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Organic Acids from Leaves, Fruits, and Rinds of Garcinia cowa
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Organic acids in fresh leaves, fruits, and dried rinds of Garcinia cowa (G. cowa) were determined by
high-performance liquid chromatography. Fresh leaves, fruits, and dried rinds were extracted with
water at 120 °C for 20—30 min under 15 Ibs/in? pressure. Also, dried rinds were extracted with solvents
(acetone and methanol) using a Soxhlet extractor at 60 °C for 8 h each. The samples were injected
to HPLC under gradient elution with 0.01 M phosphoric acid and methanol with a flow rate of 0.7
mL/min using UV detection at 210 nm. The major organic acid was found to be (—)-hydroxycitric acid
present in leaves, fruits, and rinds to the extent of 1.7, 2.3, and 12.7%, respectively. (—)-Hydroxycitric
acid lactone, and oxalic and citric acids are present in leaves, fruits, and rinds in minor quantities.
This is the first report on the composition of organic acids from G. cowa.
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INTRODUCTION Iil
(—)-Hydroxycitric acid (1,2 dihydroxypropane-1,2,3-tricar- HO—C— COOH —————C—COOH

boxylic acid;Figure 1) was encountered first in nature as the HO— |B—coon

principal acid in the highly acidic fruits dbarcinia cambogia HO—C——COOH 0 &

(1). So far, (—)-hydroxycitric acid (HCA) has been found in | H—=¢—C=0

the fruits of certain species darcinia, which includesG. H_?‘COOH .

cambogia,G. indica,andG. atroviridis (1—3). The chemistry H

and biochemistry of HCA has been discussed recert)y (  Figure 1. Structures of (—)-hydroxycitric acid and (-)-hydroxycitric acid
During extensive animal studies, HCA has been proven to lactone.
effectively curb appetite, suppress food intake, increase the rates
of hepatic glycogen synthesis, reduce fatty acid synthesis andfruits of G. cowawhich are found in the northeastern parts of
lipogenesis, and decrease body-weight g&inl@3). As a dietary India and the Andaman Islands. In upper Ass&n,cowais
supplement, then, HCA is an effective addition to any weight often cultivated in homesteads for its acid fruits. The tree flowers
management program. Allison et al4) has reviewed the use  during JanuaryMarch, and the fruits ripen in MayJune. The
of HCA as one of the alternative treatments for weight loss. fruits are not palatable because of their acidic flavor. They can
The derivatives of HCA have been incorporated into many be made into jam or preserves. In Assam, the fruit is popularly
pharmaceutical preparations in combination with other ingre- known as kujithekera or kauthekera, and the sundried slices of
dients for the purposes of enhancing weight loss, cardioprotec-the fruits are used in the treatment of dysentery. In Burma,
tion, correcting the conditions of lipid abnormalities, and Yyoung leaves are cooked and eaten as vegetab8s I the
endurance in exercise§—17). This increases the consumer present communication, we report the composition of organic
demand for HCA. So far the fruits &. cambogiaandG. indica  acids in leaves, fruits, and rinds Gf. cowaby HPLC. This is
have been exploited as the source of HCA. The availability of the first report on the composition of organic acids fr@n
these two species @arciniais limited; hence, there is a need cowa.
for finding newer source(s) of HCA. MATERIALS AND METHODS

Garcinia (Family Guttiferae) is a large genus of polygamous ~ Materials and Equipment. Fresh leaves, fruits, and rinds Glar-
trees or shrubs distributed in tropical Asia, Africa, and Polynesia. cinia cowawere obtained from Assam. All solvents and other chemicals
It consists of 180 species, of which about 30 species are foundused were of AR/HPLC grade and were obtained from E-Merck,
in India (18). The proposition made by Lewis and Neelakantan '\S"i;mgaéAgﬂiaﬁ’g"(‘)’e?siol‘_’xﬁg m‘és)ﬁ;gzlﬁﬂn??h"r":: I?S:;’;‘(';‘(‘;‘iiggg
E)le)lézg'i[nz St‘.(l;r\tﬁ chgr(c:)irn%:r;gnatjcsl,dvsvé:IS I(;:\(:ggﬂr;r:t:g\r/ eo ;fmgs tribasic hydrate was obtained from Fluka (M/S Fluka Chemie Gmbh,

f HCA i f th besid h di Switzerland). Double-distilled water was used for the extraction of
presence o In many of them besides those reported In organic acids, and triple-distilled water was used for HPLC analysis.

