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ABSTRACT

The methanol, acetone and N, N-dimethylformamide (DMF) fractions of leaves of Psidiumguajava L. were
evaluated for antibacterial and antifungal activity. Piperacillin and gentamicin were used as standards for
antibacterial assay, while nystatin and flucanazole were used as standards for antifungal assay. 91 clinically
important strains were used for the study which were both clinical isolates aswell asidentified strains. The
antibacterial activity was more pronounced against gram-positive bacterial and fungal strains. Moderate
activity was shown against the gram-negative bacterial strains studied.
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INTRODUCTION

Since ancient times, plants have been averitabl e source of
drugs; man tendsto ignore the importance of herbal medicine
(1). Research work on medicinal plants is intensified and
information on these plants be exchanged. This thought will
go along way in the scientific exploration of medicinal plants
for the benefit of man andislikely to decrease the dependence
or importance of drugs (2). The boiled water extract of guava
plant leaves and bark are used in medicinal preparationswhich
are utilized as remedies for dysentery, diarrhoea and upper
respiratory tract infectionswhile guavafruit paste and cheese
are popular dishes in Florida, the West Indies and parts of
South America (3) In Malaysia, Psidium gujava is used for
stomach ache and gastroenteritis (4-6); Leaf, root, and bark
extractsare used for treatment of diarrhoea, leukorrhea, cholera,
external ulcers, and skin diseases (7). Guajava leaf extract
contains guajava polyphenol (8) that has an anti-oxidation
action (9). Theflower and leaf of the plant have been reported
to have antibiotic activity (10). In the present study
antimicrobial potentiality of the P. guajava leaves was
investigated against afew clinically isolated aswell as standard
microbial cultures.

MATERIALSAND METHODS

Plant material

Psidium guajava L. (Myrtaceae) leaves were collected in
February, 2005 from Rajkot in the State of Gujarat (Western
India). Thetaxonomic identification of the plant was confirmed
by Dr. P. S. Nagar of the Department of Biosciences, Saurashtra
University, Rajkot.

Extraction

Leaves of P. guajava were collected air dried and then
powdered in ahomogenizer and 10 gramswere used for different
solvent extraction (Methanol, Acetone, N, N-dimethylformamide).
In solvent extraction, the samplewas extracted in solvent kept on
arotary shaker overnight, and then thefiltrate was collected and
centrifuged at 5000 rpm. The solvent was then evaporated to
dryness under reduced pressure and the extracted compound
was used for the antimicrobia assay. The percentage yield of
methanol, acetoneand N, N-dimethylformamide (DMF) are14.92,
9.38 and 23.07 respectively.

Microorganisms Sudied
Gram-positive and Gram-negative bacteriaand fungi (listed
in Table 1) were obtained from National Chemical Laboratory
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(NCL), Puneand Spandan diagnostic and Microcare diagnostic
|aboratory, Rgjkot.

Preparation of samples

Methanol, acetone and DMF extracts were dissolved in
DMSO at a concentration of 25 mg/ml and 12.5 mg/ml
respectively and used asworking stocks. Sterilediscs (Hi-media
Labs) were impregnated with 20 ul of the stock solution.
Gentamicinand piperacillinfor bacteria; nystatin and fluconazole
(Himedia Labs) for fungus were used as standards for
comparative studies.

Antimicrobial sudy

Antimicrobial activity was performed by disc diffusion
method (11). The bacterial strainswere grown in nutrient broth
whilefungal strainsweregrownin MGY P (Malt glucose yeast
peptone) broth. Mueller Hinton agar no. 2 was the media used
to study the antibacterial susceptibility while Sabroaud agar
was used to study the antifungal susceptibility test. The cultures
were grown for 24 hours, and the turbidity of the culture was
maintained according to the 0.5 MacFarland standards. The
inoculum’'ssizewas1 X 10® cells.

