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Abstract
Recently, medical plants have been widely used as replacements for antibiotics in disease 
treatment. Because of its multiple medicinal uses, peppermint (Mentha piperita, MP) is a 
common herbal remedy. In the present study, MP powder was used as a feed additive to 
assess growth performance; hematological; biochemical and immune parameters; intestinal 
histology; and interleukin 1β (IL-1β) gene expression, as well as protection against Vibrio 
alginolyticus infection in Oreochromis niloticus. O. niloticus (n = 120, 25.66 ± 0.16  g) 
were fed diets containing 0 (CTR), 2, 3, or 4% MP for 60 days. The results revealed that 
the inclusion of 2% MP significantly improved the growth indices, intestinal morphologi-
cal parameters, and reduced the feed conversion ratio. The 2% MP treatment significantly 
(P < 0.05) increased hematological parameters (red blood cell (RBC) count, white blood 
cell (WBC) count, packed cell volume% (PCV%), hemoglobin) compared with those of the 
CTR (P < 0.05). Additionally, feeding fish 2% MP diets decreased the levels of cholesterol 
and LDL (low-density lipoprotein). There were significant increases in immune responses 
(serum protein and phagocytic activity and index) and non-significant increases in the 
expression of IL-1β in the 2% MP group comparing with the other groups and the CTR 
group (P < 0.05). At the end of the feeding trial (60 days), fish were challenged with a viru-
lent strain of Vibrio alginolyticus and the results showed that the mortality rate decreased 
in the 2% MP treatment group, followed by the 3% and 4% MP groups. Overall, the results 
revealed that the dietary inclusion of 2% MP can exhibit growth-promoting  and  immu-
nostimulant effects for sustainable aquaculture.
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Introduction

Aquaculture has grown worldwide to capture a larger portion of the market for edible 
fisheries products. One of the most highly cultivated fish species in Egypt and around the 
world is O. niloticus (Khalil et al. 2021; Kord et al. 2021). Aqua-culturists are very inter-
ested in this species because of its high marketability, capacity to adapt to different envi-
ronmental conditions, and disease resistance (Kord et al. 2021). However, a high fish popu-
lation density and a lack of adequate proper sanitation not only pose hazards to fish but 
also increase the possibility of infections spreading to the surrounding aquatic environment 
(Li et al. 2021). The most popular method for controlling bacterial diseases is the use of 
antibiotics, but this approach is frequently very expensive, suppresses the immune system 
(Abu-Zahra 2023; 2024), pollutes the environment, leaves chemical residues in fish tissues 
that may be hazardous to human health, and promotes the evolution of antibiotic-resistant 
bacteria (Polianciuc et al. 2020). Immunostimulants might be good alternatives to chemo-
therapeutics and antibiotics, but only at a certain level because they leave behind residues 
in the environment. The current focus of disease management in aquaculture should be on 
finding ecologically friendly strategies that can enhance aquatic welfare, one of which is 
feed additives.

The study of dietary plant extracts has recently become a very busy topic of research. 
Plant extracts have great promise for application in aquaculture because they are known to 
have beneficial impacts on the health and immunity of fish. The potential of these extracts 
as antimicrobial agents and substitutes for chemical agents in aquaculture has recently 
undergone revision (Kokoska et al. 2019; Álvarez-Martínez et al. 2021). Due to their anti-
oxidant, antibacterial, and immunostimulatory properties (Parham et  al. 2020), herbal 
plants can play a substantial role in the treatment and prevention of fish diseases. Currently, 
aquaculture uses more than 60 plant species to support the enhancement of fish health and 
disease prevention (Van Hai 2015). However, additional studies are essential for evaluating 
the application of these products due to the diversity of metabolites and chemical char-
acteristics that plants can produce, as well as their ecological impacts (Neelavathi et  al. 
2013).

The Mentha piperita (peppermint or mint), produced by hybridization of spearmint and 
water mint, belongs to family Lamiaceae. MP, a plant evaluated for use in aquaculture, is 
known for its many medicinal uses as a popular herbal remedy. Its antimicrobial (Mah-
boubi and Haghi 2008), antioxidative, and antiparasitic effect (Anjos and Isaac 2020) and 
cholesterol-lowering properties (Hardari et al. 2010) have long been confirmed.

MP is frequently used to treat digestive issues, and some of its active ingredients, such 
as menthol, stimulate the gastrointestinal mucosa to relax (Magouz et al. 2021). This relax-
ation outcome can lead to increased release of digestive enzymes and positive alterations 
in intestinal motility (Magouz et  al. 2021). Many studies have confirmed the capability 
of peppermint (powder or aqueous extracts) to enhance the digestibility and stimulate fish 
growth and health of Lates calcarifer (Talpur 2014), O. niloticus (Dawood et  al. 2020; 
Magouz et al. 2021), Rutilus frisii kutum (Adel et al. 2015), and Rutilus caspicus (Paknejad 
et al. 2020).

Vibriosis is a fatal bacterial disease that affects fish and causes high mortality in addi-
tion to significant economic losses (Mohd Nor et  al. 2019). Vibriosis is a common dis-
ease of marine environment and frequently dispersed in brackish or seawaters. The disease 
epidemics only emerge when fish are exposed to infectious pathogen in the presence of 
extremely stressful conditions (Abdelsalam et  al. 2021). Because of their highly flexible 



Aquaculture International	

1 3

genome which can horizontally transmit virulence genes, vibriosis is one of the most 
common pathogenic diseases affecting fish (Xu et  al. 2017). Many fish species, such as 
O. niloticus and Clarias gariepinus, are susceptible to epizootic infections with high mor-
talities brought on by Vibrio spp. (Abdelsalam et al. 2021). Vibrio alginolyticus, V. mimi-
cus, V. anguillarum, and V. vulnificus are frequently implicated in infection and mortalities 
among wild and farmed fish (Abdelsalam et al. 2021).

Therefore, this study was designed to evaluate the impacts of MP on growth parame-
ters, biological indices (hematological, biochemical, and immune parameters), and disease 
resistance and survival of O. niloticus infected with Vibrio alginolyticus. Few studies have 
investigated the optimal levels of MP dietary supplement for fish. We explored whether 
this plant could be used as a natural fish immunostimulant and growth enhancer.

Materials and methods

Bacteriological examination

A total of 100 randomly apparently healthy and diseased O. niloticus were obtained from 
different farms in Kafrelsheikh Province, Egypt, from March to August 2022. Fish were 
transferred alive to the lab in a well-aerated tank; they were anesthetized, subjected to spi-
nal cord transaction, and immediately subjected to bacteriological examination.

All the fish samples were internally examined, and Vibrio spp. were isolated from the 
liver, spleen, heart, kidney, skin, and gills (Alapide-Tendencia and Dureza (1997)) using 
TSB (trypticase soya broth) supplemented with 3% NaCl. The samples were then incu-
bated at 30 °C for 24 h before being streaked on TCBS (thiosulfate citrate bile salts) media. 
After 24 h of incubation at 30 °C, the plates were checked for the presence of characteristic 
Vibrio spp. colonies.

