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Abstract Our trial was performed to investigate the
effect of fully fermented yeast Sacharomyces cerevisiae
(Hilyses, ICC Company, Brazil) on the growth perfor-
mance and immune response of Oreochromis niloticus.
In this study, a total of 270 O. niloticus (50.7 ± 0.8 g)
were randomly divided into 3 groups in triplicates. The
control group was fed on the basal diet while the other
two groups were fed on a basal diet supplemented with
0.2% and 0.4% of Hilyses. The trial period extended for
2 months. At the end of the feeding trial, oxidant and
antioxidant parameters (MDA, catalase, and glutathione
reductase), some innate immunological parameters and
immune-related gene expression were measured. Histo-
logical examination of liver, spleen, kidney, and intes-
tine was performed. Further, fish groups were chal-
lenged against Gram-negative and Gram-positive bacte-
ria; A. hydrophila and L. garvieae. The results revealed

significant improvement (p < 0.05) in growth perfor-
mance and feed utilization in Hilyses-treated groups
versus the control group. Blood parameters and liver
and kidney functions of Hilyses-supplemented groups
were similar to those of the control group. The histolog-
ical findings of treated groups showed normal tissue
structure with multiple focal lymphoid aggregations in
the spleen, kidney, and intestine. Both levels of Hilyses
successfully enhanced phagocytic activity/index, lyso-
zyme activity, and gene expression of TNF-α, and IL-
1β. Fish group fed on 0.4% Hilyses exhibited the
highest expression of IL-1β and the least mortality
percentages post challenges. Thus, dietary supplemen-
tation of Hilyses could promote the growth performance
and immunity and increase the resistance ofO. niloticus
against diseases.
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Introduction

The use of functional feed additives such as probiotics,
p r e b i o t i c s , s y n b i o t i c s , h e r b a l e x t r a c t s ,
immunostimulants, nucleotides, and acidifiers has great
impact on the global production of the commercial
aquaculture all over the world (Naylor et al. 2000;
Oliva-Teles 2012; Moffitt and Cajas-Cano 2014;
Kobayashi et al. 2015; Abu-Elala and Ragaa 2015).
Apart from boosting aquafeeds and safeguarding gener-
al health of aquatic animals, they have been found to
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possess beneficial immunostimulants and anti-stress re-
lieving properties (Dawood et al. 2017). Among these
functional feed additives, Saccharomyces cerevisiae
yeast has been widely used (Scholz et al. 1999; Abu-
Elala et al. 2013). It has been incorporated in aqua-feed
in two forms: living whole yeast (single-cell protein,
SCP), which has been proposed as probiotic, and the
processed form (yeast extract), which has been proposed
as prebiotics and/or immunostimulants, (Abu-Elala et al.
2013; Abu-Elala et al. 2018).

Hilyses® (ICC Brazil Company) is pure S. cerevisiae
yeast resulting from the sugarcane fermentation process.
It undergoes rigorous autolysis and enzymatic hydroly-
sis for releasing of intracellular content and breaking the
RNA chain into nucleotides and nucleosides. It is also
composed of the yeast cell wall that has a high amount
of bioactive compounds, β-glucans which are success-
fully enhancing the resistance of fish and crustacean
against bacterial and viral infections by improving the
response capacity of innate immune system (Scholz
et al. 1999; Sakai 1999; Chang et al. 2003; Li and
Gatlin 2004; Citarasu et al. 2006; Lin et al. 2011), and
mannan-oligosaccharides (MOS) that are known for
their pathogen agglutination capacity, preventing the
bacterial colonization on the intestinal villi, and these
agglutinated bacteria will be excreted with the indigest-
ible food (Klis et al. 2006; Ortuno et al. 2007).

