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ABSTRACT

Sturgeons are commercially important fish that provide valuable proteins and fatty acids. Chlorella vulgaris, a
microalga, and Saccharomyces cerevisiae, a main source of nutritional yeast, are commonly used as feed, growth
enhancers, and immunostimulants in aquaculture. This study investigated the effects of dietary supplements containing
Chlorella vulgaris and Saccharomyces cerevisiae on blood, immune, and biochemical parameters of sterlet, Acipenser
ruthenus. A total of 315 juveniles, with a mean initial weight of 24.5 + 0.2 g, were randomly assigned to seven
treatments containing different levels of Chlorella and yeast (S1, Sis, Chs, Chs, Chs+Sgs, Chs+Sy, and control). The
fish were kept in twenty-one 500-L circular fiberglass tanks (15 fish in each tank) under controlled conditions. At the
end of the trial, blood, immune, and biochemical parameters, and carcass composition of the fish were measured, and
the obtained data were statistically analyzed. Significant effects were observed in RBC count, Hb, and Hct
concentrations, MCV, MCH, MCHC, eosinophil and neutrophil percentages in fish fed diets supplemented with
different levels of Chlorella and yeast (p < 0.05). Additionally, the highest increase in total immunoglobulin, IgM,
albumin, and calcium content were recorded in the Chs+S; and Chs treatments, respectively. The activity of AST and
ALT significantly (p < 0.05) increased in Chlorella and yeast-supplemented groups. In contrast, the value of ALP
declined in the supplemented groups (p < 0.05). Fish that received Chs and Chs+S; indicated higher amounts of carcass
protein than those fed the control diet. In the S; group, the lowest (p < 0.05) content of carcass fat was reported. Based
on the study findings, it can be concluded that dietary supplements containing Chlorella and brewer’s yeast can
positively affect the body composition, blood, immune, and biochemical parameters in sterlet.
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INTRODUCTION

Sturgeons account for the most expensive and economically valuable group of fish due to their high-quality meat and
valuable caviar (Song et al. 2024). One of the 27 sturgeon species that face global extinction threats is sterlet,
Acipenser ruthenus (Muller et al. 2018; Gessner et al. 2022). This species has several advantages over other sturgeons,
making it an excellent candidate for freshwater aquaculture. It also matures sexually more quickly and needs less room
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in captivity because of its small size (Abdollahpour et al. 2018; Mohammadzadeh et al. 2021). This fish is currently
found in Europe, large parts of Asia, and North America (Paschos et al. 2008). Since sturgeon aquaculture is part of
the development programs for aquatic production (Vaugeois et al. 2022). It is necessary to investigate their
physiological status in different aquaculture environments to optimize the use of resources. Growth and disease
resistance are two important factors affecting cultured organisms (Lin et al. 2007). The use of immunostimulants in
aquaculture, especially under intensive production conditions, is a suitable solution to prevent infectious diseases
(Elumalai et al. 2020). Blood markers are effective diagnostic tools that can be used to monitor the health status of
fish and other aquatic organisms in response to nutritional changes, water quality changes, diseases, and treatments
(Fazio 2019). The fish immune system consists of two major subsystems: non-specific and specific. The non-specific
immune system, which includes physical barriers, humoral immunity, and cellular immunity, is regarded as the
primary immune response mechanism in fish. Granulocytes, monocytes, and macrophages are components of cellular
immunity; granulocytes are further classified as neutrophils, basophils, and eosinophils (Mokhtar et al. 2023; Zapata
2024). These essential cellular components specialize in identifying and eliminating pathogens. Innate immune
responses, such as superoxide production, alternative complement activity, normal hemagglutinin levels, respiratory
burst activity, and lysozyme activity, are important immune parameters for determining disease resistance. All
leukocyte subpopulations are involved in innate and adaptive cell-mediated immune responses, which constitute
cellular immunity. Cell-mediated phagocytosis and cytotoxicity are essential processes (Mokhtar et al. 2023). The
most important liver enzymes are aspartate aminotransferase (AST), alanine aminotransferase (ALT), and alkaline
phosphatase (ALP). AST and ALT are found in various organs of fish, such as the liver, heart, skeletal muscles,
kidney, pancreas, spleen, RBCs, and gills (Center 2007).

