CHAPTER III

MATERIALS AND METHODS

3.1 Materials Y.
3.1.1 Plant material T

Calyx samples of roselle were obtained from UKM. A tota®™g§ 11 fose pples were

planted in Experimental Plot at UKM. Completely @\ expdrimgtdl @gn with
1 all

10 replications was used to plant these samples.

Psgl sarqe;vs used for

this study is as shown in Table 3.1. Fruits ereiar s\nd ﬁed to obtain
calyces, and washed before use. Samples @ kepr arcé(a atroviridis) and
re suSed as controls for

0 {Qj
w&% S ‘f_:h%fn the local market. G.

P 7\ Q%enom, Sabah.
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Table 3.1: List of roselle samples used in the study

Sample Description

1) Accession 6 (Terengganu variety)

2) Accession 21 (Arab variety)

T

3) Accession 2 \
4) HS0275-30-4-4-1-1-1 Red calyx Mutant Acc. %
5) HS0275-30-3-3-1-1-1 White calyx Mutant Acc.

6) Accession 3 Y.

7) HS03100-29-2-1-17-15-1 Red calyx Mut N 3

8) HS03100-29-7-1-6-3-1 White cz@ tA‘;c.S

9) Accession 12 \d

10) HS1250-18-18-1-1-1-1 Red calfggg MutangfAcc i ‘(}Y'
11) HS1250-1-18-1-1-1-1 Wh@( Wt nt cc.lé

12) Asam keping (Garcinia atroviridis) COROIS \

13) Garcinia cambogia
] '

3.1.2 Chemicals c’ ,
']
\e go
All solvents used were of analytiYg enf gragde! Me@ml used for HCA extraction
was obtained from R&M Ch% ) UK.’ ota, }Fn(?droxide used for the treatment

was from E. Merck, Germahy. Activ

R&M Chemicals, UK.

which were sulphu&}d /an'd e;h'an%b were from Fisher, UK. Potassium
0

hydroxycitrate st &W}S bifined &m Sabinsa Corporation, India. Double-
distilled water {;Qd for Hﬂfcﬁn@ﬁs.
9

3.1.3 Insenation

Roselle Methanolic extracts were refluxed using electromantle from MTOPS, Korea.

Ry

ICO wder (7440-44-0) used was from

sgfventgled for chromatographic separation

aQ

High performance liquid chromatography was conducted using the model Shimadzu
LC-10ATVP from Shimadzu. Regenerated cellulose-type filter (pore size 0.45pum)

was obtained from Fisher Scientific, UK. pH meter used was from Mettler-Toledo,
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USA. HPLC facilitiy used in this study was courtesy from HPLC Lab, Universiti
Malaya Kuala Lumpur.

3.2 Moisture Content

The moisture content was recorded for every sample prepared for usg 1§ HCA
extraction. The decored and washed calyces were weighed before be@d in the

72 hours.
After the calyces were fully dried, the dry weight was taken. NormMe dry weight
is about one tenth from the fresh weight measured. The calculatiMoisture content

is as followed: z '
'é N

Moisture (%) = Fresh weight - Dry fugight x §009 A
G
’ i
N égv
(‘
@)

Samples used for HCA extraction was % form %d @\&%ﬂe calyces. The fully

oven. The drying process was done at the temperature of 55-60°C for a

Fresh weigh

3.3 Extraction Methods cN 0‘

dried calyces were then grounded u elefric Igt€he nder until fine powder.

These samples were ready to be use G 1on\$°

(,;Z K3
3.3.1 HCA Extraction (Majeed of al. %

&

The procedure of extr

?m‘fir,us )j'ogggdre employed from Majeed et al (2005)
i : al nfet

is referred to as th@ had. y@ycitric acid exists in two forms, the free
acid form and one F&hedree acid form is biologically active and the
lactone form ssmiglictive. The free a Yorm is unstable and gets converted to its stable

form but@s inactive (Majeed et al., 2005). It is important to isolate HCA in a
15900t

form h stable and biologically active. The extraction method employed
isol:rbstabilize free acid form of HCA as potassium salt to retain its bioactivity.
Flow chart of HCA extraction method to produce potassium hydroxycitrate is showed
in Figure 3.1. HCA was extracted from dried calyces in the form of potassium salt of

HCA  (potassium hydroxycitrate). 100g of dried roselle calyx was extracted with
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300m! of methanol at reflux temperature (65°C) for 3 hours. The extract was filtered
and additional 300ml of methanol was added and refluxed for another 3 hours. The
second extract was filtered and additional 300ml of methanol was again added and
refluxed. This was filtered and the three extracts collected were combined. The
combined extracts were treated with 1M methanolic potassium hydroxide to produce
potassium hydroxycitrate. It was then refluxed to obtain the precipitat@sium
hydroxycitrate. The salt was filtered, dried and stored in a dessicator x%er use.

Preparation of 1 M methanolic potassium hydroxide: 2

Mass (g) =M x MW x X il z |

Whereby: | (—\,3.
M = Molarity =
= Molari
) \’ \/T
MW = Molecular weight V g
X = volume to prepare in mL (t) °‘
3.3.2 Modified HCA Extraction %C-) o A?
The modified procedure of extrT HEA g @rcoal is referred to as the
(
modified method. HCA was e% frog%ﬁ@s in the form of potassium salt

of HCA (potassium hydro@e). trac@ method was according to Majeed
et al., 2005 HCA extrac vo@ a modification step with additional

’
treatment of activate argoal. St i JOIQ; in the extraction method were repeated
% N
like the original % traft ethe] "'which involved refluxing of methanol as

solvent with r samples repetiti for three times and extracts were collected
p p K

-

each time. T xxtracts were combine finally. The combined extracts were treated
with actifgie®<harcoal at temperature 40-45°C and constantly stirred. At the range of
40-45°¢amount of charcoal treated was fully dissolved, thus the temperature
selected. The amount of activated charcoal used was according to the total volume of
refluxed methanol collected. The weight of activated charcoal used was 1/3 from the

total volume of methanol collected. Activated charcoal used to eliminate any presence

of anthocyanins that constituted to the colouring of furher extracts produced. It was
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then filtered to obtain the clear filtrate. The process was repeated several times until
clear filtrate was obtained. The clear filtrate was later treated with 1M methanolic
potassium hydroxide to produce potassium hydroxycitrate. It was then refluxed to
obtain the precipitated potassium hydroxycitrate. The salt was filtered and dried to be

kept in a dessicator for further use. Figure 3.2 showed the complete modified

extraction method.
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Figure 3.1: HCA extraction method used to produce potassium hydroxycitrate

(Majeed et al., 2005)

100 g of roselle calyx powder weighed was extracted with 300ml
of methanol atareflux temperature (65°C) for 3 hours

v

The first extract was collected after the refluxed sample W\?
filtered through using Whatman paper

v

Another 300ml of methanol was added to the roselle re and
reﬂuxed for 3 hours

The second extract was collected after the refl e was
filtered through using Whatm
v : ,\Y'

300ml of methanol was added again ﬂuxsd ngdin f,Qﬁ‘S')

hours _\
A N\
The third extract was co]lect&) the le was

filtered through using Wha ap . ts were
ed é %
b ] Ah‘

The combined extrac g Nmfﬁﬁhohc potassium
hydroxide at pH 10 an or, ou%o attain constant pH
10 to %éte olssx m hypoxycitrate

Q{V &
The prempnam@&ss rate produced was filtered

w was| 1|0 ith methanol

Pota{spu hyd’r%rat as dried under vacuum at 70°C

S
Lo

¥

&
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Figure 3.2: Modified* HCA extraction method developed to produce

potassium hydroxycitrate

100 g of roselle calyx powder weighed was extracted with 300ml
of methanol atareflux temperature (65°C) for 3 hours

!

