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PREFACE 

1. Necessity of subject 

The study of Garcinia has been carried in the world for a long 

time. So far there have been hundreds of works regarding the study 

of Garcinia including extraction, determination of chemical 

components of organic compounds, application to food technology, 

pharmaceutical technology, especially to fat loss products. However, 

none of the mentioned projects have showed the study of  

hydroxycitric acid (HCA) transformation and its application to 

slimming food products in detail.  

Garcinia is a kind of high- yielding trees, easy to grow and exist 

in most of the parts in the Central and Central Highlands. In 

Vietnam, its leaves and fruits are used as food, its fruit rinds used for 

treating skin disease and its young buds for threatened miscarriage 

treatment. Up to present, not any study in Vietnam has basically 

manifested the components, characteristics, capacity of conversion 

and application, and technology to exploit chemical compounds in 

the Garcinia. These are the concerns to be considered and studied so 

as to make a good plan for exploiting, producing, and applying the 

products from Garcinia in an more effective and scientific way.   

For such reasons, we have chosen the research subject “Study on 

extraction, conversion of hydroxycitric acid from leaves and fruit 

rinds of Garcinia oblongifolia Champ. Ex Benth (G. oblongifolia) 

and its application to produce weight-loss products”  as the doctorial 

thesis on organic chemistry.      

2. Purpose of study 

- Determining the content, characteristics, converting capacity of 

hydroxycitric acid in leaves and fruit rinds of G. oblongifolia. 

-   Creating tested slimming food additives.  
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- Providing more scientific information about Garcinia. 

3. Object and scope of Study   

* Object of Study:  

- Leaves, fruit rinds of G. oblongifolia fruits in Hoa Lien 

Commune, Hoa Vang District, Danang City. 

* Scope of Study: 

- Studing the extraction by using water and organic solvents, 

qualitative and quantitative determination of acids in leaves and rinds 

of this kind of tree.  

- Refining, analyzing the parameters of tested samples, products.  

- Metabolic reaction of HCA into metal salt in groups I and II 

(K, Ca).  

- Evaluating biological activeness of products after metabolism. 

4. Method of Study 

Study is based on theory and experiment. 

5. Scientific and practical characteristics of the research   

The research aimed to:  

- determine the scientific name of G. oblongifolia and the area of 

material, 

- detemine organic acids in leaves, fruits,  

- convert HCA in leaves and fruit rinds of G. oblongifolia into 

forms of stable salt with biological activeness,  

- provide information about the capacity against obesity from 

extracts; 

- update the information about leaves, fruit rinds and HCA 

compounds 

- set up an initial base for studying extraction, HCA 

transformation from G. oblongifolia in the industrial size in order to 

produce slimming food products to promote the development of 

pharmaceutical field in the country.  
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6. Structure of the thesis 

The thesis is composed of preface, conclusion and proposals, 

announced works, references, appendix and 03 chapters. 

 

CHAPTER 1 - OVERVIEW 

1.1. SOME KINDS OF GARCINIA IN VIETNAM AND IN THE 

WORLD 

1.1.1. Characteristics and 

distribution of  Garcinia  

There are some kinds of 

Garcinia such as G. oblongifolia 

(fig. 1.1); Garcinia harmandii 

Pierre; Garcinia cochinchinensis 

(Lour) Choisy; Garcinia 

pedunculata Roxb (G. cowa Roxb); Garcinia schomburgkiana 

Pierre; Garcinaia fusca Pierre; Garcinaia schefferi Pierre; Garcinaia 

planchonii Pierre; Garcinia xanthochymus Hook.f.ex J. Anderson. 

Some Indian spices Garcinia, include: Garcinia cambogia; Garcinia 

indica; Garcinia atroviridis. 

1.2. RESEARCH RESULTS OF HYDROXYCITRIC ACID 

AND SALTS OF HCA IN VIETNAM AND IN THE WORLD 

1.2.1. Research results in the world 

1.2.1.1. Sources of (-)-HCA 

(-)-HCA is found in the fruit rinds of certain species of Garcinia, 

including G. cambogia, G. indica, and G. atroviridis. These species 

grow prolifically in the Indian subcontinent and in western Sri 

Lanka. 

1.2.1.2. Chemistry of (-)-HCA  

Discovery of (-)-HCA: Kurian and Pandiya (1931); 

Screenivasan and Venkataraman (1959) identified mistakenly acid 

 
Figure 1.1. Fruit, leave, flower of G. 
oblongifolia 
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from G. Cambogia as tartaric acid and citric acids. Lewis and et al. 

(1964) determined exactly acid of G. Cambogia is 1, 2-

dihydroxypropane-1, 2, 3-tricarboxylic acid or hydroxycitric acid. 
COOH

C HHO

COOHHO C

COOHCH

H

(-)-hydroxycitric acid (I)   (+)-hydroxycitric acid (II)

COOH

CH

C

COOHCH

H

HOOC OH

OH

COOH

C HHO

C

COOHCH

H

 (+)-allo-hydroxycitric acid (III)         (-)-allo-hydroxycitric acid (IV)

COOH

CH

C

COOHCH

H

OH

HOOC OH COOHHO

 
Figure 1.8. Structures of hydroxycitric acid isomers. 

