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Abstract

The purpose of this study was to determine the nutritional value of diets with protein from two marine species (Haliotis tuberculataand
Anemonia viridis) as compared to a high-quality protein reference based on casein or casein supplemented with olive oil. We also
investigated the effects of these diets on serum lipid levels. Male rats were fed these diets for 23 days. Protein quality indicators (true
digestibility, net protein utilization, biological value) were similar to those obtained for casein-based feeds except for lower true digestibility
and net protein utilization values for theAnemonia viridisfeed. HDL-cholesterol level was significantly higher (p, 0.05) in the groups fed
marine species or casein supplemented with olive oil than in the casein group. Total-cholesterol level was higher in the group fedHaliotis
tuberculatafed than in the other groups. These results suggest that these marine species are a good protein source, and that they may have
positive effects on serum cholesterol level. © 2001 Elsevier Science Inc. All rights reserved.
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1. Introduction

Fish and marine invertebrates constitute an important
food source, supplying proteins of high nutritional value,
polyunsaturated fatty acids, vitamins and minerals for hu-
man nutrition [1]. However, the availability of traditional
seafood products has undergone significant changes in re-
cent decades; particularly as a result of over-fishing. In-
creasing interest is thus being paid to the identification of
non-traditional species with potential food value. Previous
studies have reported that marine oil and marine protein
modify serum lipid levels [2,3] and have a therapeutic role
in the prevention and treatment of coronary artery disease
[4,5].

The role of dietary protein in lipid metabolism has be-
come the focus of increasing attention over the last decade
[6]. Previous investigations have found that dietary protein
level may influence hepatic fatty acids synthesis [7], possi-

bly through the modulation of hepatic delta 6 desaturase
activity [8], and VLDL secretion [9]. Hurleyet al. [10]
observed an interaction between dietary proteins and carbo-
hydrates, which produced higher postprandial insulin levels
with marine protein; therefore, it is possible that proteins
and carbohydrates may influence fasting and postprandial
lipid and glucose metabolism through plasma insulin levels.
Larsonet al. [11] suggested that protein affects blood lipid
levels, HMG CoA reductase activity, glucagon, cortisol, and
weight gain. It is also known that the amino acid composi-
tion of dietary proteins is an important determinant of their
cholesterolemic properties [12].

Dietary fat is one of the key determinants of serum
cholesterol level, and the cholesterol-lowering effect of di-
etary polyunsaturated fatty acids has been well documented
[13,14]. Fats from marine species contain highly polyunsat-
urated very–long-chain fatty acids and can inhibit the
growth of atherosclerotic plaques, checking the tendency to
thrombosis and protecting the myocardium from fatal ar-
rhythmia [15]. Moreover, long-chain polyunsaturated fatty
acids are essential for normal development. Postnatally,
human milk provides long-chain polyunsaturated fatty acids
to the newborn. Maternal long-chain polyunsaturated fatty
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acids reserves depend upon diet and can be improved by
supplementation of docosahexaenoic acid and arachidonic
acid during pregnancy and lactation [16].

In the present study, we investigated the nutritional value
of two little known marine species, the seaAnemonia viridis
and the abaloneHaliotis tuberculata. Specifically, we per-
formed analyses of basic nutritional composition and amino
acid contents, and assessed protein quality and effects on
serum lipid profile on the basis of feeding trials in rats.

2. Materials and methods

Recently weaned male Sprague-Dawley rats weighing
between 50–60 g were maintained in individual metabolic
cages. These cages were kept in a room at constant temper-
ature and humidity, with a 12:12 h light:dark cycle. The rats
were divided into four groups of eight rats which were given
the corresponding feed and waterad libitum for 23 days.

The diets were prepared by the Thomas-Mitchell method
[17]. The composition of each feed are detailed in Table 1.
Protein was determined by the Kjeldahl method, and water
content measured with a Scaltec SMO 01moisture analyzer.
Lipid content was determined by diethyl ether extraction for
5 h in a Shoxlet. Amino acid content were determined by
fluorescence detection reverse phase HPLC with 9-fluore-
nylmethylchloroformat as derivator agent [18]. Cysteine
determinations were performed after sample oxidation. The
results obtained are shown in Table 3.

Total lipid contents in control diet and in theHaliotis
tuberculatadiet were adjusted to 4% with olive oil. For the
Anemonia viridisdiet, the raw product was first fried in

olive oil to detoxify its toxic polypeptides. Lipid content
was then determined by extraction in a Shoxlet; total lipid
content in control1 oil diet was adjusted to the same value
(14,53%) with olive oil. Both control diets were additionally
supplemented with 0.6% DL-methionine, since casein is
deficient in this amino acid.

