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Abstract

Background: There is a need for the screening more effective, affordable and readily available antimicrobial
substances from local medicinal plants or herbs as the pathogenic bacteria are developing the resistance to
common antibiotics. Guava (Psidium guajava L) has antimicrobial activities and it is easily accessible to local
populace in tropical region. Antimicrobial properties of guava extracts are attributed to the presence of different
phytochemical constituents. The fact that phytochemicals’ constituents vary as a result of geographical locations
and literatures about Ethiopian guava with respect to phytochemicals’ composition and content, and antimicrobial
activities are hardly available, there is a need to analyze phytochemicals and antimicrobial properties of the
Ethiopian guava from Oromia Regional State, Babile and Gursum Districts against Salmonella Typhi, Shigella boydii,
Staphylococcus aureus and Enterococcus faecalis.

Methods: Extraction was done by maceration. Qualitative analysis of phytochemicals was carried out using
standard protocol and quantitative phytochemical determination was conducted using spectrophotometric and
gravimetric methods. Antimicrobial activities were determined by disc diffusion and broth dilution method.

Results: Qualitative phytochemical analysis revealed the presence of alkaloids, saponin, steroids and tannin, but the
absence of flavonoid and phlobatannin in all Babile and Gursum leaf and bark extracts. Gravimetric measurement
showed the highest terpenoid content of 105.00 + 8.66 mg extract/g of powder in Gursum leaf extract. Similarly,
spectrophotometric measurement showed the highest total phenol content of 0.205 + 0.01 mg/g of the extracts as
Tannic Acid Equivalent in Gursum leaf extract. Antimicrobial activity tests revealed that Babile leaf extract showed
the highest 13.0 + 6.79 mm zone of inhibition against Shigella boydii compared to that of other guava extracts.
Babile leaf extract showed the lowest 2.375 + 0.177 mg/ml minimum inhibitory concentration against Shigella boydii,
while Gursum leaf extract showed the lowest 1.875 + 0.884 mg/ml MIC against Salmonella Typhi.

Phytochemical analysis showed the presence of alkaloids, saponins, steroids and tannins in the all extracts, but the
absence of flavonoids and phlobatannins in the all extracts and terpenoids in Babile extracts. The highest content
of alkaloid and terpenoid (98.67 + 14.43, 93.33 + 8.82 mg extract/g of powder, respectively) were found in Babile leaf
and Gursum bark extracts, respectively. Antimicrobial activity tests revealed that Babile leaf extracts showed higher
zone of inhibition against all clinical isolates than that of Gursum leaf extracts, but Babile bark extracts showed
lower zone of inhibition against all clinical isolates than that of Gursum bark extracts. Babile leaf extracts showed
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the highest zone of inhibition (13.0 + 6.79 mm) against S. boydii, and Babile bark extracts showed the lowest
Minimum Inhibitory Concentration (1.250 = 0.001 mg/ml) against S. Typhi.

Conclusion: Guava extracts from different location could be source of natural antimicrobial agents with different
composition and content. In vivo antimicrobial activity, and isolation, identification and synergy of specific active
compound that responsible for the antibacterial activity should be evaluated.

Keywords: Antimicrobial activity, Ethiopia, Psidium guajava, Phytochemical analysis, Shigella boydii

Background

Plants produce a diverse array of secondary metabo-
lites, many of which have antimicrobial activities
against some pathogenic microorganisms that are
implicated in enteric infections. Some of these com-
pounds are constitutive, existing in healthy plants in
their biologically active forms and they elicit chemo-
therapeutic or chemoprophylactic properties against
a wide range of infectious enteric diseases [1]. Be-
cause of the pathogenic microorganisms are develop-
ing the resistance to common antibiotics, there is a
need for the search of new antimicrobial agents
mainly among plant extracts [2, 3]. Potential effort
has been the screening of more effective, affordable
and readily available antimicrobial substances with
diverse chemical structures and novel mechanisms of
action from local medicinal plants or herbs [4, 5].

P. guajava has been used traditionally as a medicinal
plant throughout the world for a number of ailments [6,
7]. All parts of the plant have been used for different
purposes: hepatoprotection, antioxidant, anti-
inflammatory, anti-spasmodic, anti-cancer, anti-microbial,
anti-hyperglycemic, analgesic, endothelial progenitor cells,
anti-stomachache and anti-diarrhea [7].

