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dietary treatments

Jasna MARSIC-LUCIC, Mladen TUDOR and Ivan KATAVIC

Institute of Oceanography and Fisheries, Split, Croatia

Juvenile gilthead sea bream (Sparus aurata L.) were fed commercial diets
with 150, 500 and 1000 mg of vitamin C per kg of basal diet. One group was
kept in starvation. The experiment lasted 98 days.

The total and L-ascorbic acid levels were found to be highest in the brain,
kidney, liver, gills and white muscle at the beginning of the experiment. Ascorbic
acid concentrations in brain, gills, liver and white muscle showed no significant
differences due to the different dietary treatments, whereas the diets containing
supplemental ascorbic acid of 100, 500 and 1000 mg vit. C kg significantly
affected total ascorbic acid level in the kidney. Groups of fish grown on different
diets and starved showed no statistically significant differences in L-ascorbic
acid levels in the gills and brain, whereas the significantly highest concentra-
tions were recorded in the liver, white muscle and kidney of starved juveniles.

Sampling time and different diets did not affect the concentrations of the
total and L-ascorbic acid in the gills and white muscle, or the total ascorbic

acid levels in the kidney which does not hold for the brain and liver.

INTRODUCTION

The development of mariculture and com-
mercial culture of marine fish, in the first place
sea bass (Dicentrarchus labrax L.) and gilthead
sea bream (Sparus aurata L.) has shown that
the knowledge of fish dietary requirements is
essential. This particularly applies to the vita-
min component, both because of attaining op-
timum growth and preventing the occurrence of
fish deformities and diseases.

It is well known that dietary supply of
defined quantities of vitamins meets the healthy
growth and development requirements. Vitamin
C (ascorbic acid) appears to be one of rather
important vitamins. In fish, like in humans, gui-

nea-pig and some birds, the missing link in the
biosynthesis of ascorbic acid is inability to con-
vert L-gulonolactone to 2-keto-L-gulonate due
to the lack of L-gulonolactone oxidase enzyme.
This shortcoming is explained by the loss of
the gene responsible for the synthesis of the
enzyme itself. This mutation is not lethal since
sufficient quantity of ascorbic acid is supplied
by dietary intake (HORNIG, 1975; CHATTERJEE
et al., 1975; CHATTERJEE, 1978; GROLLMAN
and LEHNINGER, 1957).

Considerations of ascorbic acid chemistry
(TOLBERT et al., 1975; KOSTOJANC, 1949) and
its physico-chemical properties (HAWK et al.,
1949; METH. VIT. ASS., 1947) show its mole-
cule to be very labile and that any change in
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its molecule, from the moment of its processing
to the moment of administration, may cause
complete or partial loss of its biological activity
(EVA et al., 1976, after SOLIMAN et al., 1987,
HILTON et al., 1977b; SANDNES and UTNE,
1982, after SOLIMAN et al., 1987; SOLIMAN et
al., 1987).

It has been attempted for the past 15 years
to produce some forms of vitamin C, more sta-
ble than the ascorbic acid itself (TUCKER and
HALVER, 1984; SANDNES et al., 1984; SOLI-
MAN et al., 1986; SOLIMAN et al., 1987; ALBRE-
KSTEN et al., 1988; WILSON et al., 1989).

It has also been attempted to determine
daily ascorbic acid requirements of fish. Their
estimates range from 200 to 500 mg vit C d-!
which has been accepted by many industrial
producers of pelleted food (MAHAJAN and AG-
RAWAL, 1980a; HILTON ef al., 1978).

Since the gilthead sea bream is one of co-
mmercially most interesting fishes for the Me-
diterranean mariculture, the earlier investigati-
ons mainly included their reproductive physiol-
ogy and culture of early developmental stages
under controlled conditions of different ecologi-
cal factors (KATAVIC, 1984). Available litera-
ture reveals a lack of knowledge of dietary re-
quirements of fish in general, with the excep-
tion of rainbow trout and channel catfish. This
particularly applies to the problem of diet mi-
croconstituents.

The aim of this paper was to determine
vitamin C requirements of the gilthead sea bre-
am, its distribution and temporal changes in dif-
ferent tissues.

MATERIAL AND METHODS

The gilthead sea bream (Sparus aurata sp.,
Linn. 1758) specimens, seven months old, were
obtained by induced spawning in the hatchery
of the Institute of Oceanography and Fisheries,
Split (KATAVIC, 1984). Mean fish length was
12.26 cm and weight 27.44 g at the beginning
of the experiment.

Feeding experiment lasted 98 days. The
tanks of 100 I volume with constant water flow
and aeration and natural photoperiod were used.
Water temperature was maintained at minimum

18.2 to maximum 24.6°C. Seven tanks with ten
fishes each, with the exception of tank with 14
starved fish, were used.

Fish were fed pelleted commercial food
"Gloria Mangimi S.P.A." (Italy) with different
declared vitamin C quantities: 150, 500 and
1000 mg kg-'. Daily diet quantity of 5% of fish
weight was fed at 8 am. and 2 p.m. One fish
group was left without food for the duration of
the experiment. Fish were sampled and ascorbic
acid analyzed at the beginning of the experi-
ment and thereafter at monthly intervals.

Total length and weight were measured
during the experiment, condition index was cal-
culated after the formula CF=100xW/L3 (where
W=weight and L=lenght), as well as hepato-
somatic index, expressing the liver weight to
boody weight ratio. Morphological properties
of each fish were examined at the beginning of
the experiment. For the analysis two fishes were
selected from each tank and immediately deep
frozen to prevent the loss of ascorbic acid from
the tissues. During sampling length and weight
of remaining fish were taken. Fish were pre-
viously treated by the anesthetic binzocaine-
(ethyl-4-aminobenzoate). To prevent bacterial
infection during manipulation, "Furazolidon'-
11% powder, chemotherapeutic and coccidios-
tatic, was added to the tanks.