The first extract was collected after the refluxed sample wa\q
-

filtered through ismg Whatman paper ‘(‘,
Another 300ml of methanol was added to the roselle rew and

refluxed for 3 hours > )
v Avad

The second extract was collected after the refl ample was
filtered through using Whatma er \d

! 3 oY
300ml of methanol was added again an ﬂuxefi 1ga fo@‘
hours g ¥
~ \j

v

The third extract was collect@the re
filtered through using Whagmanya

d le was

€ ts were
/S

-

*Combined extracts wer tiv&d charcoal at 40-

45°C, stirred and ﬁltere?is j epeaded until clear filtrate
S

ith methanolic potassium
o(} hours to attain constant pH

- Lt
I l¥. WAE
The pr&ipYated potassiu droxycitrate produced was filtered
and wash&through with methanol
;‘ v

otassium hydroxycitrate was dried under vacuum at 70°C

*Modification step involving treatment of activated charcoal
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3.4 Physical and Chemical Identification of Potassium Hydroxycitrate
3.4.1 Extract Yield (%)

Extracts obtained from two extraction methods were weighed using an electronic scale

model AL54 Mettler Toledo and the weight is recorded in term of percentagw.

R
O

3.4.2 Extract Colour

The colour of collected extract of extracts from two extraction ans were observed
visually and recorded to be compared to the extracts obtain Mcimtrols.
é N.

3.4.3 pH in 5% Solution é I (}Y'
Ky
e

' 4
5% solution of extracts was prepared by dissolvingi.S g N cti ¥\7,ml of double-
ali

distilled water and the pH was determined @siad¥c t

Toledo, USA. (Lewis, 1969). \

50 q <1—
3.4.4 Solubility Tests &0
(gl
The extract was used to test % olubj

acid (HCI), aqueous met}&g)enz'n,\h oro and methanol. 2.5 g of extract is
a

dissolved in 50 mL solv

H Qe er from Mettler-

o)

X!
ty f@ts such as water, hydrochloric

27 S
(a) ’ \(_;
3.5 High Perforn@gqlﬂ j0m£graphy (HPLC)
oy
A\ S

3.9.1 Prepa% of Standard Solution of Potassium Hydroxycitrate

Potassi droxycitrate was used as a working standard. Standard stock solution of
potassium hydroxycitrate was prepared using deionised water and this stock was used
for a generating calibration curve. Concentration range was 50, 80, 100, 200 and
400pg/mL. HCA present in roselle samples was quantified using the calibration curve.

HCA lactone was also provided as standard to check for its presence in samples
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injected. Two standards were used: HCA lactone standard and potassium

hydroxycitrate standard from Sabinsa Corporation.
3.5.2 Sample Preparation

50mg of the extract is accurately weighed, dissolved in double-distilled r and

diluted to 25ml with double-distilled water.

3.5.3 HPLC Analysis Y'
Shimadzu liquid chromatograph consisting of two LC-lOAgEun]ps equipped with

a SPD-M10A VP dual diode array detector and a SCL-

L
used for HPLC. Chromatographic separation was @ed uging 'OBsgl:lypersil

column (5pm, 250x4.6 mm?) from Thermo EleCtgn

r 1on.\zSystem was
2y
0-uAample loop. 10

anti@t ve determination

equipped with a manual injection system from Rhe§dyné

uL of sample was injected. HPLC is coupldx?j A
h

e:to,\ati v& gth of 210 nm. The

elution was carried out with 0.01M sulpiur] aﬂ wcét% was 1.0 ml/min under
&4?13

of HCA. Detection was done by wavele

isocratic condition (Jayaprakasha iah, g). 7\& ndards and samples were

filtered through 0.45-pm regener: elh’los ringé}ﬁlter from Fisher Scientific.
{

The compound was quantiﬁed% himadz ‘S‘(/)%tion software.
oy D

N S
N

3.5.4 Calibration and
& o s
= ¢

The linearity of ethdd ¥ e@ted by analyzing a series of potassium
hydroxycitrate ards. Aliquots@ﬂo uL of each of the five working standard
solutions we cted on to the HPLC elution was carried out as mentioned above
and pea %responses were obtained. The calibration curve for potassium
hydroxy e was prepared by plotting concentration of potassium hydroxycitrate

versus peak area with the average of three runs (Jayaprakasha & Sakariah, 1998).
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3.5.5 Quantification of Potassium Hydroxycitrate in Samples

A known volume (20 pL) of each prepared sample was injected to the HPLC and the
concentrations of potassium hydroxycitrate were obtained directly from the peak area
and by application of the dilution factor. Potassium hydroxycitrate was calculated
using a calibration curve generated using Curve Expert software. The concentrations

of potassium hydroxycitrate in the sample were expressed as mg / 10{? sample
(Jayaprakasha & Sakariah, 1998). %

3.6 Statistical Analysis VQ

Statistical tests are crucial to know whether means for dat. gd:q have similarity or
differences between them. Special tests are used to isolat®gset f Sgpgffcant means to

L ]
the same mean subsets (Mohamad, 2001). The test was|the t’d&cﬁ. t-test in

from variation source existed in the analysi reﬂ,l\vere rted as means

(standard deviations from three repeated d@aﬁon
1

data of extracts yield and potassium hydexyc ra ‘GOQ n¥ation from both extraction

SAS software whereby this test was intended t e cafmpar) on@t\veen means
T ?
tistida) differences on the

methods test was conducted were ana aggording to ent’s t-test wherein the

differences were considered to be st

=
=3
Lz
o
o
=)
—
|
o
o
W



CHAPTER 1V

RESULTS AND DISCUSSIONS

X~
&

2

4.1 Moisture Content Y. '

The moisture content of all samples are shown in Tw. rorp theggh rt%a)&amples

used including two controls, sample Acc. 21 show her 1?0 st co@'nt of 94%.

elle @éssions, Acc.
~

ure content. In

This was not surprising to note because comparing

Tf &5% to 89%. Their
189@— Acc. 2 (88.8%), roselle
5-3Q3-1-1-1  (86%), Acc. 3
J‘izsbé.at%), HS1250-18-18-1-1-1-1
YAs &&ontrols, Garcinia atroviridis had

respective moisture contents were
red mutant HS0275-30-4-4-1-1-
(86.4%), HS03100-29-7-1-6-
(86.8%) and HS1250-1-18- \
95% and G. cambogia %

agent in many sllmml% dlftS:t

step. The moistur it 1s$’ important parameter for the stability of
product keepiné%& commercxal ﬂgf)oses Higher moisture content enhances

microbial g w he 1mportance\f knowing the moisture content in samples can

.5%),1Ac

')

CAYW the main source used as weight loss

| Sl :
dlla&f)@ evaluation in samples is an important

ling procedure in the processing steps toward the development of

Ggfierally, to ensure the quality of samples before processing for storage, the
samples should be dried at moisture content less than 8% as a precaution to avoid from

any microbial attack.
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Table 4.1: Moisture content (%) of 13 samples used in the study

Samples Moisture Content (%)
Accession 6 89.0™ +2.65
Accession 21 94.0* +1.00
Accession 2 88.8°+1.31 Yw
HS0275-30-4-4-1-1-1 (Red calyx) 86.0° +£1.00 (0\
HS0275-30-3-3-1-1-1 (White calyx) 86.0°£1.0
Accession 3 86.4° :B.Y'
HS03100-29-2-1-17-15-1 (Red calyx) 85.0° fg@

HS03100-29-7-1-6-3-1 (White calyx) SWO
Accession 12 %0%
HS1250-18-18-1-1-1-1 (Red calyx) 36%° 1.3 | "_}‘z-
HS1250-1-18-1-1-1-1 (White calyx) %&5} 3 Y{s

