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Abstract This study was carried out on the possibility of
replacing fish meal in fish diets with two plant protein
sources (sesame oil cake and corn gluten). Experimental
diets with 47.5 % of crude protein were prepared in four
replacement levels of 0, 160, 320, and 480 gkg−1, respec-
tively. Great sturgeons have been fed for 8 weeks. Exper-
imental diets showed a significant reduction (P<0.05) in
the hemoglobin, glucose, iron, and phosphorus plasma,
while significant differences were not found in hematoc-
rit, mean corpuscular volume, mean corpuscular hemoglo-
bin, mean corpuscular hemoglobin concentration, white
blood cell, red blood cell, lymphocyte, neutrophil, eosi-
nophile, calcium, triglyceride, total protein, and choles-
terol of plasma (p>0.05). The results of the present study
revealed that the maximum levels of fish meal replace-
ment by corn gluten and sesame oil cake in diets of
Beluga (Huso huso) could be between 16 and 48 % of
total protein sources of diet.
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Introduction

Since feed represents 60–70 % of the production costs in fish
farming (De Silva 1985), investigations on fish nutrition are
mainly directed towards reducing feed cost by manipulating
the feed formulation (Viola and Arieli 1992). Considerable

attention has been devoted to the evaluation of plant proteins
as ingredients in aquatic animals feeds including soybean meal
(Lim and Dominy 1990; Tidwell et al 1993; Sudaryono et al
1995), solvent-extracted cottonseed meal (Lim 1996), various
legumes (cowpea, green mung bean, and rice bean), leaf meals
(Eusebio 1991; Eusebio and Coloso 1998), and papaya or
camote leaf meal (Penaflorida 1995)

Sturgeons are valuable species, which are currently
highly endangered and their rearing in artificial condition
has been considerably progressed (Moreau et al. 1999a).
Beluga (Huso huso) is one of the sturgeon species with high
growth rates and appears to be very suitable for aquaculture.
Despite the economic importance of beluga, there is little
information about the nutrient requirement in sturgeons
(Moreau et al. 1999b; Moreau and Dabrowski 2003;
Falahatkar et al. 2006; Wen et al 2008; Tatina et al 2010).

Several studies have been published on digestibility of
corn gluten meal, indicating in general good results for
inclusion levels below 40 % of the dietary protein for differ-
ent fish species (Alexis et al 1985; Davies et al 1991).
Digestibility of corn gluten meal is generally high, with
reported values of 95 and 96 % for carp and trout
(Pongmaneerat and Watanabe 1991; Morales 1993).

Hematological parameters of fish are closely related to the
response of fish to environmental and biological factors
(Steinhagen et al 1990; Haider 1973; Fernandes and Mazon
2003). For example, in response to ecological and physiolog-
ical conditions, major changes occur in the fish blood compo-
sition, such as fluctuations in the levels of red blood cells,
white blood cells, hormones, hematocrit, hemoglobin concen-
tration, leukocytes counts, and other basic components.
Therefore, the analysis of blood indices is a valuable guide
in assessing the condition of fish, as it provides a reliable
index of their physiological condition, a set of data that is
especially important in sturgeon aquaculture (Alyakrinskyaya
and Dolgova 1984).
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Sturgeon juveniles like other teleosts need more require-
ments of micronutrients because of fast growth at this phase
of their life cycle. So, we did investigate the effects of
replacing fish meal with two plant proteins (sesame oil cake
and corn gluten) on biochemical and hematological indices
of juvenile beluga (H. huso).

Materials and methods

Fish culture and experimental condition

One hundred twenty juvenile Great sturgeons produced at
the Institute of Aquaculture of the Marjani for Sturgeon,
Golestan, Iran. Fish were transferred to Aquaculture
Research Center of Gorgan University of Agricultural Sci-
ences and Natural Resources and acclimated to the labora-
tory conditions for 30 days before being randomly
distributed into the fiberglass tanks of 400-l capacity. The
average values for aerated and dechlorinated tap water used
in the both acclimation and experiments was pH 7.21±0.50,
dissolved oxygen 8.80±0.06 mg/L, temperature at 22±1 °C,
and total hardness 290±2.35 mg/L as CaCO3. The water
quality parameters mentioned above were assessed in the
experimental period. Water (dechlorinated tap water) was
renewed daily, and the water quality parameters were
measured twice a week (using portable pH/temp meter,
oxygen meter, photometer 7100, Wagtecch, UK). Through-
out the acclimation period and experiment periods, fish
were held under a photoperiod of 12 h of light and 12 h
of darkness.

