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Abstract : Pedada fruit is rich in dietary fiber and phenolic compounds which can reduce cholesterol levels in 
humans. The aim of this study was to investigate the cholesterol-lowering effect of pedada fruit flour (PFF) in 
rats. Five normal male Wistar rats were the normal control group (0) were fed AIN-93 M and twenty 
hypercholesterolemia male Wistar rats were randomly divided into 4 groups with different diets for 4 weeks. 
Group 1 (the hypercholesterolemia control) was fed an AIN-93M diet, no supplements.  Groups 2, 3 and 4 were 
fed AIN-93M supplemented with 3%, 6%, and 9% PFF, respectively. Blood samples were taken on week 0, 1st, 
2nd, 3rd, and 4th for total plasma cholesterol, high density lipoprotein cholesterol (HDL-c), low density 
lipoprotein cholesterol (LDL-c) and triglyceride analyses. The results showed that the PFF supplement 
significantly decreased (P = 0.000) the total plasma cholesterol levels by 32.45 -58.87 mg/dl; LDL-c by 32.06 - 
55.54 mg/dl (p =0.000); triglyceride by 9.20 - 23.93 mg/dl (P = 0.000) respectively. HDL-c concentration 
remained unaltered (P = 0.997). These results indicate the beneficial effect of PFF in the treatment of 
hypercholesterolemia. This effect is possible related to dietary fiber and phenol compounds on PFF. 
Keywords: Pedada fruit flour (PFF), Hypercholesterolemia, Total cholesterol, LDL-c, HDL-c, Triglyceride, 
Rat. 
 

Introduction 

Pedada (Sonneratia caseolaris) is a mangrove tree species belonging to family Sonneratiaceae, which is native 
to South and South East Asia. The immature fruits are sour but edible, used as a vegetable and flavouring agent. 
However, mature fruits have a cheese like flavour and are eaten raw or cooked1. In herbal medicine, the fruit is 
used as an analgesic and anti-inflammatory agent2, possesses hepatoprotective activity3, and also has 
hypoglycemic effects1. 
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Previous research has shown that the pedada fruit flour (PFF) is rich in dietary fiber (63.70%) consisting of 
soluble (9.80%) and insoluble (53.90%) dietary fiber and also has high levels of phenolic compounds (30.61 mg 
GAE/g of PFF) that can help to protect cardiovascular disease.  

Cardiovascular disease (CVD) is the leading cause of death in the world4, and high cholesterol levels are a 
major risk factor5 and dietary fiber helps to protect against cardiovascular disease by improving blood lipid 
profile, lowering blood pressure, and reducing inflammation6. Consumption of dietary fiber lowers the low 
density lipoprotein cholesterol (LDL-c) plasma levels as has been demonstrated in both and human and animal 
studies7-8. A study observed a decrease of 12.5 mg/dl in total plasma cholesterol levels (P< 0.05) for each 10 
grams increase in the consumption of dietary fiber over 7 years in a cohort of 316 Japanese-Brazilians subjects9. 
Soluble dietary fiber 2-10 g/d was associated with small but significant decrease in total cholesterol [-0.045 
mmol.L-1.g-1 (95% Cl: -0.054, -0.035)] and LDL-c [-0.057 mmol.L-1.g-1 (95% Cl: -0.070, -0.044)]. Various 
soluble dietary fiber reduce total cholesterol and LDL-cl by similar amounts10. Dietary phenolic compounds, 
ubiquitous in vegetables and fruits and their juices possess antioxidant activity that may also have a protective 
effect towards the susceptibility of LDL-c to oxidative modification and ultimately, to atherosclerosis11. Various 
in vitro studies using different methods of oxidation have shown that phenolic compounds from red wine, green 
tea, and olive oil can inhibit LDL-c oxidation and reduce risk factor for CVD12-14. 

