Ann. Anim. Sci., Vol. 21, No. 4 (2021) 1423—1433 DOI: 10.2478/aoas-2021-0012

§ sciendo

SACCHAROMYCES CEREVISIAE ENHANCED THE GROWTH, IMMUNE
AND ANTIOXIDATIVE RESPONSES OF EUROPEAN SEABASS
(DICENTRARCHUS LABRAX)

Mahmoud A.O. Dawood', Marwa F. Abd El-Kader?, Mona A. Farid®, Mohamed F. Abd-Elghany*,
Mohamed Alkafafy®, Hien Van Doan®"*

'Department of Animal Production, Faculty of Agriculture, Kafrelsheikh University, 33516,
Kafrelsheikh, Egypt
“Department of Fish Diseases and Management, Sakha Aquaculture Research Unit, Central Laboratory
for Aquaculture Research, A.R.C., Egypt
3Genetics Department, Faculty of Agriculture, Kafrelsheikh University, Kafr El-Sheikh, 33516, Egypt
“Department of Animal Production, Faculty of Agriculture, Al-Azhar University, Cairo 11884, Egypt
*Department of Biotechnology, College of Science, Taif University, P.O. Box 11099, Taif 21944,
Saudi Arabia
*Department of Animal and Aquatic Sciences, Faculty of Agriculture, Chiang Mai University, Chiang
Mai 50200, Thailand
’Science and Technology Research Institute, Chiang Mai University, 239 Huay Keaw Rd., Suthep,
Muang, Chiang Mai 50200, Thailand
*Corresponding author: hien.d@cmu.ac.th

Abstract

The concept of probiotics is widely applied in the field of aquaculture for their beneficial and
friendly influences. In this sense, the role of Saccharomyces cerevisiae on the growth, immune
and antioxidative responses of European seabass was tested in this study. Fish were distributed
in 3 groups (triplicates) with ten fish in each replicate and fed 0, 1, and 2 g/kg of S. cerevisiae
(15x10° CFU/g) for 90 days. Fish fed S. cerevisiae showed higher final body, weight gain, and
specific growth rate as well as lower FCR than fish fed the basal diet (P<0.05). The RBCs, WBCs,
Hb, and PCYV values were increased in fish fed dietary . cerevisiae when compared to the control
(P<0.05). The blood total protein, albumin, and globulin were higher in fish fed S. cerevisiae than
the control (P<0.05). Fish fed dietary S. cerevisiae had enhanced phagocytic index, phagocytic,
and lysozyme activity comparing the control. In a similar sense, the antioxidative enzymes (SOD,
GPx, and CAT) were higher in fish fed S. cerevisiae than the control (P<0.05). However, the level of
MDA was lowered (P<0.05) by S. cerevisiae in European seabass. Gene expression of IL-8, IL-1f,
GH, and IGF-1 was upregulated and HSP70 was downregulated by S. cerevisiae (P<0.05). It can be
concluded that European seabass fed S. cerevisiae at 1-2 g/kg (15%10° CFU/g) diet had markedly
enhanced growth, haemato-biochemical, and immune performances.
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Fisheries and aquaculture contribute significantly to human food security (FAO,
2018). Due to the large increase in consumption and the increasing demand for sea-
food, fish can be farmed with high densities. As a result, fish were subjected to stress
in ponds which are associated with immunosuppression (Abdel-Latif et al., 2020;
Dawood and Koshio, 2020). Thus, the fish’s susceptibility to infectious diseases in-
creases, which causes huge economic losses. In such cases, the use of antibiotics is
the traditional treatment for fish, but frequent use of antibiotics has caused many of
the harms related to fish, the consumer, and the environment (Garlock et al., 2020).
Many countries have limited the use of antibiotics and replaced it with a wide range
of effective natural alternatives (Cao et al., 2020; Yilmaz et al., 2018). Indeed, ef-
fective alternatives have been tested, which include probiotics, prebiotics, immu-
nostimulants, and medicinal plants (Ahmadifar et al., 2020; Dawood et al., 2018).