Ascorbic acid was analyzed in the brain,
gill, liver, white muscle and kidney tissue. Fro-
zen tissue was excised from fish, weighed and
homogenized in ice-cold 0.25 M perchloric ac-
id. Homogenate was centrifuged at 5000 g for
30 min in cooled centrifuge (0°C) and the resul-
ting supernatant was assayed for the total as-
corbic acid = (dehydroascorbic acid +
L-ascorbic acid) and L-ascorbic acid by the me-
thod of THOMAS et al. (1982) with the sample
volume modification for an assay in the 1 cm
cuvette.

The double analysis of variance and Stu-
dent - Newman - Keuls (SNK) test (SOKAL and
ROHLF, 1969) were employed for statistical
evaluation of the experimental results.

RESULTS

Intensive growth in length and weight was
observed at higher sea water temperatures whe-
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reas below 18°C growth was slowed. Fish under Significant differences in the condition co-
starvation showed no growth in length and sig-  efficient were observed between the time of
nificant weight loss (Fig. 1). sampling and different feeding treatments (Ta-
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Fig. 1.  Length, weight, condition coefficient, hepatosomatic index relationship in juvenile gilthead sea bream between

different dietary treatments, 150 (FZ7773), 500 (EZ2), 1000 () mg vit C kc'" of diet and starvation
[ and initial sampling ( EEEEE)

Table 1. Double analysis of variance and SNK-test of mean condition coefficents of gilthead sea bream

Source of variations Sum of squares  Degrees of freedom Mean square I’ - relationship P
Time 0.072 2 0.036 3.585 0.040
Treatment 0.394 3 0.131 13.068 0.601
TxT* 0.137 6 0.023 2.265 0.064
Rest 0.301 30 0.10

Least significant range (LSR)

Dietary treatment (mg vit.C kg-1) Starvation 150 500 1000
Condition coefficient 1.36 ¥ 1.57 1.59 * 1,62
Sampling time (days) 98 67 26
Condition coeficient 1.49 ¥ 1.56 1.57

Underline means are not significantly different (P>0.05). TxT* — Treatment.
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ble 1). The difference in condition between fish
under starvation and those fed with supplemen-
tal 1000 mg vit. C kg'! of diet was statistically
significant (P<0.05). Condition coefficient in
starved fish feld during the experiment whereas
in fish fed 1000 mg vit. C kg'! increased by the
day 67 slightly decreasing thereafter. Therefore
the interaction time x treatment was significant
at the level P<0.1. No statistically significant,
P<0.05, difference was recorded in mean con-
dition coefficients between treatment with 150
and that with 500 mg vit. C kg*'. The differen-
ces were not recorded before the day 98 from
the beginning of the experiment (Fig. 1).

The total dietary status of the gilthead sea
bream was controlled by hepatosomatic index.
The differences in hepatosomatic index appe-
ared to be due to the time of sampling and
different dietary treatments (Table 2). The dif-
ferences were recorded between all the treat-

ments with different vitamin C levels and the
starved group. The lowest hepatosomatic index
was recorded in starved fish and the highest in
fish fed 500 mg vit C kg!. The differences in
hepatosomatic index occurred between the day
26 of the experiment and late samplings (Table
2) and the variations in hepatosomatic index
coincide with the length increment and weight
gain of fish (Fig. 1).

The highest total and L-ascorbic acid le-
vels were detected in brain, kidney liver, gills
and white muscle tissues at the beginning of
the experiment (Table 3).

To find out whether the ascorbic acid oc-
curred oxidized or reduced in the fish organs,
the relationship between L-ascorbic acid and
total ascorbic acid was determined. This rela-
tionship showed that ascorbic acid in different
organs occurred in greatest concentrations in
reduced form.

Table 2. Double analysis of variance and SNK-test of mean hepatosomatic indeks

Source of variations Sum of squares Degrees of freedom Mean square F - relationship P
Time 2.646 2 1.323 8.043 0.002
Treatment 3.645 3 1.215 7.386 0.001
TXT* 0.432 6 0.072 0.438 0.848
Rest 4.935 30 0.164

Least significant range (LSR)

Dietary treatment (mg vit.C kg-1) Starvation 1.000 150 500
Hepatosomatic index 1.61 % 1.82 1.94 * 0 2.04
Sampling time (days) 26 98 67

Hepatosomatic index 1.43 & 1.92 2.01

Underline means are not significantly different (P>0.05). TxT* — Treatment.

Table 3. Arithmetic mean and S.E.M.standard error of means of total and L-ascorbic acid in tissues and organs of six
gilthead sea bream specimens (31 g mean weight and 12.4 cm mean lenght) at the beginning of the experiment

Total ascorbic acid L - ascorbic acid Biatio
ORGAN & = L-AA
(ugg! wet weight) (ugg! wet weight) x 100
U-AA
Brain 297.7 * 154 193.4 £ 229 64
Kidney 171.4 + 13.7 163.0 + 22.4 95
Liver 824+ 154 5224+ 6.7 63
Gills 752+ 79 469 + 8.7 62
White muscle 272+ 25 25+ 1.7 82
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Brain

The highest total brain ascorbic acid con-
centrations were recorded in starved fish on day
26 from the beginning of the experiment, 262
ug g! wet weight, and in fish fed the diet con-
taining 1000 mg vit. C kg! of diet, 263 pug g’
wet weight. Thereafter total ascorbic acid stores
declined in all the treatments. However, there
were no statistically significant differences
(P>0.05) between different treatments and star-
ved group. Statistically significant difference,
(P<0.05), occurred between the first sampling
(on day 26 from the beginning of the experi-
ment) and later samplings (Fig. 2, Table 4)
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Fig. 2. Brain total ascorbic acid concentration (ug g! of
wet weight) under different dietary treatments, 150
(Ezmzm), 500 (EEE ), 1000 () mg vit C
kg'! of diet and starvation () for the dura-
tion of the experiment (98 days). (A single direc-
tion standard error is shown in the columns)

Maximum reduced L-ascorbic acid levels
were also measured in starved fish. They ran-
ged from 188 to 198 ug g! wet weight. A de-
cline of L-ascorbic acid levels was recorded in
all the treatments, with 150, 500 and 1000 mg
vit. C kg'! by day 67 from the beginning of the
experiment to rise thereafter. However, there
were no statistically significant differences be-
tween different dietary treatments and starved
fish (Fig. 3, Table 5). Significant diferences
(P<0.05) were observed only with respect to the
sampling time, from the day 26 on.