Isolation: Lewis and Neelakantan (1965) isolated this (-)-HCA 
on a large scale from the dried rinds of G. cambogia. The method 
consisted of extracting the acid by cooking the raw material with 
water under pressure (10 lb/in.2 for 15 min). The extract was 
concentrated, and pectin was removed by alcohol precipitation. 

Moffett et al. (1996) have developed a process for the aqueous 
extraction of (-)-HCA from Garcinia rinds. The extract was loaded 
on to an anion exchange column for adsorption of (-)-HCA, and it 
was eluted with sodium/potassium hydroxide for release of (-)-HCA. 
The extract was passed through a cation exchange column to yield a 
free acid. Bhabani S. Jena et al. (2002) exacted acid of rind fruits of 
G. Cowa by using soxhlet method with aceton and methanol 
solution. 

Remarks: The announced methods of extraction were based on 
the common principle. There has not been detailed research on the 
process of extract over the time, ratio of solvent (R/L), or other 
extraction conditions. For extraction, the two main methods are 
applied: Extraction with water solvent steamed in pressure cooker 
and Soxhlet extraction with organic solvents as acetone and 
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methanol.  
Stereochemistry. HCA has two asymmetric centers; hence, two 

pairs of diastereoisomers or four different isomers are possible 
(Figure 1.8). Martius and Maue have synthesized the four possible 
stereoisomers of hydroxycitrate. Glusker et al. have reported the 
structure and absolute configuration of the calcium hydroxycitrate 
and (-)-HCA lactone by X-ray crystallography. Stallings et al. have 
reported the crystal structures of the ethylene-diamine salts of 
diastereoisomeric hydroxycitrates. 

Properties of (-)-HCA and Lactone. The equivalent weight of 
pure lactone is 69, determined by alkali titration or silver salt 
decomposition. The structure of the (-)-HCA lactone was further 
established by IR and 1H-NMR spectroscopy. The (-)-HCA lactone 
displayed strong IR bands at 3200, 1760, and 1680 cm-1. 1H-NMR 
spectra of the (-)-HCA lactone showed two protons at the γ-carbon, 
which give an AB quartet at δ 2.53 and δ 2.74 with J=17.1 Hz, and 
one proton at the α –carbon showing a singlet at δ 5.15. 

Estimation of (-)-HCA. Lowenstein and Brunengraber (1981) 
have estimated the hydroxycitrate content of the fruit of G. cambogia 
by gas chromatography (GC). Jayaprakasha and Sakariah (1998, 
2000) have developed HPLC methods for the determination of 
organic acids in the fruits of G. cambogia, commercial samples of G. 
cambogia extracts leaves and rinds of G. indica.  
1.2.1.3. Metal salts of (-)-HCA 
1.2.1.3.1. Metal salts of (-)-HCA 

Ibnusaud et al. have reported the preparation of sodium 
hydroxycitrate by combining extract of the fruits of G. Cambogia 
with aqueous sodium hydroxide at 80°C. Singh et al. described the 
preparation of the calcium salt of HCA. Ganga Raju described the 
preparation of the calcium and potassium or sodium double salts of 
HCA and its use as dietary supplements and food products for 
weight-loss. 
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1.2.1.3.2. Reseaching preparation of  potassium hydroxycitrate  
Majeed et al. have reported the preparation of potassium 

hydroxycitrate in a form which is both stable and biologically active. 
1.2.1.3.4. Reseaching preparation calcium hydroxycitrate  

Bhaskaran and Mehta have reported the preparation of calcium 
and potassium salts of HCA and combined its salts.   
1.2.1.3.5. Some reseaching preparations of different metal salts of 
HCA  

Balasubramanyam et al. have reported the preparation of a new 
soluble metal double salt of group IA and IIA of (-)-HCA. Gokaraju 
et al. have reported the preparation of a metal double salt of group II 
of (-)-HCA. Gokaraju et al described the preparation triple metal 
salts of (-)-HCA. Samuel et al. studied the preparation triple, four 
and five mineral salts of (-)-HCA and described their compositions, 
the methods for synthesis of triple (at least) metal salts of (-)-HCA 
chosen from zinc, magnesium, sodium, potassium and calcium . 
1.2.1.4. Biochemistry of (-)-HCA 

Inhibition of Citrate Cleavage Enzyme by (-)-HCA. Citrate 
cleavage enzyme is ATP:citratelyase (ATP:citrate oxaloacetate 
lyase) which catalyzes the extramitochondrial cleavage of citrate to 
oxaloacetate and acetyl-CoA. Watson et al. encountered the powerful 
inhibition of ATP: citrate oxaloacetate lyase by (-)-HCA with 
purified enzyme from rat liver. Cheema-Dhadli et al. found the 
inhibition of citrate cleavage enzyme by both free (-)-HCA (Ki= 8 
µM) and (-)-HCA lactone (Ki=50-100 µM). Sullivan and Stallings et 
al., in similar studies, observed that four isomers of HCA, (-)-HCA 
was the only potent inhibitor of ATP: citrate lyase. 
1.2.1.5. Effects of (-)-HCA and its salts  

Clouatre et al. confirmed the use of commercially available 
pharmaceutical preparation of a Ca, Mg, K or Na salts of (-)-HCA 
for increasinag glucose metabolism, reducing glucose in diabetics’s 
blood. Gokaraju et al. described the preparation of calcium, zinc of (-
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)-HCA as dietary supplements and food products. Shrivastava et al. 
described the medicinal properties of the magnesium of (-)-
hydroxycitrate as dietary nutritional supplement.  