Phytochemical screening of different guava extracts
has revealed numerous bioactive compounds. Guava leaf
contains broad spectrum of bioactive compounds in-
cluding tannin, flavonoid, terpenoid steroid, steroids,
glycoside, cardiac glycoside, alkaloid, phlobatannin, poly-
phenol, saponin anthraquinones, Phytosteroid and
carbohydrate [7-11]. The spectrum of bioactive com-
pounds detected in bark extracts include anthraquinone
alkaloids, tannin, saponin, flavonoid, steroid, terpenoids,
cardiac glycosides, coumarin, carboxylic acid, quinine
and resin [7, 12—15]. However, folklore involves the use
of plants without isolating particular phytochemicals
[16]. The reason is that the synergy of the combined
substances enhances the efficacy [16—18] and dilutes
toxicity [16]. But, detailed analysis of phytochemical
constituents of medicinal plants makes dosage quantifi-
cation more easy [16]. Guava is the single source of
many beneficial components (probably the highest in
number) of herbal remedies, which are edible without
any known detrimental effect [19].

Development of antibiotics resistance by enteric bacterial
pathogens including Salmonella and Shigella, against easily
accessible and commonly prescribed drugs has become a
major concern throughout the world, particularly in devel-
oping countries of East Africa including Ethiopia [20].

Besides the Methicillin Resistant Staphylococcus aureus
(M.R.S.a) is an emerging bacterial pathogen associated with
significant morbidity and mortality [21]. Similarly, the
emergence of vancomycin-resistant Enterococci (VRE) is a
cause of concern; as once established, it is very difficult to
control [22]. Guava is one of the well known plants in folk
medicine and it has been reported for the management of
enteric bacterial infections. The antibacterial activities of
guava extracts have been reported [1, 2, 14, 23-29].

The antibacterial properties of guava extracts were at-
tributed to the presence of different phytochemical con-
stituents [2, 9, 14, 27]. Variation in plant phytochemicals’
constituents and antimicrobial activities exist, among
other factors, due to biochemical reaction within species
[16], geographical location [30, 31], methods of extraction
[8, 29] and solvent used for extraction [14, 15, 32, 33].

The fact that phytochemicals’ constituents vary as a
result of geographical locations and literatures about
Ethiopian guava with respect to phytochemicals’ com-
position and content, and antimicrobial activities are
hardly available, there is a need to analyze phytochemi-
cals and antimicrobial properties of the Ethiopian guava
from different districts for treatment of Salmonella
Typhi, Shigella boydii, Staphylococcus aureus and En-
terococcus faecalis infections. Therefore, this study was
aimed to screen and quantify the major secondary com-
pounds and to evaluate antibacterial activities of leaf and
bark extracts of guava collected from Gursum and Babile
districts. The two districts are part of East Hararghe
Zone of Oromia, where guava is a common horticultural
crop cultivated by small scale farmers [34]. The altitude
of Babile Woreda ranges from 500 to 1500 m above sea
level (m.a.s.l) [35]. Whereas, the altitude of Gursum wor-
eda ranges from 1200 to 2950 m.a.s.] [36].

Materials and methods

Plant material collection and authentication

Fully mature and healthy guava (P. guajava) leaves and
barks were collected randomly from low land of area of
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Babile and mid-land area of Gursum in May 2014. Sam-
ple authentication was carried out at the Botany Labora-
tory and Herbarium of Haramaya University.

Preparation of extract

Leaves and barks were washed under running tap water
to remove dusts and were dried under shade at room
temperature for 15days [11]. Thereafter, they were
grounded to fine powder using electric miller (IKA A1l
basic). The dry powders obtained were stored in air tight
plastic containers and kept in refrigerator at 4 °C until
they were used for qualitative analysis and extraction
[33]. Modified method of [14] was used for extraction.
Briefly, the dried powders were extracted by maceration
using 97% ethanol. Eighty grams of powder and 400 ml
of ethanol were added to 500ml capacity Erlenmeyer
flasks and mixed by shaking. Then, the flasks were
wrapped with aluminum foil to avoid evaporation and
were shaken on a platform shaker for 3 days at room
temperature. Some of the resulting extracts were con-
centrated by heating on a hot plate at about 30 to 40 °C
for 30 min and were subsequently used for qualitative
analysis. The rest were evaporated to dryness at room
temperature for 4 days and preserved at 4 °C until used
for qualitative and quantitative analysis, as well as for
anti-bacterial activity tests.

Qualitative phytochemical analysis

Qualitative analysis of major group of secondary metab-
olites such as tannins, phlobatannins, saponins, flavo-
noids, steroids, terpenoids and alkaloids was carried out
on the concentrated or solidified ethanolic extract, or
powdered leaf and bark samples as described below.

