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Flavonoids from mango leaves with antibacterial activity
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Abstract: Five flavonoids, viz. (-)-epicatechin-3-O-4-glucopyranoside (1), 5-hy-
droxy-3-(4-hydroxyl phenyl)pyrano[ 3,2-g]chromene-4(8H)-one (2), 6-(p-hyd-
roxybenzyl)taxifolin-7-O-#-D-glucoside (tricuspid) (3), quercetin-3-O-a~glu-
copyranosyl-(1—2)- f-glucopyranoside (4) and (-)-epicatechin(2-(3,4-dihyd-
roxyphenyl)-3,4-dihydro-2H-chromene-3,5,7-triol) (5), were isolated from the
leaves of mango (Mangifera indica L.). The antibacterial activity of different
concentrations of these flavonoids (100, 300, 500, 700, 900 and 1000 ppm) was
evaluated against four bacterial species, namely Lactobacillus sp., Escherichia
coli, Azospirillium lipoferum and Bacillus sp. All the tested concentrations of
the five flavonoids significantly reduced the growth of al the five tested bac-
terial species. However, differences in the antibacterial activity of the flavo-
noids were evident. Compound 1 exhibited the lowest antibacterial activity,
resulting in a 7-75 % reduction in the growth of the different bacterial species.
Compound 5 showed the greatest antibacterial activity and the different con-
centrations reduced the bacterial growth by 45-99.9 %. A. lipoferum and Bacil-
lus sp. showed the highest susceptibility to this compound. Compounds 2—4
also depicted pronounced antibacterial activity. Different concentrations of
these compounds decreased bacterial growth by 52-96 %. From the present
study, it can be concluded that compound 5 is the most effective of the tested
flavonoids against A. lipoferum and Bacillus sp.

Keywords: antibacterial; Mangifera indica; mango; flavonoids; leaves.

INTRODUCTION

Flavonoids are a major class of oxygen-containing heterocyclic natural pro-
ducts that are widespread in green plants.1 Generally, they are found as plant pig-
ments in a broad range of fruits and vegetables.2 These are Cq5 compounds com-
posed of two aromatic rings linked through a three-carbon bridge with a carbonyl
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functional group located at one end of the bridge. Flavonoids have been reco-
ghized as having a protective effect in plants against microbial invasion by plant
pathogens.34 Flavonoid-rich plant extracts have been used for centuries to treat
human disease.> I solated flavonoids have been shown to possess a host of impor-
tant biological activities, including antifungal and antibacterial activities.®8 The
potential of naturally occurring flavonoids as anti-infective agents has been re-
cognized.® However, reports of activity in the field of antibacterial flavonoid re-
search are widely conflicting, probably owing to inter- and intra-assay variations
in the susceptibility testing.5

Mango (Mangifera indica L.) is an economicaly important tropical fruit
found throughout the world. It is very popular due to its excellent eating quality
(bright colour, sweet taste and luscious flavour) and nutritional composition (vi-
tamins, minerals, fibre and other phytochemical compounds).10 Mango contains
various classes of polyphenols, carotenoids, and ascorbic acid, which demons-
trate different health-promoting properties, mainly from their antioxidant activi-
ties.11 The present study was aimed at investigating the antibacterial activity of
five flavonoids isolated from mango leaves, against four bacterial species.

EXPERIMENTAL
General procedure

All the reagents and the solvents used in the present study were procured from E. Merck
Germany, Fluka Switzerland, BDH Chemicals England and Sigma-Aldrich Chemicals Co.
USA. The solvents used were of analytical grade. For column chromatography, silica gel 60
(Merck 230400 mesh) was used and TLC was performed on silica gel (Merck, Keiselgel
60F256). The melting points were determined by the sealed capillary method using a Gallen-
kamp melting point apparatus. However, the melting points were uncorrected. The optical
rotation was measured by a polarimeter (modal wxg-4 Dise polarimeter).

The IR spectra of the compounds in KBr discs were recorded on a Fourier Transform
Shimadzu 4200 instrument. The 1H- and 13C-NMR spectra were recorded on a Bruker 14.1
TNMR spectrometer, operating at a frequency of 600 MHz. The DEPT experiments were
performed using polarization transfer pulses of 90 and 135°. The EI-MS spectra were mea-
sured with a JEOL IMS-AX 505 HAD mass spectrometer at an ionization voltage of 70 eV.