BRAIN
250

200 —

)

150 —

" wet weight

100

L-ASCORBIC ACID
(peg

50

26 i 67 98
TIME (days)

Fig. 3. Brain L-ascorbic acid concentration (ug g of wet
weight) under different dietary treatments, 150
(), 500 (), 1000 () mg vit C
kg! of diet and starvation ([___]) for the dura-
tion of the experiment (98 days). (A single direc-
tion standard error is shown in the columns)

Table 4. Double analysis of variance and SNK-test mean concentrations of total ascorbic acid in the brain

Source of variations Sum of squares Degrees of freedom Mean square F - relationship P
Time 0.525 2 0.262 6.105 0.006
Treatment 0.296 3 0.099 2.297 0.098
TxT* 0.093 6 0.015 0.360 0.898
Rest 1.290 30 0.043

Least significant range (LSR)

Dietary treatment (mg vit.C kg-1) 150 500 1000 Starvation
Total ascorbic acid (pugg-!) 183.86 #* 207.68 216.32 *230.37
Sampling time (days) 98 67 26

Mean 192.25 * 194.88 % 240.59
Underline means are not significantly different (P>0.05). TxT* — Treatment.
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Table 5. Double analysis of variance and SNK-test of mean concentrations of L-ascorbic acid in the brain

Source of variations Sum of squares  Degrees of freedom Mean square I - relationship P
Time 0.731 2 0.365 3.826 0.033
Treatment 0.415 3 0.138 1.447 0.249
TxT* 0.452 6 0.075 0.789 0.589
Rest 2.865 30 0.095

Least significant range (LSR)

Dietary treatment (mg vit.C kg-1) 150 500 1000 Starvation
L-ascorbic acid (ugg!) 147.96 * 148.20 160.85 190.87
Sampling time (days) 67 98 26

Mean 135.55 % 168.35 * 181.65
Underline means are not significantly different (P>0.05). TxT* — Treatment.

Gills

Gill total and L-ascorbic acid content sho-
wed no statistically significant differences
(P>0.05) between dietary treatments and star-
ved fish of due to the sampling time for the
duration of the experiment (98 days) (Figs. 4
and 5; Tables 6 and 7).

Liver

The lowest level of the total ascorbic acid
of liver was found in fish treated with 150 mg
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Fig. 4. Gill total ascorbic acid concentration (pg g'! of
wet weght) under different dietary treatments, 150
(EZZ73), 500 (E==23), 1000 (. ) mg vit C
kg! of diet and starvation ([—_7J) for the dura-
tion of the experiment (98 days). (A single direc-
tion standard error is shown in the columns)

vit C kg'! on 67th day from the beginning of
the experiment. It was 39.5 ng g! of tissue wet
weight. Tissue reserves in starved fish decre-
ased during the experiment so that after days
67 and 98 they declined three-fold from the
initial value of 95.5 pg g, measured during the
first sampling (Fig. 6).

The same was observed for L-ascorbic
acid content in the liver (Fig. 7). Fluctuations
in total ascorbic acid content of liver showed
no significant variations under treatments with
500 and 1000 mg vit. C kg'!' of diet (Table 8).
This confirms the fact that dietary vitamin C
intake is sufficient to keep its liver stores at the
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Fig. 5. Gill L-ascorbic acid concentration (ug ¢! of wet
weight) under different dietary treatments, 150
(EZ23), 500 (EEEE) ), 1000 (NN ) mg vit C
kg! of diet and starvation ((__]) for the dura-
tion of the experiment (98 days). (A single direc-
tion standard error is shown in the columns)
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Table 6. Double analysis of variance and SNK-test of mean concentrations of total ascorbic acid in the gills
Source of variations Sum of squares Degrees of freedom Mean square F - relationship P
Time 0.182 2 0.091 1.780 0.186
Treatment 0.263 3 0.088 1.710 0.186
TXT* 0.494 6 0.082 1.608 0.179
Rest 1.535 30 0.051
Least significant range (LSR)
Dietary treatment (mg vit.C kg-1) 150 500 1000 Starvation
Total ascorbic acid (ugg-!) 72.74 * 77135 87.01 93.70
Sampling time (days) 26 98 67
Mean 76.34 * 80.34 90.69
Underline means are not significantly different (P>0.05). TxT* — Treatment.
Table 7. Double analysis of variance and SNK-test or mean concentrations of L-ascorbic acid in the gills
Source of variations Sum of squares Degrees of freedom Mean square I' - relationship P
Time 0.731 2 0.365 3.826 0.033
Treatment 0.415 3 0.318 1.447 0.249
TxT* 0.452 6 0.075 0.789 0.586
Rest 2.865 30 0.095
Least significant range (LSR)
Dietary treatment (mg vit.C kg-1) 1000 150 500 Starvation
L-ascorbic acid (ugg!) 47.98 G 49.34 56.64 63.09
Sampling time (days) 26 67 98
Mean 44.50 * 56.28 63.93
Underline means are not significantly different (P>0.05). TxT* — Treatment.
LIVER LIVER
100 — ’_L 100 —
: -
2 Y
§ —g 50 —| % _§’ 50 —
S -
=
0 . e v 0 :
% T|M6157(days) 0 2 T[MGE’I(days) e
Fig. 6. Liver total ascorbic acid concentration (ug g'! of  Fig. 7. Liver L-ascorbic acid concentration (ug gl of wet

wet weight) under different dietary treatments, 150
(Ez3), 500 (Ezzzm ), 1000 (mmmmmm) mg vit C
kg™! of diet and starvation ([——7) for the dura-
tion of the experiment (98 days). (A single direc-
tion standard error is shown in the columns)

weight) under different dietary treatments,

150

(), 500 (EEE ), 1000 (mmmmm ) mg vit C
kg! of diet and starvation (———) for the dura-
tion of the experiment (98 days). (A single direc-
tion standard error is shown in the columns)
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level to meet metabolic requirements. There are
significant interactions between sampling time
and different treatments, that is total ascorbic
acid is time dependent (Table 8).

