLE 1.

Ingredient and proximate composition of basal diet
(%, dry-weight basis).

Ingredient %

Casein (vitamin-free)* 25.0

Gelatin† 6.0

Dextrin† 34.0

CM-cellulose† 5.0

Sodium alginate† 20.0

Tocopherol-free vitamin mix1 2.0

Mineral mix2 4.0

SO/MFO3 3.5

Choline chloride† 0.5

Proximate analysis

Crude protein 30.1

Crude lipid 3.3

Ash 10.1

* Sigma Chemical, St. Louis, MO.
† Shanghai Chemical Co., Shanghai, China.
1 Tocopherol-free vitamin mix, each 1,000 g of diet contained: Thiamin

HCl, 120.0 mg; Riboflavin, 100.0 mg; Folic acid, 30.0 mg; PABA, 400.0

mg; Pyridoxine HCl, 40.0 mg; Niacin, 800.0 mg; Ca pantothenate, 200.0

mg; Inositol, 4,000.0 mg; Biotin, 12.0 mg; Ascorbic acid, 4,000.0 mg;

Vitamin B12, 180.0 mg; Vitamin A, 500,000 IU; Vitamin D, 10,000 IU.
2Mineral mix, each 1000g of diet contained: NaCl, 0.4 g;MgSO4�7H2O,

6.0 g; NaH2PO4�2H2O, 10.0 g; KH2PO4, 12.8 g; Ca(H2PO4)2�H2O, 8.0 g;

Fe-citrate, 1.0 g; Ca-lactate, 1.4g; ZnSO4�7H2O, 141.2 mg;

MnSO4�H2O, 64.8 mg; CuSO4�5H2O, 12.4 mg; CoCl2�6H2O, 0.4 mg;

KIO3, 1.2 mg; Na2SeO3, 0.4 mg.
3 Soybean oil: Menhaden fish oil ¼ 1:1.
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RESULTS

Soft Body Composition

Contents of protein and lipid in the soft body of abalone
fed with different levels of dietary vitamin E for 120 days and
240 days are presented in Table 2 and Table 3, respectively.

There was no significant effect of dietary vitamin E on the
content of protein in the soft body after 120 days feeding (P >
0.05). On the 240th day, however, 50 mg/kg dietary vitamin E

supplement significantly elevated protein content in the soft
body compared with 0 mg/kg and 5,000 mg/kg dietary vitamin
E supplements (P < 0.05).

Lipid content in the soft body was significantly elevated
by dietary vitamin E (P < 0.05). The highest values were found
as 7.18 ± 0.52% and 7.51 ± 0.23% in the treatment with 5,000

mg/kg dietary vitamin E supplement after 120 days and 240
days, respectively.

Activities of Antioxidant Enzymes In Soft Body of Abalone

Catalase (CAT) Activity

Activities of CAT in soft body of H. discus hannai fed with

different dietary vitamin E for 120 days and 240 days are
presented in Table 2 and Table 3, respectively. The activity of
CAT in soft body was not significantly influenced by dietary

vitamin E after 120 days feeding (P > 0.05), but it was
significantly elevated after 240 days feeding (P < 0.05). The
highest value of CAT activities was found as 9.11 ± 0.05 U/mg

pr in soft body of abalone fed with 5,000 mg/kg dietary vitamin
E for 240 days.

Superoxide Dismutase (SOD) Activity

Activities of SOD in the soft body of H. discus hannai fed
with different concentrations of dietary vitamin E for 120 days
and 240 days are presented in Table 2 and Table 3, respectively.
The activity of SOD in the soft body was not significantly

influenced by dietary vitamin E after 120 days feeding (P >
0.05). After 240 days, however, the SOD activity in the
treatment with 50 mg/kg dietary vitamin E supplement was

significantly higher than those with 0 mg/kg or 5,000 mg/kg
dietary vitamin E supplement (P < 0.05). The highest value of
SOD activity was found as 3.89 ± 0.03 U/mg pr in the treatment

with 50 mg/kg dietary vitamin E supplement, and the lowest

was 3.19 ± 0.04 U/mg pr with 5,000 mg/kg dietary vitamin E
supplement.

Glutathione Peroxidase (GPX) Activity

Activities of GPX in the soft body of abalone fed with
different dietary vitamin E for 120 days and 240 days are
presented in Table 2 and Table 3, respectively. The activity of

GPX in the soft body of abalone fed with 5,000 mg/kg dietary
vitamin E for 120 days was significantly higher than those with
0 and 50 mg/kg dietary vitamin E (P < 0.05), and the highest

value were found as 5.97 ± 0.15 U/mg pr. After 240 days, the
activities of GPX in the treatments with 50mg/kg and 5,000mg/
kg dietary vitamin E supplements were significantly higher than

that with 0 mg/kg dietary vitamin E supplement (P < 0.05).

