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ABSTRACT 

 
 Carambola (Averrhoa carambola L.) fruit is commonly known 

as star fruit because of its unique star- like appearance and rich golden 
color. This fruit is distributed in tropical and subtropical regions. In some 
Asian countries, the mature fruit is eaten fresh and relished in pickle 
preparations. It is rich in antioxidants and vitamin C and low in sugar, 
sodium and acid. It is also a potent source of both primary and 
secondary polyphenolic antioxidants.  It also contains pectin that has 
been shown to reduce blood cholesterol levels. The mechanism 
appears to be an increase of viscosity in the intestinal tract, leading to a 
reduced absorption of cholesterol from bile or food. This study, 
therefore, determined the effect of pectin derived from carambola fruit in 
the lipid profile of Sprague-Dawley rats. Four-week administration of 
150mg of pectin to the laboratory animals lowered their serum total 
cholesterol, very low density lipoprotein (VLDL), low density lipoprotein 
(LDL) levels of the laboratory animals while high density lipoprotein 
(HDL) increased. A p-value of <0.05 shows no significant difference on 
the effect of 150mg of pectin against 10mg of Atorvastatin calcium. 
Further studies on the effects of pectin, especially on serum HDL level, 
is recommended. 
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INTRODUCTION 
 

Averrhoa carambola L., also known as star fruit, belongs to 
family Oxalidaceae. It is a tropical common evergreen woody fruit plant 
that is native to South East Asia and presently being grown as a garden 
tree for its edible fruits (Flora, 2004; 2008) in all tropical and sub-tropical 
countries. It has many commercial exploitable and beneficial attributes 
(Tidbury; Roy, 2007).  

The star fruit plant is a small shrub-like ornamental tree with 
edible fruit that is rich in vitamins, phosphorus and oxalic acid (Moreira, 
1985 as cited by Vicentini, 2001). As reported by Shui and Leong 
(2006), star fruit residues which only contributed to 15% of its total 
weight, account for up to 70% of total antioxidant activity and total 
polyphenolic contents. Fruit juices contain colloids that are mainly 
polysaccharides (pectin, cellulose, hemicelluloses, lignin, and starch), 
protein, tannin and metals (Vaillant et al., 2001; Abdullah, 2006). It is 

http://en.wikipedia.org/wiki/Polyphenolic_antioxidants
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known for its anti-diabetic and anti-hypertensive effect. It is also has an 
appetite stimulator, anti-diarrhea, anti-scurvy and antipyretic attributes 
(Moreira, 1985; Vicentini, 2001). Additionally, it has been used topically 
on poisonous bites and stings (Lamoni, 1997; Vicentini, 2001).  

Averrhoa  carambola L. is also a source of phenolic 
compounds that posses a wide span of physiological functions including 
antioxidant, anti-carcinogenic, anti- inflammatory, anti-allergenic, anti-
microbial, anti- thrombotic, cardio-protective and vasodilatory effects to 
a greater or lesser extent (Pathriana & Shahidi, 2005; Balasundram et 
al. 2006; Cai et al. 2006; Rodrigues et al., 2008; Ho, 2009). 

Pectin is a family of complex variable polysaccharide extracted 
from the primary cell wall of higher plants. Chemically, pectin consists of 
linear polymers of D-α (1-4) anhydrogalacturonic acid (Schemin, 2005). 
Pectins are soluble in pure water. Monovalent cation (alkali metal) salts 
of pectinic and pectic acids are usually soluble in water; di- and trivalent 
cations salts are weakly soluble or insoluble (Rolin, 1993; Sriamornsak, 
2002). Pectins are specific plant polysaccharides (Selivanov, 2008). It is 
most concentrated in citrus fruits like oranges, lemons, grapefruits and 
apples. Pectin obtained from citrus peels is referred to as citrus pectin 
(Sharma, 2006). 

Pectin is a high value functional food ingredient widely used as 
gelling agent and stabilizer (Pinhiero et al., 2008) The main raw 
materials used to produce commercial pectin are apple pomace and 
citrus peels (Kliemann, 2009). In human diet, pectin occurs as “soluble 
fiber” in fruit and vegetables, jams and jellies and more recently in low 
calorie foods as a fat replacer (Thakur et al., 1997; Marounek, 2004). 
Pectin is used not only in food processing in jam, jellies, marmalades, 
ketchups, sauces, juices, concentrate syrups and yoghurt, but also in 
pharmaceutical preparation such as medical formulations for stabilizing 
the suspensions. It also has an important role in cosmetic industry (Virk 
and Sogi, 2004).  

