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1. Introduction

Stress is often associated with disease outbreak in 
cultured fish [1]. Stress in aquatic organisms such as fish 
can trigger substantial losses of both animals and capital 
in both capture and culture systems [2-4]. In reducing these 
losses to the barest minimum necessitate information 
about the nature of the stressors, stress intensity and 

fitness effect [5]. In the culture medium, the welfare of 
cultured fish is often compromised by stress and has 
become an increasing concern in most of the aquaculture 
facilities [6-8]. Furthermore, the influence of a variety 
of different segment of aquaculture operations such as 
transportation, handling and netting, confinement and 
short-term crowding, inappropriate stocking densities, 
water quality deterioration on fish welfare and the 
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The effect of different combinations of botanical spices such as clove 
and nutmeg in different proportion on the antioxidants activities which 
include lipid peroxidation (LPO), superoxide dismutase (SOD), catalase 
(CAT), glutathione-S-transferase (GST) and glutathione peroxide (GPX) 
in juveniles and adults sizes of Clarias gariepinus was investigated using 
different combinations of clove (C),and nutmeg (C.N 0:0- Control 0% 
of Clove and Nutmeg; C.N 1:3- 25% Clove and 75% Nutmeg; C.N 3:1- 
75% Clove and 25% Nutmeg; C.N 2:2- 50% Clove and 50% Nutmeg; 
C.4 - 100% Clove; N4- 100%) in triplicates. The results from the study 
indicated that the anaesthetic caused a substantial (p<0.05) modifications 
in the five antioxidants under examination. The highest deviations in the 
studied antioxidants were observed in the fish exposed to C4 combination 
of the anaesthetics and the lowest in the control. The results from this work 
therefore suggest that the anaesthetics can alter antioxidants levels in the 
fish which was more noticeable in the fish exposed to C.N 3:1- 75% Clove 
and 25% Nutmeg; C.N 2:2- 50% Clove and 50% Nutmeg; C.4 - 100% 
Clove; N4- 100%. Hence fish farmers and scientists are advised to take 
caution when combining these plant extracts for use in aquaculture. 

Keywords:
Spices
Nutmeg
Clove
Anaesthetics
Fish
Antioxidants



37

Journal of Fisheries Science | Volume 03 | Issue 02 | September 2021

Distributed under creative commons license 4.0 DOI: https://doi.org/10.30564/jfsr.v3i2.3741

consequent effects on to fish welfare must be minimized, 
so as to enhance productivity [9].

One of the predominant and common types of stress 
in a living organism is oxidative stress. Oxidative stress 
can be described as a disruption of the pro-oxidant-
antioxidant equilibrium in favour of the former, resulting 
in possible impairment of cells [10]. It occurs as a result 
of an elevation in Reactive Oxygen Species (ROS) and 
destruction of antioxidant defence systems or incapacity 
to repair oxidative damage. The main damage induced by 
ROS results in alterations of cellular macromolecules such 
as membrane lipids (lipid peroxidation), DNA [11]. The 
resulting damage may alter cell task, eventually leading 
to cell death. Enzymatic (CAT) and non-enzymatic 
antioxidants such as reduced glutathione (GSH) and its 
precursor normally counteract damaging effects of ROS 
by either repairing the oxidative damage or precisely 
foraging oxygen radicals. Catalase is a common enzyme 
found in almost all the organisms which are exposed to 
oxygen, where it functions to catalyze the breakdown 
of hydrogen peroxide to oxygen and hydrogen oxide. 
Glutathione (GSH) is an antioxidant which helps to 
protect the cells from the ROS such as free radicals and 
peroxides. The glutathione defense enzyme systems 
in living cell detoxifies and eradicates the xenobiotics 
leading to the arrangement of products that can easily 
dissolve in water and their quick removal from the cell of 
the organism [12,13] .

