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ABSTRACT 
 

Aeromonas spp, ubiquitous in both terrestrial and aquatic environments are becoming renowned as 
enteric pathogens of serious public health concern as they have a number of virulence and 
resistant determinants that are linked to both human and aquatic diseases due to consistent and 
incorrect use of antibiotics in aquaculture. The effect of crude aqueous and ethanol extracts of 
some medicinal plants on antimicrobial resistant Aeromonas spp. isolated from aquaculture water 
and fish samples was studied. Two hundred and forty (240) Aeromonas isolates, made up of 168 
Aeromonas hydrophila and 72 Aeromonas salmonicida, were recovered from aquaculture water 
and fish gill samples collected from different commercial fish ponds using selective media. The 
isolates were assessed for their antibiotic susceptibility against ten (10) conventional antibiotics 
using the Kirby-Bauer technique. Extracts from three medicinal plants, Vernonia amygdalina, 
Ocimum gratissimum and Garcinia kola were also analyzed for their antimicrobial effects on the 
isolates that were resistant to the conventional antibiotics. Aeromonas hydrophila isolates 
expressed the highest resistant rates of 100%, 78.6% and 70.8% to aztreonam, cefotaxime and 
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neomycin respectively, and the A. salmonicida isolates also had a similar trend of high resistant 
rates of 100%, 87.5% and 77.8% to aztreonam, neomycin and cefotaxime respectively. 
Antimicrobial resistant analyses with the plant extracts showed 100% inhibition of the isolates at 
100 mg/ml for both aqueous and ethanol extracts. Phytochemical screening identified the presence 
of certain phytochemicals like alkaloids, saponins, tannins, flavonoids, steroids and glycosides 
which could have accounted for the antimicrobial effects of the plant extracts under study. It can be 
inferred then, that extracts from Vernonia amygdalina, Ocimum gratissimum and Garcinia kola can 
inhibit resistant aquaculture Aeromonas isolates and so can present an alternative source of 
antimicrobials in the effort to combat the increasing incidence of antimicrobial resistance in 
aquaculture. 

 
 
Keywords: Aeromonas hydrophila; Aeromonas salmonicida; furunculosis; Garcinia kola; Ocimum 

gratissimum; Vernonia amygdalina. 
 

1. INTRODUCTION 
 
Aeromonas is a known ubiquitous genus, having 
been isolated from many different sources like 
aquatic environments [1], even meat products 
[2], chicken [3] and chicken waste samples [4]. 
They are important pathogens of both cold and 
warm-blooded animals [5]. They are known to be 
Gram negative, oxidase positive, facultative 
anaerobes and catalase positive. Due to their 
ubiquitous nature, humans are easily colonized 
and become infected with pathogenic species of 
Aeromonas. According to Odeyemi and Ahmad 
[6], infections are however determined by strain 
type and virulence factors. Some of these 
virulence factors include: amylase, haemolysin, 
aerolysin, lipase, protease and DNase [7,8]. 
 
Apart from bacteremia, respiratory tract 
infections, gastroenteritis, urinary tract infections 
and diarrhea [3,9,10] which Aeromonas spp. 
have been associated with, they have also been 
linked to both water and food-borne infections in 
different parts of the world. This is especially so 
in the developing countries because of poor 
personal hygiene and lack of quality water [6]. 
 
Aeromonas salmonicida is common in fish farms 
worldwide [11], where it causes furunculosis in 
fish [12]. Antibiotics are used widely for the 
treatment of furunculosis and this has led to an 
increasing number of antibiotic resistant isolates. 
Diverse antibiotic resistant genes conferring 
resistance to important antibiotics, borne on 
plasmids have been found on A. salmonicida, 
making it an important reservoir of drug 
resistance genes that should be more 
extensively monitored [11].  
 
Due to the misuse of antibiotics, antimicrobial 
resistance has increasingly become a world-wide 
problem. This has in effect created a large pool 

of bacteria that have developed resistance to 
many antibiotics and has led to failure of most 
efforts to combat bacterial infections. There is 
also the added risk of possibility of transfers of 
antimicrobial resistance markers particularly 
plasmids between unrelated species. A number 
of mobile genetic elements, including plasmids 
and transposons have been found in association 
with both clinical and environmental Aeromonas 
isolates [13,14,15,16]. Aeromonas species have 
also been shown to possess integrons [15,16, 
17], which are capable of antibiotic resistance 
gene acquisition and/or loss [18]. These 
antibiotic resistant species include some species 
of Aeromonas in particular clinical and 
environmental isolates. There has indeed been a 
large incidence of antimicrobial resistance in 
Aeromonas isolates recovered from heavily 
polluted waters [19,20]. 