ALP is also present in the epithelium of the bile ducts, liver cells, intestinal mucosa, and kidneys. Liver enzymes are
critical biomarkers for determining the proper function of body tissues and organs, especially the liver (Guo et al.
2023). Microalgae are commonly used in aquaculture as feed, growth enhancers, and immunostimulants (Ahmad et
al. 2020). Chlorella vulgaris is categorized as a green microalga because of the presence of chloroplasts. It is spherical
in shape, and its size ranges between 1 and 10 microns (Safi et al. 2014). In addition to chlorophyll, this microalga is
rich in intracellular proteins, carbohydrates, lipids, vitamin C, beta-carotene, and B vitamins including B1, Bz, Be, and
B12 (Coronado-Reyes et al. 2022). Other bioactive components of C. vulgaris include minerals (e.g., potassium, iron,
sodium, calcium, and magnesium) and pigments (e.g., chlorophylls and beta-carotene; Ahmad et al. 2020; Alagawany
et al. 2021). Notably, C. vulgaris is among the microalgae commercially used in aquaculture (Sankar &
Ramasubramanian 2012). Most microalgae contain plenty of antibacterial compounds, such as linolenic acids, which
can kill methicillin-resistant Staphylococcus aureus (MRSA). Some bioactive compounds, including glycosides,
terpenes, unsaturated aldehydes, and derivatives of chlorophyll, mediate the antibacterial properties of many
microalgae (Natrah et al. 2014). Certain substances secreted by microalgae prevent bacterial growth and viral
attachment. C. vulgaris possesses antibacterial activity and wound healing properties (Dineshkumar et al. 2017;
Aldayel et al. 2022; Morowvat et al. 2023). They have antioxidant activities (Goiris et al. 2012; Safafar et al. 2015;
Chinnasamy et al. 2024), increased survival rate, and phagocytic function (Andrews et al. 2009). Saccharomyces
cerevisiae, brewer's yeast, is widely used in the production of proteins and vitamin Bi2, food processing, alcohol
production, food fermentation, and pharmaceuticals and chemical industries (Wang et al. 2023). Yeast is a type of
probiotic (Sen & Mansell 2020), and probiotics improve the development of fish intestines by increasing the length,
width, and surface area of the villi.

They also significantly increase the phosphorus levels (Zidtkowska et al. 2020). The most common type of yeast is S.
cerevisiae, also known as brewer’s yeast or baker’s yeast, which is used in the fermentation of alcohol, bread, beer,
and other carbohydrate sources (Wang et al. 2023). Brewer’s yeast is a good source of protein, as it contains 40-45%
protein, 1% fat, 1-2% fibre, and 6-9% ash. It is rich in B vitamins, including biotin, choline, niacin, folic acid, pantoic
acid, pyridoxine, riboflavin, and thiamine. It is also a rich source of potassium, iron, and phosphorus. Brewer’s yeast
contains a high level of digestible energy (Alboghobesh et al. 2015). The phosphorus content of brewer’s yeast is
available to common carp at 92% and rainbow trout at 91%. Brewer’s yeast is a rich source of glutathione, a necessary
component of all living cells. The addition of brewer’s yeast up to 50% to the diet of river trout caused no negative
effect on fish growth. It is also a good source of amino acids but poor in methionine (Hertrampf & Piedad-Pascual
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2012). Yeast-containing diets can significantly improve growth indices and increase WBCs, total protein, and globulin
concentrations (Abu-Elala et al. 2018). Yeast supplements increase protein deposition in the fish body; fish fed yeast
up to 0.1 g kg* of feed show improved biochemical parameters. However, the lowest mortality rate was reported in
fish fed 0.5 g kg™ yeast of feed (Abdel-Tawwab et al. 2022 a). Different yeasts, including brewer's yeast (S.
cerevisiae), produce many different metabolic compounds. They can also positively affect the growth of aquatic
organisms by increasing the secretion of digestive enzymes, facilitating the digestion of eaten food, stimulating the
immune system, developing the intestines, improving the nutritional performance of larvae, and increasing their
survival rate (Ringoe & Birkbeck 1999). Many studies have reported the positive effects of yeast and Chlorella on the
nutritional, growth, blood, immunity, and biochemical parameters of different fish species, such as Nile tilapia
(Oreochromis niloticus) (Sutthi et al. 2018; Sutthi & Thaimuangphol 2020; Abu-Elala et al. 2020; Abdel-Tawwab et
al. 2022 b), olive flounder (Paralichthys olivaceus; Kim et al. 2002), gray mullet (Mugil cephalus; Akbary & Gorgij
2018), beluga (Huso huso; Hoseinifar et al. 2011), common carp (Cyprinus carpio; Khani et al. 2017; Abdel-Tawwab
et al. 2022 a), and the largemouth bass (Micropterus salmoides; Xi et al. 2022; Yu et al. 2023). This study investigated
the effects of dietary C. vulgaris and S. cerevisiae alone and in combination on hematological indices, immune-related
and biochemical parameters, plasma ion concentrations, liver enzyme activities, and whole body composition in
juvenile sterlet, Acipenser ruthenus.

