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ARTICLE INFO ABSTRACT

Medicinal plant has been applied as an alternative strategy for antibiotics and chemotherapeutics for controlling
the outbreak of diseases in tilapia farming. In this study, five doses of Elephantopus scaber extract (ESE) were
added to the basal diet at 0, 2.5, 5, 10, and 20 gkg ™' feed of Nile tilapia fingerlings (13.92 + 0.06 g initial
weight) in triplicate. After 4- and 8- weeks post-feeding, fish were sampled to determine the effects of the ESE
supplemented on fish's growth performance, humoral, and skin mucus immune response. After 8 weeks post-
feeding, a challenge test against Streptococcus agalactiae was carried out using 10 fish from each tank. Fish fed
ESE showed significantly increased serum lysozyme (SL), serum peroxidase (SP), alternative complement
(ACH50), phagocytosis (PI), and respiratory burst (RB) compared to the control group (P < 0.05). The skin
mucus lysozyme (SMLA) and skin peroxidase (SMPA) were stimulated in fish fed ESE diets. Dietary inclusion of
ESE significantly (P < 0.05) promoted final body weight (FW), weight gain (WG), and specific growth rate
(SGR); while a reduction in feed conversion ratio (FCR) was observed in fish fed 5 gkg ™ 1 ESE, after 8 weeks post-
feeding. The challenge study indicated that the relative percent survival (RSP) was 38.10%, 76.19%, 66.67%,
and 47.62% in Diet 2, Diet 3, Diet 4, and Diet 5, respectively. Among the supplemented groups, dietary of
5 gkg ! ESE showed significantly higher RPS and the highest resistance to S. agalactiae in comparison with other
groups. In conclusion, supplementation of ESE (5 gkg ') enhanced the humoral and mucosal immunity, pro-
moted growth performance, and improved disease resistance of Nile tilapia against Streptococcus agalactiae.
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production [3]. Moreover, growth performance and survival percentage
of O. niloticus adversely declined due to microbial infection and in-
decorous maintenance of water quality in cram-full biomass producing
fish farms [4].

1. Introduction

Nile tilapia (Oreochromis niloticus) is a widely preferred fish and is
also one of the commonly farmed fish worldwide [1]. The benefits of

rearing this species for food are numerous, such as tasting good, tol-
erate to a wide range of environments and diseases. Its global produc-
tion was estimated at an approximately 6.3 million tons in 2018 [2].
Subsequently, the demand had increased worldwide, owing to immense
infection in fingerlings of this species through unprotected and bulk

Recently, Delannoy et al. [5] reported that the pivotal role of pa-
thogen Streptococcus agalactiae on the tremendous economic loss for fish
industry particularly tilapia species owing to intensification and also
main obstacles in the sustainable development. S. agalactiae is a gram-
positive bacterium, the causal pathogen of streptococcosis in Nile
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tilapia [6,7]. Outbreaks of S. agalactiae infection in tilapia have been
reported in several countries around the world [8-13]. More than three
decades, synthetic chemotherapeutics were regularly administered for
control of microbial infection and their outbreaks in commercial
aquaculture [14]. However, as the abuse of chemotherapeutics lead to
emergence antibiotic resistance and immune depression, necessitating
the researchers to explore for alternative control strategies such as
administration of supplements to substitute the therapeutic use of an-
timicrobials [15]. These reports were accords with the earlier studies
that, the synthetic antibiotics, such as oxytetracycline, erythromycin,
doxycycline, kitas amycin, and lincomycin have been used to control
streptococcosis by S. iniae in blue tilapia [16]. It should be noted that
albeit the studies where fish with the pathogenesis of Streptococcus
invasion to re-cover by antibiotic therapy, the disease cannot be con-
trolled but reversely, Streptococcus strains develop antibiotic resistance
[17]. In this situation, an alternatives potential traditional herbal with
multifunctional active and its administration has been suggested as
promising in eco-friendly aquaculture.

