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Abstract

Background and Objective: Plant materials remain an important resource to combat diseases in the world. The development of
antibiotic-resistant due to the indiscriminate use of antibiotics has led to the use of natural products that have antimicrobial effects.
Antimicrobial evaluation of aqueous, ethanolic and methanolic extracts of guava and holy basil leaves were investigated using agar
well diffusion method. Materials and Methods: The extracts were tested against four clinical strains of bacterial isolates from
Clarias gariepinus. Minimum Inhibitory Concentration (MIC) of guava, holy basil leaves and phytochemical screening of these
plants were determined using standard methods. Data were analyzed using descriptive statistics. Results: The guava and holy
basil leaves of agueous, ethanolic and methanolic extracts had inhibition zones of 201+0.01,18+0.02,24+0.02,17%+0.02,22+0.03 and
18+0.02 mm diameter, respectively against Bacillus subtilis;, 24%+0.01, 10£0.01, 25+0.01, 20%+0.02, 25£0.03 and 22£0.03 mm
diameter against Staphylococcus aureus; 24%+0.01, 10£0.02, 20+0.02, 10£0.03, 24£0.01 and 17£0.01 mm diameter against
Streptococcus iniae; 15£0.01,10£0.01, 24%0.02, 10£0.02, 19+0.01 and 0.8%+0.03 mm diameter against Aeromonas hydrophila;
0.7%+0.01,0.4£0.01,0.3%0.01,0.4%+0.01,0.10£0.00 and 0.10£0.00 mm diameter against Aspergillus niger. The leaves extracts were
active and it inhibited the growth of the micro-organisms. Minimum inhibitory concentration of these plants on the bacteria tested was
1000 pg mL~". The phytochemical screenings of these plants revealed the presence of saponins, tannins, flavonoids and phenol.
Conclusion: The results indicated that these plants had antibacterial activity on the tested organisms and show their potentials for
their use in the treatment of fish pathogens.
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INTRODUCTION

Fish are susceptible to several bacterial infections mainly
when reared in high density conditions. Disease outbreaks
elevated the mortality rate and decrease the productivity
efficiency, causing high economic loss of the fish farmers'.
The continuous use of synthetic antimicrobial agent in
aquaculture has resulted in more resistant bacterial strains in
the aquatic environment?. The development of antibiotic
resistant is multifactorial including the specific nature of the
relationship of bacteria to antibiotics, the usage of
antibacterial agent, host characteristics and environmental
factors?.

This situation has forced scientist to search for a new
antimicrobial substances from various sources as novel
antimicrobial chemotherapeutic agents but the cost of
production of synthetic drug is high and they produce adverse
effects compared to plant derived drugs*. Medicinal plants as
the alternative agents are effective to treat the infectious
diseases and mitigate many of side effects that are associated
with synthetic antimicrobials®.

Treatment of bacterial diseases with different medicinal
plants have been safely used in organic agriculture, veterinary
and human medicines and treatment with medicinal plants
having antibacterial activity are a potentially beneficial
alternative in aquaculture. The medicinal plants may be used
as potential and promising drugs against fish pathogens in
the organic aquaculture’. Medicinal plants such as Psidium
guajava and Ocimum sanctum can be used in fish health
management but the mechanism of action of P. guajava
and O. sanctum as antimicrobial agents are yet to be
adequately researched.

The present study elucidates the antimicrobial activity
of P. guajava and O. sanctum against different microbes.

MATERIALS AND METHODS

Plant collection: The £ guajava and O. sanctum leaves
were used in the study and these plants were obtained in
Igodan Lisa, Okitipupa, Nigeria on the 15th-17th January,
2015. The plants were identified by Mr. S.M. Erinoso in the
Department of Biological Sciences (Botany Programme), Ondo
State University of Science and Technology, Okitipupa, Nigeria.

