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Abstract

In a 56-day feeding trial, the impact of dietary cinnamon supplementation on juvenile Heteroclarias
(Clarias gariepinus @ % Heterobranchus bidorsalis 3) was examined. Five experimental diets with
varying levels of cinnamon powder (ranging from 0% to 2.0%) were formulated. The study found that
cinnamon supplementation positively influenced the fish's growth, haematology, serum biochemistry,
intestinal microbiota, and enzyme activities. The group fed with 1.5% cinnamon (DT4) showed the highest
growth performance, haematological indices, antioxidant, and hindgut enzyme activities. Additionally,
the cinnamon-fed groups exhibited a significant reduction in total cholesterol levels, except for the 0.5%
cinnamon-fed group (DT2). Blood glucose, blood urea nitrogen, and creatinine levels also decreased
significantly in the cinnamon-fed groups compared to the control. Cinnamon supplementation increased
bacterial counts, but fungi counts showed diverse effects, with the most favourable diversity indices
observed in the 1.5% cinnamon group (DT4). Amylase, cellulase, and trypsin activity in the cinnamon-fed
group were significantly higher than in the control group. Notably, all cinnamon-fed groups' intestine,
liver, and kidney microstructures remained well-preserved, without any signs of injury. This study
demonstrates that cinnamon has the potential to enhance the growth and overall well-being of African
catfish hybrids. The optimal outcomes were observed when cinnamon was supplemented at a level of
1.5%, which can have significant implications for improving aquaculture practices and fish health.
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INTRODUCTION

The fastest-growing food industry in the world is still aquaculture,
which is an undisputed truth; a sustainable solution to the world's problems of
hunger, malnutrition, and declining health among the large human population
has been identified as aquaculture (FAO 2021). It has been observed that
aquaculture is a business that produces significant profits globally and has one
of the most important food sources (Brummett et al. 2008, Henriksson et al.
2021, See et al. 2021). Innovation in breeding programs has been one of the
most obvious drivers of this growth (Afewerki et al. 2022, Lebel et al. 2021).
The hybridization of catfish species led to a variety in the production in the
catfish sector whereby hybrid catfish production is spreading around the globe
and becoming endemic in places like Africa, Asia, Europe, and the USA (Porto-
Foresti et al. 2013). There are assertions that hybrid catfish are preferable to
native catfish in terms of their improved aquaculture performances, including
reduced feed conversion ratios, improved immunological responses, and
increased metabolic enzyme activities (Aiyelari and Adeyeye 2022, Zhang et
al. 2020). Aquaculture environments are subject to a variety of stressors, such
as changing climatic conditions that can cause hyperthermia (Khieokhajonkhet
et al. 2022), aquaculture intensification that can cause crowding stress (Hanke
et al. 2020, Amano et al. 2022), and changes in the microbiome of these
environments that can affect the gut microbial community in fish (Chen et al.
2022). All of these pose cumulative risks to aquaculture health, endangering
aquaculture operations. Fish farmers frequently add chemical additives
or antibiotics to fish meals to treat or prevent disease and to increase feed
utilization to keep up with the speed of aquaculture output (He et al. 2016).
Antimicrobial efficacy has, however, significantly decreased as a result of
growing worries about the emergence of antibiotic resistance strains (Dong
et al. 2021). The presence of antibiotic residue in aquaculture products has
raised questions about food safety in addition to the hazard that these strains
pose through the transmission of resistant genes to human infections (Rigos
and Kogiannou 2023). Approximately 1.27 million deaths in 2019 alone
were due to antimicrobial resistance (AMR) (Murray et al. 2022). Due to
the increasing demand for sustainable aquaculture products from the general
public, it is becoming increasingly difficult to disregard the long-term effects
of antibiotic use on aquaculture sustainability (Okeke et al. 2022). The growing
initiatives to cut back on chemical antibiotic use in the fish industry sectors,
therefore, prompts a question regarding the necessity of finding greener
prophylactic and therapeutic choices (Easwaran et al. 2022). As a result of
this, the identification of functional feed additives with organic origins has
received increased attention recently. A substantial and growing body of
literature has extensively discussed the potential utilization of medicinal herbs
in fish feed. For a comprehensive review on this topic, refer to the works of
Dawood et al., (2018), Zhu, (2020), and Reverter et al., (2021). These studies
provide valuable insights and analysis regarding the use of medicinal herbs in
fish feed, contributing to our understanding of their benefits and applications
in the aquaculture industry (Dawood et al. 2018, Zhu 2020, Reverter et al.
2021). It is conceivable for medicinal plants to influence digestive enzymes,
regulate immune responses, and boost antioxidant defenses against oxidative
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stress, improving fish growth and nutrient retention due to the presence of
the phytogenic substances in them (Alagawany et al. 2021). They are natural
items that do not harm the environment, people's health, or fish health, which
is the main advantage of utilizing them (Doan et al. 2020, Gabriel 2019). When
compared to synthetic substances, the beneficial effects of phytochemicals are
frequently equal to or even superior (Singh and Gaikwad 2020, Zhu 2020).
Medicinal plants are environmentally safe, affordable, biodegradable, and
recyclable (Caipang et al. 2021, Caipang et al. 2019).

Cinnamon (Cinnamomum zeylanicum L. and Cinnamon cassia L.) is
a species of the Lauraceae family and contains significant levels of numerous
phytochemicals of biological importance. Flavonoids, saponins, phenols,
manganese, iron, dietary fibre, calcium, and other beneficial substances and
elements are also present in cinnamon (Kowalska et al. 2021, Heshmati et
al. 2021). It has also been claimed to be a rich source of polyphenols and
antioxidants, with anti-inflammatory, antidiabetic, antibacterial, and anticancer
characteristics, making it a potentially beneficial contributor to both human
and animal health (Blaszczyk et al. 2021). Other significant components of
cinnamon include coumarin, cinnamyl alcohol, cinnamaldehyde, cinnamic
acid, eugenol, and cinnamyl acetate (Wang et al. 2013). Cinnamon leaf or
bark powder, or their oil or extract has been successfully included in the
diets of; rainbow trout (Oncorhynchus mykiss) (Ravardshiri et al. 2021),
European sea bass (Dicentrarchus labrax)(Habiba et al. 2021), pangasius
catfish (Pangasianodon hypopthalmus) (Setiawati et al. 2016), Nile tilapia
(Oreochromis niloticus) (Rahmawati and Ubaidillah 2017, Abdel-Tawwab et
al. 2018), Monosex Nile tilapia (Oreochromis niloticus) (Amer et al. 2018),
grass carp (Ctenopharyngodon idella) (Ghafoor 2020). All reported the
efficacy of cinnamon in improving feed utilization, growth, health status and
immunity. As far as our knowledge can reach the use of cinnamon in the diets
of African catfish or its hybrid is still at its infancy if at all it exists. This
study, therefore, investigated the effect of dietary cinnamon supplementation
on the growth, haematology, serum biochemistry, intestinal microbiota and
enzymes and histomorphological changes of the intestine, liver and the kidney

of Heteroclarias(Clarias gariepinus @ X Heterobranchus bidorsalis 3)

MATERIALS AND METHODS

Experimental Diet

The ground cinnamon bark powder and other ingredients for the feed
were acquired from commercial vendors, processed, and individually screened
to fine particle size. Following the procedure (AOAC 2010), the proximate
composition of each feedstock was determined in triplicate. Based on the
results of the ingredients' proximate analyses, a diet formulation tool designed
by the Network of Aquaculture Centers in Asia-Pacific was used to develop
the diets (NACA 2008). The concentrations of cinnamon powder used in the
dietary ingredient mixture were 0% (DT1), 0.5% (DT2), 1.0% (DT3), 1.5%
(DT4), and 2.0% (DT5) (Table 1). The mixture was moistened with hot water
before being pressed through a mesh (2 mm © die) to form pellets, which
were then dried in the sun at 30-32 °C for 72 hours. After being dried to a final
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moisture level of less than 10%, the experimental diets were placed in a Ziploc
bag and kept in a refrigerator (4 °C). Representative dietary treatments were
collected for proximate analysis to confirm that the diets' desired protein and lipid
levels were met.

Table 1 Ingredient and nutrient composition (g/100g as fed basis) of the experimental diets

Ingredient Composition (%) DT1 DT2 DT3 DT4 DTS
Fishmeal@72%cp 27.80 27.80 27.80 27.80 27.80
SBM@44% cp 44.50 44.50 44.50 44.50 44.50
Yellow Maize@10%cp 4.00 4.00 4.00 4.00 4.00
Cinnamon 0.00 0.50 1.00 1.50 2.00
Fish Premix 5.00 5.00 5.00 5.00 5.00
Fish oil 2.50 2.50 2.50 2.50 2.50
Soy Oil 2.50 2.50 2.50 2.50 2.50
Starch 13.70 13.20 12.70 12.20 11.70
Proximate Composition (%)

Moisture 8.14 8.12 8.10 8.08 8.06
Crude Protein 37.82 38.00 38.19 38.38 38.58
Crude Lipid 12.31 12.40 12.50 12.59 12.69
Ash 7.39 7.42 7.44 7.47 7.50
Crude Fibre 591 592 593 5.94 5.95
NFE 28.44 28.14 27.84 27.54 27.24
Amino Acid Composition (%)

Arginine % 3.00 3.01 3.03 3.04 3.06
Histidine 0.94 0.94 0.94 0.95 0.95
Isoleucine 1.84 1.85 1.85 1.86 1.87
Leucine 3.00 3.01 3.03 3.04 3.06
Lysine 2.82 2.83 2.85 2.86 2.88
Methionine 0.86 0.87 0.87 0.88 0.88
M+C 1.38 1.39 1.39 1.40 1.41
Phenylalanine 1.76 1.77 1.78 1.79 1.80
P+T 3.05 3.07 3.08 3.10 3.11
Threonine 1.78 1.79 1.80 1.81 1.82
Tryptophan 0.47 0.47 0.47 0.47 0.48
Valine 2.00 2.01 2.02 2.03 2.04