Probiotics are live microorganisms involved in regulating the diversity of ben-
eficial microbiota in aquatic organisms’ intestinal tract (Kuebutornye et al., 2019).
More specifically, beneficial bacteria and yeasts (e.g., Lactobacillus, Bacillus, and
Saccharomyces) are the famous probiotic species that have been widely applied
(Iwashita et al., 2015; Yilmaz et al., 2020). Markedly, fish treated with dietary pro-
biotics displayed enhanced local intestinal digestion and immunity with association
with entire body immunity (Dawood et al., 2020 b). Additionally, probiotics effec-
tively enrich the intestinal environment with functional metabolites and antimicrobi-
al agents that compete with pathogenic biota (Dawood et al., 2019; Yao et al., 2020).
Therefore, probiotics’ inclusion results in enhanced resistance against oxidative and
disease challenges (Abu-Elala et al., 2013; Reque et al., 2010). Yeast is an effective
probiotic involved in several beneficial effects when supplied to aquatic organisms
(Huyben et al., 2017). The oral delivery of Saccharomyces cerevisiae beneficially
impacted the growth, feed efficiency, immunity, and resistance to infectious diseases
in Nile tilapia (Oreochromis niloticus) (Abass et al., 2018; Dawood et al., 2020 c),
African catfish (Clarias gariepinus) (Essa et al., 2011), common carp (Cyprinus car-
pio) (Huang et al., 2015), Atlantic salmon (Sa/mo salar) (Hansen et al., 2021), and
grouper (Epinephelus coioides) (Yang et al., 2020).

European seabass (Dicentrarchus labrax) is marketable farmed fish and known
for its high-food quality properties (Magalhaes et al., 2017). Dietary probiotics are
a vital factor for improving fish productivity and profitability, but probiotics for im-
proving seabass performances are still not well documented. Thus, this study spot-
lights on evaluating the oral delivery effect of S. cerevisiae on the growth, immune,
and antioxidative responses of European seabass.

Material and methods

Design and procedures

Commercial diet (45% crude protein, AQUA International for Food Industries,
Cairo, Egypt) was considered as a basal diet and well mixed with varying levels
(0, 1, and 2 g/kg) of S. cerevisiae (15x10° CFU/g, AGRANCO CORP., USA) in the
presence of fish oil every two weeks and kept at 4°C until use.
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Fingerlings of European seabass with visually average initial size and an average
weight of 20.53 + 0.10 g were stocked in nine hapas (1 x 2 x 1.25 m each) with the
rate of 10 fish per hapa. Before initiating the trial, fish were fed the basal diet and
kept for ten days for adaptation under optimal farming conditions. Fish were fed the
prepared diets on 09:00, 12:00, and 15:00 h till satiation level for 90 days. Water
characteristics were kept optimally during the trial; 18.0 to 19.0°C, 4.8 to 5.32 mg/L,
7.0 to 7.5, from 0.03 to 0.038 mg/L, 23.41 ppt, for temperature, dissolved oxygen,
pH, ammonia (NH,), and total salinity, respectively.

Final sampling
All fish were weighed for final growth performance calculation using the follow-
ing formulae:

WG = W2 (g)— WI (2); FCR = FI (2)/WG (2); SGR= 100 ((In W2 (g) — In W1
(g))/ time (day))

where: W2: final weight; WI: initial weight; WG: weight gain (g); FCR: feed
conversion ratio; SGR: specific growth rate.

Fish were anesthetized (MS-222: 25 mg/L) then blood was obtained from five
fish per hapa. One-half of the blood was kept in heparinized tubes (1600 Ul/ml)
to assess hematological traits. Another tube without coagulant agent serum was
collected for serum samples, centrifuged at 3000 rpm/15 min at 4°C, and stored at
—20°C.

Blood analysis

The red blood cell counts (RBCs) were determined by following Blaxhall and
Daisley (1973) and Hrubec and Smith (1999). Hematocrit (PCV) was determined
by using microhematocrit. Hemoglobin concentrations (Hb) were determined by the
cyanhemoglobin method, at 540 nm. The count of white blood cells was analyzed by
following Stoskopf (1993).

The total serum protein (sTP; g/dL) and albumin (ALB; g/dL) were determined
by following Doumas et al. (1981) and Reinhold (1953), respectively. Globulin
(GLB; g/dL) was calculated by subtracting ALB from sTP. Serum aspartate ami-
notransferase (AST) and alanine aminotransferase (ALT) activities were examined
by following Gella et al. (1985).

