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ABSTRACT 

Current study was conducted to determine the insoluble, soluble and 

total dietary fiber content of Macrotyloma uniflorum (Lam.) Verdc., 

Phaseolus lunatus Linn.,  and Phaseolus vulgaris Linn., legume flours 

by using AOAC enzymatic - gravimetric analysis. The results showed 

that M. uniflorum, P. lunatus  and P. vulgaris legume flours contained 

155.91,120.01 and 90.80 mg/g insoluble dietary fiber, respectively. 

Whereas, soluble dietary fiber was not found in any tested sample.  
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INTRODUCTION 

Dietary fiber (DF),  an important component of human nutrition is a 

complex mixture of non-starch polysaccharides together with cellulose,  

fatty acids, gums, hemicellulose, lignin, mucilages, pectins, protein and waxes[1]. The 

American Association of Cereal Chemists (AACC) define dietary fiber as ―Dietary fiber is 

the edible parts of plants or analogous carbohydrates that are resistant to digestion and 

absorption in the human small intestine with complete or partial fermentation in the large 

intestine. Dietary fiber includes polysaccharides, oligosaccharides, lignin, and associated 

plant substances. Dietary fibers promote beneficial physiological effects including laxation, 
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and/or blood cholesterol attenuation, and/or blood glucose attenuation[2].‖ Dietary fiber is 

responsible for delaying stomach emptying, speeding gut transit, binding minerals, changing 

enterohepatic circulation, altering the rate of mucosal cell proliferation, contributing to the 

nutrient supply and modifying gut hormone release specially enteroglucagon, gastro 

inhibitory polypeptide and somatostatin[3]. Dietary fiber is divided into Insoluble (IDF) 

nonviscous/slowly fermentable and soluble (SDF) /viscous/fermentable[1]. SDF includes 

pectin and gums. It regulates digestion and absorption in the small intestine. Its viscous 

nature help to treats cardiovascular diseases by lowering blood cholesterol levels. By 

normalizing blood glucose and insulin levels it help to treat type 2 diabetes[4]. SDF binds with 

bile acids, increasing their fecal excretion and interrupting the enterohepatic circulation of 

bile salts ultimately reduce fat absorption and thus contributing  hypolipidemic effects. SDF 

extensively fermented by anaerobic bacteria in the human colon and the fermentative end 

products of fiber are short chain fatty acids  such as acetate, propionate, and butyrate. These 

short chain fatty acids are absorbed and contribute to the hypolipidemic and glycemic 

effect[5]. Propionic acid and acetic acid are metabolized in the liver, except butyric acid which 

is used locally as an essential source of energy, by the gut colonocytes. The multiplication of 

the bacterial flora increases the bulk and the water content of the stools. Bile acid and 

divalent cations, such as calcium, zinc and iron, are bound to the dietary fiber in small 

intestine and thus reduces their absorption[6].A fiber-rich meal is less caloric, lower in fat 

which is characteristic to treat and prevent obesity[4]. SDF protects from colon cancer due to 

its antioxidant functions[5]. In large intestine, IDF effectively increase fecal volume, causes 

rapid peristaltic contraction and act against constipation[7]. As a result of slow fermentation 

by micro flora in the large intestine IDF also prevents from diverticulosis and diverticulitis[4]. 

In view of their health benefits, WHO recommended an increase in the dietary fiber daily 

consumption. For these reasons, wide variety of food items have been analyzed for their  

dietary fiber content, because of their health benefits[8]. Besides, the nutritional importance, 

DF also has desirable functional properties to provide texture, gelling, thickening, 

emulsification, and stabilization in foods. Therefore, DF research has drawn much attention 

in the nutraceutical industries[9]. Historically, crude fiber analysis was developed to measure 

indigestible material in animal feed. It just measures small fraction of total dietary fiber as all 

soluble polysaccharides become lost. The colorimetric and gas chromatographic assay for 

dietary fiber estimation are complex and too laborious. Gravimetric methods are divided into 

neutral detergent and acid detergent fiber analysis (Van Soest´s method) and  enzymatic - 

gravimetric analysis (Prosky method or its modification). Van Soest´s method consists of the 
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gravimetric determination of residue previously treated with acid and neutral detergent 

solutions. Only insoluble dietary fiber components are determined by this method. Enzymatic 

- gravimetric analysis is the simpler, faster and satisfactory method  uses amylolytic and/or 

proteolytic enzymes to determine both IDF and SDF[10-12]. Legumes are an excellent source of 

protein, carbohydrates, fiber, minerals, and other nutrients. Legumes as economical 

nutritional source, play an important role in the diets of developing countries population[13]. 