Each kg of the Agri-mix fish premix contains Vitamin A 1500000 i.u, Vitamin B1 800mg; Vitamin B2 1,600mg,
Vitamin B6 1,500mg, Vitamin B12 4mg, Vitamin D3 3,000,000 i.u, Vitamin E 200000mg, Vitamin C 240g,
Folic Acid 300mg, Niacin 5970 mg, Biotin 40 mg, Pantothenic Acid 4000mg, Copper 800mg, lodine 191mg,
Iron 1200mg, Manganese 20,323mg, Selenium 60mg, Zinc 15996 mg, Choline 87000mg. Manufactured by
Agri-Dom 20/22 Kolawole Shonibare Street, Ajao Estate, Lagos. www.agri-domintegrated.com.ng

M+C: Methionine + Cysteine

P+T: Phenylalanine + Tyrosine

NFE: Nitrogen Free Extract

Jimoh et al.. Vet Integr Sci. 2023; 21(3): 973 - 997 976




VETERINARY INTEGRATIVE SCIENCES

Biochemical analysis

Following the procedure of AOAC (2010), the samples were heated
to 105 °C for 24 hours in a Memmert oven to assess their moisture content.
The amount of ash in the sample was determined by burning the samples in
a furnace (Omegalux LMF-3550) at 600 °C for four hours. Using a Kjeldahl
protein auto-analyzer (Foss Tecator Kjeltec™ 8400), the crude protein of the
sample was assessed following acid digestion. The nitrogen was multiplied
by 6.25 to produce crude protein. The crude lipid of the sample was measured
using apparatus for Soxhlet extraction (Foss Tecator Soxtec™ 8000). The
raw fibre was examined using a hot extraction fibre analyzer (Foss Tecator
Fibertec). Trial data were analyzed in triplicate.

Rearing Condition

The work was conducted in the wet laboratory of the Aquaculture
and Fisheries Department at the University of Ilorin, Nigeria. African catfish
hybrid (Clarias gariepinus @ X Heterobranchus bidorsalis &), Heteroclarias,
fingerlings were sourced from a reputable hatchery in Ilorin, Nigeria and fed
a standard diet (1.8 mm Skretting® catfish starter feed) while being exposed
to laboratory setting for 15 days to acclimate. After acclimatization, 15 fish
per replicate tank were measured to the nearest 0.1cm (8.55+ 0.12 cm average
length) and assigned to the five dietary treatments in three replications. The fish
were not fed for the entire day before the feeding experiment to prepare their
digestive systems for the experimental diet, improve their hunger for the new
diet, and lessen stress during length measurement and stocking. The fifteen
84-L rectangular plastic tanks (80 x 35 x 30 cm) were gently aerated after
being filled with water to a capacity of 70 litres. For 56 days, each fish group
was manually fed two times every day at 9:00 am and 5:00 pm. The bulk
weighing was conducted every two weeks to adjust diet and monitor growth
patterns. During the feeding trial, the water quality ranges of 27.26-28.12°C
temperature, 6.55-6.75 mg/L dissolved oxygen, and 6.57-7.25 pH were
maintained.

Growth assessment
The underlisted variables were computed, using the techniques given
by Lugert et al. (2016), for growth assessment.

Absolute Growth (cm) = Final Length — Initial Length
) (Final Length — Initial Length)
Relative Growth Rate (%0) = — * 100
Initial Length

In(Final Length) — In(Initial length)

culture period (day)
Final Length — Initial Length

Temperature X Period of Culture

(Total weight — Viscera weight)

Dressing percentage (%) = Total Weisht »* 100
0 eig

Specific Growth Rate (% d ™) =

Thermal Growth Coefficent =

Survival Rate (%)
Number of fish atthe end of the feeding trial

= 100
Number of fish at the beginning of the feeding trial
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Condition factor and body indices
The condition factor (K) and body indices were determined following

the procedures explained in (Jimoh et al. 2022b)K = ;—1: % 100
W: Final weight of each fish to the nearest 0.01g.
L: Final Length of each fish to the nearest 0.1cm

Body indices were calculated as follows:

H t tic Ind HSI, % Liver weight % 100
epatosomatic Index %) =
P ( %) whole body weight

) Viscera weight
Viscerosomatic Index (VSL,%) = — % 100
whole body weight

Blood sampling for haematology and serum biochemistry

Six fish from each test tank were taken out after the feeding period
to have their blood analyzed. Earlier, the fish were gently euthanized using
a solution of clove oil (100 mgL™"). A disposable 2 mL syringe and a 23G
needle were used to extract 1 mL of blood from the caudal vein, which was
then collected in an EDTA-treated container for a 3-part full auto haematology
analyzer's haematological analysis (Model BK VET 200 mini). In plain
sampling bottles, 2.5 mL of blood from fish given the various dietary treatment
was taken. At 4 °C, the blood was allowed to coagulate. The coagulated blood
samples were centrifuged for six minutes at 8,000 rpm to get serum after 30
minutes of coagulation for serum biochemistry analysis: total protein, albumin,
total cholesterol, blood glucose, blood urea nitrogen, creatinine, serum alanine
aminotransferases (ALT), serum aspartate aminotransferases (AST), serum
alkaline phosphatase (ALP) etc.

Serum electrolytes and oxidative stress biomarkers

An atomic absorption spectrophotometer was used to measure the serum
electrolytes (K*, Cl-, Na*, andCa*"). By following the published manufacturer's
methods, commercial kits (Randox™, United Kingdom) were used to measure
the serum stress indicators spectrophotometrically. These were carried out at
the Tanke Ilorin Central Laboratory.

Microbial Count

Aseptically dissected fish samples (n=6 fish distal intestines/treatment)
from the various dietary groups had their hindguts removed, and they were
then placed in a sterile vial with 5 mL of sterile distilled water. The contents of
the bottle were violently shaken to aid in the contents' separation into the water.
Before this, the working surface was thoroughly cleaned with pure alcohol,
and the glassware was sterilized for 90 minutes at 160 °C. The techniques of
Onions et al. (1981) were applied for fungal isolation. Total fungal counts
were expressed in spore-forming units (SFU)/g. Throughout the identification
of bacterial isolates, standard operating procedures were adhered to for the
gram reaction, morphology, motility, catalase and oxidase reactions, citrate
consumption, coagulase production, starch hydrolysis, and sugar (Claus 1992,
Harrigan and McCance 1976, Seeley Jr and VanDemark 1962). Using the
criteria laid out by Holt et al. (1994), the resulting colonies were verified. The
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number of bacteria colonies that form after incubation was expressed using
colony-forming units (CFUs)/g. After incubation at 37 °C for 24 hours, the
number of bacterial colonies was expressed as colony-forming units (CFU)/g.

Diversity Study
The following diversity indices were used to examine the microbial
diversity in the hindgut of Heteroclarias fed varied diets containing cinnamon.
F

Simpson Index (D) = Z P*

i=1
=

Shannon Weiner Index (H) = —Z PinP
i=1

Simpson Dominance Index (1—D)=1—-1D

Simpson Diversity Index (1fD) =3 o= = I
_ =1
Margalef Richness Index = (5 ljflnN

where S= total number of species
N= total number of individuals in the sample

Intestinal Enzymes

The hindguts of six fish from each replicate were taken out, placed in
sterile bottles with labels, and weighed. Using a motor-driven homogenizer
with Teflon coating, each hindgut sample was homogenized in cool 0.25M

sucrose. The homogenate was centrifuged at 5000 Xg for 15 minutes in a
cooling centrifuge (5 °C); the supernatant was then taken out, put in sample
vials, and frozen at -20 °C for the measurement of digestive enzymes. Amylase
and lipase activity were tested by the method described by Dar et al. (2021),
whereas protease activity was assessed following Allameh et al. (2017). The
trypsin and chymotrypsin activity was measured using Kunitz (1947) casein
digestion method.

Intestine, liver and kidney histomorphology

Fish (n = 3/replicate) were anaesthetized with clove oil (100 mgL")
after the experiment. A 10% potassium-buffered formalin solution was used
to preserve their intestine, liver, and kidney. Using Huges and Perry (1976)’s
technique, the organs were dehydrated at alcohol concentrations of 50, 70, 90,
and 100%. The organs were then sealed with melted wax. The tissues were
divided into 5-7 um sections using a rotatory microtome, and then Harris
haematoxylin-eosin (H&E) stain was applied to them. A light microscope was
used to view the stained slides.

Ethical Statement

Ethics of animal research as contained in University of Ilorin,
Ilorin, Nigeria’s research policy on the use and care of animals were strictly
followed. The experimental protocol and procedures have been approved
by the Departmental Ethical Review Committee (DERC), Department of
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Aquaculture and Fisheries, Faculty of Agriculture, University of Ilorin, Nigeria
(PROTOCOL ID: DERC/AQF/0019; DERC APPROVAL NUMBER: DERC/
AQF/2020/1219).

Statistical analysis

The results of the experiment were subjected to a one-way analysis of
variance (ANOVA) and were presented as mean+SE after passing the Levene
test for homogeneity of variance. When a significant difference (p<0.05) was
noticed, Tukey's B tests were employed to assess changes between individual
treatment means. IBM SPSS Statistics 20 was used to conduct each analysis.

RESULTS

Growth performance, body indices and survival rate

The growth performance of Heteroclarias (Clarias gariepinus § X
Heterobranchus bidorsalis 3 fed cinnamon supplemented diet is presented
in Table 2. The fish fed DT3 and DT4 had a significantly (p<0.05) higher
absolute growth rate, relative growth rate, specific growth rate, thermal growth
coefficients and dressing percentage when compared with the control. Other
test dietary groups shared statistical similarities (p>0.05) with the control in all
these parameters.

