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Abstract

The aim of this experiment was to analyze the effect of applying of cyclical short periods of
starvation (2 days and 4 days) on the hematological profile of rainbow trout. This experiment lasted
for 46 days and was carried out in the facility of the University “ Dundrea de Jos’ from Galayi. Sx
treatments with duplicate were assigned, as follows: two control groups, feed daily, ad libitum, with
commercial pellets containing 41% crude protein (D41) and 50% crude protein (D50); two groups
starved for 2 days (D2) and then fed with commercial pellets with 41% crude protein (D2/41),
respectively 50% crude protein (D2/50) and two groups starved for 4 days (D4) and then fed with
commercial pellets with 41% crude protein (D4/41), respectively 50% crude protein (D4/50).
Sarvation and re-feeding with different dietary protein level had no significant (p>0.05) effect on
some hematological parameters including hematocrit, mean corpuscular volume, mean corpuscular
hemoglobin, while hemoglobin, Red blood cell counts and mean corpuscular hemoglobin
concentration, registered significant differences (p<0.05). Sgnificantly higher (p<0.05)
concentration of hemoglobin was observed in the case of fish fed with higher protein content, while
the increasing of the starvation period led to a significant decrease of the hemoglobin
concentration. Furthermore, starvation and subsequent feeding led to a significant decrease of the
erythrocyte number with the increasing of the starvation period.
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INTRODUCTION

Feeding is one of the most important
factors which can affect growth, welfare and
physiological performance of fish. In the
natural environment, fish can be subjected to
starvation periods when, due to a variety of
reasons, such as water quality issues,
variation of temperature, occurrence of
diseases, the feeding is stopped [2], [20]. In
aquaculture, starvation of fish is not frequent,
but could occur by an inadequate diet or
feeding protocols [11], but feed restriction
could also be intentionally performed to
evaluate specific effects of starvation on the
digestive process in fish [10], or as a
management tool to reduce the feeding costs
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[6]. In this context the potential of fish to
compensate growth after the exposure of
unfavorable conditions it can be the best
technological solution.

The term "compensatory growth" refers
to the ability of an organism to exhibit
accelerated growth after a period of dietary
restriction, imposed by adverse
environmental conditions or drug treatment
[1].Generally, after restoring the feeding
conditions, the compensatory growth
response is influenced by the environmental
factors, for example, water temperature [13],
[15], water quality [15], hierarchical
dominance behavior [9], but also by
nutritional factors, such as protein and energy
content of the feeds administered [5].

The measurement of hematological and
biochemical blood parameters are reliable
diagnostic tools to determine the health
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condition of fish. Since the assessment of
blood parameters during periods of fasting
and refeeding could be a valuable tool in
evaluating the health status of fish, the
present study examined the effects of short-
term fasting and subsequent refeeding on the
alteration of hematological of rainbow trout.

MATERIALS AND METHODS
Experimental design. The rainbow trout,
Oncorhychus  mykiss  (initial ~ weight

111.93+£15.76 g; initial length 21.35+1.04
cm), used in this experiment were obtained
from a private fish farm (Prejmer, Brasov
City, Romania). Fish were stocked into a
circular tank and acclimated to the
experimental conditions for two weeks.
During this period, fish were fed ad libitum,
twice a day. After acclimation, 19 fish were
randomly stocked in twelve glass aquaria of
132 L volume, 19 fish in each (n = 19).

Six treatments with duplicate were
assigned, as follows: two control groups, feed
daily, ad libitum, with commercial pellets
containing 41% crude protein (D41) and 50%
crude protein (D50); two groups starved for 2
days (D2) and then fed with commercial
pellets with 41% crude protein (D2/41),
respectively 50% crude protein (D2/50) and
two groups starved for 4 days (D4) and then
fed with commercial pellets with 41% crude
protein (D4/41), respectively 50% crude
protein (D4/50) (table 1).

Table 1 Biochemical composition of experimental
diets

Ingredients Composi Diet Diet
tion 41 50
Crude protein % 41 50
Crude fats % 12 20
Crude fiber % 3 0.7
Crude ash % 6.5 8
Phosphorus % 0.9 1.2
Vitamin A ul 10000 | 6000
Vitamin D3 ul 1250 1200
Digestible energy MJ/kg 14.2 19.7

Ingredients: Fish meal, fish oil, hemoglobin, full-
fat soybean, soybean oil, wheat gluten,
sunflower flour, wheat, and wheat products.

Fish were fed manually at 9% and 18%
and ad libitum feeding was done until the fish

have not shown interest in administered fed
(over an hour).

Blood hematological parameters. At the
end of the experiment, about 1 mL of blood
was taken by caudal venous puncture, from 5
fish/on each experimental unit. After
sampling, blood samples were divided into
two parts. One of which was added to
heparinized tube and another part for the
determination of serum proteins and glucose
was centrifuged immediately for the
determination of total proteins serum and
glucose.