As to the L-ascorbic acid, this interaction
is not pronounced, since there was no differe-
nce (P>0.05) between treatments with 150 and
500 mg vit C kg! and other two treatment.
There was no difference due to the time of
sampling, that is between the days 67 and 98
(Table 9), either.

White muscle

The highest total ascorbic acid levels in the
white muscle, 35 and 42 pg g of tissue wet
weight (Fig. 8) were obtained for treatments
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Fig. 8. White muscle total ascorbic acid concentration (ug
¢! of wet weight) under different dietary treat-
ments, 150 (E7277), 500 (E=3), 1000 (MEEN) mg
vit C kg'! of diet and starvation (—J) for the
duration of the experiment (98 days). (A single
direction standard error is shown in the columns)

Table 8. Double analysis of variance and SNK-test of mean concentrations of total ascorbic acid in the liver

Source of variations Sum of squares Degrees of freedom Mean square F - relationship P
Time 0.525 2 0.262 6.105 0.006
Treatment 0.296 3 0.099 2.297 0.098
TxT* 0.093 6 0.015 0.360 0.898
Rest 1.290 30 0.043

Least significant range (LSR)

Dietary treatment (mg vit.C kg-1) 150 1000 500 Starvation
Total ascorbic acid (ugg-!) 49.10 * 57.46 60.12 66.52
Sampling time (days) 67 98 26

Mean 48.90 * 59.82 * 66.65

Underline means are not significantly different (P>0.05).

TxT* — Treatment.

Table 9. Double analysis of variance and SNK-test of mean concentrations of L-ascorbic acid in the liver

Source of variations Sum of squares Degrees of freedom Mean square F - relationship P
Time 8.328 2 4.164 25.739 0.000
Treatment 4.099 3 1.366 8.446 0.000
TxT* 1.713 6 0.285 1.764 0.142
Rest 4.691 29 0.162

Least significant range (LSR)

Dietary treatment (mg vit.C kg-1) 500 150 1000 Starvation
L-ascorbic acid (ugg!) 22.10 * 20.52 * 25.45 % 4529
Sampling time (days) 67 98 26

Mean 14.13 * 33.91 36.03

Underline means are not significantly different (P>0.05).

TxT* — Treatment.
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with 500 and 1000 mg vit C kg'' respectively.
However, there were no statistically significant
differences (P>0.05) due to different treatments

or to sampling time (Table 10).

L-ascorbic acid contents were significantly
lower in treatments with 150 and 500 mg vit C
kg! than in the treatment with 1000 mg vit C
kg! and in starved fish. There were no statis-

Table 10. Double analysis of variance and SNK-test of mean concentrations of total ascorbic acid in the white muscle

Source of variations Sum of squares Degrees of freedom Mean square F - relationship P
Time 0.176 2 0.088 0.972 0.006
Treatment 0.340 3 0.113 1.257 0.098
TxT* 0.849 6 0.141 1.56 0.898
Rest 2.709 30 0.090

Least significant range (LSR)

Dietary treatment (mg vit.C kg-1) 150 500 Starvation 1000
Total ascorbic acid (ugg-!) 23.36 26.81 60.12 30.52
Sampling time (days) 26 67 98

Mean 24.27 26.75 29:73
Underline means are not significantly different (P>0.05). TxT* — Treatment.

L-ascorbic acid levels during the experi-
ment were shown in Fig. 9.
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Fig. 9. White muscle L-ascorbic acid concentration (ug
¢! of wet weight) under different dietary treat-
ments, 150 (Ez—3), 500 (g==3), 1000 (mmEN) mg
vit C kg'! of diet and starvation () for the
duration of the experiment (98 days). (A single
direction standard error is shown in the columns)

tically significant differences due to the sam-
pling time (Table 11), either.

Kidney

During 98 days of the laboratory experi-
ment the highest kidney total and L-ascorbic
acid content was recorded in starved fish. Total
ascorbic acid concentrations varied from 194
ug g to 268 pg g1 of tissue wet weight, whe-
reas L-ascorbic acid content remained constant
at approximately the level of 188 ug g'!' of tis-
sue wet weight (Figs. 10 and 11) for the dura-
tion of the experiment.

Total ascorbic acid concentrations declined
in fish treated with 150, 500 and 1000 mg vit
C kg'. The highest concentration, however,
was recorded in fish under 1000 mg vit C kg'!
treatment and in starved fish. Concentrations
were lower in other treatments and differences
(P<0.05) occurred between all the treatments.
However, there were no significant differences
(P>0.05) due to the sampling time (Table 12).

L-ascorbic acid concentrations showed the
same relationships between different treatments

~ (Fig. 11 and Table 13). The differences due to
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Fig. 10. Kidney total ascorbic acid concentration (ug g”!  Fig. 11. Kidney L-ascorbic acid concentration (ug g-' of

of wet weight) under different dietary treatments,
150 (z=3), 500 ( , 1000 (pmmmm ) mg vit C
kg" of diet and starvation (—) for the dura-
tion of the experiment (98 days). (A single direc-

tion standard errror is shown in the columns)

wet weight) under different dietary treatments,
150 (g=3), 500 (pz=z), 1000 (mmmm) mg vit C
kg! of diet and starvation () for the dura-
tion of the experiment (98 days). (A single direc-

tion standard error is shown in the columns)

Table 11.Double analysis of variance and SNK-test of mean concentrations of L-ascorbic acid in the white muscle

Source of variations Sum of squares Degrees of freedom Mean square F - relationship P
Time 0.223 2 0.111 1.523 0.235
Treatment 0.687 3 0.229 3.128 0.040
TxT* 0.809 6 0.135 1.842 0.124
Rest 2,197 30 0.073

Least significant range (LSR)

Dietary treatment (mg vit.C kg-1) 150 500 1000 Starvation
L-ascorbic acid (ugg!) 17.13 * 20.41 24.14 24.96
Sampling time (days) 26 67 98

Mean 19.67 2091 25.02

Underline means are not significantly different (P>0.05). TxT* — Treatment.