The protein quality of the four diets was determined by
the Thomas-Mitchell [19] technique, based on nitrogen bal-
ance in growing rats. Specifically, the rate of nitrogen up-
take was measured and compared to the rate of excretion in
faeces and urine. The nitrogen contents of diets, urine and
faeces were determined using the Kjeldahl method. Protein
quality was assessed by calculation of the indicators True
Digestibility (TD), Nitrogen Balance (NB), Biological
Value (BV), and Net Protein Utilization (NPU) [19].

At the end of the experimental period and after a 24 h
fast, the rats were killed by jugular incision and blood
samples were collected into heparinized tubes. Serum total
cholesterol and HDL-cholesterol were determined with a
Spotchem SP-4410 autoanalyzer from MENARINI (a fully
automated dry chemistry system). Serum LDL-cholesterol
was calculated as: total-cholesterol–HDL-cholesterol. The
atherogenic index was calculated as: total-cholesterol/HDL-
cholesterol.

Data were subjected to one-way ANOVA, and differ-
ences between means were assessed by Dunnett’s test and
were considered statistically different at p, 0.05.

3. Results

The water, protein and fat composition (%) of two ma-
rine species are listed in Table 2. FreshHaliotis tuberculata
has a higher protein content than freshAnemonia viridisbut
a slightly lower protein content than friedAnemonia viridis.
Amino acids compositions are shown in Table 3. The ma-
rine species studied have higher glycine, arginine and cys-
teine contents than the control feed and similar aspartic acid
and alanine contents. The remaining amino acids were pre-
sents at higher concentration in the casein than in the marine
species. Frying ofAnemonia viridisreduced amino acid
content except for serine, histidine, proline, methionine and
cysteine.

Table 4 shows food intake and protein quality indicators
in each group. Neither mean food intake nor mean weight
gain varied significantly among groups. Protein quality in-
dicators for theHaliotis tuberculatafeed were similar to

Table 1
Composition of the feeds (% dry weight) supplied to the rats in each
group

Casein Casein1
olive oil

H. tuberculata A. viridis
fried

Protein 12 12 12 12
Cellulose 8 8 8 8
Olive oil 4 14.53 3.29 12.66
Marine oil — — 0.71 1.87
Mineral complex1 5 5 5 5
Vitamin complex2 5 5 5 5
Sucrose 33 33 33 33
Starch 33 33 33 33

In all diets vitamin A and D intakes were 30 Ul/day and 10 Ul/day
respectively.

1 Content (g/kg complex): 330 sodium chloride, 334 dibasic calcium
phosphate, 219 potassium hydrogen carbonate, 72 di-potassium hydrogen
phosphate, 38 magnesium carbonate, 1.18 manganese sulphate, 0.16 cupric
sulphate, 0.08 aluminium-potassium sulphate, 0.08 calcium chloride, 0.04
potassium iodate, 0.08 sodium fluoride, 0.04 zinc carbonate and 9.30 iron
II sulphate.

2 Content (mg/kg complex): 1500 thiamine, 200 riboflavin, 2200 nico-
tinamide, 200 pyridoxol hydrochloride, 300 calcium pantothenate. Made
up to 1000 g with starch.

Table 2
Basic compositions of the marine species (%)

A. viridis fresh A. viridis fried H. tuberculata

Water 83.82 58.00 72.48
Protein 11.12 27.81 26.61
Lipids 1.87 14.53 0.71
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those for the corresponding control group. True Digestibil-
ity and Net Protein Utilization for theAnemonia viridisfeed
were significantly lower than for the corresponding control
feed; however, Nitrogen Balance and Biological Value were
similar to those obtained for the control diet.

Serum total-cholesterol level in rats fedAnemonia viridis
decreased in comparison with the other groups (Table 5). In
contrast, the animals fedHaliotis tuberculatashowed an
increase in serum total-cholesterol. Mean HDL-cholesterol
levels in the groups fed the marine species or casein sup-
plemented with olive oil were significantly higher than in
casein no olive oil group. Mean LDL-cholesterol levels
showed a significant decrease in rats fedAnemonia viridis
by comparison with rats that received the control feeds.
Mean LDL-cholesterol concentration was likewise signifi-
cantly lower in rats fedHaliotis tuberculatathan in the
corresponding control group. The atherogenic index in rats
fed the marine species was in both cases significantly lower
than in the corresponding control group.

4. Discussion

FreshHaliotis tuberculatahas a higher protein content
than freshAnemonia viridis. The protein content of fried
Anemonia viridiswas higher than that of the fresh product
due to water loss. FreshAnemonia viridishas a higher lipid
concentration than freshHaliotis tuberculata.