Anaesthesia is a biological condition with the partial 
or total loss of feeling or loss of voluntary neuromotor 
control induced by chemical or nonchemical means [14].  
Anaesthesia minimizes pain in fish and induces a calming 
effect followed by loss of equilibrium, mobility and 
consciousness [15,16]. Anaesthetics are chemical substances 
used by fish farmers to minimize the rate of mortality 
during handling and transport. This may also reduce 
the susceptibility of cultured fish to pathogens and 
infection [17]. Anaesthetics are also used in fish farming 
during artificial spawning, weighing, tagging, grading, 
blood sampling, surgery and surgical process [18]. When 
choosing ananaesthetics, a number of factors are put into 
consideration which include efficacy, cost, availability 
and ease of use, as well as toxicity to fish, humans and 
the environment [19], and the choice may also depend on 
the nature of the experiment and species of fish under 
consideration [20,21].

In application of anaesthetics during aquaculture 
operations, information about the appropriate and most 
favourable concentration of an anaesthetic for a range of 
fish species is essential because improper concentrations 
might lead to harmful effects such as stress [22-24]. Hence, 

access to nontoxic and efficient fish sedatives is a crucial 
necessity of fisheries researchers, manager, and culturists [25].  
Recently, nutmeg (Myristica fragrans) and clove bud 
(Syzigium aromaticum)h ave received favorable reviews 
as an alternative fish anesthetic for a number of fish 
species as well as for crustaceans [26,27]. Nutmeg has been 
utilized in different parts of the world for medicinal 
purposes. Nutmeg (Myristica fragrans) is a member of 
the Myristicaceae family. It is a perennial tree found 
ecologically in the tropics and well distributed in the 
north-central region of Nigeria. Extracts from its nuts 
contains 70-90% myristidate4-21% beta-caryophyllene, 
1-21% eugenyl acetate and 10 19% tannin [28].

Despite the several studies that have been done on some 
physiological changes in C. gariepinus exposed to clove 
and nutmeg [29,30], however there is no available literature 
on the combined effects of clove buds and nutmeg on the 
these variables. This study was conducted out to assess 
the effect of these plant materials as anaesthetics on the 
selected antioxidants in the plasma of juvenile and adult 
sizes of C. gariepinus. This study will shed more light 
on stress management procedures in fish farming, using 
combination of two plants extract as anaesthetics. The 
aims of the present study therefore, are to evaluate the 
effects of anaesthesia with mixture of clove and nutmeg 
buds on the antioxidants in the plasma of juvenile and 
adult of sizes of C.gariepinus.

2. Materials and Methods

Sources and acclimation of Experimental Fish 

A total of 180 specimens of Clarias gariepinus 
comprising of 90 each of juveniles (mean length17.78 
cm±2.88 SD mean weight 106.99g± 4.78SD), and adults 
(mean length 29.33 cm±3.01 SD and mean weight 
654.43g±11.89SD) were obtained from African Regional 
Aquaculture Centre, (ARAC), Aluu, Rivers State of 
Nigeria. They were transported in four 50 L jerry cans to 
the Rivers State University Fish farm and acclimated for 
a period of seven days. During this time the fish were fed 
with a commercial feed (45.0% CP) at 3% body weight. 
The water in acclimation tanks was changed every two 
days [26]. 

Preparation of Clove bud and nutmeg

Dry nutmeg seeds (Plate 1) and dried buds of clove 
plant (Plate 2) were purchased from Choba Market in 
ObioAkpor Local Government Area of Rivers State, 
Nigeria. Plant verification was done by means of the 
keys described by Agbaje [31]. The seeds were taken to the 
Fisheries laboratory and milled into power using a kitchen 
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blender (Model H2, Ken wood, Japan). The pulverized 
seeds were afterwards sieved using 0.1 micro nylon 
meshes to get the fine particles of the spices. 