Table 12. Double analysis of variance and SNK-test of mean concentrations of total ascorbic acid in the kidney

Source of variations Sum of squares Degrees of freedom Mean square I' - relationship P
Time 0.358 2 0.179 2.634 0.088
Treatment 4.018 3 1.339 19.699 0.000
TxT* 0.705 6 0.117 1.727 0.149
Rest 2.040 30 0.068

Least significant range (LSR)

Dietary treatment (mg vit.C kg-1) 150 500 1000 Starvation
Total ascorbic acid (ugg-1) 90.67 * 98.36 111.38 210.67
Sampling time (days) 98 67 26

Mean 104.00 * 116.57 136.04

Underline means are not significantly different (P>0.05). TxT* — Treatment.
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Table 13. Double analysis of variance and SNK-test of mean concentrations of L-ascorbic acid in the kidney

Source of variations Sum of squares Degrees of freedom Mean square F - relationship P
Time 0.896 2 0.048 5.606 0.009
Treatment 4.875 3 1.625 20.342 0.000
TxT* 0.414 6 0.069 0.864 0.532
Rest 2.396 30 0.080

Least significant range (LSR)

Dietary treatment (mg vit.C kg-1) 500 150 1000 Starvation
L-ascorbic acid (ugg!) 72.00 ¥ 80.97 * 96.96 * 184.17
Sampling time (days) 98 67 26

Mean 77.89 % 98.00 ¥ 118.81
Underline means are not significantly different (P>0.05). TxT* — Treatment.

the sampling of time were significant at the
level P=0.05.

Ascorbic acid stores decline in treatments
with 150, 500 and 1000 mg vit C kg'!' could
have occurred due to temperature decrease of
the sea water from 24.6°C at the beginning of
the experiment to 18.2°C at the end of the ex-
periment.

DISCUSION

Growth and development of poikilotherms
are affected by a series of factors, particularly
by sea water temperature, food quallity and co-
ntent (KINNE, 1960). Apart from other constitu-
ents, food should contain vitamins which are
essential for healthy growth and development.

MAHAJAN and AGRAWAL (1979) showed
reduced growth and increased mortality in Cha-
nna punctatus fed vitamin C deficient diet for
210 days compared to diet with 100 mg vit C
kg!. The same authors (1980a) fed hatchlings
of Indian major carp Cirrhina mrigala graded
levels of ascorbic acid. The average weight gain
was much better in fish fed supplemental as-
corbic acid exceeding 600 mg kg! of diet.

Juvenile gilthead sea bream fed graded le-
vels of vitamin C for 98 days in the present
experiment showed length increment, weight
gain and increase of condition coefficient (Fig.
1). Total nutritional status of fish was observed
through variations in hepatosomatic index at di-
fferent dietary treatments (Table 2, Fig. 1).

SOLIMAN et al. (1986) showed that hepa-
tosomatic index in juvenile tilapias (Orechro-
mis niloticus) fed vitamin C deficient diet was
significantly lower than in juveniles fed diet
with supplemental vitamin C or its analogs. DO-
IMI et ak, (1985) also showed that hepatoso-
matic index in juvenile sea bass (Dicentrarchus
labrax) fed dry synthetic food increased by
33% in relation to controls fed another diet.

Hepatosomatic index may increase if fats
are deposited in liver. Better weight gain of
liver in relation to body weight gain in gilthead
sea bream, expressed as the difference in he-
patosomatic index between the day 67 and later
samplings (Table 2), presumably indicates fat
deposition in fish liver.

Starved gilthead sea bream lost weight and
showed break in length growth. However, no
mortality occurred. It is very likely that fish try
to adapt to starvation reducing their metabo-
lism.

Determination of ascorbic acid distribution
in different organs with respect to different die-
tary treatments and time during 98 day experi-
ment (Tables 20 and 21) is the best way to
gauge the involvement of ascorbic acid in the
overall metabolism of juvenile gilthead sea bre-
am. The highest tissue content of total and L-
ascorbic acid were measured in the brain and
kidney, then in liver, gills and white muscle
(Table 3). Similar was reported by other authors
(Table 14). The total/L-ascorbic acid relation-
ship shows that reduced ascorbic acid form is
mainly present in tissues (Table 3). The same
was reported by TAKEDA et al., 1963.
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Table 14. Content of total ascorbic acid in different organs of some fish species

ORGANS
FISH
SPECIES Brain Liver Kidney Gills Muscle
(ngg-1) (ngg-1) (ngg-1) (ugg-1) (ngg-1)

Sparus aurata’ 297 82.4 171.4 75.2 27.2
Labeo rohita? 75.44 272.24 109.73 N.M N.M
Labeo calbasu? 102.62 188.44 64.02 N.M N.M
Cirrhina mrigala? 83.86 147.85 91.07 N.M N.M
Catla catla? 124.60 179.49 104.21 N.M N.M
Rainbow trour? 397 196 232 N.M 43
Carrasius auratus? 195 48 101 N.M 21
Carp?# 258 39% 93 N.M 18
Oreochromis niloticus 167.26 51.36 N.M 92.07 14.31
* - Hepatopankreas N.M. - not measured
1) Our data
2) Agrawal i Mahajan (1980)
3) lkeda i sur. (1963)
4) Hilton i sur. (1979)
S) Soliman i sur. (1986)

HILTON et al. (1978) measured the ascor-
bic acid levels in the rainbow trout and reported
that ascorbic acid requirements vary with age
of the trout in that the requirement is higher in
young fish.

Brain

A laboratory study showed that increasing
the water temperature from 18 to 30°C caused
a decline in brain ascorbic acid content. This
temperature effect appeared to be limited to the
brain since other organs stores were unaffected
(THOMAS, 1984). This may account for rela-
tively high brain content of the total and L-as-
corbic acid at sea water temperature range of
24.6-18.2°C in the present experiment (Figs. 2
and 3).

THOMAS et al. (1985) reported highest as-
corbic acid levels in brain tissues of the mullet
(Mugil cephalus) which ranged from 156 pg g-!
in April to 104 pg g' 1 month later affected
by temperature. Although temperature affecting
ascorbic acid mechanism is uncertain, presu-
mably defined ascorbic acid concentrations are
essential for maintenance of neuron functions

(THOMAS et al., 1982; THOMAS, 1987; AGRA-
WAL and MAHAJAN, 1980).