RESULTS

In the present study P. guajava leaf extracts extracted in
methanol (PME), acetone (PAE) and N, N-dimethylformamide
(DMF) (PDE) wereinvestigated at two different concentrations
for their antimicrobial potentiality against 91 clinically important
microbial strains. PME-500 was active against 70% of thetotal
gram-positive bacteriastudied, while PAE-500 and PDE-500 were
active against 80 and 50 percent of the studied gram-positive
bacteria respectively. All the three extracts showed similar
activity profilesagainst gram-negative bacterial strainsstudied.
They were active against 76.36% of the total gram-negative
bacteria studied which included 73.68% Pseudomonas spps.,
93.75%E. coli, 83.33% Klebsiella spps. and 66.66% of Proteus
spps. All of the extracts were inactive against one of the three
Citrobacter spps. and Alcaligenesfecalis, whilethey wereactive
against Salmonella typhimurium. The three extracts showed
varying results against the fungal strains. PME-500 was active
against 37.5%, PAE-500 was active against 56.25% and PDE-
500 wasactive against 31.25% of thetotal fungal strainsstudied.
All the extractswereinactive against the three Asper gillus spps.
studied. Details of theresult are shown in Table 2.

CONCLUSIONS

All the three extracts of P. guajava showed dose dependent
activity. Acetone extract was highly active against gram positive
and fungal strainswhile al of the extracts were equally active
against gram-negative strains. From the results, it is concluded

Antimicrobial activity of Psidiumguajava

Table 1. List of bacterial and fungal strains.

Sr. - . .
Srain Gram Postivebacteria Specimen
1 Saphylococcus spps. [10] Sputum

2 Saphylococcus aureus [11] Pus
3 Saphylococcus aureus [13] Urine
4  Saphylococcus aureus [23] Pus
5 Saphylococcus spps [26] Pus
6 Saphylococcus aureus [34] Sputum
7 Saphylococcus aureus [35] Trachea
8 Saphylococcus aureus [36] Trachea
9 Saphylococcus spps [44] Sputum
10 Saphylococcus aureus [47] Ear swab
11 Saphylococcus aureus [48] Sputum
12 Saphylococcus aureus [55] Pus
13 Saphylococcus aureus [56] Pus
14 Saphylococcus aureus ATCC 25923 -

15 Saphylococcus epidermidis ATCC 12228 -

16 Saphylococcus subfava NCIM 2178 -

17 Bacillus cereus ATCC 11778 -

18 Bacillus subtilis ATCC 6633 -

19 Bacillus megaterium ATCC 9885 -

20 Micrococcus flavus ATCC 10240 -

Gram negativebacteria

21 Pseudomonas spps. [15] Sputum
2 Pseudomonas spps. [17] Pus
23 Pseudomonas fluorescence [18] Pus
24 Pseudomonas spps. [25] Urine
2  Pseudomonas spps. [27] Pus
26 Pseudomonas aeruginosa [30] Sputum
27 Pseudomonas spps. [37] Trachea
28 Pseudomonas aeruginosa [ 38] Pus
29 Pseudomonas spps. [39] Wound swab
0 Pseudomonas fluorescence [40] Trachea
3l Pseudomonas spps. [42] Pus
R Pseudomonas spps. [43] Pus
3B Pseudomonas spps. [46] Sputum
A Pseudomonas spps. [49] Sputum
3P Pseudomonas spps. [50] Tracheal secretion
¥ Pseuodmonas fluorescence [59] Urine
37 Pseudomonas aeruginosa ATCC 27853 -
3B Pseudomonas testosteroni NCIM 5098 -
P Pseudomonas pseudoal caligenes

ATCC 17440 -
40 E.coli [14] Pus
41 E.coli [16] Urine
42 E.coli[21] Urine
43 E.coli [22] Urine
44 E.coli [24] Urine
45 E.coli [28] Pus
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BBABRRABIBRBBEIFTAIBRBEIE RS

E.coli [31]

E.coli [32]

E.coli [33]

E.coli [41]

E.coli [45]

E. coli [5]]

E. coli [58]

E. coli [60]

E. coli [61]

E. coli ATCC 25922
Enterobacter spps. [1]
Enterobacter spps. [8]

Klebsiella spps [6]
Klebsiella spps [19]

Klebsiella aerogenes [52]

Klebsiella spps. [54]

Klebsiella aerogenes [57]