I solation of bioactive compounds from mango leaves

Five hundred grams of fresh mango leaves (equivalent to 220 g dry weight) were col-
lected from the University of the Punjab, Quaid-e-Azam Campus, Lahore, Pakistan in May
2007. The leaves were washed with distilled water, dried in the shade and soaked in 1 L
methanol for 15 min to remove chlorophyll. The leaves were then blended with 1.5 L me-
thanol, left overnight, filtered with Whatman No. 1 filter paper under vacuum, centrifuged at
2000 rpm for 5 min and the supernatant was concentrated to 100 mL under vacuum at 50 °C.
The concentrated solution was diluted with water (1:1), for precipitation to occur. These pre-
cipitates were filtered, washed with ether, dried in a vacuum desiccator to yield compound 1
(215 mg). The filtrate was then concentrated to reduce the volume to 100 mL, extracted with
100 mL of acetone, filtered and the residue was removed. The residue was purified by pre-
paratory TLC (MeOH:CHCl5, 1:99) and recrystallized in CHCl3:MeOH (4:1) to yield com-
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FLAVONOIDS FROM MANGO LEAVES 1391

pound 2 (323 mg). The remaining filtrate was successively extracted with 150 mL CHCIl3 and
n-butanol each. The CHCI; extract was subjected to silica gel column chromatography using a
solvent system of ethyl acetate:MeOH:H,O (4:1:1). From this column, compound 3 (1.75 g)
was isolated and subsequently purified by preparative TLC using the solvent system
EtOAc:MeOH (1:4). The butanolic extract was fractionated by silica gel column (90x4 cm)
chromatography using an isocratic solvent system of MeOH:CHCI3:H,0 (3:1:1) to yield com-
pounds 4 (720 mg) and 5 (1.1 g).
Acid hydrolysis

Each flavonoid glycoside (3 mg) was refluxed with 2 M HCI (3 ml) for one hour. The
aglycon part was extracted with EtOAc and identified with the help of IR, UV and NMR
spectral analysis. The sugar part was isolated from the aqueous layer and identified by co-TLC
and comparison with authentic samples.
Antibacterial activity

Four bacterial species, viz. Lactobacillus sp. 004, Escherichia coli 019, Azospirillium
lipoferum 022 and Bacillus sp. 018, were procured from the Fungal Culture Bank, Institute of
Mycology and Plant Pathology, University of the Punjab, Lahore, Pakistan. After autoclaving
at 121 °C, LBA broth medium was cooled to room temperature and 10 mL aliquots of the
medium were added to 20 mL culture tubes. Appropriate quantities of the five flavonoids
were added to the LBA broth medium in the culture tubes to achieve final concentrations of
100, 300, 500, 700, 900 and 1000 ppm. The test compounds were not added to the control
tube. One drop of overnight broth culture of each bacterial species was added to the culture
tubes prior to incubation at 37 °C for 24 h. Each treatment was performed in triplicate.
Afterwards, the optical density of each suspension was recorded at 630 nm on a modal UT
2100UV spectrophotometer (Utechproducts Inc., USA). The effectiveness of the substances
was inversely related to the optical density of the suspension.

Satigtical analysis

All the data were subjected to analysis of variance followed by the Student-Newman—

—Keulstest (p < 0.05) to separate the treatment means using computer software COSTAT.