Identification of bacterial isolates

All the purified isolates were identified by their morphology, such as shape, motility, and 
Gram stain. Biochemical identification was carried out using the following subsequent 
tests: indole production, citrate utilization, string test, arginine hydrolysis, methyl red, 
oxidase, triple sugar iron, urease, hydrogen sulfide production, Voges Proskauer, gelatin 
liquefaction, nitrate reduction, ornithine decarboxylase, B-galactosidase (ONPG), arginine 
decarboxylase, L-lysine decarboxylase, sensitivity to the Vibrio static agent O/129, and salt 
tolerance (Parveen and Tamplin 2013).

Identification of the Vibrio 16SrRNA gene and V. alginolyticus species–specific genes 
and some virulence genes via polymerase chain reaction (PCR)

Using primers targeting 663 bp of the 16S rRNA gene specific for the genus Vibrio, five 
isolates suspected to be Vibrio spp. were molecularly confirmed. Three isolates suspected 
to be V. alginolyticus (n = 3) were molecularly confirmed using primers targeting 737 bp of 
the collagenase genes and primers targeting 250 bp for the trh genes as shown in Table 1.
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DNA extraction

DNA extraction from the samples was carried out using the QIAamp DNA Mini Kit (Qia-
gen, Germany, GmbH), with some adjustments made to the manufacturer’s instructions. 
The oligonucleotide primers used (Metabion Germany) are detailed in Table 1.

PCR amplification

The primers used in the 25-µl reaction mixture consisted of 12.5 µl of Emerald Amp Max 
PCR Master Mix (Takara, Japan), 6 µl of DNA template, 1 µl of each primer at a concen-
tration of 20 pmol, and 4.5 µl of water. The reaction was conducted utilizing a Biosystem 
2720 heat cycler.

Analysis of the PCR products

1 × TBE buffer was used at room temperature to electrophorese the PCR products on a 
1.5% agarose gel (Applichem, Germany, GmbH) with gradients of 5  V/cm. Using a gel 
documentation system, 15 µl of the PCR products was added to each gel slot for gel analy-
sis (Alpha Innotech, Biometra). Computer software was used to analyze the data once the 
gel was photographed.

Fish rearing conditions

O. niloticus (n = 120; 25.66 ± 0.16  g) that were apparently healthy was obtained from a 
private fish farm (Kafrelsheikh Province, Egypt). Fish were transferred to the local labora-
tory of the Animal Health Research Institute in Kafrelsheikh Province in a well-aerated 
tank, where they were housed in glass aquaria (50 × 40 × 40 cm). The tanks were provided 
with dechlorinated tap water. The water temperature was held at 25 ± 2  °C and electric 
pumps were used to maintain constant aeration. Debris was siphoned and half of the water 
was renewed daily and fully twice weekly. The fish were acclimatized for 14 days. During 
the adaptation period, the fish were fed a basal diet ad libitum. Water parameters were fre-
quently monitored and adjusted using water-analyzing device, where dissolved oxygen, pH, 
and temperature recorded 6.4 ± 1.2 mg/l, 6.8 ± 0.2, and 25 ± 1 °C, respectively.

Experimental design

Four experimental diets (Table 2) were prepared from commercial items according to 
Jobling (2011) to meet the nutritional needs of O. niloticus. After being removed from 
their natural habitat, the M. piperita leaves were correctly recognized. The leaves were 
first dried in the shade for 3 to 4  days and then at 55  °C. After that, the plants were 
ground into a uniform powder and completely combined with the basal diet (Bhatnagar 
and Saluja 2019). The basal diet served as the CTR. The other 3 experimental diets were 
prepared to contain MP powder in the following proportions: 2%, 3%, and 4% of feed 
instead of corn grains. A cereal grinding machine (FFC-45, JIMO, China) was utilized 
to grind and sieve the diet materials. After the components had been ground and MP 



	 Aquaculture International

1 3

powder was added, an appropriate amount of water was added to create a dough. The 
pellets (1.5 mm) were prepared using an experimental extruder (Model SYSLG30-IV), 
which was dried for one day at ambient temperature, wrapped in plastic bags, and kept 
at − 2 °C till usage.

Table 2   The proximate chemical 
composition of the experimental 
diets containing varying levels of 
M. piperita (MP)

CTR​ Control; 2% MP, treated with 2% Mentha piperita; 3% MP, 
treated with 3% Mentha piperita; 4% MP, treated with 4% Mentha 
piperita
*Mineral and vitamins mixture—each 3  kg contains vitamin D3 
2200000  IU, vitamin A 12000000  IU, vitamin K3 2  g, vitamin C 
250 g, vitamin E 10 g, vitamin B1 1 g, vitamin B6 1.5 g, vitamin B2 
5 g, vitamin B12 0.01 g, niacin 30 g, folic acid 1 g, biotin 0.050 g, and 
pantothenic acid 10 g and carrier to 1000 g, copper 4 g (using copper 
sulfate as inorganic source for first group and replaced by CuO-NPs 
for group 2 and 3), zinc 50 g, iron 5 g, manganese 60 g, iodine 1 g, 
selenium 0.1  g, cobalt 0.1  g, calcium carbonate (CaCO3) carrier to 
1000 g
**Based on the chemical component of the utilized feedstuffs, digest-
ible energy (DE) was computed (kcal/kg) (Jobling 2011)

MP inclusion levels

0 (CTR) 2% MP 3% MP 4% MP

Ingredients%
  Yellow corn 23.35 21.35 20.35 19.35
  Corn gluten 5 5 5 5
  Fish meal 19 19 19 19
  Soybean meal (44%) 30 30 30 30
  Wheat middling 10 10 10 10
  Vegetable oil 2 2 2 2
  di-calcium phosphate 0 0 0 0
  Choline chloride 0.05 0.05 0.05 0.05
  Lysine 0 0 0 0
  Methionine 0.1 0.1 0.1 0.1
  Peppermint 0.0 2.0 3.0 4.0
  Wheat grain 8 8 8 8
  Salt 0.2 0.2 0.2 0.2
  Mineral-vitamin premix* 0.3 0.3 0.3 0.3
  Carboxy methyl-cellulose 2.0 2.0 2.0 2.0

Chemical composition
  Moisture% 11.77 11.93 12.08 11.69
  Crude protein% 29.6 29.3 29.5 29.07
  Ether extract% 4.35 4.4 4.11 4.05
  Ash% 6.22 6.07 6.45 6.8
  Crude fiber% 5.09 6.2 6.23 6.4
  NFE% 43.04 42.1 41.63 41.99
  Calcium% 0.84 0..79 0.79 0.81
  Total phosphorus% 0.72 0.71 0.69 0.72
  DE** 2923.9 2990.5 2976.4 2906.3
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Fish were distributed into 4 groups each in triplicate (n = 30 fish/group; 10 fish/replicate). 
The CTR group was fed a basal diet without any additives; the treated groups were fed an 
MP-supplemented diet (MP diet) at 2, 3, or 4% of feed for groups 2–4, respectively. During 
the feeding trial (60 days), feed was introduced to the fish twice a day (at 9:00 a.m. and 2:00 
p.m.) at a rate of 3% of the fish live body weight. Excessive care was taken to ensure that all of 
the feed was eaten. The fish were weighed at the beginning (W1) and then every 14 days for 
the next 60 days. During each period, the feed intake was modified based on the average body 
weight. Figure 1 illustrates the experimental design.