their studies tempted us to examine the organic acids in the o Millipore Swinnex-type filter (pore size 0.48m) was obtained from
Millipore (Bangalore, India)*H NMR spectra (O) were recorded at

*To whom correspondence should be addressed. Phone: 91 8 21 514400 MHz on a Bruker AMX 400 FT instrument (Bruker, Rheinstetten,
310. Fax: 91 8 21 517 233. E-mail: gkjp@yahoo.com. Germany). TMS was used as the internal standard.
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Isolation of HCA Lactone. Standard HCA lactone is not com-  with 10 mL of water, and the washwater was made up to 50 mL. The
mercially available. Hence, pure HCA was isolated from the fruits of acid contents of acetone and methanol extracts were found to be 23.6
Garcinia cambogiaby the method reported earlier and its purity was and 25.4% (w/w), respectively, as determined by atidse titration
analyzed by GLC and optical rotatiolq). The structure of HCA using 0.1 N sodium hydroxide and phenolphthalein indicator.
lactone was further confirmed B NMR spectra. The chemical shifts HPLC Analysis. The high-performance liquid chromatographic
were matched with reported valud®). The isolated pure HCA lactone  system used in the present study consisted of a Hewlett-Packard HPLC
was dissolved in triple-distilled water at concentrations from 0.2 to model HP 1100 Series (Palo Alto, CA) equipped with an quaternary
1.0 mg/mL and used for HPLC analysis. HPLC pump, and fitted with a Zorbax,§(Hewlett-Packard) analytical

Regeneration/Activation of Dowex 50Four resin volumes of 5% column (25 cmx 4.6 mm i.d., 5-micron particle size). The injection
HCI was percolated in the Dowex 50 resin for 45 min, then it was system (Rheodyne) used was aid0sample loop. Detection was done
displaced with 4 resin volumes of distilled water for 45 min. Finally, by a HP 1100 Series variable wavelength detector at a wavelength of
the resin was rinsed with distilled water to get neutral pH and the Dowex 210 nm. The gradient mobile phase consisted of (A) MeOH, and (B)
50 was thus in the form of [H. 0.01 M phosphoric acid, with a flow rate of 0.7 mL/min. The elution

Preparation of Free HCA. Calcium threo-hydroxycitrate tribasic ~ program involved a linear gradient from 10 to 30% A in B for2b
hydrate (50 mg) was suspended in a 50-mL beaker containing 5.0 mL min, 90% A in B for 30 min, followed by 5 min of equilibrium with
of water, and it was treated with 500 mg of Dowex 507 [HThe 90% A. All standards and samples were filtered through Qudb-
mixture was stirred using a magnetic stirrer for 10 min. The supernatant Millipore filter and injected to HPLC. The compounds were quantified
was decanted, and the resin was washed with water to neutral pH. Theusing HP CHEMSTATIONS software.
washings and the supernatants were combined and made up to 25 mL, Calibration and Linearity. The linearity of the method was
mixed, and filtered using Whatman filter paper 1. Five standard HCA evaluated by analyzing a series of HCA standards. Aliquots @fL10
solutions of concentrations ranging from 0.20 mg/mL to 1.0 mg/mL of each of the five working standard solutions containirgl® ug of
were prepared. free HCA were injected on to the HPLC, elution was carried out as

Preparation of Standard Solution of Oxalic and Citric Acids for discussed above, and peak area responses were obtained. The calibration
HPLC. Standard solutions of oxalic and citric acids were prepared curve for HCA was prepared by plotting concentration of HCA versus
separately at concentrations of 0.2 to 1.0 mg/mL using triple-distilled peak area (average of 3 runs). Similarly, standards of HCA lactone,

water. and oxalic and citric acids were injected to HPLC, elution was carried
Sample Preparation. Fresh Leaves and Fruitd.eaves and fruits out as discussed above, and peak area responses were obtained.
(10 g each) ofG. cowawere cut into small pieces and extracted Range.The calibration range was established through consideration

separately with 100 mL of water at 15 Ibs/ipressure for 20 min using ~ of the practical range necessary according to the HCA concentrations
an autoclave, and then filtered through muslin cloth. The extraction present in the samples. This range includes concentrations from the
and filtration was repeated once more for complete extraction of the lower limit of quantification (LLOQ) to the upper limit of quantification
organic acids. The extracts were combined and treatell 4vigy of (ULOQ).

activated charcoal and heated on a water bath for 30 min. The extracts Determination of the Limit of Quantification. The limit of
were filtered using Whatman filter paper 41, and the charcoal was quantification (LOQ) was defined as the lowest HCA concentration
washed twice with 15 mL of water and the washwater was filtered. which can be determined with accuracy and precisi@9%.