 
Antimicrobial resistance is currently said to be 
one of the major threats to global health owing to 
factors such as climatic change, globalization as 
seen in increased travel and food importation 
and demographic changes have made the 
situation even worse [21,22]. There is therefore, 
a continuous and urgent need to discover new 
antimicrobials with diverse chemical structures 
and novel mechanisms of action for new and re-
emerging diseases and also for combating 
antimicrobial resistant pathogens. According to 
Ali et al. [23], plant materials are currently the 
sources of fifty  percent (50%) of western drugs, 
hence medicinal plants can be used as 
alternative therapy if not first line therapy for the 
treatment of pathogenic infections. Medicinal 
plants have also been long exploited for their 
potential therapeutic purposes since time 
immemorial [24] and have long been reported to 
be very useful in healing various diseases. One 
of the main advantages of these medicinal plants 
is that they are 100% natural [25]. 
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Different types of herbs have both antibacterial 
and antifungal activities which can be harnessed 
to control various diseases. However, very little 
effort has been made towards the treatment of 
fish diseases with herbs [26]. This study was 
therefore carried out to study the efficacy of 
aqueous and ethanol extracts of Vernonia 
amygdalina, Ocimum gratissimum and Garcinia 
kola against antimicrobial resistant Aeromonas 
spp. isolated from aquaculture water and fish 
samples. 
 

2. MATERIALS AND METHODS 
 
Selective media for Aeromonas isolation was 
used for primary isolation, while furunculosis 
agar for selective isolation/confirmation of 
Aeromonas salmonicida was used in the 
secondary isolation. Furunculosis agar, an 
artificial medium has the following composition: 
Casein enzyme hydrolysate (10 g/L), Yeast 
extract (5 g/l), tyrosine (1 g/l), Sodium chloride 
(2.5 g/l), Agar Agar (15 g/l). On Aeromonas Ryan 
agar, suspect colonies of A. hydrophila are green 
in colour with dark centers, while Aeromonas 
salmonicida appears brown in colour. 
 

2.1 Sampling Areas  
 
Aquaculture water samples were collected from 
twenty different fish ponds located in Owerri 
Municipal Council and Mbaitoli Local 
Government Areas in Imo State, Nigeria. Fish gill 
samples were also collected from the fishes in 
the sampled fish ponds. 
 
Plant samples were purchased from the Relief 
Market in Owerri, Imo State, and identification 
confirmed at the Crop Science Technology 
Department of Federal University of Technology, 
Owerri, Imo Sate, Nigeria. 
 

2.2 Sample Types 
 
The aquaculture samples used in the study 
included surface and sediment water samples 
and swab samples from the fish gills of fishes in 
the pond. Plant samples tested were Vernonia 
amygdalina (bitter leaf), Ocimum gratissimum 
(scent leaf) and Garcinia kola (bitter kola). 
 

2.3 Sample Collection 
 

Surface and sediment water samples were 
collected from the fish ponds with sterile plastic 
containers. After collecting the surface water, the 
pond was stirred and sediment water collected 

from the discharge units of the ponds. Swab 
samples were also collected from fish in the 
pond, by swabbing the fish gills with sterile swab 
sticks. Samples were taken to the laboratory in  
ice chambers and analyzed within 12 hours of 
sample collection. 
 
Two hundred and fifty (250 g) of Vernonia 
amygdalina, Ocimum gratissimum, and Garcinia 
kola each, were purchased as leafy             
vegetables for Vernonia amygdalina and 
Ocimum gratissimum and seeds for Garcinia kola  
from the local market.  
 
Ten antibiotics were analyzed for their efficacy 
against the Aeromonas isolates. These were 
imipenem (10µg); ciprofloxacin (5µg); 
ceftazidime (30µg); cefotaxime (30µg); nalidixic 
acid (10µg), neomycin (30µg); enrofloxacine 
(5µg); aztreonam (30µg); sulphamethoxazole 
(23.75µg) and tetracycline (30µg). 
 

2.4 Sample Preparation 
 
Water samples: Two (2) drops of each water 
sample was enriched in 2 ml sterile alkaline 
peptone water and incubated at room 
temperature (28±2°C) for 24hrs. After incubation, 
a loop-full from each enrichment broth was 
inoculated onto prepared selective media plates 
of Aeromonas Ryan Agar by the spread plate 
technique and incubated at room temperature 
(28±2°C) for 48 hrs. 
 