1) Test for tannins: One gram of each powdered
sample was separately added into 20 ml of distilled
water in test tubes. Then, the mixtures were boiled
in water bath for 5 minutes and were filtered while
hot using filter paper into Erlenmeyer flasks. After
cooling, 1 ml of the filtrate was diluted to 5 ml
solution using distilled water and then a few drops
(2—3) of 10% ferric chloride were added to it.
Formation of bluish-black or brownish-green pre-
cipitate indicated the presence of tannins [37].

2) Test for phlobatannins: Zero point 5 gram of each
solidified extract was placed into separate test tubes
and mixed with 20 ml of distilled water. The
mixtures were boiled in water bath for 10 min.
After cooling, the mixture was separately filtered
through a Whatman No 1 filter paper. Thereafter,
2 ml of 1% aqueous hydrochloric acid was added to
each mixture and shaken to develop red precipitate
that indicates the presence of phlobatannins [38].
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3) Test for saponins: One gram of each powdered
sample was placed into separate test tubes and
mixed with 10 ml of distilled water. Then, the
mixtures were boiled in a water bath for 10 min and
were filtered while hot in to Erlenmeyer flask. After
cooling, foam and emulsion were carried out. In
foam test, 2.5 ml of filtrate was added to a test tube,
diluted to 10 ml with distilled water and shaken
vigorously for 2 min. Formation of froth confirmed
the presence of saponin in the filtrate. In emulsion
test, 2 drops of olive oil were added to the frothing
and the mixture was shaken vigorously for a few
minutes. Formation of a fairly stable emulsion
indicated the presence of saponins [38].

4) Test for flavonoids: Two ml of each of the
concentrated ethanolic extract was added into
different test tubes. Then, 4 drops of 10% NaOH
solution were added and heated in water bath for
10 min. The intensity of yellow color which became
colorless on addition of 10 drops of 1%
hydrochloric acid showed the presence of
flavonoids [39].

5) Test for steroids: Two ml chloroform and 10
drops of acetic acid were placed in a test tube.
Then, 0.5 ml of concentrated ethanolic extract was
added to the test tube and mixed with the solvent.
Next, 2 ml of concentrated sulphuric acid was
added from the side of the test tube. The change of
red colour through blue to green indicated the
presence of steroids [32].

6) Test for terpenoids: Five ml of each concentrated
ethanolic extract was mixed with 2 ml of
chloroform in separate test tubes, and then 2 ml of
concentrated sulfuric acid was added carefully and
shaken gently to form a layer. A reddish brown
coloration of the inter-phase confirmed positive re-
sults for the presence of terpenoids [27].

7) Test for alkaloids: Two ml of 1% HCI was added
to 6 ml of each concentrated ethanolic extract in
different test tubes. Each mixture was heated for 2
min in a water bath while stirring continuously. It
was then cooled and filtered. The resulting filtrate
was tested with Mayer’s Reagent for the presence of
alkaloids as described by [39]. One ml of the filtrate
was added to 0.5 ml of Mayer’s reagent. Formation
of cream yellow precipitate indicated the presence
of alkaloids.

Quantitative phytochemical analysis

After qualitative identification, the detected, major con-
stituents of secondary metabolites such as total phenol,
tannins, saponins, terpenoids and alkaloids were quanti-
fied as described below.
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1)

2)

Determination of total phenolics content:
Spectrophotometric method was used to quantify
total phenol content as described by [40]. Briefly,
stock solution (1 mg/ml, w/v) was prepared by
dissolving 10 mg of the solidified leaf and bark
extracts extract, separately, in 10 ml of 80% ethanol.
Then, 500 pl stock of the extract was transferred to
test tube. Next, 500 pl of the Folin-Ciocalteu solu-
tion and 1 ml of the sodium carbonate solution
were added in the test tube. The final volume was
adjusted to 10 ml by adding 8 ml of distilled water.
The sample solutions were kept at room
temperature for 30 min and their absorptions were
measured at 760 nm using distilled water as a blank.
Standard curve of tannic acid was used. Total Phe-
nol Content (TPC) was calculated as tannic acid
equivalent from a calibration curve of y =0.1167x +
0.0869, R* = 0.9627 obtained from tannic acid con-
centration (1, 2, 3, 4 and 5 pug/mL).

Determination of tannin content: Five hundred
mg of casein was transferred into each a 25 ml
capacity Erlenmeyer flasks. Then, 0.5 ml stock
solution of the extracts (prepared for determination
of total phenol contents) and 5 ml of distilled water
were added in to the flask. After 2 hours, the
extracts were filtered and these filtrates were used
to determine non-tannic phenols using a procedure
similar to total phenol determination. The tannin
content was calculated as:

TC = TPC-NTP

where TC is the tannin content in mg/g of the extracts
as Tannic Acid Equivalent (TAE), TPC is total phenolic
content and NTP is Non-tannin Phenol content.