The combined extracts were concentrated to 20 mL under vacuum, Quantification of Organic Acids in Samples.The prepared samples
treated with 100 mL of ethanol with continuous stirring, left for 15  were diluted to 1:9 ratio with triple-distilled water, except the extract
min to precipitate the pectinaceous material, and then the whole contentof fresh fruits for which the dilution was 1:2. A known volume (20
was centrifuged at 10@0for 10 min. The supernatant was collected, L) of each sample was injected to the HPLC, and the concentrations
and the precipitate was washed two times with 20 mL of ethanol to of HCA lactone, oxalic acid, and citric acid were obtained directly from
recover the adhering organic acids and centrifuged. Both the superna-the peak area and by application of the dilution factor. But concentration
tants were pooled and concentrated under reduced pressure to 25 mlof HCA has been calculated using a calibration curve. The concentra-
and stored at 4C until further use. The acid contents of leaves and tions of HCA, HCA lactone, oxalic acid, and citric acid in the sample
fruits were found to be 4.46 and 5.92% (w/w), respectively, as were expressed as g/100 g of sample.

determined by acid—base titration using 0.1 N sodium hydroxide and
phenolphthalein indicator. RESULTS AND DISCUSSION

Dried Rinds: Method 1Rinds (10 g) ofG. cowawere extracted Standard HCA lactone is not commercially available. Hence,
with 150 mL of water at 15 Ibs/tpressure for 30 min using an it was isolated from the fruits oGacinia cambogiaby the
autoclave and filtered using muslin cloth. The extraction and filtration method reported earlier, and its purity was analyzed by GLC
was repeated twice for complete extraction of the organic acids. The and optical rotation (19). HCA lactone had a melting point of
combined extracts were treated with 4.0 g of activated charcoal, heated182 °C and optical rotation ofd]2% + 99.7°(c = 1.0; H,0);
on a water bath for 30 min, and filtered using Whatman filter paper these values matched well with those of pure HCA lactone
41. The charcoal was washed twice with 15 mL of water and the reported values, 19. The purity of isolated HCA lactone was

washwater was filtered. The extracts were combined and concentrated,
0
to 30 mL under vacuum. The extract was treated with 120 mL of ethanol found to be 99%. The structure of HCA lactone was further

with continuous stirring, left for 15 min to precipitate the pectinaceous established byH NMR spectroscopyH NMR_speqtra of HCA
material, and centrifuged at 10§@r 10 min. The supernatant was lactone showed two protons @tcarbon which gives an AB
collected, the precipitate was washed two times with 20 mL of ethanol quartet at 2.53 andj 2.75 withJ = 17.0 Hz, and one proton

to recover the adhering organic acids, and the washwater wasat o-carbon showed a singlet at5.15.

centrifuged. Both supernatants were pooled and concentrated under The acid—base titration method has been used for the
reduced pressure to 25 mL and stored aCAuntil further use. The  determination of organic acids in the extracts, which gives the
acid content was found to be 27.1% (w/w) with respect to weight of total acidity of extractsZ0). But in this method the concentra-
rinds as determined by acitbase titration using 0.1 N sodium  tiong of HCA, HCA lactone, and citric and oxalic acids cannot
hydroxide and phenolphthalein indicator. be estimated separately. Generally, GC estimation involves the

Method 2.Rinds (25 g) ofG. cowawere extracted in a Soxhlet . . - - S . .
extractor with 100 mL each of acetone and methanol for 8 h each at CONVErsion of acid to volatile silyl derivatives. For silylation

60 °C. The extracts were filtered using Whatman filter paper 1 and the sample ShOUId, be. dried F:omplgtely. But HCA has the
concentrated under vacuum. The acetone and methanol extracts werd€ndency for lactonization during dryin@)( and because of
suspended in 20 mL of water and 4.0 g of activated charcoal separately.the highly hygroscopic nature of HCA it is rather difficult to
Both the extracts were heated on a boiling water bath for 30 min and dry the sample. Recently, Jayaprakasha and Sakatiah2(,
filtered using Whatman filter paper 41. The charcoal was washed twice 22) have developed isocratic HPLC methods for the determi-
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Table 1. Comparison of Organic Acids in Fresh Leaves, Fresh Fruits, and Dried Rinds of G. cowa by HPLC and Titration Methods?

