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Abstract: Psidium guajava is a tropical evergreen tree. It belongs to the family Myrtaceae that consists
of about 133 genera and approximately 3800 species worldwide. This plant is mainly found in South
Africa, North Africa, South America, and Southeast Asia. Psidium guajava is mainly a nutritional plant,
but it also shows various biological activities. An array of bioactive constituents, viz; glycosides,
terpenoids, tannins, alkaloids, steroids, saponins, amino acids, anthragquinones, proteins, flavonoids, and
phenols, etc. have been isolated from Psidium guajava. These phytochemicals are well known for their
biological activities, including antibacterial, antioxidant, antifungal, etc. The present work has been
performed to gather data about the traditional uses, important phytochemicals, and antibacterial
efficiency of Psidium guajava. Many pharmacological studies have demonstrated its antibacterial
potential against various important drug resistive pathogens. We invite researchers' attention to carry
out detailed antibacterial studies on this valuable plant species to provide reliable knowledge to the
patients and discover more novel compounds for the development of new drugs with fewer side effects
compared to conventional medicines.

Keywords: Psidium guajava; Myrtaceae; antibacterial; traditional medicines; phytochemicals; drug-
resistive pathogens; medicinal plants.
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1. Introduction

Psidium guajava (commonly known as guava) is a small tropical evergreen tree. It
belongs to the phylum Magnoliophyta, class Magnoliopsida, and family Myrtaceae consisting
of about 133 genera and approximately 3800 species worldwide [1]. Psidium guajava is best
known for its fruits and grows up to 35 feet in height. This plant has wide-spreading branches,
on which the leaves are oppositely arranged [2, 3]. The flowers of Psidium guajava are white
that are usually borne singly in the upper leaf axils, having four or five incurved white petals
and four or five green sepals and yellow anthers [4]. Psidium guajava is mainly found in South
America, South Africa, West Africa, South East Asia, South India, Sri Lanka, Hawaii,
Bangladesh, Pakistan, and Egypt, etc. [5]. This plant has now been grown by many other
countries having a tropical and subtropical climate. Psidium guajava is used as a nutritional
food worldwide. However, different extracts of Psidium guajava show several biological
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activities, including antibacterial, antioxidant, antifungal, antimalarial, antitussive effects,
hepatoprotective, antigenotoxic effects, antimutagenic effects, anti-cancer effects,
antihyperglycemic, anti-inflammatory, wound healing, cardiovascular, hypotensive effects and
antiallergic effects, etc. [6]. Traditionally, Psidium guajava has been used to treat diabetes,
diarrhea, gastroenteritis, caries, stomach-ache, hypertension, toothache, vomiting, ulcers,
inflamed gums, coughs, and malaria, etc. [7]. Psidium guajava contains various
phytochemicals viz; Proteins, minerals, polysaccharides, alkaloids, vitamins, steroids, essential
oils, glycosides, minerals, flavonoids, enzymes, tannins, sesquiterpenoid alcohols, saponins,
and triterpenoid acids, glycoalkaloids, carotenoids and alkenyl phenols etc. [6, 8].

Presently, antibiotic-resistant-pathogens have become a global issue due to the
overdosage of drugs, which leads to the decreased efficiency of conventional medicines [9].
The average duration since using an antibiotic to become resistant is approximately 6.6 years
[10]. Due to an unhygienic environment, food intake, and lack of awareness of a healthy
lifestyle, people from developing countries are exposed to such diseases caused by drug-
resistant pathogens. This problem is very staid and shows that new antibiotics must be
developed as the existing antibiotics will be no longer effective forever. Therefore, proper
strategies should be adopted to develop and synthesis new antibacterial drugs that can be used
to combat drug-resistive pathogens. A vast majority of plants have bioactive constituents that
can overcome the pathogens' resistance [11]. Several studies report that Psidium guajava has
sufficient antibacterial activities and can be used to combat the pathogens' problem of
resistance. Due to the utmost attention towards the development and synthesis of antibacterial
drugs from plants, we present a review of the existing literature about the phytochemistry,
traditional uses, and antibacterial potential of Psidium guajava. Therefore, the present study is
designed to review different in vivo and in vitro pharmacological studies and gather the
fragmented literature about the phytochemistry, traditional uses, and antibacterial potential of
Psidium guajava. Moreover, this review would help provide easy access to the antibacterial
work performed on Psidium guajava and to develop new drugs against the drug-resistant
bacterial species.