In addition, it is also composed of a high amount of
short chain poly peptides, free amino acids especially the
glutamic acid and free nucleotides which are known to
improve the gut health and increase the food palatability.
Nucleotides are the building block of cell’s RNA, involved
in all cellular processes (Lehninger et al. 2005). They
synthesized de novo in most tissues, but some tissues such
as intestinal cells, hepatopancrease, hemolymph cells, and
immune system have limited capacity for synthesis and
need exogenous supply. The body requirements of exog-
enous nucleotides may increase under certain conditions,
e.g., tissue injury, liver dysfunction, under disease or stress,
and in fast-growth life stage. Previous studies have been
recorded that dietary inclusion of NTs provides the im-
mune system with substrates and cofactors necessary to
work probably (Lin et al. 2009; Murthy et al. 2009), up-
regulates several immune-related genes (Murthy et al.
2009; Cheng et al. 2011), and increases the resistance to
infectious diseases and the efficacy of vaccination in sal-
monids (Burrells et al. 2001a, b) as well as compensates
the shortage of nucleotides in food rich with plant protein
(Zhang et al. 2012).

However, the cell wall fraction is rich in bioactive
and immunostimulant compounds like β-glucans and
mannan oligosaccharides. Hence, it seems likely that the
whole yeast biomass, after rupturing of cell walls, may
be the most attractive feed ingredient, by combining the
properties as a source of nutrients and bioactive compo-
nents. There is little information concerning the poten-
tial of fully fermented S. cerevisiae on tilapia culture.
Therefore, this feeding trial was conducted to determine
the effects of Hilyses® (ICC Brazil), fully fermented
ye a s t , r i c h w i t h nuc l e o t i d e s , β - g l u c an s ,
mannanoligosaccharides and essential amino acids on
the growth performance, antioxidant, immune response,
and disease resistance in cultured O. niloticus during
grow-out stage.

Material and methods

Fish and experimental diet

The experiment was carried out in Department of Fish
Diseases and Management, Faculty of Veterinary Med-
icine, Cairo University, Egypt. A total of (270) Nile
tilapia with an average weight 50.7 ± 0.8 g, were ob-
tained from a commercial supplier Kafr el-Shiekh,
Egypt. Fish randomly divided into 3 groups with three
replicates of 30 fish per replicate, representing three
nutritional groups. Fish fed on a basal diet represented
the control group, while the other two experimental
groups were fed on basal diet supplemented with the
tested additive (Hilyses Brazil Company) at 0.2% and
0.4%, respectively. Hilyses is a commercial fermented
yeast product rich with 63 g/kg nucleotides, 235 g/kgβ-
glucan, and 142 g/kg MOS (ICC company, Brazil). All
diets were formulated from practical ingredients to be
iso-nitrogenous (280 g kg−1) and iso-energetic
(4100 kcal kg−1 gross energy) to satisfy the nutrient
requirements of O. niloticus (NRC 2011) (Table 1).
The diets were prepared by individually weighing each
component and thoroughly mixing the minerals, vita-
mins (premix), and additives with corn. Hilyses was
mixed thoroughly in the stated quantities with a small
amount of feed. Dry ingredients were homogenized in a
horizontal drum mixer; oil and water were added sub-
sequently to the mixer and then portioned into smaller
batches. Gelatin dissolved into hot water was added as a
binder to each batch. The resulting dough was pressed
through a single-screw meat grinder with 3-mm die and
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dried in an oven at 50 °C for 12 h. Dried strands were
broken into 3-mm pellets and kept frozen at − 20 °C
until feed.

The experimental fish were fed the diets at a rate of
3% of total body weight according to NRC 2011, two
times/day (8:00 am and 4:00 pm) for 60 days and