The medicinal plants have been used for health-promoting of human
and animals for a long time. This is one of the most promising industries
in the future [18,19]. The global herbal medicine market is anticipated
to obtain a compound annual growth rate (CAGR) of 5.88% with a
value of USD 1,29,689.3 million by 2023 [20]. In aquaculture, there has
been growing attention in using medicinal plants as alternatives for
antibiotics and chemotherapeutics in diseases prevention and treatment
[21]. The medicinal plant products application in aquaculture practice
normally have growth promoting and immunostimulating properties, as
well as act as appetizers [21]. These products possess a wide range of
bioactive compounds, such as phenolic, polyphenolic, alkaloid, qui-
none, terpenoid, lectine, and polypeptide compounds, which are ef-
fective alternatives to antibiotics, chemicals, vaccines, and other syn-
thetic compounds [22-24]. Additionally, medicinal plants are rich
sources of nutrients [25]. They can be applied as whole plant, parts or
extract forms, via water route or supplemented to the diet, either sin-
gular or combined extract compounds, or even as a mixture with other
bioactive compounds [26,27]. In the present work, the traditional herb
Elephantopus scaber was selected as an additive in the basal diet to
evaluate its protective efficacy against S. agalactiae infection in O. ni-
loticus fingerlings under laboratory conditions. This is an attempt in
aquaculture to explore its bio-medical utilization as a multi-potential
herb. E. scaber belongs to Asteraceae family of 32 species. The plant has
been extensively screened for anticancer activity. Previously, many
researchers reported that bioactive components of E. scaber, which in-
cludes deoxyelephantopin, isodeoxyelephantopin, scabertopin, and
isoscabertopin [28,29]. These compounds have been proven to be
prominent anticancer constituents and other biological activities, such
as antimicrobial, hepatoprotective, antioxidant, antidiabetic, anti-in-
flammatory, analgesic, antiasthamatic, antiplatelet, and wound healing
properties [28]. Jenny et al. [30] reported that methanolic extract of E.
scaber exhibits most potent antibacterial activity in the test organisms
against Staphylococcus aureus, Salmonella paratyphi, Klebsiella pneu-
monia, Pseudomonas aeruginosa, Shigella sonnei, Escherichia coli, and
Salmonella typhimurium. However, as far as we know, there is no
available data regarding effect of Elephantopus scaber on fish and
shellfish. Therefore, present work was performed to evaluate the po-
tential effects of E. scaber extract on growth performance, immune re-
sponse, and disease resistance of Nile tilapia, O. niloticus.

2. Materials and methods
2.1. Preparation of medicinal plants

The Elephantopus scaber leaves were collected from Chiang Dao
District, Chiang Mai, Thailand. The leaves were then oven dried at 60 °C

for 48 h, and then ground into fine particles (0.2-mm) for further ex-
traction. Five hundred gram of ground sample was thoroughly mixed
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with 5L of ethanol (AR grade; RCI Lab-Scan), and incubated in the dark
condition, at room temperature for 72 h. Thereafter, the supernatant
was filtered using a Whatman No. 41 filter paper. The supernatant was
then evaporated to dried under reduced pressure condition (40 °C), via
a rotary evaporator (Biichi, Flawil, Switzerland). The obtained extrac-
tion was stored at (— 20 °C) until use.

2.2. Fish

Healthy Nile tilapia (Oreochromis niloticus) fingerlings were ob-
tained from a commercial hatchery in Chiang Mai, Thailand and
transported to the laboratory in oxygenated bags and released into
5 X 5 x 2 cages. Healthy status of fish was examined immediately upon
arrival, ten fish were randomly selected for health status checking
through observation of gills and internal organs under a microscope.
They were then acclimatized for 15 days under laboratory conditions.
The water quality parameters were analyzed and maintained within the
normal range (pH - 7.5, dissolved oxygen — 5.2 mg/L, and temperature
— 28 * 1°C). During the cultivation and acclimatization period, they
were fed daily to satiation with commercial feed (CP 9950) and a sub-
sample was cultured and determined to be free of pathogenic bacteria.