MATERIALS AND METHODS

In this study, 315 sterlet juveniles, with a mean initial weight of 24.5 £ 0.2 g, were randomly distributed to seven
treatments representing nutritional supplements containing different levels of Chlorella and yeast (S1, S1.5, Chs, Chs,
Chs+Sg5, Chs+Ss, and control) with three replicates each (Table 1). Juveniles were kept in twenty-one 500-liter circular
fiberglass tanks (15 fish in each tank) with a central outlet under aeration and controlled conditions. Physicochemical
parameters of water, including dissolved oxygen (DO), temperature, and pH were regularly measured and monitored
during the study using a digital oxygen meter (WTW, Germany), a thermometer, and a pH meter (AZ8584, China).
The mean DO, pH, and temperature during the study were 6.8 mg L™, 7.2, and 22 °C, respectively.

Table 1. Experimental treatments (diets containing different levels of Chlorella (Ch) and brewer’s yeast (S).
Treatments C. vulgaris (%) S. cerevisiae (%0)

Control 0 0
S; 0 1
Sis 0 15
Chs 3 0
Chs 5 0
Chs+Sos 5 0.5
Chs. Sy 3 1

Note: Ch = Chlorella vulgaris; S = Saccharomyces cerevisiae.
Supplementation levels are expressed as percentages (w/w) of the final diet.

The basic feed was provided by Behsan Arian Nutrition Co. (Beta Group, Alborz, Iran); it was then ground to obtain
a powder containing 37% crude protein, 20% fat, 14% ash, 7% fiber, and 10% moisture with a digestible energy level
of 3,700 kcal kg (Helrich 1990). Powdered Chlorella vulgaris contained 48% protein, 7% fat, 6-8% moisture, 2%
fiber, and 2% ash. Specified values of Chlorella vulgaris and Saccharomyces cerevisiae were added to the basal diet
(Table 1). For this purpose, 100 mL distilled water and 5 mL edible oil per kg of feed were added to the diets; the
control diet contained only edible oil. Finally, the feed was prepared as pellets (Cerezuela et al. 2008). The fish were
fed daily at a rate of 3% of their body weight, distributed across five meals, for a period of 8 weeks (Chebanov &
Galich 2013).

Measurement of blood and immune parameters
At the end of the trial, blood samples were collected from all treatments at a 45° angle from the caudal vein of the fish
using a 2-mL syringe. The blood samples were then transferred to heparinized glass containers. The containers were
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shaken until the blood and the anticoagulant were mixed to prevent blood coagulation. The heparinized tubes were
centrifuged at 5,000 rpm for 5 minutes to separate the plasma. To measure blood parameters, blood samples were
quickly sent to a laboratory in less than three hours in a box filled with dry ice (Filho et al. 1992). RBCs and WBCs
were manually counted using Neubauer slides. Differential WBCs were counted using Giemsa staining. Hemoglobin
(Hb) and hematocrit (Hct) were determined using the cyanmethemoglobin and microhematocrit methods, respectively.
MCV, MCH, and MCHC were calculated using mathematical equations (Klontz 1994). Immunological and
biochemical parameters, including total immunoglobulin, IgM, total protein, albumin, Ca, Na, and K ions, were also
evaluated using an autoanalyzer (Hitachi, Japan) and laboratory Kits (Pars Azmoon Co., Iran; Kopp et al. 2009).

Measurement of liver enzymes
Liver enzymes (ALP, AST, and ALT) were measured based on the ELISA method using specialized kits provided by
Pars Azmoon Co., Iran (Moss & Henderson 1999).

Carcass analysis

At the end of the trial, 3 fish were randomly selected from each replicate to measure the protein, fat, carbohydrate,
moisture, and ash contents of carcass. Briefly, the values of protein, fat, and carbohydrate were measured using
Kjeldahl method, Soxhlet extraction technique, and Anthrone method, respectively. To measure the ash content of the
carcass, samples were put in an electric furnace at 550 °C for 6 hours. Their moisture content was also measured using
an oven at 105 °C (Helrich 1990).

Statistical analysis

Since the Shapiro—Wilk test confirmed the normal distribution of the data, One-Way Analysis of variance (ANOVA)
was used to compare the mean values of the variables. Tukey's test was also performed to separate homogeneous
groups at the 5% significance level. Moreover, Kruskal-Wallis and Mann—-Whitney U tests were employed for non-
parametric data and pairwise comparison, respectively. All statistical analyses were performed in SPSS-18, and the
results were presented as mean + SD.