3)

Determination of alkaloid content: Alkaloid
content was determined using the method of [41].
Three gram of the powder was weighed and added
into a 50 ml capacity Erlenmayer flask. Then, 20 ml
of 10% acetic acid in ethanol was added into the
flask which was soon covered and the solution was
allowed to stand for 4 h. Next, the solution was
filtered and concentrated ammonium hydroxide
was added drop wise to the filtrate until the
formation of precipitate was stopped. The whole
solution was then allowed to settle the precipitate.
Then, precipitate was collected, washed with 10%
ammonium hydroxide and then filtered. The
obtained residue was dried and weighed. Alkaloid
content was calculated as mg per grams of the
sample powder used.
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4) Determination of saponin content: Saponin
content was determined using the method of [42].
Fifteen ml of 20% aqueous ethanol was added into a
conical flask containing 3 g of the powder. It was
then heated over a hot water bath for 4 h with
continuous stirring at about 55 °C. After filtering
the mixture, the residue was re-extracted with an-
other 30 ml of 20% ethanol. The resulting filtrates
were combined and reduced to 10 ml over water
bath at about 90 °C. Then, it was transferred into a
250 ml capacity separatory funnel and 5 ml of di-
ethyl ether was then added and the resulting mix-
ture was shaken gently. The bottom aqueous layer
was then drained. The top diethyl ether layer was
washed using small quantities of water twice and
aqueous layer was drained accordingly and com-
bined. Thereafter, 15 ml n-butanol was added to the
combined aqueous layer solution and the resulting
solution was shaken gently. The solution was
washed twice with 2.5 ml of 5% aqueous sodium
chloride followed by discarding bottom aqueous
layer while top n-butanol layer was transferred to
pre-weighed petri-plate and heated in a water bath
for evaporation. Then, samples were dried in the
oven to at 60 °C to constant weight and they were
then measured; the saponin content was calculated
as mg per grams of the sample extract used.

5) Determination of terpenoid content: Terpenoid
content was determined using the method of [43]. Two
grams of powder soaked in 50 ml of 97% ethanol for
24 h. The extracts were filtered using Whatman No.1
filter paper. The filtrate was added into separating
funnel followed by addition 50 ml of petroleum ether.
The resulting mixture was shaken and allowed to stay
for 5 min for layer formation. Then, the bottom layer
was drained and discarded while top petroleum ether
was collected and concentrated to dryness using rotary
evaporator at 40 °C. The mass of dried ether extract,
considered as crude terpenoid, was measured and its
content was calculated as mg per grams of the sample
powder used.

Antimicrobial activity test

Collection of enteric bacterial pathogens

Enteric bacterial pathogens of human clinical isolate
were obtained from Ethiopian Public Health Institute
(EPHI), Addis Ababa, Ethiopia. The isolates include 2
gram-negative pathogen (Salmonella Typhi and Shigella
boydii) and 2 gram-positive pathogens (Staphylococcus
aureus and Enterococcus faecalis).

Sub-culturing and standardization of inoculum
Enteric bacterial suspension matched the turbidity of the
0.5 McFarland Standards were prepared as described by
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the Clinical Laboratory Standards Institute [44]. The
resulting suspension was then used as inoculum for the
test pathogen used in the antibacterial susceptibility test.

Disc diffusion test

A stock solution of the extract (200 mg/ml) was pre-
pared by dissolving 0.4 g of each of the dried extracts in
2 ml of ethanol.

Preparation of antibiotic impregnated discs: Whatman
No.1 filter paper discs of 6 mm diameter were punched
out with the aid of paper punch and were placed in pet-
riplate. They were then sterilized by autoclaving at
121 °C for 15 min [29]. After that, the discs were cooled
and they were impregnated with 0.01 ml of 200 mg/ml of
each extract, and ethanol. The solution of the extract
was prepared by dissolving 0.4 g of each of the dried ex-
tracts in 2 ml of ethanol [25]. Enteric bacterial suspen-
sion matched the turbidity of the 0.5 McFarland
Standards were prepared as described by the Clinical La-
boratory Standards Institute [44].

