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Abstract Juvenile beluga sturgeon, Huso huso (initial weight 50 £ 0.2 g), were fed with
two lipid levels (120 g kg~ lipid as low-energy diet, LE; 240 g kg~ ' lipid as high-energy
diet, HE) at different feeding times for 8 weeks, and the effects on growth, hematology,
muscle composition, and apparent digestibility coefficients of dry matter, lipid, and protein
were examined. Feeding times were as follows: (1) at 09:00 and 16:00 (under light
regime), (2) at 21:00 and 04:00 (under dark regime), and (3) at 13:00 and 20:00 (under
light—dark regime). Dietary lipid levels did not affect the hematological indices or apparent
digestibility coefficients of dietary nutrients (P > 0.05); however, they affected the growth
and muscle composition (P < 0.05). The fish fed with HE diet had the highest final weight
(1742 - 175.9 g), specific growth rate (2.44 —2.47 % day '), weight gain (246.5 —
252.6 %), and the lowest feed conversion ratio (1.10 — 1.12). The fish fed with HE diet had
the highest muscle lipid content (26.6 — 35.2 g kg™ '). Unlike the lipid levels, feeding
times did not significantly affect growth, hematological parameters, nutrient digestibility,
and muscle composition (P > 0.05). Accordingly, juvenile beluga sturgeon can be fed at
different times of the day without suffering growth loss, because probably, they have a low
dependency on vision to detect food.
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Introduction

Feeding time is an important factor to be considered in aquaculture, but is often ignored
and/or paid little attention (Boujard et al. 1995; Azzaydi et al. 1999). The highest rate of
feeding activity occurs in the highest activity times for all fish types (Bolliet et al. 2000). In
some fish species, either optimal feeding or the highest activity may occur in different day—
night times (Sanchez-Vazquez et al. 1996). However, the mechanisms involved are not
very clear.

In addition to feeding time, energy requirements of fish are crucial in fish nutrition.
Lipids, carbohydrates, and protein supply the energy needs of fish. Dietary lipids are an
important energy source, providing essential fatty acids, phospholipids, sterols, and fat-
soluble vitamins necessary for proper functioning of physiological processes which are
responsible for maintenance and integrity of cellular membranes (Sargent et al. 2002). The
addition of lipids to a diet contributes to effective utilization of dietary protein through the
sparing effect in fish (Skalli et al. 2004). However, fish can utilize dietary lipids to a certain
level, beyond which growth may be retarded because of reduced feed consumption (Ellis
and Reigh 1991) and may increase body lipid deposition and influence carcass quality
(Bjerkeng et al. 1997).

A significant interaction has been reported between feeding times and dietary lipid
levels to improve performance and energy metabolism, so fish can digest and assimilate
more energy in active times than passive times (Bolliet et al. 2000). It has been also
found that hormones or metabolites involved in feeding, growth, and energy show sig-
nificant daily fluctuations (Gélineau et al. 2002). Thus, fish have different physiological
moods at different times of the day, showing different responses to dietary treatments at
different times (Boujard 2001; Madrid et al. 2001). Therefore, it is required to find the
best feeding time when fish are in the best physiological condition for lipid/energy
metabolism to achieve the best growth performance. Feeding at optimal times can lower
feed loss to the environment, reduce rearing costs, and provide greater profit for fish
producers.

The beluga Huso huso is the largest and most expensive species of sturgeon owing to
its precious caviar and meat (Vecsei et al. 2002; Pikitch et al. 2005). Beluga is suit-
able for aquaculture due to its high adaptability to artificial food and rearing systems,
high growth rate, and resistance against stress conditions (Falahatkar et al. 2012a).
Despite economic importance and high potential of beluga sturgeon in aquaculture, there
is little information on feeding behavior of this valuable species. Most studies have
focused on the optimal feeding rate and frequency to achieve better growth performance
(Deng et al. 2003; Giberson and Litvak 2003; Mohseni et al. 2006); however, no
research has been conducted on sturgeon’s feeding time. Thus, there is a need for more
studies on feeding times to improve the feeding management and optimize growth
performance.