Asam keping (Garcinia atroviridis) T ,%a .10 Y\.’
\) os) 1

Garcinia cambogia

4.2 Comparison of Extraction Metho G) A\T 5\
¢ 3 @

q
The existent of HCA in free acid f% ktﬁi gically active but unstable
rte

which have the tendency to b% d“ it;l‘a':tsh form which is stable but yet
inactive (Majeed et al., 200,84 There \u; si <""ant to extract HCA in the form
that is both stable and kjoldwical e fostutraceutical use. In this study, the

!
original extraction me‘ag use’ {o @ac&J‘HCA is employed from Majeed et al.,
(2005) which used nia pstitgfSarp en isolate and stabilize free acid form of
HCA as potassimy roxycitrate whﬁs a water soluble salt. Aside from potassium

salt, other for WCA salts suffer fr\om problems in assimilation, a fact attested to by

ce in controlled weight loss trials. For instance, the free acid form of
mely ionic and does not pass readily through the gut membranes. Free
HCA has several further disadvantages. It undergoes rapid lactonization and again the
lactone form has no appreciable physiological activity. As a comparison, the calcium
and magnesium salts of HCA were reported to be poorly absorbed by gastrointestinal

tract because they are poorly soluble in aqueous media and because both of these
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minerals are saponified by bile acids and fats in the gut or are bound up by soluble or
insoluble fibers or other substances in the diet or secreted during digestion
(Heymsfield et al., 1998). Moreover, there is no evidence that merely making calcium
and calcium salts more soluble such as can be accomplished by adding small amounts

of potassium and/or sodium and/or lactone will solve the problem of assimilation.

HCA is known to have three separate binding points and si%;emical
c

experimentation quickly shows that divalent ions such as thos cium and
magnesium cannot be readily separated by the application of 0 cids such as

human gastric acid from the HCA once these minerals have bewcted with it. The

action of stomach acid however may free one of the ches of calcium or
magnesium for attachment to fats, bile acids, gums, Q aRd e'cti which is an
undesirable outcome. Sodium salt has other disadvgatages wheragy fGerng-term
administration, both because sodium possesses n&sltive jl’c‘gf}ects with
regard to obesity and because sodium has potentiaWe hs& ctioqf.\}};otassium as
a ligand for HCA does not possess the disad Ns asspcijagpd Wit sodium, calcium
or magnesium. Moreover, the absorption 0 %ssium safglof H@ is considered to be
superior to that of the sodium salt owj its gr \%t oﬁ\dptake of potassium in
relation to sodium in most tissues (N& ﬂ, 20 <§
N A} Q

Potassium is an ion % y fo vd.] the@l cytoplasm and it can easily
cross from outside the cewl siii \d:;\ ell.“'(& cell membrane permeability for
potassium is 100 time é&r t sqgfium 525 times higher than for chloride.
Potassium salt of H@ts ts’a gﬁls &)cé'r of HCA inside the cell, where the
biochemical actio &CA JLS X :e : , producing HCA in the form of potassium

hydroxycitrate '&t ost idedlly su@ form for its use as nutraceutical use in terms
of its bio wbl ity and bioefﬁ}icy. The solvent used to produce potassium

hydrox n the extraction is methanol. Methanol is a polar solvent. Methanol
used agoulPake out HCA together with other water soluble compounds as well from
the samples. Supposedly, there would be traces of other compounds but their

presences were minor (Majeed et al., 2005).
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According to Majeed et al., (2005) using HCA extraction method, potassium
hydroxycitrate was successfully produced but requiring certain adjustments. The pH
during the treatment of potassium hydroxide into methanolic extract was set to be
between pH 10 to 11. The yield showed to be the most optimum within this range. The
pH plays critical role in the production of the salt. The method claimed to produce a
chemically stable product which will not convert to lactone form, whigh \ill not be
hygroscopic and which is soluble in aqueous solutions (Majeeg él , 2005).
Potassium hydroxycitrate produced according the method h%er, was not
completely physically stable and non-hygroscopic as claimed. Thelgotassium salt has

a tendency to form lumps during storage due to its highly %copic nature, thus
reducing the shelf life of the HCA salt (Figure 4.1). (d

Figure 4.1:  Comparison of extract’s physical stabilitfagefore gnd e,r é&'sure in
open-air environment -
4 X
T \ N
V Y.

)\

I
|
g

§

30

\ |
’
Before expo / ?" @ After exposure
P ) @tract becomes sticky due its hygroscopicity

% 4
. . VT
The ins d physical cha'h‘&s normally happen after a short period of time

right after e% to open-air environment. Therefore, a modification step was made
in HCA gxtra§son method to overcome this problem. The step involved an additional
step whereby treatment of charcoal with the methanolic extracts prior to treatment
with potassium hydroxide to produce the potassium salt. The modified HCA
extraction method using charcoal successfully produced more chemically stable form
of potassium hydroxycitrate which was not hygroscopic. Therefore, the shelf life of
HCA salt can be prolonged. However, potassium hydroxycitrate produced after the

modification demonstrated differences in term of its yield and physical characteristics.
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4.2.1 Extract Yield
4.2.1.1 HCA Extraction Method Based on Majeed et al. (2005)

Extracts had successfully been extracted using methanol in the dried samples. HCA
extraction method was repeated three times respectively. The averagwmagiglds of
extracts for 13 samples were recorded. HCA extraction method based t ed et al.

(2005) is referred to as the original extraction method. Majeed et a% 5) reported

that the yields of the extract were between 12-30% using GaReymigt cambogia as
sample. From this study the control sample of Garcinia camb&ed the highest

yield of 20.7% while Garcinia atroviridis yielded sligh at 19.5%, but still
these two Garcinia species were among the highegieg o%&xtract when
compared with the roselle samples. g \g-

| S

Table 4.2 shows the yields of extracts 5] 4 e

x@gged using the
original method. Acc. 21 produced extractw of°‘17. 0. Ir&)ntrast, Acc. 12

produced the lowest extract yield of 107

between 11-15%. The extract yield of%r sam\%% c. 6 (15.5%), Acc. 2

(S
N
(13.2%), HS0275-30-4-4-1-1-1 (1 H%027 0-3{.)1-1-1 (13%), Acc. 3

&
(11.5%), HS03100-29-2-1-17-15-1 W12 3 %X~ HSEI00-29-7-1-6-3-1 (14.6%),
50-F18

HS1250-18-18-1-1-1-1 (11.3‘€= ig HSI1 \§-1-1 (13.2%). Roselle mutants

generally produced slightly sighefyi :o par‘el@'their parents. It can be concluded

that the use of induced &mn asgfble K enerate roselle mutants with higher

HCA content but this@n\i]g ®r ﬁhré—%’ needed for the selection of the lines.
Results of the A&sh“o ;9h @Jmean squares for methods, samples and
interaction betw thods a¥d s{in%ﬁ were significant in both extraction methods
used in the éFrom the ANS:;A analysis, the samples used in the original
extractio %d were also significantly different. The different subsets of extract
yield uggan Yom this original extraction method were grouped with different alphabets

as shown in Table 4.2. Different mean subsets were significantly different with

different listed alphabets.
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Table 4.2: Extracts yield of 13 samples used in the study based on original

extraction method

Average Yield
Samples
(%)
Accession 6 15.5% +0.40 Yv
Accession 21 17.8°+0.17 c\
Accession 2 13.2%°+0.35 .k
HS0275-30-4-4-1-1-1 (Red calyx) 14.6%+0.38
HS0275-30-3-3-1-1-1 (White calyx) 13. ode:tosv

Accession 3
HS03100-29-2-1-17-15-1 (Red calyx)
HS03100-29-7-1-6-3-1 (White calyx)

N

Accession 12

Asam keping \

(Garcinia atroviridis)

Garcinia cambogia

* weight recorded

r
**The same alpfiabet s ngfsi
v/l
Clouatre et al. (200, %rtec‘ xtra&r’om Garcinia produced had the

tendency to bind with w, N 11 to@n a non-palatable paste not suitable

for use in dry form.

ra s olgtai thr@ this original extraction method were

(D

hygroscopic if le e to its anthocyanins content which still

existed in the e Anthocyamns ea51ly oxidized thus degrading the salt from

its original phwCW form.

