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SU M M AR Y. Eleven diabetic patients: 5, type 1 and 6, type 2 
received a low-fiber diet (I) during 1 w eek and during the next 7 
days the same diet, enriched with 40g  o f  fiber (30,6%  insoluble and 
11,7% soluble components) from rice bran (II) per day. Results 
showed that mean fasting and postprandial serum glucose levels were 
reduced, but values o f  high fiber diet were significantly lower (p < 
0,001) than that o f the lower fiber diet. For all patients, the high- 
fiber diet increased fecal weight. This increase was due to the fiber 
excreted, rather than water retained. There was no relationship 
between the increase in fiber intake and its fecal excretion. Sucrose 
and raffinose were found in the bran, but not in the feces. Lactose 
was present in the stools o f the patients receiving enriched diet. 
K eywords: Fiber, rice bran, diabetes.

R E SU M E N . E fecto del sa lvado de arroz com o dieta en fibra en  
los n iveles séricos de g lucosa de p acien tes con D iabetes M ellitus 
en B rasil. Once pacientes diabéticos: 5 , tipo 1 y 6, tipo 2  ingirieron 
durante una semana una dieta baja en fibra (I) y durante otros siete 
dias, otra enriquecida con 40  g por dia de fibra (30,6% insoluble y 
11,7% soluble) del salvado de arroz (II). Los resultados mostraron 
que el valor m edio de las glucem ias de ayuno y posprandial fue 
reducido (p < 0 ,001) cuando fueron som etidos la dieta II. En cada 
paciente, la dieta alta en fibra provocó aumento en el peso fecal. Este 
aumento se debió mas a la fibra excretada que al agua retenida. No  
hubo correspondencia entre el aumento en el consum o de fibra y la 
excreción fecal. Se constató la presencia en el salvado de arroz, de 
sacarosa y  rafinosa, pero no en las heces. Se registró la presencia de 
lactosa en heces cuando los pacientes ingirieron dieta alta en fibra. 
P alabras clave: Fibra, salvado de arroz, diabetes.

INTRODUCTION

‘Dietary fiber’ includes a complex association of different 
plant polysaccharides, such as cellulose, hemicellulose, pectin, 
gums, mucilage and lignin, which are resistant to hydrolysis 
caused by the endogenous enzymatic secretions from human 
digestive tract (1). Cellulose, hem icellulose and lignin 
constitute the insoluble fibers, while pectin, gums, and 
mucilage are soluble fibers.

It is important to know these components in order to 
understand and explain the physiological and therapeutic 
effects associated to fiber intake, which has great importance 
for diabetic patients. Diabetes incidence was rare among 
African people from small towns,

eating high amounts of fiber, while this disease is common 
on Western populations, whose diet is low in fiber (2,3).

Traditionally low carbohydrates diets o f diabetic patients 
has been altered during the last 20 years based on the a 
beneficial action of increased fiber intake on the glucose levels 
(4-6). Supplement or natural fiber added to the diets decreases 
these serum levels (7,8). This action is more pronounced 
when food is rich in dietary fiber (35-45g per daj^) as in 
complex carbohydrates (55-65% per day) (9-11).

There is an increased interest on the effect of cereal bran 
on serum glucose levels (12-15). Epidemiological studies 
support that high intake o f whole grain foods protects against 
the development diabetes mellitus, type 2 (14). Diets high in 
rapidly absorbed carbohydrates and low in cereal fiber are 
associated with an increased risk of type 2 diabetes (13). Some 
studies emphasize that rice bran should be used not only because 
of its high levels o f protein, fat, carbohydrates and minerals, but 
also of its indigestible residue (12). Additionally, there are studies 
(16-19) demonstrating that rice bran has a hypocholesterolemic 
effect on patients who had high levels o f serum lipids. 
Researchers at University of Tohoku, Japan, fragmented the rice 
bran com ponents and found that polysaccharides (fiber 
components) isolated from watery extract played a hypoglycemic 
role on mice with normal serum glucose as well as on those 
alloxan-induced hyperglycemics (17).