2.3. Experimental diets and feeding regime

The basal diet contained fish meal and soybean meal as the protein
sources. The cornmeal, wheat flour, and rice bran were used as car-
bohydrate source; while soybean oil was used as a lipid source; in
combination with vitamins and mineral premix. The E. scaber extract
was supplemented to the basal diet at concentration of 0gkg™!
(Control — Diet 1), Diet 2 (2.5 gkg’l), Diet 3 (5 gkg’l), Diet 4
(10gkg™"), and 20 gkg ! Diet 5 by evenly mixing with the basal diet
thoroughly (Table 1). The ingredients were grounded and extruded by
passing through 4 mm mesh sieve. The obtained diets were stored at
—20°C until used. Proximate analysis of the experimental diets was
measured according to the method of the AOAC [31] method comprised
the percentage of crude protein, crude lipid, crude ash, and crude fibre
(Table 1).

All groups of fish were fed daily ad libitum in two instalments at
08:00 and 16:30 h. Fishes were exposed to the diet for 2 h during each

Table 1
The formulation and proximate composition of the Elephantopus scaber extract
experiment (g kg™ %).

Ingredients Diets (g kg™ ")
Fish meal 270

Corn meal 200

Soybean meal 270

Wheat flour 60

Rice bran 150

Cellulose 30

Soybean oil 5

Premix” 10

Vitamin C” 5

Proximate composition of the experimental diets (g kg ™" dry matter basis)

Crude protein 322.06
Crude lipid 74.75
Fibre 52.48
Ash 106.68
Dry matter 817.80
GE (cal/g) 4105

2 Vitamin and trace mineral mix supplemented as follows (IU kg " or g kg !

diet): retinyl acetate 1,085,000 IU; cholecalciferol 217,000 IU; D, L-a-toco-
pherol acetate 0.5g; thiamin nitrate 0.5g; pyridoxine hydrochloride 0.5g;
niacin 3 g; folic 0.05 g; cyanocobalamin 10 g; Ca pantothenate 1 g kg~ '; inositol
0.5 g; zinc 1 g; copper 0.25 g; manganese 1.32 g; iodine 0.05 g; sodium 7.85 g.
> Vitamin C 98% 8 g.
¢ GE = gross energy.
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Skin mucus lysozyme and peroxidase activities of O. niloticus after 4 and 8 weeks feeding with experimental diets: Diet 1 (0 - control), Diet 2 (2.5 gkg ™' ESE), Diet 3
(5gkg ™! ESE), Diet 4 (10 gkg ™' ESE), and Diet 5 (20 gkg ' ESE). Different letter in a row denote significant difference (P < 0.05).

Diet 1 Diet 2 Diet 3 Diet 4 Diet 5

4 weeks SMLA 1.68 + 0.08¢ 1.96 + 0.10° 2.80 * 0.11° 2.33 * 0.08" 2.33 + 0.09°
SMPA 0.05 * 0.008° 0.08 + 0.006° 0.13 * 0.005% 0.09 * 0.005° 0.07 + 0.005"

8 weeks SMLA 3.09 + 0.24° 4.79 + 0.13° 5.90 + 0.08% 4,99 + 0.10° 4.53 + 0.29°
SMPA 0.11 = 0.006° 0.15 + 0.005" 0.18 * 0.003* 0.15 + 0.008" 0.14 * 0.005"

SMLA (ug ml~!) = Skin mucus lysozyme activity.
SMPA (ug ml~ ') = Skin mucus peroxidase activity.

ration thereafter the uneaten feed was siphoned out, stored, dried and
weighed for calculating feed conversion ratio (FCR).

2.4. Fish and experimental design

Three hundred Nile tilapia (O. niloticus) fingerlings (average weight
of 13.92 + 0.06 g) were divided into five experimental groups of 20
each in triplicate (5 x 20 x 3 = 300 fish). Growth rates, as well as im-
mune responses to O. niloticus were computed every four weeks. Eight
weeks after feeding, ten fish were randomly retrieved from each re-
plication and presented with the S. agalactiae challenge.

2.5. Immune response analysis

2.5.1. Samples collection

Four fish from each replication were collected for immune response
analysis at week 4 and 8 post-feeding. Skin mucus preparation was
followed the protocol as described in our previous study [32].

Blood collection and serum separation were conducted as described
in previous studies [33,34]. Briefly, collected bloods from caudal vein
were immediately transferred into the sterile Eppendorf tubes without
anticoagulant. The samples were left to clot at room temperature for 1 h
and at 4°C for 4h. They were then centrifuged at 4 °C, 1500 x g for
5min. After centrifugation, serum was collected and stored at —20 °C
until assay.