Table 2 Growth performance of Heteroclarias (Clarias gariepinus Q % Heterobranchus bidorsalis 3) fed
cinnamon-supplemented diet

Parameter Control DT2 DT3 DT4 DTS5
Initial length (cm) 8.96+0.05% 8.48+0.40° 8.34+0.27° 8.53+0.34*  8.42+0.20°
Final length (cm) 11.66+0.03¢  12.07+0.03>  12.56+0.09* 12.80+0.19* 11.74+0.15¢
Absolute growth rate (cm) 2.70£0.06° 3.59+0.38®  4.21+0.31*  4.27+0.45*  3.32+0.12%
Relative growth rate (%) 30.14+0.83°  42.89+1.77°  50.14+1.93* 50.55+1.18* 39.16+0.50°
Specific Growth Rate (% d) 0.47+0.01>  0.65+0.06®  0.74+0.04*  0.78+0.08*  0.59+0.06*
Thermal Growth Coefficient (107) 1.78£0.07°  2.37+£0.25%  2.79+0.21*  2.82+0.30*  2.194+0.08*
Dressing Percentage 73.394£0.17®  73.55+£0.22® 74.59+0.51* 74.79+0.39* 73.08+0.09°
Viscerosomatic Index (VSI) 6.03+0.04° 4.55+0.03¢ 4.41£0.03¢  3.95+0.01°  4.91+0.01°
Hepatosomatic Index (HST) 0.89+0.05¢ 1.12+0.02° 1.2540.03>  1.65+0.04*  0.94+0.01¢
Condition Factor 0.68+0.02° 0.70+0.01° 0.74+0.02*  0.75+0.01*  0.74+0.03¢
Survival Rate (%) 78.60+£0.02°  80.92+0.02¢  85.71+0.02> 92.87+0.02* 83.33+0.01*

Row values (mean+Standard error; n=3) with different superscripts are significantly (p<0.05; Tukey’s-b) different
from each other

The HSI of the cinnamon dietary group was significantly (p<0.05)
higher than the control whereas in contrast was the VSI; the cinnamon dietary
significantly lower values than the control. There were no significant differences
(p>0.05) in the condition factor of the different dietary groups. The survival rate
had significantly (p<0.05) higher values among the cinnamon dietary groups
when compared to the control. Fish group fed DT4; 1.5% cinnamon-based diet
had the highest value of these growth performance parameters
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Haematological changes
Table 3 presents the haematology of Heteroclarias (Clarias gariepinus

Q X Heterobranchus bidorsalis ) fed cinnamon-supplemented diets. The
cinnamon dietary group has a significantly (p<0.05) elevated level of red blood
cells, haemoglobin, haematocrit and platelets when compared to the control.
No significant variations (p>0.05) were recorded in the mean cell volume and
mean cell haemoglobin between the control group and fish fed cinnamon-based
diets up to 1.5% supplementation. Fish fed DT2 had significantly (p<0.05)
lower mean cell haemoglobin concentration when compared to other test
dietary groups that shared statistical similarities (p>0.05) when compared to
the control

Table 3 Haematology of Heteroclarias (Clarias gariepinus @ X Heterobranchus bidorsalis &) fed cinnamon
supplemented diets

Parameter DT1 DT2 DT3 DT4 DTS5
Red Blood Cell (x 10 ul) 0.88+0.02¢ 1.24+0.01° 1.37+0.02° 1.39+0.04° 1.33+0.022
Haemoglobin (g/dL) 2.75+0.04¢ 3.81+0.05¢ 4.36+0.02° 4.61+0.02° 3.61+0.04¢
Haematocrit (%) 10.2740.03°  15.05+0.02¢  16.50+0.02°  16.84+0.01*  13.21+0.04¢
Mean cell volume (fL) 116.21£2.77*  121.59+£0.25* 120.76+2.00° 121.59+3.09°  99.19+0.87°
Mean cell haemoglobin (pg) 31.11+£0.67 30.74+0.32*  31.88+0.58*  33.28+0.95*  27.12+0.03°
Mean cell haemoglobin concentration (g/dL)  26.78+0.26*  25.28+0.32°  26.40+0.16°  27.36+0.10*  27.34+0.23%
Platelet (mcL) 6.24+0.02¢ 7.90+0.02¢ 9.03+0.06° 9.99+0.03* 7.25+0.05¢

Row values (mean+Standard error; n=3) with different superscripts are significantly (p<0.05; Tukey’s-b) different from each
other

Physiological responses

The DT3- and DT4-fed groups had significantly (p<0.05) higher blood
total protein and globulin contents than the control group (Table 4). When
compared to the control, the test dietary groups' serum albumin contents and
albumin-globulin ratios were considerably (p<0.05) higher. The cinnamon-fed
groups all, except the DT2-fed group, had significantly (p<0.05) lower total
cholesterol levels than the control group. When compared to the control group,
the blood glucose level in the cinnamon-fed group decreases significantly
(p<0.05).

Table 4 Physiological responses of Heteroclarias (Clarias gariepinus @ % Heterobranchus bidorsalis &) fed
cinnamon-supplemented diet

Parameter DT1 DT2 DT3 DT4 DTS5
Total Protein (mg/dL) 4.71£0.03° 4.18+0.03¢ 8.52+0.02° 8.50+0.03* 3.39+0.07¢
Albumin (g/dL) 1.07+0.01¢ 1.24+0.01¢ 2.20+0.02° 2.42+0.032 1.28+0.02¢
Globulin (g/dL) 3.64+0.02¢ 2.95+0.04¢ 6.33+0.03¢ 6.09+0.03° 2.11+0.06¢
Albumin/Globulin Ratio (g/dL)  0.30+0.01¢ 0.42+0.01° 0.35+0.01°¢ 0.40+0.01° 0.61+0.02°
Total Cholesterol 121.5942.57*  121.22+2.13* 103.12+£2.04> 110.97+2.87®  108.90+4.96®
Glucose 103.50+3.81¢  86.56+5.62°  81.74+3.81°  78.18+1.80° 88.19+£1.79°
Serum Antioxidant Enzymes
Superoxide Dismutase (U/mL)  86.55+0.62¢  117.54+5.59° 170.62+4.29> 225.2942.11° 157.65+3.38°
Catalase (U/mL) 421.25+3.90° 645.07+4.69° 683.59+5.24* 1026.38+2.22* 476.91+7.75¢
Glutathione Peroxidase (U/mL) 71.21+0.57°  75.5843.45¢  97.08+2.58>  108.88+0.88*  92.73+3.01°
Glutathione S-Transferase 498+035¢  7.46:023°  10.12£024>  13.04:0.04°  6.80+0.15¢

(IU/L)

Row values (mean+Standard error; n=3) with different superscripts are significantly (p<0.05; Tukey’s-b) different from each

other
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With DT4-fed having the highest values of the various antioxidant
enzyme activities parameters, the serum antioxidant enzymes activities
were considerably (p<0.05) increased among the cinnamon-fed group when
compared to the control. The blood urea nitrogen and creatinine recorded
significantly (p<0.05) lower values among the cinnamon-fed groups than those
in the control group (Figure 1)
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Figure 1 Kidney function test of Heteroclarias (Clarias gariepinus @ X Heterobranchus
bidorsalis &) fed cinnamon-supplemented diet.

The serum alanine aminotransferases (ALT) were statistically similar
(p>0.05) among the dietary groups. Except for DT2-fed groups that shared
statistical similarities with the control group, other cinnamon-fed groups
had significantly (p<0.05) lower serum aspartate aminotransferases (AST).
The serum alkaline phosphatase (ALP) of the cinnamon dietary groups was
significantly reduced (p<0.05) when compared to the control (Figure 2).
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Figure 2 Liver function test of Heteroclarias (Clarias gariepinus ¢ x Heterobranchus bidorsalis
) fed cinnamon supplemented diet.

Jimoh et al.. Vet Integr Sci. 2023; 21(3): 973 - 997 082




VETERINARY INTEGRATIVE SCIENCES

Serum electrolytes

The serum potassium ion of the cinnamon dietary groups was
comparably (p<0.05) higher than the control (Table 5). Except for the DT4-fed
group, the serum sodium ion of the different dietary groups was statistically
similar (p>0.05). Serum chloride ions concentration of the cinnamon-fed
groups significantly (p<0.05) reduced when compared to the control except in
the DT4-fed group that shared statistical similarities with the two (control and
test dietary groups). Serum calcium ion concentration was significantly reduced
in a dose-dependent trend from the control.

Table 5 Serum electrolytes of Heteroclarias (Clarias gariepinus Q@ * Heterobranchus bidorsalis 3') fed cin-

namon-supplemented diet

Parameter

DT1 DT2 DT3 DT4 DTS

Potassium ion (mmol/L)
Chloride ion (mmol/L)
Sodium ion (mmol/L)
Calcium ion (mg/dL)

0.35+0.02¢ 0.86+0.01°¢ 0.95+0.01° 1.12+0,04¢ 1.13+0.01°
24.49+0.50° 20.36+0.54° 20.98+0.23° 21.94+1.13% 16.80+0.52¢
7.19+0.82° 8.37+0.18° 9.59+0.79° 13.47+0.15* 9.41+0.63°
5.05+0.25° 4.87+0.10° 3.48+0.11° 1.68+0.10¢ 1.52+0.19¢

Row values (mean+Standard error; n=3) with different superscripts are significantly (p<0.05; Tukey’s-b) different from each

other

Total Bacteria Count (CFU/g)

Intestinal microbial count and diversity

Figure 3 presents the hindgut microbial count of Heteroclarias (Clarias
gariepinus Q@ X Heterobranchus bidorsalis 3) fed cinnamon-based dietary
treatments. Bacteria counts were heightened significantly (p<0.05) with
cinnamon supplementation when compared to the control. the contrast was
the results for fungi count; except for the DT2-fed group, the fungi count
significantly reduced (p<0.05).
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Figure 3 Hindgut microbial count of Heteroclarias (Clarias gariepinus @ x Heterobranchus
bidorsalis @) fed cinnamon-based dietary treatments .