RESULTS AND DISCUSSION
Structures of the isolated compounds

Compound 1. Greenish brown powder; m.p. 202-205 °C. IR (KBr, cnl):
3431, 2923, 2922, 1650,1600. H-NMR (600 MHz, MeOH-dg, § / ppm): 5.10
(1H, d, J = 2.2 Hz, H-2), 4.45 (1H, dtd, J = 2.2, 5.0, 3.4 Hz, H-3), 2.75 (2H, d,
J = 3.4 Hz, H-4), 6.03 (1H, d, J = 2.2 Hz, H-6), 5.89 (1H, d, J = 2.2 Hz, H-8),
6.78 (1H, br s, H-2), 6.97 (1H, d, J = 10.0 Hz, H-5"), 6.60 (1H, dd, J = 10.0, 1.8
Hz, H-6'), 6.54 (1H, br s, H-1"), 4.83 (1H, br s, H-2"), 4.65 (1H, t, J = 8.1 Hz,
H-3"), 4.34 (1H, t, J = 8.2 Hz, H-4'), 4.77 (1H, m, H-5"), 4.20 (1H, m, H-6"¢@),
4.46 (1H, m, H-6"4). 13C-NMR (MeOH-dg, 6 / ppm): 78.9 (C-2), 68.0 (C-3), 30.4
(C-4), 160.5 (C-5), 99.1 (C-6), 155.1 (C-7), 95.9 (C-8), 155.8 (C-9), 104.0 (C-
10), 132.9 (C-1), 115.1(C-2), 146.3 (C-3), 146.4 (C-4),116.0 (C-5), 1155 (C-
6", 106.0 (C-1"), 73.0 (C-2"), 75.9 (C-3"), 71.8 (C-4"), 78.4 (C-5"), 62.9 (C-6").
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EI-MS (m/2): 452 (M), 256, 213, 170, 153, 125, 97. UV (MeOH) (Amax / nm):
212, 280. [a]20 (589 nm) = -30.4° (c = 0.1 ¢/100 ml, MeOH).

Compound 2. Brown solid; m.p. 220221 °C. IR (KBr, cnm1): 3410 (br),
2923, 2916, 1670, 1650, 1600. 1H-NMR (600 MHz, CDCl3, § / ppm): 7.83 (1H, s,
H-2), 6.34 (1H, s, H-8), 7.35 (1H, dd, J = 8.6, 2.6 Hz, H-2'), 6.83 (1H, dd, J = 8.3
Hz, 2.6 Hz, H-3, H-5), 7.37 (1H, dd, J = 8.3, 2.6 Hz, H-6"), 4.72, 4.89 (2H, dd, J =
= 3.5Hz, 16.4 Hz, H-2"), 6.71 (1H, m, H-3"), 5.81 (1H, d, J = 3.0 Hz, H-4"). 13C-
-NMR (CDCl3, ¢ / ppm): 148.8 (C-2), 125.5 (C-3), 197.7 (C-4), 161.9 (C-5), 105.4
(C-6), 160.9 (C-7), 96.9 (C-8), 158.0 (C-9), 104.9 (C-10),126.2 (C-1), 132.3 (C-2),
115.3 (C-3), 146.2 (C-4), 116.2 (C-5), 132.2 (C-6), 77.0.(C-2"), 132.6 (C-3"),
115.2 (C-4"). UV (MeOH) (Amax / nm): 270, 256; (NaOAC) (Amax / nm): 276.
EI-MS (mV2): 308 (M), 245, 184, 170, 153, 129, 109, 108, 107, 79, 55.

Compound 3. Yellow brown crystalline, m.p. 145 °C. IR (KBr, cmr1): 2914,
2724, 2357, 1697, 1610, 1454, 1376, 1202, 1030. H-NMR (600 MHz, MeOH-
da, 0 [/ ppm): 497 (1H, d, J =114 Hz, H-2), 445 (1H, d,
J=11.4 Hz, H-3), 6.25 (1H, s, H-8), 6.90 (1H, d, J = 1.82, H-2), 6.77 (1H, d, J =
= 7.4 Hz, H-5), 6.76 (1H, dd, J = 7.4, 1.82 Hz, H-6'), 3.55 (2H, s, H-1"), 6.62
(2H, dd, J =84, 2.1 Hz, H-3", H-7"), 6.61 (2H, dd, J = 8.4, 2.1 Hz, H-4", H-6"),
6.52 (1H, br s, H-1™), 4.80 (1H, br s, H-2"), 4.62 (1H, t, J = 8.1 Hz, H-3"), 4.31
(1H, t, J = 8.2 Hz, H-4"), 4.73 (1H, m, H-5™), 3.55 (1H, m, H-6" &), 4.52 (1H, m,
H-6"A). 13C-NMR (MeOH-dy, 6 / ppm): 82.8 (C-2), 71.5 (C-3), 198.8 (C-4), 160.7
(C-5), 1109 (C-6), 96.4 (C-8), 162.5 (C-7), 160.7 (C-9), 104.5 (C-10), 130.7 (C-1),
1154 (C-2), 146.0 (C-3), 146.4 (C-4), 114.9 (C-5), 114.7 (C-6), 31.6 (C-1"),
136.1 (C-2"), 132.8 (C-3") 115.8 (C-6", C-4"), 160.7 (C-5"), 133.1 (C-7"), 102.8
(C-1"), 73.6 (C-2™), 76.4 (C-3™), 69.7 (C-4™), 77.6 (C-5"), 62.6 (C-6"). EI-MS
(m/2): 595 (M), 184, 170, 153, 134.9, 125, 109, 108, 107, 97, 79. UV (MeOH)
(Amax / NM): 228, 287. [a]2° (589 nm) = —7.62° (c 0.5 g/100 ml, MeOH)