4.2.1.2&& HCA Extraction Method

The vyields of extract produced after the modification of HCA extraction
method using charcoal were reduced due to the elimination of water soluble

compounds by activated charcoal which resulted in less impurity. Activated charcoal
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nsed in the treatment prior to the treatment of potassium hydroxide in forming the salt
of potassium hydroxycitrate led to the elimination of anthocyanins pigments which
were the main cause for the instability of the salt physical form. This method is
referred to as the modified extraction method. Table 4.3 shows the yields of extracts of

all samples used in the study using modified HCA extraction method.

Table 4.3: Extracts yield based on modified extraction method usin al

Averagemv

No Samples

1 Accession 6
2 Accession 21

3 Accession 2

4 HS0275-30-4-4-1-1-1 (Red calyx)

5 HS0275-30-3-3-1-1-1 (White ca1y£
6 Accession 3 T

7 HS03100-29-2-1-17-15-1 (@d
; M
9

HS03100-29-7-1-6-3-1 (

ca{{)
Accession 12 r' , A
? o
( : ;
1 H51250-1-18-1V-| (\'\,im y 5° 0.
: ? [
12 Asam kepm% 2 ’
a
N & 8.3% £0.45

(Garceinj, M}viri %
: N 10° £0.26

&

N

Extr \eld was the highest in roselle Acc. 21 and HS03100-29-7-1-6-3-1
both at In contrast, Acc. 3, Acc. 12 and HS1250-18-18-1-1-1-1 produced the
lowest Wggdct vields at 5.0%. As for Acc. 6 extract yield was 5.5%, Acc. 2 (5.4%),

HS0275-30-4-4-1-1-1 (5.3%), HS0275-30-3-3-1-1-1 (5.3%), HS03100-29-2-1-17-15-
1 (5.5%) and HS1250-1-18-1-1-1-1 (5.5%). Controls produced the highest extract
yields compared to all roselle samples, with Garcinia cambogia producing 10%

extract and G. atroviridis producing 8.3% extract. Results of the ANOVA showed the
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samples used in the modified extraction method were significantly different. The
different subsets of extract yield mean from this modified extraction method were
grouped with different alphabets as shown in Table 4.3. Different mean subsets were
significantly different with different listed alphabets.

As previously mentioned, extracts obtained through original extraction
method, if left in the open air outside of a humidity-controlled environm nw begin
to absorb moisture quickly. Thus, it is not suitable under normal circu f\s for the
production of dry delivery forms. In drawing moisture to itself, extlﬁl also tend
to bind to available binding sites of compounds in its immediate en\fronment and this
action often later will markedly impede the assimilation ofwcts from the gut
(Clouatre et al., 2002). Thus, modification was made to o e this problem. More

stable extracts form had successfully been extracted gh Wd extraction

method with addition use of charcoal treatment. é
P 4

Chemically unstable form of extracts obta ed i N ous§p’actlon method

was caused by the presence of anthocyani @I\ Wur

salt. Anthocyanins are water-soluble pig ne in p,@ (.).lQle for giving colour

to the parts of the plants. Roselle is % ae"&mcyanins which give its
characteristic colour. The addition difigld e @tlon method by treatment

nsistency of the

of charcoal had been able to e enc f anthocyanins in the salts.

Charcoal acted as the decolox% the § tr ‘;1'1 Qg it free from any colour. Thus,

the extracts yield obtained &modl 1 n of&A extraction method were lower.
& &
N f, 00
g
S
N
N

'

L

ey
&
N
S
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Figure 42:  Extract vield (%) trend of 13 samples used in the study grouped based
on their respective extraction methods
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ANOVA shows that both extractE &;o‘qs d m the study were

significantly different from each other. c@e seen the trend of
extract yield in both extraction method ] sam\N?n g@%igniﬁcant decrease in
N

extract yield from original extract%thoﬁ to 0d1&'@ extraction method. The
%a’ nd

reduction rate of extract yield wa v@re in some samples. It can be
concluded that extracts obt %V. 11 rlg extraction methods produced

p tre@" showed that after treatment of
activated charcoal, the e tS yi red\ d thus proving the purity of extracts
produced through the edlextr od.

4.2.2 Colour Tﬁ%xtra t

extracts with signiﬁcant

”‘..k,

O},\r
Majeed e 05) reported the colour of potassium hydroxycitrate extract to range
from pale brown. Table 4.4 shows the variation of extract colour observed in
the samples. Figure 4.3 shows the colours observed based on the original extraction
method, ranging from beige, brown to pale brown. Acc. 6, Acc. 21, Acc. 2, HS0275-
30-4-4-1-1-1, HS03100-29-2-1-17-15-1, Acc. 12 and HS1250-18-18-1-1-1-1 had
extract yields which were brown in colour. For HS0275-30-3-3-1-1-1, Acc. 3!
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HS03100-29-7-1-6-3-1 and HS1250-1-18-1-1-1-1, their extracts were pale brown in
colour. Only controls, Garcinia cambogia and G. atroviridis showed extracts to be
beige in colour. The colour of extract is influenced by the amounts of anthocyanins
pigment present in the samples. Extracts which were brown in colour were produced
by samples that had more anthocyanins pigment in its samples compared to those with

pale brown or beige in colour. The colour of the extract can be assu\K rom the

colour of fresh roselle calyx which represents the intensity of anthocs%

possesses.

Table 4.4: Colours of extracts of 13 samples used in the stuN

content it

Extract colour z Ei(tract colour

Samples (original extr n ogffied extraction

method) m ]135}_\)3'
¥
Accession 6 Brown P | ffwlv'?e
\

Accession 21 Brown T ite

Accession 2 R%‘V % Q ite

HS0275-30-4-4-1-1-1 (Red calyx) Bro \? _\OWhite

HS0275-30-3-3-1-1-1 (White calyx) %(@e %re}y $ Offwhite
X

Accession 3 \ Palesgow; AQ, White

HS03100-29-2-1-17-15-1 (Red c?)' iow | S Offwhite

HS03100-29-7-1-6-3-1 (Whic‘ﬂ’ ) le r‘e\%no' White

Accession 12 \ Qowr}é" White

H31250-18-18-1-1-1-1Q$a1y oY Offwhite

HSl250-1-18-l-1-1@ite *I?R’@ brown White
A

Asam keping g )
"W, s X~ Beige White
(Garcinia atr(WS \c}l

Garcini@a Beige White
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Figure 4.3:  Colours of extracts of 13 samples used in the study using the original
extraction method

Roselle calyces with high contents of anthocyanins  gytra k brown 1 colour

; i N
Roselle calyces with lower co nt&fznth ;}ynﬁ §
) ' 'y

Fruits of Garcinia cambogia Extract is beige in colour
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Using the modified extraction method, the colour of extracts ranged from
white to offwhite (Figure 4.4). Table 4.4 shows that the colour of extracts of Acc. 2,
HS0275-30-4-4-1-1-1, Acc. 3, HS03100-29-7-1-6-3-1, Acc. 12 and HS1250-1-18-1-

1-1-1 was white. The white colour was also exhibited by the controls

cambogia and G. atroviridis. Only Acc. 6, Acc. 21, HS0275-
HS03100-29-2-1-17-15-1, and HS1250-18-18-1-1-1-1 had extragk)

colour. Y.
Y

msling the modified

Figure 4.4: Colours of extracts of 13 samples used in t
extraction method

The drastic changes %CS o}" ,Ihe }ﬁa&olour from brown to white is

caused by the elimination Q’lt 0<i

activated charcoal priggt

With the absence of % yi'lv S
few extracts whi%&Wed F 0‘@? probably due to the traces of anthocyanins
still present an not ful ca{)t@ by activated charcoal treatment. These traces

(2
gave effg@f colour of the extaets making it offwhite in colour.