The values of basic haematological
parameters were evaluated according to
standard methods described by [19]. Briefly,
the erythrocytes (RBC) were counted
immediately after blood collection in
hemocytometer, the hematocrit value (Ht)
was determined in heparinized capillary
tubes after being centrifuged in a standard
micro hematocrit centrifuge at 12,000
rotation for 5 min. The blood hemoglobin
concentration (Hb) was measured using
spectrophotometric cyan methemoglobin
method. Mean cell volume (MCV), mean
corpuscular hemoglobin (MCH) mass and
mean corpuscular hemoglobin concentration
(MCHC) were calculated using Ht, RBC and
Hb wvalues, according to [7]. Serum total
proteins were determined by biuret method at
the wave length 540 nm and serum glucose
was determined wusing o-toluidine and
spectrophtometrically dosed at a wavelength
A=635 nm.

Statistical analysisThe hematological
parameters of the experimental groups were
expressed by mean and standard deviation
(Mean£SD) and were analyzed with
SPSS 20. Statistical differences between
variables were tested using ANOVA (o
=0.05) and post hoc comparisons between
sample means were made By Turkey's test.

RESULTS AND DISCUSSIONS

In this study, we investigated the effects
of nutritional restriction and subsequent re-
feeding on physiological responses of
rainbow trout. In table 2 are presented the
values of the hematological parameters at the
end of the experimental period.
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Table 2 Values of hematological parameters measured at the end of the experimental period

Hematological parameter (MeanSD)
Experimental
variants Ht (%) Hb (g/dl) RBC x10%ul

min-max. | MeanzSD | min-max. | MeantSD | min-max. | MeantSD
Das 37-39 38.00+£0.63 | 9.20-9.71 | 9.48+0.22 | 1.00-1.09 | 1.06+0.04
D241 38-39 38.17+0.41 | 8.42-9.52 | 8.74+0.42 | 0.88-1.01 | 0.98+0.05
D1 36-40 38.33+£1.37 | 8.00-8.84 | 8.35+0.29 | 0.86-0.99 | 0.90+0.05
Duso 36-38 37.17+0.75 | 8.91-9.95 | 9.53+0.36 | 1.05-1.12 | 1.09+0.02
Dasso 37-38 37.67+0.52 | 9.00-9.67 | 9.35+0.23 | 0.95-1.06 | 0.99+0.04
D50 37-38 37.83+0.41 | 9.02-9.64 | 9.23+0.25 | 0.74-1.04 | 0.88+0.11

Hematocrit values were not significantly
influenced by the protein content of the feed
or by the starvation period (p>0.05).
However, it can be observed that slightly
higher values were obtained in the case of
fish fed a protein content of 41%, compared
to those fed with a feed with 50% protein
content. Regarding the influence of feeding
regimes on the dynamics of the hematocrit,
we can observe an insignificant increase
(p>0.05) with the increase of the starvation
period. Increasing of the hematocrit levels
during the starvation period were also
reported by other authors in the case of the
Atlantic code (Gadus morhua) or in the case
of [17] while in the case of starvation for 31
days, of the European bass (Dicentrarchus
labrax) and sea bream (Pagellus bogaraveo)
no significant changes were recorded [2].

The hemoglobin values at the end of the
experimental period, show significant
differences (p<0.05) between the
experimental variants being influenced by
both the protein content of the feeds and the
starvation period. So, it was observed an
increase of hemoglobin concentration at fish
that were fed with higher protein content

(D50, D2/50 and D4/50) than those fed with
a lower protein content (D41, D2/41 and D4/
41). Regarding the influence of starvation
period on the hemoglobin concentration, a
significant decrease (p<0.05) can be observed
with the increase of the starvation period.

The number of erythrocytes was not
significantly influenced (p>0.05) by the
protein content from the feed. Regarding the
influence of the feeding regimes on the
number of red blood cells, a significant
decrease (p<0.05) can be observed with the
increase of the starvation period. Thus, in the
case of starved fish a decrease in the number
of red blood cells is observed near the lower
range specified in the literature (0.80 x10°
/ul) [8]. Generally, the decreasing of the
number of red blood during starvation
periods is associated with the reduction of
oxygen utilization through hematopoiesis
control and implicitly with the decree of the
metabolic activity [16].

With the help of hematological indices,
the erythrocyte constants (MCV, MCH,
MCHC) were calculated and presented in
table 3.