The present paper studied the composition of Brazilian 
rice bran fiber (insoluble and soluble compounds), the serum 
glucose levels o f selected diabetic patients attended at the 
University Hospital o f Ribeirao Preto, Medical School of 
Ribeirao Preto, University o f Sao Paulo - Brazil, fed a high 
rice bran fiber diet and the patients’ fecal excretion of 
monosaccharides and oligosaccharides.
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M ATERIALS AND M ETHODS

Eleven diabetic patients, 5 insulin-dependent (type 1) and 
6 type 2 (4 treated with oral hypoglycemic agents and 2 
controlled by diet) participated in the study. Patients were of 
both gender, aged between 45-60 years old, were selected 
according to the following criteria: diabetes controlled by 
insulin, diabetes controlled by oral hypoglycemic agents and 
or diabetes controlled by diet. Patients were selected through 
the University Hospital of Ribeirao Preto, Medical School of 
Ribeirao Preto, University of Sao Paulo -  Brazil. Ethical 
approval of the study was obtained from the Hospital Ethics 
Review Committee. Patients signed an informed consent form 
agreement to participate in the study. An information document 
was given to each participant.

The diets offered were referred as I and II, according to 
the amount of rice bran added to them, that is low-fiber and 
high-fiber diets. Food content of diet I were: corn starch, 
skimmed milk, banana, bean (broth), meat, lettuce, tomato, 
pineapple juice, roast chicken, French bread, orange juice, 
apple juice, cooked rice, mashed potatoes, margarine and soy
oil. Food components of diet II were the same, except for corn 
starch and margarine, which were caloric replaced by rice bran. 
Potatoes and soy oil were reduced in the 2 diets to 50g and 5g, 
keeping them isocaloric. The diet II included 40g of fiber a 
day (2g /  lOOKcal), four times more than diet I.

All patients under study were admitted to the University 
Hospital for 16 days. They were fed with one of the diets during 
1 week in alternating sequence. Patients 1, 3, 5, 7, 9, and 11 
were initially given the diet I and then on the 2 nd week diet 
II, while patients 2 ,4 , 6, 8, and 10 were initially given on the 
first week diet II and on the 2 nd diet I. Fasting (7:00 A. M.) 
and postprandial (2 hours after lunch) blood was drawn daily, 
from each patient. Blood was sent to the Hospital Laboratory, 
were the serum was separated and glucose measured.

The feces were collected daily after the appearance of fecal 
carmine markers until the 7th day of period I and II. After being 
collected they were packaged separately in plastic bags and 
frozen. A fterw ard they were sent to the laboratory  of 
Brom atology of Faculty o f Pharm aceutical Sciences of 
Ribeirao Preto (FCFRP -  Sao Paulo University) where were 
analized.

Availability of rice b ran
Rice bran was bought on a specific place at the local market. 

It is obtained as a subproduct of white rice processing produced 
by rice processing machine. Its quality was checked by an 
Institute specialized in microbiologycal analysis o f food. 
Therefore, the analyzed rice bran was used on the meals 
prepared at the Dietetic Kitchen of the University Hospital to 
be eaten by the patients.

Com ponents o f  rice b ra n
W ater, fixed mineral residues, oils and proteins were 

determined according to the techniques of the Association of 
Official Analytical Chemists - AOAC (20). The total amount 
of carbohydrates was calculated by difference, subtracting 100 
from the sum o f other fractions.

Analysis o f  dietary fiber insoluble components in rice bran  
and  feces

Methodologies proposed by Van Soest (21) and Van Soest 
& Wine (22) were employed to measure cellulose, lignin and 
hemicellulose.

Analysis o f dietary  fiber soluble in  rice b ran  and  feces 
The modified procedure proposed by Me Ready & Me 

Comb (23) was employed to determine the total of pectic 
substances.

Identification o f m onosaccharides and oligosaccharides in 
rice b ran  and  feces

U sing the th in  lay er ch rom atog raphy  (24), 
monosaccharides and oligosaccharides were identified in the 
extracts.