To date, few studies have focused on feeding time impacts on apparent digestibility
and growth performance in fish (Boujard and Leatherland 1992; Bolliet et al. 2000, 2004;
Hossain et al. 2001), and interestingly, they all have focused on teleost fish. Therefore,
for the first time, the present study set to investigate the combined effects of feeding
times and dietary levels of lipid on growth performance, hematological parameters,
muscle composition, and digestibility of dry matter, lipid, and protein in juvenile beluga
sturgeon.
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Materials and methods
Experimental diets

Ingredients, compositions, and proximate analysis of the diet are presented in Table 1. Two
isonitrogenous diets were formulated containing either 120 g kg™' lipid as low-energy
diet, LE, or 240 g kg~ ' lipid as high-energy diet, HE (Table 1). The ingredients were
obtained from Behparvar feed manufacturing company (Karaj, Iran). Since there is less
information on nutritional requirement of sturgeon and due to similarity to salmonid fish,
rainbow trout diet could be a good rationale for these fish (Hung and Deng 2002); hence, a
main part of the diet consisted of rainbow trout-formulated diet. Chromic oxide (Cr,Os3;
Merck Company, Darmstadt, Germany) was added to the experimental diet at
10 g kg diet™" as a non-digestible indicator to evaluate the nutrient digestibility of the
prepared diets. The ingredients were mixed and homogenized thoroughly before moistened
via adding 25 % boiling water and then pelleted using a 3-mm-diameter experimental feed
mill. Before using, the pellets were dried in a warm-air cabinet at 35 °C for 48 h and stored
in a freezer at —17 °C. The pellets were broken into similar and appropriate size and then
stored in a refrigerator at 5 °C during the feeding days.

Experimental fish and feeding trial

The juvenile beluga sturgeons (50 &+ 0.2 g, mean £+ SE) were obtained from the Shahid
Dr. Beheshti Sturgeon Fish Propagation and Rearing Complex in Guilan, Iran, where the
fish were hatched and reared. Prior to the trial, 360 fish were acclimated for 2 weeks in a
flow-through system with artificial diet (with 120 g kg™ ' lipid). The fish were distributed
into eighteen 785-1 circular concrete tanks (20 fish in each tank with a near-uniform
biomass of 994.0 £ 2.8 g tank ') with a flow rate of 13.1 & 0.9 1 min~' for 8 weeks
applying a completely randomized design with six treatments and three replicates per
treatment.

Fish were hand-fed with one of the two experimental diets to apparent satiation twice a
day, based on checking the presence of uneaten pellets in the tank outlet. To this purpose, a
net in the tank outlet was set up for collecting the feed waste. Uneaten feed was dried and
weighed to calculate the feed intake. For each tank, feeding lasted 5 min. The feeding
times considered in three treatments were as follows: (1) at 09:00 and 16:00 (under light
regime), (2) at 21:00 and 04:00 (under dark regime), and (3) at 13:00 and 20:00 (under
light—-dark regimes). Artificial light—dark cycle, created by black plastic covers, was
12D:12L (light set on at 06:00). The light source was provided by a 205-1x fluorescent
lamp on the water surface. Average temperature, pH, nitrite, and dissolved oxygen were
16.7 &£ 0.5 °C, 8 £ 0.2, 0.04 + 0.001 mg 1’1, and 6.8 + 0.1 mg l’l, respectively.

Growth performance

Every 2 weeks, the body weight of all fish was measured. To decrease stress and evacuate
the digestive tract contents, the fish starved for 24 h and then were anesthetized with
400 mg 17! clove powder extract for biometric measurements. Afterward, all fish from
each tank were counted and weighed, individually, to calculate the growth and survival
rate. Growth performance parameters including weight gain (WG), specific growth rate
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(SGR), feed conversion ratio (FCR), and survival rate (SR) were calculated using the
following formulas:

WG (%) = 100 x (Wf — Wi)Wi~!
SGR (% day™') = 100 x (In Wf —In Wi)t™!
FCR = DFI (g) wet WG (g)~!

SR (%) = 100 x (Nf Ni™')

W1 and Wi are final and initial fish weights, respectively; t is the experimental duration in
day; DFI is dry feed intake; wet WG is Wf—Wi; Nf and Ni are final and initial numbers of
fish in each replicate, respectively.

Three fish per tank (nine fish/treatment) were randomly sampled after 8 weeks of the
feeding trial. They were killed by a blow on head (Poli et al. 2005); the blood samples were
taken; their livers were dissected and weighed for hepatosomatic index (HSI) assessment
according to following formula and were also considered for proximate muscle
composition.