2. Psidium guajava in Traditional Medicines

Traditional techniques have been used for thousands of years for the treatment of
several different diseases. Almost 2500 plant species have been used for medicinal purposes
[12]. Psidium guajava is one of the most useful medicinal plants used in traditional medicines
to treat various diseases viz; diabetes, diarrhea, gastroenteritis, caries, stomach-ache,
hypertension, toothache, vomiting, ulcers, inflamed gums, coughs, and malaria, etc. (Figure 1)
[13, 14]. It has been reported that fruit and leaves of Psidium guajava have been used to treat
cancer prevention [15]. Psidium guajava’s leaves, barks, roots, and immature fruits have been
used to treat dysentery, gastroenteritis, and diarrhea [16]. Leaves of Psidium guajava have been
reported to be used for rheumatic pain, wounds, ulcers, and toothache. Also, leaves of Psidium
guajava reduce glucose levels in the blood [17, 18].

3. Phytochemistry of Psidium guajava

An array of bioactive constituents viz; glycoside, terpenoid, tannin, alkaloid, steroid,
saponin, amino acid, anthraquinones, protein, flavonoids, and phenols, etc. have been isolated
from Psidium guajava (Scheme 1; Scheme 2). These phytochemicals are best known for their
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antibacterial, antioxidant, antiviral, antifungal, and anti-inflammatory properties. Some of the
important classes of compounds and their IUPAC names and general formula isolated from

Psidium guajava are given in Table 1.
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Figure 1. Some important traditional uses of Psidium guajava.
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Scheme 1. Chemical structures of compounds 1-7 isolated from Psidium guajava.
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Scheme 2. Chemical structures of compounds 8-15 isolated from Psidium guajava.

Table 1. Some essential phytochemicals isolated from Psidium guajava.

S. No. Phytochemicals IUPAC Name General Ref.

formula

Fatty acids

1 Ferulic acid (E)-3-(4-hydroxy-3-methoxyphenyl)prop-2-enoic acid C10H1004 [19]
L 1S,3R,4R,5R)-3-[(E)-3-(3,4-dihydroxyphenyl)prop-2-enoyl]oxy-1,4,5-

2 Chlorogenic acid trihydroxycyclohexane-1-carboxylic acid C15H1:00 [20]

L 6,7,13,14-tetrahydroxy-2,9-dioxatetracyclo[6.6.2.046,0'%%5]hexadeca-

3 Ellagic acid 1(15),4,6,8(16),11,13-hexaene-3,10-dione C14Hs0s [21]

Carotenoids

4 Neochrome 2-[(2Z,4E,6E,8E,10E,12E,147)-15-(6-hydroxy-4,4,7a-trimethyl- CaoHs60s [22]
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S. No. Phytochemicals IUPAC Name Seneral Ref.
ormula
2,4,6,8,10,12,14-heptaen-2-yl]-4,4,7a-trimethyl-2,5,6,7-tetrahydro-1-
benzofuran-6-ol
4-[(1E,3E,5E,7E,9E,11E,13E,152)-16-(4,4,7a-trimethyl-2,5,6,7-

5 Criptoflavin tetrahydro-1-benzofuran-2-yl)-3,7,12-trimethylheptadeca- CaoHs602 [22]
1,3,5,7,9,11,13,15-octaenyl]-3,5,5-trimethylcyclohex-3-en-1-ol
(1R)-4-[(1E,3E,5E,7E,9E,11E,13E,15E,17E,19E)-3,7,12,16,20,24-

6 Rubixanthin hexamethylpentacosa-1,3,5,7,9,11,13,15,17,19,23-undecaenyl]-3,5,5- | CaoHs60 [22]
trimethylcyclohex-3-en-1-ol
(1R)-4-[(1E,3E,5E,7E,9E,11E,13E,15E,17E)-18-[(1R,4R)-4-hydroxy-

7 Lutein 2,6,6-trimethylcyclohex-2-en-1-yl]-3,7,12,16-tetramethyloctadeca- CaoHs602 [22]
1,3,5,7,9,11,13,15,17-nonaenyl]-3,5,5-trimethylcyclohex-3-en-1-ol
(6E,8E,10E,12E,14E,16E,18E,20E,22E,24E,26E)-

8 Lycopene 2,6,10,14,19,23,27,31-octamethyldotriaconta- CaoHse [22]
2,6,8,10,12,14,16,18,20,22,24,26,30-tridecaene

Tannins
6,7,14-trihydroxy-13-[3,4,5-trihydroxy-6-[[3,4,5-trihydroxy-6-

. (hydroxymethyl)oxan-2-ylJoxymethyl]oxan-2-yl]oxy-2,9-

9 Amritoside dioxatetracyclo[6.6.2.0416.0'L15]hexadeca-1(15),4,6,8(16),11,13- CasHz018 [23]
hexaene-3,10-dione
13-(4-benzoyl-3,5-dihydroxyphenoxy)-3,4,5,11,12,21,22,23-