Fatty Acid Composition in Soft Body of Abalone

Fatty acid composition in the soft body of abalone fed with
dietary vitamin E for 120 days and 240 days are presented in
Table 4 and Table 5, respectively. The main fatty acids in the
soft body include saturated fatty acids (SFA; 14:0, 16:0, and

18:0), monounsaturated fatty acids (MUFA; 16:1, 18:1n-9, and
18:1n-7) and polyunsaturated fatty acids (PUFA; 18:2n-6,
18:3n-3, 20:4n-6, 20:5n-3, and 22:6n-3).

There were no significant effects of dietary vitamin E on the
total SFA, 14:0, 16:0, and 18:0 in the soft body of abalone after
either a 120-day or a 240-day feeding trial (P > 0.05).

Dietary vitamin E did not significantly affect the total
MUFA and 18:1n-7 in the soft body after 120 days (P > 0.05).
However, 16:1 and 18:1n-9 were significantly affected by dietary
vitamin E (P < 0.05). Furthermore, the lowest values for these

two fatty acids were found in the treatment with 50 mg/kg
dietary vitamin E supplement. After 240 days, the content of
16:1 and 18:1n-7 in the soft body with 0mg/kg dietary vitamin E

supplement was significantly lower than those with 50 mg/kg or
5,000 mg/kg dietary vitamin E supplement (P < 0.05). And
the content of 18:1n-9 in the treatment with 50 mg/kg dietary

vitamin E was significantly higher than those with 0 mg/kg or
5,000 mg/kg dietary vitamin E (P < 0.05).

The total PUFA in the soft body were not significantly af-

fected by dietary vitamin E for either 120 days or 240 days (P >
0.05). During the first 120 days, 18:2n-6, 20:4n-6 and 22:6n-3
in the soft body were significantly affected by dietary vitamin E
(P < 0.05). The content of 18:2n-6 in the 50 mg/kg dietary

vitamin E treatment was significantly lower than those with

TABLE 2.

Survival, proximate compositions and activities of antioxidant enzymes in the soft body of abalone Haliotis discus hannai
fed diets with different vitamin E levels for 120 days1.

Dietary Vitamin E (mg/kg) Protein (%) Lipid (%) CAT
2
(U/mg pr) SOD

3
(U/mg pr) GPX

4
(U/mg pr) Survival (%)

0 71.02 ± 0.62 6.20 ± 0.06b 1.16 ± 0.06 6.61 ± 0.17 4.29 ± 0.14b 90.91 ± 2.58

50 70.38 ± 0.21 6.47 ± 0.17ab 1.29 ± 0.21 6.21 ± 0.13 3.98 ± 0.22b 89.09 ± 2.68

5,000 70.00 ± 0.11 7.18 ± 0.52a 1.13 ± 0.09 6.56 ± 0.09 5.97 ± 0.15a 88.48 ± 2.15

Means in the same column not sharing a common superscript letter were significantly different (P < 0.05).
1 Values are means ± SE, n ¼ 3.
2 CAT, catalase.
3 SOD, superoxide dismutase.
4 GPX, glutathione peroxidase.
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0 mg/kg and 5,000 mg/kg dietary vitamin E (P < 0.05).
However, the content of 22:6n-3 had the highest value (3.32 ±
0.02%) in the treatment with 50-mg/kg dietary vitamin E (P <
0.05). Dietary vitamin E significantly elevated the content of
20:4n-6 in the soft body (P < 0.05), and the highest value was
found as 6.11 ± 0.04% in the treatment with 5,000mg/kg dietary

vitamin E. After 240 days, the lowest values of 18:3n-3 (0.70 ±
0.03%) and 20:4n-6 (6.26 ± 0.18%) were found in the 50 mg/kg
dietary vitamin E treatment (P < 0.05), whereas 22:6n-3 had the

highest value (4.07 ± 0.12%) (P < 0.05).

DISCUSSION

Vitamins directly scavengeROS and regulate the activities of
antioxidant enzymes. Among them, vitamin E has been recog-

nized as one of the most important antioxidants (Topinka et al.