Fish gill swab samples: Swab samples                      
were also enriched for 24 hrs at room 
temperature using sterile alkaline peptone water. 
A loop-full from each enrichment tube was also 
inoculated on the surface of Aeromonas Ryan 
Agar, and incubated at room temperature for 48 
hrs. 
 
After 48 hrs incubation, suspect colonies of 
Aeromonas salmonicida with characteristic 
brown colonies were sub-cultured on 
furunculosis agar plates for confirmation while 
suspected A. hydrophila isolates were cultured 
on fresh Aeromonas Ryan agar for purification 
and pure cultures. 

 
Antibiotic susceptibility tests: The Kirby-Bauer 
disc diffusion method was used for antibiotic 
susceptibility tests. A loop-full of each of the 
standardized isolates was inoculated on Mueller 
Hinton agar plates and test antibiotics were 
placed on the agar surfaces. These plates were 
subsequently incubated for 24 hrs at 35°C. 
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Thereafter, the zones of inhibition around the 
discs were measured and interpreted according 
to the recommendation of the National 
Committee for Clinical Laboratory Standards 
(CLSI) [27]. The multiple antibiotic resistance 
(MAR) index was determined for each isolate 
using the formula ‘a/b’, where ‘a’ is the number of 
antibiotics to which the isolate is resistant to 
while ‘b’ is the number of antibiotics tested for 
each isolate [28]. 
 
Preparation of plant samples: Test plant 
samples were thoroughly cleaned and kept to dry 
under shade for two weeks. These dried plants 
were then crushed into powder. Two hundred 
(200 g) of each ground sample was then used to 
prepare crude aqueous and ethanol extracts The 
crude aqueous extracts (CAE) were prepared by 
soaking each sample in 500mls of distilled hot 
water for 3 days while the ethanol extraction was 
done by soaking the same amount of dried plant 
samples in ethanol for 4 days while shaking 
constantly. The CAE was filtered with Whatmann 
No1 filter paper after centrifuging at 1500X for 20 
mins and stored in dark bottles in the refrigerator 
at 4°C as CAE for later use. 
 
The ethanol extracts were concentrated by 
placing in a water bath at 37°C to allow the 
solvents to evaporate.  
 

2.5 Determination of Phytochemical 
Constituents of the Plant Extracts 

 
The extracts were subjected to various standard 
phytochemical analyses to identify the chemical 
constituents present like tannins, alkaloids, 
flavonoids, saponins, steroids, plobatamins, 
cynogenic and cardiac glycosides as described 
by Amadi et al. [29].  
 

2.6 Determination of Minimum Inhibitory 
and Bactericidal Concentration of 
Extracts 

 
The minimum inhibitory concentration (MIC) was 
carried out using the broth dilution method as 
described by Dalitha [30] and the micro-dilution 
susceptibility tests as described by Das et al. 
[31]. One milliliter (1ml) of peptone water broth 
was dispensed into test tubes and sterilized by 
autoclaving at 121°C, 15psi for 15 mins. The 
various plant extracts were serially diluted from 
their stock solutions to obtain varying 
concentrations, of 100, 50 and 25 mg/ml. 
Thereafter, 0.1 ml of each test isolate was 

inoculated into the various test tubes containing 
varying concentrations and then, incubated in 
triplicate at 28±2°C for 48 hrs. After incubation, 
the presence or absence of growth on each tube 
was detected by the presence or otherwise of 
turbidity of the medium. The MIC was taken as 
the least concentration in the tube that didn’t 
show visible bacterial growth. 
 
The MBC was also determined by the micro-
dilution susceptibility tests described by Das et 
al. [31]. Aliquots of 10μl of the cell suspensions 
from the MIC plates were used to inoculate fresh 
Aeromonas growth media and then incubated for 
48 hrs at 28±2°C. The MBC was taken as the 
lowest concentration that hindered the growth of 
the isolates in a fresh growth medium. 
 
3. RESULTS AND DISCUSSION 
 
A total of two hundred and forty (240) 
Aeromonas spp. were isolated from aquaculture 
water and fish gill swab samples. One hundred 
and sixty-eight (168) of these isolates were 
Aeromonas hydrophila while seventy two (72) 
were Aeromonas salmonicida. A. hydrophilia was 
therefore more dominant at 70% than A. 
salmonicida at 30% (Table 1). 
 