Growth performance

According to Azab et  al. (2018), the growth parameters were calculated by the subsequent 
equations:

WG(the weight gain, g) = W2(f inal body weight, g) −W1(g)

G%(gain%) =
(W2 −W1)

W1
× 100

SGR(specif ic growth rate) =
lnW2(g) − lnW1(g)

T(period in days)
× 100

FCR(feed conversion ratio) =
FI(total feed in take, g)

total WG(g)

FE(feed effeciency) =
100(W1;g −W2;g)

feed consumption;g

PER(Protein eff iciency ratio) =
WG(g)

PI(protein in take, g)

Fig. 1   Experimental design
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Sampling

At the end of the feeding period (60 days), all fish were fasted for 24 h before sampling 
and anesthetized with 150 mg/l MS222 (Du et al. 2022). Nine fish were haphazardly taken 
from each group for collection of two sets of blood samples from the caudal blood ves-
sels. The first was collected with syringes containing a drop of 10% EDTA in EDTA tubes 
(Abu-Zahra et al. 2023) to estimate hematological parameters, phagocytic activity, and the 
phagocytic index. The other set of blood was drawn without anticoagulant, and the serum 
was collected by centrifugation at 3000 rpm for 10 min, collected in Eppendorf tubes, and 
kept at − 20 °C until examination.

The fish were anesthetized by submerging in a saturated benzocaine solution and cold 
water and then killed via spinal cord transection. Tissue samples from the intestine (n = 9/
group) were stored in 10% formalin until histopathological examination. The fish were dis-
sected on ice to obtain liver tissues (n = 9/group) which were quickly placed in liquid nitro-
gen and kept at − 80 °C till the extraction of RNA.

Hematological parameters

Hematological parameters were estimated according to Faggio et  al. (2014). RBCs (red 
blood cells; × 106/mm3) and WBCs (white blood cells; × 103/mm3) were counted using a 
hemocytometer, hemoglobin content (Hb; g/100 ml) was estimated by the cyanmethemo-
globin method, and PCV (packed cell volume; %) was assessed by the microhematocrit 
technique. On sterile slides, thin blood films were taken to assess the differential leucocyte 
count. After the slides were allowed to dry, modified Wright’s stain was applied.

Serum biochemical and immune parameters

Using commercial kits, total serum protein, triglyceride, cholesterol (CHO), and HDL 
(high-density lipoprotein) and LDL (low-density lipoprotein) were estimated according to 
Coles (1974), Gottfried and Rosenberg (1973), Zak et al. (1954), and Bergmenyer (1985) 
respectively. Glucose levels were estimated via the colorimetric method using commercial 
kits. The commercial kits used and their catalogue number are listed in Table 3.

The phagocytic assay was carried out following the methodology of Siwicki et  al. 
(1994) and Park and Jeong (1996) with minor adjustments. For each treatment, blood 

EEU(energy effeciency unit) =
EI(energy in take, g)

WG(g)

Table 3   Details on the kits 
used for estimation of serum 
biochemical parameters

Kits used Company Catalogue No

Glucose BioMED, Egypt GLU-109240
Protein Spectrum, Egypt 310 001
TG VITRO SCIENT, Egypt 13,604
CHO VITRO SCIENT, Egypt 11,004
HDL BioMED, Egypt HDL-116100
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samples were taken to determine the number of phagocytic cells and phagocytosed bac-
teria. The PA (phagocytic activity; % cell with engulfed bacteria) and PI (phagocytic 
index; number of engulfed bacteria/cell) were estimated by counting 100 phagocytes per 
slide under a microscope and were calculated as follows:

Serum lysozyme activities were evaluated using the turbidimetric assay designated 
by Abu-Elala et al. (2013). Then, 25 µl of serum was added to 0.75 mg/ml lyophilized 
Micrococcus lysodeikticus as a substrate in phosphate buffer adjusted to pH 5.75 in 
96-well plates. After incubating for 0 to 15 min at 25 °C, the absorbance was detected 
via a spectrophotometer at 450 nm. A unit of lysozyme activity was defined as a 0.001/
min decrease in absorbency.

Serum bactericidal activity (SBA) was determined following the methods of Biller-
Takahashi et  al. (2013). After 24-h incubation period, the colonies from the resulting 
incubated mixture were counted on TSA plates in duplicate (two plates per sample) to 
determine the number of live bacteria. Better serum bactericidal activity will be shown 
with a lower bacterial count.

Gene expression

Using the RNAxPlus reagent, total RNA was extracted from each sample’s liver tissues 
in accordance with the manufacturer’s instructions. A spectrophotometer (NanoDrop 
ND-1000, Thermo Scientific, USA) was used to measure the amount of extracted RNA 
at 260/280  nm (Panigrahi et  al. 2011). Electrophoresis on a 1.5% agarose gel stained 
with ethidium bromide was used to measure the quality of the RNA. cDNA (200 ng) 
was generated using the Genet Bio cDNA® synthesis kit instructions (Korea). Real-
time PCRs were carried out in triplicate using a standard technique that included 40 
cycles of denaturation, annealing, and extension at 95 °C for 15 s each. The initial dena-
turation step took place at 95  °C for 10 min. β-actin was utilized as a non-regulatory 
reference gene.

Quantitative real‑time PCR

Using the standard methodology outlined by Miandare et al. (2013), RT‒qPCR (quan-
titative reverse transcription PCR) was used to estimate the levels of interleukin 1-β 
(IL-1β) gene expression in liver tissues. Standard curves were created using seven serial 
dilutions of pooled cDNA, ranging from 1:10 to 1:2000. Using the 2−ΔΔCt technique, 
the fold change in the relative mRNA expression of the genes was computed (Livak 
and Schmittgen 2001). The primers used for the analysis of IL-1β gene expression in O. 
niloticus are tabulated in Table 4.

PA =
No of phagocyticcells with engulfed bacteria

No of phagocyticcells
× 100

PI =
No of engulfed bacteria

No of phagocyticcells
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Histopathological examination

The samples were obtained from the anterior, middle, and posterior parts of the intestine. 
The formalin-fixed intestinal tissues were processed and embedded in paraffin wax. Then, 
the sections were cut into 5-mm-thick sections and stained with H&E (Hematoxylin and 
Eosin) (Gargiulo et al. 1998). A Leica EC3 digital camera linked to a Leica DM 5000 light 
microscope was used to microphotograph the stained tissues.