10 Guavin-B octahydroxy-9,14,17-trioxatetracyclo[17.4.0.0%7.01%%5]tricosa- Cs3H26017 [24]
1(23),2,4,6,19,21-hexaene-8,18-dione

Flavonoids

11 Quercetin 2-(3,4-dihydroxyphenyl)-3,5,7-trihydroxychromen-4-one C15H1007 [25]

12 Quercetin-3-O- 3-[(2R,3R,4R,5S5)-3,4-dihydroxy-5-(hydroxymethyl)oxolan-2-yl]oxy- CsH100s [26]

arabinoside 2-(3,4-dihydroxyphenyl)-5,7-dihydroxychromen-4-one
Quercetine 4- | (2S,3S,4S,5R,65)-3,4,5-trihydroxy-6-[2-hydroxy-4-(3,5,7-trihydroxy-

13 glucuronicde E1—oxochromen-2)-yl)phenox)g/]oxa);1e-2[-ca1r)l/)0xylxi/c a(gid Y CaiH1eO1s [26]

Triterpenoid
(4aS,6aR,6aS,6bR,8aR,9R,10R,11R,12aR,14bS)-10,11-dihydroxy-9-

. L (hydroxymethyl)-2,2,6a,6b,9,12a-hexamethyl-

14 Arjunolic acid 1,3,4,5,6,6a,7,8,8a,10,11,12,13,14b-tetradecahydropicene-4a- CaoHagOs [6]
carboxylic acid
(3S,4aR,6aR,6bS,8aS,11R,12S,12aS,14aR,14bR)-8a-(hydroxymethyl)-

15 Uvaol 4,4,6a,6b,11,12,14b-heptamethyl- C30H5002 [27]
2,3,4a,5,6,7,8,9,10,11,12,12a,14,14a-tetradecahydro-1H-picen-3-ol

4. Psidium guajava as an Antibacterial Agent

Presently, resistive drug pathogens have been a major global threat to the health care
system. Due to an unhygienic environment, food intake, and lack of awareness of a healthy
lifestyle, people from developing countries are exposed to such diseases caused by drug-
resistant pathogens. A vast majority of plants have bioactive constituents that can overcome
the pathogens' resistance [9]. Several studies report that Psidium guajava has sufficient
antibacterial activities and can be used to combat the problem of resistance offered by the
pathogens (Table 2). The antibacterial potential of n-butanol, acetone, chloroform, and ethanol
extracts of Psidium guajava have been evaluated against selected species of bacteria, including
Pseudomonas aeruginosa, Staphylococcus aureus, and Candida albicans. The study revealed
that acetone extract showed maximum antibacterial activity against P. aeruginosa (inhibition
zone 13.5 = 2.12 mm). In contrast, chloroform extract showed maximum inhibition (10.2 £
1.13 mm) against C. albicans [28]. Another study revealed that the methanolic extract from the
leaves of Psidium guajava shows remarkable inhibition against some selected Gram-positive
and Gram-negative bacteria. The study revealed that the methanolic extracts showed maximum
inhibition to Gram-positive bacteria, including Staphylococcus aureus and Bacillus cereus.
However, the extracts were inactive against Gram-negative bacteria, including Salmonella
typhimurium and Escherichia coli [29]. The antibacterial activities of hydroalcoholic and
aqueous extracts of the leaves of Psidium guajava have been evaluated against two bacterial
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samples, including Escherichia coli and Bacillus cereus. The study results revealed that the
hydroalcoholic extract of the plant was active against the bacterial samples, while the aqueous
extract did not show any inhibition [30]. The ethanolic and chloroform extracts of two varieties
of Psidium guajava fruits were evaluated for their antibacterial activity against selected
bacterial strains, including Staphylococcus aureus and Escherichia coli. The results revealed
that chloroform extract had no inhibitory effect against the selected strains of microorganisms
[31]. Another study revealed that the ethanolic extract of Psidium guajava (in the form of a
gel) obtained from the maceration with 70% ethanol has a profound inhibition against the
Staphylococcus aureus. It was observed that increasing ethanolic extract of Psidium guajava
increases the inhibition increases [32]. In vitro antibacterial potential of the ethanolic extract
of the leaves of Psidium guajava has been determined against the antibiotic-resistant
Staphylococcus aureus and Escherichia coli obtained from the urine of urinary tract infection
(UTI) patient. These bacterial strains were also tested for their resistance to the antibiotic. The
antibiotics used were Gentamicin (GEN), Nitrofurantoin (NIT), Ciprofloxacin (CIP), Co-
trimoxazole (COT), Nalidixic acid (NA), and Ampicillin (AMP). It was observed that
Ciprofloxacin (CIP) showed maximum inhibition (15 mm against Escherichia coli and 8 mm
against Staphylococcus aureus) than the ethanolic extract of Psidium guajava leaves (10 mm
against Escherichia coli and 7mm against Staphylococcus aureus) [33]. The antibacterial
potential of the ethyl acetate extract of the Endophytic fungi viz; Aspergillus niger Van
Tieghem, Aspergillus flavus, Aspergillus fumigatus Fres, and Aspergillus isolated from the
surface of leaves of Psidium guajava has been determined by Kirby Bauer method against
selected bacterial strains including Escherichia coli and Salmonella tiphi. It was concluded
from this study that these Endophytic fungi have a strong potential to inhibit bacteria, and they
can be used to develop new antibiotic drugs [34]. Another study also reported the antibacterial
potential of ethanolic extracts of Psidium guajava against four clinically important bacterial
strains, including Staphylococcus aureus, Escherichia col, Salmonella typhi, and Pseudomonas
aeruginosa at two different temperatures and PH. It was concluded from the study that at PH
6.0 and temperature 35°C, the extracts show maximum inhibition (S. aureus 17-30 mm, E. coli
(18-26 mm), and S. typhi (9-12 mm). However, with an increase in temperature and PH the
inhibition decreased [35]. Emmanuel et al. also reported the antibacterial activities of the
essential oil and ethanol extracts of Psidium guajava against Escherichia coli, Staphylococcus
aureus, Staphylococcus epidemidis, Proteus vulgari, Salmonella typhi, and Methicillin-
resistant Staphylococcus aureus. The results revealed that Staphylococcus epidemidis was
maximum inhibited (23mm) by the ethanolic extracts, while Staphylococcus aureus was most
inhibited (9mm) by the essential oil extracts [36]. The antibacterial efficiency of the ethanolic
and aqueous extracts of the leaf of Psidium guajava against selected bacteria, namely
Escherichia coli, Bacillus subtilis, Staphylococcus aureus, Shigellaflexnari, Proteus vulgaris,
and Micrococcus luteus. The ethanolic extract showed maximum inhibition (up to 30mm)
compared to the aqueous extract [37].

