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Enzymatic activities in cecal contents were studied on rats fed on high cholesterol diets with ferulic acid 

arabinoxylan ester (FAX) and arabinoxylan (AX); both were processed from refined corn bran (RCB) and were 
compared with those of cellulose(CE)- and RCB-fed rats. The enzymatic activities in the ceca changed according 
to the diets. Xylanase activity, arabinofuranosidase activity and ferulic acid esterase activity appeared in the cecum 

of the FAX- and AX-fed rats, but these activities were not observed in the cecum of CE- and RCB-fed rats. FAX 
and AX showed a tendency to decrease serum cholesterol levels. At first, xylanase and arabinofuranosidase were 

supposed to attack the FAX and AX main chain and side chain, and thus high molecular weight FAX and AX 
became lower molecular weight fragments. At that time, ferulic acid esterase was presumed to attack and FAX was 

degraded lower. These enzymes might act synergistically. 

Keywords: dietary fiber, rat cecum, ferulic acid, enzymatic activity, xylanase activity, arabinofuranosidase activity, ferulic acid 
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There have been many investigations on dietary fiber, and 

evidence is emerging that dietary fiber has an influence on 
nutrition because it is fermented, absorbed and has various 

functions (Ebihara & Kiriyama, 1990; Ayan0,1992). Cereals, 
such as wheat bran and corn bran, are the main suppliers of 

dietary fiber. Their structures have been studied in detail 
(Brillouet et al, 1982; Shibuya, 1984; Kamisaka et al, 1990; 

Shiba et al, 1992), and it is known that the corn bran cell wall 

mainly consists of arabinoxylan and that one part of it is 
esterified with ferulic acid and glucuronic acid (Kato, 1992). 

Fermented products of dietary fiber by intestinal bacteria, 

especielly short-chain fatty acids, are absorbed and used as a 

source of energy or physiologically active substances (Chen et 

al, 1984; Aoe et al, 1988; Ikegami et al, 1995). On the other 

hand, soluble ferulic acid arabinoxylan ester was obtained by 

the hydrolysis of refined corn bran (RCB). This compound 
shows antioxidative activities against autoxidation of linoleic 

acid and lipid peroxidation of rat liver microsomal system 

induced by CC14 (Ohta et al, 1994). When RCB is decom-
posed by alkali, hemicellulose is liberated and it is known to 

decrease the serum cholesterol level (Anderson et al, 1979; 

Nomani et al, 1979; Kirby et al, 1981). In spite of various 

physiological functions of cereal dietary fiber reported, the 

mechanisms of these functions, except the mechanism de-
scribed by the aspects of physical chemistry, have not been 

studied. 

The objective of this study was to compare enzymatic 
activities in the cecum of rats when the rats were fed different 

dietary fibers which were obtained from RCB by different 
processes. We paid attention to the difference in the modifica-

tion by ferulic acid of dietary fibers. In other words, one 

sample was esterified by ferulic acid and 

*TO Whom correspondence should be addressed. 

another was not. 

Materials and Methods 
Materials Cellulose (CE) was purchased from Orien-

tal Yeast Co., Ltd. (Tokyo) and RCB was kindly presented by 

Nihon Shokuhin Kako Co., Ltd. (Shizuoka), respectively. 
All chemicals used in this experiments were of reagent grade. 

Preparation of test substances Hydrolysate by acid 
(ACD) was prepared as shown in Fig. I . RCB was heated in 

30 mM Oxalic acid solution at 121'C for 20 min in an 
autoclave. After cooling in water, the insoluble fraction was 

removed by filtration, and the filtrate was evaporated under 

reduced pressure. Ethanol was added to the concentrate to 
precipitate the material. The precipitate was filtered, dried in 

a desiccator, ground and passed through a 60 mesh sieve. 

Hydrolysate by alkali (ALK) was prepared as shown in 
Fig. I . RCB was treated with 1 7.5 w/v% sodium hydroxide 

solution at 37'C for 1 6 h under nitrogen atrnosphere, and 
hydrochloric acid was added to neutralize the solution. After 

filtration to remove insoluble matter, the solution was 
dialyzed for one night against flowing water and was 
evaporated under reduced pressure. Ethanol was added to the 
concentrate and the precipitate was filtered. The precipitate 

was dried in a desiccator, ground and passed through a 60 
mesh sieve. 

Determination of test substances Moisture and ash 
contents of ACD and ALK were determined by general 
methods. Crude protein was measured by the Kjeldahl 
method. The dietary fiber content was measured by the 
Prosky (AOAC) method (Ayano, 1995). Neutral sugar 
compositions were determined by gas-liquid chromatography 
(Hitachi 263-30) as alditol acetate (Ueno, 1970). Ferulic acid 

was analyzed as follows: ACD or ALK was treated in 6 ml of 
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Table 1. Composition of diets (%). 
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Fig. 1. Preparation of test substances. 
a)Mineral and vitamin mixture were the same compositions as those recom-

mended by American Institute of Nutrition ( 1976). 