Plate 1. Nutmeg seeds

Plate 2. Clove seeds

Experimental Design and procedures

The design of the experiment is a Randomized Complete 
Block Design (RCBD) having six treatments levels each with 
three replicates for each of the life stages. A total of 36 plastic 
aquaria of dimension (52 x 44 x 34 cm3) each were used for 
the experiments. The 36 aquaria were labelled based on the 
experimental units and replicates. Each aquarium was stocked 
with five fish. The powder was combined based on ratio of 
Clove : nutmeg into different proportion of C.N 0:0- Control 
0% of Clove and Nutmeg; C.N 1:3- 25% Clove and 75% 
Nutmeg; C.N 3:1- 75% Clove and 25% Nutmeg; C.N 2:2- 
50% Clove and 50% Nutmeg; C.4 - 100% Clove; N4- 100% 
Nutmeg. This was achieved by using weighing balance. It 
was applied directly in three replicates into the water (10 
L) in 30 L experimental plastic aquaria. The mixtures were 
stirred extensively to ensure homogenous mixture. They 
were then introduced into prepared experimental aquaria, 
containing 5 concentrations of powdered nutmeg and clove 
at the rate of ten fish per tank in triplicates. The fish was then 
introduced into the tank. When the fish has attained stage 
five anaesthesia (the point when the fish has lost sensitivity 
to gentle prodding with rod), blood samples were collected 
from the caudal vein with syringe and blood samples were 
preserved in heparinized bottle for analyses.

Evaluation of Water Quality Parameters 

Water quality variables such as: dissolved oxygen, 

nitrite, ammonia and sulphide were evaluated using 
LaMotte fresh water test kit (Model AQ4, Chestown, 
Maryland, USA). pH was determined with pH meter 
(Model, H 9812, Hannah Products, Portugal). The 
dissolved oxygen level was evaluated by the Winkler 
method [32]. 

Sample Preparation

At the end of each experimental period, 2 ml of 
fresh blood sample was collected by making a caudal 
puncture with the help of fine needle and transferred 
into heparinized sample bottles. Blood samples were 
centrifuged immediately for 15 minutes at 5000 rpm.
Plasma specimens were separated, pipetted into eppendorf 
tubes and stored in a refrigerator at -20°C until assayed. 
The results were read using a universal microplate reader 
on a Jenwayvisible spectrophotometer (Model 6405). 
The activity of antioxidants in centrifuged plasma was 
determined spectrophotometrically using the method of 
Eales [33].

Statistical Analysis

All the data were expressed as mean and standard 
deviation of mean. The statistical package, SPSS Version 
22 was used for the data analysis. The means were 
separated using two-ways ANOVA and the two means 
were considered significant at 5%( P<0.05). 

3. Results

The physico-chemical indices of water in the experimental 
tanks of C.gariepinus exposed to combined nutmeg and 
clove seed powder is shown in Table 1. The results indicated 
significant differences (p˂0.05) only among the dissolved 
oxygen and ammonia in the control and treated group range. 
The values of the other variables were not significantly 
different (P>0.05). Difference in the values of antioxidants 
in the juveniles of C.gariepinus juveniles exposed to 
different combination of nutmeg and clove seed powder 
were presented in Table 2. There was significant reductions 
(P˂0.05) comparable to the control values in GSH, SOD 
and GPX, whereas the values of CAT and LPO increased. 
Moreover, the same trends were also recorded in adult 
size of C.gariepinus exposed to these plant powder (Table 
3). Comparative values of GPX in juveniles and adults of 
C.gariepinus exposed to different combinations of nutmeg 
and clove seed extracts are presented in Figure 1. The highest 
value of 50.00 was recorded in the adult fish exposed to the 
control, while the lowest was in C.N 3:1. However, GPX 
values in the adult fish were consistently higher than that of 
the juveniles (Figure 1). 

DOI: https://doi.org/10.30564/jfsr.v3i2.3741
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Table 1. Physio-Chemical Parameters of Water in the Experimental Tanks of C.gariepinus Exposed to Combined 
Nutmeg and Clove bud Powder.

Parameters

Combinations of Clove and Nutmeg in Different Proportion

C.N 0:0 C.N 1:3 C.N 3:1 C.N 2:2 C 4 N 4

DO (mg/l) 6.33±0.30d 5.33±0.57 c 4.00±0.00 b 4.33±0.57 b 3.66±0.57 a 5.00±0.00 c

NH3 (mg/l) 0.02±0.01 a 0.05±0.00 b 0.04±0.01 b 0.03±0.00 a 0.05±0.00 a 0.07±0.00 a