Table 1 Ingredients and composition of experimental diet

Unit Basal diet 0.2% Hilyses 0.4% Hilyses

Fish meal (67%) % 8.00 8.00 8.00

Soybean meal (48%) % 36.11 36.11 36.11

Yellow corn % 39.42 39.42 39.42

Corn gluten meal (60%) % 3.00 3.00 3.00

Corn starch % 7.53 7.33 7.13

Fish oil % 2.42 2.42 2.42

Soybean oil 1.39 1.39 1.39

Mono calcium phosphate (23.7%) % 0.15 0.15 0.15

Calcium carbonate % 1.35 1.35 1.35

Premix1 % 0.3 0.3 0.3

Vitamin C % 0.1 0.1 0.1

DL-Methionine % 0.23 0.23 0.23

Hilyses % 0.00 0.20 0.40

Total % 100 100 100

Calculated analysis

Crude protein % 28.00 28.09 28.18

Dry matter % 90.70 90.70 90.70

Ash % 5.87 5.87 5.87

Ether extract % 6.38 6.38 6.38

Crude fibre % 3.65 3.65 3.65

NFE2 % 46.87 46.69 46.52

Gross energy3 kcal/100 g 410.69 409.95 409.22

Calcium % 0.80 0.80 0.80

Total phosphorus % 0.62 0.62 0.62

Methionine % 0.78 0.78 0.78

Lysine % 1.62 1.62 1.62

Threoninne % 1.11 1.11 1.11

Chemical analysis

Crude protein % 28.01 28.12 28.24

Dry matter % 90.81 90.65 90.68

Ash % 5.78 5.79 5.88

Ether extract % 6.35 6.32 6.41

Crude fibre % 3.70 3.68 3.66

Calcium % 0.77 0.82 0.82

Total phosphorus % 0.64 0.69 0.61

1 Each Kgvitamin& mineral mixture premix contained Vitamin A, 4.8 million IU, D3, 0.8 million IU; E, 4 g; K, 0.8 g; B1, 0.4 g; riboflavin,
1.6 g; B6, 0.6 g, B12, 4 mg; pantothenic acid, 4 g; nicotinic acid, 8 g; folic acid, 0.4 g biotin, 20 mg , Mn, 22 g; Zn, 22 g; Fe, 12 g; Cu, 4 g; I,
0.4 g, selenium, 0.4 g; and Co, 4.8 mg.
2 Nitrogen-free extract
3 Gross energy. Based on 5.65 Kcal/g protein, 9.45 Kcal/g fat, and 4.1 carbohydrate Kcal/g (NRC 2011)
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weighed biweekly to adjust the daily requirements. Each
50-L tank was supplied with dechlorinated water and
was equipped with air supply, heater with thermostat,
and LED light. Tanks were monitored daily for temper-
ature (26 ± 1 °C), dissolved oxygen ˃ 6 mg/L and every
2 days for ammonia 0.12–0.23 mg/l, and pH 7.2 ± 0.5.
The present study was performed in compliancewith the
Guide for the Care and Use of Laboratory Animals
approved by the Institutional Animal Use and Care
Committee (IACUC), Cairo University, Giza, Egypt.

Growth performance and feed utilization

The body weight of fish in each group was recorded on
an individual basis every 2 weeks to adjust the daily
requirements of food. After 60 days, the growth and
feed utilization parameters, including body weight gain,
total feed intake, feed conversion ratio, specific growth
rate, and protein efficacy ratio, were calculated (Abu-
Elala et al. 2018).

Haemato-immunological tests

At the termination of the feeding trial, fish (5
fish/replicate) were euthanized with MS-222 10 mgL-1.
Heparinized blood samples were used to determine
RBCs, WBCs count, haemoglobin concentration, and
phagocytic activity test (Abu-Elala and Ragaa 2015).
The non-heparinized blood samples were centrifuged at
3000 rpm for 15 min to separate serum. Sera were used
for determination of total protein, albumin, and globulin,
serum transaminases ALT and AST (Reitman and
Frankel 1957), creatinine (Husdan and Rapoport
1968), blood urea nitrogen (BUN) (Fawcett and Scott
1960), and lysozyme activity test (Abu-Elala and Ragaa
2015).

Evaluation of oxidant and antioxidant biomarkers

For evaluation of oxidative damage, 10% of liver tissue
were homogenized in cold phosphate buffer saline (pH
7.4) using a homogenizer. Then the homogenates were
centrifuged at 4000 rpm for 15 min. The supernatants
were used for measuring of total protein of tissue ho-
mogenate (Bradford 1976), malondialdehyde (MDA)
(Albro et al. 1986), Catalase (Aebi 1984), and glutathi-
one reduced (GSH) (Goldberg and Spooner 1983).

Quantitative real-time polymerase chain reaction
(qRT-PCR) of immune response genes (IL-1β
and TNF-α)

Total RNAwas extracted from liver tissue byGF-1 Total
RNA Extraction Kit according to the manufacturer in-
structions. The concentration and purity of the total
RNA samples were obtained using a Nanodrop ND-
1000 spectrophotometer. c-DNA synthesis was obtained
by using reverse transcriptase (Fermentas, EU). Real-
time PCR (qPCR), PCR amplification and analyses
were carried out according to Abu-Elala et al. (2018).
The expression relative to the control was calculated
using the equation 2−ΔΔCT(Livak and Schmittgen 2001).