Ascorbic acid in the brain tissue is present
mainly in reduced form (Table 15). Within bra-
in neurons ascorbic acid is an indispensable fac-
tor of dopamin conversion in norpimerin by
means of dopamin-hydroxilase (SPECTOR and
LORENZO, 1974).

Table 15.Relationship between L-ascorbic acid and total
ascorbic acid in the brain (%)

Treatments (mg. vit. C kg-1)

Sampling | o, vation| 150 500 1000
(days)
26 75 29 84 66
67 83 T 60 71
98 92 88 85 88

High total and L-ascorbic acid content in
the brain of starved gilthead sea bream shows
that juveniles meet their requirements by ascor-
bic acid from other organs. It is well known
that standard metabolism declines under starva-
tion conditions. For the first seven days the
initial metabolism declined by 50% whereas af-
ter 300 days it was only 15 to 20% of the initial
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one. Metabolism decrease is logarithmic (FRY,
after BROWN, 1957).

Gills

Euryhaline teleosts are able to adapt to en-
vironmental salinity changes by different mor-
phological and biochemical changes in cell me-
mbrane. In these species, where gilthead sea
bream also count, cell membrane responds in-
stantaneously by changing permeability. Ascor-
bic acid in gills also responds very quickly to
salinity changes in its surroundings, which po-
ints to an inverse relationship of these two para-
meters. Ascorbic acid has been shown to inhibit
the activity of Na*, K*-ATPase - an enzyme
responsible for the transport of Na+ and K* ions
through cell membrane in mammal tissues,
whereas Na* - K+ -ATPase activity decreases
in striped mullet (Mugil cephalus) upon expo-
sure to diluted sea water whereas ascorbic acid
increases by approximately 20 pg g'. These
results point to the fact that ascorbic acid is
involved in the regulation of Na+*, K+ -ATPase
activity and osmoregulation in the gills of eury-
haline teleosts (THOMAS, 1984). The present
experiment revealed no marked effect of sea
water temperature on ascorbic acid levels in the
gills at temperature change from 24.6°C at the
beginning of the experiment to 18.2°C at the
termination of the experiment (Figs. 4 and 5).
There were no statistically significant differen-
ces due to different dietary treatments and sam-
pling time (Tables 6 and 7), either.

Table 16.Relationship between L-ascorbic acid and total
ascorbic acid and total ascorbic acid in the gills

(%)
Treatments (mg. vit. C kg-1)
Sampling | ¢\ vation| 150 500 1000
(days)
26 49 68 55 64
67 72 64 68 47
98 94 84 78 74

As affected by the sampling time and dif-
ferent dietary treatments and starvation, ascor-
bic acid appears to be present mainly in reduced
form (Table 17).

Table 17.Relationship between total and L-ascorbic acid
in the liver (%)

Treatments (mg. vit. C kg-1)
S‘zg‘a"y’;‘g Starvation| 150 500 1000
26 "85 45 52 53
67 56 31 17 32
98 73 59 55 51

The operculum deformities were recorded
for the treatment with 150 mg vit C kg-'. This
may be due to ascorbic acid deficiency but also
to the genetic background of fish and some
environmental factors (anoxia, nutrition). The
causes of this disease are not lethal for fish but
could make them more liable to infections. Vi-
tamin C deficiency results in decreased calcium
uptake by the gills, as reported by MAHAJAN
and AGRAWAL (1980b) for the species Channa
( = Ophicephalus) punctatus. They showed that
chronic vitamin C deficiency in the diet causes
a decrease in calcium uptake by the gills and
changes in gill filaments as pointed out by HAL-
VER, 1972.

Liver

Symptoms of vitamin C deficiency in the
liver occur when the ascorbic acid content dro-
ps below critical level. After HILTON et al.,
(1977a) levels 20 pg g' of tissue wet weight
and lower are marginal and immediate supple-
menting is required.

PHILLIPS er al. (1953; after LOVE, 1970)
reported that vitamin C levels in starved Sal-
velinus fontinalis declined much slower than in
fish fed small ascorbic acid quantities or ascor-
bic acid deficient food. These authors also beli-
eved that vitamin requirements are affected by
diet quantity and content, so that food with low
supplemental vitamin C levels causes fish to
consume body reserves of their own. LIM and
LOVELL (1978) showed on the species Ictalurus
punctatus that the liver ascorbic acid levels are
proportional to dietary vitamin uptake, and that
all the contents lower than 30 pg g!' of the
tissue wet weight are insufficient to meet me-
tabolic requirements which leads to juvenile di-
seases.
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Lowest total ascorbic acid levels in the gil-
thead sea bream liver, 39.5 ug g! of tissue wet
weight, were recorded for the treatment with
150 mg vit C kg'!. There were no significant
differences in ascorbic acid content between ot-
her treatments. This confirms the fact that sup-
plemental vitamin C in the fish diet maintains
its concentrations at the level which meets me-
tabolic requirements (Figs. 6 and 7).

The relationship of total and L-ascorbic
acid is constantly changing, that is reactive ba-
lance is constantly shifted in favour of oxidized
ascorbic acid form showing that many ascorbic
acid dependent physiological reactions are kno-
wn to occur in the liver (AGRAWAL and MA-
HAJAN, 1980), (Table 17).

However, the rate of metabolic processes
in the liver and some other fish organs is te-
mperature dependent, apart from being affected
by some other environmental factors. So ascor-
bic acid depletion has been observed in the li-
vers of fish which did not feed well at lower
temperatures due to the consumption of body
reserves for normal metabolism. However, rais-
ing of sea water temperature, causes reestabli-
shment of metabolism so that temperature ef-
fects are only momentary (THOMAS, 1984).

White muscle

The function and involvement of vitamin
C in muscle metabolism is poorly understood.
It is only known that there is no difference in
vitamin content between the white and red mu-
scle (PORA et al., 1964 after LOVE, 1970). The
occurrence of scurvy in fish due to dietary defi-
ciency of vitamin C, results in atrophy, reduced
calcification, swelling and hemorrhages (SE-
BRELL, 1967).