Within 15 min after adjusting the turbidity of the sus-
pension of inoculum, a sterile cotton swab was dipped
into the adjusted suspension and rotated several times
by pressing firmly on the inside wall of the tube above
the fluid level.. Then, the dried surface of MHA plate
was inoculated by streak plate method. Then, the MHA
plates were left open for three to 5 minutes to allow for
any excess surface moisture to be absorbed. Following
this step, the impregnated discs were dispensed evenly
and pressed onto the surface of the inoculated agar plate
using sterile forceps [44].. Commercial ciprofloxacin
discs (5 pg) were used as a positive control and the pure
solvent (ethanol) impregnated discs were used as a nega-
tive control. The MHA plates were then sealed with par-
afilm and incubated at 37 °C for 24 h. After incubation,
the diameters of the zone of inhibition around each disc
were measured to the nearest millimeter along two axes
(i.e. 90° to each other) by using transparent ruler and the
means of the two readings were recorded. For each se-
lected enteric bacterial isolate, the experiment was car-
ried out in parallel and with three replications [27].

Minimum inhibition concentration (MIC) determination

A stock solution of extract (20 mg/ml) was prepared by
dissolving 100 mg of each of the dried extracts in 5 ml of
ethanol and from this stock; 2-fold serial dilutions of 10,
5, 2.5, 1.25, 0.625 mg/ml were prepared [25]. These con-
centrations, along with the stocks, were used for deter-
mination of minimum inhibitory concentration.

Broth dilution method was used for determination of
Minimum Inhibitory Concentration (MIC). Breifly, 2 ml
of nutrient broth was added into six test tubes and 0. 1
ml of the prepared concentration of each extract was
mixed with the nutrient broth. Thereafter, 0.1 ml of
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standardized inoculum was dispensed into the test tube
containing the suspension of nutrient broth and the ex-
tract. Then, all test tubes were properly corked and incu-
bated at 37 °C for 24 h. After which, they were observed
for absence or presence of visible growth. The lowest
concentration without visible growth of organisms was
regarded as the MIC [29].

Statistical analysis

All quantitative phytochemical analysis and disc diffu-
sion antibacterial activity test were conducted in tripli-
cate. The experimental results were expressed as means
+ Standard Error of the Mean (1#=3). MIC determin-
ation was carried out in duplicate and the experimental
results were expressed as mean + Standard Deviation
(n=2). The data were analyzed by SPSS version 20 and
the means were separated by Duncan’s multiple range
tests. The difference among the means of the measured
variables was considered at p < 0.05.

Results

Qualitative phytochemical analysis of the extract

The results of qualitative phytochemical analysis re-
vealed the presence of alkaloids, saponin, steroids and
tannin in all leaf and bark sample. Whereas, flavonoid
and phlobatannin were absent in the all guava extracts
and terpenoid was absent in the Babile guava extracts
(Table 1).

Quantitative phytochemical determination of the extract

The result of quantitative determination of phytochemi-
cals was summarized in Table 2. Total Phenolic Content
(TPC) and Tannin Content (TC) were obtained from re-
gression equation of the calibration curve y=0.1167x +
0.0869 mg /g as TAE as shown in Fig. 1. As can be seen
from Table 2, TPC and TC of Babile bark extract
(0.13 £0.00 mg/g as TAE and 0.09 + 0.01 mg/g as TAE,
respectively) were significantly the lowest as compared
to other guava extracts (p <0.05). Alkaloid content of
Babile and Gursum leaf extracts, Babile and Gursum
bark extracts, and saponin contents of all guava leaf and
bark extracts were not significantly different (p > 0.05).

Antibacterial activity of the extract
The result of agar disc diffusion test was summarized in
Table 3. Babile leaf extracts showed significantly the
highest ZOI (8.7 £ 1.01 mm) against Salmonella Typhi
(p>0.05). Compared to other antimicrobial agents, the
standard antibiotics (ciprofloxacin) showed significantly
the highest ZOI against all tested clinical isolates (p >
0.05).

The results of MICs of the extract were represented in
Table 4. As it can be seen from the table, the lowest
MIC of Babile leaf extract was against Shigella boydii



Oncho et al. Clinical Phytoscience (2021) 7:37

Page 6 of 10

Table 1 Results of phytochemical screening from ethanolic extracts of guava leaf and bark

Plant Screened phytochemicals

sample Tannin Saponin Flavonoid Alkaloid Steroid Terpenoid Phlobatannin
Babile leaf + + - + + _ _

Babile bark + + - + + _ _

Gursum leaf + + - + + + _

Gursum bark + + - + + + -

+indicates the presence and -the absence of screened phytochemicals

(2.375 + 0.177 mg/ml), while the lowest MIC of Gursum
leaf extract was against Salmonella Typhi (1.875 + 0.884
mg/ml). Both Babile and Gursum bark extracts showed
the lowest MIC against S. Typhi.