Pectin is synthesized in Golgi vesicles and its complexity 
dictates that a large numbers of enzymes must be involved in the 
process. Enzymes that degrade parts of the pectin can also be used to 
release pectin (Scheller, 2007). 

According to Sharma 2006, fruits and vegetables are 
especially rich in pectin that have dietary fiber contents in the range of 
1-2% which shows that pectin can be a source of dietary fiber. In 
addition to this, pectin has prebiotic effects. Some fermentation of pectin 
takes place in the large intestines via the action of bacteria. Modified 
citrus pectin, when administered orally, to rats was found to inhibit 
spontaneous prostate carcinoma metastasis which shows anti-
carcinogenic effects. Another important action of pectin is its 
hypocholesterolemic activity. The hypocholesterolemic effect of dietary 
pectin has been reported in studies with humans, mice, guniea pigs, 
hamsters, rabbits, chickens, and pigs. (Terpstra, 2002). Pectin is 
frequently regarded as a very potential carbohydrate to decrease serum 
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cholesterol. (Abdelbaky et al., 2009).There are no published literatures 
however on the effects of pectin derived from carambola. 

Hypercholesterolemia has been proven to be one of the most 
important risk factors for atherosclerotic vascular diseases (Adaromoye, 
2005). It is a primary risk factor in the development of cardiovascular 
disease. It is well established that “Western diets,” known for their high 
fat, high cholesterol, excess energy, and low fiber contents, increase 
serum cholesterol levels (Bush, 1988; Yang, 2002). 

Liver plays a central role in lipoprotein metabolism (Xu, 2007). 
It synthesizes vital substances called cholesterol which is the building 
block of essential organic molecules such as steroid hormones, cell 
membranes, and bile acids that are used by the body. However, its 
excessive accumulation leads to coronary heart diseases (Butt, 2007). 

Cholesterol is found in foods of animal sources, for example, 
egg yolks, meat and cheese. Pure cholesterol is essential for cell 
survival, whereas even small amounts of oxidized cholesterol produce 
significant toxicity (Yeh et al., 2007).  

Lipoproteins are substances of high molecular weight which 
ranges up to 60000-10¹¹. Its density is less than that of the serum 
proteins such as albumin and several globulins. Difference in density 
among like lipoproteins allows for segregation of the lipoproteins into 
three general density ranges. Plasma lipoproteins including high-low 
intermediate and very low density lipoproteins (HDL, LDL, IDL, and 
VLDL) are macro molecular complexes of lipids and proteins (termed 
apolipoproteins) that mediate lipid transport and metabolism and are 
central in the development of coronary artery disease. HDL is anti-
atherogenic, LDL is pro-atherogenic and VLDL is not only direct 
metabolic precursor of LDL but also an independent risk factor for 
atherosclerosis (Guha, 2007). Major risk factors for atherosclerosis 
include high plasma LDL concentrations and LDL modifications such as 
its retention, oxidation and aggregation (Williams and Tabas, 1995; 
Hossin, 2009).  

The present study determined the effect of pectin derived from 
carambola fruit to the lipid profile using egg yolk diet for 2 weeks in 
Sprague-Dawley rats and compared to the effect of pectin against the 
standard drug, atorvastatin calcium. 

 
MATERIALS AND METHODS 
 

The carambola fruit used in the experiment was obtained from 
Rosario, Batangas. Ripe carambola fruits with yellowish color were 
chosen and the spoiled fruits were discarded. Vouchers of the plant 
specimen were submitted to the Thomas Aquinas Research Complex 
Herbarium of the University of Santo Tomas with authentication no. 
USTH-5547. 
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Pectin extraction 

The extraction procedure was based on that of Kratchanova et 
al. (2004) as cited by Kliemann et al. (2009). A dry mass (5 g) was 

subjected to extraction by adding 250 mL of water. The pH was 
adjusted to 1.2–2.6 with 0.5 M HCl. The mixture was then heated to 90 
°C and the extraction was carried out with continuous stirring for 90 min. 
The hot acid extract was filtered through an ordinary screen with 1-mm 
mesh size equipped with two-layer cheesecloth, and the filtrate was 
cooled down to 4 °C. The filtrate was coagulated using an equal volume 
of 96% ethanol and left for 1 hour. The coagulated pectin was separated 
by filtration, washed once with 70% acidic ethanol (0.5% HCl), then with 
70% ethanol to a neutral pH and finally with 96% ethanol. The resulting 
material was dried overnight at 55°C in a gravity convection oven.  
Animals and Diets 
 

Twelve adult Sprague-Dawley rats with an average weight of 
200 to 300g were obtained from BioPhilippines Manila. The rats were 
housed in suspended steel wire cages and the environment was 
controlled in terms of light (12:12h light/dark cycle starting at 6:00 AM), 
humidity and room temperature (20-25°C) (Aubin et. al., 2008). All rats 
had ad libitum access to food and water (Abdullah, 2009).   
 