HSI (%) = 100 x [liver weight (g) wet weight (g)*‘}

Proximate composition

The proximate composition of the belugas and diets were analyzed according to Associ-
ation of Official Analytical Chemists (AOAC 1998). At the end of the trials, after col-
lecting three fish from each tank (nine fish/treatment), two pieces of dorsal muscles
between the lateral and dorsal scutes were sliced and minced for proximate analysis. The
samples were dried at 105 °C for almost 24 h to determine dry matter. Crude protein was
measured via Kjeldahl method (using Kjeltec Auto Analyser, 2300 Tecator, Sweden).
Crude fat was determined by extraction with petroleum ether using Soxhlet apparatus; ash
by incineration at 600 °C for 6 h; and energy through bomb calorimeter (Parr Instrument
Co, Moline, IL, USA).

Hematological analysis

At the end of the feeding trial, for hematological and biochemical tests, blood samples of
three fish from each tank (nine fish/treatment) were taken gently after anesthetization from
the caudal vein by 5-ml plastic syringes (2 ml blood fish™'). For each fish, blood sampling
took <1 min. Two different aliquots of blood were used for different analyses. An aliquot
of whole blood was transferred to a heparinized tube for measuring the hematocrit (Hct),
hemoglobin (Hb), and differential white blood cells count. The second aliquot was used for
plasma analysis, centrifuged at 1500g for 10 min and preserved at —70 °C. The obtained
plasma was used to determine cholesterol and total protein contents. Hct was determined
using a microhematocrit centrifuge (3500g for 10 min) according to Rehulka (2000). Hb
concentration was determined applying a cyanmethemoglobin method (Rehulka 2000).
Differential white blood cells’ count was determined under light microscope as the
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percentage of lymphocytes, neutrophils, eosinophils, and monocytes after air-drying and
fixing of the smear with 96 % ethanol and staining by Giemsa for 30 min (Klontz 1994).
Total protein level was determined according to biuret method (Tietz 1986) using a
Ziestchem commercial kit (Tehran, Iran). Cholesterol level was determined using colori-
metric method (Tietz 1986) and a Pars Azmoon kit (Karaj, Iran).

Digestibility

For digestibility, from the second week to the end of the trial, the feces of the fish were
collected. Three fish from each tank (nine fish from each treatment) were slightly caught
without any stress and transferred, separately, to six special conical tanks (volume 200 1)
2 h after the second feeding of the day, and the feces, almost 4-6 h after the second
feeding, were collected. The water inflow and outflow were on the top and bottom of the
tanks, respectively. To prevent nutrient leaching, the feces were collected repeatedly at 20-
min intervals. Feces samples from each treatment were labeled and were immediately
frozen and kept at —80 °C before analysis. They were analyzed for dry matter, protein, and
lipid according to AOAC (1998), and chromic oxide by a spectrophotometric procedure
developed using ashing at 450 °C followed by acid digestion in beakers and reading the
diluted digests at 440 nm (Fenton and Fenton 1979). Apparent digestibility coefficients
(ADC) of the diets were calculated according to the following equation (Degani et al.
1997):

ADC (%) =100—[100 x (Cr,Osin diet/Cr,Osin feces) x (nutrientinfeces/nutrientindiet)]

Statistical analysis

All data are presented as mean =+ standard error (SE), considering three replicate groups
(n = 3). Data on the combined effects of feeding times and dietary lipid levels on growth
performance, hematology, biochemistry, and digestibility in juvenile beluga sturgeon were
analyzed via two-way analysis of variance (ANOVA) using SPSS 13.0 (Chicago, IL,
USA), assuming feeding time and dietary lipid level as independent factors. By observing a
significant effect, one-way ANOVA and Tukey’s comparison test determined individual
mean differences. All percentage data recognized as non-homogeneous (determined by
Kolmogorov—Smirnov test) were transformed by arc-sin prior to the statistical analysis.
Differences were considered significant at P < 0.05.