Challenge assay

After a feeding period of 60 days, 20 fish from each treatment group were intraperitoneally 
injected with 0.2  ml/ fish of 1 × 106  CFU of V. alginolyticus (Younes et  al. 2016). The 
strain was earlier isolated from diseased O. niloticus and characterized via phenotypic and 
molecular methods. The isolates were kept in glycerol at − 20 °C until usage. The bacterial 
suspensions were made using McFarland standard turbidity tubes (El Latif et  al. 2019). 
During the challenge, the fish were fed a CTR diet alone or plus MP. Dead fish were col-
lected and aseptically examined to determine the cause of death. Mortalities were only 
taken into account when V. alginolyticus was recovered from infected fish. Mortality rate 
and RPS (relative percent survival) were recorded for 10 days and were assessed according 
to the following formulas (Amend 1981):

Re-isolation and identification of V. alginolyticus were performed on moribund fish that 
survived at the end of the challenge in each group (kidney, heart, liver, gills, spleen, and 
skin) by bacteriological methods as described previously.

Biosafety measures

Once the experiment was complete, all the dead fish and leftover fish were burned in the 
laboratory stationary incinerator. The biosafety procedures followed the pathogen regula-
tion directive for infectious materials (Vibrio spp.).

Mortality% =

(

No. of dead f ish

Total No. of challenged f ish

)

× 100

RPS% = 1 −

(

Mortality % in the treated group

Mortality % in the CTR group

)

x100

Table 4   Primers used in the study of IL-1β gene expression in O. niloticus 

IL-1β, interleukin 1β

Primer name qPCR primers (5′-3′) Amplifica-
tion size 
(bp)

IL-1β F-AAG​ATG​AAT​TGT​GGA​GCT​GTGTT​ 175
R-AAA​AGC​ATC​GAC​AGT​ATG​TGA​AAT​

β-actin F- ACA​GGA​TGC​AGA​AGG​AGA​TCA​CAG​ 155
R- GTA​CTC​CTG​CTT​GCT​GAT​CCA​CAT​
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Statistical analysis

The results are displayed as the mean ± SE (standard error). The significance of the data 
was evaluated by using one-way ANOVA followed by Duncan’s multi-range test to com-
pare the means at P < 0.05 using the software program SPSS version 22. Prior to the 
data analysis, the normality and homogeneity of variance were assessed. The figures 
were drawn using the software program SPSS version 22 and Excel 2016.

Results

Colonial and microscopical characters

Typical colonial morphology for V. alginolyticus on TCBS agar was smooth, yellow 
(sucrose positive), and 2–3 mm in diameter. On the microscopic examination, V. algino-
lyticus was Gram negative comma-shaped (curved) bacilli, non-sporulating, non-capsu-
lated, arranged singly or in chains, motile by single polar flagella.

Molecular identification of Vibrio isolates

Five isolates supposed to be Vibrio spp. were all positive (Fig.  2A) for the 16SrRNA 
gene, which is specific for the genus Vibrio. As shown in Table 5 and Fig. 2B, three iso-
lates were amplified for the species-specific primers for V. alginolyticus (collagenase) 
and the virulence gene (trh). All V. alginolyticus isolates were positive for the species 
primer (collagenase) and virulence gene (trh).  Results of agar disc diffusion tests of 
Vibrio spp. isolated fromO . niloticus are presented in Table 6.

Fig. 2   Agarose gel electrophoresis of A 16SrRNA gene amplification for the molecular identification of 
Vibrio isolates with an amplicon size of 663 bp (n = 5 samples); ladder: 100 bp. B PCR amplification of 
the collagenase (737 bp) and trh (250 bp) genes of v. alginolyticus; lane L:100–600 bp DNA ladder; N: 
negative control; P: positive control; lanes 1–3 (on the right): positive collagenase gene (737 bp). Lanes 1–3 
(on the left): Positive trh gene (250 bp). C PCR amplification of sodB (248 bp) and ctxAB (536 bp) of V. 
cholerae; lane L:100–600 bp DNA ladder; N: negative control; P: positive control; lanes 1–3 (on the right): 
positive sodB gene (248 bp); lanes 2 and 3 (on the left): positive ctxAB gene (536 bp)
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Growth performance

Table 7 shows that compared with the CTR diet, the 2% MP supplement in the O. niloticus 
diet considerably (P < 0.05) amended the final body weight, gain%, SGR, FCR, PER, and 
EEU (approximately 7.6%, 20.4%, 13.8%, 14.2%, 16.9%, and 14.7% respectively) compared 
with those in the CTR group. However, compared with those in the CTR treatment, the growth 
and feed efficiency parameters were insignificantly lower in the 3 or 4% MP treatment groups 
(P > 0.05). No mortalities were detected in the treated or CTR groups during the feeding trial.

Hematological parameters

Table  8 shows the variations in hematological parameters in O. niloticus fed diets con-
taining different concentrations of MPs. Two percent MP inclusion significantly (P < 0.05) 

Table 5   Results of PCR for 
species specific and virulence 
genes among examined isolates 
of V. alginolyticus (collagenase 
and trh genes, respectively; n = 3) 
and V. cholerae (sodB and ctxAB 
genes, respectively; n = 3)

V. alginolyticus
Samples Collagenase trh
1  +   + 
2  +   + 
3  +   + 
V. cholerae
Samples sodB ctxAB
1  +  -
2  +   + 
3  +   + 

Table 6   Results of agar disc diffusion tests of Vibrio spp. isolated from O. niloticus (n = 28)

S Sensitive (from 50 to 75% of the isolates were sensitive to antibiotics); HS Highly sensitive (from 75 or 
more of the isolates were sensitive to antibiotics); R Resistant (from 50 to 75% of the isolates were resistant 
to antibiotics)

Antibiotic Abbreviation Isolates Interpretation

Sensitiv-
ity %

Intermedi-
ate%

Resistance 
%

No % No % No %

Ciprofloxacin CIP 22 78.57 2 7.14 4 14.28 HS
Norfloxacin NOR 28 100 - - - - HS
Ampicillin AMP 4 14.28 8 28.57 16 57.14 R
Tetracycline TE 28 100 - - HS
Amoxicillin + Clavulanic acid AMC 4 14.28 8 28.57 16 57.14 R
Cefotaxime CTX 14 50 4 14.28 10 35 S
Gentamicin CN 16 57 8 28.57 4 14.28 HS
Amikacin AK 8 28.57 4 14.28 16 57.14 R
Streptomycin S - - 8 28.57 20 71.43 R
Sulfa + trimethoprim SXT 24 85.71 - - 4 14.28 HS
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augmented Hb%, RBCs, WBCs, and PCV% by approximately 27.2%, 27.3%, 16.8%, and 
27.2%, respectively, while the other MP inclusion levels (3% or 4%) had no noticeable 
impact on hematological parameters compared to those of the CTR group. Moreover, all 
dietary inclusion levels of MPs had no substantial impact on the differential leukocyte 
count compared with that in the CTR group.