Compound 4. Reddish pink powder; m.p. 210-214 °C. IR (KBr, cm1):
3332, 2950, 2922, 1652, 1600, 1300, 1210, 1147, 1050, 878. 1H-NMR (600
MHz, MeOH-dg, ¢ / ppm): 6.32 (1H, d, J = 2.1Hz, H-6), 6.51 (1H, d, J = 2.10
Hz, H-8), 6.78 (1H, d, J = 1.8 Hz, H-2), 7.63 (1H, d, J = 10.0 Hz, H-5), 7.62
(1H, dd, J = 10.0, 1.8 Hz, H-6), 5.71 (1H, d, J = 7.6 Hz, H- 1), 4.83 (1H, br s,
H-2"), 4.65 (1H, t, J = 8.1 Hz, H-3"), 4.34 (1H, t, J = 8.2 Hz, H-4"), 4.77 (1H, m,
H-5"), 3.50 (1H, m, H-6"a), 4.46 (1 H, m, H-6"/), 5.10 (1H, d, J = 7.8 Hz, H-1"),
4.28 (1H, d, J = 8.2 Hz, H-2"), 4.63 (1H, br s, H-3"), 4.13 (1H, t, 8.2 Hz, H-4™),
4.52 (1H, m, H-5"), 4.36, 4.50 (2H, m, H-6" ¢, H-6" ). 13C-NMR (MeOH-dj,
o / ppm): 160.0 (C-2), 133.3 (C-3), 198.9 (C-4), 162.1 (C-5), 100.4 (C-6), 162.8
(C-7), 96.4 (C-8), 161.1 (C-9), 104.6 (C-10), 132.9 (C-1), 1154 (C-2),146.4 (C-
3), 146.2 (C-4), 115.8 (C-5), 123.9 (C-6'), 105.6 (C-1"), 101.5 (C-1"), 72.6 (C-
4", C-4"), 62.5 (2C, C-6", C-6") 79.9 (C-5"), 78.1 (C-5"), 77.7 (C-2"), 72.3 (C-
2", 77.7 (C-3"), 72.8 (C-3"). EI-MS (m/2): 626 (M), 390, 354, 327, 302, 299,
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FLAVONOIDS FROM MANGO LEAVES 1393

192, 153, 125,121, 93. UV (imax / nm) (MeOH): 357, 307, 256, (Amax / nm)
(NaOAc): 372, 260.

Compound 5. Off-white powder, m.p. 241-245 °C. IR (KBr, cm1): 3331,
2923, 1650, 1240, 1070, 880. 1H-NMR (600 MHz, MeOH-d4, 6 / ppm): 4.87
(1H, d, J = 2.4 Hz, H-2), 3.98 (1H, m, H-3), 2.85 (1H, dd, J = 5.4, 16.2 Hz, H-40),
2.51 (1H, dd, J = 4.2, 16.2 Hz, H-4/9), 5.88 (1H, d, J = 2.1 Hz, H-8), 6.03 (1H, d,
J =21 Hz, H-6), 6.89 (1H, d, J = 1.7 Hz, H-2), 6.77 (1H, d, J = 7.4 Hz, H-5),
6.73 (1H, dd, J = 7.4, 1.7 Hz, H-6"). 13C-NMR (MeOH-dg, 6 / ppm): 74.8 (C-2),
71.8 (C-3), 31.4 (C-4), 160.1 (C-5), 96.8 (C-6), 156.1 (C-7), 96.5 (C-8), 155.3
(C-9), 104.0 (C-10), 132.1 (C-1), 110.1 (C-2), 145.5 (C-3) 146.4 (C-4), 116.0
(C-5), 115.2 (C-6). EI-MS (m/2): 290 (M), 245, 227, 170, 153, 126. UV
(MeOH) (Amax / nm): 280, 212. [«]%® (589 nm) = —14.90°.