1989). Although a few of studies explicitly show the effects of
vitamin E on the activities of antioxidant enzymes, there is no
consensus on what might be the responses of antioxidant

enzymes to vitamin E, partly because of different feeding
behavior and other ecological conditions (Mourentea et al.
2002, Giray et al. 2003, Zaidi &Banu 2004). According to a 120-

day feeding trial, Wan et al. (2004) pointed out that there were
no significant differences in CAT and SOD activities in the
serum of adult H. discus hannai between the treatments with

0 mg/kg and 50 mg/kg dietary vitamin E. However, GPX
activity significantly increased with dietary vitamin E supple-
ments. These results are agreement with the present data during
the first 120 days (Table 2). In present study, however, the

activities of the antioxidant enzymes (CAT, SOD, and GPX) in
abalone fed for 240 days were significantly elevated by dietary
vitamin E, excepted that SOD activity decreased in 5,000 mg/kg

TABLE 4.

Fatty acid composition in the soft body of abalone

Haliotis discus hannai fed diets with different

vitamin E levels for 120 days1.

Fatty Acid

(%)

Dietary Vitamin E (mg/kg)

0 50 5000

14:0 2.83 ± 0.04 2.90 ± 0.03 2.94 ± 0.03

16:0 16.30 ± 0.25 16.28 ± 0.03 15.98 ± 0.10

16:1 1.73 ± 0.00a 1.34 ± 0.00c 1.47 ± 0.01b

18:0 6.92 ± 0.14 6.97 ± 0.01 6.94 ± 0.01

18:1n-9 6.36 ± 0.18a 5.50 ± 0.01b 6.35 ± 0.01a

18:1n-7 5.49 ± 0.14 5.64 ± 0.01 5.68 ± 0.01

18:2n-6 4.23 ± 0.14a 3.45 ± 0.03b 4.54 ± 0.01a

18:3n-3 0.84 ± 0.06 0.61 ± 0.06 0.85 ± 0.00

20:4n-6 5.30 ± 0.23b 6.00 ± 0.03ab 6.11 ± 0.04a

20:5n-3 5.55 ± 0.31 5.93 ± 0.01 5.65 ± 0.05

22:6n-3 2.98 ± 0.09b 3.32 ± 0.02a 2.63 ± 0.03c

SFA2 26.05 ± 0.43 26.15 ± 0.05 25.86 ± 0.05

MUFA3 13.58 ± 0.32 12.47 ± 0.20 13.50 ± 0.02

PUFA4 18.89 ± 0.82 19.30 ± 0.03 19.77 ± 0.10

Means in the same line not sharing a common superscript letter were

significantly different (P < 0.05).
1 Values are means ± SE, n ¼ 3.
2 SFA, saturated fatty acids.
3 MUFA, monounsaturated fatty acids.
4 PUFA, polyunsaturated fatty acids.

TABLE 3.

Survival, proximate compositions and activities of antioxidant enzymes in the soft body of abalone Haliotis discus hannai
fed diets with different vitamin E levels for 240 days1.

Dietary vitamin E

(mg/kg) Protein (%) Lipid (%) CAT
2
(U/mg pr) SOD

3
(U/mg pr) GPX

4
(U/mg pr) Survival (%)

0 70.25 ± 0.06b 5.77 ± 0.14b 6.10 ± 0.04c 3.62 ± 0.03b 1.96 ± 0.03b 81.82 ± 2.58a

50 71.13 ± 0.12a 6.83 ± 0.18a 8.20 ± 0.03b 3.89 ± 0.03a 2.96 ± 0.03a 83.64 ± 2.58a

5000 69.53 ± 0.12c 7.51 ± 0.23a 9.11 ± 0.05a 3.19 ± 0.04c 2.93 ± 0.01a 70.90 ± 2.36b

Means in the same column not sharing a common superscript letter were significantly different (P < 0.05).
1 Values are means ± SE, n ¼ 3.
2 CAT, catalase.
3 SOD, superoxide dismutase.
4 GPX, glutathione peroxidase.

TABLE 5.