organic acids by HPLC (g/100 g)

sample extraction solvent oxalic acid mean + SD HCA lactone mean + SD HCA mean + SD citric acid mean = SD acid—base titration (g/100 g)
fresh leaves water 0.127 +£0.004 0.817 +0.008 1.676 £ 0.072 1.469 + 0.082 4457 +0.191
fresh fruit water 0.030 £0.017 0.821 +0.001 2.856 +0.057 1.091 +0.110 5.92 +0.099
dried rinds water 0.576 +£0.074 5.650 + 1.076 12.695 + 0.954 6.918 £0.277 27.1+0.760
dried rinds acetone 0.228 £ 0.045 4553 +£0.298 10.209 + 0.361 6.066 + 0.541 23.6 +0.890
dried rinds methanol 0.417 +0.083 4595 +0.716 12.260 + 1.201 6.593 + 0.960 254 +0.921

2 Average of three replications.
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Figure 2. HPLC chromatograms of (A) leaves, (B) fresh fruits, (C) rinds water extract, (D) rinds acetone extract, (E) rinds methanol extract, and (F)
standard oxalic acid, HCA lactone, HCA, and citric acid.
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nation of HCA, as well as other organic acids, in fruits®f (3) Lowenstein, J. M.; Bruneugraber, H. HydroxycitrateMathods

cambogia, commercial samples 6f cambogiaextracts, and in Enzymology; Lowenstein, J. M., Ed.; Academic Press: New

leaves and dried rinds @. indica. In these HPLC methods, York, 1981; Vol. 72, pp 486-497.

dilute extracts can be quantified for HCA and other organic  (4) Jena, B. S.; Jayaprakasha, G. K; Singh, R. P.; Sakariah, K. K.

acids without concentration, drying, and derivatization. Fur- Chemistry and biochemistry of)-hydroxycitric acid from

thermore, the advantage of these methods is that the HCA and Garcinia. J. Agric. Food Chem2002,50, 10-22.

its lactone can be quantified separately. (5) Lowenstein, J. M. Effect of-{)-hydroxycitrate on fatty acid
The organic acids composition of fresh leaves, fruits, and synthesis by rat livem vivo. J. Biol. Chem1971,246, 629—

rinds of G. cowaas determined by HPLC and aeibase 632.

(6) Sullivan, A. C.; Triscari, J.; Hamilton, J. G.; Miller, O. N. Effect
of (—)-hydroxycitrate upon the accumulation of lipid in the rat.
1. Appetite. Lipids 1974,9, 129—134.

(7) Sullivan, A. C.; Triscari, J.; Miller, O. N. The influence of}-
hydroxycitrate onin vivo rates of hepatic glycogenesis and
cholesterogenesiged. Proc.1974,33, 656.

(8) Sullivan, A. C.; Triscari, J.; Hamilton, J. G.; Miller, O. N.;

titration methods are presentedTable 1. It is observed that
the acid—base titration method gives higher values due to the
presence of other organic acids. The values obtained by the
HPLC method accounted for only HCA, because the values
correspond to the area of HCA peak. The major organic acid
found in leaves, fruits, and rinds &. cowaby HPLC is HCA,

as shpwn in the HPLC. chr(_)r_natogram filgure 2. Thre? of . Wheatley, V. R. Effect of {)-hydroxycitrate upon the ac-
the ml.nc.)r pe?"‘s Were.lqent.lfled as HCA laCtor_]e’ oxalic acid, cumulation of lipid in rat. I. Lipogenesit.ipids 1974,9, 121—
and citric acid by co-injection of standard acids. HCA was 128.

almost resolved as a single peak in all samples analyzed, except

A “ (9) Sullivan, A. C.; Triscari, J. Metabolic regulation as a control
the leaves extract as shown in chromatogram Aigure 2.