The isolated bacteria were Escherichia coli, Lactobacillus spp., Shigella
spp., Salmonella spp. and Staphylococcus spp. (Table 6). The diversity indices
employed revealed that the DT3- and DT4-fed groups had more diverse bacteria
species than other dietary groups,
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Table 6 Microbial occurrence and diversity in the hindgut section of Heteroclarias (Clarias gariepinus G *
Heterobranchus bidorsalis 3 fed cinnamon-based dietary treatments

Bacteria Control DT2 DT3 DT4 DTS

Escherichia coli 1 (0.50) 0 (0.00) 1(0.33) 1 (0.20) 0 (0.00)
Lactobacillus spp 1 (0.50) 1 (0.50) 1(0.33) 1(0.20) 1 (0.50)
Shigella spp 0 (0.00) 0 (0.00) 0 (0.00) 1(0.20) 0 (0.00)
Salmonella spp 0 (0.00) 0 (0.00) 0 (0.00) 1(0.25) 0 (0.00)
Staphylococcus spp 0 (0.00) 1(0.50) 1(0.33) 0(0.00) 1 (0.50)
Diversity Indices

Simpson Index (D) 0.50 0.50 0.33 0.25 0.50
Simpson Dominance (1-D) 0.50 0.50 0.67 0.75 0.50
Simpson Diversity Index (1/D) 2.00 2.00 3.00 4.00 2.00
Shannon-Weiner Index(H) 1.69 1.69 1.10 1.39 1.69
Margalef'’s richness 5.77 5.77 3.64 2.89 5.77

Values in brackets are proportion

Intestinal Enzymes

Figure 4 shows the hindgut intestinal enzyme activities of the fish fed the
different dietary treatments. Except for the DT4-fed group that had significantly
higher (p<0.05) values, protease and lipase activity were statistically comparable
(p>0.05) across the various dietary groups. The amylase, cellulase and trypsin
activity of the cinnamon-fed group was significantly (p<0.05) elevated when
compared to those of the control group. No significant differences (p>0.05)
were seen between the cinnamon-fed groups even though their chymotrypsin
activity was lower than that of the control group.
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Figure 4 Hindgut enzyme activities of Heteroclarias (Clarias gariepinus ¢ x Heterobranchus
bidorsalis @) fed cinnamon supplemented diet.

Intestine, liver and Kidney histomorphology features

The Heteroclarias (Clarias gariepinus @ x Heterobranchus bidorsalis
@) fed cinnamon based diets have their intestine, liver, and kidney histologically
examined in Figures Sa—c. Figure 5a is an example of typical intestinal sections
of the fish fed the different dietary treatments, showing the columnar epithelium
and villous structures that make up the mucosal tissue. The layers of the muscle
were also kept intact with no visible symptoms of lesions among the different
dietary groups. Figure 5b is a typical liver section of the fish from the different
dietary groups showing tissue with intact architecture composed of cords of
healthy hepatocytes with lots of transparent vacuolated cytoplasm and regular
round nuclei without indications of lesions recorded among them. Figure 5c
displays a typical kidney section of the fish from the different dietary groups
demonstrating tissue with a stable architecture made up of healthy glomeruli,
renal tubules, and interstitial tissue predominantly composed of hemopoietic
tissue. There were no indications of either an acute or a chronic injury among
the different dietary groups.
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Figure 5 5a-c. Representative histological details (5 um sectioned, H&E Stained, x100) of the intestine,
liver and kidney of Heteroclarias (Clarias gariepinus @ x Heterobranchus bidorsalis &) fed cinnamon
supplemented diets.

a. a typical section of the intestine, displaying mucosal tissue made up of villous structures and columnar
epithelium. Additionally preserved were the muscle layers. No signs of injury could be seen.

b a typical liver section displaying tissue with an intact architecture made up of cords of healthy hepatocytes
with plenty of clear vacuolated cytoplasm and regular round nuclei without signs of injury.

c. a typical kidney section displaying tissue with an intact architecture made up of healthy glomeruli, renal
tubules, and interstitial tissue primarily made up of hemopoietic tissue. There were no signs of an acute
injury or a chronic injury.

DISCUSSION

Cinnamon boosts immunity, health, and growth performance (Hussain
et al. 2019, Begum et al. 2018). The results of this investigation validated
the numerous potentials of cinnamon as a growth promoter, antioxidant, and
gastrointestinal health booster. The fish fed DT3 (1% cinnamon) and DT4
(1.5% cinnamon) had a significantly (p<0.05) higher absolute growth rate,
relative growth rate, specific growth rate, thermal growth coefficients and
dressing percentage when compared with the control. Our report is in tandem
with the findings of Ahmad et al. (2011) who administered cinnamon in the
diet of Nile tilapia. The findings of this study were also supported by reports
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for various other fish species such as in rainbow trout (Oncorhynchus mykiss)
(Ravardshiri et al. 2021), European sea bass (Dicentrarchus labrax) (Habiba
et al. 2021), pangasius catfish (Pangasianodon hypopthalmus) (Setiawati et al.
2016), Nile tilapia (Oreochromis niloticus) (Rahmawati and Ubaidillah 2017,
Abdel-Tawwab et al. 2018), Monosex Nile tilapia (Oreochromis niloticus)
(Amer et al. 2018), grass carp (Ctenopharyngodon idella) (Ghatoor 2020),
Asian stinging catfish (Heteropneustes fossilis) (Begum et al. 2018). Fish group
fed DT4; 1.5% cinnamon-based diet, had the highest value of these growth
performance parameters. Habiba et al. (2021) observed that the European sea
bass (Dicentrarchus labrax) fed a diet based on cinnamon had a significantly
higher value of growth performance and survival rate similar to that found
in the 1.5% dietary group in this investigation. Similar to what Mohammad
(2021) observed about common carp (Cyprinus carpio) fed cinnamon-based
diets. Begum et al. (2018), Abdel-Tawwab et al. (2018) and Ahmad et al. (2011)
reported optimal growth performance measures with a diet that contained 1%
cinnamon. Setiawati et al. (2016) also reported optimum growth performance
at 1% cinnamon leaf powder supplementation in the diet of pangasius catfish
(Pangasianodon hypopthalmus). Majid and Mousavi-Sabet (2022) reported
that adding 1.2% cinnamon powder to the diet supported optimum health,
feed utilization, and growth performance of rainbow trout fingerlings. The
physiologically active phytogenic chemicals found in cinnamon, which have
been shown to support fish growth (Yang et al. 2015, Caipang et al. 2021,
Caipang et al. 2019), may be a factor in the growth-promoting effect seen in the
Heteroclarias fed cinnamon-based diets. Other test dietary groups in this study
had higher values of these parameters but shared statistical similarities (p>0.05)
with the control in some of the growth parameters. A plausible explanation
for the enhancement of growth parameters among the cinnamon-fed groups
when compared to the control might not be unconnected with the improved
antioxidant capacity, enhanced digestive enzymes activity and boosted gut
microbial populations brought about by the bioactive compound in cinnamon
(Majid and Mousavi-Sabet 2022, Ravardshiri et al. 2021). The findings of our
investigation in some ways supported this claim. Cinnamon contains a variety
of phenolic components, including minerals, vitamins, essential oils including
cinnamic and cinnamyl aldehydes, tannins, and saponins (Singh & Gaikwad,
2020). The metabolism may be boosted by tannins, flavonoids, and saponins
because they may promote nutrient absorption (Dawood 2021, Rahmawati and
Ubaidillah 2017). Flavonoids, which are antibacterial components of cinnamon,
may increase the synthesis of endogenous digestive enzymes by reducing the
population of harmful bacteria and boosting the population of good bacteria
(Abd El-Hack et al. 2021). These phytogenic additives are dispersed throughout
the body of the fish after ingestion, digestion, and absorption, where they have
an impact on the physiological state of the fish.

Higher but statistically similar condition factor values recorded among the
cinnamon dietary groups when compared to the control are an indication of
comparable good environmental quality of the different groups under study.
Similar observation was also made by Abbas et al. (2019). The morphological
biomarkers (HSI, VSI, and Condition Factor) essentially confirm the fish's
general health. The condition factor is used to assess the general health of fish
as well as the quality of the water surrounding them, whereas the hepatosomatic
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index (HSI) is used to provide information on the health of the fish (EI-Agri
et al. 2022, Xu and Jing 2012). The HSI of the cinnamon dietary group that
was significantly (p<0.05) higher than the control group evidently points
to an improved health condition of the fish in the cinnamon dietary groups.
Contrast was the results of the VSI of the fish; the cinnamon dietary groups
had significantly lower values than the control. This might be owing to
phytochemical substances in cinnamon which deplete the fat tissue surrounding
the visceral organ. Some phytochemicals guard against the body accumulating
too much fat in its tissues by increasing the body's calorie burning rate. Records
from this study where the cinnamon-fed groups all, except the DT2-fed group,
had significantly (p<0.05) lower total cholesterol levels than the control group
further revealed the hypocholesterolemic and hypolipidemic effect of cinnamon
supplementation in the diet of fish. Yang et al. (2021) also reported these effects
on grass carp (Ctenopharyngodon idellus) fed low fish meal diet. The survival
rate that was significantly (p<0.05) higher in values among the cinnamon dietary
groups when compared to the control further supported this assertion.
Haematological parameters have been viewed as a trustworthy indicator of the
fish health status when assessing the overall health of fish to the prescribed dietary
treatments (Jimoh et al. 2022a). The results of the three basic haematological
tests (RBC, Hb, and haematocrit) used in this investigation showed patterns
that complemented those of the growth performance parameters; the cinnamon
dietary groups had a significantly elevated level of red blood cell, haemoglobin,
haematocrit and platelets when compared to the control with DT4-fed group
having the highest values of these parameters. An elevated level of these
primary haematological measures has been linked to weight gain because
increasing haemoglobin content has an immediate impact on fish respiratory
gas transit, heart rate, and ultimate weight gain (Jawad et al. 2004, Majid
and Mousavi-Sabet 2022, Montazeri Parchikolaei et al. 2021). Ahmad et al.
(2011) reported that the number of RBC, haemoglobin, and hematocrit in Nile
tilapia was significantly increased by adding 1% cinnamon powder to the diet.
Ravardshiri et al. (2021) reported a non-significant increase in these parameters
for rainbow trout fed cinnamon-supplemented carbohydrate diets. Jimoh et al.
(2022c¢) made a similar observation when selected leafmeals were fed to hybrid
carp (Barbonymus gonionotusQx Hypsibarbus wetmorei &). In addition to
their usual function in blood clotting, platelets are known to have a significant
role in innate immunological and inflammatory responses (Holinstat 2017).
The fish on cinnamon diets had greater platelet counts than the fish fed the
control diet, demonstrating that they had stronger immunological responses.
The immunostimulatory property of cinnamon is well documented (Aluwi et al.
2022), and our findings corroborated this claim.