Out of the 168 isolates of Aeromonas hydrophila 
assessed for antimicrobial resistance, high 
resistant rates were observed for aztreonam, 
cefotaxime and neomycin with resistant rates of 
100%, 78.6% and 70.8% respectively. While 
moderate rates of 63.1%, 58.9%, 56.6%, 53.6% 
and 50% were observed for nalidixic acid, 
enrofloxacine, sulphamethoxazole, ciprofloxacine 
and tetracycline respectively, the lowest resistant 
rates of 19.6% and 10.7% were observed for 
ceftazidime and imipenem respectively (Table 2). 
For Aeromonas salmonicida high resistant rates 
of 100%, 87.5% and 77.8% were equally 
observed for aztreonam, neomycin and 
cefotaxime respectively. Resistant rates were 
moderate for tetracycline, ciprofloxacin nalidixic 
acid sulphamethozaxole and enrofloxacine at 
33.3% - 63.9%, while resistant rate was low for 
imipenem (13.9%) and ceftazidine (12.5%) 
(Table 3). Comparative rates of resistance 
between the isolates showed that A. hydrophila 
expressed higher resistant rates than A. 
salmonicida for the same antibiotics. Resistant 
rates for neomycin and enrofloxacine were 
however higher in A. salmonicida (87.5% and 
63.9% respectively) than in A. hydrophila (70.8% 
and 58.9%) as shown on Table 4. 
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Table 1. Distribution (%) of Aeromonas species from the different aquaculture sample types 
 

Sampling source (aquaculture)  Test organism or isolate Total  
 A. hydrophila (n=168)  A. salmonicida (n=72) (n=240) 
Surface water 58(34.5) 22(30.6) 80(33.3) 
Sediment water 62(36.9) 18(25.0) 80(33.3) 
Swab from fish gill 48(28.6) 32(44.4) 80(33.3) 
Total 168(100) 72(100) 240(100) 

 

Table 2. Frequency (%) of resistant isolates of Aeromonas hydrophila from aquaculture 
samples 

 

Antibiotics Sample types / resistant rates (%) 
 Surface water 

(n=58) 
Sediment water 
(n=62) 

Fish gill swab 
(n=48) 

Total resistance 
(n=168) 

Aztreonam 58 (100) 62 (100) 48(100)  168(100) 
Cefotaxime 57(98.3) 33(53.2) 42(87.5) 132(78.7) 
Neomycin 55(94.8) 38 (61.3) 26 (54.2) 119 (70.8) 
Nalidixic acid 40 (69.0) 47 (75.8) 19 (39.6) 106 (63.1) 
Enrofloxacine 42 (72.4) 25 (40.3) 32 (66.7) 99 (58.9) 
Sulphamethoxazole 47 (81.0) 34 (54.8) 14 (29.2) 95 (56.7) 
Ciprofloxacine 37 (63.8) 39 (62.9) 14 (29.2) 90 (53.7) 
Tetracycline 36 (62.1) 34 (54.8) 14 (29.2) 84 (50.0) 
Ceftazidime 11 (19.0) 12 (19.4) 10 (20.8) 33 (19.6) 
Imipenem 9 (15.5)  9 (14.5)  0 (0.00) 18 (10.7) 

 

Table 3. Frequency (%) of antibiotic resistance of Aeromonas salmonicida from aquaculture 
samples 

 

Antibiotics Sample types / resistant rates (%) 
 Surface water 

(n=22) 
Sediment water 
(n=18) 

Fish gill swab 
(n=32) 

Total resistance 
(n=72) 

Aztreonam 22 (100) 18 (100) 32 (100) 72 (100) 
Neomycin 20 (90.9) 16 (88.9) 27 (84.4) 63 (87.5) 
Cefotaxime 19 (86.4) 13 (72.2) 24 (75.0) 56 (77.8) 
Enrofloxacine 20 (90.9) 10 (55.6) 16 (50.0) 46 (63.9) 
Sulphamethoxazole 20 (90.9)  9  (50.0) 12 (37.5) 41 (56.9) 
Nalidixic acid 16 (72.7) 16 (88.9)  7 (21.9) 39 (54.2) 
Ciprofloxacine 11 (50.0) 10 (55.6)  9 (28.1) 30 (41.7) 
Tetracycline 10 (45.5)  9 (50.0)  5 (15.6) 24 (33.3) 
Imipenem  3 (13.6)  5 (27.8)  2 (6.3) 10 (13.9) 
Ceftazidime  4 (18.2)  2 (11.1)  3 (9.4) 9 (12.5) 