Discussion

Phytochemical analysis

In the present study, a preliminary qualitative phyto-
chemical analysis was carried out to identify the major
secondary metabolites such as tannin, phlobatannins,
saponins, flavonoids, steroids, terpenoids and alkaloids..
The result of qualitative analysis was shown in Table 1.
Alkaloids, saponins, steroids and tannins were detected
in all leaf and bark guava extracts, but flavonoids and
phlobatannins were not detected in the all extracts, and
terpenoids in the Babile leaf and bark extracts. Qualita-
tive phytochemical analysis was conducted by several
researchers on guava extracts obtained by macerating
leaf powder in ethanol. In one study, the presence of
phenols, tannins, terpenoids, flavonoids and glycosides,
and absences of saponins were revealed in the leaf col-
lected from Fort Valley State University, USA [27]. The
presence of terpenoids, quinones, oil & fat, phenol, and
the absence of alkaloids, flavonoids, sterols and antho-
cyanin were shown in the leaf collected from India [32].
The presence of alkaloids, flavonoids, phenols, tannins,
and the absences of saponins, steroids, terpenoids and
cardiac glycosides were indicated in the leaf collected
from Baringo Counties, Kenya [33]. Leaves were col-
lected from Botanical garden of Department of Bio-
logical Sciences, Bayero University, Kano, Nigeria and
presence of alkaloid, glycosides, saponins and tannins
detected in the leaf extract obtained by ethanol

percolation at 30°C, and the absence of flavonoid and
steroids [29]. The presence of phlobatannins, saponin,
flavonoids, steroids, terpenoids, polyphenol and glyco-
sides, and the absence of triterpenoids, alkaloid and
anthraquinone were shown in the leaf collected from
Thanjavur, Tamil Nadu, India [11].

Similarly, qualitative phytochemical analysis was con-
ducted on the guava bark collected from different re-
gions. Barks were collected from Elele in Kelga Local
Government Area of Rivers State, Nigeria and alkaloids,
anthraquinone, cardiac glycosides, flavonoids, tannins
and saponins were detected in the bark powder [12]. Ex-
traction was done by soaking powder of bark collected
from Bodinga, Nigeria and the presence of tannin, sap-
onin, flavonoid, alkaloid, steroid, terpenoids, and cardiac
glycosides were revealed in the extract [14]. Extraction
was done by Soxhlet method from bark collected univer-
sity of Maiduguri, Borno state Nigeria and presence of
tannis, cardiac glycoside, flavonoids, terpenoid and sapo-
nins, and the absence of anthraquinone and alkaloid
were shown in the extract [15].

Quantitative determination of alkaloid, terpenoid, total
phenolics and tannin contents were carried out and the
result of quantities analysis was shown in Table 2.

Gursum guava extracts had generally higher contents
of most quantified phytochemicals than Babile guava ex-
tracts even though most differences were insignificant
(p>0.05). The alkaloid content of Babile bark extract
(72.33 £ 3.93 mg/g) was lower than the alkaloid content
of Gursum bark extract (82.33 + 8.67 mg/g). The saponin
content of Babile leaf extract (29.00 +4.93 mg/g) was
lower than the saponin content of Gursum leaf extract
(30.00 £5.77 mg/g). Babile bark extract showed

Table 2 Quantity of phytochemicals of ethanolic extracts of guava leaf and bark

Phytochemical Babile leaf Babile bark Gursum leaf Gursum bark
Alkaloid* 9867 + 1443 7233+393° 84.33 + 133% 8233 + 8677
Saponin* 29,00+ 4.93° 19.00 + 5.86° 30.00 + 5.77° 19.00 + 757°
Terpenoid* NP NP 105.00 + 866° 9333 + 882°
Total Phenol® 0.20+001° 0.13+0.00° 0.205 + 001° 020 +001°
Tannin® 0.15+001° 009+001° 0.16 = 0.02° 0.16 + 001°

*is amount in mg extract/g of powder; ¥ is amount in mg/g of the extracts as Tannic Acid Equivalent; NP is not present. The values are Mean + Standard error of
mean (n=3). Small letters superscript compares between means in row, and means with similar small letters show no significant difference, whereas means with

