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ABSTRACT 

The objective was to determine the cellulase activity ot” the gastrointestinal 
tract and the eJtrect of cellulose supplem tation wf a nutritionally camplete 
diet on cellulose digestion in human adults. All the subjects were given 
ordinary, low fibre and high Jibre (3 x 12g wheat bran/subject/day) 
controlled diets. The cellulose digestion and the cellulase activity of the 
samples taken of the stomach and small intestine contents were found to be 
sgnifiant. Bloodsugar content also tended to increase when dietaryfibre was 
administered to the patients. No correlationshave beenfound between theage 
or sex of patients and cellulase activity; however, higher values were foundfor 
male patients. The quantities of sugars released from dietary fibre can be 
relevunt in the case of diabetes mdlitus. 

According to latest data in the literature, dietary fibre supplementation of 
foods seems to be advisable ( ay & Strashrg, 1978; 

, 1980; Jenkins et al., 1983; et al., ~984). some 
hlqvist et al., 1979; Tredger 

studies have reported beneficial 
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commercial products of high fibre content is available on the market. 
addition of fibre to the diet was found to lower postprandial glucose levels 
by adsorption in normal subjects (Goulder et al., 1978) as well as in patients 
with type II diabetes (Anderson, 1980). In spite of these findings, an elevated 
fibre content in the diet might give rise to glucose formation, e.g. by the 
action of cellulases..No information is available on the cellulase activity of 
the gastrointestinal tract in human adults. 

The objective of this work was to investigate whether there was any 
activity in the gastrointestinal tract or if such activity could be induced by 
cellulose supplementation of a nutritionally complete diet. A second point 
was to investigate the effect of such a diet on cellulose digestion and blood 
sugar content. 

METHODS 

eterbpination of celldase a~~vj~y of 

Six adult men and seven women, aged 50-70, served as subjects. All the 
subjects were given ordinary, low fiber and high fiber (3 x 12g of wheat 
bran) controlled diets. The 1Zday study was divided into a 3-day adaptation 
period and three randomly arranged 3-day experimental periods. The day 
after each period, samples were taken of the stomach and small intestine 
contents. The cellulose digestion and the cellulose activity of the samples 
were determined by the reductometric method of Mandels et al. (1976) 
(Table 1). The activity values are given in International Unit/cm’ (IU). One 
IU = 1 pmole glucose equivalent per minute. The C, activities are given in 
Units (U). 1 U = released glucose equivalent, as mg from 100 mg of cellulose 
in 24 h at pH 4-8 and 50°C. 

TABLE 1 
Cellulase Activity Assays 

Method Substrate Time 
(min) 

Reaction 
product 

FPA 

C1 
CX 

Filter paper (Whatman No. 1 j 
1 x 6cm, 5Omg 
Cotton IOOmg 
CarboxymethylceHulose-Na salt 
(CMC-Na) 1 %, O-5 cm3 
(Sigma, St. Louis) 

60 

1440 

30 

Glucose 
Cellobiose 
Cellobiose 

Cellobiose 
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lood sugar content was etermined accordi 
diluted (1:200) blood sa 
(l-5 g thiocarbamide and 60 ml of o-toluidine m 
acid). After cooling, the glucose was determine 
(635) nm. As standard glucose (1,2, . . .6 g w/v 
used. 

Absorbance of sample 
Absorbance of standard 

-concentration of standard 

= blood sugar content (w/v %) 

The composition of wheat bran was determined according to 
et al. (1975) (Tables 2 and 3). 

ESUETS 

The results of the cellulolytic activities of samples are shown in Figs 1 
ucing sugar con t of the samples was found to be 

lgher va!ues were ted after administration of wheat 

The Composition of Wheat orvath, E., PM, unpublished results) 

Water Fat Protein Carbohydrate Starch” 

Wheat bran 13-o 4.6 14.5 43 20 

The values are given in g/l 
a Data according to Schall(l962). 

Dietary Fiber Content of Wheat Bran (Horvkth, E., 1987, unpublished 
results) 

Water soluble Wc;ter insoluble Tom1 dietary 
fiber 

Wheat bran 5~6 + O-4 53.2 f O-8 58-8 f O-7 

The values are given in g/lOOg wheat bran. 
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3 4 
Number of subjects 

A 

s 6 

Number d subjcch 

Fig. 1. Reducing sugar content 2nd cellulase activity of female digestive tract (A) before, 
and (B) after administration of high fiber diet. Activity (IU/cm3): FPA ; c, IEli 
reducing sugar content 0. Pairs of columns represent data from (1) stomach and (2) small 

intestine. 