The turbidimetric assay followed to analyze lysozyme activity according to Ellis
etal. (1990). The phagocytosis assay was analyzed by following Cai et al. (2004) and
Kawahara et al. (1991). Glutathione peroxidase (GPx), superoxide dismutase (SOD),
catalase (CAT), and malonaldehyde (MDA) levels were detected using diagnostic
reagent kits (Cusabio Biotech Co., Ltd.; China).

Gene expression
The expression of hepatic genes was determined using RT-PCR. Briefly, TRIzol
reagent (Invitrogen, Life Technologies, Carlsbad, CA, USA) was utilized to extract
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total RNA from approximately 100 mg of hepatic tissue. RNA samples of 1.8 or
more A260 / A280 were used for DNA synthesis using a cDNA synthesis package
(Fermentas, Waltham, MA, United States) using Nanodrop quantitative. The SYBR
Green Master Mix with GAPDH as a standard gene have been added to amplify
cDNA. The primers were designed by following Abd El-Kader et al. (2020). Ob-
tained results on amplification were assessed using 2 ** methods (Pfaffl, 2001).

Statistical analyses

All data were statistically analysed using one-way ANOVA with SPSS (version
22, SPSS Inc., IL, USA). Duncan’s test was used to determine the significant differ-
ences at the level of 5%.

Results

Growth performance

Fish fed S. cerevisiae revealed higher (P<0.05) final body, weight gain, and spe-
cific growth rate but lower feed conversion ratio than fish fed S. cerevisiae free diet
(Table 1).

Table 1. The effect of S. cerevisiae on the growth performance of European seabass

Item | 0 1 2
IBW (g) 24.08+0.02 23.84+0.04 24.30+0.05
FBW (g) 99.52+0.22 a 119.98+0.23 b 122.59+0.31 b
WG (%) 75.43+0.20 a 96.14+0.19 b 98.29+0.32 b
SGR (%/day) 1.69+0.00 a 1.92+0.00 b 1.93+0.00 b
FCR 1.47+0.04 b 1.12+0.01 a 1.07+0.03 a

Each row presents mean = S.E. and different letters refer to significant differences (P<0.05).

Blood traits

The blood profile of fish fed S. cerevisiae showed normal average values (Ta-
ble 2). Markedly, RBCs, WBCs, Hb, and PCV have increased in fish treated with S.
cerevisiae than in control (P<0.05).

Table 3 presents the biochemical blood indices, including ALT, AST, sTP, ALB,
and GLB. The sTP, ALB, and GLB were higher in fish fed S. cerevisiae than the
control (P<0.05).

Fish fed dietary S. cerevisiae had enhanced phagocytic index, phagocytic,
and lysozyme activity compared to control (Table 4). In a similar sense, the antioxi-
dative enzymes (SOD, GPx, and CAT) were higher in fish fed S. cerevisiae than the
control (P<0.05) (Table 5). However, the level of MDA was considerably lowered by
S. cerevisiae in European seabass (P<0.05) (Table 5).
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Table 2. The effect of S. cerevisiae on the hematological indices of European seabass

Item 0 1 2
Hb (g/100 ml) 9.99+0.01 a 11.64+0.08 b 11.70£0.01 b
RBCs (10/mm°) 3.19+0.01 a 3.71+0.01vb 3.76+0.01 b
PCV (%) 31.50+0.29 a 36.50+0.29 b 37.00+0.00 b
MCV (mm?) 98.74+0.55 98.38+0.47 98.40+0.15
MCH (Pg) 31.32+0.10 31.37+0.12 31.12+0.06
MCHC (%) 31.72+0.27 31.89+0.03 31.62+0.02
WBCs (10/mm?) 18.63+0.27 a 20.51£0.01 b 20.58+0.01 b
Heterophils (%) 12.00+0.00 10.50+0.29 12.50+0.29
Lymphocytes (%) 77.00+0.00 81.50+0.29 78.00+0.00
Monocytes (%) 7.50+0.29 7.00+0.00 8.00+0.00
Eosinophils (%) 1.50+0.29 0.50+0.29 0.50+0.29
Basophils (%) 2.00+0.00 0.50+0.29 1.00+0.00

Each row presents mean + S.E. and different letters refer to significant differences (P<0.05).