The results of present experiment show
(Tables 10 and 11) that there were no statisti-
cally significant differences in vitamin C con-
tent due to different dietary treatments or sa-
mpling time (Figs. 8 and 9). The relationship
between the total and L-ascorbic acid showed
that (Table 18) ascorbic acid appears to be pre-
sent mainly in reduced form in the white muscle
throughout the experiment. IKEDA et al., (1963)

Table 18.Relationship between L-ascorbic acid and total
ascorbic acid in the white muscle (%)

Treatments (mg. vit. C kg-1)
Sampling | o, vation| 150 500 1000
(days)
26 100 73 83 75
67 98 7 63 72
98 79 7 86 90

came to the same conclusion measuring the co-
ncentration of dihydroascorbic acid in various
tissues of Plecoglossus altivelis, Sparus sarba,
Acanthopagrus schlegeli and Seriola purpuras-
cens. Oxidized ascorbic acid form made up less
than 10% of the total ascorbic acid and most
part was in reduced form.

The function of dietary vitamin C in the
processes of calcification and contraction of the
muscle has already been shown (PAULING,
1989; Huss, 1988). If fish are given diets con-
taining insufficient vitamin C quantity the dis-
turbances in muscle contraction will occur fol-
lowed later by atrophy.

Kidney

Kidney total and L-ascorbic acid content
of juvenile gilthead sea bream (Figs. 10 and 11)

' confirmed the report of HALVER et al., (1975)

who detected the highest ascorbic acid levels in
brain and kidney of rainbow trout (Salmo gair-
dneri).

High kidney ascorbic acid levels in starved
fish show that juvenile gilthead sea bream start
to utilize kidney reserves for healthy metabo-
lism not before depleting these reserves in the
liver and other organs (MAHAJAN and AGRA-
WAL, 1979). LiIM and LOWELL (1978) showed
great variations in Ictalurus punctatus kidney
ascorbic acid levels due to dietary vitamin C
levels with no statistically significant difference
between different dietary treatments. The rela-
tionship between total and L-ascorbic acid con-
tent in the present study shows that most of the
ascorbic acid kidney content is in reduced form
(Table 19). The ability of ascorbic acid to oxidi-
ze and reduce reversibly involves it in a variety
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Table 19. Relationship between L-ascorbic acid and total
ascorbic acid in the kidney (%)

Treatments (mg. vit. C kg-1)
Sampling | i, vation| 150 500 1000
(days)
26 94 94 80 83
67 93 79 74 89
98 70 79 67 87

of electron cell transfer reactions. However, the
mechanism of these reactions is still poorly un-
derstood.

To determine the dietary quantity of ascor-
bic acid, a series of factors should be taken into
consideration, such as the total and L-ascorbic
acid status of the fish, age and sex. After a
consideration of these factors in the present stu-
dy it is recommended that fish should be given
diets containing not less than 500 mg vit C kg-!.
After MAHAJAN and AGRAWAL (1980a), who
fed newly hatched Indian major carp, it appers
that these fish require a supplement of 650 to
700 mg vit C kg! of diet. SOLIMAN et al. (1986)
feeding juvenile tilapias (Oreochromis
niloticus) varying forms of ascorbic acid added
to basal diet, containing no ascorbic acid to
supply 125 mg vit C kg! of dry diet, and vita-
min C free diet concluded that the quantity of
ascorbic acid in different organs differed as af-
fected by the diet and that 125 mg vit C kg'!
is insufficient to meet all fish requirements.
This was confirmed by the present study where
pathological changes in juvenile fish occurered
after 62 days of continued diet containing 150
mg vit C kg'!. So the "jugular line break syn-
drome", distortion and crystalline deposits in
the anterior eye chamber were observed in so-
me fishes and the occurrence of exophthalmia
in some others. Exophthalmia was attempted to
be accounted for by many earlier authors (DU-
1N, 1971; PAPERNA et al., 1977, 1980; PAPER-
NA, 1987; SARUSIC and LISAC, 1987) sugge-
sting that the vitamin C deficient pelleted food
max be one of its causes. To prevent fish dis-
eases many authors tried to determine optimum
ascorbic acid quantity (HALVER et al., 1969,
1972 after MAHAJAN and AGRAWAL, 1980a;
HILTON et al., 1978; ANDREWS and MURRAY,
1975 after MAHAJAN and AGRAWAL, 1980a;

LM and LOVELL, 1978; MURRAY et al., 1978
after MAHAJAN and AGRAWAL, 1980a; MAHA-
JAN and AGRAWAL, 1980a; DURVE and LO-
VELL, 1982).

Actual ascorbic acid requirements of dif-
ferent fish species are affected by some addi-
tional factors such as age, size, exposure to
stress and the other nutrients present on the diet.

Due to vitamin C instability, its content in
the food should be controlled since severe los-
ses occur during its processing, storage and ad-
ministration (EVA et al., 1976 after SOLIMAN
et al., 1987; HILTON, 1977b; SANDNES and
UTNE, 1982 after SOLIMAN et al., 1987, LO-
VELL, 1987; SOLIMAN et al., 1987). Due to sig-
nificant losses of ascorbic acid which is highly
water soluble vitamin it was attempted to im-
prove its stability and more stable forms were
proposed: L-ascorbic acid 2-sulphate, sodium
ascorbic acid, glyceride doated ascorbic acid,
ascorbic acid palmitate, L-ascorbic acid 2-poly-
phosphate (TUCKER and HALVER, 1984; SAND-
NES et al., 1982; SOLIMAN et al., 1986; SOLI-
MAN et al., 1987; ALBREKTSEN et al., 1988,
WILSON et al., 1989). However, the best ascor-
bic acid form, appropriate for fish food, has not
yet been determined.

Observing the graded levels of ascorbic
acid, 150, 500, 1000 mg kg' of diet admini-
stered in this study, after 98 days, the actual
L-ascorbic acid content was by about 20-30%
lower than declared. To avoid losses during
processing, storage and administration this vita-
min should be added to diets in another form.