Assessment of blood glucose levels
The glucose serum levels of the patients were evaluated . 

through a commercial kit, enzymatic method of glucose 
oxidase (25), using the Automatic Equipament Tecnicon R A 
- 1000.

Statistical analysis
Tukey’ s test (DIXON & MASSEY JR.) (26) and T- 

Student were em ployed in order to analyze fasting or 
postprandial serum glucose data as well as the relationship of 
fiber intake and excreted.

RESULTS

Rice b ran  com ponents
The product had high protein and oil content (15.96% - 

14.95%), as well as 14.39% of carbohydrate, in a proportion 
of 1:1:1.

D ietary fiber com ponents
R ice bran had the fo llow ing am ounts of insoluble 

components: cellulose 5.50%, hemicellulose 18.21% and 
lignin 6.95%. Of soluble fractions represented by pectic 
substances was found 11.71 %, amounting to a total o f42.37% 
of dietary fibers.
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Serum glucose during low and high dietary Fiber periods
It was found lower fasting glucose levels in the serum, 

more evident in patients 4 and 8, both treated with oral 
hypoglycemic agents. The same happened to patient 1, an 
insulin-dependent. Patients 7 and 9, both treated with diet only, 
the glucose reduction was smaller compared to that of other 
patients (Table 1).

The postprandial serum glucose in patient 11 - the oral 
hypoglycemic one - showed the highest glucose reduction, 
followed by patients 8 and 3. The same reduction was observed 
in patients 9 and 10. It was also found that patients 4 and 5 
receiving oral hypoglycemic drug and the insulin-dependent 
one, showed the lowest serum glucose reduction (Table 1).

TABLE 1
Fasting and postprandial serum glucose (mean X + SD) values in diabetic patients:

high-fiber period versus low-fiber period

Patient 'Fasting serum 
glucose (mmol/L)

period I period II

Mean
glycémie

serum
reduction*

JPost prandial serum 
glucose (mmol /L)

period I period II

Mean
glycémie

serum
reduction*

1 - C.C.T. 25*U 
insulin NPH 100 11,43 7,66 3,77 11,82 10,15 1,67
2-N.P.F. 60U insulin 
NPH 100 (7:00 A. M .) 
and I5U insulin NPH 
100 (5:00 P.M.) 6,99 4,82 2,17 . 7,27 6,21 1,06
3-D.P.F. oral 
hypoglycemic 6,54 5,60 0,94 9,21 6,16 3,05
4 -  A.P.L. oral 
hypoglycemic 10,54 6,10 4,44 7,71 7,04 0,67
5-M.A.C. 50 U 
insulin NPH 100 13,37 11,43 1,94 16,65 15,98 0,67
6 -  R.O.D. 20 U 
insulin NPH 100 17,87 14,93 2,94 17,87 15,60 2,27
7 - L.R.S. diet 7,27 5,88 1,39 8,66 7,43 1,23
8 - N.A.W. oral 
hypoglycemic 10,04 6,21 3,83 12,82 9,54 3,28
9 - A.L.N. diet 7,27 5,93 1,34 12,60 10,60 2,00
10 - M.G.M. 25 U 
insulin NPH 100 7,38 5,10 2,28 9,77 7,77 2,00
11 -S.A.S. oral 
hypoglycemic 7,16 4,71 2,45 13,76 9,10 4,66

X ±SD 9,60 ± 3,5 
0,40

7,10 ± 0,90
p < 0.001

11,65 ± 3,5 
0,28

9,10 ± 2,7 
P < 0.001

1 = normal values: 3,89 -  6,11 mmol/L
2 = normal values: 3,89 -  8,89 mmol /L 
period I = low-fiber diet
period II = high-fiber diet
*period I value minus period II value



26 RODRIGUEZ SILVA et al.

Dietary fiber excreted
In order to evaluate the total amount of fiber excreted and 

the amount of each component, the data and the average, in 
grams, of both ingested and excreted material by each patient 
per day (Table 2) shows that the proportion of increased fiber 
intake and fecal excretion was not maintained. The former 
increased a fourfold average and the later increased much less.