different small letters show significant difference at p < 0.05
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significantly lower TPC (0.13 £ 0.00 mg/g as TAE) and
TC (0.09 £ 0.01 mg/g as TAE) than that of Gursum bark
extract (p <0.05). The results of phytochemical analysis
revealed slight variation in type and content of the inves-
tigated phytochemicals between Babile and Gursum dis-
tricts. This was supported by previously study [30].
Quantitative phytochemical analysis of guava col-
lected from different regions and extracted using
ethanol was reported previously. In one study, total
alkaloid extracted from leaves collected from Afaka,
NDA permanent site, Kaduna, Nigeria and the ob-
tained product was 20 mg/g of powder [26]. Extrac-
tion was done by soaking leaf and bark collected
from South Western part of Nigeria and the obtained
extract showed concentrations of tannin (11.54 +0.14
mg/g), polyphenol (1.67 +0.24 mg/g), alkaloid (59.85 +
0.34%) and saponin (1.86 +0.15%) in the leaf extract,
whereas concentrations of tannin (3.85+0.14 mg/g),
polyphenol (0.45 +0.20 mg/g), alkaloid (6.65+ 0.15%
mg/g) and saponin (1.03+0.15% in the bark extracts
[16]. Extraction was done by soxhlet apparatus and
TPC of 7.30+0.05mg of catechol equivalent/g dry
materials were obtained from the twig extract [9].
The results of phytochemical analysis in present study
and that of the above mentioned as previous studies

revealed differences for the same plant species. it was re-
ported that the results of phytochemical analysis may
differ because of various factors such as biochemical
reaction within species [16], genes, environment and
their interactions [31], plant genotypes, developmental
stages and geographical locations [30], extraction
methods [8, 29]. Furthermore, variations in extraction
methods are usually found in the length of the extrac-
tion period, pH, temperature, particle size, and the
solvent-to-sample ratio [45].

Antibacterial activity

In the present study, antibacterial activity tests were car-
ried out using agar disc diffusion and broth dilution
methods. Agar disc diffusion method was first used to
identify sensitivity of the clinical isolates to the extracts.
Once the extracts were found to have antibacterial activ-
ity through ZOI formation, broth dilution method was
used to determine MIC. The ZOI of the tested clinical
isolates was shown in Table 3. Babile and Gursum guava
extracts at concentration of 2 mg/disc showed inhibitory
effect on all tested clinical isolates. The standard antibi-
otics (ciprofloxacin) showed significantly higher ZOI
against all the isolates than all guava extracts. Compar-
ing antibacterial activity of guava extracts against each

Table 3 The antimicrobial activities of leaf and bark extracts of guava on bacterial clinical isolates

Antimicrobial

Zone of inhibition in mm on clinical isolates

agent

S. Typhi S. boydii S. aureus E. faecalis
Babile leaf 87+101% 13.0+6.79"° 9.7 + 044"°° 10.7 + 1.59"%®
Babile bark 7.0 +0.29% 106+ 0.79"° 73 060" 80+0.29%
Gursum leaf 76+036" 1104025 90 + 050" 9.0+ 076"
Gursum bark 73+033% 1204 0.29"° 100 + 1,007 9.0+ 1.26™
Ciprofloxicin 25+132% 358+ 1.20%° 39.7 + 1.42% 250+ 2.75%
Ethanol 7D 7D ZD

The values are Mean * Standard error of mean (n = 3). Capital letter superscript compares between means in column, and means with similar capital letters
represent no significant difference, whereas means with different capital letters are significantly different at p <0.05. Small letter superscript compares between
means in row, and means with similar small letters show no significant difference, whereas means with different small letters show significant difference at p <

0.05. 'ZD' is zero diameters
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Table 4 The minimum inhibitory concentrations of guava leaf and bark extracts against bacterial clinical isolates

Guava MIC values for clinical isolates in mg/ml

extracts S. Typhi S. boydii S. aureus E. faecalis
Babile leaf 2500 + 0.001% 2375+ 0177 5.000 + 0.001" 1000 + 0001®
Babile bark 1.250 + 0.001* 2500 + 0.001% 7500 + 3.536" 7500 + 3.536"°
Gursum leaf 1875 + 0.884" 2500 + 00017 3750 + 1.768" 7.500 + 3536
Gursum bark 1.250 + 0.001" 3.125 + 2,652 2500 + 0.001" 3750 + 1.768"

The values are Mean + Standard deviation (n = 2). Letters superscript compares between means in column, and means with similar letters show no significant
difference, whereas means with different letters show significant difference at p < 0.05

clinical isolates, Babile leaf extracts showed the highest
ZOI against S. Typhi (8.7 + 1.01 mm), S. boydii (13.0 £
6.79 mm) and E. faecalis (10.7 £ 1.59 mm) and Gursum
bark extracts showed the highest ZOI against S. aureus
(10.0 £ 1.00 mm). This was happened may be due to the
presence of a significant amount of alkaloid in Babile leaf
extracts, the synergy of higher content of alkaloid and
terpenoids in Gursum bark extracts and the degree of
sensitivity of the isolates to the extracts. All the guava
extracts showed the highest ZOI against S. boydii and
the lowest zone of inhibition against S. Typhi. The anti-
bacterial activity of Babile leaf and bark extracts was ef-
fective against the clinical isolates in order of S. boydii >
E. faecalis > S. aureus>S. Typhi. The order of Gursum
leaf and Gursum bark extracts were S. boydii > E. faeca-
lis=S. aureus>S. Typhi and S. boydii>S. aureus > E.
faecalis > S. Typhi, respectively.