Urine
Stool
Pus
Urine
Pus
Urine

Vaginal swab

Urine
Blood

Tracheal
Tracheal
Enterobacter aerogenes ATCC 13048 -

Urine

Sputum

Pus
Urine
Urine

Klebsiella pneumoniae NCIM 2719 -
Wound swab

Proteus mirabilis [4]
Proteus spps. [53]

Pus

Proteus mirabilis NCIM 2241 -
Proteus vulgaris NCTC 8313 -
Proteus morganii NCIM 2040 -

ANINAI

Providencia rettgeri [5] Pus
Citrobactor spps [20] Pus
Citrobactor freundii [29] Pus
Citrobactor freundii ATCC 10787 -
Alcaligenes fecalis ATCC 8750 -

Salmonella typhimurium ATCC 23564 -

Fungus

RE8BBIRRXBIRBIIIS

Candida albicans [1]
Candida albicans [2]
Candida spps. [3]
Candida spps. [4] Sputum
Candida spps. [5] Urine
Candida albicans ATCC 2091 -
Candida albicans ATCC 18804 -
Candida glabrata NCIM 3448 -
Candida tropicalis ATCC 4563 -
Candida apicola NCIM 3367 -
Cryptococcus neoformans ATCC 34664 -
Cryptococcus luteolus ATCC 32044 -
Trichosporan beigelii NCIM 3404 -
Aspergillus flavus NCIM 538 -
Aspergillus candidus NCIM 883 -
Aspergillus niger ATCC 6275 -

Urine
Sputum
Sputum

Table 2. Antimicrobial activity of Psidiumguajava against 91 clinically important microbial strains (inhibition zonein mm)

Sr. Control Extracts Antibiotics
No. Strain DMSO PME- PAE- PDE- PME- PAE- PDE- G Pc Fu Ns
500 500 500 250 250 250
1 Saphylococcusspps. [10] - 1367+ 18+ 1167+ 8667+ 1167+ 8% - NT NT
0.88 058 145 0.88 0.88 0.58
2 Saphylococcusaureus[11] - 14+ 13+ 14+ 11+ 11+ 1167+ 1867+ 1733+ NT NT
0.58 058 058 0.58 0.58 0.33 0.33 0.33
3 Saphylococcusaureus|13] - 8+ 12+ 13+ - - - - - NT NT
0.58 058 115
4  Saphylococcusaureus[ 23] - - 14+ - - - - - - NT NT
1.73
5  Saphylococcus spps[26] - 11+ 14+ - - 10+ 10+ - - NT NT
0.58 1.15 1.73 1.15
6  Saphylococcusaureus|34] - - - - - - - - - NT NT
7  Saphylococcusaureus|35] - 10+ 15+ 1233+ 9+ 1367% - - - NT NT
0.58 115 066 0.58 2.03
8  Saphylococcusaureus|36] - 8.66 - - 8.67 - - - - NT NT
0.88 0.88
9  Saphylococcus spps[44] - - 10.33 + - - 10+ - 14.67 £ - NT NT
0.88 0.58 0.33
10 Saphylococcusaureus[47] - 17+ 1567+ 16+ 1167+ 14+ 1467+ - - NT NT
1.15 145 231 26 115 0.33
11 Saphylococcusaureus[48] - 16.67+ 1567+ 17+ 1467+ 1467+ 1567+ 2067+ - NT NT
0.88 033 046 0.33 0.33 0.33 0.33
12 Saphylococcusaureus[55] - - - - - - - 10+£173 - NT NT
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13
14

15

16

17

18

19

20

Saphylococcus aureus[56]
Saphylococcusaureus
ATCC 25923
Saphylococcusepidermidis
ATCC 12228
Saphylococcus subfava
NCIM 2178

Bacillus cereus ATCC 11778

Bacillus subtilis ATCC 6633

Bacillus megaterium
ATCC 9885
Micrococcusflavus
ATCC 10240

Gram negative bacteria

21

22

23

24

25

26

27

28
29

30
31

32

33

34

35

36
37

38

39

40

41

42

Pseudomonas spps. [15]
Pseudomonas spps. [17]
Pseudomonas fluorescence
(18]