TABLE2
Average dietary fiber content (g/day) ingested and excreted 

by diabetic patients treated with diet I or II

cellulose hemicellulose lignin total

diet I
ingested 1.89 6.50 1.90 10.29
excreted 0.26 ± 0.30 3.51 2.21 2.30 ± 1.65 6.03 ± 3.93
T- Student 15.88** 4.47** 0.80* 3.59*

diet II
ingested 7.39 24.0 8.85 40.24
excreted 0,68 ± 0.40 5.37 ± 2 .5 0 5.03 ± 1.79 11.09 ± 4.30
T-Student 55.06** 24.48** 7.06** 22.47**

diet I: low-fiber diet 
diet II: high-fiber diet 
**p < 0.001 *p < 0.05

M onosaccharides and  oligosaccharides in the rice b ran
The methodology applied to alcoholic extracts allowed us 

to identify both sucrose and raffinose in the rice bran.

M onosaccharides and oligosaccharides in fecal m aterial
The qualitative fecal analysis of fecal material from the 11 

patients showed that the alcoholic extracts obtained from the 
high-fiber period of four patients had increased amounts of 
glucose, galactose and lactose. Furthermore, it was observed 
an increased elimination of oligosaccharides with greater 
molecular weight in four patients.

DISCUSSION

Blood glucose during  low and  high d ietary  fiber periods
In period II, the fasting and postprandial glucose mean 

values were lower than those of period I. It happened in all 
patients of this study. Considering fasting normal serum 
glucose values as 3.89-6.11 nmol/L, none o f the patients 
receiving the low-fiber diet reached these levels. On the other 
hand 7 out of 11 patients showed normal serum glucose levels 
on high-fiber diet (Table 1).

The mechanism to explain the fiber role on the improving 
of the glucose metabolism is unknown. Insulin might play a 
role on diabetic patients by increasing their sensibility to this 
drug (27). Other studies of glucemic response (28,29) suggest 
that the fiber might act on starch assimilation. One can

speculate whether the basic mechanisms of the fiber inhibitory 
effect on starch absorption can be, in part due to mechanical 
action, through changes on the intestinal transit-times or by 
interference of digestive enzymes.

These results indicate that diet containing rice bran, which 
is rich in both soluble and insoluble fibers, contributed to the 
reduction o f glucose in diabetic patients.

Dietary fiber excreted
V alues rep o rted  by W A LTER S et al. (30) and 

SOUTHGATE et al. (31) regarding the “apparent digestibility” 
of cellulose by human body show a large variation. This could 
be explained by the different intestinal florae found in each 
individual. WILLIAM & OLMSTED (32) have demonstrated 
that normal individuals who had ingested a high-fiber diet 
excreted less cellulose than that consumed suggesting that 
part o f it had been digested.

Results regarding the variation factor “periods” (Table2), 
revealed statistically significant difference (p< 0.001 or p< 0.05) 
between periods I and II. According to these data, there seems 
to be a probable bacterial digestion greater for some cellulose 
residues than for others. Higher intake, higher cellulose residue 
degraded. Knowing the products from such degradation, which 
involves short-chain fatty acids, one can speculate on their 
possible increased absorption. This absorption may be 
responsible for the effects observed in glucose serum levels; 
such a mechanism has been accepted by some authors (33,34).

M onosaccharides and  oligosaccharides
Non-reductor saccharides like sucrose and raffinose found 

in rice bran could be confirmed (28). In the present study it 
could also be observed the non-existence of glucose and 
stachyose.

The qualitative analysis o f fecal extracts from the 11 
patients showed that lactose elimination occurred in some 
cases following an increased fiber intake. Thus, one can admit 
that such an increase has hindered the biological utilization 
of part of the milk sugar. Also, the majority of patients treated 
with high-fiber diet had excreted glucose and galactose under 
this circumstance.

A study by SCHNEEMAN (35) shows that carbohydrates 
involved by dietary fibers can be protected against digestive 
enzymes. In this mechanic action, the fiber nutrients do not 
suffer complete digestion and absorption because they are 
not so accessible to the enzymes. Furthermore, the fiber may 
inactivate partially the digestive enzymes.