Blood collection and leukocytes isolation were measured following
the method of Chung and Secombes [35] with some modifications as
detailed in previous studies [33,34].

2.5.2. Immunological measurements

Lysozyme activity: Serum and skin mucus lysozyme activities were
performed based on the method described by Parry, Chandan and
Shahani [36].

Peroxidase activity: Serum and skin mucus peroxidase activities
were analysed following the method of Quade and Roth [37] and
Cordero et al. [38].

Phagocytosis activity: Leukocytes phagocytosis activity was mea-
sured as the protocol described by Yoshida and Kitao [39], with some
modification described in previous studies of [33,34].

Respiratory burst activity: The activity was measured as the pre-
vious method of Secombes and Fletcher [40].

Alternative complement pathway activity: Measurement of this
activity was conducted following the method of Yanno [41].

2.6. Challenge study

Challenge test using Streptococcus agalactiae as pathogen was con-
ducted after 8 weeks post-feeding. The details in S. agalactiae pre-
paration and concentration were previously described in the study of
Van Doan et al. [42]. Ten fish from each replication was injected in-
traperitoneally with 0.1 ml of 0.85% saline solution (NSS) containing
107 CFUml ™! of S. agalactiae [43]. Fish syndromes were observed daily
and dead fish were moved out and recorded. At day 15th post-chal-
lenge, mortality (%) of fish in each replication was computed, and the
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relative percentage of survival (RPS) calculated following the equation
of [44]: RPS = 100 - (test mortality/control mortality) *100.

2.7. Growth performance

Growth performance of the fish in each replication at week 4 and 8
was determined as the previously described in Ref. [42].

2.8. Statistical analysis

The obtained data were analyzed using a SAS Computer Program
[45] for the least significant differences among the treatments where
the Duncan's Multiple Range Test was used. Mean values were con-
sidered significantly different when P < 0.05. Data are presented as
means * standard error (SE).

3. Results
3.1. Skin mucus immune response

Dietary inclusion of Elephantopus scaber extract (ESE) was sig-
nificantly increased skin mucus lysozyme (SMLA) and peroxidase
(SMPA) activities in comparison to the control diet after 4- and 8-weeks
post-feeding (P < 0.05; Table 2). The highest skin mucus parameters
were observed in fish fed Diet 3 (5gkg ™! ESE). Nevertheless, no sig-
nificant difference was found among Diet 2, Diet 4 and Diet 5, except
for SMLA at week 4 post-feeding (P > 0.05; Table 2).

3.2. Serum immune responses

Dietary administration of ESE resulted in improvement of SL, SP,
ACH50, PI, and RB after 4- and 8- weeks post-feeding (P < 0.05;
Table 3). The highest values were observed in fish Diet 3 (5gkg™ L ESE)
compared to the control and other inclusion diets. However, no sig-
nificant difference in SP, ACH50, PI, and RB were recorded in fish fed
Diet 3 and Diet 4 (10 gkg ™! ESE) Similarly, no significant difference in
serum immunity parameters was observed between fish fed Diet 2
(2.5gkg ™! ESE) and Diet 5 (20 gkg ! ESE) (P > 0.05; Table 3).

3.3. Challenge test

Challenge test against S. agalactiae was conducted after 8 weeks
post-feeding for a period of 15 days. The results showed that compared
to the control treatment (30%), the survival rate in ESE supplemented
groups diets were significantly higher (P < 0.05); by 56.68% (Diet 2),
83.33% (Diet 3), 76.68 (Diet 4), and 63.33% (Diet 5) (Fig. 1). Dead fish
appearance including loss of appetite, darkness, exophthalmia, pair-fins
basal haemorrhage and pale liver, which are typical symptoms of
Streptococcus infection. Therefore, the relative percent survival (RSP)
was 38.10%, 76.19%, 66.67%, and 47.62% in Diet 2, Diet 3, Diet 4, and
Diet 5, respectively (Fig. 1). Among the supplemented groups, dietary
of 5gkg™ " ESE showed significantly higher RPS and the highest re-
sistance to S. agalactiae in comparison with other groups (Fig. 1).