Biochemical parameters

Table 9 shows that the addition of 2% MP to the O. niloticus diet considerably (P < 0.05) 
decreased the serum total CHO and LDL levels by approximately 18.4% and 30.8%, 

Table 7   Growth performance and feed efficiency parameters of O. niloticus fed diets containing different 
concentrations of M. piperita (MP)

The values are presented as the means ± SE. Significant differences at P < 0.05 are indicated by different 
letters in the same row. W1 Initial body weight; W2 Final body weight; WG Weight gain; G%, Gain%; SGR 
Specific growth rate; TFI Total feed intake; FCR Feed conversion rate; PER Protein efficiency ratio; EUU 
Energy efficiency unit; SR Survival rate

Parameters CTR​ 2% MP 3% MP 4% MP P-values

W1 (g/fish) 25.42 ± 0.07 25.72 ± 0.02 25.78 ± 0.09 25.73 ± 0.15 0.067
W2 (g/fish) 36.76 ± 0.12b 39.54 ± 0.57a 36.44 ± 0.54b 36.47 ± 0.36b 0.003
WG (g/fish) 11.34 ± 0.15b 13.82 ± 0.57a 10.67 ± 0.49b 10.74 ± 0.30b 0.002
G% 44.61 ± 0.65b 53.71 ± 2.21a 41.37 ± 1.80b 41.76 ± 1.15b 0.002
SGR 0.29 ± 0.01b 0.33 ± 0.11a 0.27 ± 0.01b 0.27 ± 0.01b 0.002
TFI 25.57 ± 0.61 26.67 ± 0.15 26.50 ± 0.17 25.83 ± 0.35 0.186
FCR 2.26 ± 0.08a 1.94 ± 0.08b 2.49 ± 0.09a 2.41 ± 0.06a 0.005
PER 1.48 ± 0.05b 1.73 ± 0.07a 1.34 ± 0.05b 1.39 ± 0.04b 0.004
EEU 7.22 ± 0.25a 6.16 ± 0.26b 7.90 ± 0.30a 7.91 ± 0.19a 0.006
SR (%) 100 100 100 100 -

Table 8   Hematological parameters of O. niloticus fed diets containing different concentrations of M. piper-
ita (MP)

The values are the means ± SE (n = 9/group). The values (mean ± SE) bearing asterisks are significantly dif-
ferent (P < 0.05). Hb Hemoglobin; RBCs Red blood cells; WBCs White blood cells; PCV Packed cell volume

Parameters CTR​ 2% MP 3% MP 4% MP P-values

Hb (g/100 ml) 7.51 ± 0.37 9.55 ± 0.41* 7.65 ± 0.31 7.87 ± 0.37 0.015
RBCs (× 106/mm3) 2.78 ± 0.14 3.54 ± 0.15* 2.83 ± 0.12 2.91 ± 0.14 0.015
WBCs (× 103/mm3) 28.67 ± 1.07 33.50 ± 1.99* 30.37 ± 0.89 27.50 ± 1.32 0.048
PCV% 24.77 ± 1.21 31.51 ± 1.37* 25.25 ± 1.04 25.96 ± 1.23 0.015
Neutrophil % 27.93 ± 3.43 24.43 ± 1.68 26.20 ± 1.90 24.20 ± 0.49 0.601
Basophil % 5.00 ± 1.59 5.60 ± 1.65 1.90 ± 0.95 4.80 ± 1.16 0.299
Esinophil % 0.60 ± 0.00 0.00 0.00 0.00 0.441
Monocyte % 6.03 ± 1.41 8.17 ± 3.95 6.17 ± 0.49 7.10 ± 0.23 0.881
Lymphocyte % 60.43 ± 1.99 65.80 ± 3.02 65.73 ± 2.69 63.90 ± 1.03 0.435
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respectively, while it noticeably (P < 0.05) elevated the total serum protein level by 
approximately 10.4%; however, the inclusion of other MP levels (3% or 4%) had no 
substantial effect on the abovementioned serum parameters compared with those in the 
CTR group. Moreover, all the MP inclusion levels had no effect on the serum triglyc-
eride, HDL, or VLDL levels but did significantly (P < 0.05) reduce the CHO/HDL ratio 
compared to that in the CTR group. There were no significant (P > 0.05) differences in 
the serum glucose concentration between the CTR group and the MP-containing diet 
group except for the fish fed the 4% MP-containing diet.

Immune parameters

Figure  3 shows the variations in immune responses in the O. niloticus experimental 
groups. The addition of 2% MP significantly (P < 0.05) augmented the phagoctic index 
and activity (Fig. 3a, b), while the addition of 3 or 4% MP to the O. niloticus diet non-
significantly (P > 0.05) increased the phagocytic index and activity compared to those in 
the CTR group. Moreover, compared with those in the CTR group, the serum lysosomal 
activity and bactericidal activity (Fig. 3c, d) in the MP groups did not significantly dif-
fer (P > 0.05). The lower viable bacterial colony counts in the MP-fed fish relative to 
those in the CTR group indicated bactericidal improvement.

Gene expression

Figure 4 shows the fold change in IL-1β gene expression in the O. niloticus groups. The 
inclusion of 2% MP in the O. niloticus diet did not significantly (P > 0.05) upregulate 
IL-1β gene expression, while the inclusion of more MP (3% or 4%) non-significantly 
(P > 0.05) downregulated IL-1β gene expression compared to that in the CTR group.

Table 9   Biochemical parameters of O. niloticus fed diets containing different concentrations of M. piperita 
(MP)

The values are the means ± SE (n = 6/group). Significant differences at P < 0.05 are indicated by different 
letters in the same row. TG Triglycerides; Total CHO Total cholesterol; HDL High-density lipoprotein; LDL 
Low-density lipoprotein; VLDL Very-low-density lipoprotein; CHO/HDL ratio Cholesterol/high-density 
lipoprotein ratio