RESULTS

Red blood cell counts and the levels of hematocrit and hemoglobin for fish fed diet containing 3% Chlorella were
significantly increased compared to those in the control group (p < 0.05). Sterlet juveniles fed the control diet
represented the highest (p < 0.05) counts of WBC, monocyte, and lymphocyte. The values of MCV, MCH, and
eosinophil percentage were significantly elevated in the Chs+Sos treatment (p < 0.05). Neutrophil percentage and
mean corpuscular hemoglobin concentration (MCHC) were affected by Chlorella at the levels of 5% and 3%,
respectively (Table 2).

Table 3 presents the values of immunological and biochemical parameters in sterlet juveniles. Accordingly, the highest
(p < 0.05) total protein level was observed in Chs treatment, whereas total immunoglobulin was significantly affected
by the combination of 3% Chlorella+1% yeast (Chs+S;; p < 0.05). Furthermore, the levels of albumin and calcium
showed an increase (p < 0.05) in Chs+S; treatment. On the other hand, no significant difference (p > 0.05) was found
in the values of IgM, sodium, and potassium ions across treatments. Liver enzymes activities are summarized in Table
4. The levels of ALT and AST in Chlorella and yeast-supplemented groups were significantly higher compared to the
control. On the contrary, the values of ALP were significantly elevated in the control group (p < 0.05; Table 4). Protein
content was significantly higher than in the Chs and Chs+S1 groups in comparison with other groups (p < 0.05). The
lowest (p < 0.05) value of fat was observed in the S; group. Ash and moisture contents were significantly elevated in
fish fed the control diet. In contrast, Chs+So s treatment showed the highest level of carbohydrate (p < 0.05; Table 5).
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Table 2. Hematological indices (Mean £ SD) in sterlet juveniles fed the diets containing different levels of Chlorella and brewer’s yeast.

Paramete

s (Rli()j3 ENIig; Het Hb MCV MCH MCHC NeuFIroph Monocyt Lymtphoc Eo;i.r;op
X X 4 4 i e yte i
Triaéme mm-9) mm-) (%) (gdL™) (fL) (P9) (gdL™) (%) (%) (%) (%)
Control 51040.78° 1792.00+31. 19.47+0.3 4.3720.0 421.17+#1. 92.20+0.2 22.40+0.4 22.34+0.8 3.99+0.2 72.20+1.2 1.80+0.1
10 05°¢ 28 62 01f 69 42 3 1° 5¢ 02
S, 523.+1.249 1368.30+10. 19.97+0.1 4.47+0.0 325.13+0. 84.23+03 23.97+0.1 23.8740.9 3.61+0.0 65.53+0.9 2.80+0.1
61 69P 20 62 25°¢ 1@ 2@ gab 7 3 Qbe
Sis 520.£0.08° 1368.70+11. 20.40+0.3 4.40+0.0 320.50+0. 89.90+0.4 22.20+0.3 23.88+0.9 3.63+0.0 67.37£0.8 2.67+0.0
’ 37 06P 6b° 02 53b 4¢ 28 gab 62 5ab 6P
Chs 586.£0.06Y 1299.70+26. 23.83+0.0 5.87+0.0 384.80+0. 89.23+0.7 25.43+0.3 24.32+0.8 3.75#0.1 68.03+0.7 2.93%+0.0
45 732 6° 6¢ 66° 6° 20 12 0 8p 6o
Che 573.£0.55% 1301.30+27. 22.87+0.0 5.13#0.0 369.03+0. 85.37+0.0 24.20+0.3 24.39+0.7 3.68+0.0 68.13+0.6 2.98+0.0
39 302 6d 6b 97d 6b 6ab 4ab 9ab Ob 6cd
Che+Sos 488.£0.96% 1258.30+14. 20.80+0.3 4.43+0.1 440.08+0. 98.27+0.1 22.47+0.2 23.13+0.7 3.87#0.1 67.47+0.9 3.13%0.0
’ 92 572 0 28 309 5f 12 2@ 280 780 6¢
ChatS, 578.40.44" 1258.70+16. 22.83+0.1 5.43+0.0 288.67+0. 97.3740.2 22.30+1.9 25.19+0.5 3.80+0.3 67.50+070 3.10+0.1
00 922 2¢ 6° 402 9 3a 5b oe® ab ¢