CONCLUSIONS

At the beginning of the present experiment
the highest concentrations of total and L-ascor-
bic acid were recorded from the brain (298 pg
tot. ascorbic acid/g of wet tissue weight and
193 pg L-ascorbic acid/g of wet tissue weight),
kidney (171 pg tot. ascorbic acid/g of wet tissue
weight and 163 pg L-ascorbic acid/g of wet
tissue weight), liver (82 pg tot. ascorbic acid/g
of wet tissue weight and 52 pg L-ascorbic
acid/g of wet tissue weight), gills (75 ug tot.
ascorbic acid/g of wet tissue weight and 47 pg
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L-ascorbic acid/g of wet tissue weight) and
white muscle (27 pg tot. ascorbic acid/g of wet
tissue weight and 23 pg L-ascorbic acid/g of
wet tissue weight).

There were no statistically significant dif-
ferences in ascorbic acid contents in the brain,
gills, liver and white muscle between starved
fish and different dietary treatments (150, 500,
1000 mg vit C kg''). Treatments, however, sig-
nificantly affected total ascorbic acid levels in
the kidney. The highest concentrations were re-
corded in starved fish, followed by those in fish
fed 1000, 500 and 150 mg.

Table 20. Concentration of total and L-ascorbic acid in
pegg ! in different organs of juvenile gilthead sea
bream (Sparus aurata) under different dietary
treatments during 98 days experiment

TISSUE TREATMENTS
Starvation 150 500 1000
Brain A:  230.4a 183.9a 207.7a  216.3a
B 190.9a  148.0a 148.2a  160.9a
Gills A 93.7a 72.7a 77.8a 87.0a
B 63.1a 49.3a 56.6a 48.0a
Liver A: 66.5a 49.1a 57.5a 60.1a
B 45.3a 20.5¢ 20.1c 25.5b
White A 28.2a 23.4a 26.8a 30.5a
muscle g 250a  17.1c  204b  24.1a
Kidney A: 210.0a 90.7d 98.4c  111.4b
B: 184.2a 81.0c 72.0d 97.0b
A - total ascorbic acid in pgg-!
B - L-ascorbic acid in pgg!
a, b, ¢, d, - Statisticaly significant differences P<0.05
occurring at different concetrations

There were no statistically significant dif-
ferences in L-ascorbic acid contents in the brain
and gills between starved fish and different tre-
atments, whereas significantly highest conce-
ntrations were recorded in liver, white muscle
and kidney of starved fish.

Sampling time and dietary treatments do
not affect the content of total and L-ascorbic
acid in the gills and white muscle or total as-
corbic acid in the kidney. Kidney L-ascorbic
acid levels decline with time. Brain total and
L-ascorbic acid content fell during 67 days of
the experiment, remaining approximately unal-

tered by the end of the experiment (98 days).
Lowest ascorbic acid concentration was recor-
ded in gilthead sea bream liver on day 67 to
start to increase on day 98 from the beginning
of the experiment.

Table 21. Concentration of total and L-ascorbic acid in
pgg! in organs of gilthead sea bream (Sparus
aurata) at different sampling time

TISSUE TIME (days)
26 67 98
Brain A: 240.6a 194.9a 192.3b
B: 181.7a 135.6a 168.4b
Gills A: 76.3a 90.7a 80.3a
B: 44.5a 56.3a 65.9a
Liver A: 66.7a 48.9¢ 59.8b
B: 36.0a 14.1b 33.9a
White A: 24.3a 26.8a 29.7a
macle g o 209a 25.0a
Kidney A: 136.0a 116.6a 104.0b
B: 118.8a 98.0b 71.9¢c
A - total ascorbic acid in pgg-!
B - L-ascorbic acid in pgg-!
a, b, ¢, d, - Statisticaly significant differences P<0.05
occurring at different concetrations

Operculum deformities appeared in 150
mg vit C kg'! group, as well as exophthalmia,
presumably due to vitamin C deficient diet.

Dietary ascorbic acid quantity is affected
by a series of factors, such as total and L-as-
corbic acid status, fish age and sex. Considering
these factors in the present experiment, the fish
should be given diets containing not less than
500 mg vit C kg-'.

Due to vitamin C instability, its actual con-
tent in the food should be controlled since se-
vere losses occur during its processing, storage
and administration.
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Distribucija askorbinske Kkiseline u mladi komarce
(Sparus aurata L.) pri razli¢itim tretmanima ishrane

Jasna MARSIC-LUCIC, Mladen TUDOR i Ivan KATAVIC

Institut za oceanografiju i ribarstvo, Split, Hrvatska

KRATKI SADRZAJ

Mlad komarce (Sparus aurata, L.) je hranjena komercijalnom hranom sa 150, 500, 1000 mg
vit C kg! hrane, a jedna grupa je bila u gladovanju. Eksperiment je trajao 98 dana.

Rezultati su pokazali da su najveée koncetracije ukupne i L-askorbinske kiseline izmjerene
na pocetku eksperimenta u mozgu, bubregu, zatim jetri, Skrgama i bijelom misi¢u. S obzirom na
razliite tretmanske grupe u mozgu, Skrgama, jetri i bijelom miSi¢u nema znacCajnih razlika u
koncetraciji ukupne askorbinske kiseline, dok ishrana sa 150, 500, 1000 mg vit. C kg'! hrane ima
znaCajan utjecaj na koncetraciju ukupne askorbinske kiseline u bubregu. Prate¢i promjene u
razli¢itim tretmanima ishrane i tretmanu gladovanja nisu utvrdene statisticki znaCajne razlike
sadrZaja L-askorbinske kiseline u $krgama i mozgu, dok su u jetri, bijelom misi¢u 1 bubregu
znacajno najvise koncetracije prisutne kod mladi u gladovanju.

Vrijeme uzorkovanja i tretmani ishrane ribe nemaju utjecaja na koncetraciju ukupne i L-as-
korbinske kiseline u $krgama i bijelom mi$i¢u, a takoder i na ukupnu askorbinsku kiselinu u
bubregu, dok u mozgu i jetri postoje znacajne interakcije.