Parameters CTR​ 2% MP 3% MP 4% MP P-value

Glucose (mg/dl) 104.93 ± 1.74a 104.34 ± 1.88a 103.53 ± 2.62a 78.57 ± 4.64b 0.002
Protein (g/dl) 5.48 ± 0.23b 6.05 ± 0.11a 5.42 ± 0.22b 5.62 ± 0.07b 0.016
TG (mg/dl) 189.03 ± 8.22 174.77 ± 6.32 171.87 ± 10.82 169.17 ± 4.77 0.345
Total CHO (mg/dl) 199.97 ± 7.40a 163.23 ± 6.04b 164.07 ± 7.03b 180.13 ± 6.79ab 0.016
HDL (mg/dl) 48.40 ± 1.09 48.27 ± 1.79 51.07 ± 0.95 51.00 ± 1.42 0.330
LDL (mg/dl) 113.76 ± 7.01a 80.01 ± 5.18b 78.63 ± 4.85b 95.30 ± 7.51ab 0.013
VLDL (mg/dl) 37.81 ± 1.65 34.95 ± 1.26 34.37 ± 2.16 33.83 ± 0.95 0.349
CHO/HDL ratio 4.14 ± 0.22a 3.38 ± 0.03b 3.21 ± 0.09b 3.54 ± 0.19b 0.013
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Intestinal morphological measurements

Intestinal morphometric measurements of the intestine are presented in Table 10 and Fig. 5. 
The results of the statistical analysis revealed that dietary inclusion of 2% MP significantly 
(P < 0.05) increased the number of goblet cells and the length of the villi in the anterior, 
middle, and posterior parts of the intestine (approximately 37.2% and 37.0%; 30.0% and 
25.9%; 44.4% and 57.3%, respectively) compared to those in the CTR group. In contrast, 
3% or 4% MP addition reduced villi length and goblet cell number in all intestinal parts 
in a dose-dependent manner, while all MP inclusion levels non-significantly (P > 0.05) 
improved villi width and inter villi space in all intestinal parts in a dose-dependent manner 

Fig. 3   Immune response of O. niloticus fed diets containing different concentrations of M. piperita (MP). 
a Phagocytic activity %. b Phagocytic index No. c Lyzosome activity (U/ml). d Serum bactericidal activity 
(SBA) %. The values are the means; the error bars represent the SE (n = 9/group). The different subscripts 
above the bars (P < 0.05) indicate significant differences between treatments
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except for 2% MP addition which non-significantly (P > 0.05) reduced the inter villi space 
in all intestinal parts compared to those in the CTR group.

Challenge assay

Clinical examination of the challenged fish (Fig. 6) revealed loss of appetite, swimming 
toward the surface, imbalance, fin hemorrhage, tail erosion, ulceration at the base of the 
pelvic and pectoral fins, and eye protrusion. The severity and frequency of lesions were 

Fig. 4   Gene expression of 
interleukin 1-β (IL-1β) in the 
O. niloticus fed diets containing 
different concentrations of M. 
piperita (MP). The values are the 
means; the error bars represent 
the SE (n = 9/group). The dif-
ferent subscripts above the bars 
(P < 0.05) indicate significant 
differences between treatments

Table 10   Intestinal morphological measurements of O. niloticus fed diets containing different concentra-
tions of M. piperita (MP)

The values are the means ± SE (n = 9/group). Different letters in the same row denote significant differences 
at P < 0.05

Parameters CTR​ 2% MP 3% MP 4% MP P-value

Anterior part
  Villi length 526.71 ± 7.79b 722.87 ± 10.33a 444.21 ± 38.07bc 394.10 ± 33.32c 0.000
  Villi width 144.48 ± 3.48b 206.26 ± 22.46ab 244.27 ± 10.32a 217.42 ± 22.24ab 0.016
  Intervilli space 134.22 ± 8.64 107.85 ± 5.52 180.29 ± 13.64 189.54 ± 35.01 0.054
  Goblet cell number 32.33 ± 1.45b 44.33 ± 2.33a 24.33 ± 2.91b 23.67 ± 2.85b 0.001

Middle part
  Villi length 957.17 ± 41.95b 1243.95 ± 35.49a 830.16 ± 22.61bc 767.42 ± 21.83c 0.000
  Villi width 207.31 ± 13.81ab 255.31 ± 27.07a 141.47 ± 17.36b 184.97 ± 11.72ab 0.057
  Intervilli space 95.07 ± 7.98ab 63.71 ± 2.25b 110.29 ± 4.08ab 124.75 ± 20.03a 0.023
  Goblet cell number 68.00 ± 1.73b 85.67 ± 4.49a 52.33 ± 1.45c 48.67 ± 2.33c 0.000

Posterior part
  Villi length 457.14 ± 35.48b 660.05 ± 8.56a 429.18 ± 15.92b 382.40 ± 43.83b 0.001
  Villi width 201.52 ± 9.06 212.30 ± 18.13 301.54 ± 21.85a 297.58 ± 54.98ab 0.098
  Intervilli space 158.99 ± 13.47 138.78 ± 22.19 170.29 ± 18.68 197.79 ± 26.82 0.314
  Goblet cell number 18.67 ± 1.76b 29.36 ± 1.89a 16.33 ± 0.88b 12.67 ± 1.76b 0.002
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more severe in the CTR (Fig. 6A) and the other two infection groups (Fig. 6C and D) than 
in the 2% MP group (Fig. 6B).

Internal examination of the infected O. niloticus (Fig. 7) revealed pale and hemorrhagic 
livers, enlarged spleens, distended gallbladders, severe inflammation and hemorrhages in 
the intestine, and pale gills. Almost all the treated groups exhibited the same pattern and 
the CTR group exhibited the most severe changes.

The mortality rate (Fig. 8) was significantly lower in the 2% MP group (0%) than in the 3% 
MP and 4% MP groups (10% and 5%, respectively). The CTR group had the highest mortality 

Fig. 5   Photomicrograph of H&E-stained intestinal portions, × 100, scale bar = 100 μm. (A1) Anterior por-
tion of the CTR group showing normal villi. (A2) Middle portion of the CTR group showing thin villi 
lined with pseudostratified epithelium. (A3) Posterior portion of the CTR group showing normal villi. (B1) 
Anterior portion of the 2% MP group showing a marked increase in villi length. (B2) Middle portion of the 
2% MP group showing a marked increase in villi length. (B3) Posterior portion of the 2% MP group show-
ing a marked increase of villi length. (C1) Anterior portion of the 3% MP group showing normal villi. (C2) 
Middle portion of the 3% MP group showing long and thin villi. (C3) Posterior portion of the 3% MP group 
showing normal villi. (D1) Anterior portion of the 4% MP group showing normal villi with blunted ends. 
(D2) Middle portion of the 4% MP group showing normal villi. (D3) Posterior portion of the 4% MP show-
ing normal villi



	 Aquaculture International

1 3

Fig. 6   Clinical examination of O. niloticus challenged groups. A CTR group showing fin hemorrhage and 
rot, ulcers at the base of the pelvic and pectoral fins, and eye protrusion. B 2% MP group showing tail ero-
sion. C 3% MP group showing tail erosion and detachment and hemorrhagic fins. D 4% MP group showing 
hemorrhagic and eroded tail and hemorrhage at the operculum

Fig. 7   Postmortem examination of O. niloticus challenged groups. E CTR showing pale liver, severe 
inflammation and hemorrhage in the intestine, and pale gills. F 2% MP group showing splenomegaly, hem-
orrhagic liver, and distended gall bladder. G 3% MP group showing splenomegaly, hemorrhagic liver, and 
distended gall bladder. H 4% MP showing splenomegaly, hemorrhagic liver, and distended gall bladder
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rate (25%). The 3% MP and 4% MP groups achieved RLP of 60% and 80% which was raised 
to 100% in 2% MP group. Additionally, V. alginolyticus was reisolated in pure cultures from 
moribund fish.