Histological examination

Tissue specimens (liver, kidney, spleen, and intestine)
from different fish groups were taken and fixed in 10%
neutral formalin for 2 h. Washing was done in tap water
then in serial dilutions of alcohol (methyl, ethyl, and
absolute ethyl) for dehydration. Specimens were cleared
in xylene and embedded in paraffin at 56 °C in a hot-air
oven for 24 h. Paraffin bees wax tissue blocks were
prepared for sectioning at 4-μm thickness by sledge
microtome. The obtained tissue sections were collected
on glass slides, deparaffinized, and stained by
haematoxylin and eosin stain for examination through
the light electric microscope (Bancroft and Gamble
2008).

Challenge test

At the end of the feeding trial, two challenge tests were
carried out using virulent strains of Lactococcus
garvieae (Abu-Elala et al. 2019) and Aeromonas
hydrophila (Abu-Elala and Ragaa 2015) (ccession no.
LCO12339). The strains were grown in trypticase soya
broth (TSB, Difco, USA) incubated at 25 °C for 24 h.
The challenge test was performed according to Abu-
Elala et al. (2018).

Ten fish/group replicates were inoculated intra-
peritoneal with 0.2 ml 3 × 108 CFU/ml L. garvieae
and another group was inoculated intra-peritoneal with
0.2 ml 1.5 × 107 CFU/ml A. hydrophila. For each
microbial challenge test, ten fish were injected with a
sterile broth medium (control negative). The cumulative
mortality% for each of the experimental groups was
recorded up to the 7th day post challenge.
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Statistical analysis

The obtained data were calculated and statistically
analysed using SPSS software version 21 for Windows.
The differences between groups were determined with
variance analysis (one-way ANOVA) using the proba-
bility level of 0.05 for the rejection of the null hypoth-
esis. Significant differences among means were deter-
mined by turkey multiple range tests. Data were
expressed as means ± SEM.

Results

Growth performance and feed utilization

The influence of dietary supplementation of Hilyses on
the growth performance and feed utilization of
O. niloticus are summarized in Table 2. At the end of
the feeding trial, fish groups fed on 0.2% and 0.4%
Hilyses revealed significant (p ≤ 0.05) increase in the
live bodyweight and specific growth rate with respect to
the control group. The result of feed utilization showed a
significant improvement in the FCR and PER in
Hilyses-supplemented groups compared to control one.
Both levels of Hilyses showed no difference in the
growth performance parameters.

Haematological findings

Data of serum biochemical parameters at the end of the
experiment for the different experimental groups were
clarified in Table 3; results showed that Hilyses-
supplemented groups had a non-significant difference
(p ≤ 0.05) in levels of RBCs, WBCs, HB, GPT, GOT,
creatinine, and BUN as compared to the control groups.

Oxidant and antioxidant biomarkers

MDA, an oxidant biomarker, had shown a non-
significant difference (p ≤ 0.05) in all experimental
groups. However, there was a significant increase in
catalase and reduced glutathione levels in both
Hilyses-supplemented groups versus the control group
(Table 4).

Innate immunological parameters

Regarding the innate immunological parameters,
fish groups fed on 0.2% and 0.4% Hilyses-
supplemented diet showed a significant (p ≤
0.05) increase in phagocytic activity, phagocytic
index and lysozyme activity versus fish fed on a
basal diet (Fig. 1).

Table 2 Growth performance and feed utilization of O. niloticus at the end of feeding trial

Fish groups Growth performance

Initial body weight Final weight
after 2 months

Weight gain after 2
months

Feed intake
(g)

SGR1 PER2 FCR3

Control 49.76 ± 1.21a 97.86 ± 1.18a 48.1 ± 1.96a 101.65 ± 2.64a 1.18 ± 0.21a 1.69 ± 0.21a 2.11 ± 0.26a

0.2% Hilyses4 52.29 ± 1.11a 123.6 ± 2.54b 71.3 ± 2.14b 121.37 ± 3.13b 1.53 ± 0.21b 2.09 ± 0.14b 1.70 ± 0.11b