Total protein, albumin, and globulin concentrations in serum can be
considered as immunophysiological markers in fish (Soltani et al. 2017). These
markers provide valuable information about the overall health and immune
status of the fish (Fawole et al. 2023). Changes in the concentrations of these
serum proteins can indicate alterations in the immune response and can be
associated with various physiological and pathological conditions(Gao et al.
2021). They serve as indicators of immune system activation, inflammation,
nutritional status, and certain diseases (Zhu et al. 2020). The DT3- and DT4-fed
groups had significantly higher blood total protein and globulin contents than
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the control group. Although albumin has a disproportionately higher impact on
serum total protein levels, changes in albumin concentration are the main source
of variations in serum total protein levels. Globulin might not change. Most
scientists use the albumin-globulin ratio as a gauge of fish health and immunity
(Mohammadiazarm et al. 2021). In this study, the serum albumin contents and
albumin-globulin ratios of the cinnamon dietary groups were considerably
(p<0.05) higher when compared to the control. Since the humoral components
of the non-specific immune system are present in quantifiable proportions
in serum concentrations of total protein, albumin, and globulin (Haghighi
et al. 2017), it suffices to assert that the non-specific immune systems of the
cinnamon dietary groups were strengthened by the significant amounts of these
serum proteins among the dietary groups. Significantly elevated values of total
protein and albumin were reported by Ravardshiri et al. (2021) and Majid and
Mousavi-Sabet (2022). Albumin, a protein made in the liver that keeps blood
from leaking from blood vessels, is a marker of liver functionality (Rashidi et
al. 2020). Albumin facilitates the transport of hormones, drugs, vitamins, and
other essential substances throughout the body. The statistically greater levels
of albumin found among the cinnamon dietary groups in this study may suggest
that cinnamon supplementation increased the liver's functionality and gave these
dietary groups a higher capacity to stop blood from leaking from blood vessels.
The liver function enzymes (ALT, AST and ALP) that were statistically similar or
significantly lower to those obtained for control in this study further established
the hepatoprotective effect of cinnamon supplementation empirically depicted
by the liver sections of the fish from the different dietary groups having tissue
with intact architecture without indications of lesions recorded among them.
Yang et al. (2021) reported the hepatoprotective effect of apple polyphenol
on grass carp (Ctenopharyngodon idellus). Those phytogenic compounds in
cinnamon are clearly responsible for the effect recorded. Medicinal plants are
known for this effect (Tadese et al. 2021, Yang et al. 2015)

The most popular herbal treatment for decreasing blood glucose and
cholesterol is cinnamon (Kim et al. 2006, Sharma et al. 2020). Our findings
established this hypoglycemic effect of cinnamon supplementation; the blood
glucose level in the cinnamon-fed group decreases significantly when compared
to the control group. Other authors supporting these conclusions included
Kaur et al. (2019) and Ghafoor (2020). Glucose metabolism is activated and
stimulated by polyphenols, a source of insulin mimics (Ghafoor 2020). Cortisol
and glucose are recognized and often used markers of fish stress (Odhiambo et
al. 2020). When a fish is exposed to a stressful scenario, internal tissue releases
cortisol into the blood (Raposo de Magalhaes et al. 2020). It stimulates the liver to
create glucose by either glycogenolysis (the breakdown of glycogen to glucose)
or gluconeogenesis (the breakdown of proteins to glucose) after it reaches the
liver to meet the growing needs of the cells for energy (Li et al. 2022). Because
glucose is an innate immunological parameter that is mediated by stress (Zheng
et al., 2019), a rise in glucose concentration is a secondary reaction to stress,
and the magnitude of the increase is a measure of stress. Hence the results of
this study further established there was little or no stress situation recorded
among the cinnamon dietary group. This may logically explain why lower
serum total cholesterol levels were observed in the cinnamon-fed groups in this
study. In addition to providing energy for cells, triglycerides and cholesterol
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also serve as a marker for the presence of energy reserves. Fish use them as
a source of energy while they are under stress situation (Prakash and Verma
2020). The mevalonate pathway, which manufactures cholesterol, depends on
the enzyme 3-hydroxy-3-methyl-glutaryl-coenzyme A (HMG-CoA) reductase
(Baskaran et al. 2015). Baker et al. (2008) explained the mechanism behind
this serum total cholesterol reduction by stating that cinnamon reduces hepatic
HMG-CoA reductase activity, which reduces cholesterol formation in the liver,
and suppresses lipid peroxidation. It is not unlikely that phytocomponents in
cinnamon induced this HMG-CoA reductase inhibition. Due to the reduced
cholesterol levels seen in the cinnamon dietary groups, the HMG-CoA reductase
inhibitory activity was thus reported in this investigation in an indirect manner.
Supplemental cinnamon has a direct impact on lipid metabolism, and as total
cholesterol is a biomarker for lipid function, this enhances lipid-related blood
biochemistry.

The significantly increased antioxidant capacity of the cinnamon dietary
groups in this study as compared to the control further clearly demonstrates
this low-stress condition among the dietary groups. Cinnamon's bioactive
component may enable animals fed with it to have higher antioxidant capacities
(Hamed et al. 2022). Jasim et al. (2022) reported higher antioxidant capacity
in rainbow trout (Oncorhynchus mykiss) fed cinnamon-based diets. To inhibit
lipid oxidation in pork, pig diets can be supplemented with 500 mg/kg of green
tea extract (Norkeaw et al. 2022). The blood urea nitrogen and creatinine
level are regarded as kidney function test biomarkers, their elevation in the
blood suggests kidney damage (McDonald and Grosell 2006). The blood urea
nitrogen and creatinine of the cinnamon-fed group decreases significantly when
compared with the control. This conferred a reno/nephroprotective effect on the
fish as evidently shown in the typical kidney section of the fish from the different
dietary groups demonstrating tissue with a stable architecture where there were
no recorded indications of either an acute or a chronic injury. There is evidence
that some herbs, possibly because they contain bioactive compounds, can have
reno/nephroprotective effects on fish (Huayue et al. 2022). Fish stress levels
could be monitored using serum electrolytes as markers (Shui et al. 2018).
The serum electrolytes that were statistically comparable to the control further
showed no stress condition in fish of the different dietary groups. When serum
calcium ion is significantly elevated, it may reduce the permeability of the blood
cell membrane (Edori et al. 2013). The serum potassium ion of the cinnamon
dietary groups was comparably higher than the control. The serum sodium
and potassium ions are actively transferred between blood cells and plasma
to maintain a healthy blood volume in the body and enhance physiological
function (Limbaugh et al. 2021).

The gut health was significantly improved with cinnamon supplementation
in this study. The bacteria counts were heightened significantly when compared
to the control. Escherichiacoli, Lactobacillus spp., Shigella spp., Salmonella
spp. and Staphylococcus spp. were the isolated organisms. Anaerobic bacteria,
Escherichia coli, isolated from fish gut regions, have been shown to make a
significant contribution to fish nutrition (Clements et al. 2009); they are known
to generate amylase (Ray et al. 2007), lipase, and glycosidase (Ramirez and
Dixon 2003). The isolated gram-negative bacteria in this study, Shigella spp.,
and Escherichia coli, have enzymes that can digest complex polysaccharides
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(Ray etal. 2012). Short-chain fatty acids (SCFAs), primarily acetate, propionate,
and butyrate, are known to be produced by them (Clements and Choat 1995,
Clements 1997, Seeto et al. 1996, Stevens and Hume 2004). These SCFAs give
room for the growth and proliferation of beneficial gut lactic acid bacteria such
as lactobacillus. The growth of lactic acid bacteria could increase the health
of a host (Gibson and Roberfroid 1995) by encouraging positive effects on
cholesterol and glucose metabolism (Clements and Choat 1995, Gray 2006,
Scott et al. 2008). Diversity indices were in favour of DT4 dietary group. This
clearly explains why improved growth conditions were recorded among the

dietary group (1.5% cinnamon). The presence of gut-associated bacteria in DT4
dietary group improves feed digestion and utilization by producing exogenous
enzymes that can break down starch or cellulose. These microorganisms
are known to serve a complementary function in the breakdown of fish feed
(Banerjee et al. 2016, Bairagi et al. 2002). This explains why the DT4-fed group
had significantly higher values of protease and lipase activity. The amylase,
cellulase and trypsin activity of the cinnamon-fed group was significantly
elevated when compared to those of the control group. Protease, amylase,
and lipase activity in tilapia were increased by dietary cinnamon nanoparticles
(Abdel-Tawwab et al. 2018). Cinnamaldehyde was demonstrated by Zhou et al.
(2020) to increase the capacity for digestion and absorption by increasing the
activities of intestinal, hepatopancreatic, and intestinal brush border digestive
enzymes in grass carp (Ctenopharyngodon idella). Although the chymotrypsin
activity of the cinnamon-fed groups was lower than that of the control group, no
significant variations between the groups were observed, indicating that there
was no growth reduction among the dietary groups. In rainbow trout, cinnamon
induced higher production of these three digestive enzymes. (Ravardshiri et
al. 2021). In contrast to trypsin, which is the primary protease enzyme during
situations that promote growth, heightened chymotrypsin plays a prominent
role in conditions that restrict or depress growth (Aderolu and Sahu 2015).
The gastro-protective effect of cinnamon is evidenced in the hind intestine
microstructures that were well preserved with no features of injury recorded in
this study

CONCLUSIONS

The aforementioned makes it clear that cinnamon has an empirically
demonstrated ability to promote growth and health, with the best results being
observed at a supplementation level of 1.5% cinnamon.

CONFLICT OF INTEREST

The authors claim that no known conflicting financial or personal
interests were clearly seen to interfere with the preparation of the study.

Jimoh et al.. Vet Integr Sci. 2023; 21(3): 973 - 997 991




VETERINARY INTEGRATIVE SCIENCES

AUTHOR CONTRIBUTIONS

Wasiu Adeyemi Jimoh: Conceptualization; Supervision; Writing — Final
review & editing

Ayodeji Ahmed Ayeloja: Data curation; Formal analysis Investigation; Writing
—review & editing

Olayinka Abosede Ojo: Data curation; Formal analysis; Writing — review &
editing

Comfort Timileyin Ayodele: Project administration; Writing — original draft
Adijat Ebunlomo Alabi: Project administration; Writing — original draft
Grace Amara Obinnakwelu: Project administration; Writing — original draft.