Remarks:  As above mentioned, many works were published.  
However, none of them were published in detail on the effects of 
HCA derivatives on animals. Nor have there been any works 
regarding the study of direct application of HCA without 
transformation.  
1.2.1.6. Some worries about  (-) HCA 
1.2.2. Result of domestic research   

In our country, some research on xanthone extraction and Phenol 
derivatives from some kinds of Garcinia: bứa Delpy;  rinds of 
Garcinia pedunculata; Garcinia oliveri rinds of  Lanessan. Mr 
Nguyễn Đình Hiệp has proved that benzophenone from rinds of 
Garcinia Cochinchinensis can inhibit cancer cells. In 2004 Ms. Đỗ 
Thị Tuyên and her colleagues conducted the research on the effects 
of extracts from rinds of Garcinia cambogia on enzyme against 
oxidization in the mouse’s lever chronically infected by CCl4. 
However, no research on organic acids from G. oblongifolia and the 
application of such acids has been conducted. 
1.2.3. General Remark   

Much attention have been paid to the the study of Garcinia. Up 
to present there have been hundreds of studies on extraction, 
determination of chemical components of the organic compounds, 
application to food technology, pharmaceutical technology, 
especially to slimming products. However, none of the mentioned 
projects have showed the study of HCA transformation in detail. 

Up to present, not any research conducted in Vietnam has 
basically showed the components, characteristics, capacity of 
transformation and application, and technology to exploit chemical 
compounds in the Garcinia. These are the concerns to be considered 
and studied so as to make a good plan for exploiting, producing, and 
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applying the products from Garcinia in an more effective and 
scientific way.   

CHAPTER 2 – MATERIAL AND METHOD   
 

2.1. MATERIAL 
- Leaves, fruit rinds of G. oblongifolia in Hoa Lien Commune, 

Hoa Vang District, Danang City. 
2.2.  METHOD OF STUDY 
2.2.1. Physical method 

The moisture and ash content of materials are checked by weight 
method.  

Products of HCCa, HCK after transformation are checked by IR, 
HPLC, atomic absorption spectrometry, nuclear magnetic resonance 
(NMR), optical rotation measuring, mass spectrometry. 
2.2.2. Physicochemical method 

Three extraction methods are used to extract HCA from leaves, 
fruit rinds of the tree: extraction in pressure cooker, soxhlet 
extraction, and extraction by microwave energy. The total amount of 
extract is ditermined by titration method. Transformation method is 
used to make potassium and calcium of (-)-HCA extracted from 
leaves, and fruit rinds of G. oblongifolia. 
2.2.3. Biological method 

Products of HCCa, HCK after transformation which considered 
to be against obesity are studied by testing their pharmacological 
effects on mice and testing products’ microorganism. 

 
CHAPTER 3 – RESULTS AND DISCUSSION  

3.1. MATERIAL RESEARCH  
3.1.1. Determining the name of G. oblongifolia in the  area of 
material  

The determined name of the Garcinia in the area of Hoa Lien 
Commune -Hoa Vang District, Danang City: 
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Scientific name: Garcinia oblongifolia Champ. Ex Benth. Latin 
name: G. bonii Pitard. Species: Clusiaceae (Guttiferae). 
3.1.2. Material treatment 

Materials consisting of leaves and fruits of G. oblongifolia are 
picked up in Hoa Lien Commune-Hoa Vang Dist., Danang city and 
washed for experiments except for unsuitable, bad leaves. 
3.1.3. Determination of moisture, ash and metal contents in the 
materials 
3.1.3.1. Moisture determination  

The average moisture in fresh leaves is 70.90% and 84.34% in 
fruit rinds  
3.1.3.2. Ash content determination  

Average ash content in dried leaves is 3.44%, in dried fruit rinds 
1.42%. 
3.1.3.3. Heavy metal content determination 

The result of analyzing heavy metal content in leaves and fruit 
rinds of G. oblongifolia shows that the quantity of heavy metal was 
suitable for international and national food and foodstuff hygiene 
standard.   
3.1.4. Research on the independence of total amount of collected 
acid, HCA, CA based on the age of G. Oblongifolia fruit  
 The total amount of acid, HCA and Citric acid in 06 samples  
of the green to ripe fruit rinds (from three-weeks old to nine-weeks 
old) was as follows: 

- In the classified sample - green to ripe fruit rinds the sample of 
8-week-old fruit (ripe fruit) gave the biggest amount of acid, about 
17.159%.   