 

Table 4. Comparative rates (%) of antimicrobial resistance between A. hydrophila and                      
A. salmonicida isolated from aquaculture samples 

 

Antimicrobials A. hydrophila (n=168) A. salmonicida (n=72) 
Aztreonam 168 (100) 72 (100) 
Cefotaxime 132 (78.6) 56 (77.8) 
Neomycin 119 (70.8) 63 (87.5) 
Nalidixic acid 106 (63.1) 39 (54.2) 
Enrofloxacine 99 (58.9) 46 (63.9) 
Sulphomathoxazole 95 (56.6) 41 (56.9) 
Ciprofloxacine 90 (53.6) 30  (41.7) 
Tetracycline 84 (50.0) 24 (33.3) 
Ceftazidime 33 (19.6) 9 (12.5) 
Imipenem 18 (10.7) 10 (13.9) 
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The low resistant rates observed in this study for 
imipenem is in contrast to that of De Silva et al., 
[32] who recorded high resistant rates for 
imipenem among his Aeromonas isolates from 
scallops. While De Silva et al., [32] recorded low 
rates for ciprofloxacine, also in contrast to this 
study where resistant rates were moderate at 
50%, resistant rates for nalidixic acid at 60% 
were consistent with his results with resistant 
rates for nalidixic acid being 65% and 53.6% and 
58.9% respectively for ciprofloxacine and 
enrofloxacine. The results however agree with 
Hossain et al., [5] who also observed high and 
low resistant rates of 65.15% and 6.98% for 
imipenem and ciprofloxacine respectively among 
his isolates. The most effective antibiotics 
against the isolates in this study were imipenem 
and ceftazidime, while the highest resistant rates 
were among the monobactam, aztreonam at 
100%. The major resistant mechanism for most 
aeromonads is the inducible chromosomal β-
lactamases and according to Zhiyong et al. [33], 
the expression of metallo-β-lactamases acts 
against carbapenems. Extended spectrum β-
lactamases have also been identified amongst 
aeromonads [34], as well as other resistance 
genes like tetracycline and plasmid mediated 
quinolone resistant genes [5]. 
 
There was a high level of variability among the 
Aeromonas spp. with A. hydrophila isolates 
exhibiting a total of fifty-nine (59) different 
resistant patterns, the most predominant pattern 
being  IMP ATM CAZ TE CIP SXT ENR CTX NA 
N exhibited by 26 isolates. Likewise, the A. 
salmonicida isolates expressed a total of 42 
patterns with IMP+ATM+ CAZ+TE+CIP+SXT+ 
ENR+CTX+NA+N being the most predominant 
pattern but expressed by 8 isolates (Tables 5 
and 6). All the isolates also expressed MAR 
index of between 0.3 and 1. This implies that the 
isolates have a high risk of infection being that 
their MAR indices were greater than 0.2 [28]. All 
the isolates were observed to be multi-resistant 
isolates. 

Plant extracts were tested for their efficacy 
against the Aeromonas isolates. The Twenty one 
(21) Aeromonas hydrophila isolates tested were 
inhibited only at 100 mg/ml concentration of the 
extracts, both for aqueous and alcohol extracts. 
There was no inhibition at 25 mg/ml and only 
moderate inhibition at 50 mg/ml concentration. A 
similar trend was observed for A. salmonicida 
isolates where none of the five isolates tested 
was inhibited at 25 mg/ml concentration. Also at 
100 mg/ml, all the isolates were inhibited by 
aqueous and ethanol extracts of Garcinia kola 
Ocimum gratisinum and Vernonia amygdalina. At 
50 mg/ml however, there was only                   
moderate inhibition of the isolates with G. kola 
extracts inhibiting the least number of isolates 
(Tables 7 and 8). Phytochemical analysis of both 
the crude aqueous and ethanol extracts            
showed the presence of the following 
phytochemicals; alkaloids, tannins, saponins, 
flavonoids and glycosides in the plants samples 
(Table 9). 
 