MICs of the extracts were determined by preparing
double serial dilutions. The ethanol extracts were dried
and re-dissolved in mixture of ethanol and water in
order to prepare the extracts’ double dilutions ranging
from 20 mg/ml to 0.625 mg/ml. The MIC values of the
guava extracts were shown in Table 4. All guava extracts
showed different MIC against each clinical isolates. MIC
of Babile leaf and Gursum bark extracts against E.
faecalis was significantly different (p <0.05). All the
guava extracts showed the lowest MIC against S.
Typhi, except Babile leaf extracts that showed the
lowest MIC against S. boydii. The antibacterial activ-
ity of Babile leaf and bark extracts measured by MIC
was effective against the clinical isolated in order of
S. boydii>S. Typhi. > E. faecalis>S. aureus and S.
Typhi > S. boydii > S. aureus > E. faecalis, respectively.
The order of Gursum leaf and Gursum bark extracts
were S. Typhi > S. boydii > S. aureus > E. faecalis and
S. Typhi > S. aureus>S. boydii>E. faecalis, respect-
ively. The difference in MIC among tested guava ex-
tracts is may be due to the difference in individual
concentrations of constituents of phytochemicals that
made up overall tested concentration of leaf and bark
extracts and susceptibility of the isolates to the ex-
tracts’ constituent in a concentration dependent pat-
tern as previously reported [26].

The composition and quantity of alkaloids, saponins,
tannins and terpenoids both in leaf and bark extracts of
guava have medical implications that may be responsible
for the observed antibacterial activities. Previous re-
search report showed antibacterial activity of tannin
[46], alkaloid [26], saponin [47, 48] and terpenoid [18,
49].

For guava collected from different regions, bark and
leaf ethanolic extracts were shown to have in vitro anti-
microbial activity against numerous bacteria in previous
studies. Leaf was collected from Fort Bhaktapur,
Kathmandu Valley, Nepal and the extract obtained from
Soxhlet method showed 13, 20, 14 mm ZOI against S.
typhi, Salmonella paratyphi and Shigella spp. [1]. In an-
other study, antimicrobial activity of leaf extract showed
11.0 £ 0.52 mm ZOI against S. aureus [27]. Antimicrobial
activity of extract of leaf was carried out using well diffu-
sion method and the results showed 3, 7, 6, 5 and 4 mm
ZOl against S. typhi, Salmonella paratyphi A, Salmon-
ella paratyphi B, Shigella sonnei, Shigella dysentarie, re-
spectively [2]. Antimicrobial activity of extract of leaf
was carried out using disc diffusion and broth dilution
methods. The results showed that extract obtained by
ethanol percolation at 30°C inhibited Salmonella spp.
and Staphylococcus spp. by 8 mm and the MIC of the ex-
tract were 0.25 mg/ml and > 1 mg/ml against Salmonella
spp. and Staphylococcus spp., respectively [29]. Anti-
microbial activity of extract of stem bark showed 12 +
0.85 mm and 22 + 0.96 mm ZOI against Salmonella spp.
and S. aureusat 100 mg/ml, respectively, [14].

Conclusions

Phytochemical analysis revealed that Babile and Gursum
guava leaf and bark extracts showed slight variation in
composition and content of phytochemicals’ constitu-
ents. The presence of various medicinally important
phytochemicals’ constituents in Babile and Gursum
guava leaf and bark extracts and the contents of the con-
stituents might be responsible for the observed, broad
inhibitory effect on growth of both gram-positives and
gram-negatives enteric bacterial pathogens. Therefore,
guava leaf and bark extracts could be seen as a good
source for useful drugs and an alternative medicine in
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the treatment of enteric disorders. Since the current
work is a screening of major group of phytochemicals
and In vitro antimicrobial activity of crude extract, fur-
ther investigation is required to isolate and characterize
specific phytochemicals present in the Babile and Gur-
sum leaf and bark extracts to discover the most effective
compounds that probably encourage the future search of
novel antimicrobial agents and natural drug develop-
ment from guava. Furthermore, evaluation of In vivo
antimicrobial activity and synergy investigation are im-
portant for incorporation of guava leaf and bark extracts
into regiment of natural antimicrobial agents.
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