The present study was designed to investigate the cholesterol lowering effect of PFF in rats by determining 
levels of total plasma cholesterol, LDL-c, HDL-c and triglyceride. The rats were considered suitable for 
investigating the effects of dietary interventions on the parameters of kinetics, including cholesterol absorption 
and synthesis, because the c cholesterol metabolism process is similar in humans and rats15. 

 

Materials And Methods 

Materials 

Pedada fruit (50-55 g; ± 2 months) were harvested from mangrovesinWonorejo village, Surabaya, Indonesia. 
Male Wistar rats (Rattus norvegicus) weighing155-208 grams were purchased from animal physiology 
laboratory, the Science and Mathematics Faculty, Brawijaya University, Indonesia. Standard diet was AIN-93M 
[16], Pure cholesterol was obtained from Sigma (Saint Louis, MO), liquid pork fat and egg yolk were purchased 
from markets in Malang.Plasma lipid profileswere analyzed by using enzymatic methodswith kit no. 10 130 
021 for total plasma cholesterol, 10 571 021 for triglycerides, and 10 350 022 forHDL-c which were obtained 
from DiaSys Diagnostic Systems GmbH, Holzheim, Germany.  
 

Methods 

Preparation of pedada fruit flour (PFF) 

The mature pedada fruit were collected and selected randomly from different parts of pedada trees, and were 
immediately transferred to the laboratory and freeze dried. After that, the fruit were peeled, and pulped in a 
blender with distilled water (1:3). Fruit-pulp was filtered to remove the seeds, and dried in a drying cabinet for 
15-18 hours at 50-60oC. After that, it was grounded until 80 mesh. 

 

Animals and study design 

A 4-week rat trial, approved for ethical clearance by Animal Care and Use Committee, Brawijaya University 
Indonesia with ethical clearance No. 101-KEP-UB. Twenty male Wistar rats (weighing 155-208 g) were fed 
with a high calorie and cholesterol (HCC) diet by enriching the diet with 13.3% yellow egg, and 10% liquid 
pork fat. Each animal received 0.015 g cholesterol (Sigma) by orally and 15 g of HCC diet daily during 3 weeks 
and had free access to water. As a normal control was used five normal Wistar rats that fed AIN-93M. Animals 
were maintained individually in the metabolic cage in a temperature-controlled room (22 ± 2oC) under a 
light/dark cycle of 12 h.  

Once hypercholesterolemia was reached (total plasma cholesterol of ≥ 200 mg/dl), the induction of cholesterol 
and HCC diet was stopped. The rats were randomly divided into four groups of five animals according to the 
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treatment received. For the normal and hypercholesterolemia control rats were fed with AIN-93M. Treated 
groups fed AIN-93M supplemented with (a) 3% PFF; (b) 6% PFF; and (c) 9% PFF.  Each rat received 15 g 
experimental diet daily during 4 weeks and had free access of water. Body weight and blood plasma profile of 
rats were measured every week. Blood was taken from the tail of rats by intra vena. Plasma samples were 
separated by centrifuge at 3000 rpm for 20 minutes and stored at -20oC for further analysis (total cholesterol, 
HDL-c and triglyceride).  
 

Biochemical analysis 

Total cholesterol plasma high-density lipoprotein cholesterol (HDL-c) and triglyceride (TG) were measured by 
enzymatic photometric test17. Total cholesterol was measured based on the liberation of ester cholesterol 
lipoproteins by the effect of the detergent. HDL-c in plasma was measured by precipitation of very low density 
lipoprotein (VLDL) and low density lipoprotein (LDL) by magnesium ion. Plasma levels of triglycerides were 
assessed by precipitation in the presence of amphiphilic polymers. The results were also expressed as non-
HDL-c instead of LDL-c because of the Friedwald equation18: 

 
 

Statistical analysis 

Results are expressed as mean ± standard error of the mean (S.E.M). To determine the effect of dietary 
intervention on the plasma cholesterol levels, data were analysed by one way analysis of variance (ANOVA) 
using  the general linier model procedure of SPSS 16.0 software. Significant differences between dietary 
treatments were analysed by least significance difference (LSD). P < 0.05 values were considered as 
significantly different. 