0.25 mM Sodium hydroxide solution for one night at 37'C. 
Liberated ferulic acid was extracted three times with ethyl 

acetate after acidifying with hydrochloric acid. The ethyl 

acetate solution was evaporated under reduced pressure. 
Ferulic acid was dissolved in 0.5 ml of 50 v/v% methanol-

water solution and filtered using 0.45 pm pore filter (Chro-

matodisc 1 3N, Biofield, Inc., Tokyo). High perfoamance 
liquid chromatography (HPLC) was carried out with a liquid 

chromatograph (Hitachi Model L-6200 )equipped with a 
column (p-Bondapak C18, 125 A, 10 pm, 3.9x300 mm) and 

a UV detector. Ferulic acid was analyzed with a linear 
gradient of acetonitrile (0-50%) in 50 mM acetate buffer (pH 

4.0) and monitored at 320 nm. 
Animals and feeding Male Sprague-Dawley (SD) rats 

aged 4 weeks were obtained from CLEA Japan (Tokyo) and 
were housed in an air-conditioned room at a temperature of 
2 1 [!] l'C with a 12-h light (7:30- 19:30) and dark cycle. After 

being fed with stock diets (CE-2, CLEA Japan) for 3 days 
and standard diets (STD) for 7 days, the rats were divided into 

4 groups and were fed on the experimental diets shown in 
Table I . A11 the rats were allowed free access to drinking 

water and the respective diets throughout the experimental 
period (Takeuchi et al, 199 1 ). 

Small volumes (30 pl) of blood were withdrawn from the 
tail vein periodically (at 6 and 10 days) during the feeding 

period for the analysis of serum cholesterol levels. 

At the end of the feeding period, blood was drawn by heart 

puncture under anesthesia with Nernbutal (Wako Pure 
Chemical, Osaka) (60 mg/kg of body weight). The livers and 

ceca were quickly excised, weighed and stored at -20'C 
and -80"C, respectively. 

Lipid analyses Serum cholesterol levels, HDL-chole-
sterol levels and triglyceride levels were enzymatically deter-

mined using commercial assay kits (Determiner TC 555, 
Determiner HDL and Determiner TG-S 555, Kyowa Medex 
Co., Ltd., Tokyo). After extracting the lipids from the livers 

by the method of Takeuchi et al ( 1991), the cholesterol levels 

were assayed by the enzymatic methods. 
Enzyme assays in cecal contents 

Enzyme preparations Enzymes in the supernatant of 
cecal contents were prepared according to the method of 
Prizont et al ( 1976), but 50 mM phosphate-buffered saline 

(pH 7.4) was used as the solvent instead of 0.9% NaCl. 

Xylanase activity Xylanase activities were determined by 

measuring the reducing sugar formed from incubation (Mac-
Kenzie et al, 1987) according to the Somogyi-Nelson method 

(Somogyi, 1952; Nelson, 1944). Xylose was used as the 
standard . 

Arabinofuranosidase activity Arabinofuranosidase as-
says were carried out as described by MacKenzie et al ( 1987), 

but p-nitrophenol release was measured at 400 nm instead of 

410nm (Shimadzu UV-1200 UV-VIS spectrophotometer) 
(Tamura et a/, 1980). 

Ferulic acid esterase activity Assays for ferulic acid 
esterase contained I mg of ACD and enzyme at appropriate 
dilutions in 50 mM phosphate-buffered saline (pH 7.4). The 

assay mixtures were incubated at 37'C and at the end of 
incubation, they were placed in a boiling water bath for lO 
min. After centrifugation at 3000 rpm for 10 min, the ferulic 

acid contents of the supernatant fractions were measured as 
described above for the deteamination of test substances. 

Statistica/ analyses The significance of differences 

among the groups in CE, RCB, ACD and ALK were 
evaluated by Duncan's multiple-range test. These calculations 

were conducted using Yukms Statistical Library software 
(A.B.S., Inc., Tokyo). 

Results 
Components of A CD and ALK The components of 

ACD and ALK are shown in Table 2. Their major parts were 
polysaccharides. ACD contained 44.6% xylose, 8.6% ara-
binose and 4. 1% ferulic acid. ALK contained 5 1 .9% xylose 

and 38.0% arabinose, but ferulic acid was not detected. 

Experiments on rats The body weight, food intake, 
liver weight and cecum weight in each experimental group are 

shown in Table 3. All the groups were approxirnately equal 

in body weight gain, food intake and eviscerated carcass 
weight and liver weight. The cecum weight with the contents 

of ACD- and ALK-fed rats were heavier than those of CE-fed 

rats. 

Table 4 shows the changes in cholesterol levels in serum. 

There were no significant differences among the groups, but 
ACD and ALK tended to repress the serum cholesterol levels 
during the feeding. There was no difference between CE- and 
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RCB-fed rats and ACD- and ALK-fed rats in HDL-choles-
terol, triglyceride and liver cholesterol levels. 