Generally, the lipids of marine animals are the most
unsaturated of the animal kingdom. These lipids contain a
high proportion of polyunsaturated fatty acids, principally
omega-3 fatty acids [20]. The lipid composition of sea
anemones is similar to that of other marine invertebrates,
with a high proportion of polyunsaturated fatty acids, nota-
bly eicosapentaenoic acid (20:5n-3) and docosahexaenoic
acid (22:6n-3). Typically, marine animals contain signifi-
cant amounts of several phospholipids and triglycerides.
The phospholipids present at highest concentration in the
species studied here are phosphatidylcholine and phosphati-
dylethanolamine. Phosphatidylinositol content is also high
[21]. In the case of the prosobranch genusHaliotis, Dustan
et al. [22] observed that 47–49% of fatty acids are polyun-
saturated fatty acids, and that tissues contain a significant
amount of cholesterol.

Haliotis tuberculataand friedAnemonia viridisare rich
in arginine, glycine and cysteine, and have similar aspartic
acid and alanine content to the casein. Most amino acids
were present at lower concentration in friedAnemonia viri-
dis than in the fresh product, probably as a result of the
temperatures reached during frying. Amino acid contents in
fresh Anemonia viridiswere similar to those inHaliotis
tuberculata. FreshAnemonia viridisis rich in aspartic acid,
serine, glycine, alanine, arginine and cysteine.

True Digestibility and Net Protein Utilization were sig-
nificantly lower for the rats fedAnemonia viridisthan for
the corresponding control group. The difference in digest-
ibility may be attributable to other components that accom-
pany the protein, such as lipids, metals, nucleic acids, and
polysaccharides [23]. The True Digestibility values ob-
tained (97% forH. tuberculata, 92% for A. viridis ) are
similar to the values typically obtained for fish (70–100%),
egg (90–100%) and meat (80–100%)[24]. The lower net
protein utilization values for the anemone diet than for the

Table 3
Amino acid contents of the protein sources (mg amino acid/g protein),
after methionine supplementation

Amino acids Casein H. tuberculata A. viridis
fried

A. viridis
fresh

Aspartic acid 27.52 29.95 25.98 35.82
Glutamic acid 122.98 64.67 54.12 73.50
Serine 29.00 18.18 18.24 23.35
Glycine 8.95 27.73 45.62 61.39
Histidine 32.08 12.17 18.61 24.37
Threonine 58.05 36.07 12.80 37.03
Alanine 20.56 29.62 22.08 31.38
Arginine 26.73 59.50 31.55 44.80
Proline 64.42 17.94 21.73 23.14
Tyrosine 46.47 32.92 15.40 28.76
Valine 67.22 26.94 11.76 32.30
Methionine 31.82 23.66 11.56 19.53
Cysteine 2.90 4.29 4.67 4.26
Isoleucine 53.98 31.32 9.92 25.92
Leucine 94.89 63.14 18.16 45.60
Phenylalanine 52.26 26.28 13.65 43.60
Lysine 62.88 36.48 43.79 58.74

(Other amino acids and non-proteic nitrogen until 1 g)

Table 4
Protein quality indicators determined for the different feeds on the basis of feeding trials

Casein Casein1
olive oil

H. tuberculata A. viridisfried

Food intake (g/rat) 113.136 8.56 114.366 7.33 106.556 11.88 123.556 7.33
True digestibility (%) 97.576 0.65 97.306 0.43 96.856 0.91 92.276 0.78a,b,c

Net protein utilization (%) 94.426 1.88 89.396 5.84 89.996 2.72 88.296 2.67a

Nitrogen balance (mg/day) 114.566 16.13 117.706 17.53 93.166 12.46 129.466 17.02c

Biological value (%) 96.786 2.16 91.876 5.92 92.916 2.47 95.686 2.82

Values are means6 SD for eight rats in each group. Values with different superscripts are significantly different according to ANOVA and Dunnett’s test;
p , 0.05: a significantly different from casein group;b significantly different from casein supplemented with olive oil group;csignificantly different from
the Haliotis tuberculatagroup.
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corresponding control diet may be attributable to the lower
concentration of some amino acids as a result of frying. The
NPU values obtained for the anemone and the abalone
meals were higher than for other marine products, soy or
meat protein [25]. It has been reported that differences in
NPU are attributable to differences in amino acid content
[26]. The Biological Value of theAnemonia viridisand
Haliotis tuberculatadiets were similar to those of the con-
trol feeds. Breweret al. [27] observed that the relative
amounts of the different essential amino acids may be more
important than absolute amounts, because of the complex
relationships that exist between them. Also, the presence of
a certain amount of nitrogen is required for synthesis of non
essential amino acids [26]. The Biological Value obtained
for theAnemonia viridisandHaliotis tuberculatadiets can
be considered satisfactory, since it is generally considered
that a protein with a Biological Value.70% is able to meet
nitrogen requirements during growth [26]. Protein quality
indicators obtained for these marine species can therefore be
considered good, and are similar to those of cod and beef,
both of which are considered high-quality protein sources
[24,28].