In conclusion, it was demonstrated that rice bran is rich in 
both soluble and insoluble dietary fiber. All the diabetic 
patients of this study receiving the bran showed, on average, 
a significant decrease in both fasting and postprandial glucose 
levels. In terms of absolute value, more components of soluble 
fiber were excreted in the feces (g/day) following the high-
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fiber diet. According to the data on ingestion, however, the 
values of cellulose excretion in both periods (I and II) were 
quite similar, while the excretion values for hemicellulose and 
lignin decreased following the high-fiber diet. Both sucrose 
and raffinose were identified in rice bran. Glucose, galactose, 
and lactose (mainly) were found in the fecal material excreted 
during the high-fiber diet period.

REFEREN CES

1. Trowel! HC. Definition o f  dietary fiber and hypothesis that is a 
protective factor in certain diseases. Am J Clin Nutr 1976; 29: 
417-427.

2. Trowell HC. Dietary fiber hypothesis o f  the etiology o f Diabetes 
mellitus. Diabetes 1975; 24: 762-765.

3. Marlett JA, Me Burney MI, Slavin Jl. Position o f  the American 
Dietetic Association: health implications o f  dietary fiber. J Am  
Diet Assoc 2002; 102: 993-1000.

4. Miranda PM, Horwitz DL. High fiber diets in the treatment o f  
Diabetes Mellitus. Ann Intern Med 1978; 88: 482-486.

5. Chandalia M, Garg A, Lutjohann D, Von Bergmann K, Grundy 
SM, Brinkley LJ. Beneficial effects o f  high dietary fiber intake 
in patients with type 2 diabetes mellitus. N Engl J Med 2000; 
342:1392-1398.

6. Franz MJ. Carbohydrate and diabetes is the source or the amount 
o f  more importance? Curr Diab Rep 2001; 1: 177-186.

7. Tabatabai A, Li S. Dietary fiber and type 2 diabetes. Clin Excell 
Nurse Pract 2000; 4: 272-276.

8. Jenkins DJ, Kendall CW, Augustin LS, Vuksan V. High- 
complex carbohydrate or lente carbohydrate foods? Am J Med 
2002; Suppl 9B: 30S-37S.

9. Parillo M, Riccardi G. Diet composition and the risk of type 2 diabetes: 
epidemiological and clinical evidence. BrJ Nutr 2004; 7-19.

10. Anderson JW, R andles K M , K endall C W , Jenkins DJ. 
Carbohydrate and fiber recommendations for individuals with 
diabetes: a quantitative assessment and meta-analysis o f the 
evidence. J Am Coll Nutr 2004; 23: 5-17.

11. Campbell L. Diabetes -  the best diet? Asia Pac J Clin Nutr 
2004; 13: S 8.

12. Tomlin J, Read NW. Comparison o f  the effects on colonic  
function caused by feeding rice and wheat bran. Eur J of 
Clin Nutr 1988; 42: 857-861.

13. Schulze MB, Liu S, Rimm EB, M anson JE, W illett WC, Hu 
FB. Glycemic index, glycem ic load, and dietary fiber intake 
and incidence o f  type 2  diabetes in younger and middle-aged 
women. Am J Clin Nutr 2004; 80: 348-356.

14. Venn BJ, Mann JI. Cereal grain, legum es and diabetes. Eur J 
Clin Nutr 2004; 58: 1443-1461.

15. Montonen J, Knekt P, Jarvinen R, Aromaa A, Reunanen A. 
Wole-grain and fiber intake and the incidence o f  type 2 
diabetes. Am J Clin Nutr 2003; 77: 622-629.

16. Barber S, D e Barber CB. Rice bran: Chemistry and Technology. 
En: Luh BS. Rice: production and utilization. W est Port: Avi; 
1980. p. 790-862.