Discussion

Vibriosis is among the most common zoonotic diseases that human contract from fish 
and other aquaculture animals. The 16 SrRNA gene was used to identify the genus Vibrio 
which includes many bacterial species and species-specific genes used for the confirmatory 
detection of Vibrio spp. and for their differentiation from closely related Vibrio spp. In our 
investigation, all 5 random suspected isolates examined for the 16SrRNA gene produced a 
light band at 663 bp. The collagenase gene has been frequently used as a biomarker in the 
molecular identification of V. alginolyticus and is capable of degrading the basal epithelial 
membrane and conjunctiva tissue (Mustapha et al. 2012). Additionally, among the essen-
tial virulence components of V. alginolyticus is the trh gene. In our study, all V. algino-
lyticus isolates tested possessed the collagenase and trh genes (100%). Currently, microbial 
diseases are one of the main obstacles to aquaculture. Due to these limitations, massive 
amounts of chemicals (such as antibiotics and disinfectants) are used to limit fish mortal-
ity and prevent significant financial losses. These therapies, which have been widely used 
over the past few decades, are currently under heavy criticism due to their proven negative 
effects on fish (Abu-Zahra 2023; 2024), aquatic environments, and even human health.

The use of medicinal plants in aquafeeds is becoming more popular for a number of 
reasons, such as their immunostimulatory properties, antioxidant and antimicrobial ben-
efits, eco-friendliness, and ability to increase feed palatability (Adel et al. 2015). The 2% 
MP treatment (treated with MP at a rate of 2%) significantly improved the body weight, 
WG, FCR, and PER compared to that of the CTR treatment (with no MP). The explanation 
could be that MP improved the digestibility and appropriate usage of nutrients, which in 

Fig. 8   MR% (mortality rate) and RLP (relative level of protection) of O. niloticus experimentally chal-
lenged with V. alginolyticus. The values are the means; the error bars represent the SE (n = 20/group). Dif-
ferent letters in the same row denote significant differences at P < 0.05
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turn influenced protein synthesis and, ultimately, growth performance, as well as intestinal 
morphology, which may have enhanced the ability of the fish to absorb and digest feed. Our 
findings agreed with those of Adel et al. (2015) and Paknejad et al. (2020), who showed 
significantly higher growth rates in Caspian roach fingerlings fed on diet containing 2–4 g 
MP/kg compared to CTR. The same outcomes were also observed in numerous investiga-
tions in which extracts from medicinal herbs were used to stimulate feeding and promote 
growth in aquatic animals (Aguiar et al. 2023; Talpur 2014; Adel et al. 2015). Similar find-
ings were obtained by Mahmoud et al. (2017) who found that addition of curcumin to O. 
niloticus diets exhibited a significant upsurge in growth performance compared to control 
group. Also, our data are similar with the studies of Nya and Austin (2009), Talpur and 
Ikhwanuddin (2013), and El-Kassas et al. (2022), who fed fish on diets supplemented with 
garlic and ginger diet and moringa diets to rainbow trout, L. calcarifer and O. niloticus, 
respectively. The authors observed significantly higher growth rates in treated fish com-
pared to the CTR. A comparison of the results of the groups containing 2% MP with those 
of the groups containing 3% MP, 4% MP, and CTR, 2% MP revealed significant differences 
with respect to the various growth parameters. These findings demonstrated that 2% MP 
is an ideal diet for O. niloticus. The obtained data agreed with those obtained by Abdel-
Tawwab (2012), who concluded that 2 g of American ginseng/kg diet led to best growth 
rates of O. niloticus compared to the higher inclusion levels and the CTR.

Hematological parameters are important tools for diagnosing disorders, determining 
nutrient levels, and assessing hygienic conditions and fish health. Our results revealed that 
the use of 2% MP in the diet increased Ht, Hb, RBC, and WBC levels. One of the key mark-
ers of fish health is the WBC count, which can indicate the existence or absence of infec-
tion as well as the kind of response to infection as well as other physiological and patholog-
ical elements. Infectious diseases, inflammation, nutrition (Munteanu and Schwartz 2022), 
stress, age, temperature (Mugwanya et  al. 2022), sex, and hormonal changes are among 
the variables that impact WBC counts. One of the most vital defenses against infection 
is the nonspecific immune system. One of the primary components of peppermint, men-
thol, has antifungal and antibacterial effects. Therefore, this chemical may be related to the 
increase in nonspecific immunity. The data obtained revealed that including peppermint in 
diet enhanced RBC counts, which may be related to the effects of polyphenolic substances. 
These compounds can form complexes with iron, facilitating its access to RBCs (Paknejad 
et al. 2020). Additionally, polyphenols have an antioxidant impact on RBC membranes by 
providing a physical barrier against free radicals (Paknejad et al. 2020). Our results are in 
line with those of Talpur and Ikhwanuddin (2012) and of Talpur and Ikhwanuddin (2013), 
who also observed an increase in WBC count when L. calcifer were fed a diet supple-
mented with garlic and ginger. Moreover, MP inclusion insignificantly reduced neutrophil 
% and increased lymphocyte % compared to CTR. This effect may be related to the proper-
ties of MP active ingredient (menthol) to reduce inflammation (Chumpitazi et al. 2018). 
The present data is supported by El-Kassas et al. (2022), who found that moringa leaves 
inclusion in O. niloticus diet increase lymphocyte and decrease neutrophil number com-
pared to CTR.

The observed growth promotion and other immune-related activities that are discussed 
below may also be connected to those results on blood cells. Since relatively little infor-
mation is currently available about the immunomodulatory properties of peppermint, our 
findings support excessive studies evaluating the potential of peppermint oils and their con-
stituents as immune response modulators.

The present study revealed that the serum glucose concentration significantly (P < 0.05) 
reduced in the fish fed a diet containing 4% MP compared to that in the other treatment 
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groups. A possible explanation for the decrease in the serum glucose concentration may be 
related to the stimulatory effect of MP on insulin secretion (Talpur 2014). Additionally, our 
results revealed a significantly higher serum protein concentration in the 2% MP group than 
in the CTR group. Moreover, the increases in total serum protein concentration are consist-
ent with the findings of earlier study on Lates calcarifer fed MP-incorporated feed (Tal-
pur 2014). Serum protein levels indicate blood osmolarity, renal function, and the capacity 
of the liver to synthetize proteins. Therefore, increased serum protein at 2% MP indicates 
a clearer capacity for protein synthesis, which corresponds with increased growth. Our 
results revealed that the inclusion of MPs up to 3% led to a significant decrease in blood 
CHO levels, LDL levels, and the CHO/HDL ratio. Reduced hepatic cholesterol synthesis 
and elevated hepatic 7α hydroxylase activity could explain this difference. According to the 
present study, cardiovascular activity may be enhanced due to the decreases in CHO and 
LDL. These results were in agreement with those of Talpur (2014).