Attention has been focused on the dietary fiber content of legumes. Current study was an 

attempt to estimate TDF, IDF and SDF of Macrotyloma uniflorum (Lam.) Verdc., Phaseolus 

lunatus Linn.,  and Phaseolus vulgaris Linn., legume flours by using AOAC enzymatic - 

gravimetric analysis.  

 
MATERIALS AND METHODS 

Chemicals and Reagents used 

Acetone, ethanol, hydrochloric acid, petroleum ether, sodium hydroxide (Merck, Germany); 

amyloglucosidase (Sigma No. A9913), α-amylase (Sigma No. A3306) and papain (Sigma No. 

1495005) (Sigma-Aldrich Chemie, Switzerland). 

 
Plant material identification and sample preparation 

Beans of Macrotyloma uniflorum (Lam.) Verdc., Phaseolus lunatus Linn., and Phaseolus 

vulgaris Linn., were purchased and identified by a taxonomist Department of Botany, 

University of Karachi. The voucher specimen number of Macrotyloma uniflorum (Lam.) 

Verdc., (G.H.No.86483), Phaseolus lunatus Linn., (G.H.No. 86451) and Phaseolus vulgaris 

Linn., (G.H.No. 86536) were deposited in the Herbarium of University of Karachi. The seeds 

were separately grinded and powdered then passed through 600µm sieve after defatting. 

 
Determination of TDF, IDF and SDF 

The raw legume samples were analyzed by Prosky method[14] for IDF and SDF according to 

AOAC Method 993.19 and 991.42, an enzymatic-gravimetric procedure[15]. Blank was run 

along with samples to measure any contribution from reagents to residue. Defatting of M. 

uniflorum, P. lunatus  and P. vulgaris seeds have done with 25ml of petroleum ether / g of 

sample three times to remove fixed oil. Then, legume flour was prepared through milling. 

Residual moisture was determined in milled samples by drying for 5h at 105°C in hot air 

oven. Weigh duplicate 1gm  tested sample. Phosphate buffer (pH 6.0, 50 mL) was added to 

sample. Adjust to pH 6.0 ± 0.2 by adding 0.3N NaOH or 0.3N HCl. Enzyme hydrolysis of 

sample was started by adding 0.1mL α-amylase, incubate at 95 – 100 °C for 30 minutes in 
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water bath with continuous agitation. Cool to room temperature. Adjust to pH 7.5 ± 0.2 by 

adding 10ml of 0.3N NaOH. Papain 5mg was added, incubate at 60 °C for 30 minutes in 

water bath with continuous agitation. Cool to room temperature. The pH was adjusted to 4.0 

– 4.6 by adding 10ml 0.3N HCl. Amyloglucosidase 0.3mL was added, incubate at 60 °C for 

30 minutes let precipitates to form and filter it. Weigh the residue. In case of soluble fibers, 

filtrates plus washing were mixed with 400mL of 95% ethanol to precipitate materials that 

were soluble in the digestates. After 1h, precipitates were filtered. Residue was washed 

successively three times with 20mL of 78% ethanol and two times with 10mL of 95% ethanol 

and then acetone respectively. For insoluble dietary fiber estimation, residue was washed 

with 10mL of water (for removing soluble dietary fibers), 95% ethanol and then acetone 

respectively. Residue was dried at 105°C for 5h in hot air oven, cool in dessicator and weigh 

to 0.1mg separately (S1 and S2) . The S1 and S2 were used for ash and protein estimation 

respectively. For ash determination S1 was incinerated at 525 °C for 5h in hot air oven. The N 

x 6.25 conversion factor was used to analyze protein in S1. The soluble and insoluble dietary 

fibers (%) were calculated by using following formula. 

 

 

 
Statistical analysis. The values were expressed as means ± standard deviations. As in all 

tested samples there was no SDF. So, IDF (mg/g) were subjected to unpaired student's t-test. 

All statistical calculations were performed with SPSS-20. 

 
 
 
 
 
 
 
 



www.wjpps.com                              Vol 4, Issue 11, 2015.                                           
            

 

27 
 

Hasan et al.                                   World Journal of Pharmacy and Pharmaceutical Sciences 

Table 1: Fiber contents (mg/g) of Macrotyloma uniflorum (Lam.) Verdc., Phaseolus 

lunatus Linn.,  and Phaseolus vulgaris Linn., legume flour. 