Compound 1 was obtained as a greenish brown amorphous powder having
m.p. 202—205 °C, positive to the butanol/HCI and vanillin/HCI tests. It gave a
dark greenish black colour with FeCl3. A positive molecular ion peaks (M)
appeared at Mz 452. The IR spectrum showed bonded OH at (3431 cmL) and an
aromatic group at 1600 and 1650-1. The 1H-NMR spectrum showed a pair of
doublets at 0 2.7 and 2.8 ppm, assigned to the H-4 protons (coupled to each other
with J = 16.7 Hz and to H-3 with J = 4.5 and 2.5 Hz), adoublet at 5.10 ppm (J =
= 2.2 Hz, H-2), adtd signal at 4.45 ppm (J = 2.2, 3.4 Hz, H-3) and a pair of meta
coupled doublets (J = 2.2 Hz) at 6.0 ppm (H-6) and 5.89 ppm (H-8). The 1H-NMR
spectrum showed a resonance due to an anomeric proton at 6.54 ppm (br, s,
H-1"), abroad signal at 4.80 ppm (H-2") and four other peaks, indicating that the
glucose moiety is a #D-glucopyranosyl group. The glucosidation at position 3
was also concluded from a H-heteronuclear multiple band correlation (MBC)
correlation between the anomeric proton of glucose at 6.54 ppm and the C-3 at
68.0 ppm. Also, the 13C-NMR signals at C-2 and C-3 confirm that the compound
suggested is (-)-epicatechin with a glucose moiety at C-3.12

Compound 2 was isolated as a brown solid having a m.p. 220-221 °C. The
molecular formula C1gH1205 was deduced from elemental analysis and the El—
—MS mass spectrum, which exhibited a (M*) at m/z 308. The compound gave a
bluish black colour with FeCl3. Bands at 3410 (OH), 1670 (C=0) and 1650 and
1600 cm2 (pheny! group) were observed in the IR spectrum. The 1H-NMR spec-
trum exhibited a singlet at 7.83 ppm (H-2) and the 13C-NMR spectrum, a signal
at 148.8 ppm (C-2), which are characteristic for the isoflavone skeleton.13 This
was further supported by the UV spectrum with Jmax at 270 nm. The 1H-NMR
dataindicated a doublet of doublets (J = 8.6, 2.6 Hz) at 7.35 (H-2), 6.83 (H-3',H-5)
and 7.37 ppm (H-6"), showing the presence of a4'-OH on ring B of isoflavonoid.
The OH at C-7 was not free as NaOAc failed to produce any bathochromic
shift.14 The IH-NMR and 13C-NMR spectra showed the presence of a pyran ring
at 4.72 and 4.89 (2H, H-2"), 6.71 (H-3") and 5.81 ppm (H-4") and at 76.9 (H-2"),
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132.6 (H-3") and 115 ppm (H-4"), respectively. These data suggested that com-
pound 2 was 5-hydroxy-3-(4-hydroxylphenyl)pyrano[ 3,2-g]chromene-4(8H)-one.
This compound was previously reported form Erythrina lysistemon.15

Compound 3 was isolated as a yellow powder, m.p. 145 °C. EI-MS gave the
(M*) pesk at m/z 595. Its UV and IR data were similar to that of the reported
data.16 The 1H-NMR signals at 4.97 (1H, d, J = 11.4 Hz , H-2) and 4.45 ppm
(IH, d, J = 114 Hz, H-3) are specific for trans stereochemistry of the
dihydroflavonol skeleton. Two sets of doublets (J = 8.4, 2.1 Hz) at 6.62 (H-3", H-
7" and 6.61 ppm (H-4", H-6") indicate the presence of a p-substituted phenyl
group. The proton TH-NMR resonance of the anomeric carbon at 6.52 ppm (1H,
br s, H-1") suggest the glucose moiety has the S-configuration. The 13C-NMR
upfield signals of C-8 and C-6 and the downfield resonance of C-7 indicate that
the glucose moiety was attached with that of (C-7). Regarding the data described,
compound 3 is suggested to be 6-(p-hydroxybenzyl)taxifolin-7-4-D-glucoside.
This compound was previously identified from Cudrania tricuspidata.l”