- The collected amount of HCA increased with age, of which the 
largest  was in the  8-week-old fruit (15.22%). The amount of citric 
acid in six samples increased and then decreased, of which the 
largest was in the 5-week-old fruit (0.74%).  

- It can be understood from the research that the total amount of 
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acid increased over time. The amount of citric acid in rinds of the 
three to-five -week-old fruits also went up, but it went down in the  
of fruit peels at the age of 6, 7, 8 weeks; however, the amount of 
HCA increases over time as the total amount of acid did.  

- From the above result, the best time for harvesting fruits of G. 
oblongifolia for materials is 8 weeks old, when they are ripe. 
 3.1.5. Conclusion 1 

1. The scientific name of Garcinia in Hoa Lien Commune, Hoa 
Vang Dist., Danang city is G. oblongifolia under Clusiaceae 
(Guttiferae). 

2. The best time for harvesting fruit peels to collect the largest 
amount of organic acid in general and HCA in particular is at the age 
of 8 weeks when fruits are ripe.  

3. Heavy metal content in leaves and peelings is low, suitable 
food standard.  

3.2. RESEARCH ON DETERMINING ORGANIC ACID 
FROM LEAVES, FRUIT RINDS OF GARCINIA 
OBLONGIFOLIA  CHAMP. EX BENTH. 
3.2.1. Process of extracting organic acids from leaves and fruit 
rinds of G. oblongifolia.  
3.2.2. Determining the total amount of organic acids by acid-base 
titration method  

- The total amount of acid in the dried peels sample extracted by 
water was highest (18.59%), acid could be most easily dissolved in 
water, then in acetone (13.73%) and in methanol (10.49%). In 
comparison with the studied ones such as G. cambogia (17-19.2%), 
G. India (12.48-15.1%), G. Cowa (27.1%), the result of extraction of 
Vietnamese dried rinds of G. oblongifolia. by water reaches the 
average value.  

- The total amount of acid in fresh leaves extracted by water was  
3.54%. In comparison with studied ones such as G. india (5.88-
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6.99%), G. cowa (4.457%), the result of extraction of fresh leaves by 
water was low.  

- Thus, the total quantity of acid extracted from Vietnamese rinds 
of G. oblongifolia by microwave energy was the highest, followed by 
pressure cooker, soxhlet, and by soaking and extracting  
3.2.3. Study of chromatographic condition and determination of 
HCA by high pressure liquid chromatograph (HPLC) 
3.2.3.1. Result of baseline formation 

Calibration curve was determined by changing  the concentration 
of 05 standard samples, from 10 to 320 ppm and the calibration 
curve equation is determined as follows: C = 1.37A – 6.88  with A: 
pic area of HCA, C: concentration of  HCA, R2 = 0.9997. 
3.2.3.2. Result of determined HCA in extracts from rinds of G. 
oblongifolia fruits  

The largest amount of HCA was extracted by water solvent, 
followed by acetone and methanol. The value mainly collected by 
using HPCL was HCA, because the value of HCA from pic area was 
the highest. In comparison with the results from foreign researchers, 
the content of HCA in rinds of G. oblongifolia fruits was rather high 
(15.170-15.270%), G. cambogia (16-18%), G. India (10.27-12.74%), 
G. Cowa (10.209-12.695%). The content of  HCA in fresh leaves 
reached the average (2.853-2.878%), compared with results of G. 
India (4.10-4.64%), G. Cowa (1.672%) and  citric acid was not 
found. 

Chromatographic condition of determining HCA on HPLC 
Merck Hitachi D7000: column chromatograpy Lichrospher RP18  
5µm x 4.6 mm x 250 mm; detector D7240 Autosampler D7200, 
oscillation phase as phosphoric acid solution 0.1 % at flow rate  1.0 
ml/ minute. Acid mainly found in leaves, rinds by HPLC was HCA, 
shown in chromatograms in the appendix. In chromatograms, HCA 
created single pic in all samples. Determination of HCA pic was 
based on  standard pic of HCA displayed in the retention time of 
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3.802 minutes. Retention time of HCA found in all samples was 3.8 
± 0.14 minutes. 
3.2.4. General Remarks 

1. Having determined the condition of asserting HCA by  HPLC   
Merck Hitachi D7000: column chromatograpy Lichrospher RP18  
5µm x 4.6 mm x 250 mm; detector D7240 Autosampler D7200, 
oscillation phase as phosphoric acid solution 0.1 % at flow rate  of 
1.0 ml/ minute. 

2. Having determined the total amount of organic acid and 
organic acids in extracts from leaves and rinds separately. HCA was 
the main organic acid found in leaves and fruit rinds of G. 
oblongifolia. The amount of HCA from rinds of Vietnamese G. 
oblongifolia fruits is rather high (15.17-15.27%), higher than those of 
the two Indian kinds (G. Indica and G. Cowa).  