REFERENCES

Abbas, W. T., Abumourad, I. M., Mohamed, L. A., Abbas, H. H., Authman, M., Soliman, W.
S., Elgendy M. Y., 2019. The Role of the Dietary Supplementation of Fenugreek
Seeds in Growth and Immunity in Nile Tilapia with or without Cadmium
Contamination. Jordan J. Biol. Sci. 12(5): 649-656.

Abd El-Hack, M. E., El-Saadony, M. T., Saad, A. M., Salem, H. M., Ashry, N. M., Ghanima,
M. M. A., Shukry, M., Swelum, A. A., Taha, A. E., El-Tahan, A. M., 2021. Essential
oils and their nanoemulsions as green alternatives to antibiotics in poultry nutrition: a
comprehensive review. Poult. Sci. 101584.

Abdel-Tawwab, M., Samir, F., Abd El-Naby, A. S., Monier, M. N. 2018. Antioxidative and
immunostimulatory effect of dietary cinnamon nanoparticles on the performance of
Nile tilapia, Oreochromis niloticus (L.) and its susceptibility to hypoxia stress and
Aeromonas hydrophila infection. Fish Shellfish Immunol. 74: 19-25.

Aderolu, A. Sahu, N., 2015. Growth performance, nutrient utilization, metabolic and digestive
enzymes studies in mrigal (Cirrhinus mrigala) juveniles fed graded levels of
carbohydrate. Isr. J. Aquac.-Bamidgeh 67.

Afewerki, S., Asche, F., Misund, B., Thorvaldsen, T., Tveteras, R., 2022. Innovation in the
Norwegian aquaculture industry. Rev. Aquacult. 15(2): 759- 771

Ahmad, M. H El Mesallamy., A. M., Samir, F., Zahran, F., 2011. Effect of cinnamon
(Cinnamomum zeylanicum) on growth performance, feed utilization, whole-body
composition, and resistance to Aeromonas hydrophila in Nile tilapia. J. Appl. Aquac.
23(4): 289-298.

Aiyelari, T. Adeyeye, O., 2022. Growth performance and serum composition of Heteroclarias
fed Moringa oleifera leaf meal based diet. Int. J. Fish. Aquat. Stud. 10(3): 154-160.

Alagawany, M., Farag, M. R., Abdelnour, S. A., Elnesr, S. S.. 2021. A review on the beneficial
effect of thymol on health and production of fish. Rev. Aquacult. 13(1): 632-641.

Allameh, S. K., Ringe, E., Yusoff, F., Daud, H. Ideris, A., 2017. Dietary supplement of
Enterococcus faecalis on digestive enzyme activities, short-chain fatty acid
production, immune system response and disease resistance of Javanese carp
(Puntius gonionotus, Bleeker 1850). Aquacult. Nutr. 23(2): 331-338

Aluwi, M. F. F. M., Huq, A. M. Hossain, M. A., 2022. Role of turmeric and cinnamon spices
in digestive, metabolic, and immune systems. Nutr. Funct. Foods Boost. Dig. Metab.
Immune Health, Elsevier: 209-217.

Amano, M., Amiya, N., Fukushima, K., Hagio, H., Yamamoto, N., Sakakura, Y., 2022. Effects

of crowding stress on the hypothalamo-pituitary-interrenal axis of the self-fertilizing
fish, Kryptolebias marmoratus. Comp. Biochem. Physiol. A Mol. Integr. Physiol.
264: 111110.

Amer, S. A., Metwally, A. E., Ahmed, S. A., 2018. The influence of dietary supplementation
of cinnamaldehyde and thymol on the growth performance, immunity and
antioxidant status of monosex Nile tilapia fingerlings (Oreochromis niloticus). Egypt.
J. Aquat. Res. 44(3): 251-256.

AOAC. 2010. Official Methods of Analysis. Association of Official Analytical Chemists,
Washington DC. Gaithersburg, Maryland: AOAC International 684 pp.

Jimoh et al.. Vet Integr Sci. 2023; 21(3): 973 - 997 992




VETERINARY INTEGRATIVE SCIENCES

Bairagi, A., Ghosh, K. S., Sen, S. K. Ray, A. K., 2002. Enzyme-producing bacterial flora
isolated from fish digestive tracts. Aquacult. Int. 10(2): 109-121.

Baker, W. L., Gutierrez-Williams, G., White, C. M., Kluger, J. Coleman, C. 1., 2008. Effect of
cinnamon on glucose control and lipid parameters. Diabetes Care 31(1): 41-43.

Banerjee, S., Mukherjee, A., Dutta, Ghosh, D. K., 2016. Non-Starch Polysaccharide
Degrading Gut Bacteria in Indian Major Carps and Exotic Carps. Jordan J. Biol. Sci.
147(3384): 1-10.

Baskaran, G., Salvamani, S., Ahmad, S. A., Shaharuddin, N. A., Pattiram, P. D. Shukor, M.
Y., 2015. HMG-CoA reductase inhibitory activity and phytocomponent investigation
of Basella alba leaf extract as a treatment for hypercholesterolemia. Drug Des. Dev.
Ther. 9: 509.

Begum, M. K., Eshik, M. M. E., Punom, N. J., Abedin, M. M. Rahman, M. S., 2018. Growth
performances and bacterial load of Heteropneustes fossilis (Bloch, 1794) using
cinnamon as feed supplement. Bangl. J. Zool. 46(2): 155-166.

Btaszezyk, N., Rosiak, A., Katuzna-Czaplinska J., 2021. The potential role of cinnamon in
human health. Forests 12(5): 648.

Brummett, R. E., Lazard, J. Moehl, J., 2008. African aquaculture: Realizing the potential.
Food Policy 33(5): 371-385.

Caipang, C., Suharman, 1., Avillanosa, A. Gonzales-Plasus, M., 2021. Influence of phytogenic
feed additives on the health status in the gut and disease resistance of cultured fish.
IOP Conf. Ser. Earth Environ. Sci. 695(1): 012024,

Caipang, C. M. A., Mabuhay-Omar, J. Gonzales-Plasus, M. M., 2019. Plant and fruit waste
products as phytogenic feed additives in aquaculture. Aquacult. Aquarium Conserv.
Legis. 12(1): 261-268.

Chen, C.-Z., Li, P, Liu, L. Li, Z.-H., 2022. Exploring the interactions between the gut
microbiome and the shifting surrounding aquatic environment in fisheries and
aquaculture: A review. Environ. Res. 214: 114202.

Claus, D., 1992. A standardized Gram staining procedure. World J. Microbiol. Biotechnol.
8(4): 451-452.

Clements, K., Choat, J., 1995. Fermentation in tropical marine herbivorous fishes. Physiol.
Zool. 68(3): 355-378.

Clements, K. D., 1997. Fermentation and gastrointestinal microorganisms in fishes. In:
Gastrointestinal Microbiology, Springer: 156-198.

Clements, K. D., Raubenheimer, D., Choat, J. H., 2009. Nutritional ecology of marine
herbivorous fishes: ten years on. Funct. Ecol. 23(1): 79-92.

Dar, S. A., Srivastava, P. P., Nazir, M. 1., Jahan, 1., Varghese, T., Hajam, 1. A., Gupta, S.,
2021. Modulations of digestive and metabolic enzymes profiles during restriction
feeding in Rohu Labeo rohita Fingerlings. N. Am. J. Aquac. 83(2): 58-66.

Dawood, M. A., 2021. Nutritional immunity of fish intestines: Important insights for
sustainable aquaculture. Rev. Aquacult. 13(1): 642-663.

Dawood, M. A., Koshio, S. Esteban, M. A., 2018. Beneficial roles of feed additives as
immunostimulants in aquaculture: a review. Rev. Aquacult. 10(4): 950-974.

Doan, H. V., Soltani, E., Ingelbrecht, J., Soltani, M.. 2020. Medicinal herbs and plants:
Potential treatment of monogenean infections in fish. Rev. Fish. Sci. Aquacult.
28(2): 260-282.

Dong, H., Chen, Y., Wang, J., Zhang, Y., Zhang, P., Li, X., Zou, J., Zhou, A., 2021.
Interactions of microplastics and antibiotic resistance genes and their effects on the
aquaculture environments. J. Hazard. Mater. 403: 123961.

Easwaran, M., Raja, N., Eveline, D., Monford Paul Abishek, N., Ahn, J., Shin H.-J.,. 2022.
Future Therapeutic Approaches to Annihilate Bacterial Fish Diseases in
Aquaculture. Aquacult. Sci. Eng. Springer: 463-495.

Edori, O., Dibofori-Orji, A., Edori, E., 2013. Biochemical changes in plasma and liver of
Clarias gariepinus exposed to paraquat. J. Pharm. Biol. Sci. 8(2): 35-39.:

El-Agri, A. M., Emam, M. A., Gaber, H. S., Hassan, E. A., Hamdy S. M., 2022. Integrated
use of biomarkers to assess the impact of heavy metal pollution on Solea aegyptiaca
fish in Lake Qarun. Environ. Sci. Eur. 34(1): 1-24.

FAO. 2021. Fishery and Aquaculture Statistics. Global Production Statistics 1950-2019. In:
FAO Fisheries Division [online]. FishStaJ — Software for Fishery and Aquaculture
Statistical Time Series. www.fao.org/fishery/statistics/software/fishstatj/en

Jimoh et al.. Vet Integr Sci. 2023; 21(3): 973 - 997 993




VETERINARY INTEGRATIVE SCIENCES

Fawole, F. J., N. Shamna, H. A. Memudu, N. Abdullahi, M. S. Hassaan and O. K. Gbadamosi.
2023. Housefly maggot meal complement soybean meal in a fish-free diet for
hybrid catfish (Clarias gariepinus? x Heterobranchus longifilis3): Effect on growth,
body composition, blood biochemistry and antioxidant enzyme activity. Animal Feed
Science and Technology 295: 115543Gabriel, N. N., 2019. Review on the progress in
the role of herbal extracts in tilapia culture. Cogent Food Agric. 5(1): 1619651.