 
Table 1: The diet types and composition of rats 

 

 

 

 

 

 

 

 

 

Results And Discussion 

All the rats were in healthy condition throughout the study. The diet was controlled every day and added when 
necessary. Cages were cleaned once a week and the replacement of husk as bedding was also carried out at the 
same time. 
 
 
 

Composition 
AIN-93M 

(%) 
HCC 
 (%) 

3% PFF 
(%) 

6% PFF 
(%) 

9% PFF 
(%) 

Corn starch 
Casein 
Dextrin 
Sucrose 
Soybean oil 
Cellulose 
Mineral mix 
Vitamin mix 
PFF 
Yellow egg 
Liquid pork fat 

46.57 
14.00 
15.50 
10.43 
4.00 
5.00 
3.50 
1.00 

- 
- 
- 

27.27 
14.00 
15.50 
10.43 

- 
5.00 
3.50 
1.00 

- 
13.30 
10.00 

43.57 
14.00 
15.50 
10.43 
4.00 
5.00 
3.50 
1.00 
3.00 

- 
- 

40.57 
14.00 
15.50 
10.43 
4.00 
5.00 
3.50 
1.00 
6.00 

- 
- 

37.57 
14.00 
15.50 
10.43 
4.00 
5.00 
3.50 
1.00 
9.00 

- 
- 

Total 100.00 100.00 100.00 100.00 100.00 
HCC = High calorie and cholesterol diet 
PFF  = Pedada Fruit Flour 
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Food intake and weighing of rats after supplemented PFF in the diet 
 

Table 2 shown that there were significant differences in food intake and weighing of rats among all the groups 
(P = 0.000), this fact indicates that PFF can be supplemented into the diet and affecting the rat appetite, and 
food intake. PFF was given in the diet and not by gavage, so the intake depended on the rat’s appetite, and 
became the limitation of this study. 
 

 

Dietary fiber intakes are presented in Figure 1. The addition of PFF in the diet will increase the content of 
phenand dietary fiber.The higher supplemented PFF, higher of dietary fiber intake, and lower of diet intake and 
weighing of rats. A diet of food that provide adequate fiber is usually less energy, dense and larger in volume 
than a low-fiber diet that may limit spontaneous intake of energy19. Rolls et al.20 recently concluded that fruit 
and vegetable consumption does play a role in weight management, probably because their consumption 
decreases energy density, promotes satiety, and decreases energy intake. An additional 14 g/d of fiber resulted 
in a 10% decrease energy intake and an energy loss of greater than 1.9 kg through approximately 3.8 mo of 
intervention21. In addition, the beneficial effect of dietary fiber on weight regulation was seen for soluble and 
insoluble dietary fibers. In addition, the beneficial effect of dietary fiber on weight regulation was seen for 
soluble and insoluble dietary fibers. 
 

 
Dietary fiber acts as a physiological obstacle to energy intake by at least three mechanisms: 1) fiber displaces 
available calories and nutrients from the diet; 2) fibers increase chewing, which limits intake by the promoting 
secretion of saliva and gastric juices, resulting in an expansion of the stomach and increased satiety; and 3) fiber 
decreases the absorption efficiency of the small intestine22.  

 

Table 2. Average of food intake and weighing in each group 

Groups Food intake (g/day) Weighing (g) 

Normal  

Hypercholesterolemia 

3% PFF 

6% TBP 

9% TBP 

13,32 a  

12,98 a 

12,01 b 

11,63  bc 

11,48  c 

240,92 d 

256,28 a 

254,76 a 

251,52 b 

245,16 c 

*Different code indicated the differences in one column 

 

 

Figure 1. Average dietary fiber intake (gram/rat/day) 
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The profile lipids of rats during supplemented PFF in the diet for 4 weeks 