Fatty acid composition in the soft body of abalone

Haliotis discus hannai fed diets with different

vitamin E levels for 240 days.1

Fatty Acid

(%)

Dietary Vitamin E (mg/kg)

0 50 5,000

14:0 2.63 ± 0.04 2.72 ± 0.10 2.84 ± 0.04

16:0 15.67 ± 0.18 15.87 ± 0.30 15.55 ± 0.14

16:1 1.68 ± 0.03b 1.99 ± 0.02a 2.03 ± 0.03a

18:0 7.73 ± 0.01 7.36 ± 0.19 7.72 ± 0.20

18:1n-9 6.76 ± 0.06b 7.07 ± 0.02a 6.13 ± 0.01c

18:1n-7 5.48 ± 0.03b 6.23 ± 0.06a 6.02 ± 0.05a

18:2n-6 5.16 ± 0.12 5.58 ± 0.15 5.34 ± 0.09

18:3n-3 0.72 ± 0.01b 0.70 ± 0.03b 0.88 ± 0.01a

20:4n-6 7.10 ± 0.12a 6.26 ± 0.18b 7.60 ± 0.04a

20:5n-3 5.02 ± 0.07 5.83 ± 0.10 5.64 ± 0.25

22:6n-3 3.80 ± 0.10ab 4.07 ± 0.12a 3.49 ± 0.03b

SFA2 26.03 ± 0.23 25.94 ± 0.20 26.11 ± 0.38

MUFA3 13.91 ± 0.06b 15.29 ± 0.10a 14.17 ± 0.06b

PUFA4 21.79 ± 0.08 22.43 ± 0.48 22.94 ± 0.31

Means in the same line not sharing a common superscript letter were

significantly different (P < 0.05).
1 Values are means ± SE, n ¼ 3.
2 SFA, saturated fatty acids.
3 MUFA, monounsaturated fatty acids.
4 PUFA, polyunsaturated fatty acids.
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dietary vitamin E treatment. At this time point, it is suggested
that different experimental period might lead to different result

about the effect of dietary vitamin E on the activities of
antioxidant enzymes.

The fatty acid composition in any tissues reflects protection
of fatty acid against damage by free radicals (Fernandes &

Venkatraman 1993, Berry 1997). Vitamin E, an antioxidant
agent, increased the levels of polyunsaturated n-3 fatty acids
and decreased oxidative stress and protected PUFA against

damage by free radical (Yilmaz et al. 1997, Chvojková et al.
2001). Clement and Bourre (1993), who observed higher
amounts of 18:0 and of total saturated fatty acids and a lower

amount of monounsaturated fatty acids and of 18:2n-6 in liver
microsomes of vitamin E-deficient rats, suggested that vitamin
E deficiency may alter the relation between vitamin E and
PUFA. Although the effects of vitamin E on individual fatty

acid, such as the EFA (18:2n-6, 18:3n-3 and 20:4n-6) inH. discus
hannai were not the same during the two sampling periods, the
slightly elevated concentration of PUFA in the soft body of

abalone caused by dietary vitamin E supplementation, in pre-
sent study, might be ascribed to a protection of fatty acids
against oxidation during absorption and storage.

It is interesting in present study that MUFA in abalone fed
with 5,000 mg/kg dietary vitamin E for 240 days was signifi-
cantly lower than that with 50 mg/kg dietary vitamin E (Table

5). In humans, the high supplementation of vitamin E has been
shown to induce a pro-oxidant activity making them react
directly with other free radicals or induce lipid oxidation under
mild oxidative stress but not under severe situations (Kontush

et al. 1996). Kiron et al. (2004) pointed out that the rainbow

trout (Oncorhynchus mykiss) were under a mild oxidative stress
at the high levels of vitamin E (1,000 mg/kg, tocopheryl

acetate), which no longer served as an antioxidant, but tended
to be a pro-oxidant. Taking these points into consideration,
the possible reason is that excessive dietary vitamin E (5,000
mg/kg), in present study, tended to be a prooxidant, which

decreased the MUFA content in the soft body. However, the
excessive dietary vitamin E supplement did not result in the
significant decrease of PUFA in the soft body. The reasonmight

be that vitamin E functions together with selenium and ascorbic
acid in GPX to stop the chain reactions of PUFA peroxidation
(Lehninger 1975). GPX activities in the soft body significantly

increased with the dietary vitamin E supplements (Table 2 and
Table 3), so the content of PUFA in soft body of abalone with
excessive dietary vitamin E supplement was not decreased.

CONCLUSION

As can be seen, 50-mg/kg dietary vitamin E supplement
elevated the activities of antioxidant enzymes and could protect
MUFA from peroxidation damage. Furthermore, excessive

dietary vitamin E (5,000 mg/kg) did not serve as an antioxidant
any more but tended to be a pro-oxidant in the soft body of
abalone.
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Góth, L. 1991. A simple method for determination of serum catalase

activity and revision of reference range. Clin. Chim. Acta. 196:143–

151.