Gao, X.-Q., F. Fei, B. Huang, X. S. Meng, T. Zhang, K.-F. Zhao, H.-B. Chen, R. Xing and
B.-L. Liu. 2021. Alterations in hematological and biochemical parameters,
oxidative stress, and immune response in Takifugu rubripes under acute ammonia
exposure. Comparative Biochemistry and Physiology Part C: Toxicology &
Pharmacology 243: 108978.Ghafoor, F., 2020. Importance of herbs in aquaculture;
Cinnamon a potent enhancer of growth and immunity in fish, Ctenopharyngodon
idella. Iran. J. Aquat. Anim. Health 6(1): 78-92.

Gibson, G. R., Roberfroid, M. B., 1995. Dietary modulation of the human colonic microbiota:
introducing the concept of prebiotics. J. Nutr. 125(6): 1401-1412.

Gray, J., 2006. Dietary Fibre. Definition, Analysis, Physiology and Health. ILSI Europe
Concise Monograph Ser.

Habiba, M. M., Hussein, E. E., Ashry, A. M., El-Zayat, A. M., Hassan, A. M., El-Shehawi,
A. M., Sewilam, H., Van Doan H., Dawood, M. A. 2021. Dietary cinnamon
successfully enhanced the growth performance, growth hormone, antibacterial
capacity, and immunity of European sea bass (Dicentrarchus labrax). Animals 11(7):
2128.

Haghighi, M., Sharif Rohani, M., Pourmoghim, H., Samadi M., Tavoli, M., Eslami, M.,
Yusefi, R., 2017. Enhancement of immune responses of rainbow trout
(Oncorhynchus mykiss) fed a diet supplemented with Aloe vera extract. Iran. J. Fish.
Sci. 17(3): 884-896.

Hamed, H. S., Ismal, S. M., Abdel-Tawwab, M.. 2022. Modulatory effects of dietary
cinnamon (Cinnamomum zeylanicum) against waterborne lead toxicity in Nile
tilapia fingerlings: Growth performance, haemato-biochemical, innate immunity, and
hepatic antioxidant indices. Aquacult. Rep. 25: 101190.

Hanke, I., Hassenriick, C., Ampe, B., Kunzmann, A., Gérdes, A., Aerts J., 2020. Chronic stress
under commercial aquaculture conditions: Scale cortisol to identify and quantify
potential stressors in milkfish (Chanos chanos) mariculture. Aquacult. 526: 735352.

Harrigan, W. F., McCance, M. E., 1976. Laboratory methods in food and dairy microbiology,
Academic Press Inc. (London) Ltd.

He, X., Deng, M., Wang, Q., Yang, Y., Yang, Y. Nie, X., 2016. Residues and health risk
assessment of quinolones and sulfonamides in cultured fish from Pearl River Delta,
China. Aquacult. 458: 38-46.

Henriksson, P. J. G., Troell, M., Banks, L. K., Belton, B., Beveridge M. C. M., Klinger, D. H.,
Pelletier, N., Phillips, M. J., Tran, N., 2021. Interventions for improving the
productivity and environmental performance of global aquaculture for future food
security. One Earth 4(9): 1220-1232.

Heshmati, J., Sepidarkish, M., Morvaridzadeh, M., Farsi, F., Tripathi, N., Razavi, M.
Rezaeinejad, M., 2021. The effect of cinnamon supplementation on glycemic control
in women with polycystic ovary syndrome: A systematic review and meta-analysis.
J. Food Biochem. 45(1): e13543.

Holinstat, M., 2017. Normal platelet function. Cancer Metastasis Rev. 36(2): 195-198.

Holt, J. G., Krieg, N., Sneath, P. H., Staley, J., Williams S., 1994. Bergey’s manual of
determinative bacteriology. 9th. Baltimor: William & Wilkins.

Huayue, N., Liang, Q., Xiaohui, X., 2022. Effects of a probiotic-fermented herbal medicines
mixture on the growth performance, immune and antioxidative function of
Acanthopagrus schlegelii. Research Square; 2022. DOI: 10.21203/rs.3.rs-1714834/v1

Hughes, G., Perry, S., 1976. Morphometric study of trout gills: a light-microscopic method
suitable for the evaluation of pollutant action. J. Exp. Biol. 64(2): 447-460.

Hussain, Z., Khan, J. A., Rashid, H., 2019. Cinnamomum zeylanicum (Darchini): A boon to
medical science and a possible therapy for stress-induced ailments. Crit. Rev.
Eukaryot. Gene Expr. 29(3).

Jimoh et al.. Vet Integr Sci. 2023; 21(3): 973 - 997 994




VETERINARY INTEGRATIVE SCIENCES

Jasim, S. A., Hafsan, H., Saleem, H. D., Kandeel, M., Khudhair, F., Yasin, G., Iswanto A.
H., Mohammed, H. T., Izzat, S. E., Dadras M. 2022. The synergistic effects of the
probiotic (Lactobacillus fermentum) and cinnamon, Cinnamomum sp. powder on
growth performance, intestinal microbiota, immunity, antioxidant defence and
resistance to Yersinia ruckeri infection in the rainbow trout (Oncorhynchus mykiss)
under high rearing density. Aquacult. Res. 53(17): 5957-5970.

Jawad, L. A., Al-Mukhtar, M. Ahmed, H., 2004. The relationship between haematocrit and
some biological parameters of the Indian shad, Tenualosa ilisha (Family Clupeidae).
Anim. Biodivers. Conserv. 27(2): 47-52.

Jimoh, W. A., Ayeloja, A. A., Mowete, L. E., Yusuf, Y. O. Abubakar. M. 1., 2022a. Aquaculture
by-product meal as a fishmeal replacer in African catfish (Clarias gariepinus) diet:
Effects on serum biochemistry, innate immune response, and oxidative stress
markers. Int. J. Aquat. Biol. 10(2): 119-130.

Jimoh, W. A., Ayeloja, A. A., Yusuf, O. Y., Abdulfatahi A. A., 2022b. physiological responses
of African catfish hybrid (Clarias gariepinus@x Heterobranchus bidorsalis?) to
dietary coriander supplementation. J. Fish. Environ. 46(3): 157-179.

Jimoh, W. A., Kamarudin, M. S., Syukri, F., Dauda, A. B., 2022c. Responses by hybrid carp,
Barbonymus gonionotus® > Hypsibarbus wetmoreid, fed diets containing selected
leafmeals. J. Appl. Ichthyol. 38(5): 493-505.

Kaur, N., Chugh, H., Tomar, V., Sakharkar, M. K., Dass, S. K., Chandra, R., 2019. Cinnamon
attenuates adiposity and affects the expression of metabolic genes in diet-induced
obesity model of zebrafish. Artif. Cells Nanomed. Biotechnol. 47(1): 2930-2939.

Khieokhajonkhet, A., Sangphrom, S., Aeksiri, N., Tatsapong, P., Wuthijaree, K,. Kaneko, G.,
2022. Effects of long-term exposure to high temperature on growth performance,
chemical composition, hematological and histological changes, and physiological
responses in hybrid catfish [@ Clarias gariepinus (Burchell, 1822)xQ C.
macrocephalus (Giinther, 1864)]. J. Therm. Biol. 105: 103226.

Kim, S. H., Hyun, S. H., Choung, S. Y., 2006. Anti-diabetic effect of cinnamon extract on
blood glucose in db/db mice. J. Ethnopharmacol. 104(1-2): 119-123.

Kowalska, J., Tyburski, J., Matysiak, K., Jakubowska, M., Lukaszyk, J., Krzyminska, J., 2021.
Cinnamon as a useful preventive substance for the care of human and plant health.
Molecules 26(17): 5299.

Kunitz, M., 1947. Crystalline soybean trypsin inhibitor: II. General properties. J. Gen.
Physiol. 30(4): 291-310.

Lebel, L., Navy, H., Jutagate, T., Akester, M. J., Sturm, L., Lebel, P., Lebel B., 2021.
Innovation, practice, and adaptation to climate in the aquaculture sector. Rev. Fish.
Sci. Aquacult. 29(4): 721-738.

Li, X., Han, T., Zheng, S. Wu, G, 2022. Hepatic glucose metabolism and its disorders in fish.
In: Recent Advances in Animal Nutrition and Metabolism, Springer: 207-236.

Limbaugh, N., Romano, N., Egnew, N., Shrivastava, J., Bishop, W. M., Sinha, A. K., 2021.
Coping strategies in response to different levels of elevated water hardness in
channel catfish (Ictalurus punctatus): Insight into ion-regulatory and
histopathological modulations. Comp. Biochem. Physiol. Part A Mol. Integr. Physiol.
260: 111040.

Lugert, V., Thaller, G., Tetens, J., Schulz, C., Krieter, J., 2016. A review on fish growth
calculation: multiple functions in fish production and their specific application. Rev.
Aquacult. 8(1): 30-42.

Majid, A. F. H. F. L., Mousavi-Sabet, M. H., 2022. Effects of Cinnamon supplemented diet
on growth performance, hematological parameters, blood biochemical and
immunological indices of rainbow trout (Oncorhynchus mykiss) fingerlings. Int.
Aquat. Res. 14: 213-221.

McDonald, M. D., Grosell, M., 2006. Maintaining osmotic balance with an aglomerular
kidney. Comp. Biochem. Physiol. Part A Mol. Integr. Physiol. 143(4): 447-458.

Mohammad, M. A., 2021. Effect of adding different levels of cinnamon (Cinnamomum sp)
on growth and chemical composition criteria of common carp Cyprinus carpio L.
Iraqi J. Vet. Sci. 35(1): 93-98.

Mohammadiazarm, H., Maniat, M., Ghorbanijezeh, K., Ghotbeddin, N., 2021. Effects of
spirulina powder (Spirulina platensis) as a dietary additive on Oscar fish, Astronotus
ocellatus: Assessing growth performance, body composition, digestive enzyme
activity, immune-biochemical parameters, blood indices and total pigmentation.
Aquacult. Nutr. 27(1): 252-260.

Jimoh et al.. Vet Integr Sci. 2023; 21(3): 973 - 997 995




VETERINARY INTEGRATIVE SCIENCES

Montazeri Parchikolaei, H., Abedian Kenari, A., Esmaeili, M., 2021. Soya bean-based diets
plus probiotics improve the profile of fatty acids, digestibility, intestinal microflora,
growth performance and the innate immunity of beluga (Huso huso). Aquacult. Res.
52(1): 152-166.