Hypercholesterolemia was induced in rats by feeding the rats 
with 100 mg of egg yolk per day for 2 weeks before the beginning of the 
experiment and during the experiment (Metwally et al., 2009). 
 

Three groups of rats were used in the study. The animals of 
group I (5 members) served as the positive control and received egg 
yolk and commercially available drug, atorvastatin calcium, as a positive 
control. Group II (2 members) was the negative control and received 
egg yolk and waterduring the experiment. Group III (5 members) 

received egg yolk and pectin extracted from carambola fruit. All 
procedures sought the ethical approval of the Bureau of Animal Industry 
for all laboratory animals that was used in the study. 
 
Sample collection 

 
Blood samples were collected before feeding the rats on the 

experimental diet, every two weeks during the experiment and at the 
end of the experimental period. After overnight fasting, blood samples 
were collected from each rat from the tail into microtainer tubes (Park et 
al., 2007). The blood was allowed to clot at room temperature for one 
hour, and then the serum was separated by centrifugation at 3500 rpm 
for 5 minutes, clear serum was stored at 20°C until analysis (Abdel Ati 
et al., 2009).  Commercial kits from ELITECH, Zone Industrielle, France 
were used for the determination of serum levels of total cholesterol, 
High Density Lipoproteins (HDL) and triglycerides using a semi-
automated spectrophotometer (StatFax, Awareness Technology, USA). 
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Low density lipoprotein (LDL) and Very-Low Density Lipoprotein (VLDL) 
were computed using Fridewald’s equation (Mcpherson, 2001; Henry, 
1999).  
 
The Analytical Methods of Serum 
 
Determination of Total Cholesterol: The cholesterol level was 

measured by enzymatic method (ELITECH, Zone Industrielle, France). 
 
Determination of High Density Lipoprotein (HDL) cholesterol: 

Chylomicrons, Very Low Density Lipoproteins (VLDL) and Low Density 
Lipoproteins (LDL) of serum were precipitated by phosphotungstic acid 
and magnesium ions. After centrifugation, high density lipoproteins 
(HDL) were in the supernatant. Cholesterol included in this phase, was 
measured by an enzymatic method (ELITECH, Zone Industrielle, 
France). 
 
Determination of Triglycerides: The triglycerides were determined 

after enzymatic hydrolysis with lipases. The indicator used was 
quinoneimine which was formed from hydrogen peroxide, 4- 
aminophenazone and 4- chlorophenol under the catalytic influence of 
peroxidase (ELITECH, Zone Industrielle, France). 
 
Determination of Very Low Density Lipoprotein (VLDL) cholesterol: 

The concentration of VLDL was computed according to the Fridewald’s 
equation: 
 

VLDL = triglyceride/5 
 
Determination of Low Density Lipoprotein (LDL) cholesterol: 
According to Fridewald et al., 1972, lowdensity lipoprotein cholesterol 

can be calculated asfollows: 
 

LDL = Total cholesterol - (HDL) - (VLDL) 
 
Statistical analysis 
 

Results were expressed as means ± SE and statistical 
analyses were performed using ONEWAY ANOVA by SPSS statistical 
software package (SPSS for Windows, 10.0). pvalues less than 0.05 

were considered significant (Manjunatha and Srinivasan, 2007). 
 
RESULTS AND DISCUSSIONS 
 

Pectin from Averrhoa carambola has been found to have 
effects on selected serum lipid analytes of the laboratory animals. The 
baseline of the serum total cholesterol of the test and positive group 
was 376.92 and 269.28 mg/dl respectively. After the induction of 
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hypercholesterolemia, the serum level of the test group rose to 5478.40 
and 4648.40 mg/dl for the positive group. After four weeks, two tests 
were done and the serum total cholesterol levels decreased to 790.64 
and 612.92 mg/dl for the test group and the positive group decreased to 
774.72 and 523.72 mg/dl. The negative group with the baseline of 
413.30 rose to 1030.50 mg/dl after the induction of 
hypercholesterolemia and continuously increased to 1579 mg/dl and 
2572 mg/dl after 4 weeks of testing. 

 

 
 
Figure 1.  Effect of pectin and Atorvastatin calcium on Total cholesterol, 

triglycerides, HDL, VLDL and LDL. 
 