H.V. Doan, et al.

Table 3
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Serum immunity of O. niloticus after 4 and 8 weeks feeding with experimental diets: Diet 1 (0 - control), Diet 2 (2.5gkg ™' ESE), Diet 3 (5gkg~" ESE), Diet 4
(10g kg’1 ESE), and Diet 5 (20 gkg™ 1 ESE). Different letter in a row denote significant difference (P < 0.05). Different letter in a row denote significant difference

(P < 0.05).
Diet 1 Diet 2 Diet 3 Diet 4 Diet 5

4 weeks SL 476 * 0.25° 6.32 + 0.18° 8.06 * 0.14% 6.72 * 0.41° 6.26 + 0.44°
Sp 0.12 + 0.005° 0.16 = 0.008" 0.20 * 0.006° 0.19 + 0.012° 0.18 * 0.05%
ACH50 144.58 + 4.87° 158.54 * 1.29" 185.15 * 6.75% 179.97 + 3.30° 162.40 + 3.95"
PI 1.63 + 0.04° 2.31 + 0.08° 2.62 * 0.04% 2.42 * 0.03" 2.29 * 0.07°
RB 0.05 + 0.003¢ 0.08 = 0.003" 0.10 * 0.006° 0.10 + 0.003" 0.07 = 0.005"

8 weeks SL 7.03 * 0.31¢ 8.55 + 0.21° 10.77 + 0.182 8.80 + 0.38° 8.80 + 0.25°
SP 0.17 + 0.008° 0.23 + 0.02° 0.28 * 0.06° 0.27 + 0.003" 0.2 * 0.02%°
ACH50 181.25 * 8.01¢ 224.73 + 4.99° 282.46 + 9.25° 268.87 + 13.69° 226.88 + 10.26"
PI 2.26 * 0.09° 2.72 + 0.08° 3.21 * 0.10% 2.74 * 0.06" 2.73 + 0.07°
RB 0.11 + 0.02° 0.15 + 0.01° 0.19 * 0.01° 0.18 + 0.01° 0.15 + 0.01°

SL = Serum lysozyme activity (ug ml~'); SP
activity (bead cell™1); RB = Respiratory burst activity (OD655).

—4—Diet 1
100

—d—Diet 2 —#=Diet 3 =>=Diet4 =d=Diet5

70
60

40

Survival rate (%)

30

10 |

4 5 6 7 8 9 10

Day post challenge

11 12 13 14 15

Fig. 1. Survival rate of O. niloticus after 4 and 8 weeks feeding with experi-
mental diets (n = 10, mean * SD): Diet 1 (0 - control), Diet 2 (2.5 gkg™ L ESE),
Diet 3 (5gkg ™! ESE), Diet 4 (10 gkg ™" ESE), and Diet 5 (20 gkg ™' ESE).

3.4. Growth performance

After 4- and 8-weeks post-feeding, fish fed dietary inclusion of ESE
was statistically significantly increased the specific growth rate (SGR),
weight gain (WG), and final weight (FW) compared to the control group
(P < 0.05; Table 4). The highest SGR, FW, and WG were observed in
fish fed 5 gkg ™' ESE (Table 4). However, no significant differences in
these values were observed in fish fed Diet 3 (5 gkg_1 ESE) and Diet 4
(10 gkg ™! ESE) (P > 0.05; Table 4). The FCR was significantly lower
in fish fed 5gkg ™" ESE than in other groups, while the control group
presented the highest values (P < 0.05). However, no significant in
FCR was observed between Diet 3 and Diet 4, and between Diet 5 and
Diet 2. Similarly, the survival rate and feed intake (FI) of the fish
showed no significant differences between the experimental groups
(Table 4).