Experimental diets preparation

Four experimental diets were formulated to contain 47.5 %
crude protein. The measured crude protein levels varied
from 47 to 48.08 % (Table 1). The four isonitrogenous diets
consisting of one control diet based on fish meal and the
other three test diets made by substituting fish meal with
corn gluten meal and sesame oil cake. After preparing the
ingredients of diets, an experimental extruder was used for
producing the pellet size of 5.0 mm diameter.

Fish sampling and blood analyze

Nine fish from each treatment were anesthetized (with clove
oil at 100 mg L−1), and blood samples were obtained from
caudal vein and transferred to unheparinized and hepari-
nized sterile tubes (1–1.5 mL). The quantitative determina-
tion of plasma glucose and triglyceride were carried out
using commercially available diagnostic kits (Pars Azmoon
Co., Iran) at 546 nm and 37 °C by the glucose oxidase
method (Hedayati et al. 2010). Glucose and triglyceride

were measured photometrically according to a method
modified based on the quantification of NADH after a
glucose oxidation catalyzed by glucose dehydrogenase.

Plasma total protein and cholesterol levels were deter-
mined spectrophotometrically using commercial kits Sigma
337-B and Sigma 401–25P by the method of Canli (1996).
Calcium (Ca) values were measured by ocresophthalein
complexone (Candill and Boone 1986). Phosphorus values
were measured by a colorimetric reaction as a combination
of molybdate with phosphate in the presence of acid that
forms a final product called molybdenum blue (Murtha et al.
2003).

Freshly collected heparinized whole blood samples
were used for estimation of hematological parameters
like hemoglobin (Hb) using cyanmethemoglobin method
(Varley 1991) packed cell volume or hematocrit value,
were immediately determined after sampling by placing
fresh blood in glass capillary tubes and centrifuged for
5 min at 10, 500 rpm in a microhematocrit centrifuge
(Hettich, Germany) then measuring the packed cell
volume; Hematocrit readings were performed with the
aid of a microhematocrit reader.

The number of total leukocyte count (WBC) was calcu-
lated using a Neubauer chamber, according to Ranzani-
Paiva et al. (2004). For differential count of leukocyte, that
is, measure of lymphocyte, neutrophil and eosinophil, the
obtained smears were first air dried, fixed in 96 % ethanol
for 30 min, stained by Giemsa staining for 30 min and were
examined for leukocyte differential count under light micro-
scope (Klontz 1994).

The hematological indices mean corpuscular volume
(MCV), mean corpuscular hemoglobin (MCH), mean cor-
puscular hemoglobin concentration (MCHC) were calcu-
lated according to Seiverd (1964). The MCV was
calculated as a quotient of hematocrit (Ht) and red blood
cells (RBC). The value of MCV was expressed in femto-
litres. The MCH expresses the average hemoglobin concen-
tration in individual erythrocytes and is calculated as a
quotient of Hb and RBC. The resultant value is given in
picograms. The MCHC was calculated as a quotient of Hb
and Ht and expressed in grams per deciliter. To estimate the
differential leukocyte count, blood smears were prepared,
air-dried, fixed in methanol and stained using May–Giemsa
solution. Leukocytes in blood smears were categorized into
lymphocytes, monocytes, neutrophils, and eosinophils
(Blaxhall and Daisley 1973).

Statistical analysis

All data were analyzed with one-way analysis of variance by
using SPSS16.0 for windows. Differences between means
were determined using Duncan’s multiple test (significance
P<0.05).
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Results

Plasma glucose, cholesterol, triglyceride, calcium, iron,
phosphorus, and total protein values are shown in Table 2.
With decreased fish meal in experimental diets caused that
plasma glucose concentrations increased in two, three, and
four treatments.

The highest iron value was observed in control fish fed
0 gkg−1 and the lowest observed in fish fed 480 gkg−1 plant
protein (sesame oil cake and corn gluten), respectively. The
highest phosphorus value observed in fish fed 0 gkg−1 and
the lowest was observed in fish fed 480 gkg−1 plant protein,
respectively.

Cholesterol, triglyceride, total protein, and calcium of
plasma had not significantly difference in fish fed the four
experimental diets. No statistically difference was observed
in hematological parameters including hematocrit, MCH,
MCHC, MCV, WBC, RBC, lymphocyte, neutrophil, and
eosinophile of plasma (p>0.05; Table 3).