Note: Different lowercase superscript letters within a column indicate significant differences among treatments (p < 0.05). RBC, red blood cell; WBC, white
blood cell; Het, hematocrit; Hb, hemoglobin; MCV, mean corpuscular volume; MCH, mean corpuscular hemoglobin; MCHC, mean corpuscular hemoglobin
concentration, S, Saccharomyces cerevisiae, Ch, Chlorella vulgaris
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Table 3. Immunological and biochemical indices (Mean + SD) in sterlet juveniles fed the diets containing different levels of
Chlorella and brewer’s yeast

Parameters Total Ig IgM Total Protein Albumin Calcium Sodium Potassium
Treatments (mgdL?) (mgdL?) (gdL? (gdL? (mgdL?) (mmol L) (mgdL?)
Control 6.15+0.52°  0.88+0.01 3.86+0.04% 2.2040.022 11.7340.14*  136.73+0.50  3.08+0.02
Si 6.12+0.40°  0.88+0.01 3.9240.03% 2.32+0.02° 12.1940.01° 136.63+0.70  3.14+0.06

Sis 6.20£0.23°  0.89+0.01 4.28+0.03% 2.36+0.05" 12.23+0.05°  139.10+0.70  3.14+0.02
Chg 6.30+0.18"  0.90+0.00 4.36+0.02° 2.38+0.02¢  13.11+0.00° 138.53+0.65  3.13+0.01
Chs 6.50+0.26®  0.93+0.05 4.90+0.09f 2.47+0.04°  13.17+0.02% 138.21+0.73  3.11+0.00

Chs+Sg5 6.27+0.47°  0.90+0.00 4.13+0.00° 2460.10¢¢  13.16+0.05% 137.80+1.10  3.14+0.04
ChstS; 6.81+0.59*  0.96+0.05 4.23+0.04° 2.64+0.04°  13.30+0.02¢ 137.63+1.96  3.13+0.01

Note: Different lowercase superscript letters within a column indicate significant differences among treatments (p < 0.05). Total g, total immunoglobulin; IgM,
immunoglobulin M, S, Saccharomyces cerevisiae, Ch, Chlorella vulgaris.

Table 4. Liver enzymes activities (Mean + SD) in sterlet juveniles fed the diets containing different levels of Chlorella and
brewer’s yeast

Parameters
Treatments ALP(ULY ALT(ULY)  AST(ULY)
Control  398.66+1.45°  13.00+0.18°  493.91+4.76°
Si 382.24+6.67¢  2554+0.19"  520.79+9.52°
Suis 369.21+0.98°  38.64+1.44°  508.22+3.19°
Ch; 378.1445.75%  4557+2.76¢  690.93+8.43%
Chs 379.49+0.97%  50.02+0.57°  700.28+1.24°

Chs+Sgs 263.89+3.69°  77.62+0.73"  669.20+12.57¢

Chs+S; 280.93+2.95° 80.72+0.45° 694.99+8.46°
Note: Different lowercase superscript letters within a column indicate significant differences among treatments (p < 0.05). ALP, alkaline phosphatase; ALT,
alanine aminotransferase; AST, aspartate aminotransferase. S, Saccharomyces cerevisiae, Ch, Chlorella vulgaris.

Table 5. Whole body proximate composition of dry matter (Mean + SD) and moisture in sterlet juveniles fed the diets
containing different levels of Chlorella and brewer’s yeast

i?;i;“rﬁ;ig Protein (%)  Fat(%)  Carbohydrate (%)  Ash (%)  Moisture (%)
Control  49.04+0.12°  19.47+0.15° 7.23+0.05° 251240.02°  85.17:0.11°
S 49.57+0.04°  12.63+0.15° 13.3340.15° 24.23+0.41%  82.43+0.41°

Sis 49.30£0.05®  13.20£0.35° 14.14+0.23° 23.95:0.16°  79.69+0.56°
Chy 53.2240.08° 17.98+1.16°  14.61+0.97* 12.93+0.40°  77.51:0.49°
Chs 54.18+0.17% 19.20:065°  16.0040.85% 12.704067°  76.89:0.05"
Chs+Sos  5330£0.06°  18.77+0.06° 16.63+0.22° 12.3620.11°  73.96:0.13°
Chs#S,  5414%026° 1840:061°  15.67+0.25% 12.4140.14°  74.17+0.02°

Note: Different lowercase superscript letters within a column indicate significant differences among treatments (p < 0.05).
S, Saccharomyces cerevisiae, Ch, Chlorella vulgaris.