4. Discussion

Nowadays, several researchers are interested in searching suitable
dietary additives to apply in aquaculture instead of synthetic antibiotics
owing its extreme down-regulation of metabolic enzymes, muscular
development, and a resurgence of virulent pathogens in aquatic biota
[46,47]. For these factors, several countries completely prohibited the
application of chemical drugs in aquaculture practices. Medicinal plants
have been proven to have a positive effect on growth performance,

= Serum peroxidase activity (ug ml~"); ACH50 = Alternative complement activity (units ml~'); PI = Phagocytosis

immune systems, and diseases resistance of fish and shellfish [48-50].
The scientific community has therefore been searching for suitable feed
additives that can improve both the immune systems and general
wellbeing of fish. For the first time, the current study has been carried
to evaluate the possibility of supplementing E. scaber on the perfor-
mances of aquatic animals especially Nile tilapia (O. niloticus). E. scaber
has been found to possess immunostimulant, antioxidative and anti-
bacterial properties, which have been attributed to its content from
terpenoids, steroids, flavonoids, phenols, sesquiterpene lactones, tri-
terpenes, stigmasterol, epofriedelinol, and lupeol [28,51-53].

The studied immune parameters in this study exhibited significant
enhancements in Nile tilapia after 4 and 8 weeks on feed supplemented
with E. scaber. Lysozyme represents an important defense component
which is responsible for the lysis of pathogenic bacteria [54]. In this
study, fish fed with E. scaber demonstrated significantly enhanced ly-
sozyme activity. The result was similar to previous studies reported in
grouper, Epinephelus bruneus [55]; snakehead fish, Channa argus [56];
bulatmai barbel, Luciobarbus capito [57]; rainbow trout, Oncorhynchus
mykiss [58,59], and common carp, Cyprinus carpio [60]. This type of
natural complement activity has been proven to be one of the most
significant methods of moving pathogenic bacteria from fish. Further-
more, its activation as an independent alternative complement pathway
can be achieved through immunostimulants [61-63]. The present study
has shown that alternative complement activity could be stimulated in
both weeks four and eight, through the recommended E. scaber sup-
plementary diets. This result is inconsistent with previous works
[55,58,59]; in which the oral administration of medicinal herbs in
grouper enhanced the alternate complement activity. Fish neutrophils
contain various phagocytic, bactericidal, respiratory burst, and perox-
idase activities [64-67]. Evaluation of the neutrophil function is ne-
cessary for the assessment of the general health of fish [68,69]. It was
determined, herein, that the administration of all E. scaber doses ap-
preciably enhanced serum peroxidase activity and respiratory burst
activity after 4 and 8 weeks. Similarly, in grouper fed with a tea as a
medicinal herb, peroxidase activity also rose after 4 weeks of feeding
[55]. Respiratory burst, through stimulation by foreign agents, has been
found to increase the oxidation levels in phagocytes, and are considered
to be a crucial factor in the general defense mechanisms in fish [70,71].
The creation of respiratory burst activities and reactive oxygen meta-
bolites by phagocytes are vital factors in limiting the spread of diseases
in fish [65]. The present study recorded a significantly improved re-
spiratory burst activity of Nile tilapia, O. niloticus; which was similar to
the previous study in rainbow trout, O. mykiss [58]. Phagocytosis is an
important cellular immune system component in fish [72-74]. Its role is
to assist fish in avoiding pathogen attacks more efficiently by re-
cognizing the existing pathogens and to limit their spread and progress
[55]. Through the increase of phagocytosis, the present study has re-
vealed that E. scaber promotes heightened immune responses and
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Table 4

Growth performances and feed utilization (mean =+ SE) of O. niloticus after 4 and 8 weeks feeding with experimental diets: Diet 1 (0 - control), Diet 2 (2.5 gkg™
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1

ESE), Diet 3 (5 g kg~ ESE), Diet 4 (10 gkg " ESE), and Diet 5 (20 g kg~ ESE). Different letter in a row denote significant difference (P < 0.05). Different letter in a

row denote significant difference (P < 0.05).