17. Hikino H, Takahashi M, Oshima Y, Konno C. Isolation and 
hypoglycemic activity o f orizabrans £ < lf , C and D glycans o f

Oriza sativa bran. Planta M edica 1988; 54: 1-3.
18. Gerhardt A L, Gallo NB. Full-fat rice bran and oat bran 

similarly reduce hypercholesterolemia in humans. J.Nutr 1998; 
128: 865-869.

19. Truswell AS. Cereal grains and coronary heart disease. Eur J 
Clin Nutr 2002; 56: 1-14

20. A sso c ia tio n  o f  O ffic ia l A n a ly tica l C h em ists . O ffic ia l  
Association of Official Agricultural Chemists. Official Methods 
o f  A n a lysis o f  A O A C . 14th ed .W ashington , D .C ., The 
Association; 1984. p. 1141.

21. Van Soest PJ. Use o f  detergent in the analysis o f  fibrous feeds. 
I A rapid method for the determination o f  fiber and lignin. J 
A ssoc O ff Anal Chem 1963; 46: 829-835.

22. Van Soest PJ, W ine RH. IV Use o f detergents in the analysis 
o f fibrous feed. Determination o f plant cell wall constituents. J 
A ssoc O ff Anal Chem 1967; 50:50-55.

23. Me Cready RM, Me Comb EA. Extraction and determination 
of total pectic materials in fruits. Anal Chem 1952; 24:1986-1988.

24. Lato M, Brunelli B , Ciuffini G. Analysis o f  carbohydrates in 
biological fluids by means o f  thin layer chromatography. J 
Chromatogr 1968; 36: 191-197.

25. Young D S. E ffects o f  preanalytical variables on clinical 
laboratory tests. 1° ed. Washington. AACC Press: 1993.

26. Dixon WJ, M assey Jr., FJ Several populations analysis o f  
variance. En: Introduction to statistical analysis. 14 Ed. 
Singapore, M e Graw -  Hill; 1983. p .161-208.

27. Ylonen K, Saloranta C, Kronberg-Kippila C, Groop L, Aro A, 
Virtanen SM . A ssociations o f  dietary fiber with g lucose  
metabolism in nondiabetic relatives o f subjects with type 2 
diabetes: the Botnia Dietary Study. Diabetes Care 2003; 26: 
1979-1985.

28. Blackburn NA, Redfem JS, Jaijis H, Holgate AM, Hanning I, 
Scarpello JHG et al. The mechanism o f action of guar gum in 
improving glucose tolerance in man. Clin Sci 1984; 66:329-336.

29. Hamberg O, Rumessen JJ, Gudmand-Hoyer E. Inhibition of  
starch absorption by dietary fibre. A comparative study o f wheat 
bran, sugar-beet fibre, and pea fibre. Scand J Gastroenterol 1989; 
24: 103-109.

30. Walters RL, Baird IMcL, Davies PS, Hill MJ, Drassar BS, 
Southgate DAT et al. Effects o f  two types o f dietary fiber on 
faecal steroid and lipid excretion. Br Med J 1975; 2: 536-538.

31. Southgate DAT, Branch WJ, Hill MJ, Drassar BS, Walters RL, 
Davies PS et al. M etabolic responses to dietary supplements o f  
bran. Metabolism 1976; 25:1129-1135.

32. William R, Olmsted WH. The effect o f cellulose, hemicellulose 
and lignin on the weight o f  the stool: a contribution to the study 
o f  laxation in man. J Nutr 1936; 11: 433-449.

33. Kumar C, Rachappaji K, Nandini C, Sambaiah K, Salimath P. 
Modulatory effect o f  butyric acid a product o f  dietary fiber 
fermentation in experimentally induced diabetic rats. J Nutr 
Biochem 2002; 13: 522

34. Chethankumar M, Salimath PV, Sambaiah K. Butyric acid modulates 
activities o f intestinal and renal disaccharidases in experimentally 
induced diabetic rats. Nahrung 2002; 46:345-348.

35. Schneeman BO. The effect o f  plant fiber on trypsin and 
chymotrypsin activity in vitro. Fed Proc 1977; 36: 1118.

Recibido: 13-03-2003 
Aceptado: 28-03-2005