3. By changing solvents and various extraction methods it was 
found that water solvent gave the highest amount of HCA (15.24%), 
followed by acetone (12.99%), methanol (9.50%). The highest 
amount of HCA (15.24%) was extracted by using microwave energy 
with water solvent. 
3.3. STUDY OF THE FACTORS AFFECTING THE PROCESS 
OF EXTRACTING ORGANIC ACIDS FROM LEAVES AND 
FRUIT RINDS OF G. OBLONGIFOLIA  
3.3.1. Extraction by microwave energy 

The result of  surveying extraction process by the time, machine 
operation level  and solid-liquid ratio shows that the most effective 
time for extraction was 25 minutes, the suitable machine operation 
level  was 2, the suitable solid-liquid ration was 10 - gram solid 
substance per 150 - ml solvent. The largest amount of acid and (-)- 
HCA extracted in the mentioned condition was 18.592% and 
10.137%. 
3.3.2. Extraction by soxhlet with acetone and methanol solvents 

Extraction carried out with acetone solvent was better than that 
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with methanol. The longer the duration of extraction was the more 
amount of acid we gained. The best duration of extraction was 8 
hours. In case the duration of extraction was over 8 hours, the extra 
amount of acid was not significant. During the 8-hour extraction, the 
total amount of acid collected reached 13.71% with acetone solvent 
and 10.40% with methanol.  

3.3.3. Extraction by using pressure cooker and water solvent  

3.3.3.1. Result of acid extracted from leaves of G. oblongifolia: 
Acid was extracted from fresh leaves by using water solvent 

(150ml) steam distillation in pressure cooker during 01 hour.  With 
this method, the total amount of acid collected reaches 2.258%. 
3.3.3.2. Result of acid extracted from rinds of dried G. oblongifolia 
fruits: 

With the method of steam distillation in pressure cooker at 
0.15MPa and at 1270C, the optimal extraction duration is 90 minutes, 
and solid-liquid ratio is 10g/200ml water, the total amount of acid 
collected was 17.16%. 

3.3.4. Conclusion 2 
1. By studying 03 methods of extraction, the method of using 

microwave energy takes the shortest duration (26 minutes), but 
results in the largest amount of HCA (15.28%). Thus, this method 
saved a lot of energy, which is superior to any other method 
announced by   foreign researchers. 

2. The optimal conditions for obtaining HCA in the largest 
amount by using microwave energy are as follows: 26 minutes 
extraction duration, solid-liquid ratio: 105ml water/10gram of dried 
fruit rinds, microwave power 800W, HCA obtained15.28%.  

3. The extraction duration, solid-liquid ratio in steam distillation 
method really affect the result of extracted acid efficiency. 

4. For 8 hours of extraction with methanol solvent, the extracted 
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amount of acid is 10.49%, and 13.71% with acetone solvent. 

3.4. STUDY OF METABOLIC PROCESS OF CREATING 
SALT FROM HCA  
3.4.1. Creating potassium salt from HCA 
3.4.1.1. Survey of KOH 40% effects on metabolic process of 
making potassium salt from HCA 

Metabolic condition created for potassium salt in products to be 
dried was:  7.0–10.0ml concentrated KOH (40%) / extract from 100 
gram of rinds, HCK content in salt to be determined by HPLC is 
77.021%. 
3.4.1.2. Refining HCK salt 

Refining raw HCK salt by increasing the percentage of alcohol 
by 60% ÷ 100% and decreasing the percentage of water by 40% ÷ 
0%. After refinement, the content of HCK determined by HPLC was   
99.221% (Results of quality control, HCK structure after refinement 
to be shown in 3.5)  
3.4.1.3. Efficiency of creating HCK salt 

The average volume of created HCK in the form of solid salt 
crystal was 13.523g/100-gram sample, the efficiency of creating salt 
is 85.06 – 87.02%. 
3.4.2. Created calcium salt from HCA 
3.4.2.1. Survey of pH effects on metabolic process of making 
calcium salt from HCA  

Extracted liquid, after being cleaned, was acid-neutralized by 
addition of CaCl2 solution. This new solution was mixed during 30-
120 minutes. When CaCl2 was added to the liquid, some white 
precipitate appears. Then more and more precipitate turns up, 
forming mud, the suitable pH of the mud mixture is from 9.5 to 11. 
NaOH was used to adjust pH. The precipitate was insoluble HCCa 
salt. This salt was dried in the drying oven for 24 hours and has a 
light gray color. 
3.4.2.2. Salt creating efficiency 

The average amount of HCCa salt in the solid form was 11.207 g 
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/100-gram sample, the efficiency is 83.97 – 88.83%. 
3.4.3. Conclusion 3 

1. Having determined the condition and process of creating 
HCK, HCCa salt. The suitable condition for making HCK is of 7.0 – 
10.0ml of concentrated KOH (40%)/ extract from 100g of dried fruit 
rinds of G. oblongifolia and for HCCa is of pH 9.5-11, and pH is 
adjusted by using  NaOH 10%.  

2. Suitable solvent for refining HCK salt is the mixture of 
alcohol/water, with an increase in the alcohol concentration by 60% 
up to absolute value. 

3. The average amount of HCK salt in the form of solid crystal is 
13.523g /100-gram sample, the efficiency is 85.06 – 87.02%. 