A 

1 2 3 4 

Number of subjects 

5 6 

6 

Number of subjeits 

Fig. 2. Reducing sugar content and cellulase activity of male digestive tract (A) before and 
(B) afier administration of high fiber diet. Symbols as in Fig. 1. 
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111 
(fnrkrcrion) 

tio of activity in small 
intestine and stonaacfi 

Female Mide Female Male 

S i s i s i s i Before After Before After 
a&M&ration of high fire diet 

Reducing sugar 2 2 2 2 4 4 4 2 5 3 6 2 
FPA-activity 2 1 2 4 4 3 4 5 1 2 1 4 
C,-activity 333534563 2 0 4 
C,-activity 115552660 1 3 6 

In solumns I, II and I I, the figures in the body of the table mean: >05mg/cm3 reducing 
sugar; >O*lO W/cm3 FPA-activity; >@10U/cm3 C,-activity; >OlO W/cm3 C,-activity. 
s z= Stomach sample; i = small intestine sample. 
a In many cases cannot be evaluated, because the initial value was 0. 

bran. For the small intestine the increase was siguificant for all the males 

heat bran was insi 

disorders were o 
No correlations 
activity. In some instances, however, 
subjects (Figs 1 and 2). 

er values were found for male 

In the case of females, no or only small qua 
activity could be detected in the subjects 
bran. The FPA activity was found to 
stomach and sm 
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wheat bran administration. This may be due to the adsorption ofthe enzyme 
on the cotton surface. 

In subjects 56, 7 considerable C,-activity was induced by wheat bran. 
With the exception of subject 7, higher activity values were found in the 
small intestine. Very low quantities of C, activity could be detected in the 
subjects. However, this activity was also found to be inducible, mainly in the 
stomach (Fig. 1). (The increase was significant f@ 8omachs of subjects 2,6 
and 7.) 

Male subjects 

In the majority of cases higher activity values were found for the male 
subjects (Fig. 2). In subjects 1 and 2 the FPA activity of the stomach was 
induced to a considerable extent after wheat br,a,n administration. However, 
the increases were significant for subjects $5 and 6 as well (Tables 5 and 6). 
The highest C1 and C, activities were detected also in subjects I and 2, 
although the induced C, activities were significantly higher for all the 
subjects. 

1 2 3 4 5 

;; 
Number cf subjects 

5 10 

S 

p 

p 

L 4 

5 

i’ 

a 

1 2 3 4 S 6 7 8 
Ntmtber of subjccfs 

Fig. 3. Blood sugar content before and after administration of high fiber diet. Empty 
stomach (- ); 0.5 h sample (-_O-); 1 h sample (-_O-). 
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Blood Sugar Content before and after Administration of 

Sign of Blood sugar content of 05 h Sign of Blood sugar content of 1 h 
subject samples (mol/dm3) subject sampies (mol/a?n3) 

A B t A B t 

1 4.37 f O-15 5.23 f 006 922* 1 54OIi:OiO 6-63&O-15 11.82** 
2 102&O-10 1033+0% l-93 2 4.50 + 0.10 5.97 f O-06 21.83** 
3 5.8 f O-10 5-87 +006 l-18 3 6.17fO-06 650+@2 2.74 
4 5.3 &-O-20 5.33 &O-U6 025 4 5.77 + O-06 5-03 + 055 2.32 
5 6~03 f Q15 6.33 + O-06 3.22 5 5.17f006 5-27&O% 2.04 

6 6.27 + O-06 6.83 & 0% 1 l-43** 
7 lQ63 f O-12 10-93 + 0.06 3.87 
8 6-27 f 0% 6.8 4 010 7.87’ 

A: Blood sugar content before administration of high fiber diet. Mean values of three 
replicates. 
B: Blood sugar content after administration of high fiber diet. ean values of three 
replicates. 
A and B values pertaining to a given subject and parameter were compared by the t-test. 
t: critical value of t-test. 
Values with asterisk superscripts indicate significant differences between the respective A and 
B values: * P e O-05; ** P c 001; *** P < 0401. 

Induced activities were found in the other ale subjects as well. 
exception of subjects 1 and 2 the sma 
always higher than those found in 
induced activities were significantly ontrol values, except 
for the C, activity in subject 6. 

No or only slight increase was detected in the blood sugar content 30 min 
after wheat bran administration (Fig. 3). In the 1 h samples the k ‘Icrease was 
significant in 50% of the samples. (Table 7). 

The results of this study indicated that dietary fiber was enzymatically 
digested in the human gastrointestinal tract. Of the substrates applied for the 
determination of the cellulolytic activity only glucose an r cellobiose can 
be generated by the enzyme. The wheat bran contains hemicelluloses w 
are preferentially hydrolysed already at the beginning of the 

owever, the blood sugar (glucose) context increases after administ 
wheat bran in 50% of the cases. To our knowledge no evidence can be found 
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in the literature for the conversion of pentoses (e.g. xylose) into glucose by 
microorganisms; we must therefore assume that the p-bonds of the 
oligomers are split into glucose by cellulases. 

The digestion of the starch content of the wheat bran starts already in the 
mouth tract due to c+amylase. The glucose liberated from the starch is 
resorbed in the mouth. No differences would be found in the glucose 
production if it were due exclusively to the hydrolysis of starch. 

In the case of microbial contamination there would be no difference in 
glucose production before and after administration of wheat bran. 

The cellulolytic activities were found to be inducible by the addition of 
dietary fiber. This is particularly well supported by the results obtained with 
male subjects (for the stomach and the small intestine, respectively, out of 18 
data each only 4 and 1 were non-significant). The quantity of the sugars thus 
released might be relevant for sufferers with diabetes mellitus. In the 
majority of the subjects investigated, considerable cellulolytic activities were 
found even without administration of wheat bran. This might be related to 
eating habits. 
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