0.4% Hilyses 50 ± 1.34a 130.5 ± 4.08b 80.5 ± 2.04b 122.52 ± 3.26b 1.60 ± 0.24b 2.33 ± 0.12b 1.52 ± 0.07b

F value 1.282 129.457 48.109 103.262 27.637 35.592 49.113

Sig 0.302 ˂ 0.001 ˂ 0.001 ˂ 0.001 0.001 ˂ 0.001 ˂ 0.001

Data represented as means ± SE (n = 30).Within columns, values with different superscripts a, b, c, and d indicating that their corresponding
means are significantly different at (p ≤ 0.05) according to one-way ANOVA followed by Tukey-b test

Body weight (BW)—fish were weighted every 15 days to the nearest gram

Weight gain (WG) = average final weight (g) − average initial weight (g) {the average ofWG based on the calculation of the average weight
gain of the replicate/group}
1 Specific growth rate = (Ln. Final body weight − Ln. Initial body weight) × 100/experimental period (60 days)
2 Protein efficiency ratio = weight gain (g)/protein intake (g)
3 Feed conversion ratio = feed intake (g)/body weight gain (g)
4 Hilyses®, nucleotides, MOS, and β-glucan (ICC Company, Brazil).
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Relative quantitative PCR of immune gene expression

Adding of 0.4% of Hilyses to fish diet elicited a signif-
icant increase in pro-inflammatory cytokines and
immune-related gene (TNFα and IL1β) (p ≤ 0.5) com-
pared to 0.2% supplemented groups, especially in the
expression of IL1β (Fig. 2).

Histological findings

The control group showed normal tissue structures of
liver, kidney, spleen, and intestine. Liver of fish groups
fed on Hilyses at 0.2–0.4% inclusions showed greater
vacuolization of the hepatocytes with no tissue alter-
ation in the liver, indicating a well-nourished fish. In
addition, kidneys of fish fed on a diet supplemented with
0.4% Hilyses, showed mild vacuolization in the tubular
lining epithelium with a focal lymphoid cell aggregation
between tubules. The spleen showed focal wide areas of
melanin-pigmented cells with aggregations in the white
pulps. Intestinal tissues showed mild hypertrophy in the
lining mucosal epithelium with a wide cryptic area and
focal lymphoid cell proliferation in the mucosa and
submucosa (Fig. 3).

Challenge test

Fish groups fed on Hilyses-supplemented diet exhibited
significant immunological resistance against experi-
mental infection with L. garvieae. Fish groups fed on
0.4% and 0.2%Hilyses-supplemented diet showed 30%
and 47% mortalities, respectively, and 80% mortality in
the control group (Figure 3a). The moribund fish
showed nervous signs, eye opacity, and hemorrhagic
unilateral or bilateral exophthalmia (Fig. 4b, c). Regard-
ing, the experimental infection with A. hydrophila, the
fish group fed on basal diet showed 97%mortality while
groups fed on 0.2% and 0.4% Hilyses showed 53% and
43% mortalities, respectively (Fig 5a). Moribund fish
showed external haemorrhages, skin ulcer, and abdom-
inal distention (Fig 5b, c).

Discussion

Research on micronutrients and immunostimulants in
aqua-feed is needed to provide insights concerning the
interactions between nutrition and physiologicalT
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responses and offer solutions that could reduce risks
from infectious diseases (Li and Gatlin 2004).

Dietary inclusion of 0.2 and 0.4% Hilyses showed
significant increases in growth and feed utilization of
O. niloticus treated groups. A similar result was ob-
served in rainbow trout (Oncorhynchus mykiss) fed on
fermented yeast (5 g kg−1) for 50 days (Sheikhzadeh
et al. 2012). This may be due to a number of chemicals

and bioactive compounds present in Hilyses like free
amino acids (glutamic acid), NTs and MOS. They have
been known to increase the food palatability, improve
the digestibility and keep the gut health. Previous liter-
atures reported that NTs have a significant role in the
stimulation, proliferation, and maturation of gastrointes-
tinal tract and have growth-promoting effects in juvenile
red drum (Scianops ocellatus), Asian carp (Catla catla),