Fish meal replacement in experimental diets caused ele-
vation in plasma hemoglobin in treatments 3 and 4. In
control fish, the highest hemoglobin percentage was
observed, whereas in fish fed 480 gkg−1 plant protein (ses-
ame oil cake and corn gluten) the lowest hemoglobin per-
centage was seen (Table 3).

Discussion

In the current study, replacing fish meal with plant protein
caused a significant (P<0.05) different in the hemoglobin,
glucose, iron, and phosphorus plasma while significant dif-
ferences were not found in hematocrit, MCH, MCHC,
MCV, WBC, RBC, lymphocyte, neutrophil, eosinophile,
calcium, triglyceride, total protein, and cholesterol plasma
(p>0.05).

Alyakrinskyaya and Dolgova (1984) pointed out the impor-
tance of hematological studies of sturgeons in understanding

Table 1 Formulation and
chemical composition of the
diets

aVitamins and minerals were
supplied according to NRC

Experimental diets

Nutrient material Treatment 1 (%) Treatment 2 (%) Treatment 3 (%) Treatment 4 (%)

Fish meal 55 45.33 34.35 23.27

Corn gluten 0 8 16 24

Sesame oil cake 0 8 16 24

Wheat flour 20.25 15.03 10.05 6.48

Gelatin 8 8 8 9

Fish oil 5.750 5.195 5.175 4

Soybean oil 5.750 5.195 5.175 4

Lysine 1.5 1.5 1.5 1.5

Methionin 1.5 1.5 1.5 1.5

Antioxidant 0.25 0.25 0.25 0.25

Vitamins and mineralsa 2 2 2 1.75

Chemical composition (% or cal g−1)

Crude protein 48.08 48.00 47.00 47.00

Lipid 16.30 15.90 16.66 15.16

Energy crude 4.80 4.78 4.81 4.73

Table 2 Plasma levels of glucose,
cholesterol, triglyceride, total pro-
tein, iron, phosphorus and calcium
in fish fed the experimental diets

*P< 0.05

Experimental diets

Plasma metabolites Treatment 1 Treatment 2 Treatment 3 Treatment 4

Glucose (mg/dl) 50.0±00.0* 54.6±0.57* 56.6±1.52* 58.0±3.00*

Cholesterol (mg/dl) 48.0±1.00* 49.0±3.6* 49.3±2.3* 47.6±4.5*

Triglycerides (mg/dl) 304.3±21.38* 303.3±20.88* 286.0±12.5* 282.3±6.80*

Total protein (mg/dl) 1.23±0.05* 1.26±0.05* 1.33±0.05* 1.33±0.05*

Iron (μg/dl) 26.0±1.00* 23.3±2.30* 22.0±00* 20.6±1.52*

Phosphorus (mg/dl) 10.1±0.30* 9.60±0.50* 8.83±0.11* 7.77±0.10*

Calcium (mg/dl) 6.76±0.11* 6.83±0.05* 6.73±0.05* 6.86±0.05*
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their evolution and also in determining and controlling
the physiological condition of juvenile fish in rearing
facilities. These variations also depend on the physio-
logical requirements of sturgeons. Any environmental
disturbance can be considered as potential stressors
since it prompts a number of responses in the animal
to deal with the physiological changes triggered by
exterior changes (Donaldson 1981).

However, triglyceride had not significantly changed; it
was decreased along with replacement. The possible secon-
dary physiological effects of dietary plant protein intake
have also been little studied in fish. The decline in plasma
triglyceride concentrations with increasing dietary corn glu-
ten meal (CGM) levels has been observed in the yellowtail
fish (Shimeno et al. 1993). The decrease in whole body fat
content along with the decrease in plasma triglyceride con-
centrations suggest significant lipid mobilization in these
groups exhibiting very poor growth rates.

Amount of plasma iron and phosphorus have a signifi-
cant difference (P<0.05) in the results; however, there are
no suitable research related to diet replacement of these
parameters in the fish nutritional studies.

Plant proteins are known to affect cholesterol metabolism
(Forsythe 1995). Kaushik et al. (1995) observed a signifi-
cant hypocholesterolemic effect of dietary soybean in rain-
bow trout and also decreased with high dietary CGM levels.