The results obtained showed an improvement in the lipid profile in rats fed on diets supplemented with 3%, 6% 
and 9% of PFF. Significant decreases were observed in total plasma cholesterol concentration (32.45 mg/dl, 
50.51 mg/dl and 58.87 mg/dl, respectively (P = 0.000), LDL-c (32.06 mg/dl, 48.23 mg/dl, and 55.54 mg/dl, 
respectively (P = 0.000), and triglyceride (9.20 mg/dl, 17.18 mg/dl, and 23.93 mg/dl, respectively (P = 0.000) 
(Table 3). However, the increase in HDL-c concentration was not significant. The results obtained showed an 
improvement in the rat lipid profiles after 4-weeks treatment with PFF in diets (3%, 6% and 9% from total 
diet/day). No significant differences were observed between normal and hypercholesterolemia control groups 
after 4-weeks treatment. Although there were improvements in plasma lipids concentrations, they did not reach 
normal values. This may due to the fact only received PFF for 4 weeks i.e. not long enough. The differences 
among the rat groups after treatment are presented in Table 4. 

 

Table 3. Profile lipids of rats during the treatment for 4 weeks 

Week 
Groups of rat 

Normal Hyperchole- 
sterolemia 3% PFF 6% PFF 9% PFF 

Total Cholesterol 

0 

1 

2 

3 

4 

 

70.23 ± 1.28 

70.70 ± 1.06 

70.59 ± 0.91 

71.14 ± 0.79 

71.85 ± 0.82 

 

215.30 ± 1.81 

215.81 ± 2.02 

216.47 ± 2.13 

217.54 ± 1.96 

218.01 ± 2.05 

 

218.43 a 

211.90 b 

202.71 c 

194.09 d 

185.98 e 

 

217.14 a 

204.65 b 

192.40 c 

179.12 d 

166.63 e 

 

216.40 a 

201.49 b 

186.97 c 

172.42 d 

157.53 e 

LDL-c 

0 

1 

2 

3 

4 

 

12.03 ± 0.67 

11.96 ± 0.99 

11.41 ± 0.98 

11.63 ± 1.12 

12.05 ± 1.07 

 

142.35 ± 1.34 

142.94 ± 1.26 

143.14 ± 1.55 

143.66 ± 1.44 

143.47 ± 1.52 

 

146.37 a 

140.00 b 

130.80 c 

122.58 d 

114.31 e 

 

145.55 a 

133.79 b 

121.94 c 

109.51 d 

97.32 e 

 

144.67 a 

130.60 b 

116.80 c 

103.43 d 

89.13  e 

Triglyceride 

0 

1 

2 

3 

4 

 

51.96 ± 1.16 

52.95 ± 1.01 

53.73 ± 1.03 

54.34 ± 1.00 

55.18 ± 0.88 

 

145.24 ± 0.97 

146.33 ± 1.01 

147.01 ± 1.03 

147.81 ± 1.00 

148.91 ± 0.89 

 

147.60 a 

145.31 ab 

142.88 bc 

140.65 cd 

138.40 d 

 

146.27 a 

141.96 b 

137.57 c 

133.05 d 

128.47 e 

 

145.98 a 

140.22 b 

134.17 c 

128.03 d 

122.05 e 

HDL-c 

0 

1 

2 

3 

4 

 

47.80 ± 1.41 

48.15 ± 1.45 

48.43 ± 1.44 

48.64 ± 1.44 

48.76 ± 1.29 

 

43.90 ± 0.69 

43.60 ± 0.67 

43.92 ± 0.57 

44.32 ± 0.69 

44.76 ± 0.67 

 

42.54 ± 0.50 

42.84 ± 0.70 

43.34 ± 0.72 

43.38 ± 0.69 

44.00 ± 0.70 

 

42.34 ± 0.50 

42.47 ± 0.70 

42.94 ± 0.72 

43.00 ± 0.72 

43.62 ± 0.69 

 

42.54 ± 0.50 

42.84 ± 0.70 

43.34 ± 0.72 

43.38 ± 0.69 

44.00 ± 0.70 

*Different code indicated the differences in one column. 
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Table 4. The differences of profile lipids among of all groups after the treatment of PFF for 4 weeks 

