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ABSTRACT Bromelia balansae (Family Bromeliaceae) is a medicinal plant commonly used in the central region of Brazil

as a cough syrup and also eaten roasted. The methanolic extract of ripe fruits was analyzed by chromatographic methods and

spectrometrically. Four glycoside flavonols were isolated: kaempferol-3-O-a-l-rhamnopyranoside (1), kaempferol-3-O-a-l-

rhamnopyranosyl-(1? 6)-b-d-glucopyranoside (2), quercetin-3-O-a-l-rhamnopyranosyl-(1? 6)-b-d-glucopyranoside (3),

and kaempferol 3,7-di-O-a-l-rhamnopyranoside (4). The resazurin microtiter assay was used to measure the biological

activity in vitro against Mycobacterium tuberculosis. The results showed a moderate activity of the methanolic extract with a

minimal inhibitory concentration of 128 mg=mL. Antioxidant activity was evaluated as free radical scavenging capacity and

inhibition of peroxidation. Free radical scavenging capacity was assessed by measuring the scavenging activity of methanolic

extract and methanolic fraction on 2,2-diphenyl-1-picrylhydrazyl radical. The methanolic extract showed low values of

antioxidant activities, whereas the methanolic fraction exhibited free radical scavenging activity ranging from 20.2% to

91.1%, and the inhibition of peroxidation values ranging from 5.6% to 27.5%. This is the first chemical study reported in the

literature about this species.
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Bromeliaceae is a plant family from tropical and
subtropical America and comprises three subfamilies—

Pitcairnioideae, Tillandsioideae, and Bromelioideae—with
about 3,000 species in 56 genera.1 It is widely distributed on
the American continent, from the states of Virginia and
Texas in the southern United States to central Argentina and
Chile, except for a single species of west tropical Africa.1

Brazil, one of the largest centers of diversity, has approxi-
mately 40% of known species. In particular, the species
Bromelia balansae is popularly known in Brazil as ‘‘gra-
vatá’’ or ‘‘caraguatá.’’ Its fruits are used in folk medicine as a
cough syrup and also eaten roasted. It is indigenous in Brazil
and can be considered a very important food of the Bororo
people, an indigenous community, but can be found also in
Argentina.2

The Bromeliaceae family has not been well screened for
its chemical constituents, probably because of the inacces-

sibility of its species. Despite this, in Brazil this family has a
great ecological and horticultural importance interest.

Chemical investigations of Bromelia pinguin species
have revealed the presence in the roots and stems of the
flavones penduletin, cirsimaritin, and casticin, as well as of
isoferulic acid and three diterpenoids.3

Investigations on the secondary metabolites of Bromelia
plumieri in an extract of the fruits and pulp have revealed the
presence of anthranilic acid and their glycoside derivatives,
as well as the presence of 34 volatile substances.4,5

In addition, in recent years, several proteolytic en-
zymes from species belonging to the Bromeliaceae family
have been isolated and characterized: stem and fruit
bromealin, ananain, and comosain, obtained from Ananas
comosus,6,7 as well as proteases from fruits of B. pinguin
and B. balansae.8,9

In the present communication, we report results obtained
on phytochemical analysis, evaluation of antituberculosis
activity against Mycobacterium tuberculosis, and antioxi-
dant activity of polar extract from B. balansae.

B. balansae was collected in the city of Dourados, MS,
Brazil, in March 2006 and June 2007 and identified by
M. do C. V. A voucher specimen (number 2467) is deposited
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in the Herbarium of the Federal University of Grande
Dourados, Dourados.

The roots (900 g), leaves (1,200 g), and ripe fruits
(2,000 g) in natura of B. balansae were extracted succes-
sively with CHCl3 and methanol at room temperature. Ex-
tracts were filtered and concentrated under vacuum. The
methanol extract (30 g) of ripe fruits was dissolved in 1.0 L
of water and fractionated by XAD-2 (Supelco, Bellefonte,
PA, USA) resin column chromatography (30 cm�3 cm)
eluted with 1.5 L of water, followed by 0.7 L of methanol
and finally with 0.3 L of acetone. An aliquot (2.0 g) of the
methanolic fraction (FRMeOH) was dissolved in 15 mL of
methanol and fractionated by Sephadex LH-20 (Amersham
Pharmacia Biotech, Uppsala, Sweden) column chromatog-
raphy (100 cm�3 cm) eluted with methanol at a flow rate of
0.5 mL=minute. In total, 64 fractions of 7 mL were col-
lected. The fractions were combined according to their be-
havior by thin-layer chromatography (silica gel plates; ethyl
acetate=n-propanol=water, 140:8:80 by volume, upper
phase). Fractions 40–45 resulted in the isolation of the com-
pound kaempferol-3-O-a-l-rhamnopyranoside 1 (15 mg).
Fractions 9–20 and 25–30 were purified using poly-
vinypolypyrrolidone (Sigma, St. Louis, MO, USA) column
chromatography (10�1 cm) eluted with methanol, leading
to the identification of the compounds kaempferol-3-O-a-l-
rhamnopyranosyl-(1? 6)-b-d-glucopyranoside 2 (8 mg)
and quercetin-3-O-a-l-rhamnopyranosyl-(1? 6)-b-d-glu-
copyranoside 3 (10 mg) in the first fraction collection and
kaempferol 3,7-di-O-a-l-rhamnopyranoside 4 (20 mg) in
the second fraction collection (Fig. 1).