Hematocrit concentration decreased parallel to inclusion
plant protein in diet; however, in fish meal diet, it was
higher. The few data that have been published on the effect
of the CGM and sesame oil cake on hematocrit are not
always consistent. What is more, there are no clear relation-
ships between the replacement level of fishmeal with alter-
native proteins in the diet and deterioration of hematological
parameters of the cultured fish (Moreau et al. 1999a).

Juvenile sturgeons on the whole have a higher amount of
hemoglobin in contrast to other fish species (Wedemeyer et
al. 1990). In agreement to our results, anemia occurred in

juvenile sturgeons given a diet of oligochaete (Alyakrin-
skyaya and Dolgova 1984). The erythrocyte count is clearly
influenced by many ecological and physiological parame-
ters like water temperature and low-oxygen concentrations.
Food quality (Domezain et al. 2002) also strongly influences
the morphological characteristics of blood, and the qualita-
tive and quantitative properties of hemoglobin in juvenile
sturgeons.

Fluctuations in lymphocyte levels in fish in response to
stress and corticosteroid hormones are similar to those in
mammals (Ellis et al. 2003). The neutrophil levels also
increase in response to stress. Fish eosinophils have been
implicated in inflammation and some reports of phagocytic
activity exist.

Levels of glucose were measured as conventional stress
markers to assess the reliability of stress response triggered
under diet replacement (Wendelaar-Bonga 1997). Plasma
glucose levels had increased with increase of proteins sour-
ces in diet. Glucose is a carbohydrate that has a major role in
the bioenergetics of animals, being transformed to chemical
energy, which in turn can be expressed as mechanical
energy (Lucas 1996). Glucose is then released toward blood
circulation and enters into cells through the insulin action
(Nelson and Cox 2005). Plasma glucose concentration
depends on intestinal absorption, hepatic production, and
tissue uptake of glucose. Several hormones affect homeo-
stasis of glucose, including insulin, glucagons, corticoste-
roids, adrenocorticotropic hormone, growth hormone, and
catecholamines. The maintenance of blood glucose concen-
trations occurs via hepatic glycogenolysis, glycolysis, and
gluconeogenesis (Haschek et al. 2010).

Total plasma proteins are a major constituent in the
metabolism of diet; therefore, it is important to detection
of alterations in protein metabolism induced by diet replace-
ment for further information (Reddy and Bhagyalakshmi
1994). Alterations that may occur are the increased syn-
thesis or breakdown of proteins and the inhibition or

Table 3 Hematological profiles
of Beluga fed with four experi-
mental diets

Values are mean of triplicates±
SE, each replicate consists of
measurement of three fish.
Means in the same row with
different letters differ signifi-
cantly (P<0.05)

Experimental diets

Parameters Treatment 1 Treatment 2 Treatment 3 Treatment 4

Hemoglobin (g/dl) 6.8±0.23 a 6.8±0.10 a 6.6±0.10 b 6.5±0.18 b

Hematocrit (%) 22.1±00 a 22.0±0.79 a 21.3±0.80 a 21.1±0.50 a

White blood cell (×103/mm3) 12.5±1.52 a 12.2±1.15 a 12.7±1.04 a 12.7±1.73 a

Red blood cell (×104/mm3) 65.4±27.0 a 67.0±21.00 a 66.6±9.00 a 65.4±11.0 a

MCHC (g dl−1) 29.6±3.00 a 31.1±3.40 a 31.0±7.30 a 31.0±2.70 a

MCH (Pg) 99.8±3.45 a 101.1±1.63 a 99.5±0.79 a 100.1±1.52 a

MCV (fl) 329.21±10.91 a 325.18±7.85 a 320.12±7.87 a 322.70±6.40 a

Neutrophil (%) 6.00±00 a 6.33±5.77 a 7.33±1.52 a 7.33±5.77 a

Lymphocyte (%) 93.3±0.57 a 93.3±0.57 a 92.3±1.15 a 92.0±1.73 a

Eosinophil (%) 0.667±0.57 a 0.333±0.57 a 0.333±0.57 a 0.667±0.57 a
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activation of certain enzymes (Canli 1996). Most biochem-
ical defenses respond to cellular injury by increasing levels
of defenses through self-regulating signal transduction
mechanisms. These defenses are usually proteins that serve
numerous cellular functions, many still unknown.

In summary, according to the results obtained in the
present experiment, maximum proposed levels of fish meal
replacement by CGM and sesame oil cake in diets for
Beluga (H. huso) can be recognized at 16–48 % of total
protein.
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