Murray, C. J., Ikuta, K. S., Sharara, F., Swetschinski, L., Aguilar, G. R., Gray, A., Han, C.,
Bisignano C., Rao, P., Wool, E., 2022. Global burden of bacterial antimicrobial
resistance in 2019: a systematic analysis. Lancet 399(10325): 629-655.

NACA., 2008. Diet Formulator Program (Excel). http://www.enaca.org/modules/library/
publication.php?publication_id=952.

Norkeaw, R., Arjin, C., Sartsook, A., Hnokaew, P., Thongkham, M., Detruengsri, B.,
Chaiwang, N., Mekchay, S., Yano, T., Sringarm, K., 2022. Effect of dietary green tea
extract supplementation in growing-finishing pigs on growth performance, meat
quality, and oxidative stability of pork. Vet. Integr. Sci. 20(3): 571-583.

Odhiambo, E., Angienda, P. O., Okoth, P., Onyango, D., 2020. Stocking density induced stress
on plasma cortisol and whole blood glucose concentration in Nile tilapia fish
(Oreochromis niloticus) of Lake Victoria, Kenya. Int. J. Zool. 2020.

Okeke, E. S., Chukwudozie, K. I., Nyaruaba, R., Ita, R. E., Oladipo, A., Ejeromedoghene O.,
Atakpa, E. O., Agu C. V., Okoye, C. O., 2022. Antibiotic resistance in aquaculture
and aquatic organisms: a review of current nanotechnology applications for
sustainable management. Environ. Sci. Pollut. Res. 1-34.

Onions, A., Allsopp, D., Eggins H., 1981. Smith’s Introduction to Industrial Mycology. 7th
Edt. Edward Arnold, London. 398pp.

Porto-Foresti, F., Hashimoto, D., Prado, F., Senhorini, J., Foresti, F., 2013. Genetic markers
for the identification of hybrids among catfish species of the family Pimelodidae. J.
Appl. Ichthyol. 29(3): 643-647.

Prakash, S., Verma A. K., 2020. Effect of arsenic on serum biochemical parameters of a
freshwater catfish, Mystus vittatus. Int. J. Biol. Innov. 2(1): 11-19.

Ramirez, R. F., Dixon, B. A. 2003. Enzyme production by obligate intestinal anaerobic
bacteria isolated from oscars (Astronotus ocellatus), angelfish (Pterophyllum
scalare), and southern flounder (Paralichthys lethostigma). Aquaculture 227(1-4):
417-426.

Raposo de Magalhdes, C., Schrama, D., Farinha, A. P., Revets, D., Kuehn, A., Planchon, S.,
Rodrigues, P. M., Cerqueira, M., 2020. Protein changes as robust signatures of fish
chronic stress: a proteomics approach to fish welfare research. BMC Genomics
21(1): 1-16.

Rashidi, M., Rashidmayvan, M., Alboativi, S., Amiri, F., 2020. The effect of fish oil
supplements on serum levels of albumin, lipid profiles, and kidney function in
patients with hypoalbuminemia admitted to an intensive care unit: randomized
controlled trial. PharmaNutrition 13: 100197.

Ravardshiri, M., Bahram, S., Javadian, S. R., Bahrekazemi, M., 2021. Cinnamon promotes
growth performance, digestive enzyme, blood parameters, and antioxidant activity
of rainbow trout (Oncorhynchus mykiss) in low-carbohydrate diets. Turk. J. Fish.
Aquat. Sci. 21(7): 309-322.

Ray, A., Bairagi, A., Ghosh, K. S., Sen S., 2007. Optimization of fermentation conditions for
cellulase production by Bacillus subtilis CY5 and Bacillus circulans TP3 isolated
from fish gut. Acta Ichthyol. Piscat. 1(37): 47-53.

Ray, A., Ghosh, K., Ringg E., 2012. Enzyme-producing bacteria isolated from fish gut: a
review. Aquacult. Nutr. 18(5): 465-492.

Reverter, M., Tapissier-Bontemps, N., Sarter, S., Sasal, P., Caruso, D., 2021. Moving towards
more sustainable aquaculture practices: a meta-analysis on the potential of plant-
enriched diets to improve fish growth, immunity and disease resistance. Rev.
Aquacult. 13(1): 537-555.

Rigos, G., Kogiannou, D., 2023. Antimicrobial drugs in aquaculture: use and abuse. In:
Present Knowledge in Food Safety, Elsevier: 142-161.

Scott, K. P., Duncan, S. H., Flint H. J., 2008. Dietary fibre and the gut microbiota. Nutr. Bull.
33(3): 201-211.

See, K. E., Ibrahim, R. A., Goh, K. H., 2021. Aquaculture efficiency and productivity: A
comprehensive review and bibliometric analysis. Aquaculture 544: 736881.

Seeley Jr, H. W., VanDemark, P. J., 1962. Microbes in action. A laboratory manual of
microbiology. Microbes in Action.

Jimoh et al.. Vet Integr Sci. 2023; 21(3): 973 - 997 996




VETERINARY INTEGRATIVE SCIENCES

Seeto, G., Veivers, P., Clements, K., Slaytor M., 1996. Carbohydrate utilisation by microbial
symbionts in the marine herbivorous fishes Odax cyanomelas and Crinodus
lophodon. J. Comp. Physiol. B 165(7): 571-579.

Setiawati, M., Jusadi, D., Rolin, F., Vinasyiam, A., 2016. Evaluation of cinnamon
Cinnamomun burmannii extract supplementation in diet on flesh fat content of
catfish Pangasianodon hypopthalmus. J. Akuakultur Indones. 15(2): 132-138.

Sharma, S., Mandal, A., Kant, R., Jachak, S., Jagzape, M., 2020. Is cinnamon efficacious for
glycaemic control in type-2 diabetes mellitus? Diabetes 30: 32.

Shui, C., Shi, Y., Hua, X., Zhang, Z., Zhang, H., Lu, G., Xie, Y., 2018. Serum osmolality and
ions, and gill Na+/K+-ATPase of spottedtail goby Synechogobius ommaturus (R.) in
response to acute salinity changes. Aquacult. Fish. 3(2): 79-83.

Singh, J., Gaikwad, D. S., 2020. Phytogenic feed additives in animal nutrition. In: Natural
Bioactive Products in Sustainable Agriculture, Springer: 273-289.

Soltani, M., E. Abdy, M. Alishahi, A. T. Mirghaed and P. Hosseini-Shekarabi. 2017. Growth
performance, immune-physiological variables and disease resistance of common
carp (Cyprinus carpio) orally subjected to different concentrations of Lactobacillus
plantarum. Aquaculture International 25: 1913-1933Stevens, C. E., Hume, 1. D.,
2004. Comparative physiology of the vertebrate digestive system, Cambridge
University Press.

Tadese, D. A., Song, C., Sun, C., Liu, B., Liu, B., Zhou, Q., Xu, P., Ge, X., Liu, M., Xu, X.,
2021. The role of currently used medicinal plants in aquaculture and their action
mechanisms: A review. Rev. Aquacult..

Wang, E., Chen, X., Liu, T., Wang, K., 2022. Effect of diectary Ficus carica polysaccharides
on the growth performance, innate immune response and survival of crucian carp
against Aeromonas hydrophila infection. Fish Shellfish Immunol. 120: 434-440.

Wang, Y.-H., Avula, B., Nanayakkara, N. D., Zhao, J., Khan, 1. A., 2013. Cassia cinnamon as
a source of coumarin in cinnamon-flavoured food and food supplements in the
United States. J. Agric. Food Chem. 61(18): 4470-4476.

Xu, J., Jing, N., 2012. Effects of 2,4-dinitrotoluene exposure on enzyme activity, energy
reserves and condition factors in common carp (Cyprinus carpio). J. Hazard. Mater.
203-204: 299-307.

Yang, C., Chowdhury, M. K., Hou, Y., Gong, J.,. 2015. Phytogenic compounds as alternatives
to in-feed antibiotics: potentials and challenges in application. Pathogens 4(1): 137-156.

Yang, G., Yu, R., Geng, S., Xiong, L., Yan, Q., Kumar, V., Wen C., Peng, M.. 2021. Apple
polyphenols modulate the antioxidant defense response and attenuate inflammatory
response concurrent with hepatoprotective effect on grass carp (Ctenopharyngodon
idellus) fed low fish meal diet. Aquaculture 534: 736284.

Zhang, Y. L., Zhang, C. M., Fan, Q. X., Shen Z. G., 2020. Comparative study of growth, feed
utilization, and immunity of hybrid catfish and all-male yellow catfish. N. Am. J.
Aquacult. 82(1): 71-74.

Zhou, Y., Jiang, W.-D., Zhang, J.-X., Feng, L., Wu, P., Liu, Y., Jiang, J., Kuang, S.-Y., Tang,
L., Peng, Y., 2020. Cinnamaldehyde improves the growth performance and digestion
and absorption capacity in grass carp (Ctenopharyngodon idella). Fish Physiol.
Biochem. 46(4): 1589-1601.

Zhu, F., 2020. A review on the application of herbal medicines in the disease control of
aquatic animals. Aquaculture 526: 735422.

Zhu, X. M., M. Y. Li, X. Y. Liu, C. G. Xia, X. T. Niu, G. Q. Wang and D. M. Zhang. 2020.
Effects of dietary astaxanthin on growth, blood biochemistry, antioxidant, immune
and inflammatory response in lipopolysaccharide-challenged Channa argus.
Aquaculture Research 51(5): 1980-1991.

How to cite this article;

Wasiu Adeyemi Jimoh, Ayodeji Ahmed Ayeloja, Olayinka Abosede Ojo, Comfort Timileyin
Ayodele, Adijat Ebunlomo Alabi and Grace Amara Obinnakwelu. Effect of dietary cinnamon
supplementation on the growth in length, haematology, serum biochemistry, intestinal microbiota
and enzymes and histomorphological changes of the intestine,liver and the kidney of Heteroclarias
(Clarias gariepinus @ % Heterobranchus bidorsalis 3. Veterinary Integrative Sciences. 2023;
21(3): 973 - 997.

Jimoh et al.. Vet Integr Sci. 2023; 21(3): 973 - 997 997