Aeromonas spp. have primarily been found to be 
sensitive to many medicinal plants like Olea 
europa, Myrtus communis, Thymus vulgaris, 
Rosmariniu sofficinalis and Achillea falcats [35], 
black pepper, Glycine max, nutmeg [36], guava 
and neem extracts [37]. Eugenia caryophyllus, 
Spondias pinnata, Teriminalia chebula, Annona 
coniosus and Citrus senensis have also inhibited 
the growth of Aeromonas sp. according to 
Rahman and Hossain [38] and Lawal et al. [39]. 
Crude extracts of Vernonia amygdalina have also 
been found to be effective against some bacterial 
pathogens [40]. 
 

Emphasis has been given to medicinal plants 
and efforts are being geared towards identifying 
compounds which are biologically active from 
extracts of known medicinal plants [41]. 
According to Anyanwu and Okoye [42], they 
have become potential sources of new 
antimicrobial molecules, thereby creating a 
renewed interest in antimicrobial of plant origin. 

 
Table 5. Antibiotic resistant patterns of Aeromonas hydrophila 

 
S/N Pattern No of Isolates MAR 
1 IMP  ATM  CAZ  TE  CIP  SXT  ENR  CTX  NA  N 26 1 
2 IMP  ATM  CAZ  TE  SXT  ENR  CTX  NA  N 11 0.9 
3 IMP  ATM  CAZ  TE  CIP  SXT   CTX  NA  N 7 0.9 
4 ATM  CAZ  TE  CIP  SXT  ENR  CTX  NA  N 7 0.9 
5 IMP  ATM  TE  SXT  ENR  CTX  NA  N 6 0.8 
6 IMP  ATM  TE  CIP  SXT  ENR  CTX  NA  N 5 0.9 
7 IMP  ATM  CAZ  TE  CIP  SXT  ENR  CTX  N 5 0.9 
8 IMP  ATM  CAZ  TE  CIP  SXT  ENR  NA  N 5 0.9 
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S/N Pattern No of Isolates MAR 
9 IMP  ATM  CAZ  TE  CIP  ENR  CTX  NA  N 4 0.9 
10 IMP  ATM  CAZ  TE  CIP  ENR  SXT   CTX 4 0.8 
11 IMP  ATM  CAZ   TE  SXT  CTX  NA  N 4 0.8 
12 ATM  CAZ  TE  SXT  ENR  CTX  NA  N 4 0.8 
13 IMP   ATM  CAZ  TE  SXT  ENR  NA  N 4 0.8 
14 ATM  CAZ  TE  SXT  CTX  N 4 0.6 
15 IMP   ATM  CAZ  TE  CIP  CTX  NA  N 3 0.8 
16 ATM  TE  N 3 0.3 
17 ATM  CAZ  TE  CTX  NA  N 3 0.6 
18 IMP  ATM  TE  ENR  CTX  CAZ  NA  N 2 0.8 
19 IMP  ATM  CIP  TE  ENR  CTX  NA  N 2 0.8 
20 ATM  TE  CIP  SXT  ENR  CTX  NA  N 2 0.8 
21 ATM  CAZ  TE  SXT  CTX  NA  N 2 0.7 
22 IMP  ATM  CAZ  TE  SXT  ENR  CTX  N 2 0.8 
23 IMP  ATM  TE  CIP  SXT  ENR  NA  N 2 0.8 
24 ATM  CAZ  TE  CIP  SXT  CTX  NA  N 2 0.8 
25 ATM  CAZ  TE  CIP  ENR  CTX  NA  N 2 0.8 
26 IMP  ATM  CAZ  TE  CIP  SXT  CTX  NA 2 0.8 
27 IMP  ATM  CAZ  SXT  ENR  CTX  NA  N 2 0.8 
28 IMP  ATM  TE  SXT  ENR  N 2 0.6 
29 IMP  ATM  CAZ  TE  SXT  NA  N 2 0.7 
30 ATM  TE  SXT  ENR  NA  N   1 0.6 
31 IMP  ATM  CAZ  TE  CTX  NA  N 1 0.7 
32 IMP  ATM  CAZ  TE  CTX  N 1 0.6 
33 IMP  ATM  TE  CAZ  SXT  ENR  CTX  NA 1 0.8 
34 ATM  CAZ  TE  SXT  CTX NA   1 0.6 
35 IMP  ATM  TE  SXT  CTX  NA  N 1 0.7 
36 ATM  CAZ  CIP  SXT  ENR  CTX  NA 1 0.7 
37 ATM  CIP  ENR  CTX 1 0.4 
38 IMP ATM  CAZ  TE  SXT CTX  N 1 0.7 
39 ATM CAZ  TE  ENR  NA  N 1 0.6 
40 IMP  ATM  CAZ  CIP   SXT  CTX  NA 1 0.7 
41 ATM CAZ  TE  CIP  ENR  NA N 1 0.7 
42 ATM  CAZ  TE  CIP  SXT  NA  N 1 0.7 
43 IMP  ATM  CAZ  TE  CIP  ENR  NA 1 0.7 
44 ATM  CAZ  TE  CIP  ENR  NA 1 0.6 
45 IMP  ATM CAZ  TE  CIP  SXT  NA  N 1 0.8 
46 ATM  CAZ TE  CIP  NA  N 1 0.6 
47 ATM  CAZ  TE  CIP  SXT  ENR  NA  N 1 0.8 
48 IMP  ATM  CAZ  TE  SXT  CTX 1 0.6 
49 ATM  CAZ  TE  CIP  SXT  NA  N 1 0.7 
50 ATM  CAZ  TE  CIP  SXT  ENR  CTX  N 1 0.8 
51 IMP ATM  TE  SXT  CTX  NA  N 1 0.7 
52 IMP  ATM  CAZ  TE  SXT  ENR  CTX  N 1 0.6 
53 ATM  CAZ  TE  SXT  CTX  NA  N    1 0.7 
54 IMP  ATM  CAZ  TE  CTX  NA 1 0.6 
55 IMP  ATM  CAZ  TE  CIP  SXT  CTX  NA  N 1 0.9 
56 IMP  ATM  TE  CIP  ENR  N 1 0.6 
57 IMP  ATM  TE N    1 0.4 
58 IMP  ATM  ENR  NA  N 1 0.5 
59 IMP  ATM TE  CIP  ENR  NA N 1 0.7 
Key: ATM (Aztreonam),  CXT (Cefotaxime),  N (Neomycin),  NA (Nalidixic Acid),    ENR  (Enrofloxacine), SXT 