Pseudomonas spps. [25]
Pseudomonas spps. [27]
Pseudomonas aeruginosa [ 30]

Pseudomonas spps. [37]

Pseudomonas aeruginosa [ 38]
Pseudomonas spps. [39]

Pseudomonas fluorescence [ 40]
Pseudomonas spps. [42]

Pseudomonas spps. [43]
Pseudomonas spps. [46]
Pseudomonas spps. [49]
Pseudomonas spps. [50]
Pseuodmonas fluorescence [ 59]
Pesudomonas aeruginosa
ATCC 27853

Pseudomonas testoster oni
NCIM 5098

Pseudomonas pseudoal caligenes
ATCC 17440

E.coli [14]

E.coli [16]

E.coli [2]]

- 966+033 -
10+ 115+ 13+
173 2.60 0.58
9% 155+ 14+
115 2.02 1.73

- 105+ -

28
10+ 145+ 11+%
0.58 0.28 0.58
85+086 85+ 85=
0.86 0.86
95+ - -
1.44
115+ 105% -
0.28 0.28
10+ 1467+ 19%
1.73 0.33 115
10+ 1467+ 19=
173 0.33 1.15
1267+ 12+ 11+
0.33 0.58 0.58
9.667+ 1333+ 933 =
0.33 033 1.203
9+ 1267+ 12+
115 0.33 0.58
18+ 18+ 17+
0.58 0.33 0.88
12+ 1367+ 1367+
0.58 0.33 0.33
13+ 1533+ 1433+
0.57 0.33 0.33
866+ 13+ 10.33%
0.88 0.58 0.33
1267+ 1467+ 1467+
0.33 0.88 0.88
1833+ 18+ 1967+
0.33 0.58 0.33
16+ 1767+ 16%
0.58 0.88 0.58
1433+ 1667+ 14+
0.88 0.66 1.00
145+ 15+ 135%
0.28 0.58 0.28
12+ 13+ 9+
0.88 0.57 115
1167+ 1133+ 11+
2.60 2.60 2.64
1367+ 14+ 13+
185 0.33 0.58

95+
0.28
85+
0.86
95+
0.28
13+
0.58
145+
2.02
9+15

14.67 =
0.33
14.67 =
0.33
11+
0.58

15+

0.33
12.67 =

0.33

1233 +
0.88
933 %
1.20
11.67 =
133
15+
0.58
11.33+
0.88
10+
0.58

1433 =
0.28
833+
0.88
13.67
0.33
12.67
0.88

Antimicrobial activity of Psidiumguajava

10+
0.58
9+
115
105+0.28

20.17 +
0.16
135+
1.44

10+
0.58

11+
231
18.67 =
0.33
18.67 =
0.33
13+
0.58

15+
115

11.67
0.33

11.33
0.66
8.66 =
0.88
12+
0.58
1533+
0.33
13+
0.58

11.67 +
0.88

125+
0.28

933
1.20
13+
0.57
14+
0.33

9+

10+
1.73

18.83 +
0.16

145+
2.02

10.67 =
2.03
13+
3.46
13+
3.46
14+
115

15+
0.33

13+
0.58

13+
1.001
833+
0.88
11+
0.58
1433
0.33
13.67 =
0.33

11.67 +
0.88

11+
0.58
8.66
0.88
13+
0.33
14+
0.58

1833+
0.33

27.67
0.33

14+
0.58

16.67 +
0.67

2017+
0.44

1783+
0.93

19.67+0.33 -

20+
0.58

17+
115
22.33
0.66
19.33
0.6

12.33 +
0.66

NT
NT

NT

NT

NT

NT

NT

NT

NT

NT

NT

NT

NT

NT

NT

NT
NT

NT
NT

NT

NT

NT

NT

NT
NT

NT

NT

NT

NT

NT

NT
NT

NT

NT

NT

NT

NT

NT

NT

NT

NT

NT

NT

NT

NT

NT
NT

NT
NT

NT

NT

NT

NT

NT
NT

NT

NT

NT

NT

NT
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45

46

47

49

50

51

52

53

55

56

57

58

59

60

61

62

63

65

66

67
68

69

70

71

72
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E.coli [22]
E.coli [24]
E.coli [ 28]
E.coli [31]
E.coli [32]
E.coli [33]
E.coli [41]
E.coli [45]
E. coli [51]
E. coli [58]