S

1 éé as a result from the treatment of

o Qotassium hydroxycitrate (Figure 4.5).
'xtfabt developed the white colour. However,
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Figure 4.5: Comparison of colours of extracts produced by two extraction
methods

Before
activated
charcoal
treatment

Extract is brown Extract ite i | C}Y.

in colour our =

&

Y' g N

4.2.3 Test for pH of 5% Extract Solution\%w
duced from both i 901 \3, |
Extracts produced from bo eXtraCtlg B Og e@d to check for their pH
(S t

po h 5 @' 5% extract solution to be
around 7.0 to 9.0. The pH valuevtra ts 'ong samples used in the study is
0

value in solution. Majeed et al. (2

shown in Table 4.5. All sa%

values within the range of W to f .\090rd1 o Morris et al. (1984), potassium is
able to increase pH im\theWsolut incf}%fe extract used in the study was in
’
potassium form, iti egted Al (.aue to the presence of potassium.
N
’ D

& Py
S

m Jot }‘it&xtraction methods showed pH

o0
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Table 4.5: pH value of 5% extracts solution from samples used in the study

pH 5% solution pH 5% solution
Samples (Original extraction (Modified

method) extraction method)
Accession 6 8.12°°7£0.10 7.89™ KR.
Accession 21 8.03%" +0.02 7.86“%
Accession 2 7.88'+0.03 8.04%.96
HS0275-30-4-4-1-1-1 (Red calyx) 7.96% +0.02 g 0.06
HS0275-30-3-3-1-1-1 (White calyx) 8.06%" +£0.04 deci0,0B
Accession 3 8.15"% £0.05 V‘)‘)”bio.l 1
HS03100-29-2-1-17-15-1 (Red calyx) 8.16%°%+0.15 6'5‘& 9
HS03100-29-7-1-6-3-1 (White calyx) 7.92¢40.05 M

LS
Accession 12 8.50°+0.1 E 7085006
HS1250-18-18-1-1-1-1 (Red calyx) 8.40“&(?- N F a0
NG

HS1250-1-18-1-1-1-1 (White calyx) 8,3@ u\ 7 3¥%0.03

Asam keping (Garcinia atroviridis) 30.10 95°40.06

Garcinia cambogia 7%cd \&? &\  ondtinin7
0 &

.
4.2.4 Extract Solubility Test in so'hq,g , Aj e‘b

% ( e
Extracts obtained from both™ex act%v.jlsé}yere prepared to check for their

h¥ydrochl acid, aqueous methanol, benzene,

&

g i200®eported that potassium hydroxycitrate

)

aﬂzd@ﬂueous alcohol but insoluble in alcohol,
N\

1 results are shown in Table 4.6. Extracts

solubility in solvents s% ate}.
chloroform and methé aj

extract was solubjenyin gvate i
benzene and clflgpo m. &
obtained wesig Wghly soluble in w@, aqueous methanol and hydrochloric acid but
insolub@zene and chloroform. Potassium is an alkali metal, so it reacts rapidly

otassium compounds generally have excellent water solubility due to the

with gl
hig@tion energy of the K ion, thus explaining its high solubility in aqueous-
based mediums (De Pena & Caimi, 1967).
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4.3 Determination of Potassium Hydroxycitrate in Extracts Using HPLC

Extracts obtained from both extraction methods had successfully been determined
through HPLC analysis. HPLC conditions and parameters used re from
Jayaprakasha & Sakariah (1998). Potassium hydroxycitrate was succe eparated
on an ODS Hypersil column. One to two major compounds were d§ect®d with very
few minor compounds. List of retention times of potassium hydgegeycitrate recorded
for all samples is shown in Table 4.7. Overall retention time&z for HCA was
around 4.500min. There was a slight variation in retenti t?!and this is probably
due to the differences in immobile phase composition C l'o bagch, changes in
temperature of the room and thus the HPLC instrumgnt, ich w affq&l analyte-
column interactions or changes in wall integrity gi&sults o @fc !]

2
idkt differences
in retention times. It is interesting to note the sli ffew

retention time

from both extraction methods which suggesewt reshltg Pt HP& employed in the

&
d elutedeRIf tl@olumn at nearly the

A
same time for each run. (4) . \_\_1 ‘—}&
e Q-

study were reproducible and that the com
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Table 4.7: Retention time of potassium hydroxycitrate determination using HPLC
Retention time(min) Retention time

Sample (Original extraction (min) (Modified
method) extraction method)

SS 1 6
AEESSION 4.522+0.003 45 ﬁg‘os
4&

1 o)
Accession 21 4.538+0.004 b.03
4.530+0.019 340.006
4.555+0.006 15510.001

Accession 2
HS0275-30-4-4-1-1-1 (Red calyx)
HS0275-30-3-3-1-1-1 (White calyx)

4.540+0.019 Y~4.53Oio.009
Accession 5 4.538+0.005

ls.526+0.008

20001
15@0%(0)8
5 4 4:3%00.01
%&?83&0 004

: é« 4.562:£0.002

Asam keping (Garcinia atroviridis) s ﬁ ,{k 4.522+0.003

Garcinia cambogia % ) %22@ 7ﬂc} 4.522+0.005

The existing methods for Tten inaty i of@A use an acid-base titration
t

HS03100-29-2-1-17-15-1 (Red calyx)
HS03100-29-7-1-6-3-1 (White calyx)
Accession 12

HS1250-18-18-1-1-1-1 (Red calyx)
HS1250-1-18-1-1-1-1 (White calyx)

which gives the total a01dlt it e , 1970). In this method, the
concentration of HCA, ctox'e\ othe‘:% ganic acids cannot be estimated
separately. The values ta d method accounted for only HCA
because the values S nd 0 h éae?%CA peak. Another method that can be
used to determir cm 1qLud chromatography (GLC). Generally,
determination neans of gas- llqu hromatography is lengthy in that the organic
acid mus% atized to volatile snlyl derivatives. For silylation, the sample should
be drie letely and the HCA has the tendency to undergo cyclization of the y-
Iaclol ing drying (Loweinstein & Brunengraber, 1981). Due to the highly

hygroscopic nature of HCA, it is rather difficult to dry the sample completely. Hence,
free HCA can not be determined and estimated. Both methods have its own merits
and demerits in respect of accuracy and convenience. But using HPLC, free HCA can
be quantified without concentrating, drying and derivatization which put it at an

advantage compared with previous methods mentioned.
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Potassium hydroxycitrate showed an absorption maximum at 210nm. Hence
210nm was used for HPLC detection. The chromatograms of every sample used in
both extraction methods were illustrated in Figures 4.6 to 4.18. Chromatographic
results showed good separation of analytes. ODS Hypersil column used in HPLC had
successfully separated the compound studied which is the potassium hy§go citrate.
There was no interference from other compounds, while the existen %e or two
major compound can be clearly detected in the chromatograms p]‘%.lced_ These
results indicate that the method is sufficiently selective. The ideryty of potassium
hydroxycitrate peak was confirmed by determination of rete 'Me and by spiking
with standard potassium hydroxycitrate (Figure 4.19). Th n‘?:aior peak appeared
in every chromatogram at retention time 2.7min was ide ed ag 12siopdas confirmed
by determination of retention time and spiking with st@agard offflact ?(Eﬁe 4.20).
Lactone was still found in samples used in both ractipn¥m hod%ecause the
extraction methods involved heating process i@n \mp@nd this led to

lactonization process to occur. In additiongs

thegkti@fts s les were kept for
some time before HPLC analysis were hTh% re_ﬁoextracts to unstable

environment could cause it to degrad %ur}f hYsi a’&form due to oxidization
. o )

which would later produced lacto& er Mweﬁlerefore. fhite were. still

traces of HCA lactone formed exfrac rod@d which could be identified

: (
through HPLC analysis. % P 2 0
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Figure 4.6:  Chromatograms showing separation of analytes for Acc. 6
(a) according to original extraction method