The identification of all compounds was achieved by the
experimental data (infrared, nuclear magnetic resonance,
and mass spectrometry). Their structures were also con-
firmed by comparing with the previously reported respective
literature data.10–12 The methanolic extracts obtained of the
fruits, leaves, and roots from B. balansae were also analyzed
by an analytical high-performance liquid chromatograph
(Varian 210, Varian, Sugar Land, TX, USA) system with a
ternary solvent delivery system, equipped with an auto-
sampler and a photodiode array detector. Star WS (Work-
station) software (Varian) was used for chromatograms and
measuring peak areas. The high-performance liquid chro-
matography column was an RP18 reversed-phase column
(25 cm�4.6 mm; particle size, 5 mm) (Luna, Phenomenex,
Torrance, CA, USA), with a small precolumn (2.5 cm�
3 mm) containing the same packing, used to protect the

analytical column. Elution was carried out with a gradient
solvent program of methanol=water=acetonitrile (1:84:15 by
volume), taking 15 minutes to reach 1% methanol=59%
water=40% acetonitrile, taking 5 minutes to reach 1%
methanol=21% water=78% acetonitrile, taking 10 minutes
to reach 1% methanol=0% water=99% acetonitrile, and
taking 10 minutes to reach 0% methanol=0% water=100%
acetonitrile, returning after that in 10 minutes to the initial
conditions. The flow rate was 1.0 mL=minute, and the vol-
ume injected was 10mL. All chromatographic analyses were
performed at 228C.

Our phytochemical investigation of the fruits from
B. balansae has led to the isolation of four glycoside fla-
vonols (Fig. 1). The flavonoids, such as flavonols, are widely
present in the plant kingdom, being found in almost all fruits
and vegetables.11 However, the occurrence of glycoside
flavonols in fruits from B. balansae is reported for the first
time here in this species and in the genus Bromelia.

We developed a method based on comparative high-
performance liquid chromatography with diode array de-
tection and ultraviolet analysis to check for the presence of
flavonols in the crude methanol extract of fruits, leaves, and
roots of B. balansae. The chromatography profiles of the
methanolic extracts of fruits, leaves, and roots could be
established by comparing the retention times and ultraviolet
spectra of the peaks with those of isolated compounds from
fruit extract.

The extracts analyzed did not show a similar qualitative
chromatographic pattern. Substances 1–4 were not found in
the leaves and roots. The analysis of chromatogram of fruits
exhibited the major peaks at retention times of 14.1 minutes
for 1, 10.2 minutes for 2, 11.7 minutes for 3, and 11.3
minutes for 4. The ultraviolet spectra of compounds 1–4
presented bands at 267 and 347–358 nm, typical of flavonol
derivatives. In our work we have also not found anthranilic
acid derivatives, as was found in B. plumieri.4

In species of subfamilies Pitcairnioideae and Tilland-
sioideae, Williams13 related in the leaves the presence of the
flavonols and flavones with hydroxylation or methoxylation
at the 6-position. 6-Hydroxyluteolin-7-O-(1"-a-rhamnoside)
was isolated from the species Vriesea sanguinolenta Cogn.
and Marchal, belonging to the subfamily Tillandsioideae.14

Williams13 described also the presence of the myricetin and
quercetin glycosides in the Bromelioideae (Portea petro-
politana) in the leaves and the absence of 6-hydroxy-
flavonoids.