Preparation and extraction of guava and holy basil
leaves: Guava and holy basil leaves were air-dried in the
Fisheries and Aquaculture Laboratory, Ondo State University
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of Science and Technology, Okitipupa, Nigeria, for 4 weeks
(15th January-15th February, 2015). The extraction of guava
and holy basil leaves were done as described by Ajaiyeoba and
Fadare®. The air-dried extracts of guava and holy basil leaves
were kept in a separate container and store at 25°C until
required.

Culture media, chemicals and preparation: Media such as
nutrient broth (Oxoid), nutrient agar (Biolife), Potato
Dextrose Agar (PDA) (Oxoid) and Mueller-Hinton agar
(HiMedia) were used for the study. Also, distilled water,
ethanoland methanol were used for extraction process. These
media and the solvent were purchased from a re-known
company in Nigeria. All media used were prepared according
to manufacturer's instruction. All these media are allowed
to cool after sterilization to about 45°C before pouring into
Petri dishes.

Source of test organisms: The micro-organisms isolated
from  Clarias  gariepinus  juveniles Aeromonas
hydrophila, Streptococcus iniae sp., Bacillus substilis and
Staphylococcus aureus. The isolation characteristics of
bacteria using bio-chemical test were carried out at
Microbiology Laboratory, Faculty of Science, Ondo State
University of Science and Technology, Okitipupa, Nigeria, on
2nd March-5th April, 2015. Aspergillus flavus was collected
from the stock of the Department of Microbiology at
Ondo State University of Science and Technology, Okitipupa,
Nigeria. The pure cultures were labeled, sub-cultured on
nutrient agar slants and nutrient broth(s) and potato
dextrose agar (PDA), preserved in the refrigerator at 4°C until
it is required for study.

were

Isolation of micro-organism/counts: The gills, skin, intestine
and liver sample of C gariepinus were separately
macerated and put into sterile clapped test tube containing
sterilized distilled water, homogenized and serial dilution
was performed as described by Shalaby et a/°. Total viable
count and Enterobacteriaceae counts were determined, the

result were expressed in log,, CFU g~

Antimicrobial assay: A well diffusion assay as described
by Bello et a/'® was used. Distilled water was used as
negative control while antibiotics, chloramphenicol (10 and
20 mg mL~") were used as positive control. The plates were
examined for zones of inhibition which was scored
positive, if the width of the clear zone was 10 mm or longer.
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The diameter of the inhibition zones was taken to be
proportional to the logarithm of the antimicrobial
compounds in guava and holy basil leaves.

Determination of minimum inhibitory concentration of
plant extract by microdilution method: Double dilution of
2000 pg mL~" of guava and holy basil leaves extract were
made in 2 mL volume of broth to 15.63 ug mL~". One row of
the test was inoculated with 0.02 mL of 1in 100 dilution of the
overnight broth culture of the organism'. The test was
incubated at 37°C for 24 h aerobically. The minimum
inhibitory concentration was the lowest concentration that
prevented the growth of bacterial after 24 h incubation.

Determination of phytochemical screening: Phytochemical
constituents such as saponins, phenols, tannins, flavonoids,
glucosinolates, triterpenes and steroids, proteins and amino
acids were done as described by Olusola et a/' and Adeoye
and Oyedapo' methods.

RESULTS

Evaluation of phytochemical constituentsin guava and holy
basil leaves: The result of the phytochemical screening
revealed the presence of saponins, tannins, flavonoids,
phenols and protein. Glucosinolates and polysterols were
absent in both plants as shown in Table 1.

Evaluation of microbial load in (larias gariepinus. The
results of the microbial load of fish tissue (skin, gills, intestine
and liver) showed that skin had the highest Enterobacteriacea
counts and total viable counts while the control recorded no
Enterobacteriacea counts and total viable counts as shown in
Table 2.

Evaluation of plant extracts bioactivity against fish
pathogens: The results showed that aqueous, ethanolic and
methanolic extracts of the guava leaves had better
antimicrobial properties against the tested pathogens when
compared with extracts of holy basil leaves and the control
(Table 3).