DISCUSSION

Measurement of blood parameters and analysis of how they change in response to different diseases have always
been considered an effective diagnostic tool for many diseases (Fazio 2019). This study showed significant
differences across the treatments for haematological indices. RBCs demonstrated a significant difference between
all experimental treatments. The increase in blood indices can be attributable to either the protective effect of
polyphenols against hydrogen peroxide resulting from RBC oxidation or the antioxidant effects of algae on the
reduction of hemolysis caused by fat peroxidation in the membrane of RBCs (Ma et al. 2000). Flavonoids and
polyphenols, two types of antioxidants abundant in seaweeds, are crucial for preventing oxidation (Onofrejova et
al. 2010). Compared with other WBCs, lymphocytes live longer, and their numbers typically decrease with
pollutant exposure. The activation or suppression of the immune system is attributed to lymphocytes, which are
effective biomarkers. As a component of the non-specific cellular immune system, lymphocytes are considered a
good indicator of how the body reacts to stressors (Wuertz et al. 2021). This study demonstrated that as neutrophil
counts increased; they took on more roles in the body, such as phagocytosing small particles, responding to
inflammation, decomposing pollutants, and carrying out metabolic activities, such as cell destruction. As a result,
it is not surprising that the number of neutrophils increases with exposure to pollutants (Liu et al. 2023).
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Assessment of indices such as of MCV, MCH, and MCHC can help diagnose various types of anemia (Ferguson
et al. 2010). In this study, the mean MCV was lower in S1, S15, Chs, Chs, and Chz+S; groups than in the control
group. Since the reduced volume of RBCs facilitates their movement in blood vessels and inhibits the formation
of clots, a low mean MCV can be considered a positive blood index (Ferguson et al. 2010). The present results
demonstrated that the addition of yeast and algae supplements to the diet of the sterlets positively affected the
hematopoietic processes and tissues, since they increased the number of RBCs. Some dietary supplements may
cause anemia and reduce hemoglobin, hematocrit, and RBCs because of their detrimental effects on hematopoietic
tissues (Fails & Magee 2018). Moreover, the use of these supplements increased hematocrit and hemoglobin
levels, which is also beneficial, as higher hemoglobin levels translate into higher oxygen-carrying capacity and,
ultimately, higher blood oxygen levels (Raji et al. 2019). These results confirm the favorable effect of Chlorella
and yeast supplements added to the diet of sterlet juveniles. Studies have shown that the addition of algae
supplements to the diet of fish species can increase hematocrit levels. Karami et al. (2016) and Zeraatpisheh et al.
(2018) also reported that the addition of the aqueous extract of Sargassum angustifolium to the diet of the common
carp (Cyprinus carpio) and the rainbow trout (Oncorhynchus mykiss) significantly increased hemoglobin levels
compared to the control group. Similar results have been reported about the probiotic effects of Saccharomyces
cerevisiae on RBCs, WBCs, MCV, and intracellular hemoglobin weight in the beluga (Hoseinifar et al. 2011;
Fattahi et al. 2014) and the channel catfish (Ictalurus punctatus; Reque et al. 2010) as well as their effects on
hematocrit, and neutrophils in the Persian sturgeon (Acipenser persicus; Darafsh et al. 2020). Microalgae are
valuable nutritional sources used in aquatic nutrition as a suitable replacement for proteins obtained from fish
meal and soy, as they are rich in proteins (between 50% and 70%; Alagawany et al. 2021). Furthermore, these
algae are potent food supplements because of their high content of biophenols and other bioactive compounds
with immunogenic and antioxidant properties (Ahmad et al. 2020). These compounds in the Chlorella-containing
diets have positive effects on the growth, immune responses, and antioxidant profiles of aquatic organisms (Abdel-
Tawwab et al. 2022 b). This study demonstrated that Chlorella was more effective than brewer’s yeast in
increasing the total protein and albumin levels, indicating the positive effects of Chlorella and yeast on the
immune system of fish. The highest levels of total protein and albumin were observed in Chs treatment. Studies
have shown that the addition of Chlorella to diets at the levels of 0.8-1.2%, 2%, and 5% increased total protein
and albumin in Sebastess chlegeli (Bai et al. 2001), Cyprinus carpio (Khani et al. 2017; Abdulrahman et al. 2018;
Abdel-Tawwab et al. 2022 b), Oreochromis niloticus (Abdel-Tawwab et al. 2022 b; Morowvat et al. 2023), and
Carassius auratus (Xu et al. 2014). Albumin is the most abundant protein of plasma produced in the liver. It
regulates body fluid distribution, acid-base physiology, and the binding of essential components in the
bloodstream (Sheinenzon et al. 2021). Blood proteins serve a variety of biological functions, such as carriers,
enzymes, and protease inhibitors, and are important in humoral immunity (Fails & Magee 2018). All proteins in
the blood that trigger particular immune reactions and aid in the production of antibodies are collectively referred