(b) according to modified extraction method

Chromatogram
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50 [ .actone
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1

Accession 6 (b)

1 PDA hulti 1/ 210mm 4ren \ l \ é}
A 3
! \ ¢ l Ao ’
Figure 4.6 pres Thrdmatartafns SRowing separation of analytes for roselle
g p b g
i

t
b th@raction methods. In both chromatograms,
there were two xﬁ'o peaks at retent'@.pv{ime 2.7min and 4.5min with only one minor

Acc. 6 from extrget duge

peak in betv owever, the minor peak was almost unnoticeable in chromatogram
resulted 4y mple from the modified extraction method. Activated charcoal had
succes‘%eliminated the impurities once existed in the extract produced through the
original extraction method. The first appearing peak at both chromatograms at
retention time 2.7min was recognized as lactone while the second major peak at
retention time 4.5min was recognized as potassium hydroxycitrate, the compound

sought in the study.
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Figure 4.7:  Chromatograms showing separation of analytes for Acc. 21
(a) according to original extraction method

(b) according to modified extraction method
Chraanatogran
$52 C:\Lab Sohttions'Data\Project1'011205 Test2638 led

mAU
B3 1PDA Dl 1
-

.

L q

Pl L Potassium \
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Figure 4.7 ili%s chgpmgtofra howing separation of analytes for roselle

Acc. 21 from ex ieldgd n GOtQ,thraction methods. In both chromatograms,
there were tw %r peaks at retenh%% time 2.7min and 4.5min with only one minor
peak in be he minor peak was still sustained in chromatogram resulted using
sampl@]e modified extraction method. Activated charcoal had not fully able to
climinate the impurities through the treatment process, thus can be seen from the
offwhite coloured of the extract obtained. The first appearing peak at both
chromatograms at retention time 2.7min was recognized as lactone while the second
major peak at retention time 4.5min was recognized as potassium hydroxycitrate, the

compound sought in the study.
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Figure 4.8:  Chromatograms showing separation of analytes for Acc. 2
(a) according to original extraction method
(b) according to modified extraction method

Chromatogran
544 C:\Lab Sohions \Data\Project1\011205 Test2607 lcd
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-
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2]
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< hydroxycitrate

1

&) : i |
Figure Qows chromato@ls showing separation of analytes for roselle

Acc. 2 from E’Mts obtained in both extraction methods. In both chromatograms,

there wefngoMy showing two major peaks at retention time 2.7min and 4.5min.
PotaSSi@ydro,\'ycitrate obtained from both extraction methods possessed no
impurities through their processes as can be seen from the chromatographic results as
showed. The first appearing peak at both chromatograms at retention time 2.7min was
recognized as lactone while the second major peak at retention time 4.5min was

recognized as potassium hydroxycitrate, the compound looked in the study.
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Figure 4.9:  Chromatograms showing separation of analytes for HS0275-30-4-4-1-
1-1
(a) according to original extraction method

(b) according to modified extraction method
Chromatogram
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HS0275-30-4-4- N - from extract oduced in both extraction methods. In both

1  PDA hfuli 1 /210mm dran 3
Figure 4.9@%0]}! alﬁhowing separation of analytes for roselle

the treatment of activated charcoal, this peak was seen absent

~7.
chromatogr N]ere showed two major peaks at retention time 2.7min and 4.5min.
Howev r

suggestgggihe success of activated charcoal in eliminating impurities. The first
appearing peak at both chromatograms at retention time 2.7min was recognized as
lactone while the second major peak at retention time 4.5min was recognized as

potassium hydroxycitrate, the compound looked in the study.
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Figure 4.10: ~ Chromatograms showing separation of analytes for HS0275-30-3-3-1-
1-1
(a) according to original extraction method

(b) according to modified extraction method
Chiroanato gram
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Figure 4.10 ill % cl léoshowmg separation of analytes for
roselle HS0275-30- % tf‘ace btained in both extraction methods. In
both chromatow&re &ba;z t najor peaks at retention time 2.7min and
4.5min onl) presence of v@\*mmor peak in between at chromatogram in
original e % method. This peal\ was however seen absent in chromatogram after
modlg tion method proving the success of activated charcoal in eliminating
impurit eparation of analytes in extract sample after using charcoal was not so
good initially due to problems in handling processes during the extraction method.
First appearing peak at both histograms at retention time 2.7min were recognized as
lactone while the second major peak at retention time 4.5min was recognized as

potassium hydroxycitrate, the compound sought in the study



67

Figure 4.11:  Chromatograms showing separation of analytes for Acc. 3
(a) according to original extraction method
(b) according to modified extraction method
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Figure 4.11 pre@r m lpsc;@wing separation of analytes for roselle
Acc. 3 from KHCA gagldatl in po tfa%ipn methods. Both chromatograms showed
two major peaks &grefntioft urke2 7Y and 4.5min with only one minor peak in
between. How.Athe minor peak @almost unnoticeable in chromatogram resulted
after extract e from the modified extraction method implying the effectiveness of
activa@ oal in eliminating impurities through its treatment. Initially, the
separatl f analytes in extract sample after using charcoal was not so satisfactory
which was be due to handling problems in processes during the extraction method.
Lactone was recognized in the first appearing peak at both chromatograms at retention
time 2.7min while potassium hydroxycitrate, the compound looked in the study was

recognized in the second major peak at retention time 4.5min.
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Figure 4.12: ~ Chromatograms showing separation of analytes for HS03100-29-2-1-
17-15-1
(a) according to original extraction method
(b) according to modified extraction method
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Figure 4.12 shows %m

HS03100-29-2-1-17-154

were two major peaks%\n ot ti A
in between in @!ﬁm}n toga Sé&ﬁe minor peak was still sustained in

chromatogram& d in exX ra& {a/w‘l'ple from the modified extraction method.
Activated ¢ &a had not fully 58(1?6 to eliminate impurities through the treatment
process, n be seen from the offwhite colour of the extract obtained. The
sepa@ analytes in extract sample after using charcoal was not so clear initially
which was caused by the handling problems in processes during the extraction
method First appearing peak at both histograms at retention time 2.7min were
recognized as lactone while the second major peak at retention time 4.5min was

recognized as potassium hydroxycitrate, the compound sought in the study.
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Figure 4.13: Chromatograms showing separation of analytes for HS03100-29-7-1-6-
3-1

(a) according to original extraction method

(b) according to modified extraction method
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Figure 4.13 i esf chr gieRrs showing separation of analytes for
roselle HS03100-3 -}ly xi§§'obtained in both extraction methods. Two
major peaks at 1§ yon time ¥.7r in& 4.5min appeared in both chromatograms but
only with additional very n”('hRor peak in chromatogram from the original

was blivious demonstrating the effectiveness in the treatment of activated

extractigr d. In chromatogram from modified extraction method, the minor peak
charcoal in eliminating impurities which can be clearly seen from the white-coloured
extract obtained. Lactone was recognized in the first appearing peak at both
histograms at retention time 2.7min while the compound looked in the study.
potassium hydroxycitrate was recognized in the second major peak at retention time

4.5min.