E. coli [60]
E. coli[61]

E. coli ATCC 25922
Enterobacter spps. [1]
Enterobacter spps. [8]
Enterobacter aerogenes
ATCC 13048

Klebsiella spps|[6]
Klebsiella spps[19]
Klebsiella aerogenes[52]
Klebsiella spps. [54]
Klebsiella aerogenes[57]
Klebsiellapneumoniae
NCIM 2719
Proteusmirabilis[4]

Proteus spps. [53]

Proteus mirabilisNCIM 2241
Proteus vulgaris NCTC 8313

Proteus morganii NCIM 2040
Providenciarettgeri [5]
Citrobactor spps[20]

Citrobactor freundii [29]

13+
0.33
13+
0.58
16+
0.33
15+
0.33
13+
0.58
14 +
0.58
14 +
0.58
1333+
0.33
1433 +
0.33
135+
0.29

1433
0.88
145+
0.28
9+
0.58
11+
0.58

16 £
0.58
15+
115
9+
115
14.67 =
0.33
1333+
0.33

16 £
1.001
14+
0.58

10+
173

16.67
0.33
13+
0.58

14+
0.33
15+
0.88
15+
0.58
17+
0.58
15+
0.58
15+
0.58
13.33+
0.33
1533+
0.33
14.67 =
0.33
14+
0.58

155+
0.86
16 +
0.58
9+
0.58

12.67 =
0.33

1433 =
1.67
16 £
0.58

12.67 =
0.33

13.67 =
0.33

1433
0.33

17+
1.001

15+

0.58

11+
231
115+
0.86
17+
0.58
12 +
0.58

15+
0.33
15+
0.33
15+
0.33
15+
0.58
14+
0.58
14+
0.58
13+
0.58
13.67 +
0.33
1433
0.33
145+
0.28
175+
0.28
165+
0.58
9+
0.58
11+
0.58

1433
1.20
15.67
0.88
13.67 =
0.33
1433
0.66
12.67 =
0.33

16+

2.002
1533 %

0.33

115+
2.60

15+

0.58
11.67 =

0.88

13+
0.58
14+
0.58

13+
0.33
13+
0.33
12.67 +
0.33
12+
0.58
13.67 +
0.66
12 +
115
13+
0.58

135+
0.28
14+
0.58

10+
0.58

14+
0.58
13+
0.58
11+
0.58
12.67 =
0.33
11+
0.58

15+

0.58
1333 %

0.66

14+
0.58
10+
0.58

14 +
0.58
14 +
0.33
14 +
0.58
14 +
0.33
14 +
0.58
1333+
0.88
13+
0.33
14+
1.001
1233 +
0.33
1333+
0.88

105+
2.02

125+
0.28

10+
0.58

12.67
0.88
13.67
0.33
933+
1.20
12.67 +
0.66
11+
0.58

14.67
0.33
1233
0.66

135+
0.28
10+
0.58
1433
0.33
11+
115

13+
115
13+
0.88
14+
0.88
15+
0.88
13+
0.33
1333+
0.88
11+
0.58
12+
0.58
12.67 +
0.33
125+
0.28