FIG. 1. Substances isolated from fruits of B.
balansae.
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One of the few chemical studies involving secondary me-
tabolites of plants of the subfamily Bromelioideae has been
done with the genus Ananas. Studies of leaves of Ananas
comosus L. detected the presence of phenylpropane diglycer-
ides, hydroxycinnamic acids, hydroxycinnamoyl quinic acids,
phenylpropane monoglycerides, flavones, and phenylpropa-
noid glycosides.15 Steroids and phenolic acids were isolated
from Ananas ananassoides (Baker) L.B. Smith in the leaves.16

Because B. balansae is a plant largely used as a cough
syrup and for alimentary purposes, we also decided to in-
vestigate the effect of methanol extract against M. tuber-
culosis and to evaluate the antioxidant activity using two
different methods.

The anti-M. tuberculosis activity of the methanolic ex-
tract of fruits was determined using the resazurin microtiter
assay as the analytical method.17 The minimal inhibitory
concentration (MIC) values of these compounds necessary
to inhibit 90% of growth of M. tuberculosis H37Rv ATCC
27294 were determined in triplicate in sterile 96-well plates
(Falcon 3072; Becton Dickinson, Franklin Lakes, NJ, USA),
in a SPECTRAfluor Plus (Tecan, Männedorf, Switzerland)
microfluorimeter. For the standard test, the MIC value of
isoniazid was determined each time.18 The acceptable MIC
of isoniazid ranges from 0.015 to 0.03mg=mL.18

The methanolic extract showed an MIC value of
128mg=mL. According to Gu et al.,19 a sample with an MIC
value of �128mg=mL is defined as active. According to
Pauli et al.,20 the MIC of a crude natural extract may or may
not be a reliable indicator of the chances for success in
isolating a potent antimycobacterial agent from that extract.
In our study the majority of the secondary metabolites
present in the methanolic extract are glycoside flavonols.

The literature reports the flavonols are inactive or weakly
to moderately active against M. tuberculosis. A series of
flavonols, flavones, flavanones, and chalcones were syn-
thesized and evaluated for inhibitory activity against M.
tuberculosis H37Rv.21

Flavonol (3-hydroxyflavone) exhibited a low potency of
38% inhibition. The presence of a 40-methoxyl group on
flavonol led to a slight, 10% increase in inhibitory activity.
The authors also related that the addition of a halogen
substituent on the ring 6-chloro or 7-fluoro group on 40-
methoxyflavonol did not affect the activity. However, the
substitution of a 7- or 8-iodo group, a 6-fluoro or 6-bromo
group, or a 6-carboxy group on 40-methoxyflavonol resulted
in a significant decrease or a complete loss of activity.

In conclusion, the authors found that compounds such as
flavonoids with hydrophilic substituents, such as methoxyl,
hydroxyl, and amino groups, resulted in a dramatic decrease or
complete loss of activity, which strengthens the proposal that
compounds with lipophilic groups are more active. The high
lipophilicity is probably the main factor that allows penetration
of the compounds through the mycobacterial cell wall.21

The antioxidant activity of methanolic extract and
FRMeOH of fruits, based on free radical scavenging and b-
carotene=linoleic acid assays, was determined by the method
described by Blois22 and Coutinho et al.,23 respectively. For
these assays the extracts were evaluated at concentrations at

40, 80, 160, 320, and 640mg=mL. The radical scavenging
effect of each sample was calculated and compared with that
of quercetin (Sigma) (2.5, 5, 10, 20, and 40mg=mL), and the
experimental values in the b-carotene=linoleic acid assay
were compared with those of tert-butylated hydroxytoluene.
All the tests were conducted in triplicate.

The methanolic extract had low free radical scavenging
activity and inhibited peroxidation with values ranging from
3.2% to 8.4%. The possible reason for the low activity might
be the presence of high quantities of carbohydrates in fruit of
B. balansae, which considerably reduced the activity, or that
the carbohydrates are weak antioxidants.

The FRMeOH exhibited free radical scavenging activity
ranging from 20.2% to 91.1%, compared with the quer-
cetin standard having scavenging activity of 94.3% (at
40mg=mL). The inhibition of peroxidation values ranged
from 5.6% to 27.5%, compared with the tert-butylated hy-
droxytoluene standard of 90.6% (at 40mg=mL). The results
showed that the antioxidant activity measured for the free
radical scavenging acid assay in the same concentrations
was greater than that of the b-carotene=linoleic acid assay.
This might be attributed to the structures present in this
fraction as flavonols, which exhibit their antioxidant activity
by donating hydrogen.

In conclusion, in this study we reported an investigation
of the phytochemical composition of the polar extract of
fruits from B. balansae, which is reported herein for the first
time in the literature. We also reported for the first time the
activity against M. tuberculosis and the evaluation of anti-
oxidant activity.
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plumieri) fruit. Phytochemistry 1996;42:871–873.