to as total protein. A higher serum protein level generally indicates a better state of immunity in fish. Elevated
serum protein levels indicate that the liver and other organs involved in plasma protein production are functioning
properly (Yavuzcan et al. 2005). As an immunostimulant, Chlorella vulgaris significantly increases the IgM and
lysozyme levels in the common carp (Khani et al. 2017), Caspian salmon, Salmo trutta caspius (Saberi et al.
2017), and Nile tilapia, Oreochromis niloticus (Abdel-Tawwab et al. 2022 b). The polysaccharides present in the
cell wall of S. cerevisiae consist of two types of glucans, namely, beta-1-3-glucan (50-60%) and beta-1-6-glucan
(10-15%). Studies have demonstrated the positive role of these glucans in enhancing immune function and
preventing diseases (Aimanianda et al. 2009). Yeast and Chlorella boost protease secretion and protein
digestibility, which benefit intestinal microbial flora. Consequently, they act as a barrier against bacterial toxins
produced in the intestine and increase total protein levels in fish blood (EI-Nobi et al. 2021). S. cerevisiae is a
natural component of the gut microbiota in rainbow trout (Waché et al. 2006) and beluga (Fattahi et al. 2014).
Yeasts contain several bioactive compounds that have strong immunostimulatory effects on aquatic organisms
(Kober et al. 2022). This study showed that dietary brewer’s yeast increased several immune response-related
parameters, including total immunoglobulins and IgM. Numerous cellular components found in yeasts can
stimulate an immune response (Martins et al. 2009). IgM is a major immunoglobulin in fish and the primary
component of the humoral immune system (Sun et al. 2010). Increased IgM levels improve the immune system
of fish. The study results revealed no significant difference between the experimental treatments in terms of IgM
levels. It seems that 8 weeks is not sufficient to monitor changes in IgM, and further studies over a longer period
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are needed to identify these changes more precisely. Although total protein and albumin levels increased in this
study, IgM levels did not change significantly. These studies demonstrate the beneficial effects of dietary probiotic
yeast on the immune system and its potential role as a preventive agent in fish feeds. lons play a role in most
biological processes, such as respiration, muscle contraction, absorption, transmission of nerve messages, osmotic
regulation, acid and alkali balance, and excretion; hence, they are important for all organs (Zimmer & Perry 2022).
The study results showed no significant difference between the experimental treatments in the concentration of
blood minerals, except calcium, exhibiting that the brewer’s yeast did not affect mineral absorption. There is
insufficient information on the effects of dietary yeast on mineral metabolism in fish. The type of fish, duration
of supplementation and probiotic yeast species are factors that determine how dietary probiotics affect blood
metabolic parameters. Because of their strong immunostimulatory effects, probiotics have attracted great attention
in aquaculture for maintaining the health of farmed aquatic organisms (Dimitroglou et al. 2011). The fish in the
control group exhibited significantly lower levels of calcium ions than those in the other treatments. In fact, the
calcium levels increased with the elevation in the Chlorella content of the diet. Due to the loss of small ions
through gill exchange, the sodium and chloride levels are lower in fish exhibiting secondary stress responses
(Barton 2002). However, the study results revealed no significant difference between the control group and the
experimental treatments in blood sodium levels. This may suggest that the sterlet juveniles fed diets containing
yeast and Chlorella were in a stress-free state. The availability and abundance of calcium sources in water affect
fish. The gills, skin, and oesophagus of fish come into direct contact with the water, and calcium is actively
absorbed from the water (Flik & Verbost 1993; Guerreiro & Fuentes 2007). Although pituitary hormones, such
as prolactin, growth hormone, and somatostatin (Wagner & Congleton 2004), and endocrine hormones, such as
cortisol (Flik et al. 1995; Guerreiro & Fuentes 2007), have been reported to be effective in regulating blood
calcium levels, the factors involved in the regulation of fish blood calcium levels are still unknown. Probiotics
improve calcium absorption and fortify the intestinal epithelium. They also facilitate the absorption of minerals
such as calcium and iron and boost the production of vitamins such as B1z, Bs, and K (Mohammadian et al. 2021).
This may account for the calcium increase. The liver in fish is the primary organ for the metabolism of nutrients
and medications; and is also crucial for the proper functioning of the immune system (Center 2007). The
concentration of liver enzymes, which increase primarily as a result of tissue injury, is a good measure of liver
health. The diets containing different levels of C. vulgaris and S. cerevisiae significantly increased AST and ALT
and decreased ALP activity compared to the control group. Studies have shown that liver enzymes are affected
by physiological and environmental factors, including skeletal muscle disorders, heart failure, dietary habits, water
temperature, fish age, and water salinity. As a result, increased activity of liver enzymes in the plasma of fish fed