 

 

 

 
 
 
 
 
 

 
 
RESULT AND DISCUSSION 

The IDF of M. uniflorum, P. lunatus and P. vulgaris legume flours are estimated as 155.91, 

120.01 and 90.80 mg/g respectively(table-1). SDF have already been reported from the same 

samples. But SDF was not detected in any tested sample. The already reported SDF which 

are in lowest quantity, may be lost during milling process. Therefore, in this case IDF is equal 

to TDF. Previous studies on M. uniflorum legume flour by using AOAC enzymatic-

gravimetric method reported  216.10(IDF), 8.60(SDF) and 224.70(TDF) in mg/g[16], whereas, 

in P. vulgaris 171 (IDF), 77 (SDF) and 245 (TDF) mg/g[17]. Our results are comparable with 

the literature data, although the previously studied flours showed significantly higher values 

of IDF, TDF and the presence of SDF. Although the dietary fiber of M. uniflorum and P. 

vulgaris legume flour has already been estimated by using AOAC enzymatic gravimetric  

analysis. But variations in the obtaining data of dietary fiber by using same method for same 

tested material exist, these variations could be regional (soil and climatic) and genotypic[8]. 

Whereas, P. lunatus legume flour estimated for the first time. AOAC enzymatic - gravimetric 

method was recommended by the U.S. Food and Drug Administration to determine DF. 

Estimation of DF through enzymatic–gravimetric method is consider to be accurate, precise 

and reliable[18]. Therefore, the same AOAC method was selected for dietary fiber estimation. 

α-amylase was used to gelatinize the sample, papain as protease to  remove protein. Whereas, 

amyloglucosidase was used to remove the starch from the sample[15]. The USDA reported 

TDF in whole grains of  P. lunatus as 190mg/g [19] and in P. vulgaris as 152mg/g[20]. Whereas 

data of M. uniflorum was not found in USDA National Nutrient Database. Milling of cereal 

or legumes reduces dietary fiber contents[21]. Therefore, estimated TDF values are lower than 

USDA reports. Daily Reference Intakes (DRI) has been developed, since 1996 by the Food 

Tested samples IDF* 
IDF as 

%  TDF 
M. uniflorum 155.91±0.04* 15.59 
P. lunatus 120.01±0.02* 12.00 
P. vulgaris 90.80±0.00* 9.08 
TDF= total dietary fiber; IDF = insoluble 
dietary fiber; N=3 duplicate determinations 
for samples; values taken as mg/g. Results 
are mean of  values ± S.E.M.); 
S.E.M.=Standard Error of Mean; *P˂0.05 
showing significant values  using unpaired 
student's t-test. 
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and Nutrition Board, Commission on Life Sciences, National Research Council, to replace 

the Recommended Dietary Allowance (RDA). Dietary Reference Intakes (DRIs) of dietary 

fiber (g/day) for children (1-13 yrs) is 19-31 and for adults male (14-50 yrs) is 38. Whereas, 

for adult women (14-50 yrs) is 25-26. The DRI increases as 28-29 (g/day) for the same age 

group pregnant or lactating women[22]. One cup  (178g) of P. lunatus  contain 33.8 g of 

dietary fiber[19]. Whereas, 28g of dietary fiber is present in a cup  (184g) of P. vulgaris[20]. So, 

P. lunatus and P. vulgaris comply DRIs of dietary fiber (g/day) for all age groups and for 

both sexes. American Dietetic Association recommended the inclusion of  dietary fiber by 

using variety of cereal, legumes, vegetables and fruits for an active and healthy life, as 

consumption of fibrous diet in developed countries is low[23]. Therefore, growing interest of 

dietary fiber increases consumption of legumes, cereals, fruits and seaweeds.  

 
CONCLUSION 

Therefore, from the results it may be concluded that, all three legumes Macrotyloma 

uniflorum, Phaseolus lunatus and  Phaseolus vulgaris are the good source of dietary fibers 

specially IDF. 

 
REFERENCES 

1. Ramulu P, Rao PU. Total, insoluble and soluble dietary fiber contents of Indian fruits. J 

Food Comp & Anal 2003; 16(6): 677-685. 

2. Camire ME, Cho S, Craig S, Devrie J, Gordon D, Jones J, Li B, Lineback D, Prosky L, 

Tungland B. The definition of dietary fiber. Cereal Foods World 2001; 46(3): 112-126. 

3. Roehrig KL. The physiological effects of dietary fiber—a review. Food Hydrocolloids 

1988; 2(1): 1-18. 

4. Marlett JA, McBurney MI, Slavin JL. Position of the American Dietetic Association: 

health implications of dietary fiber. J American Dietetic Assoc 2002; 102(7): 993-1000. 

5. Anderson JW, Akanji AO. Dietary fiber—an overview. Diabetes Care 1991; 14(12): 

1126-1131. 

6. Shin D. Analysis of dietary insoluble and soluble fiber contents in school meal. Nutr Res 

& Practice 2012; 6(1): 28-34. 