Compound 4 was isolated as a reddish pink powder, m.p. 210-214 °C. The
UV, IR and NMR data resembled those of a reported flavonol.18 The IR spec-
trum showed bands at 3332 (OH) and 1652 cn1 (C=0). The UV spectrum show-
ed a maximum absorbance with NaOAc at 260 and 372 nm, indicating the pre-
sence of free OH groups at position 5 and 7 of ring A.19 In the IH-NMR
spectrum, two anomeric protons appeared at 5.71 ppm (1H, d, J = 7.7, H-1") and
5.10 (1H, d, J = 7.8, Hz H-1"), indicating the presence of glucose moieties
having a S-configuration. The H-NMR and 13C-NMR data of model sugars
identified that the sugar moiety may be D-glucopyranoside. The 13C-NMR
upfield signal at 77.7 (C-2") and downfield signal at 105.6 ppm (C-1") confirmed
the presence of a 1—2 interglucoside linkage.20 This compound was previously
isolated from Cadaba glandul osa.2!

Compound 5 was isolated as an off-white amorphous powder, m.p. 241-245
°C. The compound was positive to butanol/HCI and vanillin/HCI reagents. The
UV spectrum (MeOH) showed maximum absorbance at 280 and 212 nm. Its El—
—MS m/z 313 (Na+M)™* indicates a monomeric unit of m/z 290. Bands at 3331,
2923 and 1650 cm1 were observed in the IR spectrum. The TH-NMR spectrum
showed a pair of doublets at 2.51 and 2.85 ppm, assigned to H-4 proton (coupled
to each other with J = 16.2 Hz and to H-3 with 5.4 and 4.2 Hz). A doublet at 4.87
ppm (J = 2.4 Hz, H-2), a signal at 3.98 ppm (1H, m, H-3) and a pair of meta
coupled doublets (J = 2.1 Hz) at 6.03 (H-6) and 5.88 ppm (H-8) were observed.
The IH-NMR data suggest that the compound was epicatechin, which was further
supported by 13C-NMR signals, especialy at 74.8 (C-2) and 71.8 ppm (C-3).12
This compound was previously isolated from Adansonia digitata.22

The structures of the five isolated compounds are given in Fig. 1.
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Fig. 1. Structures of flavonoids isolated from mango |eaves.

Antibacterial activity

Analysis of variance showed that the effect of flavonoids, bacterial species,
concentration and their interaction was highly significant (p < 0.001) for bacteria
growth (Table I). The data presented in Fig. 2 indicates that all the concentrations
of the five isolated flavonoids significantly suppressed the growth of al the four
tested bacterial species, however, variation in antibacterial activity of the isolated
compounds was evident. Compound 1 exhibited the least antibacteria activity.
Various concentrations of compound 1 reduced the bacterial growth by 7—75 %
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(Fig. 2A). In contrast, compound 5 was found to be the most effective in con-
trolling bacterial growth. This compound was highly toxic to A. lipoferum and
Bacillus sp. growth, resulting in 94-99.9 % and 73-99 % decreases in bacterial
growth over corresponding control treatments, respectively. Lactobacillus sp. and
E. coli were comparatively less susceptible to compound 5 where 59-96 % and
45-83 % suppression in bacterial growth, respectively, was recorded over the
corresponding control treatments (Fig. 2E). Compounds 2—4 exhibited interme-
diate antibacterial activity between compound 1 and 5. Different concentrations
of compound 2—4 reduced the bacterial growth by 65-96 %, 52-80 % and 68-92 %,
respectively (Figs. 2B—2D). Recently, similar antibacterial activities were also re-
ported for other flavonoids isolated from different plant species.82324 Various
antibacterial mechanisms of action of different flavonoids have been proposed,
including inhibition of nucleic acid synthesis,2® inhibition of cytoplasmic mem-
brane function26 and inhibition of energy metabolism.27 Earlier compound 2 was
known for its antimicrobial and radical scavenging activities.1® In conclusion, the
results of the present study revealed that the flavonoids isolated from mango
leaves possess antibacterial activity. Compound 5 is the most effective flavonoid
against A. lipoferum and Bacillus sp.