Table 3 Value of erythrocyte constant at the end of the experimental period

Exp. Hematological parameter (Mean+SD)
varian MCV (um3) MCH (pg) MCHC (g/dl)

ts min-max. MeantSD min-max. MeanX+SD min-max. MeantSD
Vma1 341.01-381.91 358.84+14.63 84.79-97.59 89.60+4.93 24.50-25.55 24.96+0.39
V2/41 375.12-434.29 392.13+21.55 84.18-96.23 89.72+4.81 22.08-25.06 22.90+1.16
Vaja1 393.94-446.93 425.92+18.50 82.62-96.26 92.83+5.17 20.97-22.86 21.80+0.83
Vmso 331.84-361.22 342.63+10.25 79.95-91.80 87.85+4.37 24.09-26.89 25.64+1.02
Vaiso 358.49-393.78 380.19+12.33 89.05-98.17 94.41+£3.15 23.68-26.13 24.84+0.79
Va0 365.38-517.01 436.82+15.48 89.69-13.16 106.76+15.62 | 23.74-25.37 24.40+0.62

MCYV was not significantly influenced by
the protein content of the two commercial

feeds (p>0.05). However, a slight increase
was observed in the case of feed with 41%
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crude protein, an increase that correlates with
the insignificant growth of the hematocrit,
respectively with the insignificant growth of
the number of red blood cells. Regarding the
influence of feeding regimes on MCV, a
significant increase (p<0.05) can be observed
with the increase of starvation period.

MCH was not significantly influenced
(p>0.05) by the protein content of the two
commercial feeds. Regarding the influence of
feeding regimes on MCH, the statistical
analysis did not reveal significant differences
(p>0.05) between control and starved
variants for 2 days, while between control
group and groups starved for 4 days it was
observed a significant increase (p<0.05) of
MCYV values.

The significant increase in hemoglobin
values in fish fed with higher protein content
implicitly led to a significant increase in
MCHC values. Regarding the influence of
feeding regimes on MCHC, the statistical
analysis showed a significant decrease
(p<0.05) in the case of fish starved for 4
days, while between the control groups and
the fish starved for 2 days, not significant
differences were noted (p>0.05).

Analyzing the values obtained for serum
proteins, it was observed that they were not
significantly influenced by the protein
content of the two commercial feeds or by
the feeding regimes (p>0.05). The average
values of the total serum protein were
between 3.57 £0.22 g/dland 442 +£0.27 g/
dl, observing slightly lower values in the fish
fed with feed of 41% PB, respectively for
fish starved for 2 days (D2 /50-3.97 £ 093 g
/ dl; D2 /41- 3.93 + 0,27 g / dl) and 4 days
(D4/50-3.83 £ 0.42 g / dl; D4/41- 3.57 £ 0.22
g/dl) (Figure 1).
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Fig. 1 The values of serum total proteins
recorded at the end of the experimental period

The lowest value of serum proteins was
observed in the case of experimental variant
D4/41, an explainable aspect, both due to the
lower protein content from the feed and the
starvation period applied to the fish.
However, the values obtained fall within the
range recommended by the literature (3,5 +
5,5 g/ dl) [18].Some authors observe that in
the case of the rainbow trout, a decrease in
serum protein after 110 days of starvation, at
a water temperature of 15-17°C, to about
30% of the initial values [12].

From the statistical analysis of blood
glucose values, insignificant differences were
observed between the two types of
commercial feed (p>0.05), slightly higher
values being recorded in the case of feed with
50% crude protein. Regarding the influence
of the feeding regimes on the blood glucose,
no significant differences were observed
(p>0.05) between the control and fish starved
for 2 days, while significant differences
(p<0.05) were registered between the control
groups and the fish starved for 4 days. Thus,
a decrease in blood glucose was observed
with the increase of starvation period, the
lowest values being obtained in the starved
groups in 4-day cycles (D4/50-65.77+ 7.53
mg / dl; D4/41- 63.49 + 8.86 mg/dl)
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Fig. 2 The values of serum glucose recorded
at the end of the experimental period

Decreasing of blood glucose levels were
also reported by other authors during
starvation periods. [3], [4] observed, in the
case of the rainbow trout, a decrease of
glucose levels only after 5 days after
starvation. At fish, blood sugar levels are
quite large depending on a number of factors,
such as diet, photoperiod, water temperature
and others. According to [14], for culture
species, glucose values vary within the range
40 + 90 mg/dl.
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CONCLUSIONS
From the overall analysis of the
hematological parameters, it can be

concluded that the change of their values
appeared as a reaction of adaptation of the
fish organism to the technological conditions.
Thus, the significant reduction of the number
of red blood cells and the concentration of
hemoglobin associated with the starvation
period, implicitly led to the significant
increase of the average red blood cell volume
(MCH), respectively the decrease of the
concentration of mean red blood cell
hemoglobin (MCHC), which means the
appearance of hem concentration, which may
be a consequence of water loss in the body
during the starvation period.
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