(Sulphamethoxazole), CIP (Ciprofloxacine), TE (Tetracycline), CAZ (Ceftazidime), IMP (Imipenem), MAR; 
multiple antibiotic resistance index 

 
 



 
 
 
 

Chikwendu et al.; MRJI, 30(4): 56-67, 2020; Article no.MRJI.56626 
 
 

 
63 

 

Table 6. Antibiotic resistant patterns of Aeromonas salmonicida 
 

S/N Pattern No of Isolates MAR 

1 IMP  ATM  CAZ  TE  CIP  SXT  ENR  CTX  NA  N 8 1 
2 IMP  ATM  TE  CIP  SXT  ENR  CTX  NA  N 6 0.9 
3 IMP  ATM  CAZ  TE  CIP  SXT   CTX  NA  N                                                                   5 0.9 
4 IMP  ATM  CAZ  TE  CIP  SXT  ENR  CTX  N 4 0.9 
5 ATM  CAZ  TE  CIP  SXT  ENR  CTX  NA  N 2 0.9 
6 IMP  ATM  TE  SXT  ENR  CTX  NA  N 2 0.8 
7 IMP  ATM  CAZ  TE  CIP  SXT  ENR  NA  N 2 0.9 
8 IMP  ATM  CAZ  TE  SXT  ENR  CTX  NA  N 2 0.9 
9 IMP  ATM  CAZ  TE  CIP  ENR  SXT   CTX 2 0.8 
10 IMP  ATM  CAZ   TE  SXT  CTX  NA  N 2 0.8 
11 ATM  CAZ  TE  SXT  ENR  CTX  NA  N 2 0.8 
12 IMP   ATM  CAZ  TE  CTX  ENR  NA  N 2 0.8 
13 IMP  ATM  TE  N    2 0.4 
14 IMP  ATM  ENR  NA  N 2 0.5 
15 IMP  ATM  TE  CIP  ENR  NA  N 2 0.7 
16 IMP  ATM  TE  CIP  SXT  ENR   NA  N 1 0.8 
17 ATM  TE  CIP  SXT  NA  N 1 0.6 
18 IMP  ATM  CAZ  TE  CTX  NA  N 1 0.7 
19 IMP  ATM  TE  CIP  ENR  CTX  NA  N 1 0.8 
20 IMP  ATM  CAZ TE CIP SXT CTX  N 1 0.8 
21 IMP  ATM  TE  CIP  CTX  NA  N 1 0.7 
22 IMP ATM  TE  CIP  SXT  ENR  N 1 0.7 
23 IMP  ATM  TE  SXT  CTX  NA  N 1 0.7 
24 ATM  CAZ  TE  CIP ENR  CTX  NA  N 1 0.8 
25 IMP  ATM  CAZ  SXT  CTX  NA  N 1 0.7 
26 ATM  CAZ  CIP  CTX  N 1 0.5 
27 ATM  CAZ  TE  CIP  SXT  NA  N 1 0.7 
28 ATM  CAZ  CIP  SXT  ENR  NA  N 1 0.7 
29 ATM  CAZ  TE  CIP  SXT  ENR  CTX  NA 1 0.8 
30 ATM  CAZ  TE  SXT  ENR 1 0.5 
31 ATM  TE  N 1 0.3 
32 ATM  CAZ  TE  CTX  NA  N 1 0.6 
33 IMP  ATM  TE  SXT  ENR  N 1 0.6 
34 IMP  ATM  CAZ  TE  SXT  ENR  NA  N 1 0.8 
35 IMP  ATM  TE  CIP  ENR  CTX  N 1 0.7 
36 ATM  CAZ  TE  SXT  CTX  N 1 0.6 
37 IMP  ATM  CAZ  TE  SXT  NA  N 1 0.7 
38 ATM  CAZ  TE  CIP  SXT  ENR  CTX  N 1 0.8 
39 IMP  ATM  TE  CIP  SXT  ENR  CTX 1 0.7 
40 ATM ENR  CTX  N 1 0.4 
41 IMP  ATM  TE SXT  NA  N 1 0.6 
42 ATM  TE  SXT  NA 1 0.4 
Key: ATM (Aztreonam),  CXT (Cefotaxime),  N (Neomycin),  NA (Nalidixic Acid),    ENR  (Enrofloxacine), SXT 