5. Parada F, Duque C: Studies on the aroma of pinuela fruit pump

(Bromelia plumieri). Free and bound volatile composition and

CHEMISTRY AND BIOLOGY OF B. BALANSAE 1279



characterization of some glucoconjugates as aroma precursors.

J High Res Chromatogr 1998;21:577–581.

6. Napper AD, Bennett SP, Borowski M, Holdridge MB, Leonard

MJC, Rogers EE, Duan Y, Laursen RA, Reinhold B, Shames SL:

Purification and characterization of multiple forms of the pine-

apple-stem derived cysteine proteinases ananain and comosain.

Biochemistry 1994;301:727–735.

7. Rowan AD, Buttle DJ: Pineapple cysteine endopeptidases.

Methods Enzymol 1994;244:555–568.

8. Harrach Y, Eckart K, Schulze-Forster K, Nuck R, Grunow D,

Maurer HR: Isolation and partial characterization of basic pro-

teinases from stem bromelain. J Protein Chem 1995;14:41–52.

9. Payrol JA, Obregón WD, Natalucci CL, Caffini NO: Re-

investigation of the proteolytically active components of Bro-

melia pinguin fruit. Fitoterapia 2005;76:540–548.

10. Harborne JB: The Flavonoids. Advances in Research Since 1986.

Chapman and Hall, London, 1996.

11. Agrawal PK: Carbon-13 NMR of Flavonoids. Elsevier, Am-

sterdam, 1989.

12. Berrondo LF, Gabriel FT, Fernandes SBO, Menezes FS, Moreira

DL: Dirhamnosyl flavonoid and other constituents from Bril-

lantaisia palisatii. Quim Nova 2003;26:922–923.

13. Williams CA: The systematic implications of the complexity of

leaf flavonoids in the Bromeliaceae. Phytochemistry

1978;17:729–734.

14. Bringmann G, Ochse M, Zotz G, Peters K, Peters, EM, Brun R,

Schlauer J: 6-Hydroxyluteolin-7-O-(1"-a-rhamnoside) from

Vriesea sanguinolenta Cogn. and Marchal (Bromeliaceae).

Phytochemistry 2000;53:965–969.

15. Ma C, Xiao S, Li Z, Wang W, Du L: Characterization of active

phenolic components in the ethanolic extract of Ananas comosus

L. leaves using high-performance liquid chromatography with

diode array detection and tandem mass spectrometry. J Chro-

matogr A 2007;1165:39–44.

16. Silva JS, Andreo MA, Tubaldini FR, Varanda EA, Rocha LRM,

Brito ARMS, Vilegas W, Hiruma Lima CA: Differences in

gastroprotective and mutagenic actions between polar and

apolar extracts of Ananas ananassoides. J Med Food 2008;11:

160–168.

17. Palomino JC, Martin A, Camacho M, Guerra H, Swings J, Por-

taels F: Resazurin microtiter assay plate: simple and inexpensive

method for detection of drug resistance in Mycobacterium tu-

berculosis. Antimicrob Agents Chemother 2002;46:2720–2722.

18. Collins LA, Franzblau SG: Microplate Alamar blue assay versus

BACTEC 460 system for high throughput screening of com-

pounds against Mycobacterium tuberculosis and Mycobacterium

avium. Antimicrob Agents Chemother 1997;41:1004–1009.

19. Gu JQ, Wang Y, Franzblau SG, Montenegro G, Yang D, Tim-

mermann BN: Antitubercular constituents of Valeriana laxiflora.

Planta Med 2003;70:509–514.

20. Pauli GF, Case RJ, Inui T, Wang Y, Cho S, Fischer NH,

Franzblau SG: New perspectives on natural products in TB drug

research. Life Sci 2005;78:485–494.

21. Lin Y-M, Zhou Y, Flavin MT, Zhou L-M, Niea W, Chen, F-C:

Chalcones and flavonoids as anti tuberculosis agents. Bioorg Med

Chem 2002;10:2795–2802.

22. Blois MS: Antioxidant determinations by the use of a stable free

radical. Nature 1958;181:1199–1200.

23. Coutinho ID, Coelho RG, Kataoka VMF, Honda NK, Silva JRM,

Vilegas W, Cardoso CAL: Determination of phenolic compounds

and evaluation of antioxidant capacity of Campomanesia ada-

mantium leaves. Ecl Quı́m 2008;33:53–60.

1280 COELHO ET AL.