Table 3. The effect of S. cerevisiae on the biochemical parameters of European seabass

Item 0 1 2
ALT (U/T) 29.96+0.06 29.58+0.52 29.37+0.22
AST (U/T) 32.64+0.28 30.94+0.05 30.27+0.01
Blood total protein (mg/dl) 4.62+0.00 a 4.84+0.01 b 4.87+0.01 b
Albumin (g/dl) 1.46+0.00 a 1.55+0.01 b 1.63+0.00 b
Globulin (g/dl) 3.16+0.00 a 3.29+0.01 b 3.23+0.01 b

Each row presents mean + S.E. and different letters refer to significant differences (P<0.05).

Table 4. The effect of S. cerevisiae on the immune parameters of European seabass

Item 0 1 2
Lysozyme activity (unit/ml) 11.68+0.02 a 12.76+0.02 b 12.89+0.00 b
Phagocytic activity (%) 17.09+0.02 a 20.67+0.01 b 20.82+0.01 b
Phagocytic index 1.02+0.00 a 1.23+0.01 b 1.27+0.04 b

Each row presents mean + S.E. and different letters refer to significant differences (P<0.05).

Table 5. The effect of antioxidative status of European seabass

Item 0 1 2
SOD (IU/M) 9.94+0.05 a 10.48+0.02 b 11.30+0.01 b
CAT (1U/1) 12.08+0.02 a 12.48+0.01 b 12.53+0.02 b
GPx (IU/T) 13.60+0.02 a 13.99+0.00 ab 14.03+£0.01 b
MDA (IU/T) 20.01+0.08 b 18.65+0.01 a 18.40+0.09 a

Each row presents mean + S.E. and different letters refer to significant differences (P<0.05).
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Levels of mRNA transcription

The mRNA levels of GH, IGF-1, IL-8, and IL-1f genes were markedly increased
by S. cerevisiae; however, the level of HSP70 gene was decreased (P<0.05) (Figu-
re 1).

IGF-1

IL-8

HSP70

Figure 1. The influence of S. cerevisiae on GH, IGF-1, HSP70, IL-8, and IL-1§ gene expression.
Bars present mean + S.E. (n=3). Different superscript letters refer to marked changes between groups

The potential impact of probiotics as alternative antibiotic substances has been
clearly investigated in aquaculture, focusing on dietary S. cerevisiae that is involved
in enhancing the growth performance and health condition (Dawood, 2021). Firstly,
the oral delivery of S. cerevisiae competes with pathogenic microorganisms in the
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intestinal tract and acts as an antibacterial potent. Further, it increases the diversity
of intestinal microbiota and allows the beneficial biota to beneficially enhance the
digestion and absorption of nutrients in the local intestine. Concurrently, the local
immunity would be enhanced, and the entire body immunity can be activated.

This study showed enhanced growth performance in European seabass given
1-2 g/kg of S. cerevisiae. The results agree with Abass et al. (2018), Essa et al.
(2011), Huang et al. (2015), Hansen et al. (2021), and Yang et al. (2020), who report-
ed an enhanced growth rate of Nile tilapia, African catfish, common carp, Atlantic
salmon, and grouper fed dietary S. cerevisiae. S. cerevisiae has abundant intracellular
proteins in their cell walls that improve feed utilization through the intestinal tract.
Besides. S. cerevisiae increases the abundance of beneficial microbiota in the intes-
tinal tract of fish, which sector digestive enzymes for the digestion of feeds (Hindu
et al., 2019). The enhanced absorption of digested nutrients is also attributed to the
role of S. cerevisiae that assists in absorbing nutrients through the epithelium tissue
to the bloodstream then for the entire cells. The enhancement of feed utilization led
to increased feed consumption and improving FCR value, which refers to improved
feed digestibility and weight gain (Dawood, 2021). Interestingly, the results also dis-
played upregulated GH and /GF-1 genes in seabass treated with S. cerevisiae. These
results refer to the potential role of S. cerevisiae in enhancing the growth-related fac-
tor on a molecular basis, which led to enhanced weight gain in this study. Similarly,
dietary probiotics resulted in increasing the mRNA levels of growth-related genes in
aquatic organisms (Dawood et al., 2020 a).