Groups of rat 
Profile Lipid 

Total Cholesterol 
(mg/dl) 

LDL-c 
(mg/dl) 

Triglyceride 
(mg/dl) 

HDL-c (mg/dl) 

Normal 

Hypercholesterolemia 

3% PFF 

6%PFF 

9%PFF 

71.85  e 

218.01 a 

185.98 b  

166.63 c 

157.53 d 

12.05 e 

143.47 a 

114.31 b 

97.32 c 

89.13 d 

55.18 e  

148.91 a 

138.40 b 

128.47 c 

122.05 d 

48.76 ± 1.29 

44.76 ± 0.67 

44.00 ± 0.70 

43.62 ± 0.69 

44.00 ± 0.70 

*Different code indicated the differences in one column. 

 

 
This effect of PFF on cholesterol-lowering effect was engendered by different mechanism. In order to explain 
the cholesterol-lowering effect of PFF, it is necessary to consider its richness in dietary fiber (63.70%) and total 
phenol (30.61 mg GAE/g of PFF). This dietary fiber has shown beneficial effects like decreasing cholesterol 
and improving lipoprotein levels, and phenol compounds are known to have beneficial effectsby protecting 
human (LDL) against lipid peroxidation and promoting HDL-mediated cholesterol efflux to reduced 
atherosclerosis11. 
 

Most the soluble fiber on PFF is pectin (8.90%). Pectin is one of a category of complex polysaccharides found 
in the primary cell walls of most plants. The dominant component is galacturonic acid with neutral sugars, 
primarily galactose, arabinose, rhamnose and xylose23. In the small intestine, pectin and other gel-forming 
polysaccharides increase viscosity and affect the process of digestion and absorption. The physiological effects 
of pectin include a reduction in plasma and liver cholesterol concentrations in rats24-25. Pectin in animals, a 
decreases of the ileum digestibility of organic matter and protein26, and increases of the fecal excretion of 
nitrogen27. Pectin passes the small intestine as a macromolecule28. In humans, approximately 90% of ingested 
pectin is recovered in the terminal ileum29. In the lower intestinal tract pectin is fermented into short chain fatty 
acid30. When pectin is present in the diet of rats, the acetate and propionate contents are increased and that of 
butyrate decreased31. Generally, soluble fiber reduces dietary fat and cholesterol uptake in the intestine in part 
by thickening the unstirred water layer that cholesterol diffuses32-33. Furthermore, they interfere with the 
enterohepatic circulation of bile acids, thereby increasing the fecal loss of bile acids34.  
 

Another study carried out with some soluble fiber, confirmed the above and showed that the addition of dietary 
fiber was associated with small but significant decrease in total cholesterol as well as LDL-c concentrations. 
The effects soluble fiber on plasma lipid from oat, psyllium or pectin was significantly different but HDL-c was 
not significantly influenced by soluble fiber. Lipid changes were independent of study design, treatment length, 
and background dietary fat content10. Hypertriglyceridemia have also found in Zucker fatty rats35-36. In this 
study, the addition of 10% soluble fiber to the diet resulted in a significant decrease in triglycerides. However 
the triglycerides-lowering effects of soluble fiber appeared less consistent and, in some cases, less robust. In 
barley-derived soluble fiber was found reduced triglycerides37, but for the other soluble fiber, including 
psyllium, oat bran, and guar gum, the reduction in cholesterol occurred without significant changes in serum 
triglycerides38. 
 