The average amount of HCCa salt in the solid form is 11.207 g 
/100-gram sample, the efficiency is 83.97 – 88.83% 
3.5. CHECKING STRUCTURE, PURITY, CONTENTS OF 
HEAVY METAL AND MICROOGANISMS IN HCCa, HCK 
EXTRACTS  
3.5.1. Checking HCK, HCCa salt by HPLC 

1.  HCK salt 

After using HPLC for formed HCK, 04 pics of different retention 
time were displayed (fig. 3.18a), pic with the retention time closest to 
the retention time of standard HCA contained the greatest intensity; 
the retention time of the pic was 3.70 minutes, nearly equal to the 
retention time of standard HCA -3.77 minutes; and it covered the 
biggest area of 77.021%. However, this HCK salt contained a lot of 

 
Figure 3.18.  HPLC chromatograms of HCK salt before (a) and after refiement (b) 

a b
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impurities shown in pic 3 where the retention time is 2.25; 2.82 and 
7.11 respectively. Refining HCK salt was carried out by cleaning the 
initial salt with the mixture of water and alcohol at different rate. The 
result shows a decrease in impurities, disappearance of pic with the 
retention time of 7.11. In addition, there were only 02 small- sized 
pics displaying the existence of impurities with the retention time of 
2.33 and 2.82 (Fig. 3.18b). Pic of HCK shows an increase in area and 
displays the 99.221% purity. The content of formed HCK salt was 
high purity compared with the result given by Majeed et al. 
(92.840%); moreover, the retention time was the same (3.722 
minutes). 

2.  HCCa Salt  
After using HPLC for formed HCCa, 04 pics of different 

retention time were displayed (fig. 3.19a), pic with the retention time 
closest to the retention time of standard HCA contained the greatest 
intensity; the retention time of the pic was 3.73 minutes, nearly equal 
to the retention time of standard HCA -3.77 minutes; and it covered 
the biggest area of 51.187%. However, this HCCa salt contained a lot 
of impurities shown in pic 2 where the retention time was 2.23 and 
2.78 respectively. Refining HCCa salt was carried out by cleaning 
the initial salt with distilled water several times. The result shows a 
decrease in impurities. In addition, the pics displaying existence of 
impurities covered a small area with the retention time of 2.19 and 
2.79 (fig. 3.19b). Pic of HCCa shows an increase in area and displays 
the purity of 97.077%.  

 

3.5.2. Checking HCK, HCCa salt by using IR 

 
Figure 3.19.  HPLC chromatograms of HCCa salt before (a) and after refiement (b) 

a b 
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The results of checking HCK, HCCa and standard HCCa by IR 

show that they had the similarity in shape. (IR spectra of HCCa salt 

and standard HCCa salt showing 98.69% of similarity). Thus, a 

preliminary conclusion is that the structures of created salt are 

similar to that of standard HCCa. 
Table 3.25: Result of IR spectrum of HCK, HCCa salt 

Specified Pic  Standard  HCCa salt  HCK salt  HCCa salt 

Oscillation spectrum group -OH 3400,11 cm-1 3376,22 cm-1 3310 cm-1 
Oscillation spectrum group-C=O 1599,04 cm-1 1592,53 cm-1 1582 cm-1  

2.6.3. Checking structures of HCCa, 
HCK salt by using NMR spectrum 

1.  HCCa salt 
13C-NMR spectra of standard 

HCCa salt and created HCCa salt are 
displayed in Figure 3.21a and 21b.  

13C-NMR spectrum of standard HCCa in figure 22a includes 03 
pic at 39.920; 74.925; 77.716 respectively results of carbon 
methylene  (C-5, 5’), carbon methine (C-1, 1’) and  4th-grade carbon 
(C-3, 3’). The pics at 162.862; 163.158; 174.158 are carbonyl carbon 
(C-2, 2’; C-4, 4’ và C-6, 6’) under 03 groups of carboxylates in 
standrad HCCa salt. 13C-NMR spectrum of created HCCa in figure 
21b inludes the pics which are similar to those in 13C-NMR spectrum 
of standard HCCa, those are 03 pics at 39.921; 75.048; 77.607   
respectively results of carbon methylene (C-5, 5’), carbon methine 
(C-1, 1’) and  4th-grade carbon (C-3, 3’). 13C-NMR spectrum of 
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Figure 3.20. Structures of HCCa salt 

 
Figure 3.21. 1H-NMR spectrum of  HCCa salt 
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created HCCa displays 01 pic at 162.527, which is of carbonyl 
carbon (C-2, 2’; C-4, 4’ and C-6, 6’). It is explained that the 
equipment resolution and the high concentration of created HCCa 
result in the coincidence of pic 163.158 and pic 162.527; In addition, 
there is a prominent area in pic 174,158, which is not displayed on 
the screen. 

 1H-NMR spectra of standard HCCa salt and created HCCa salt 
are displayed in figures 3.22a, 3.22b. The signal of 1H-NMR 
spectrum of methylene proton (Ha-5, 5’ and Hb-5, 5’) appears at 
2.95 and 3.02. Pic singlet at 4.3 shows proton under methine group 
(H-1 và H-1’). 1H-NMR spectrum of created HCCa at 02 pics 2.9 
and 3.0 is pic siglet.  

