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Abstract: Dietary effects of two diets high in protein from two marine species (Haliotis tuberculata and Anemo-
nia viridis) as compared to a high-quality patron protein such as casein (or casein supplemented with olive oil)

on intestinal and hepatic enzymes were studied.

After 23 days, the two marine species as diet compared to casein increased the disaccharidase and alkaline
phosphatase activities. Feeding Haliotis tuberculata meal produced a decrease on intestinal leucine aminopep-
tidase activity. The hepatic gamma-glutamyltranspeptidase activity decreased slightly in animals fed Haliotis tu-
berculata meal. Supplementation of casein with olive oil tended to decrease the intestinal and hepatic enzyme

activity.
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Introduction

Marine invertebrates constitute an important food source,
supplying high nutritional value, omega-3 fatty acids and
a variety of mineral salts [1]. The traditional sea resorts
have undergone a change in the last years. Some new or
unusual marine animal utilization processes, as protein
concentrates, extracts and spread pastes productions are
proposed as human food new sources from fish protein.
This seafood is characterized by a high digestibility coef-
ficient and biological response in growing rats, that were
similar to the traditional sea species [2].

Several investigators have reported that intestinal disac-
charidases are localized in the brush border of the intesti-
nal mucosa [3] and might play an important role in ter-
minal digestion and absorption of dietary nutrients [4].
Due to high protein demand from intestinal epithelium,
the activities of intestinal enzymes can be altered by the

amino acid composition of the dietary protein [5]. Kuusan-
miki et al [6] pointed out that brush border enzymatic ac-
tivity can be used to assess the functional capacity of small
intestine, whereas Gudmandhoyer and Skovbjerg [7] as-
serted that variations in the activity of one or more en-
zymes can cause clinical disorders.

Anemonia viridis and Haliotis tuberculata are two ma-
rine invertebrates that are not commercially exploited at
the present. In this work, we study their amino acid con-
tent comparing it to the amino acid content of casein, and
the influence of these two sources of protein in the diet on
intestinal and hepatic enzymes activity. Isoproteic diets
were elaborated in all cases in order to avoid differences
due to protein quantity.
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Materials and Methods

Recently weared male Sprague-Dawley were maintained
in individual metabolic cages in a room at constant tem-
perature and humidity, with a 12:12 hlight:dark cycle. The
rats were divided into four groups that were fed with the
corresponding diet and water ad libitum for 23 days.
Diet composition in percentage of dry matter is detailed
in Table I. The casein meal was additionally supplement-
ed with 0.6%. DL-methionine, since it is deficient in this
amino acid. Dietary fat for the control group was made to
4% with olive oil. The fat content of Haliotis tuberculata
was also determined and the difference up to 4% was com-
pleted with olive oil. Toxicity of Anemonia viridis poly-
peptides was eliminated by a heating procedure using olive
oil for frying. After that, we determined the fat content by
extraction in a Soxhlet before elaborating the diet and in
this trial we used as comparison a control group fed with
acasein diet supplemented with the same quantity of olive
oil as the Anemonia viridis diet. Protein content of Anemo-
nia viridis and Haliotis tuberculata was determined by the
Kjeldahl method. The amino acid content of matter used
as protein source was determined by HPLC/DAD.
Enzyme activities were measured in small intestinal
mucosa and liver. The mucosa and liver samples were ob-
tained by the method of Kessler ef al [8]. 1 g of mucosa
or 2.5 g of liver were homogenized in 10 ml of 2 mM
TrisHCI buffer (pH = 7.1), containing 50 mM of manni-
tol. Homogenization was carried out using a Potter-Elveh-
jem (200-300 r.p.m., 10 stokes) with the teflon point at

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

Casein Casein + H. tuberculata A.viridis

olive oil 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 complex! 5 5 5 5
Vitamin complex? 5 5 5 5
Sucrose 33 33 33 33
Starch 33 33 33 33

In all diets vitamin A and D was 30 Ul/day and 10 Ul/day re-

spectively.

' Provided (g/kg diet): 330 sodium chloride, 334 calcium phos-
phate dibasic, 219 potassium hydrogen carbonate, 72 di-potas-
sium hydrogen phosphate, 38 magnesium carbonate, 1.18 man-
ganese sulphate, 0.16 cupric sulphate, 0.08 aluminium-potas-
sium sulphate, 0.08 calcium chloride, 0.04 potassium iodate,
0.08 sodium fluoride, 0.04 zinc carbonate and 9.30 Iron II sul-
phate.

2 Provided (mg/kg diet): 1500 thiamine, 200 riboflavin, 2200
nicotinamide, 200 pyridoxol hydrochloride, 300 calcium pan-
tothenate and until 1000 g with starch.

4°C. Solid CaCl;, was added to a final concentration of
10 mM. Centrifugation of the calcium-treated homo-
genates was carried out at 4500 r.p.m. for 10 min. The en-
zymatic activity was determined in the supernatant.

Disaccharidases and alkaline phosphatase activities
were determined according to a modification by Miller [9]
of Dahlqvist’s [10] method. The results were expressed as
specific activities (Umoles of substrate hydrolyzed per
minute and per milligram of protein). Protein was deter-
mined by the method of Lowry ef al [11] using crystalline
bovine serum albumin as standard.