Tem 0C 29.66±1.15 a 30.00±1.00 a 29.33±0.57 a 29.33±0.57 a 29.33±0.57 a 29.33±0.57 a

pH 5.33±0.57 a 5.33±0.57 a 6.00±0.00 a 5.33±0.57 a 5.50±0.50 a 5.33±0.57 a

Condt (S/m) 115.0±1.0a 123.00±1.0 a 128.66±1.52 a 126.66±1.52 a 131.33±1.15 b 119.00±1.00a

Nitrite (mg/l) 0.01±0.00 a 0.01±0.00 a 0.01±0.00 a 0.01±0.00 a 0.01±0.00 a 0.01±0.00 a

Nitrate (mg/l) 0.13±0.01 a 0.15±0.02 a 0.13±0.02 a 0.13±0.02 a 0.12±0.01 a 0.14±0.01 a

Means within the same row with different super scripts are significantly different (P<0.05)
Key: C.N 0:0- (Control) 0% of Clove and Nutmeg; C.N 1:3- 25% Clove and 75% Nutmeg; C.N 3:1- 75% Clove and 25% Nutmeg; 
C.N 2:2- 50% Clove and 50% Nutmeg; C.4 - 100% Clove; N4- 100% Nutmeg.

Table 2. Antioxidants Levels in the blood of C.gariepinus Juveniles Exposed to Different Combination of Nutmeg and 
Clove bud Powder.

Concentration GPX CAT GSH SOD LPO

C:N 0:0 39.66±1.52b 62.00±2.00 a 5.33±0.57 c 10.33±0.57 b 7.33±0.57 a

C:N 1:3 38.08±3.46b 65.66±1.15 a 4.66±0.57 c 9.33±0.57 a 8.66±0.57 a

C:N 2:2 30.66±1.15 b 74.33±1.15 b 2.33±0.57 b 6.00±1.00 a 12.00±1.00 b

C:N 3:1 26.66±2,08 a 76.00±1.00 b 3,33±0.57 b 6.00±0.00 a 13.00±1.00 b

C 4 28.33±1.52 a 79.00±1.00 b 1.66±0.57 a 5.66±0.57 a 14.66±0.57 b

N 4 35.33±5.89 b 70.00±1.00 b 3.33±0.57 b 6.66±0.57 a 9.66±0.57 a

Means within the same column with different super scripts are significantly different (P<0.05)
Key: C.N 0:0- (Control) 0% of Clove and Nutmeg; C.N 1:3- 25% Clove and 75% Nutmeg; C.N 3:1- 75% Clove and 25%:2- 50% 
Clove Nutmeg; C.N 2and 50% Nutmeg; C.4 - 100% Clove; N4- 100% Nutmeg.

Table 3. Antioxidants Levels in the blood of C.gariepinus Adults Exposed to Different Combination of Nutmeg and 
Clove budPowder.

Concentration GPX CAT GSH SOD LPO

C:N 0:0 50.00±2.00 a 82.00±2.00 a 7.66±0.57 a 15.33±0.57 a 12.66±1.15 a

C:N 1:3 48.33±3.78 a 86.00±1.00 a 7.33±1.15 a 14.33±0.44 a 13.66±0.57 a

C:N 2:2 41.00±1.00 a 95.00±1.00 a 5.00±1.00 a 11.33±0.57 a 17.00±1.00 a

C:N 3:1 37.66±2.08 a 92.66±4.93 a 5.33±9.57 a 11.33±0.51 a 18.66±1.52 a

C 4 38.66±2.08 a 99.00±1.00 a 5.00±0.00 a 10.33±0.52 a 19.66±0.57 a

N 4 46.00±1.00 a 90.66±1.15 a 5.66±0.57 a 11.33±0.09 a 14.33±1.54 a

Means within the same row with different super scripts are significantly different (P<0.05)
Key: C.N 0:0- (Control) 0% of Clove and Nutmeg; C.N 1:3- 25% Clove and 75% Nutmeg; C.N 3:1- 75% Clove and 25% Nutmeg; 
C.N 2:2- 50% Clove and 50% Nutmeg; C.4 - 100% Clove; N4- 100% Nutmeg.