70

Figure 4.14:  Chromatograms showing separation of analytes for Acc. 12
(a) according to original extraction method
(b) according to modified extraction method
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Figure 4. kws ghffor :t gr@ showing separation of analytes for roselle
Acc. 12 from gx&c s produced iné’&\' extraction methods. In both chromatograms,
e

there were hajor peaks at retention time 2.7min and 4.5min with only one very
minor N\ between in the original extraction method. The minor peak can be
disregaNiggfl chromatogram from the modified extraction method. Activated charcoal

had successfully eliminated the impurities which existed in extracts produced through

the original extraction method as can be proven from the white-coloured of extract

yielded. The first appearing peak at both histograms at retention time 2.7min were

recognized as lactone while the second major peak at retention time 4.5min was

recognized as potassium hydroxycitrate, the compound sought in the study.
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Figure 4.15:  Chromatograms showing separation of analytes for HS1250-1 8-18-1-1-
1- 1 (a) according to original extraction method
(b) according to modified extraction method
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Figure 4.1 'wnts c{\r afogré\s showing separation of analytes for roselle

> .
1 from extraclsc,?lelded in both extraction methods. Two major

peaks at rciqgédm time 2 7min and 4.5min existed in both chromatograms, but in
chromaggerawirom the original extraction method there was one very minor peak in
between the two peaks appeared. After the treatment of activated charcoal, this peak
was seen absent implying the success of activated charcoal in eliminating the
impurities. The first appearing peak at retention time 2.7min in both histograms was
recognized as lactone while the second major peak at retention time 4.5min
representing the compound looked in the study was recognized as potassium

hydroxycitrate.
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Figure 4.16: ~ Chromatograms showing separation of analytes for HS1250-1-18-1-1-
1-1 (a) according to original extraction method
(b) according to modified extraction method
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Figure 4.
HS1250-1-18- | from extract@“ oth extraction methods. Two major peaks at
in and 4.5min appeared in both chromatograms but only with one

retention time m

additigna minor peak in chromatogram from the original extraction method. This
minor peak was oblivious in chromatogram from extracts sample in the modified

extraction method. The white-coloured of extract produced after the treatment of

activated charcoal stated the elimination of impurities. The first appearing peak at both

tion time 2.7min was recognized as lactone while the second major

histograms at reten
as recognized as potassium hydroxycitrate, the

peak at retention time 4.5min W

compound sought in the study.
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Figure 4.17:  Chromatograms showing separation of analytes for Garcinia atroviridis
(a) according to original extraction method
(b) according to modified extraction method
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Figure 4.17 s

used in the study.%' ]
chromatogram&wv d excellent se@ion of analytes. In both chromatograms, there

were two m '\ﬁ:aks at retention }ne 2 7min and 4.5min with only one very minor
peak in % in the original extraction method. However, after the treatment of
activa@rcoal. this peak was non-existent proving the success of activated
charcoal in eliminating impurities thus the white-coloured extract produced. Lactone
was recognized in the first appearing peak at both histograms at retention time 2.7min

while the compound looked in the study, potassium hydroxycitrate was recognized in

the second major peak at retention time 4.5min.
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Figure 4.18:  Chromatograms showing separation of analytes for Garcinia cambogia
(a) according to original extraction method

(b) according to modified extraction method
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Figure 4.18 %s chfo grara)g?howing separation of analytes of controls
used in the study, iniagegn zanﬂé}n extracts in both extraction methods. Both
chromatogran&)wed very clear\q%;ration of analytes from extracts obtained in
both extrac%\iethods. HCA is reported to be the most in Garcinia cambogia thus

tration of potassium hydroxycitrate is expected from this control

higher
compa om roselle samples. In both chromatograms, there were only two major
peaks present at retention time 2.7min and 4.5min. The first appearing peak at both
histograms at retention time 2.7min were recognized as HCA lactone while the second
major peak at retention time 4.5min was recognized as KHCA, the compound looked

in the study.
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Figure 4.19:  Chromatograms showing separation of analytes for potassium
hydroxycitrate standard
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Figure 4.19 illustrates chromatograms shqgind¥sepagatio of%i"zlytes from
potassium hydroxycitrate standard used in the s% er \chsepa on of analytes
from potassium hydroxycitrate standard ca t‘?en in ropfefogram indicating
that potassium hydroxycitrate standard ed in t t w& 2 very pure with the

absence of any impurities. Garcinia ca Iaqs re e ontain the most HCA
thus higher concentration of potassiu rox 1s§$ected from this standard.
There were only two major pegks sent 4( 2.7min and 4.5min. The
first appearing peak at both hl%m% jzed as lactone at retention time

2.7min while the second m r k ' retghtion 4 5 was recognized as potassium

>
hydroxycitrate, the com so ght? ¢ @aj
e
J‘v) N
o

&

172}

&
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Figure 4.20:  Chromatograms showing separation of analytes for lactone standard
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Figure 4.20 illustrates chromatograms sho seppardtioff of Vvalytes from
lactone standard used in the study. This lactone stdydard sed Yﬁother controls

analysns to make

besides potassium hydroxycitrate standar@ ucts

t
sure the identity peak between potassium hy fgtr\aﬁ @ne As can be seen,

at every chromatographic result, thenpre nﬁ &Or peaks was obvious.

Therefore, it is very important t su

potassium hydroxycitrate, the ¢ V
the concentration of potas

“
whch ese two peaks represent
T@. it is only able to determine
|.Q .
JO very extract samples studied.
lac@d standard can be seen in the

sta d used in the study was very pure and

S '

¢
free from any impu bTh e wike & @ major peak appeared at retention time
| oS
2. oné\
5

&’
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4.3.1 Quantification of Potassium Hydroxycitrate

In order to quantify potassium hydroxycitrate content in all extracts samples used in
the study, a calibration curve was established from five concentrations of potassium
hydroxycitrate using two replications. Table 4.8 shows the respective areag oy@ined
from different concentrations of potassium hydroxycitrate. Figure 4.2 ICEN

calibration curve of potassium hydroxycitrate plotted using Curve Expe dware.

Y~

Table 4.8: Respective areas obtained from different concentratiMf potassium

s the

hydroxycitrate

|
Me

Concentration Retention  Rep I

(ng/ml) Time

44+2669

100 4522 f@%\’ B, SDos9s2dol

&
200 4.526 S 41\2 0950 212720+£27401
’ 4

436512+5169

Figure 4.21:

= SIS
S

320108 4 X
‘ &
Area N
240
&
80027
0 — | SR T R | e e R S T M S hR
0.0 7353 146.7 220 293 367  440.

Concentration (ng/ml)
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The linearity has a good reproducibility and accuracy. The following
regression equation was obtained: y = 10558 — 4365.1x, where y is the peak area and x
is the concentration of potassium hydroxycitrate. The coefficient of determination (R?)

of the calibration graph was > 0.998.

Table 4.9: Potassium hydroxycitrate concentrations from the origina@e;ticm
method *

Concentration

) Conce tratfpn  Concentration
(ng/ml) from

Sample e (mg ercentage
¥ calibration p
%)*
curve

=

Accession 6 821.2 ‘é , ‘l)’ | 7&0 001
Accession 21 578.9 57 ODS’iO 002
Accession 2 581.7 Y. é\v 0.058%+0.003
HS0275-30-4-4-1-1-1 (Red calyx) 596@’ % 6‘ 0.060£0.007

0.031%+0.006

HS0275-30-3-3-1-1-1 (White calyx) E' \ 9
Accession 3 % >’ 55 0.055%+0.004

HS03100-29-2-1-17-15-1 (Red calyx) ¥ \Af@9 0.018"™+0.004
, 0 0.041'+0.027

6

5

HS03100-29-7-1-6-3-1 (White ce R’IO. I§41.