diets containing C. vulgaris and S. cerevisiae could indicate the presence of liver tissue damage. Sherif et al.
(2012) reported improved ALT and AST levels in Nile tilapia, O. niloticus fed diets containing Spirulina algae.
The feeding of Nile tilapia with diets containing 5% or 10% C. vulgaris also reduced liver histopathological
alterations (Zahran et al. 2019). Daliri et al. (2020) showed that the oral administration of red algae, Laurencia
caspica, reduced the activity of liver enzymes. The findings of the carcass analysis showed that the highest protein,
carbohydrate, and moisture contents in the carcass of fish were observed in the Chs, Chs+Sg 5, and control groups,
respectively. Other studies have shown that the addition of 10 g kg of C. vulgaris to the diet of the grey mullet
significantly increased the crude protein and moisture contents of the fish carcass, while decreasing its fat content.
The addition of 5 g kg* of Chlorella to the diet of mullet significantly increased the protein, ash, and moisture
content of the carcass compared to the control group (Akbary & Gorgij 2018). These findings are not consistent
with the results of the present study. The addition of Chlorella powder to the diet of the olive flounder decreased
the fat content of the fish carcass (Kim et al. 2002). On the other hand, the addition of yeasts significantly increased
the protein content of the carcass in the three-spot cichlid (Cichlasoma trimaculatum), but there was no significant
change in the fat, moisture, and ash contents (Mohammadi et al. 2016). In another study on the Nile tilapia, it was
reported that the feed containing yeasts significantly elevated the protein content and reduced the carcass fat
content (Sutthi & Thaimuangphol 2020). There are reports that the addition of yeasts to diets increased the protein
content of the carcass in rainbow trout (Pooramini et al. 2009), rohu, Labeo rohita (Tewary & Patra 2011),
Astronotus ocellatus (Kafilzadeh et al. 2013), and beluga, Huso huso (Taati et al. 2011). Most of these studies are
consistent with the findings of the current study. Review of previous research showed that the addition of yeast
and algae to fish diets increased the protein content and decreased or caused no change in the fat content of the
carcass. Moreover, the trend of alterations in the fat content of the carcass is the opposite of that of the moisture
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content, which is consistent with the findings of this study. The increased protein content of the carcass following
the addition of Chlorella to the fish diet shows that protein metabolism is triggered by the use of Chlorella algae
to join its primary pathway, the path of tissue synthesis, where it is stored as protein in the tissue (Shalaby & El-
Nady 2008). Moreover, 50-60% of the dry weight of C. vulgaris is composed of proteins (Zheng et al. 2021).
This microalga also exhibits probiotic qualities and enhances the secretion of digestive enzymes and food
absorption and digestion, in addition to its other beneficial properties. Furthermore, by boosting the secretion of
protease, a digestive enzyme, probiotic S. cerevisiae enhances the decomposition of protein components in fish
meal, which improves intestinal absorption of these protein components and elevates the protein content of the
carcass (Puvanasundram et al. 2021). The present results revealed no significant difference in carcass fat content
between juveniles fed diets containing only algae and those fed a combination of algae and yeast. In addition, it
was lower in juveniles fed diets containing only yeast. There is an inverse relationship between the moisture and
fat content of the carcass in fish species (Yigit et al. 2010). This was also observed in this study in sterlet juveniles
fed diets containing different levels of yeast and algae. In fact, the fat content of the carcass increased with
decreasing moisture content. The highest protein, fat, and carbohydrate contents were observed in the treatments
receiving Chlorella or a combination of Chlorella and yeast, whereas the highest ash content was observed in
those fed different levels of yeast and the control group. The ash content of the carcass indicates the concentration
of minerals in organic tissues; minerals are found in the bodies of aquatic organisms in a limited but essential
form (Kafilzadeh et al. 2013).

CONCLUSION

The results of this eight-week feeding trial showed that dietary treatments were associated with changes in several
hematological indices, immune-related and biochemical parameters, liver enzyme activities, and whole-body
composition in juvenile sterlet. The highest mean total protein concentration was observed in fish fed the diet
containing 5% Chlorella, whereas the highest mean total immunoglobulin, albumin and calcium concentrations
were recorded in fish receiving the combined diet containing 3% Chlorella and 1% Saccharomyces cerevisiae.
However, IgM levels did not differ significantly among the treatments. AST and ALT activities increased, whereas
ALP activity decreased in the supplemented groups. Therefore, the findings support treatment-related changes in
selected physiological parameters but do not, by themselves, establish an overall improvement in fish health.
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