Diet 1 Diet 2 Diet 3 Diet 4 Diet 5

W (g) 13.98 + 0.01 13.88 + 0.04 13.88 + 0.04 13.95 + 0.02 13.88 + 0.04
FW (g)

4 weeks 42.53 * 0.96° 44.99 * 0.27°% 46.49 * 0.30° 45.85 * 0.20% 44.18 * 42°
8 weeks 90.73 * 0.42" 90.47 + 0.44" 97.87 * 0.57° 96.17 + 0.42° 96.06 * 2.63°
WG (g)

4 weeks 27.54 + 0.95¢ 31.11 + 0.31%® 32.61 + 0.29° 31.90 + 0.22%° 30.29 + 0.41°
8 weeks 76.74 + 0.41° 76.59 + 0.41° 83.99 + 0.56° 82.22 + 0.43% 82.18 * 2.63°
SGR (%)

4 weeks 3.63 * 0.07° 3.92 + 0.03% 4.03 + 0.022 3.97 * 0.02°° 3.86 + 0.03°
8 weeks 3.11 + 0.007° 3.12 + 0.006" 3.26 + 0.010° 3.21 * 0.009° 3.22 + 0.047°
FCR

4 weeks 1.50 + 0.01° 1.45 + 0.01° 1.41 + 0.02¢ 1.44 + 0.02 1.46 + 0.01°
8 weeks 1.57 + 0.01° 1.55 + 0.01° 1.49 + 0.01° 1.49 + 0.02° 1.50 = 0.01°
SR (%)

4 weeks 100 100 100 100 100

8 weeks 97.33 * 0.20 98.00 + 0.13 99.00 * 0.13 97.67 + 0.07 98.00 + 0.13
FI (g)

4 weeks 108.55 * 0.93 111.58 * 0.78 115.25 + 0.45 114.25 * 0.67 114.25 * 0.47
8 weeks 126.28 * 1.09 132.69 * 0.86 135.39 + 0.88 132.85 * 0.85 131.02 * 0.40

IW = Initial weight; FW = Final weight; WG = Weight gain;

provides greater tolerance against infectious pathogens. Similarly, sig-
nificant increase in phagocytosis activity by using medicinal plants
have been recorded in gilthead seabream, Sparus aurata [75-77] and
sea cucumber, A. japonicus [78]. Although the exact mechanism in
which E. scaber enhanced serum immunity in fish is not clarified yet, it
may be attributable to the presence of biological compounds in E.
scaber. It has been demonstrated that flavonoid and saponin extracted
from E. scaber could regulate the immune system, particularly the
proliferation of immune cells [79]. High concentrations of flavonoids
and alkaloids in E. scaber allow this plant to act as an anti-oxidant that
is able to control the nitrix oxide activity [80]. In addition, flavonoids
have the capability of initiating mitogen-activated protein kinase ac-
tivity that can enhance IL-2 production [81]. Nonetheless, further stu-
dies are needed to clarify the mechanism in which E. scaber stimulate
serum immunity in fish.

Skin mucus is an important element of innate immunity, and re-
presents the first defensive stand against invading microorganisms, as it
contains a diverse range of non-specific and specific immune factor
which create a physio-chemical barrier that protects fish against in-
fectious pathogens [82-84]. We found that the administration of sup-
plementary E. scaber created remarkable boosts of mucus lysozyme and
peroxidase activities. Similarly, beneficial effects of medicinal plants on
mucus lysozyme and peroxidase activities have reported in Nile tilapia,
O. niloticus fed Cordyceps militaris mushroom substrate [85]; common
carp, C. carpio fed Psidium guajava and Mespilus germanica [60,86];
rainbow trout, O. mykiss fed Myrtus communis [87], and Indian major
carp, Labeo rohita fed aloin [88]. This elevated mucus lysozyme and
peroxidase activities may suggest the more idiosyncratic im-
munomodulatory character of E. scaber; as observed above, in the case
of the humoral and mucosal immune parameters. It is well-established
that fish's mucosal immune system could be triggered via the use of
prebiotics, probiotics, and medicinal plants [89]. Skin-associated lym-
phoid tissues, (SALT) and gill-associated lymphoid tissues (GIALT), and
gut-associated lymphoid tissues (GALT) are considering as im-
munological sites, which can boost a robust immune response against
pathogens [89-92]. At an immunologically level, GALT is assembled of
granulocytes, macrophages, lymphocytes, and plasma cells, as well as T
and B cells. These cells along with epithelial cells, goblet cells, and
neuroendocrine cells can generate and control gut immune responses
[67,93]. Nonetheless, confirmation of this hypothesis would require
future investigations serum and skin mucus immunities, as affected by
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SGR = Specific growth rate; FCR = Feed conversion ratio; SR = Survival rate; FI = Feed intake.

the inclusion of dietary E. scaber.