Results
Survival and growth performance

No mortality, deficiency, or illness signs were observed during the feeding trial. Mean
weight of fish was not affected by diets 28 days after the experiment; the lowest weight
was found in fish fed LE diet under dark at day 42; and the highest weight was observed in
fish fed with HE diet at the end of day 56 (P < 0.05; Fig. 1). The growth parameters of fish
fed with the experimental diets for 8 weeks are presented in Table 2. The results showed
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that the growth of belugas was affected by dietary lipid level (P < 0.05), while not affected
by the feeding time (P > 0.05; Table 2). FW, WG, and SGR significantly increased, while
FCR significantly decreased as the level of dietary lipid increased. The fish fed with HE
diet showed the highest FW (from 174.2 £ 5.1 to 175.9 £+ 5.0 g), SGR (from 2.44 + 0.03
to 2.47 + 0.03 % day_l), WG (from 246.5 £+ 9.0 to 252.6 & 4.5 %), and the lowest FCR
(1.10 £ 0.03 to 1.12 &£ 0.04). HSI was uninfluenced by feeding time and/or lipid level
(P > 0.05). There was no interaction between feeding time and lipid level in terms of
growth indices and HSI (P > 0.05; Table 2).

Hematological and biochemical indices

Neither feeding times, nor dietary lipid levels did result in significant changes on hema-
tological parameters including Hct, Hb, cholesterol, and total protein levels and the per-
centage of lymphocyte, neutrophil, eosinophil, and monocyte (P > 0.05; Table 3). There
was no interaction between feeding time and lipid level (P > 0.05; Table 3).

Proximate composition

The proximate composition of the beluga muscle was uninfluenced by feeding times
(P > 0.05), but influenced by dietary lipid levels (P < 0.05; Table 4). As lipid dietary
levels increased, lipid content of the muscle significantly increased, but protein, ash, and
dry matter contents showed no significant increase (P > 0.05). The fish fed with HE diet
showed the highest muscle lipid content (26.6 + 5.3 to 35.2 & 7.8 g kg™"). There was no
interaction between feeding time and dietary lipid level (P > 0.05; Table 4).

Digestibility

Neither dietary lipid level, nor feeding time did induce any significant change on
digestibility of dry matter, lipid, and protein in beluga (P > 0.05; Table 5). Generally,
digestibility of the test diets was high (>90 %). The highest dry matter (92.8 %), protein
(95.7 %), and lipid (96.5 %) digestibility was found in complete darkness in the HE diet.
However, no significant difference was observed among the treatments (P > 0.05).
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Table 1 Dietary (g kg—!) and

proximate composition (g kg—! Ingredients Diets

girzt Smatter) of the experimental Low energy High energy
Formulated diet for trout* 781.5 692.6
Meat meal 9.3 87.3
Wheat flour 81.5 7.1
Fish oil 36.5 90.8
Soybean oil 66.5 90.8
Filler (gypsum) 44.7 214
Chromic oxide” 10 10
Proximate composition
Dry matter 891.3 893.2
Protein 414.7 413.6

? Behparvar company, Karaj, Lipid 120.7 240.5

Iran Ash 145 112

® Merck company, Darmstadt, Gross energy (MJ kg diet™") 17.79 20.26

Germany

200

B1E-D

Average body weight (g)

28
Days

Fig. 1 Growth of juvenile beluga sturgeon Huso huso fed under different feeding times (D dark, L light, DL
dark and light) and different dietary levels of lipid (LE low energy, HE high energy) during 8 weeks of
experiment. Values are mean £ SE of triplicate groups of fish (n = 3). Values within the same time, not
sharing common superscript letters, are significantly different (P < 0.05)
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Discussion

The combined effects of feeding times and dietary levels of lipid significantly increased the
growth performance of fish that fed with high dietary lipid levels, which is possibly due to
a protein-sparing effect (Higgs and Dong 2000). In addition, there was less fish oil in LE
diet compared with HE diet, so LE diet may have been deficient in essential n-3 fatty acids.
In previous studies on Persian sturgeon, Acipenser persicus (Mohseni et al. 2007), and
beluga sturgeon (Keramat Amirkolaie et al. 2012), high dietary lipid levels increased
significantly the growth performance. Fish use lipids and carbohydrates as energy sources;
dietary protein is used to improve cell structure and growth, and thus, the rearing period is
reduced (Skalli et al. 2004). On the other hand, high-lipid diets increase energy levels
which may cause reduction in both feed consumption and total protein intake and ulti-
mately fish growth (Wang et al. 2005; Chatzifotis et al. 2010). This is probably related to
the ability of the fish to utilize dietary lipids (Higgs and Dong 2000). Some species such as
beluga can utilize lipid levels to 24 %, as seen by a better growth performance of the fish
fed HE diet in this study; however, some species such as white seabass, Atractoscion
nobilis, cannot utilize lipid level more than 10 % (Jirsa et al. 2013). In the present
experiment, the diets were not isocaloric; diets with high lipid levels create more calories
for beluga metabolism, which can lead to an increase in growth rate of the fish.