Table 4 Oxidant and antioxidant biomarkers

Fish groups Catalase
mM/g

Glutathion reduced
mM/g

MDA
mM/g

Control 268.73 ± 43.85 a 142.70 ± 3.55 a 13.13 ± 2.78

0.2% Hilyses1 354.87 ± 39.60 b 160.76 ± 2.34 a 9.93 ± 1.25

0.4% Hilyses 402.27 ± 25.39 c 269.93 ± 20.6 b 10.13 ± 1.25

F value 8.363 13.507 1.943

Sig 0.003 0.000 0.18

Data represented as means ± SE (n = 5/replicate). Different alphabets in the same column indicate significant difference according to one-
way ANOVA and (p ≤ 0.05)
1 Hilyses®, nucleotides, MOS, and β-glucan (ICC Company, Brazil)

MDA Malondialdehyde

Fig. 1 Dietary inclusion of Hilyses® in O. niloticus diet showed
significant increase in phagocytic activity (a), phagocytic index
(c), and lysozyme activity (d). Vertical bars represented the mean ±
SE. Asterisk indicates significant difference among the groups (p ≤

0.05) according to one-way ANOVA followed by Tukey’s test. b
Phagocytic cells of 0.4% Hilyses® supplemented group engulfed
more than one Saccharomyces cerevisiae yeast cell (Giemsa stain
× 1000)
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Fig. 2 Real-time PCR of mRNA levels of TNF-α and IL-1β
genes of the liver tissue of fish groups fed on basal diet, 0.2%
and 0.4% Hilyses®. a Evaluation of TNF-α and 726 IL-1β genes
expression in 0.2% Hiylses, 0.4% Hiylses compared with the
control group. b Electrophoretic mobility of quantitative RT-PCR
products of TNF-α, IL-1β, and GAPDH (internal control) genes

on 2% agarose gel. Lane 1 = control; lane 2 = 0.2% Hiylses, and
lane 3 = 0.4% Hiylses. The data were normalized to an endoge-
nous reference, GAPDH and expressed as relative to control.
Vertical bars represented the mean ± SE (n = 5). Asterisk indicates
significant difference at (p ≤ 0.05)

b

a

Fig. 3 a Spleen of O. niloticus fed Hilyses showing wide focal
areas of melanomacrophage aggregation in the white pulps (H&E
× 200). b Intestine of Hilyses-treated group shows mild hypertro-
phy in the lining mucosal epithelium with wide area for the crypts

and long intestinal villi. Focal lymphoid cells proliferation was
detected in the mucosa and sub mucosa (H&E × 200). The two
pictures were compared with tissues of the control group on the
left side
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barramundi (Lates calcarifer), Cobia (Rachycentron
canadum), grouper (Epinephelus malabaricus), white
shrimp, black tiger shrimp, rainbow trout, and Atlantic
salmon (Carver and Walker 1995; Burrells et al. 2001b;
Li and Gatlin 2004; Lin et al. 2009; Li et al. 2007a, b;
Dimitroglou et al. 2010; Sauer et al. 2011; Cheng et al.
2011; Huu et al. 2012; Ringo et al. 2012; Peng et al.
2013). In consent with our results, Staykov et al. (2007),
Torrecillas et al. (2007), Grisdale-Helland et al. (2008),
and Dimitroglou et al. (2010) recorded that dietaryMOS
increases the weight gain in rainbow trout, sea bass,
Atlantic salmon, and gilthead sea bream and affects
the gut health by reducing pathogen adsorption and
eliminating them out of the gut (Newman 2007). Almost
all studies on glucans approved their immune-
stimulatory effect, while the growth-enhancing effect

was disputable. Misra et al. (2006) and Huu et al.
(2016) reported the growth promoting effect of dietary
glucans in Labeo rohita fingerlings and Pampano fish.
However, Sang and Fotedar (2010) observed no signif-
icant effect on the growth of sea bass. To date, the exact
mechanism of how dietary β-glucans work to enhance
growth is unknown. One of the speculations is that local
intestinal inflammatory response produced by dietary
glucans could stimulate the proliferation of beneficial
gut flora and get rid of the pathogenic ones (Aramli et al.
2015). Moreover, the degradation of β-glucan in the
digestive glands by glucanases to produce energy per-
mits the use of more proteins for growth (Lopez et al.
2003).