(Sulphamethoxazole), CIP (Ciprofloxacine), TE (Tetracycline), CAZ (Ceftazidime), IMP (Imipenem), MAR; 
multiple antibiotic resistance index 

 
It can be inferred then, that extracts                            
from Vernonia amygdalina, Ocimum gratissimum 
and Garcinia kola can inhibit resistant 
aquaculture Aeromonas isolates and so can 

present an alternative source of antimicrobials in 
the effort to combat the increasing incidence of 
antimicrobial resistance in aquaculture. 
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Table 7. Inhibitory activities of the crude plant extracts against A. hydrophila 
 

                        Aqueous extracts                         Ethanol extracts 
Conc. (mg/ml) No of isolates O. gratissimum V. amygdalina G. kola O. gratissimum V. amygdalina G. kola 
100 21 0(00) 0(00) 0(00) 0(00) 0(00) 0(00) 
50 21 5 (23.8) 6 (28.6) 9 (42.9) 5 (23.8) 6 (28.6) 9 (42.9) 
50 21 21 (100) 21 (100) 21 (100) 20 (95.2) 20 (95.2) 21 (100) 

 
Table 8. Inhibitory activities of the crude plant extracts against A. salmonicida 

 
  Aqueous extracts Ethanol extracts 
Conc. (mg/ml) No. of isolates O. gratissimum V. amygdalina G. kola O. gratissimum V. amygdalina G. kola 
100 5 0(00) 0(00) 0(00) 0(00) 0(00) 0(00) 
50 5 2(40) 1 (20) 2(40) 1 (20) 1 (20) 3 (60) 
25 5 5 (100) 5 (100) 5 (100) 5 (100) 5 (100) 5 (100) 
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Table 9. Phytochemical constituents of the crude aqueous and ethanol plants extracts 
 

 Plant extracts 
 Ocimum  grattisimum Vernonia  amygdalina Garcinia kola 
Phytochemicals  Ethanol  Aqueous  Ethanol  Aqueous  Ethanol  Aqueous  
Alkaloids + - - - + - 
Saponins + + + + + + 
Tannins  + + + + + + 
Flavonoids  + + + - + + 
Steroids  - - - - + - 
Glycosides  + + - + + + 

Key:  - (absent); + (present) 
 

4. CONCLUSION 
 

At the end of the study, high rates of resistance 
were identified amongst the Aeromonas spp 
isolates from aquaculture. Also, the crude 
aqueous and ethanolic extracts of the three 
plants tested were found to be effective against 
the isolates and so could be good candidates for 
alternative sources of antimicrobials in 
aquaculture in view of increasing resistance 
amongst Aeromonas spp in that environment to 
commercial antibiotics. 
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