Accession 12 ) 3% s & 38. 0.039'+0.006

HS1250-18-18-1-1-1- I(Red&} 129y & 0.030£0.003
O

HS 1250-1-18-1-1-1-1 (WiiNaly) o 0.1 52.0 0.052"+0.003
MG

Asam keping ((m/unu%m di 0.086°+0.002

t
.

Ln
w
O o0
~ wn
(= (o))

Garcinia cambo 2111:( \’ : 0.097°+0.005
~ *C oncmlratlol wtage based amdw tot HCA present per 100g calyces

* The samb u connotes no significant differences

Table 4.9 shows the content (%) of potassium hydroxycitrate contained in the
extracts produced using the original extraction method. Acc. 6 presented the highest
potassium hydroxycitrate concentration percentage with 82.1mg/100g or (0.082%). In
contrast. HS03100-29-2-1-17-15-1 yielded the least potassium hydroxycitrate
concentration percentage With merely 17.9mg/100g or (0.018%). Potassiuin

hydroxycitrate concentration percentage ranged from 0.03% to 0.050%. The list of
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potassium hydroxycitrate concentration percentages were as followed: Acc. 21
57.8mg/100g or (0.058%), Acc. 2 58.1mg/100g or (0.058%), HS0275-30-4-4-1-1-1
59.6mg/100g or (0.06%), HS0275-30-3-3-1-1-1  30.9mg/100g or (0.031%). Acc. 3
55.3mg/100g or (0.055%), HS03100-2-1-17-15 17.9mg/100g or (0.018%), HS03100-
29-7-1-6-3-1 41mg/100g or (0.041%), Acc. 12 38.6mg/100g or (0.039%), HS1250-18-
18-1-1-1-1 29.5mg/100g or (0.030%) and HS1250-1-18-1-1-1- ‘Rw:/l 00g or
(0.052%). The controls Garcinia cambogia presented with 97mgj or (0.097%)
and Garcinia atroviridis with 85.6mg/100g or (0.086%). RCSL$I' the ANOVA
showed that the mean squares for methods, samples and inle%mclwccn methods

and samples were significant in both extraction methods u the study. From the

ANOVA analysis, the samples used in the original extra method also showed to

be significantly different. The different subsets pqtass ,h%roxycitralc

concentration mean from this original extraction % we Ulﬂ‘ﬁith Sy
alphabets as shown in (Table 4.9). Different mevg SGQ Sig‘znﬁcamly different

with different listed alphabets. \' v\ 4\
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Table 4.10  Potassium hydroxycitrate concentrations from modified extraction

method

Concentration

Concentration  Concentration
(png/ml) from

(ln ’/]OO o c A0C
SEIIpS calibration = ge. £ g
calyces)
curve !

Accession 6 302.2 30.2 0307+0.034
Accession 21 183.2 18.3 Y. 0.018'+0.021
Accession 2 419 7.80 \’ 0.008" +0.009
HS0275-30-4-4-1-1-1 (Red calyx) 340.2 g | 0.034¢ £0.038
1S0275-30-3-3-1-1-1 (White calyx) 290.7 ; 0.029' +0.033
Accession 3 28T 28. | ’(L()BUL +0.033
HS03100-29-2-1-17-15-1 (Red calyx) 245.7 . J D025" +0.164
\’Y:).()IT +0.019

1S03100-29-7-1-6-3-1 (White calyx)  165.0 T 2R
Accession 12 384.tV :

1S 1250-18-18-1-1-1-1 (Red calyx) 1@\

1S 1250-1-18-1-1-1-1 (White calyx) 051 \?1
0 ' Y
7

Asam keping \ f
(Garcinia atroviridis) '

&

« 0.038 £0.044
@) 0.010' £0.011
;(\ 0.043 +0.049
N

0.047° £0.053

0.091* +0.105

Garcinia cambogia c 91§.1 [ 0 :
*Concentration percentag@ amo;\ &gesent per 100g calyces
* The same alphabet cQARQLC no@nt d@ences

N n
Table 4.1 o%th ’ (—)

o
:i;y age\s@f potassium hydroxycitrate contained in the

7~

extracts prod ingﬂ diﬁeé\ extraction method. The highest potassium
hydroxycit ncentration was$§;250-1-18-l-1-1-1 42.5mg/100g or (0.043%).

n contra\cc. 2 gave the lowest potassium hydroxycitrate concentration with
O@Og or (0.008%). On average, potassium hydroxycitrate concentration in
all es ranged from 0.010% to 0.040%. Acc. 630.2mg/100g or (0.030%), Acc. 21
18.3mg/100g or (0.018%), HS0275-30-4-4-1-1-1 34mg/100g or (0.034%), HS0275-
30-3-3-1-1-1 28.7mg/100g or (0.029%), Acc. 3 28.7mg/100g or (0.029%), HS03100-
59.2-1-17-15-1 24.6mg/100g or (0.025%), HS03100-29-7-1-6-3-1 16.5mg/100g or
(0.017%), Acc. 12 38.4mg/100g or (0.038%) and HS1250-18-18-1-1-1-1 (0.010%).
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The controls Garcinia cambogia presented with 91.1mg/100g or (0.091%) and
Garcinia atroviridis with 47.1mg/100g or (0.047%). Results of the ANOVA showed
the samples used in the modified extraction method were significantly different. The
different subsets of potassium hydroxycitrate concentration mean from thisggodified
Different mean subsets were significantly different with differer %cscmalcd

%9

The potassium hydroxycitrate ~concentrations 0 W from modified
extraction method were less compared from the original cyon gethod. This was
due to the treatment of activated charcoal in the proces ing ]WS e Suian
yield of HCA constituent in the salt. It can be%hat thf hi L’fl’&R'IO\vcst
concentrated potassium hydroxycitrate in rosell mples’\ re¥hot '}nsistcm to
samples from Majeed et al., (2005) HCA extrw N Drobal¥ due to the
improper handling technique through the e>%w-l m ’hiCh%quire Erentient

involving activated charcoal treatment arN rOC@Mal B b

formation that could give effect to th rall yi

g
hydroxyeitrate obtained finally. Th%al A 7 Ctzoé‘,?landling technique needs
N a Cong

extraction method were grouped with different alphabets as shown in\

alphabets.

treatme

.&mralion of potassium

=

to be established consistently in or

S S



82

Figure 4.22: Potassium hydroxycitrate concentrations trend of 13 samples used in
the study grouped based on their respective extraction methods
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ANOVA analysis done showed

were significantly different from ea%r F@m & it can be 'seen the trend
of potassium hydroxyeitrate Concmlor : exsCtion methods. All samples

showed significant decreasec Eo ssium hydy xyci concentrations from original
extraction method to modified esftrachl ] uf(t()&he reduction rate of extract yield

was as high as 75% a@ i
I s

hydroxycitrate conc Nn bgal

Jome amples It can be concluded that potassium

P ?
"a&ec_gwdlﬁed extraction method were reduced

compared to p i hygiroRy¢ rat@oncentrations obtained in the original
extraction metROwg, erefd #s cisluded that with the treatment using activated
charcoal, tr f HCA may sti@ adhering to the charcoal, thus decreasing the

concentr.altla HCA overall (Jena et al., 2002). Measures for this condition need to

be @ ake sure that the concentration of HCA is maintained although after the
treatt of using activated charcoal is conducted. The method could be established

with further refinement.

HPLC method employed from Jayaprakasha & Sakariah (1998) used in

determination of KHCA content in roselle sample in the study is simple and accurate.
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This method can be used as an excellent alternate to other determination methods such
as gas-liquid chromatography and titration method for the estimation of HCA in
diluted extracts. HPLC has advantages that could overshadow the drawbacks of
previous determination methods available which would give better ag’ more

method are satisfactory. This method can be considered for routine sis of lar
B P’ 'gc

consistent results. Furthermore, reproducibility, accuracy and SCH%'G\M‘ thi
‘s IS
number of samples used. Y.
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