TABLE I. Analysis of variance for the effect of different concentrations of the five flavonoids
isolated from mango leaves against four bacterial species

Sources of variation df SS MS F values®
Treatment 139 121 0.87 2285
Flavonoids (F) 4 26 6.54 17147
Bacterial species (B) 3 41 1.35 3554
Concentration (C) 6 77 12.91 33882
FxB 12 4.2 0.35 922
FxC 24 6.2 0.26 678
BxC 18 1.0 0.06 147
FxBxC 72 19 0.03 70
Error 280 0.1 0.0004 —
Total 420 335 - -

aSignificant at p < 0.001
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Lactobacillus sp. A. lipoferum
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Fig. 2. Effect of different concentrations of five flavonoids on the growth of bacteria. In each
graph, bars with different letters show significant difference (p < 0.05)
as determined by the Student—-Newman—Keuls test.
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U3BO [
AHTUBAKTEPNJCKA AKTUBHOCT ®JIABOHOMJIA JINCTA MAHI'A

QUDSIA KANWALL ISHTIAQ HUSSAIN, HAMID LATIF SIDDIQUI1 u ARSHAD JAVAID?

LInstitute of Chemistry, University of the Punjab, Quaid-e-Azam Campus, Lahore « 2Institute of Mycology and
Plant Pathology, University of the Punjab, Quaid-e-Azam Campus, Lahore, Pakistan

W3 nucra manra (Mangifera indica L.) uzonoBano je mer daBoHounna: (—)-enukatexus-3-0O-
-fraykormpanoszun (1), S-xunpokcu-3-(4-xuapokcudennn)nupano|3,2-g]xpomer-4(8H)-ou (2),
6-(p-xunpokcubensm)rakcudoius- 7-O-F-D-rinyko3un  (3), KBepueTHH-3-O- 0-IIyKOIHPAHO3HUII-
-(1-2)-frnyxonupanosun (4) u (-)-emukarexun (2-(3,4-muxunpoxcudennn)-3,4-nuxunpo-2H-
-xpoMeH-3,5,7-tpuon) (5). AHTHOAKTEpHjCKa aKTHBHOCT PasIMYUTUX KOHIICHTpauuja (hraBOHOHIA
(200, 300, 500, 700, 900 u 1000 ppm) je onpehuBaHa crpam ueTupu OGakTepujcke Bpere: Lacto-
bacillus sp., Escherichia coli, Azospirillium lipoferum u Bacillus sp. Ceu ¢naBoronau cy 3uauajuo
CMambHBall pacT TECTHPAHUX OakTepHja, Majaa je MoCTojaja pasjiuKa y HHXOBOj e(HKACHOCTH.
Jemumeme 1 je MMano HajMamby aHTHOAKTEPH]jCKY aKTHBHOCT (CMarbehe pacTa PasiMiuTHX BPCTa
Gakrepuja 7—75 %). Jeaumeme 5 je umaino Hajsehy aHTHOAKTEPHjCKY aKTHBHOCT (peayKIHja pacra
Oakrepuja 45-99,9 %). bakrepuje A. lipoferum u Bacillus sp. cy Guie HajoceTsbUBHje Ha OBO je-
IMbebe. Jenumemna 2—4 cy, Takole, HCIoJbUIIA H3paXKEHY aHTHOAKTEPHjCKY aKTUBHOCT (peayKipja
pacra 52-96 %). Ha ocHOBY pe3ysntara oBe CTy/IHje MOXKE Ce 3aKJbyUYHTH Ja je jenumerne S Hajedu-
KacHHje OJl CBUX TeCTHpaHUX (aBoHOMIA U [a je edekar Hajuspaxenuju cupam A. lipoferum u
Bacillus sp.

(Mpumsbeno 18. anpuia, pesuaupano 1. jyna 2009)
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