Other components present in PFF that play a role in reducing atherosclerosis is phenol.The supplementation of 
PFF in the diet will increase the content of phenolic compounds (Figure 2). Phenolic compounds have been 
shown to be successfully attenuate hypercholesterolemia39-40. Phenol has a protective effect towards the 
susceptibility of LDL-cto oxidative modification and ultimately, to atherosclerosis17. Few studies have 
investigated the effect of antioxidant in promoting HDL-mediated cholesterol efflux. Cholesterol efflux 
capacity increases with the fluidity of HDL, which in turn depends on the length and saturation of fatty acids in 
the HDL composition41. Previous studies have suggested that when HDL is oxidized, a process that leads to a 
loss of polyunsaturated fatty acids, their capacity to remove free cholesterol from cell is decreased, due in part 
to a reduction in HDL fluidity42. 
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Figure 2. Average phenol intake (mg/rat/day) 
 

 
In conclusion, supplemented PFF on the diet at the level 3%, 6% and 9% for 4 weeks could improve the profile 
lipids by decreasing of total plasma cholesterol, LDL-c and triglyceride levels, but not affecting the HDL-c 
levels.  Supplemented PFF on the diet was also affecting the weighing loss of rats. 

 

Acknowledgment 

We would to thank to the Directorate of Higher Education Ministry of Education and Culture Republic of 
Indonesia through the author Scholarship. The paper forms a part of the doctoral program research in 
Department Food Science and Technology, Faculty of Agriculture Technology, Brawijaya University. 

 

References 

1. Ashok, K. T., Viswanadh V., Ponnapali M. G., Amtul Z. A., Radhakrishnan S. V. S., Sachin B. A., 
Madhusudana K., and Janaswamy M. R. Oleanic acid-an α-Glucosidase inhibitory and 
antihyperglycemic active compound from the fruits of Sonneratiacaseolaris. Open Acces Journal 
Medicinal and Aromatic Plants 2010; 1: 19-23. 

2. Bandaranayake, W. M. Bioactive compounds and chemical constituents of mangrove plants. Wetlands 
Ecology and Management 2002; 10: 421-452. 

3. Charoenteeraboon, J., Wetwitayaklung, P., Limmatvapirat, C., and Paechamud, T. Hepatoprotective 
activity from various parts of Sonneratiacaseolaris. Plant Medica 2007; 73:561. 

4. Gaziano, T. A. Reducing the growing burden of cardiovascular disease in the developing world. Health 
Affairs 2007; 26 (1): 13-24. 

5. Kannel, W. B., Castell, W. P., Gordon, T., and McNamara, P. M. Serum cholesterol, lipoproteins, and 
the risk of coronary heart disease. The farming study. Annals of Internal Medicine 1971; 74 (1) :1-12. 

6. Position of the American Dietetic Association (PADA). Health Implication Of Dietary Fiber. Journal of 
the American Dietic Association 2008; 102 (7): 993-1000. 

7. Olson, B. H., Anderson, S. M., and Becker, M. P. Psyllium-enriched cereals lower blood total 
cholesterol and LDL cholesterol, but not HDL cholesterol, in hypercholesterolemic adults: results of a 
meta-analysis. The Journal of Nutrition 1997; 127 (10): 1973-1980. 

8. Terpstra, A. H. M., Lapre, J. A., De Vries, H. T., and Beynen, A. C. Dietary pectin with high viscosity 
lowers plasma and liver cholesterol concentration and plasma cholesteryl ester transfer protein activity 
in hamster. The Journal of Nutrition 1998; 128 (11): 1944-1949. 



Jariyah et al /Int.J.PharmTech Res.2013,5(4) 

 

1626

9. deCasro, T. G., Gimeno, S. G., Ferreira, S. R., Cardoso, M. A., and Japanese-Brazilian Diabetes Study 
Group. Association of dietary fiber with temporal changes in serum cholesterol in Japanese-Brazilians. 
Journal of Nutritional Science and Vitaminology2006; 52 (3): 205-210. 

10. Brown, L., Bernand, R., Walter, W. W., and Frank, M. S. Cholesterol-lowering effects of dietary fiber: 
a meta-analysis. The American Journal of Clinical Nutrition 1999; 69 (1): 30-42. 

11. Hertog, M. G., Feskens, E.J., Hollman, P.C., Katan, M. B., and Kromhout, D. Dietary antioxidant 
flavonoids and risk of coronary heart disease: the Zutphen elderly study. Lancet 1993; 342 (8878): 
1007-1011. 