14+

0.58
135+

0.28

10+
115

12.33
1.20
13.67 =
0.33
9.66 +
1.45
1333+
0.88
11+
0.58

15+
0.58
1233
0.33
135+
0.28

13.67 =
0.33
10.67 =
0.88

21+
0.58

18.67 +
0.33

20.33 £
0.33

17.83
0.16

19.67 =
0.88

22+
0.58

18+
1.00

12.33
0.33

145+
0.50

24.67
0.33
14+
0.58

1867+0.33 -

NT

NT

NT

NT

NT

NT

NT

NT

NT

NT

NT
NT

NT

NT

NT

NT

NT

NT

NT

NT

NT

NT

NT

NT
NT

NT

NT

NT

NT

NT

NT

NT

NT

NT

NT

NT

NT

NT

NT

NT
NT

NT

NT

NT

NT

NT

NT

NT

NT

NT

NT

NT

NT

NT
NT

NT

NT

NT

NT
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73 Citrobacter freundii ATCC 10787 - - - - - - - - - NT NT
74 AlcaligenesfecalisATCC8750 - - - - - - - 18.33 + - NT NT
0.66
75 Salmonellatyphimurium - 115+ 1133+ 1233+ 12+ 13+ 12+ 185+ - NT NT
ATCC 23564 0.28 033 033 0.58 0.58 0.58 0.28
Fungus
76 Candidaalbicans[1] - - - - - - - 0.33 % - NT NT
11.33
77 Candidaalbicans[2] - 8+ 9+ 9+ - - - 18+ - NT NT
0.58 058 115 0.58
78 Candida spps. [3] - 8+ 8+ - - - 14+ - NT NT
0.58 0.58 0.58
79 Candida spps. [4] - 85+ 9+ - - 9+ - 14+ - NT NT
0.86 1.15 1.15 0.58
80 Candida spps. [5] - - 75029 - - - - 10+ - NT NT
0.58
81 Candida albicans ATCC 2091 - 13+ 1767+ NT NT
0.58 0.33
82 CandidaalbicansATCC 18804 - 10+ 833+ 85%* 8+ - 033+ - NT NT
1.15 088 029 0.58 14.33
83 Candida glabrata NCIM 3448 - - - - - - - 22+ 3967+ NT NT
0.58 0.88
84 CandidatropicalisATCC 4563 - 85+ 8+ 9+ 85+ 85+ 8+ - 833+ NT NT
0.29 058 058 0.29 0.29 0.58 0.33
85 Candidaapicola NCIM 3367 - 18.33+ 18.66 + - - - - - 21.33+ NT NT
0.33 0.88 0.88
86 Cryptococcus neoformans - - 9+ 75=% - - - 17+ 2133+ NT NT
ATCC 34664 115 0.29 0.58 0.33
87  Cryptococcusluteolus - - - - - - - 1766+ 2366+ NT NT
ATCC 32044 0.88 0.88
88 Trichosporan beigdlii - - 85+ 75+ 75+ - - - - NT NT
NCIM 3404 088 029 0.29
89 Aspergillus flavus NCIM 538 - - - - - - - - - NT NT
90 AspergilluscandidusNCIM 883 - - - - - - - - - NT NT
91 Aspergillusniger ATCC 6275 - - - - - - - - - NT NT

Mean £ SEM, n = 3, zoneincludes disc diameter 7mm; G — Gentamicin (10 pg/disc), Pc — Piperacillin (100 pg/disc), Ns— Nystatin (100 units/
disc), Fu—Fluconazole (10 pg/disc); TME —Methanol extract, TAE —Acetone extract, TDE — N, N-dimethylformamide (DMF) extract, DM SO

— Dimethylsulphoxide.

that acetone extract of Psidiumguajavaishighly active against
74.72% of the total 91 microbial strains studied. The acetone
extract of P. guajava should further be studied for its
phytochemical constituents in order to elucidate the active
principle within the extract which can turn out to be a novel
antimicrobial agent of thefuture.
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RESUMO

Atividade antimicrobianain vitro de extratosde folhas
de Psidium guajava L. contra cepas patogénicasde
importanciaclinica

Os extratos de folhas de Psidium guajava L. preparados
com metanol, acetonae N,N-formamidaforam avaliados quanto

457



Nair, R. and Chanda, S.

a sua atividade antibacteriana e antifungica. Piperacilina e
gentamicina foram empregadas como padrdes de atividade
antibacterianae nistatinaefluoconazol com padres de atividade
antifungica. O estudo foi desenvolvido com noventa e uma
cepasdeimportanciaclinica, incluindo isolados clinicos e cepas
identificadas. A atividade antibacterianafoi maisintensacontra
as cepas de bactérias Gram positivas e de fungos. A atividade
contra bactérias Gram negativasfoi moderada.

Palavr as-chave: antibacteriano, antifiingico, extrato de Psidium
guajava, isolados clinicos
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