   
Figure 3.22. 1H-NMR spectrum of HCCa salt 

The results of checking 13C-NMR 
spectrum and 1H-NMR spectrum show 
that the processed product of HCCa has 
the composition formula suitable for the 
composition formula of standard salt in 
figure 3.20.  
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Figure 3.23. Structures of HCK salt 

      
        Figure 3.24.  13C-NMR spectrum of HCK salt           Figure 3.25. 1H-NMR spectrum of HCK salt 
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2.  HCK salt 
13C-NMR spectrum of HCK salt in figure 3.24 includes 03 pics 

at 42.249; 76.416; 78.859 as respective results of carbon methylene  

(C-5), carbon methine (C-1) and 4th-grade carbon (C-3) in HCK salt. 

The pics at 177.951 and 180.073 are carbonyl carbon (C-2; C-4 and 

C-6) under 03 carboxylate groups in HCK salt. 
1H-NMR spectrum of HCK salt is displayed in figure 3.25. The 

signal of 1H-NMR spectrum of methylene prot (Ha-5, Hb-5) appears 

at 2.698 và 2.794. Pic singlet at 4.699 shows proton under methine 

group (H-1). 

The results of checking 13C-NMR spectrum and 1H-NMR 

spectrum showed that the prepared salt of HCK has the composition 

formula suitable for the formula of potassium salt as predicted in 

figure 3.23  

3.5.4. Checking structure of HCCa, HCK salt by using weight 

spectrum 

No explanation was drawn from the results of weight spectra of 

standard HCCa salt, prepared HCCa and HCK salts due to their 

complication of fragmented spectra. However, based on the principle 

of picturing hands, it could be seen that the weight spectra of 

standard HCCa salt and prepared HCCa salt were the same. Some 

basic fragments of prepared HCK salt were the same as standard 

HCCa salt.  

3.5.5. Checking the contents of potassium, calcium and heavy 

metals in HCK, HCCa salt.  

The result of checking heavy metal components in HCK, HCCa 

salt showed that they could meet Vietnam food and foodstuff 

standards. Thus, the prepared HCK, HCCa can be used to produce 

foods.  

The content of potassium in HCK was the main part of metal- 
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320,000mg/kg (covering 32%). The content of calcium in HCCa was 

the main part of mental-201,000 mg/kg (equal to 20.1%).  

- The result of checking showed that the content of calcium in 

prepared HCCa (20.1%) was suitable to the calcium content in the 

standard salt (19.5%); it was also suitable to molecular formula in 

figure 3.20. The content of calcium (20.1%) was higher than the 

content announced by Bhasharan et al. (17.22%). 

- The result of checking shows that the content of potassium in 

processed HCK (32%) was suitable to the content of potassium as 

calculated in theory (117.295/322.394 ≈ 36.29%) figure 3.23. In 

addition, when comparing with the result announced by Majeed et 

al., the amount of potassium in the created salt must not be less than 

30% of the volume of anhydrous substance. Thus, the content of 

potassium (32%) was accepted. 

3.5.6. Checking microbiological criteria in prepared HCK and 

HCCa salt 

The result of analyzing the microbiological criteria (total aerobic 

bacteria, E. coli, total yeast-fungus spores) showed that the samples 

of HCK, HCCa salt met the microbiological standards for foodstuffs 

stipulated by Ministry of Health. Thus, the created HCK, HCCa can 

be used to produce food. 

3.5.7. Checking degree rotation of HCK and HCCa salt 

The average degree rotation of HCK was -21.47o which was 

suitable to the result announced by Majeed et al. (-18o÷-25o) and the 

average degree rotation of HCCa was -19.94o. 

3.5.8. Conclusion 4 

1. The metabolic product of potassium salt from HCA is 

potassium (-)-hydroxycitrate. The metabolic product of calcium salt 

from HCA is calcium (-)-hydroxycitrate. All the created salts are 

compatible with those described in theory. 
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2. The content of heavy metal and microorganisms in prepared 

HCK and HCCa meet the standards for foodstuffs both in the world 

and in Vietnam.  

3. The prepared HCK and HCCa with high purity can be used to 

produce functional foods such as obesity reducing food.  

3.6. STUDY OF SOME PHARMACOLOGICAL EFFECTS OF 

HCCa AND HCK SALT ON MICE  

3.6.1. Acute toxicity: 

LD50 of HCK was 8.717g/kilo-mouse-body weight. With an 

amout of 23g HCCa/kilo- mouse-body weight, LD50, was not 

determined, the safety of HCCa is high. 

3.6.2. Effect on reducing lipid 

+ An amount of 700 mg/kilo-mouse-body-weight of HCK 

resulted in inhibiting an increase in total cholesterol and triglyceride 

caused by Triton WR 1339 in white mice. 

+ An amount of 700 mg of HCCa and 1500 mg/kilo-mouse-

body-weight given to mice did not result in inhibiting an increase in 

total cholesterol and triglyceride caused by Triton WR 1339 in white 

mice. 