Leucine aminopeptidase activity was determined ac-
cording to Goldberg and Ruttenberg [12] (B-naftilamide/
mg protein/minute) and hepatic gamma-glutamyltrans-
peptidase activity was determined by Meister et al [13]
method (p-nitroaniline/g protein/minute).

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.

Results

The composition (%) of marine species are listed in Table
II. Fresh Haliotis tuberculata has a higher protein content
than fresh Anemonia viridis but slightly lower than fried
Anemonia viridis protein content. The composition of the
amino acids is shown in Table III. The marine species of
the study have a higher content of glycine, arginine and
cysteine than casein and a similar content of aspartic acid
and alanine. For the rest of amino acids, Anemonia viridis
and Haliotis tuberculata have lower contents than casein.

If we pay attention, the process of Anemonia viridis fry-
ing has reduced the amino acid content except for serine,
histidine, proline methionine and cysteine.

The levels of activities of disaccharidases were higher
in intestinal homogenates from Anemonia viridis and
Haliotis tuberculata-containing diet fed rats than in ca-
sein fed rats. The results are present in Table IV. Olive oil
caused a decrease on the disaccharidases activities in rats
fed with casein that was significant for lactase when com-
pared to rats fed casein alone. The maltase, sucrase and
lactase activities in the intestinal homogenate of the ani-
mals fed casein with olive oil were found to be signifi-
cantly lower than that in the Anemonia viridis group. The

Table 11: Composition of marine species (%)

A. viridis fresh A viridis fried H. tuberculata

Water 83.82 58.00 72.48
Protein 11.12 27.81 26.61
Fats 1.87 14.53 0.71
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Table 111: Amino acid content of the protein sources (mg amino
acid/g protein), after methionine supplementation

Amino acids Casein  H. tuber- A. viridis A. viridis
culata fried 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 27.72 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 3292 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

Table 1V: Disaccharidases activity in intestinal homogenates
of different groups (i-moles of liberated glucose/g of protein/
minute)

H. tuber- A. viridis
culata fried

Maltase 116.8 +24.1 95.0 £ 10.9° 127.9 £ 17.3 148.9 £20.7
Sucrase 24.4+59 166+58> 27.1+80 392+12.0
Lactase 2132 12.1+25% 263+6.1 31.8+9.7

Values are means + S.D.

a Significantly different from corresponding casein group.

b Significantly different from corresponding Anemona viridis
group (P < 0.05).

Casein +
olive oil

Casein

alkaline phosphatase activity was similar in both groups
that consumed casein. Anemonia viridis and Haliotis tu-
berculata meal showed a higher specific enzymatic activ-
ity of this enzyme.

The intestinal leucine aminopeptidase activity was low-
er when the rats were fed casein with olive oil or Haliotis
tuberculata than when they were fed casein or Anemonia
viridis. The hepatic gamma-glutamyltranspeptidase ac-
tivity inrats fed casein with olive oil was significantly low-
er than when they were fed casein alone or Anemonia
viridis. In the case of Haliotis tuberculata the activity of
this enzyme decreased slightly.

Discussion

Haliotis tuberculatahas ahigher protein content than fresh
Anemonia viridis. The friend Anemonia viridis protein
content was high due to loss of water by a heating proce-
dure using olive oil for frying. Fresh Anemonia viridis has
a higher fat concentration than Haliotis tuberculata.

Haliotis tuberculata and fried Anemonia viridis are rich
in arginine, glycine and cysteine, and they have a similar
content in aspartic acid and alanine than casein. The heat-
ing procedure using olive oil for frying could be the cause
of the loss of amino acid content but if we pay attention,
the amino acid content of fresh Anemonia viridis is simi-
lar to Haliotis tuberculata. Fresh Anemonia viridis is rich
in aspartic acid, serine, glycine, alanine, arginine and cys-
teine.

Enzymatic adaptations occur in intestinal mucosa.
Some of these changes may be due to nutritional effects
on the metabolism, growth and differentiation of intesti-
nal epithelial cells. Others may be due to accompanying
changes in pancreatic function or by the trophic action of
gastrin, which is necessary for the maintenance of the
structural integrity of the gastrointestinal tract. Korman et
al [14] indicated that dietary protein and amino acids pro-
duce significant increases in serum gastrin levels, and di-
etary protein source affects pancreatic and jejunal trypsin
and chymotrypsin activities [15].