DOI: https://doi.org/10.30564/jfsr.v3i2.3741
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The activity of Glutathione perioxide in both juveniles 
and adult declined below their control values under the 
exposure to the anaesthetics (Figure 2). The highest value 
of CAT (99.0 IU/L) was recorded in C4 (100 % Clove), 
while the lowest (62.0 IU/L) was recorded in juvenile fish 
in the control (Figure 2). Despite this, the values of CAT 
were higher in the adult fish when put side by side to the 
juveniles in all the exposure combinations. Furthermore, 

the similar inclinations were also recorded in the values 
of GSH (Figure 3), with the values in adult fish higher 
than that of the juveniles in all combinations of clove and 
nutmeg extracts. The values of SOD and LPO in both 
sizes of C.gariepinus exposed to these plant extracts are 
presented in Figures 4 and 5 respectively. However, these 
values were higher in adult fish when compared to the 
juveniles.
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Figure 1. Effect of different combinations of Nutmeg seed and Clovebuds powder on Glutathione peroxide (GPX) 
activities in the sera of juvenile and adult C. gariepinus

Figure 2. Effect of different combination of nutmeg and clove bud powder of Catalase (CAT) activities in the blood of 
juvenile and adult C. gariepinus

Figure 3. Effect of different combination of Nutmeg and Clove bud powder of Glutathione GSH activities in the plasma 
of juvenile and adult of C. gariepinus

DOI: https://doi.org/10.30564/jfsr.v3i2.3741
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4. Discussion

Oxidative stress is a condition when stable position 
ROS concentration is transiently or chronically enhanced, 
distressing cellular metabolism and its regulation and 
damaging cellular constituents [34]. It can also be described 
as a condition when antioxidant defences are overwhelmed 
by pro-oxidant forces [35]. The commencement of oxidative 
manifestations leads to the response of antioxidants 
activation in articulation of genes encoding antioxidant 
enzymes. Nevertheless, there are substantial disparities in 
the knowledge on response to oxidative stress, specifically 
in aquatic animals. Antioxidant enzymes are included 
in stress evaluation because of their indelibility under 
conditions of mild oxidative stress and their potential role 
in adaptation to aquaculture -induced stress. It is expected 
that they may be more responsive at revealing preliminary 
stress induced insult on the cells [36]. Laboratory studies 
established that the dimension of variations in the 
manifestation of a large number of specific genes or 
performances of certain enzymes of antioxidant defence 
can be investigated in an early warning system of toxicant 
exposure [34]. Apparently, the early caution can be used at 
what time temporal effect of stress is expected. Typically, 

the range of oxidative stress indices in fish includes the 
activities of superoxide dismutase (SOD), catalase (CAT), 
glutathione peroxidase (GPX), lipid peroxidase (LPO) 
and glutathione s transferase (GST). The evaluation of 
these has most frequently been utilized in eco-toxicology 
programmes for fish [37]. 

In this work, increased values of CAT and LPO 
activities in combination with the decrease in the values 
of SOD, GSH and GPX were recorded in the plasma of 
C.gariepinus sampled in both juveniles and adult sizes of 
C.gariepinus exposed to different combinations of nutmeg 
and clove seed extracts. A similar result was observed in 
C. carpio exposed to higher concentrations of clove oil 
[38]. Moreover, the concerted elevation of LPO and CAT 
activities was equally indicated in the plasma of starlet 
fish (Acipenser ruthenus) exposed to 2-phenoxy- ethanol 
as anaesthetics [39]. In the study of three populations of 
brown trout (S. trutta) treated with elevated levels of 
anaesthetic MS222, all the exposed fish recorded higher 
activities of CAT in their plasma compared to unexposed 
trout [40] (Hansen et al., 2006). Conversely, imbalanced 
antioxidant activities were observed in the various 
oxidative stress biomarkers in the Indian freshwater fish, 

Figure 4. Effects of different combination of nutmeg and clove bud powder on SOD activities in the plasma of juvenile 
and adult of C. gariepinus

Figure 5. Effects of different combination of Nutmeg and Clove bud powder on Lipid peroxidation LPO activities in the 
plasma of juvenile and adult of C. gariepinus