Marine animals are not only valuable as a source of
proteins and a wide variety of minerals, but also of lipids,
with a high proportion of polyunsaturated fatty acids. Sev-
eral studies have observed the influence of these polyunsat-
urated fatty acids on serum lipid levels [29,30] and it is also
thought that marine-species proteins may reduce serum cho-
lesterol [31]. The combination of the two effects may there-
fore accentuate the response.

In rats fed with Anemonia viridis,we observed that
serum total-cholesterol level was lower than in rats fed with
casein or casein supplemented with olive oil diets. This may
be attributable to the relatively high polyunsaturated fatty
acid content of this species, since it is known that consump-
tion of these fatty acids may increase nitric oxide synthesis
[32]. Nitric oxide decreases serum total cholesterol and
LDL-cholesterol levels [33,34], and may even help to in-
crease HDL-cholesterol level [35]. Furthermore, polyunsat-
urated fatty acids may decrease the activity of the hepatic
enzyme HMG-CoA, which is the major regulatory enzyme
for cholesterol biosynthesis [36]. Polyunsaturated fatty ac-

ids may also modify the expression of several genes related
to this enzyme [37,38].

Polyunsaturated fatty acids may induce changes in the
metabolic pathways and transport of cholesterol in rat liver
[39]. Specifically, polyunsaturated fatty acids have been
reported to increase biliary excretion of cholesterol [40].

In animals that received theHaliotis tuberculatameal,
total cholesterol level increased with respect to the other
groups due to the presence of significant amounts of cho-
lesterol in the tissues of this mollusc [22,41].

However, HDL-cholesterol was significantly higher in
the groups fed marine species than in the control-feed
group. Several previous studies have reported an increase in
HDL-cholesterol with polyunsaturated fat consumption [42,
43]. Another factor that may have contributed to the high
HDL-cholesterol level in these groups is the relatively high
arginine contents in the marine species. Arginine is a pre-
cursor of nitric oxide. Furthermore, polyunsaturated fats
may increase nitric oxide levels [44,45]. Nitric oxide is a
beneficial agent in endothelium [46,47], which may increase
HDL-cholesterol concentration in serum [35]. Rats that re-
ceived the casein feed supplemented with olive oil likewise
showed increased HDL-cholesterol in serum as expected
given the known influence of olive oil intake on HDL-
cholesterol levels [48].

LDL-cholesterol in rats fedAnemonia viridiswas lower
than in the other groups, which is attributable to the pres-
ence of polyunsaturated fats [49] and olive oil [50] in this
feed and to the high cysteine and arginine contents [51,52].

The atherogenic index in rats fed the marine species was
lower than in rats fed the casein meal. Low values of the
atherogenic index are associated with a low risk of coronary
and atherosclerotic diseases [39,53,54]. The atherogenic
index in animals fedHaliotis tuberculatawas below the
normal range, reflecting the high HDL-cholesterol levels in
serum.

In conclusion, the marine species considered in this study
are good sources of high quality protein. TheAnemonia
viridis feed reduced total-cholesterol level in serum while
Haliotis tuberculatafeed increased HDL-cholesterol level;
this latter species could thus be beneficial for reducing
cardiovascular risk. Both species may be suitable for human

Table 5
Cholesterol levels (mg/dl)

Casein H. tuberculata Casein1
olive oil

A. viridis
fried

Total-cholesterol 102.506 9.99 128.436 20.35 108.436 15.01 83.206 12.95b

HDL-cholesterol 18.706 10.81 52.116 8.35a 53.006 8.45a 53.756 11.22a

LDL-cholesterol 83.80 76.32 55.43 29.45
Atherogenic index 5.48 2.40 2.04 1.54

Total and HDL-cholesterol values are means6 SD for eight rats in each group.
Values with different superscripts are significantly different according to ANOVA and Dunnett’s test;p , 0.05: a significantly different from the casein

group;b significantly different from theHaliotis tuberculatagroup.
Serum LDL-cholesterol and atherogenic index values were calculated with the mean values of each group.

515M. González et al. / Journal of Nutritional Biochemistry 12 (2001) 512–517



consumption, in view of protein content, both quantity and
quality, as well as the likewise positive effect on cholesterol
levels.
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