12. Howard A, Chopra M, Thurnham DI, et al. Red wine consumption and inhibition of LDL oxidation: 
what are the important components? Med Hypotheses 2002;59:101–4. 

13. Vinson JA, Teufel K, Wu N. Green and black teas inhibit atherosclerosis by lipid antioxidant, and 
fibrinolytic mechanisms. J AgricChem 2004;52:3661–5. 

14. Covas MI, Fito M, Lamuela-Raventos RM, et al. Virgin olive oil phenolic compounds: binding to 
human low density lipoprotein (LDL) and effect on LDL oxidation. Int J ClinPharmcol Res 
2000;20:49–54. 

15. Kris-Etherton PM, Dietschy JM. Design criteria for studies examining individual fatty acid effects on 
cardiovascular disease risk factors: human and animal studies. Am J ClinNutr 1997;65:1590S–6S. 

16. Reeves, P. G., Nielsen, F. H., and Fahey, G. C. Jr. AIN-93 purified diets for laboratory rodents: final 
report of the American Institute of Nutrition ad hoc writing committee on the reformulation of the AIN-
76A rodent diet. The Journal of Nutrition 1993; 123 (11): 1939-1951. 

17. Rifai N, Bachoric RS and AlperrsJJ . Lipid, Lipoproteins and apolipoprotein. In: Burtis CA, Ashwood 
ER, editors. Teitz textbook of clinical chemistry 3rd  ed., Philadelphia: W.B Saunders company.1999; P 
809 – 861. 

18. Friedewald WT, Levy RI, Fredrickson DS. Estimation of the concentration of low-density lipoprotein 
cholesterol in plasma without use of the preparative ultracentrifuge. ClinChem 1972;18:499–502. 

19. Saris, WHM. Glycemic carbohydrate and body weight regulation. Nutr Rev 2003; 61:S10-6. 
20. Rools, B. J., Ello-Martin, J. A., and Tohill, B. C. What can intervention studies tell us about the 

relationship between fruit and vegetable consumption and weight management? Nutrition  
Reviews2004; 62 (1): 1-17. 

21. Howarth, N. C., Saltzman, E., and Roberts, S. B. Dietary fiber and weight regulation. Nutrition 
Reviews 2001; 59 (5): 129-139. 

22. Heaton, K. W. Food fiber as an obstacle to energy intake. Lancet 1973; 302 (7843): 1418-1421. 
23. Wang, Q., Pagan, J., and Shi, J. 2002. Pectin from fruits. In Shi, J., Mazza& M. Le Maguer (Eds). 

Functional foods: Biochemical and processing aspects (pp.263-309). New York: CRC Press. 
24. Judd, P. A., and Truswell, A. S. The hypocholesterolaemic effects of pectin in rats. British Journal of 

Nutrition 1985; 53 (3): 409-425.  
25. Hexeberg, S., Hexeberg, E., Willumsen, N., and Berge, R.K. A study on lipid-metabolism in heart and 

liver of cholesterol-fedand pectin-fed rats. Br J Nutr1994; 71: 181 – 192. 
26. Mosenthin, R., Sauer, W. C., and Ahrens, F. Dietary pectin’s effect on ileal and fecal amino acid 

digestibility and exocrine pancreatic secretion in growing pigs. The Journal of Nutrition 1994; 124 (8): 
1222-1229. 

27. Pastuszewska, B., Kowalczyk, J., and Ochtabinska, A. Dietary carbohydrates affect caecal fermentation 
and modify nitrogen excretion patterns in rats II. Studies diets differing in protein quality. Archives of 
Animal Nutrition  2000; 53 (4): 335-352. 

28. Dongowski, G., Lorenz, A., and Proll, J. The degree of methylation influences the degradation of pectin 
in the intestinal tract of rats and in vitro. The Journal of Nutrition 2002; 132 (7): 1935-1944. 