7. Knudsen KB. The nutritional significance of ―dietary fibre‖ analysis. Animal Feed Sci & 

Technol 2001; 90(1): 3-20. 

8. Khan AR, Alam S, Ali S, Bibi S, Khalil IA.  Dietary fiber profile of food legumes. Sarhad 

Journal of Agriculture 2007; 23(3): 763-766. 



www.wjpps.com                              Vol 4, Issue 11, 2015.                                           
            

 

29 
 

Hasan et al.                                   World Journal of Pharmacy and Pharmaceutical Sciences 

9. Wong K-H, Cheung PC. Dietary fibers from mushroom sclerotia: 1. Preparation and 

physicochemical and functional properties. J Agr & Food Chem 2005; 53(24): 9395-

9400. 

10. Asp NG, Johansson  CG, Hallmer H, Siljestroem M. Rapid enzymic assay of insoluble 

and soluble dietary fiber. J Agr & Food Chem 1983; 31(3): 476-482. 

11. Perez-Hidalgo M, Guerra-Hernandez E, Garcia-Villanova B. Determination of insoluble 

dietary fiber compounds: cellulose, hemicellulose and lignin in legumes. Ars 

Pharmaceutica 1997; 38(4): 357-364. 

12. Shils ME, Shike M, Ross AC, Caballero B, Cousins RJ. Modern Nutrition in Health and 

Disease.P.85. 2006, Philadelphia: Lippincott Williams & Wilkins. 

13. Garcia O, Infante B, Rivera C. Comparison of dietary fiber values between two varieties 

of Cowpea (Vigna unguiculata L. WALP) of Venezuela, using chemical and enzymatic 

gravimetric methods. Revista Chilena de Nutrición, 2010; 37(4): 455-460. 

14. Prosky L, Asp N-G, Schweizer TF, DeVries JW, Furda I. Determination of insoluble, 

soluble, and total dietary fiber in foods and food products: interlaboratory study. Journal- 

Association of Official Analytical Chemists 1988; 71(5): 1017-1023. 

15. AOAC. Official methods of analysis,19th edition. 2012; Arlintong: VA:AOAC. 

16. Bravo L, Siddhuraju P, Saura-Calixto F. Composition of underexploited Indian pulses. 

Comparison with common legumes. Food Chem 1999; 64(2): 185-192. 

17. Martín-Cabrejas MA, Sanfiz B, Vidal A, Mollá E, Esteban R, López-Andréu FJ. Effect of 

fermentation and autoclaving on dietary fiber fractions and antinutritional factors of beans 

(Phaseolus vulgaris L.). J Agr & Food Chem 2004; 52(2): 261-266. 

18. USDHHS, Food Labeling: general provisions, nutrition labeling; label format; nutrient 

content claims; ingredient labeling, state and local requirement; and exemptions; final 

rules.Federal Register,Vol-58. 1993; U.S.A.: Department of Health and Human Services, 

Food and Drug Administration, United States Government. 

www.fda.gov/downloads/AdvisoryCommittees/.../UCM248504.pdf. 

19. USDA. National Nutrient Database for Standard Reference Release 27: Basic Report 

16071, Lima beans,large,mature seeds,raw. 2014  [cited 2015 September 23,11: 32 EST]; 

Available from: http://ndb.nal.usda.gov/ndb/nutrients/index. 

20. USDA. National Nutrient Database for Standard Reference Release 27: Basic Report 

16032, Beans, Kidney, red,mature seeds,raw. 2014  [cited 2015 September 23, 

11:26EST]; Available from: http://ndb.nal.usda.gov/ndb/nutrients/index. 



www.wjpps.com                              Vol 4, Issue 11, 2015.                                           
            

 

30 
 

Hasan et al.                                   World Journal of Pharmacy and Pharmaceutical Sciences 

21. Asp N-G. Dietary fibre-definition, chemistry and analytical determination. Mol Aspects 

of Med 1987; 9(1): 17-29. 

22. Food and Nutrition Board and Institute of Medicine, Dietary Reference Intakes for 

Energy, Carbohydrate, Fiber, Fat, Fatty Acids, Cholesterol, Protein, and Amino Acids. 

2005; The National Academies Press, charter granted by the Congress of the United 

States.https://iom.nationalacademies.org/~/media/Files/Activity%20Files/Nutrition/DRIs/

DRI_Macronutrients.pdf: United States. 

23. Johnson RK, Kennedy E. The Dietary Guidelines for Americans: what are the changes 

and why were they made? J Am Dietetic Assoc 2000; 100(7): 769-774. 

 