Table 2. Antibacterial activities of Psidium guajava.

Extract Susceptible bacteria Ref.
n-butanol, acetone, chloroform, and ethanol | Pseudomonas aeruginosa, Staphylococcus aureus, and Candida 28]
extracts albicans

Methanolic extract Staphylococcus aureus, E_scherichia coli, Bacillus cereus, [29]

and Salmonella typhimurium

Hydroalcoholic and aqueous extracts Escherichia coli and Bacillus cereus [30]
Ethanolic and chloroform extracts Staphylococcus aureus and Escherichia coli [31]
Ethanolic extract Staphylococcus aureus [32]
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Extract Susceptible bacteria Ref.
Ethanolic extract Escherichia coli and Staphylococcus aureus [33]
Ethyl acetate extract Escherichia coli and Salmonella tiphi [34]
Ethanolic extract Staphylococcus aureus, Pseudomonas aeruginosa Salmonella typhi, [35]

and Escherichia coli

Escherichia coli, Staphylococcus aureus, Staphylococcus epidemidis,
Essential oil and ethanol extracts Proteus vulgari, Salmonella typhi, and Methicillin-resistant | [36]
Staphylococcus aureus

Escherichia coli, Bacillus subtilis, Staphylococcus aureus,

Ethanolic and aqueous extracts Shigellaflexnari , Proteus vulgaris and Micrococcus luteus

[37]

It has been suggested that the antibacterial potential of the root extracts of Psidium
guajava is much higher than the leaves extracts [38]. This might be due to the greater quantity
of bioactive constituents present in the roots of Psidium guajava.

4. Conclusion

Different pharmacological and phytochemical studies about Psidium guajava indicate
that this plant has significant antibacterial potential as it is rich in bioactive constituents. The
present study gathers the data from various recent research and review articles about the
antibacterial efficiency of Psidium guajva. It is concluded from the current work that Psidium
guajava is one of the most efficient antibacterial agents and can be used for the synthesis of
various antibacterial drugs against most of the drug-resistive pathogens. Different findings of
researchers cited in this paper confirmed the promising antibacterial potential of Psidium
guajava. Moreover, Psidium guajava can be used as an alternative antibacterial agent to treat
various bacterial infections. Despite many important bioactive phytochemicals present in
Psidium guajava, some harmful constituents also exist in this plant. Therefore, it is important
to reveal the detailed mechanism behind these phytochemical and antibacterial activities.
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