3.6.3. Effect on increasing energy: 

+ An amount of 700 mg/kilo-mouse-body-weight of HCK, taken 

by mice ,within 2 and 4 consecutive days, helped them increase the 

time of swimming  by 36.9% (P > 0.05) and 70.4% (P < 0.05) with 

the model of  forced swimming mouse. 

+ An amount of 1500 mg/kilo-mouse-body-weight of HCCa, 

taken by mice, within 2 and 4 consecutive days, helped them  

increase the time of swimming  by 19.09% (P > 0.05) and 39.3% (P 

< 0.05) with the model of  forced swimming mouse 
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3.6.4. Effect on reducing obesity 

- An amount of 700 mg/kilo-mouse-body-weight of HCK, taken 

by mice, within 8 consecutive weeks, helped the mice, which were 

caused to be obese in 10 weeks, loose their weight and adipose 

weight considerably. However, HCK does not help to loose the 

weight of their lever.  

- An amount of 1500 mg/kilo-mouse-body-weight of HCCa, 

taken by mice, within 8 weeks, did not affect the decrease in their 

body weight, lever and adipose weight of the mice which were 

caused to be obese in 10 weeks.  

- The two groups of mice, caused to be obese in 10 weeks, 

taking HCK (700 mg/kg) and HCCa (1500mg/kg), did not have the 

content of total cholesterol and triglyceride serum decreased. 

c. The content of cholesterol, triglyceride in mice after 10 weeks of 

study. 

- The two groups of mice, caused to be obese in 8 weeks, taking 

HCK (700 mg/kg) and HCCa (1500mg/kg), did not have the content 

of total cholesterol and triglyceride serum decreased. 

 

CONCLUSION AND PROPOSALS  

A. CONCLUSION 

1. Having determined the scientific name of this kind of tree in 

Hoa Lien Commune, Hoa Vang district, Danang city: G. oblongifolia 

under Clusiaceae (Guttiferae). The determined time for harvesting is 

when the fruits are at age of 8 weeks (ripe fruits). The components in 

leaves, fruit rind are determined as follows: Leave moisture 

(70.90%) and fresh fruit rind moisture (84.34%); ash content in 

leaves (3,44%) and in dried fruit rind (1.42%); The content of feavy 
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metals in leaves and in fruit rind are acceptable, in accordance with 

International and Vietnamese standards for foodstuffs. 

2. Various methods are applied to HCA extraction; the best 

result (15.28%) comes from microwave energy method. 

3. Having determined the total amount of organic acids and 

specified acids in extracts from leaves, fruit rinds. Thanks to high-

pressure liquid chromatography, (-)-hydroxycitric acid is determined 

to be the main acid in leaves and fruit rinds. HCA content found in 

leaves is 2.86%, in dried fruit rinds is 15.28%. The amount of HCA 

found in G. oblongifolia is high (15.28%), higher than that in the two 

Indian kinds G. Indica và G. Cowa. 

4. Having set up the process of converting hydroxycitric acid 

into potassium and calcium salt. Products after converting are 

decribed as in the theory. The prepared products calcium (-)-

hydroxycitrate and potassium (-)-hydroxycitrate are of high purity: 

HCCa (97.077%) and HCK (99.221%). The criteria of metal and 

microorganisms contents meet International and Vietnamese 

standards for foodstuffs  

5. HCK product has LD50 (8.717 g/kg), whereas there is no 

LD50 in HCCa product. HCK has a positive effect in fighting against 

obesity, lowering lipid and increasing power. HCCa is also effective 

against obesity, increased power, but their effects are not statistically 

significant.  

B. NEW CONTRIBUTIONS FROM THE THESIS  

1. Being the first academic report in Vietnam updating full and 

systematic information about leaves and fruit rinds of G. oblongifolia 

as well as the hydroxycitric acid (HCA); 

2. Being the first finding on extraction of HCA from dried fruit 
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rinds of G. oblongifolia by using microwave that provides good 

performance of extraction while saving energy. Determined different 

types of organic acids in leaves and fruit rinds of G. oblongifolia by 

adjusting specific conditions of liquid chromatography; 

3. Determined conditions for converting HCA into potassium 

and calcium compounds; evaluated the quality and determinated the 

structure of these compounds;   

4. Established the manufacturing process of supplementary diet 

using HCA for reducing fat; Found good impacts from the use of 

HCK after examining some pharmacological effects of HCK and 

HCCa on mice. 

C. PROPOSALS FOR NEXT RESEARCH 

1. HCK brings good results to reducing obesity, increasing 

energy and lowering lipid. It is necessary to conduct research on 

producing HCK on an industrial scale to make fat reducing 

functional food. 

2. HCK has a high hygroscopicity, so it is necessary to study the 

formation of double salt between calcium and potassium or with 

other metals such as Mg, Na,… to make products of low 

hygroscopicity. 

3. The study of growth conditions of G. oblongifolia should be 

carried out to have a plan of growing this kind of tree as material for 

producing weight-loss products containing HCA in an industrial 

scale in Vietnam. 
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