29. Saito, D., Nakaji, S., Fukuda, S., Shimoyama, T., Sakamoto, J., and Sugawara, K. Comparison of the 
amount of pectin in the human terminal ileum with the amount of orally administered pectin. Nutrition 
2005; 21 (19): 914-919. 

30. Bourquin, L. D., Titgemeyer, E. C., and Fahey, G. C. Fermentation of various dietary fiber by human 
fecal bacteria. Nutrition Research 1996; 16 (7): 1119-1131. 

31. Thomas, J. N., Kelley, M. J., and Story, J. A. Alteration of regression of cholesterol accumulation in 
rats by dietary pectin. British Journal of Nutrition 1984; 51 (3): 339-345. 

32. Schneeman, B. O. Fiber, inulin and oligofructose: similarities and differences. The Journal of Nutrition 
1999; 129 (7): 1424S-1427S. 



Jariyah et al /Int.J.PharmTech Res.2013,5(4) 

 

1627

33. Edwards, C.A., Johnson, I.T., and Read, N.W.do viscous polysaccharides slow absorption by inhibiting 
diffusion or convection? Eur J Nutr 42: 307 – 312. 

34. Rideout, T. C., Harding, S. V., Jones, P. J. H., and Fan, M. Z. Guar gum and similar soluble fibers in 
the regulation of cholesterol metabolism: current standings and future research priorities. Journal of 
Vascular Health and risk management  2008; 4 (5): 1023-1033. 

35. Blay, M., Peinado-Onsurbe, J., Julve, J., Rodriguez, V., Fernandez, L. J. A., Remesar, X., and Alemany, 
M. Anomalous lipoproteins in obese Zucker rats. Diabetes, Obesity and metabolism  2001; 3 (4): 259-
270. 

36. Daubioul, C. A., Taper, H. S., De, W. L. D., and Delzenne, N. M. Dietary oligofructose lessens hepatic 
steatosis, but does not prevent hypertriglyceridemia in obese Zucker rats. The Journal of Nutrition 
2000; 130 (5):1314-1319. 

37. Talati, R., Baker, W. L., Pabilonia, M. S., White, C. M., and Coleman, C. I. The effects of barley-
derived soluble fibers on serum lipids. The Annals of Family Medicine 2009; 7 (2): 157-163. 

38. Slavin, J. L., Savarino, V., Paredes-Diaz, A., and Fotopoulus, G. A review of the role of soluble fiber in 
health with specific reference to wheat dextrin. Journal of International Medical Research 2009; 37 (1): 
1-7. 

39. Bok, S. H., Lee, S. H., Park, Y. B., Bae, K. H., Jeong, T.S., and Choi, M. S. Plasma and hepatic 
cholesterol and hepatic activities of 3-Hydroxy-3-Methyl-Glutaryl-CoA reductase and acyl coA: 
cholesterol transferase are lower in rats fed citrus peel extract or a mixture of citrus bioflavonoids. The 
Journal of Nutrition 1999; 129 (6):1182-1185. 

40. Rehrah, D., Ahmedna, M., Yu, J., Goktepe, I., Hurley, S., Anner, T., and Rao-patel, A. Enhanced 
cholesterol and triglyceride lowering effect of West African green tea. Journal of the Science of Food 
and Agriculture 2007; 87 (7): 1323-1329. 

41. Arora, A., Byrem, T. M., Nair, M. G., and Strasburg G. M. Modulation of liposomal membrane fluidity 
by flavonoids and isoflavonoids. Archives of Biochemistry and Biophysics 2000; 373 (1): 102-109. 

42. Sola, R., Motta, C., and Maille, M. Dietary monounsaturated fatty acids enhance cholesterol efflux 
from human fibroblast. Relation to fluidity, phospholipid fatty acid composition, overall composition 
and size of HDL3. Arteriosclerosis, Thrombosis and Vascular Biology 1993; 13 (7): 958-966. 
 
 

 
***** 
***** 

 
 
 

 

 

 