Minimum inhibitory concentration (MIC)
extracts using microdilution method: The result showed
1000 and 2000 pg mL~" of aqueous, ethanolic and methanolic
extracts of guava and holy basil leaves, respectively against
the tested pathogens except S iniae, B subtilis in
aqueous and ethanolic extracts of guava leaves, respectively
(Table 4).

of plant
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Table 1: Determination of some important phytochemical of guava and holy

basil leaves
Parameters Guava leaves Holy basil leaves
Saponins +++ +
Tannins + +
Flavonoids + +
Glucosinolates - -
Phenol + +
Proteins + +
Polysterols - -

+++: Present and available in abundant quantity, +: Small quantity, -: Absent

Table 2: Microbial load of fish tissue

Fish site Organism Microbial load (log,, CFU g~")
Liver Enterobacteriacea counts 1.631+0.01
Total viable counts 2.12%0.02
Intestine  Enterobacteriacea counts 2.17%0.02
Total viable counts 2.48+0.03
Skin Enterobacteriacea counts 247%0.01
Total viable counts 2.66£0.06
Gills Enterobacteriacea counts 2.27%0.04
Total viable counts 2.33+0.01
Control Enterobacteriacea counts -

Total viable counts

DISCUSSION

The result of the phytochemical screening showed the
presence of saponins, tannins, flavonoids, phenol and protein.
Glucosinolate and polysterol were not detected in both
plants. The value of saponins obtained was abundant (+++)
compared to the low quantity (+) observed in holy basil.
The presence of these constituents in these plants
was in agreement with the report of Kumar et al',
Shafgatullah et al", Prasad et al'®, Joshi et al®,
Devendran and Balasubramanian? and Bihari et a/?'. Also,
this observation were similar with Arya et a/?, who
reported that the phytochemical screening of ethanol,
aqueous and hydro alcoholic extracts revealed the
presence of flavonoids, tannins, saponins, triterpenoids
and alkaloids in Psidium guajava.

The epithelial surfaces of fish such as those of skin, gill
or gastrointestinal tract are the first contact areas for
potential pathogens'. The result of this work revealed that
the microbial counts in the liver, intestine, skin and gill of
Clarias gariepinus varies with the skin having the highest
values of Enterobacteriacea and total viable counts. This
agrees with Shalaby et a/° and Bello et a/' that bacterial
load is greater on the skin and gills than any part of fish as
these parts are ones constantly exposed to challenges.

Effects of different antibiotics on fish pathogenic bacteria
under laboratory condition provided useful information on
treatment of bacterial fish diseases?. The observation of the
present study revealed that the both plants inhibited the
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Table 3: Antimicrobial activities (diameter of inhibition zone, mm) of plant extracts on fish pathogens by well diffusion method

Diameter of inhibition zone, mm

Aqueous Methanol Ethanol
Guava Holy basil Guava Holy basil Guava Holy basil  Chloramphenicol Chloramphenicol
Pathogens leaves leaves leaves leaves leaves leaves (10 mg mL™) (20 mg mL™") Control
Bacillus subtilis 20%0.01 18%0.02 22%0.03 18%0.02 24%0.03 17%£0.02 20%0.02 25%0.02 -
Staphylococcus aureus 24%0.01 10£0.01 25%0.03 22+0.03 25+0.03 20%0.02 18£0.02 23%0.01 -
Streptococcus iniae 2410.01 10£0.02 241£0.01 17£0.01 20+0.01 10£0.03 16£0.02 22+0.01 -
Aeromonas hydrophila 15%+0.01 10+0.01 19+0.01 08+0.03 24%£0.01 10+0.02 - - -
Aspergillus niger 07%0.00 04%0.00 01%0.00 01%0.00 03%0.00 04%0.02 ND ND -
ND: Not determined
Table 4: Minimum inhibitory concentration of aqueous, ethanolic and methanolic plant extracts against fish pathogens using microdilution method
Minimum inhibitory concentration (ug mL™")
Parameters Isolates 2000 1000 500 250 125 62.5 313 15.63
Guava leaves Bacillus subtilis - - - + + + + +
- - - - + + + +
- - + + + + + +
Staphylococcus aureus - - - + + + + +
- - + + + + + +
- - + + + + + +
Streptococcus iniae - - - - - + + +
- - + + + + + +
- + + + + + + +
Aeromonas hydrophila - - + + + + + +
- - + + + + + +
- - + + + + + +
Control (without isolates) - - - - - - - -
Holy basil leaves Bacillus subtilis - - + + + + + +
- - + + + + + +
- - + + + + + +
Staphylococcus aureus - - + + + + + +
- - + + + + + +
- - + + + + + +
Streptococcus iniae - - + + + + + +
- - - + + + + +
- - + + + + + +
Aeromonas hydrophila - + + + + + + +
- + + + + + + +
- + + + + + + +