With triglycerides, baseline levels of the three groups (test, 
positive, negative) was 167.86, 176.26, 301.50 mg/dl respectively. The 
serum TAG levels rose to 748.7, 425.62, 796.40 mg/dl after the 
induction of hypercholesterolemia. After 4 weeks of testing, the test 
group decreased to 369.22 and 151.9 mg/dl and the positive group 
decreased to 200.04 and 57.82 mg/dl. On  the other hand, the negative 
group increased to 907.50 and 1083.85 mg/dl. 

 
A baseline of 33.57, 35.25, 60.30 mg/dl was obtained from the 

serum’s very low density lipoprotein (VLDL). After high-fat diet, the 
serum levels rose to 135.34, 85.12, 159.28 mg/dl.After 4 weeks of 
testing, the levels for the test group decreased to 73.84 and 30.38 mg/dl 
and the positive group decreased to 40.01 and 11.56 mg/dl while the 
negative group increased to 181.50 and 216.77 mg/dl. 

 
 Moreover,the baseline for low density lipoprotein of the three 
groups (test, positive, negative)  were as follows: 342.43, 233.17, 
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351.10 mg/dl. After the induction of hypercholesterolemia, the levels 
rose to 5369.90, 3369.70 and 868.92 mg/dl. Two testings were also 
done after 4 weeks and yielded the following results:  709.86 and 
533.88 mg/dl for the test group; 729.47 and 469.34 mg/dl for the 
positive group; 1393.15 and 2412.49 mg/dl for the negative group. 
 
 Unlike the four previous parameters, the levels of high density 
lipoprotein (HDL) of the three groups (test, positive, negative) increased 
throughout the testing. The baseline were as follows: 0.92, 0.86, 1.90 
mg/dl. After 4 weeks of testing, the levels rose to 5.14 and 48.66 mg/dl 
for the test group; 5.24 and 42.82 mg/dl for the positive group. Lastly, 
for the negative group, the levels rose to 4.35 and 49.45 mg/dl. 

 
There was a significant difference on the serum cholesterol, 

triglycerides, VLDL and LDL levels of treated rats in the positive, 
negative and test groups on the two-week feeding as indicated by the f-
value of 24.36 at 0.05 level of significance.  Based on the multiple 
comparison of the means,  the serum cholesterol, triglycerides, VLDL 
and LDL levels of rats under the test groups differ significantly with rats 
under the negative control groups but the serum cholesterol, 
triglycerides, VLDL and LDL levels of test groups do not differ with the 
positive controls. Based on the results gathered, the test and positive 
groups show similar effects on the lipid profile of the serum tested. Both 
Atorvastatin calcium and pectin lowers the serum total cholesterol, TAG, 
VLDL, LDL. Furthermore, statistical analysis of results revealed that the 
effect of 150 mg of pectin on serum levels of cholesterol, triglycerides, 
VLDL and LDL is similar to the therapeutic effect of 10 mg of 
Atorvastatin calcium.  
 

 Using 150 mg of pectin, the serum HDL level of the laboratory 
animals showed an increasing trend. However, since the p-values were 
all higher than 0.05 level of significance, the computed f-ratios were 
found to be not significant. There was no significant difference on the 
HDL level of rats of positive control, test and negative controls in terms 
of the baseline data, during the first, second and third feeding. 
Therefore, both Atorvastatin calcium and pectin do not affect the high 
density lipoprotein during the 4-week testing period. 
 

The lowering effect of carambola on the selected serum lipid 
analytes may be explained by its pectin component. Its fruit juices 
contain colloids that are mainly polysaccharides which includes pectin 
(Vaillant et al., 2001; Abdullah, 2006). Pectin is frequently regarded as a 
very potential carbohydrate in decreasing serum cholesterol levels 
(Abdelbaky et al., 2009). Its effects on other components of the lipid 
profile however are limited. This study affirms its lowering effect on 
cholesterol and establishes the effect of pectin on triglycerides, VLDL, 
LDL and HDL. Reported studies on the effects of pectin utilized artificial 
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purified pectin. Results of this study establish the similar effect of pectin 
on lipid analytes derived from carambola. 
CONCLUSION 
 

Pectin, derived from carambola fruit, has a lipid lowering effect 
on cholesterol, triglycerides, VLDL and LDL on the serum of Sprague-
Dawley rats. On the other hand, HDL is not affected by all experimental 
groups. A 150mg of pectin has shown similar effects with that of 10mg 
of atorvastatin calcium on serum levels of cholesterol, triglycerides, LDL 
and VLDL thus suggesting the comparability of their therapeutic effects.  
 
RECOMMENDATIONS 
 

 Future researchers are recommended to conduct further 
studies on the effects of pectin using a more purified form. In testing for 
HDL, it is recommended to use a larger population of laboratory 
animals.   
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