The application of antibiotics and chemotherapeutics to monitor
infectious diseases in aquaculture not only eradicates favourable mi-
croflora but also emerges the antimicrobial bacteria, as well as accu-
mulates as residues in the human body [94]. These harmful effects of
antibiotics and chemotherapeutics have attracted global attention to
search for environmentally friendly manners as an alternative strategy
in aquafeed [95]. In this sense, immunostimulants, prebiotics, probio-
tics, synbiotics, and unclassified dietary feed additives have been sup-
plemented to the fish's diets. Similar to the growth-promoting drugs and
synthetic antibiotics, these feed-additives mostly enhance growth per-
formance and stimulate the immune system to combat pathogens. In
this study, it is clear that E. scaber can be used as an immunostimulant
in tilapia aquaculture. Tilapia mortality from S. agalactiae was de-
creased by dietary inclusion of E. scaber. Abdel-Tawwab et al. [96] also
observed that inclusion of green tea in Nile tilapia diet presented
commensurate decreases in fish mortality. Abdel-Tawwab et al. [96]
and Sheikhzadeh et al. [97] indicated that Nile tilapia and rainbow
trout exhibited enhanced resistance against bacterial infection by herbs
feeding. It is probable that the addition of E. scaber prevents the assault
of S. agalactiae infection by increasing the bactericidal activity, and the
humoral and mucosal immune functions of Nile tilapia. It has been
demonstrated that flavonoids from E. scaber could increase IL-2 activity
and lymphocytes proliferation [98]. This IL-2 in turns can trigger the
CD8™ activation to CD8* produce perforin and granzyme that will
destroy infected cells [99]. Moreover, previous studies showed that
bioactive compounds isolated E. scaber possessed antibacterial activity
against several bacteria. Daisy and Priya [100] reported that the novel
terpenoid extracted from E. scaber showed strong antibacterial activity
against several multi drug-resistance extended-spectrum beta-lacta-
mases producing clinical isolates. Molecular docking investigations
showed that lupeol from E. scaber can prohibit autolysin activity by
forming a firm interaction with active site residues for treating Sta-
phylococcus aureus [101]. Similarly, the methanolic extract from E.
scaber showed strong antibacterial activity against Staphylococcus
aureus, Pseudomonas aeruginosa, Salmonella sonnei, Escherichia coli, En-
terococcus faecalis, and Salmonella typhimurium [30,102,103].

Growth performance and feed conversion ratio are essential para-
meters need to judge the potential use of feed additives in aqua-feed
[104,105]. The present study determined that the dietary supplement
of 5gkg~ ! E. scaber significantly improved the WG and SGR of Nile
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tilapia, while concurrently reducing FCR. It has been demonstrated that
the dietary inclusion of medicinal herbs improves WG and FCR by
dietary tea is related to improved metabolic parameters or utilization of
nutrients, and the activation of the functionality of intestinal flora
[106-108]. Significant decreases in growth rates and feed utilization
were present in the higher doses of tea within this study. Herbs have a
high fiber content which may negatively affect the feed efficiency of
fish, and growth performance accordingly [109]. Li, Tse and Li [106]
reported that fish can consume up to 23% total dietary fibre before
showing a decline in growth rate. Polyphenols have been found to exert
their influence upon the emulsion interface, interacting with digestive
enzymes, in order to decrease feed utilization and WG [110]. In addi-
tion, it is believe that medicinal herbs possess a special taste and smell,
which play a vital r smell and taste, which play a crucial role in en-
hancing feed intake [111]. Also, herbal plants can motivate the release
of digestive fluids and promote intestinal motility, which may consider
as a reason for the increase of feed intake from their use [112]. How-
ever, the exact nature of these compounds remains unclear and requires
further study.

In conclusion, the present study concluded that E. scaber supple-
mentation may potentially activate the humoral, mucosal, and cellular
immune mechanisms; generate disease resistance to S. agalactiae and
improve growth rate and feed utilization.
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