Usually, when fish could utilize feed properly, it can be assumed that the meta-
bolic function, immune system, and health condition of fish could be enhanced. The
study displayed increased RBCs, WBCs, PCV, and Hb values in seabass treated with
1-2 g S. cerevisiae/kg. As probiotic cells, S. cerevisiae is known for its role in regu-
lating metabolic function in association with enhancing the immune system of fish
(Takahashi et al., 2017). In this sense, increased RBCs and Hb levels referring to
a sufficient amount of nutrients in the blood without anemic features with a potential
role in respiration and oxygen exchange. Additionally, increased WBCs and PCV
indicate enhanced immunity and defense against pathogenic invaders (Fituza et al.,
2015). Similarly, Nile tilapia receiving S. cerevisiae showed improved WBCs, Hb,
RBCs, and PCV indices (Dawood et al., 2020 c).

The blood total protein (sTP), albumin (ALB), and globulin (GLB) traits are
involved in many physiological functions in the fish body (Shi et al., 2006). High
levels of sTP indicate the availability of protein in the blood required for metabolic
functions with the relevance of the immune status. ALB is another blood protein
that defends against the leakage of vessels induced by stressors, while GLB plays
a vital role in the humoral immune response (Uribe et al., 2011). This study showed
an improved sTP, ALB, and GLB levels in fish fed S. cerevisiae, which illustrates the
enhanced metabolic and health responses of seabass. These results are in line with
Dawood et al. (2020 c) who reported enhanced sTP and GLB in Nile tilapia treated
with probiotics.

Phagocytic activity (PA) is anti-bacterial function involved in the protection
against infection (Itou et al., 1996). Another vital tool during the infection is the
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lysozyme activity (LA) that breaks down the cell walls of pathogenic bacteria and
acts as a non-specific immune response (Tort et al., 2003). The study showed en-
hanced PA and LA in fish given S. cerevisiae, which agrees with Abu-Elala et al.
(2013), who reported enhanced LA in Nile tilapia fed S. cerevisiae.

Stressful farming conditions result in oxidative stress involved in ROS genera-
tion that oxidizes the cellular lipid content and breaks down RNA (Martinez-Alva-
rez et al., 2005). The high levels of lipid peroxidation and expressed by producing
malondialdehyde (MDA) (Brewer, 2011), which activates the antioxidant enzymes
such as SOD, CAT, and GPx to defend against ROS production (Li et al., 2007). In
this study, the activities of SOD, CAT, and GPx were enhanced while MDA level was
decreased in fish delivered S. cerevisiae. Concurrently, Nile tilapia fed S. cerevisiae
showed an enhanced antioxidative response (Abu-Elala et al., 2013).

Under stressful conditions, HSP70 protects cells and enhances cellular immunity
(Ming et al., 2010). Cytokines like interleukin 12 (IL-12) regulate the function of
IL-8 and IL-1P as pro-inflammatory responses during infection through cell pro-
liferation, differentiation, and apoptosis (Ethuin et al., 2001; Liu et al., 2005). The
study revealed reduced expression of HSP70 in fish fed dietary S. cerevisiae show-
ing the absence of inflammation and stressful conditions. The immune response was
further quantified by the detection of the immune-related genes (IL-1p and IL-8)
which displayed upregulated expressions in fish fed S. cerevisiae. Yeast wall has
abundant amounts of B-glucans and mannan oligosaccharides which are responsible
for the immunomodulation and the resistance against pathogens in aquatic animals
(Dawood and Koshio, 2016; Yang et al., 2020). Concurrently, B-glucans easily rec-
ognize the receptors of B-glucan binding proteins in the immune cells and stimulate
the innate immune system (Magnadottir, 20006).

In parallel, Hansen et al. (2021) illuminated that salmon fed dietary S. cerevisiae
had increased IL-1p and IL-8 levels. Furthermore, Abu-Elala et al. (2020) stated that
Nile tilapia fed dietary S. cerevisiae had upregulated IL-1p and IL-8 gene expres-
sions.

Conclusion

The obtained results revealed that S. cerevisiae could be supplemented in the
diets of European seabass at 1-2 g/kg (15x10° CFU/g) to improve the growth perfor-
mance, feed efficiency, blood health, antioxidative status, and immune-related genes.
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