High levels of lipid/energy in the diet significantly increased the muscle lipid content of
beluga sturgeon, which is in agreement with the results on Persian sturgeon (Mohseni et al.
2007) and beluga sturgeon (Keramat Amirkolaie et al. 2012) in which dietary lipid levels
increased from 10 to 25 % and 15 to 30 %, respectively. A similar trend has been reported
in grouper Epinephelus coioides (Luo et al. 2005) and pike-perch Sander lucioperca
(Schulz et al. 2008); in line with the current experiment, these studies on teleosts showed
an increase in body lipid content, but a decrease in body moisture content when dietary
lipid increased.

Hematological indices can vary between species owing to changes in environmental
factors (Barton 2000, 2002; Iwama et al. 2006; Rafatnezhad et al. 2008); nevertheless, in
the present study, hematology was not significantly influenced by changes in feeding time
or dietary lipid level. These findings are in agreement with those of Safarpour Amlashi
et al. (2011) and Falahatkar et al. (2009, 2012a), suggesting that the hematology of beluga
sturgeon is relatively unresponsive to diet alteration and/or handling and confinement. The
reason for this is not known, but it may be due to the evolutionary history of sturgeon
(Falahatkar and Barton 2007; Falahatkar et al. 2012b) and behavioral or endocrinological
mechanisms (Kieffer et al. 2001). Further studies are required to understand the low
hematological response of sturgeons.

In the present study, it was found that belugas could be fed at all day and night times.
Sturgeons are benthic cruisers and light independent somehow with very small eyes in
relation to their body size, which do not apparently contribute much to food detection
(Billard and Lecointre 2000; Devitsina et al. 2011). Therefore, they have developed a few
specialized organs including rostrum, ampulla of lorenzini, and barbels to compensate for
visual system’s weakness (Kasumyan 1997). Both olfactory and gustatory systems of
sturgeons have high sensibility level (Pavlov and Kasumyan 1990). Kasumyan and
Devitsina (1997) found that olfaction is a fundamental sense for feeding behavior in
sturgeons; thus, they mostly find the food items with this sense. Hence, they can easily
detect their food even in a dark environment.
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The findings revealed that feeding time did not affect digestibility and growth of fish. A
few studies have demonstrated that feeding time affects diet digestibility and, conse-
quently, results in a change in growth performance and/or physiological parameters
(Bolliet et al. 2000; Hossain et al. 2001). The feeding time might also influence growth
performance through interactions with both photoperiodical internal cycles and feed intake.
Therefore, feeding time must be in line with physiological rhythm to increase growth
(Bolliet et al. 2004). The results are consistent with those of Bolliet et al. (2004) who found
no significant effect of feeding time on the growth and proximate body composition of
rainbow trout. Unlike the supposition, there was no interaction between feeding time and
dietary lipid level. These findings explain that beluga can be fed all day/night times without
any adverse effect on digestion, growth, and physiological status. Using olfactory and
gustatory organs for foraging behavior is likely a major reason behind nonsignificant
effects of feeding time on growth and digestion in beluga sturgeon. Probably, this valuable
species has circadian locomotor activity and circadian feeding activity. There is limited
information on foraging behavior of beluga sturgeon, so further studies on the current
topics are therefore needed.

Conclusion

Findings of the current study on beluga sturgeon indicated that feeding times did not
influence the growth performance, blood parameters, muscle proximate composition, and
diet digestibility. Generally, it is concluded that beluga can be fed at any time of the day or
night since this species possesses a few specialized organs including rostrum, ampulla of
lorenzini, and barbels to detect food at different times and conditions, thus possessing a
circadian feeding activity. Moreover, the data demonstrated that increasing the dietary lipid
to 240 g kg~" would improve the growth performance. It should be noted that this increase
in dietary lipid leads to an increase in lipid deposition in the muscle of beluga.
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