Although haematological parameters were claimed
to provide vital information for monitoring fish health

Fig. 4 a Cumulative mortality percent of Hilyses®-treated groups and control group challenged with L. garvieae. Moribund O. niloticus
challenged with L. garvieae show (b, c) exophthalmia, eye cataract, and skin darkness
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and nutritional status, the present study showed no
significant differences in haematological parameters
with Hilyses supplementation at 0.2 and 0.4%. Yet, the
results of serum biochemical parameters indicated that
dietary supplementation of Hilyses has enhanced
growth performance without apparent impairment of
fish health status. Similar findings were recorded by
Heidarieh et al. (2013).

Our results revealed that dietary inclusion of Hilyses
for 60 days increased phagocytic activity and index,
lysozyme activity, and peroxidases and up-regulated the
immune-related genes (TNF-α and IL-1β). Furthermore,
O. niloticus fed on 0.4% Hilyses showed lower cumulative
mortality after challenging with L. garvieae and
A. hydrophila compared to 0.2% Hilyses and control
groups. Similar results have been reported by Choudhury
et al. (2005) who stated that 0.4% dietary yeast inclusion
improved blood innate immune capacity and RPS after
challenge with A. hydrophila in rohu (Labeo rohita)

juveniles. These may be due to the high amount of β-
glucan, nucleotides and mannan-oligosaccharides in
Hilyses-treated diet. These bioactive immunostimulant com-
pounds have been previously investigated in several litera-
tures alone or in combination (Gu et al. 2011; Abu-Elala
et al. 2018).

The most powerful immunostimulant compounds in
this product are β-glucans which are known to enhance
the survivability of fish, most likely via stimulation of
both innate and adaptive immune reactions (Welker
et al. 2007; Sealey et al. 2008; Rodríguez et al. 2009;
Pionnier et al. 2013; Przybylska-Diaz et al. 2013; Ringø
et al. 2018). Dietary supplementation of glucans were
reported to activate macrophages in trout and exhibited
the highest killing ability of Aeromonas salmonicida
(Jørgensen et al. 1993), lower the attachment of sea lice
to fish and reduce mortalities caused by infectious salm-
on anaemia virus, viral hemorrhagic septicemia, and
Piscirickettsia salmonis (Burrells et al. 2001a;

Fig. 5 a Cumulative mortality percent of Hilyses®-treated groups and control group challenged with A. hydrophila. b, c Moribund
O. niloticus challenged with A. hydrophila show abdominal distention and deep ulcer surround with hemorrhagic zone
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Beaulaurier et al. 2012). Moreover, they also increase
the cytokines, complement, lysozyme production, and
antibody formation (Raa 1992; Løvoll et al. 2007). The
effect of glucans on gene expression is rapid and doesn’t
need long exposure; 45-min submersions in glucan each
week caused enhanced gene expression of IL-1β,
TNF-α, IL-6, IL-10, and TGF-β, sometimes even after
first submersion (Verlhac et al. 1996). Carp treated with
glucans for 15 days, followed by injection with Grass
carp haemorrhage virus, showed elevated MX gene
expression during early stages of infection (Kim et al.
2009). Also, SOD and CAT activities were higher in a
fish group pre-treated with glucan than that infected and
not pre-treated. Van der Marel et al. (2012) stated that
common carp exposed to glucans revealed upregulation
of β-defensive and mucin genes. On the other hand,
dietary nucleotides have been reported to increase phago-
cytic activity of murine peritoneal macrophages, enhance
T-cell-dependent antibody production, increase cytokines
and interleukins, and reduce plasma cortisol and glucose
levels, and increase resistance against diseases in various
fish species (Sakai et al. 2001; Choudhury et al. 2005; Jha
et al. 2007; Cheng et al. 2011). Several literatures reported
that combination of glucans and mannan-oligosacchrides
showed amelioration in immune activity and increases the
immune-related gene expression in Nile tilapia (Selim
and Reda 2015; Dawood et al. 2017; Abu-Elala et al.
2018). To conclude, dietary inclusion of fully fermented
yeast S. cerevisiae after rupturing of the cell wall provides
the fish with various nutrients and bioactive compounds,
which improve the growth performance, immune re-
sponse and increase the resistance of Nile tilapia against
motile aeromonas septicaemia and lactococcosis.
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