Takase and Goda [16] showed that feeding diets con-
taining long-chain triglycerides, causes reduction of jeju-
nal sucrase activity. This phenomenon may relate to the
increase of bile production induced by high-fat diets [17].
In this work, the animals fed the olive oil casein diet ex-
hibited a reduced maltase, sucrase and lactase activities
but the high-fat content caused no changes in alkaline
phosphatase value. Alkaline phosphatase is known to be
intimately associated with the hydrophobic core of the
membrane. Such an intrinsic enzyme may have different
sensitivities to changes in the membrane ultrastructure
compared with the extrinsic enzymes sucrase, maltase and
lactase. Goda and Takase [18] suggested that the dietary
manipulation, even when the diets are complete in terms
of the content of energy, protein, and micronutrients, can
modify the structure of the microvilli of small intestinal
epithelial cells, leading to alterations of the digestive-ab-

Table V: Enzymatic activity of intestinal and hepatic homogenates of different groups

Casein Casein + olive oil H. tuberculata A. viridis fried
Alkaline phosphatase 264.1 +40.1 262.2 +82.1 349.1 £59.0 349.1 = 108.1
LAPase intestinal 783x7.0 50.0 £ 9.8 57.5+6.82 72.3+99
GGTase Hepatic 556.4+115.2 357.5 £ 58.52b 517.3£98.2 545.4 + 84.1

Values are means = S.D. 2 Significantly different from corresponding casein group. ® Significantly different from corresponding

Anemona viridis group (P < 0.05).
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sorptive surface area of villus cells which can accommo-
date microvillar glycoproteins. These changes in the struc-
ture of microvilli might be related to the rapid and pro-
found alterations of activities of some microvillar mem-
brane stalked disaccharidases induced by dietary manip-
ulation of isoenergic diets.

However, the Anemonia viridis meal, in spite of con-
taining the same fat quantity that casein supplemented
with olive oil, increased the specific activities of the en-
zymes studied. So, fat level in the diet is not the only re-
sponsible factor of enzymatic alterations. An explanation
may relate the enhanced disaccharidase activity to Anemo-
nia viridis composition, so it contains a proteinase in-
hibitor for elastase [19]. Shiozaki et al [20] suggested that
elastase was the most potent protease for releasing disac-
charidases from the brush border.

In the microvillar membranes of small intestinal ep-
ithelial cells, various glycoproteins, including digestive
enzymes and transporters are localized and exert critical
roles in digestion and/or absorption of nutrients [21]. In
general the different diets produced specific changes in
the activities of various enzymes, mainly affecting alka-
line phosphatase in the duodenum, disaccharidases in the
jejunum and peptide hydrolases in the ileum. The activi-
ty of intestinal brush border hydrolases is adaptative to the
dietary levels of carbohydrates and proteins [22] and quan-
tity or quality of dietary protein may affect the structural
proteins in the intestinal mucosa since the enzymatic ac-
tivity is expressed in terms of units per gram of mucosal
protein. The findings of Kimura er al [23] supported the
idea that the segmental sucrase activity of rats was affect-
ed by quality and content of amino acids and protein in
the diet. Intestinal maltase is also influenced by the qual-
ity and quantity of dietary protein [5].

On the other hand, the alkaline phosphatase activity did
not show significant differences between the groups of an-
imals, although the highest activity was in groups fed ma-
rine protein. An explanation may be the phospholipidic fat
content of the studied species [24, 25]; so it is known that
alkaline phosphatase may play an important physiologi-
cal role in the metabolism of phospholipids and other
dietary components [26]. Indeed, dietary levels of fat are
also well known to affect alkaline phosphatase activity in
intestine and serum. In addition, the presence of pheny-
lalanine and leucine inhibits the enzyme activity [27] and
the content of these amino acids is lower in both marine
species.

The intestinal leucine aminopeptidase activity showed
a significantly decrease when the rats were fed Haliotis
tuberculata face to rats fed casein. Previous studies have
shown that dietetic amino acids may modify the prolifer-
ating mucosa cells together with a direct effect on the vil-
lus cell intestinal formation [28]. Hayakawa and Lee [29]

have shown that leucine is the substrate preferentially
hydrolyzed by leucine aminopeptidase. Kimura et al [23]
have reported that diets supplemented with methionine,
threonine and glutamic acid increased the leucine amino-
paptidase activity. Casein meal is rich in these amino acids.
The leucine aminopeptidase activity decreased in the
group fed casein supplemented with olive oil in similar
form than disaccharidases activity. The high-fat diet can
modulate the enzymatic activities in small intestinal
microvilli of rats [30]. In addition, high-fat diets seem to
be involved on the alterations of some luminal factors af-
fecting degradation of microvillar enzymes i.e: proteinas-
es and bile acids [31]. The increased leucine aminopepti-
dase activity in the group fed Anemonia viridis may be
favoured by the presence of an elastase inhibitor in Anemo-
nia viridis composition. This elastase inhibitor may have
favoured the permanence of certain brush border enzymes
on small intestine.

The gamma-glutamyltranspeptidase activity in the liv-
er showed a significantly decrease when the rats were fed
casein supplemented with olive oil compared to rats fed
casein alone or Anemonia viridis. Several authors have re-
ported that the mechanism of release of this enzyme from
the liver into the plasma was partially attributed to bile
salts [32] and also to the modification of phospholipid
composition of plasma membranes [33]. Moreover, the
gamma-glutamyltranspeptidase has been shown to be in-
hibited by bile acids [34]. Consequently, it is possible that
fat excess can cause variations in this factors related with
enzyme activity. In contrast, rats fed the Anemonia viridis
meal showed higher activity of this enzyme, that may be
due to the high content of glycine and cysteine, good sub-
strates for this enzyme.
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