Halliwell, B. & J. M. C. Gutteridge. 1999. Free radicals in biology and

medicine. Oxford: Oxford University Press.

Hercberg, S., G. Pilar, P. Paul, A. Maria-Jose & V. Clotilde. 1998. The

potential role of antioxidant vitamins in preventing cardiovascular

diseases and cancers. Nutrition 14:513–520.

Kiron, V., J. Puangkaew, K. Ishizaka, S. Satoh & T. Watanabe. 2004.

Antioxidant status and nonspecific immune responses in rainbow

trout (Oncorhynchus mykiss) fed two levels of vitamin E along with,

three lipid sources. Aquaculture 234:361–379.

Klvanova, J., I. Beno, R. Ondreicka, K. Volkovova, M. Staruchova, E.

Grancicova, P. Bobek & M. Tatara. 1998. Relation between fatty

acid composition, vitamin E and malondialdehyde levels, and

activity of antioxidant enzymes in the blood. Bratisl. Lek. Listy.

99:245–249.

Kontush, A., B. Finckh, B. Karten, A. Kohlschu & U. Beisiegel. 1996.

Antioxidant and prooxidant activity of a-tocopherol in human

plasma and low density lipoprotein. J. Lipid Res. 37:1436–1448.

EFFECTS OF VITAMIN E ON H. DISCUS HANNAI 813

JOBNAME: jsr 26#3 2007 PAGE: 5 OUTPUT: Tuesday August 21 02:06:54 2007

tsp/jsr/145934/26-3-18



Lee, M. H. & S. Y. Shiau. 2004. Vitamin E requirements of juvenile

grass shrimp, Penaeus monodon, and effects on non-specific immune

responses. Fish Shellfish Immunol. 16:475–485.

Lehninger, A. L. 1975. In: Biochemistry. 2nd edition. New York: Worth.

355 pp.

Livingstone, D. R., S. C. M. O’Hara, F. Frettsome & J. Rundle. 2001.

Contaminant-mediated pro-/anti-oxidant processes and oxidative

damage in early life-stages of fish. In: D. Atkinson &M. Thorndyke,

editors. Environment and animal development. Genes, life his-

tories and plasticity. Oxford: BIOS Scientific Publishers, pp. 173–

201.

Mai, K., J. P. Mercer & J. Donlon. 1995a. Comparative studies on the

nutrition of two species of abalone, Haliotis tuberculata L. and

Haliotis discus hannai Ino. IV. Optimum dietary protein level for

growth. Aquaculture 136:165–180.

Mai, K., J. P. Mercer & J. Donlon. 1995b. Comparative studies on the

nutrition of two species of abalone, Haliotis tuberculata L. and

Haliotis discus hannai Ino. III. Responses of abalone to various

levels of dietary lipids. Aquaculture 134:65–80.

Marklund, S. & G. Marklund. 1974. Involvement of the superoxide

anion radical in the autoxidation of pyrogallol and a convenient

assay for superoxide dismutase. Eur. J. Biochem. 47:469–474.

Mcdowell, L. R. 1989. Vitamin E. In: vitamins in animal nutrition:

comparative aspects to human nutrition. San Diego: Academic

Press. 93 pp.

Metcalfe, L. D., A. A. Schmitz & J. R. Pelka. 1966. Rapid preparation

of fatty acid esters from lipids for gas chromatographic analysis.

Anal. Chem. 38:514–515.

Mourentea, G., E. Dı́az-Salvagoa, J. G. Bellb & D. R. Tocher. 2002.

Increased activities of hepatic antioxidant defence enzymes in

juvenile gilthead sea bream (Sparus aurata L.) fed dietary oxidised

oil: attenuation by dietary vitamin E. Aquaculture 214:343–361.

O’Neill, L. M., K. Galvin, P. A. Morrissey & D. J. Buckley, 1998.

Comparison of effects of dietary olive oil, tallow and vitamin E on

the quality of broilermeat andmeat products.Br. Poult. Sci. 39:365–

371.

Parihar, M. S. & A. K. Dubey. 1995. Lipid peroxidation and ascorbic

acid status in respiratory organs of male and female freshwater

catfish Heteropneustes fossils exposed to temperature increase.

Comp. Biochem. Physiol. 112C:309–313.

Rikans, L. E. & K. R. Hornbrook. 1997. Lipid peroxidation, antiox-

idant protection and aging. Biochim. Biophys. Acta. 1362:116–127.

Salo-Väänänen, P., V. Ollilainen, P. Mattila, K. Lehikoinen, E.
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