DOI: https://doi.org/10.30564/jfsr.v3i2.3741
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Wallagoattu exposed to anaesthetics metomidate [41]. 
The increase recorded in the values of catalase 

activity or its steadiness alongside with reduction in 
SOD and GST activities have been reported by some 
authors [39,40]. In spite of Lowry et al. [42] observed that in 
plasma, hepatic and adrenal tissues of white sucker (C. 
commersoni) exposed to some anaesthetics from some 
farms in Agricultural region in Québec (Canada) had 
their catalase activities higher than those fish from the 
control. On the other hand, the same trend was observed 
in this study. Nevertheless, Falfushynska and Stolyar [43], 
ascribed the soaring catalase activity in fish exposed to a 
quantity of extracts, to little production of oxygen, which 
has been reported to boost the making of catalase as cell 
stability in the case of surplus infusion of pollutants [44]. 
On the contrary Catalase decline and activation can be 
considered as a last resort of antioxidant defence in teleost 
fish. The catalase role in the antioxidant defence of fish 
was reported by Porte [45], based on the information on its 
activation by hydrogen peroxide at high concentrations. 
They suggested that catalase on the whole plays a 
comparatively inconsequential role in hydrogen peroxide 
catabolism at low rates of peroxide generation, but it 
becomes crucial when the rate of hydrogen peroxide 
production is enhanced, for example, at oxidative stress. 

GSH is a foremost cytosolic low molecular weight 
sulfhydyl compound that functions as cellular reducing 
and protective reagent against a wide range of contaminant 
through SH-group. It directly acts a scavenger of oxyradical 
and also as an antioxidant enzyme base. Apparently, GSH 
is essential in protecting against deleterious effects of 
the cell exposed to ROS by reacting with them to form 
glutathione disulphide (GSSG). This antioxidant defence 
effect occurs spontaneously through GSH or by GST. It 
acts as cofactor for glutathione transferase, which make it 
easy for the elimination of some chemicals and erstwhile 
reactive molecules from the cells [46]. Thus a change in GSH 
levels may be a vital indicator of detoxification capacity 
of an organism. During present investigation, significant 
decrease in GSH level observed in the plasma of both sizes 
of C.gariepinus at different exposures could be due to its 
utilization to confront the current oxidative stress under the 
influence of ROS produced from anaesthetics exposure. 
Reduced GSH and its metabolizing enzyme make available 
the principal resistance in opposition to ROS induced cellular 
destruction [47]. This reduction may be because of increased 
utilization of GSH, which can be transformed to oxidized 
glutathione and potentially fragile GSH regeneration. 
Furthermore, these authors affirmed that GSH depletion 
point to its exhaustive phase II biotransformation; by this 
means boost the risk of oxidative stress due to reduced cell 

protection activity [48]. Similar decrease in the plasma of 
Cyprinus carpio have also been reported on exposure to 
clove at higher concentrations [49] . Present observations are 
in agreement with the findings of Avilez et al. [15] who studied 
effect of propiconazole on Oncorhynchus mykiss, these 
researchers reported a decrease in GSH level in the plasma of 
the fish and pointed it to be a primary protective response of 
the cell against oxidative stress induced by pollutants. 

GPX is a group of multifunctional isoenzymes, 
which play an important role in detoxification of toxic 
electrophiles by catalyzing the conjugation of a wide 
variety of electrophilic substrates to GSH and thus protects 
the cell from oxidative stress. It is considered as first line 
of defence against oxidative stress injury, decomposing 
superoxide radicals and hydrogen peroxide before 
interacting to form the reactive hydroxyl, which has a 
number of adverse biological effects when present in high 
amounts [50, 51]. The reduced GPX activity is concomitant 
to the decrease in GSH level in the plasma liver and gills. 
From the above discussion, it could be inferred that GPX 
utilizes GSH for the xenobiotic detoxification.

5. Conclusions and Recommendations

The parameters measured provided useful information 
for evaluating the toxicological effects of different 
combinations of nutmeg and clove buds in C.gariepinus. 
From the results of this study, it was revealed that the 
combination of C.N at ratio 1:3 which consists of 25% 
Clove and 75% Nutmeg is suitable for use in aquaculture, 
because of its minimal alterations in the antioxidant 
activities in C.gariepinus when compared to other 
concentrations. From this study it is obvious that this 
combination can be effectively applied to anaesthesized 
fish during aquaculture operations.
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