Control (without isolates) -

+: Growth showed by turbidity of the broth, -: No growth

growth of pathogenic bacteria tested, B. subtilis, S. iniae,
S. aureus, A. hydrophila and the fungi, A. niger. The
negative control (distilled water) did not show any zone
of inhibition while the positive control (Chloramphenicol)
had inhibition of zone of diameter against the tested
pathogens except A. hydrophila. Gram-positive and
Gram-negative bacteria showed susceptibility toward all
extracts, the zone of their inhibition range between
01-25 mm for aqueous, ethanolic and methanolic extracts
of guava and holy basic leaves.

This result was similar to the report of Jeba and
Rameshkumar?*, Singh et a/?, Sanguri et a/, Rathod et a/?,
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Mishra and Mishra®, Also, this result agrees with those
obtained by Jaiarj et a/?°, who observed growth inhibition of
S. aureus strains when these were diluted in water,
ethanol and chloroform guava leaves extracts. Gnan and
Demello® obtained similar results when testing the growth
inhibition of S. aureus by guava leaves and fruit water
extracts. Guava leaves has been shown to have significant
effects on the Gram-negative and Gram-positive when
compared to holy basil and chloramphenicol at 10 and
20 mg mL™.

The antibacterial activity of Psidium guajava is
attributed to guajavenine and to psydiolic acid®'. Also
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the leaves contain large amount of tannin and
triterpenoids (crategolics, gujavolic, oleanolics and ursolic
acids) and essential oil containing B-sitosterol, B-bisabolene,
B-caryophyllene, aromadendrene, B-selinene, guajavenine,
nerolidiol?? and se-ll-en-4a-01. The results of the present
study observed that the guava leaves extracts were more
active than chloramphenicol and control (distilled water).
This report supported with the study of Thanangkol and
Chaichangptipayut®, who found that guava leaves were more
efficient than synthetic drugs in the treatment of infections.

The minimum inhibitory concentration (MIC) of the
guava and holy basil leaves extracts was determined using
the micro dilution methods. It is found that aqueous, ethanol
and methanol extracts of these plants were active against
the pathogen tested and it was recorded that 1000 pg mL™"
was the least concentration that prevented the growth of
bacteria after 24 h incubation except A. Aydrophila and
S. iniae for aqueous, methanol and ethanol extracts of holy
basil and methanol extracts of guava leaves who recorded
2000 pg mL~". This result was aligned with the report of

Geidam et a/** and Sanches et a/*.
CONCLUSION

Guava and holy basil leaves is widely available, less toxic,
suitable for boosting immune system and effectiveness of
aqueous, ethanolic and methanolic extracts against fish
pathogens thus make guava (P. guajava) leaves and holy
basil (O. sanctum) leaves a very promising alternatives to
commercial antibiotics that are losing efficacy in the
treatment of fish diseases.

SIGNIFICANCE STATEMENT

This study discovered that the P guajava and
O. sanctum leaves extracts had significant potential for
the development of new antimicrobial treatment and
reduction of drug resistance, which will permit to find the
treatment of several diseases caused by micro-organisms.
This study will help the researchers to uncover the critical
areas of plant extracts that many researchers were not
able to explore. Thus a new theory on antimicrobial
inhibition by the plant extracts may be arrived at.
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