for lipid disorders. I. Influence of-)-hydroxycitrate on experi-

The identity of the HCA peak was confirmed by determination mentally induced obesity in the rodeatm. J. Clin. Nutr.1977,
of relative retention time and by spiking with standard HCA. 30, 767—776.
The retention times of the oxalic acid, HCA lactone, HCA, and  (10) Sullivan, A. C.; Triscari, J.; Spiegel, J. E. Metabolic regulation
citric acid in all samples were found to be 4i70.1, 5.4+ as a control for lipid disorders. I1. Influence of J-hydroxycitrate
0.1, 5.7+ 0.1, and 8.4 0.2 min, respectively. on genetically and experimentally induced hypertriglyceridemia
A calibration curve was derived from three injections of five in the rat.Am. J. Clin. Nutr.1977,30, 777—784.
concentrations of HCA. Linearity was found in the $%.0ug (11) Greenwood, M. R.; Cleary, M. P.; Gruen, R.; Blasé, D.; Stern,
concentration range and it has a good reproducibility and J. S.; Triscari, J.; Sullivan, A. C. Effect of (—)-hydroxycitrate
accuracy. The following regression equation was obtained: on development of obesity in the Zucker obese ran. J.
= 1573.5x— 90.362, wherey is the peak area anxlis the Physiol. 1981,240, E72—78.
concentration of HCA. The correlation coefficient of the (12) Sullivan, A. C. Effect of ¢)-hydroxycitrate on lipid metabolism.
calibration graph was 0.9967. The estimated LOQ in this study In Modification of Lipid MetabolismPerks, E. G., Witting, L.,
was found to be 1.4g. Eds.; Academic Press: New York, 1984; pp 143—174.
The extraction/recovery of HCA from the rinds, fruits, and  (13) Rao, R. N.; Sakariah, K. K. Lipid-lowering and antiobesity effect
leaves are important. During the treatment with charcoal, traces of (—)-hydroxycitric acid.Nutr. Res.1988,8, 209—-212.
of HCA may be adhering to the charcoal. This was recovered (14) Allison, D. B.; Fontaine, K. R.; Heshka, S.; Mentore, J. L.;
by washing the charcoal with excess of water 2 times. These Heymsfield, S. B. Alternative treatments for weight loss: a
steps were standardized in our earlier meth@ls @2). The critical review.Crit. Rev. Food Sci. Nutr2001,41, 1-28.

recovery of HCA through Dowex during the preparation of HCA (15) Raju, G. G. Hydroxycitric acid compositions, pharmaceutical and
from calcium hydroxycitrate the resin was washed up to neutral dietary supplements and food products made therefrom, and
pH. Moreover, in our earlier workl7) we have seen that the methods for their use in reducing body weight, EP patent
recovery of HCA from the sample/standard through Dowex-50 EP1011660A1, 2000. .

was more than 99%. even 100% in some cases (16) Wakat, D. Dietary supplements for the cardiovascular system,

' . - L U.S. patent 6054128, 2000.
It was found that the composition of organic acids is similar . o
in leaves, fresh fruits, and ICélried rinds Gg cowa.lt can be (17) Jayaprakasha G. K., Sakariah K. K. Determination oj-(

¢ bl h f d be th hydroxycitric acid in commercial samples @frcinia cambogia
seen fromTable 1 that aqueous extract was found to be the extracts by liquid chromatography using Ultra-violet detection.

preferable solvent for complete extraction of organic acids rather J. Lig. Chromatogr. Relat. Technd000,23, 915—923.
than methanol and acetone. The contents of organic acids in (1) The Wealth of IndigRaw Materials)Vol. IV: CSIR: New Delhi,
dried rinds are comparable with those@ cambogizand G. India, 1956; pp 99—108.
indica (21, 22). However, HCA was shown to be the principal  (19) singh, R. P.; Jayaprakasha, G. K.; Sakariah, K. ) Hy-
acid in the fruit and dried rinds 0o6. cowa (HCA>citric droxycitric acid fromGarcinia cambogiaBiol. Mem.1995,21,
acid>HCA lactone> oxalic acid); but the leaves contain almost 27-33.
the same quantity of HCA and citric acid. This is the first report  (20) AOAC. Official Methods of Analysis, 11th ed.; Association of
that fruits of G. cowacontain a substantial amount of HCA. Official Analytical Chemists: Washington, DC, 1970.
Hence, this study reveals that the fruits®fcowacan also be (21) Jayaprakasha, G. K.; Sakariah, K. K. Determination of organic
used as a source of HCA so that the limit of the source is acids inGarcinia cambogiaDesr.) by HPLC.J. Chromatogr.
extended. A 1998,806 (2), 337—339.

(22) Jayaprakasha, G. K.; Sakariah, K. K. Determination of organic
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