One of the most significant defense mechanisms against pathogenic bacteria is phago-
cytosis. Our results revealed enhanced phagocytic activity and index in the 2% MP treat-
ment group, which is consistent with the findings of Talpur (2014), who reported con-
siderably greater phagocytic activity after feeding an MP diet to L. calcarifer. These 
findings suggested that the fish’s nonspecific immunity has improved. As an antibacterial 
enzyme, lysozyme degrades the peptidoglycan links in the bacterial cell wall and is thus 
a key defensive molecule in the fish innate immune system. Serum bactericidal activity 
is an essential component of the immune response and is included in the destruction of 
fish pathogenic microorganisms. In the current study, there were no significant increases 
in the serum lysosomal activity in any of the treated groups compared with that in the 
CTR group. These results are inconsistent with those of Paknejad et al. (2020), Adel et al. 
(2015), and Talpur (2014). The bactericidal activity of the MPs in the present study was 
related to the existence of flavonoids, tannins, and other bioactive compounds. Our findings 
are consistent with those of Talpur and Ikhwanuddin (2012) and (2013), who observed the 
elevated serum bactericidal activity in L. calcifer following feeding on garlic, neem leaf, 
and ginger, respectively. Additionally, the inclusion of 2% MP in O. niloticus feed caused 
a non-significant increase in expression of IL-1β, demonstrating its immunostimulatory 
effect. To the best of our knowledge, MP leaves have anti-inflammatory proprieties, which 
is not well studied at the transcriptomic level in O. niloticus. So, our study represents the 
first report on the effects of MP leaves dietary inclusion on the transcriptomic profile of 
inflammatory mediator genes, such as IL-1β. Our results revealed non-significant upregula-
tions of the IL-1β mRNA transcripts by dietary inclusion of 2% MP. This effect might be 
linked to increasing the % of lymphocytes. Moreover, this pro-inflammatory response may 
be attributed to menthol content of MP (Chumpitazi et al. 2018).

The use of 2% MP in O. niloticus feed led to a greater height and width of intestinal 
villi, an increase in the number of goblet cells, and a decrease in the inter villi space in 
all parts of the intestine suggesting improved development of the absorptive area of the 
intestine. A greater length of intestinal villi in fish leads to improved intestinal health, 
increased nutrient absorption efficiency, and consequently improved growth performance 
(Ringø et al. 2022; Huerta-Aguirre et al. 2019). Goblet cells have the potential to protect 
the mucosal layer of fish from infections, injury, and dehydration, through the expulsion of 
mucus (Yang and Yu 2021). Moreover, high MP concentrations (3% and 4%) in O. niloti-
cus feed reduced the number of goblet cells, the length and width of intestinal villi, and 
reduced the intervilli space in all parts of the intestine, consequently decreasing nutrient 
absorption by decreasing the contact between absorptive cells and nutrients (Adeoye et al. 
2016).
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Feeding fish experimental diets for 60  days triggered a decrease in morbidity after 
challenge with V. alginolyticus. Fish fed the MP diet at various concentrations exhibited 
significantly lower morbidity rates than did those fed the CTR diet. The highest number 
of fish showing clinical signs was observed in the CTR (15 fish) and 4% MP treatment 
(12 fish). The 2% MP treatment had the lowest morbidity rate (30%). The mortality rate 
of O. niloticus was quite lower (25%) in the CTR group, and the inclusion of MP sig-
nificantly decreased the mortality rate to 0% in the 2% MP groups. These findings dem-
onstrated the influence of water salinity on disease occurrence, which may be explained 
by the fact that Vibrio spp. are typically found in seawater. These results matched those 
of Al-Sunaiher et al. (2010), who reported that O. niloticus experimentally infected with 
V. alginolyticus had a 50% mortality rate within 10 days of injection. The clinical lesions 
post-infection were nearly similar to those found in naturally infected ones and were less 
severe in the groups fed MP than in the CTR group. These results may be attributed to 
enhanced innate immunity, such as increased WBC counts, enhanced of phagocytic activ-
ity and index, and increased expression of IL-1β. Similar results were obtained by Tal-
pur (2014). The primary active ingredient of MP is essential oil. It contains a variety of 
bioactive chemicals with demonstrated biological activity, particularly antimicrobial 
properties ((Mancianti and Ebani 2020). Because these chemicals can scavenge free radi-
cals,  they may be used as  therapeutic agents for a variety of pathogens. An earlier study 
demonstrated the detrimental impacts of A. hydrophila on survival following a challenge, 
and the inclusion of MP and Bacillus coagulans in the diet has been associated with 
improved immunological response and growth (Bhatnagar and Saluja 2019). The most 
obvious clinical and internal lesions in the challenged fish were loss of appetite, swimming 
toward the surface, imbalance, fin hemorrhage and rot, exophthalmia, pale and hemor-
rhagic liver, splenomegaly, distended gall bladder, and severe intestinal inflammation and 
hemorrhage. These results were almost similar to those reported by Sumithra et al. (2019) 
and Yanuhar et al. (2022) who infected O. niloticus and humpback grouper (cromileptes 
altivelis) with V. vulnificus and V. harveyi and V. alginolyticus respectively.

Many herbiotics have been described to have various potentials as growth and immune 
stimulators in aquaculture. In the present study, we focused on M. piperita (MP) as a feed 
additive for O. niloticus. MP may be superior to other plants because of its high availabil-
ity, better economic value, and appetite accelerator. Also, it has many properties, such as 
increasing production, being non-hazardous, not causing fish skin pigmentation (as cur-
cumin at 2% in our unpublished study), and overfeeding of fish does not cause any diges-
tive issues (as garlic) (Banerjee et al. 2003).

Conclusion

In our study, we developed a novel understanding of the use of herbiotics in aquaculture. 
Our study revealed that MP, a natural growth promoter, is a viable substitute for traditional 
synthetic growth promoters in aquafeed. MP significantly enhanced O. niloticus growth 
performance, intestinal morphology, health status, and disease resistance. These results 
demonstrated the possibility of adding 20 g MP /kg of diet, which could lead to a more sus-
tainable aquaculture sector. Completive study with biochemical analyses of nutrient com-
ponents of this plant is required to formulate medicinal plants supplemented diets for fish 
and may be a beneficial way to produce organic fish. It would be interesting to investigate 
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the amelioratory role of this medication in mitigating the degenerative effects followed by 
infection. Additionally, further investigations are needed to examine the effects of dietary 
MP on large sizes of fish under conditions of the field.
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