Enzymatic activities in ceca/ contents Xylanase activ-

Table 2. Components of test substances (%). 
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AC D ALK 
Moisture 

Ash 
Crude protein 
Dietary fiber 

Polysaccharide 

Arabinose 
Xylose 

Mannose 
Galactose 

Glucose 

lO. 1 

5.7 

ND 
55.8 

8.6 

44 . 6 

2.8 

l .9 

6. l 

l0.4 

4.4 

ND 
83.3 

38.0 
5 1 .9 

I .O 

5.9 

0.2 

Ferulic acid 4. l ND 
ND means not detected. 

ities were determined by measuring the reducing sugar. 
Reducing sugar was observed in the cecum of ALK- and 
ACD-fed rats from the beginning of incubation and increased 

with incubation time. A small amount of reducing sugar was 

noted in the cecum of CE- and RCB-fed rats after 5-h 
incubation. Figure 2 shows liberated sugar after 16-h incuba-

tlon. There was much reducing sugar in the cecum of the 
ACD- and ALK-fed rats, but a small amount of sugar was 
detected in the cecum of the CE- and RCB-fed rats. 

Arabinofuranosidase activities were determined by measur-

ing the liberated p-nitrophenol. p-Nitrophenol was observed 

in the cecum of the ALK- and ACD-fed rats from the 
beginning of incubation and increased with incubation time. 

Figure 3 shows released p-nitrophenol after 20 min incuba-

tion. p-Nitrophenol in the cecum of the ALK-fed rats was 
more than in that of the ACD-fed rats. A small amount of 
p-nitrophenol was detected in the cecum of the CE- and 
RCB-fed rats. 

Figures 4 and 5 show ferulic acid esterase activities. Figure 

Table 3. Effects of feeds on body weight, feed intake and organ weight. 

CE RCB ACD ALK 
Initial body weight (g) 

Final body weight (g) 

Weight gain (g) 

Feed intake (g) 

Feed efficiency") 

Eviscerated carcass 

weight (g) 

Carcass weight/Body 
weight (%) 

Liver (g) 

Cecum with contents (g) 

l 67+2" 

238+4" 
7 1 +3" 

200+3" 
O.36+0.01" 

179+3~ 

1 67+ 3" 

239+5" 
72+3~ 

195+4" 
O.37+0.0la 

l 8 1 +4~ 

167+3" 
239+2" 

72+ l~ 

195+ I ~ 

O.37+0.00~ 

177+ l" 

167+5" 
234+9" 
67+5" 

19 1 +7" 

O.35 +0.0 1 " 

175+7" 

76.0+1,la 75.7i0,4ab 73,9il0.7b 74,6il0.lab 

l I , I +0.3a I I ,4iO.4a I ,2i0.2a I I ,9~0.6a 

2.0+0,2a 2. I i~:O, I a 3,8i0.3b 3,2i]0.5b 

Values are meaniSE (n=5). 
Values In the same line without common superscript letter donate significant 

difference (p<0.05). 

aWeight gain/Feed intake. 
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CE RCB ACD ALK Fig. 2. Xylanase activities in the cecal contents ofrats. Assays contained 0.5 

ml of 0.5 w/v% birchwood xylan (SIGMA) in 50 mM phosphate-buffered 
saline (pH 7.4) and enzyme at appropriate dilutions in a final volume of2.5 ml. 

After incubation for 16 h at 37'C, the assay mixture was placed in a boiling 

water bath for 10 min to terminate the reaction. This reaction mixture was 

centrifuged at 3000 rpm, and reducing sugar release was determined using I ml 

of supernatant according to the Somogyi-Nelson method. n=5. 

Table 4. Effects of feeds on serum lipids and liver cholesterol. 

CE RCB ACD ALK 
Ingested cholesterol _ 1 996+30 1 953il37 1 953i: 1 4 1 9 lOi:7 l 

(mg)") 

Serum lipids: 

Total cholesterol (mgldl) 

6 days on diet 213.7~15.3 200.8~17.6 203.5~18.3 196.0i8.4 

IO days on diet 233.41L13.5 199.3l~23.5 189.6l~24.2 208.9~ll6.6 

ll days (atsacrifice) 195.Idll5.6 168.7~17.3 161.7i33.7 147.lil5.0 

HDL~holesterol 14.8i I .O 1 7.5~2.6 1 6.9~0.6 2 1 .Oi2.0 

(mg/dl) 
Triglyceride 83.4~18.9 96.9il8.0 97.Idl9'6 94.1~12.8 

(mg/dl) 
Liver cholesterol: 

Cholesterol 30.8[~0.9 30.0~ I .7 3 1 .6~0.7 3 1 .Oi0.8 

(mg/g of tissue) 

Cholesterol 339.5i3.7 343.4~2.7 354.3~8.7 370.0i27.6 
(mg/liver) 

Apparent accumulation 1 7.6~ I . I 1 7.0lt:O.3 1 8. I ~0.5 1 9.3~0.9 

ratiob) (%) 
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Values are meaniSE (n=5). 
~)Ingested total cholesterol during experimental period. 

b)Apparent accumulation ratio of the liver cholesterol to ingested cholesterol. 

CE RCB ACD ALK Arabinofuranosidase activities in the cecal contents of rats. Assays 
contained 0.2 ml ofO.05 w/v% p-nitrophenyl c!-L-arabinofuranoside in 50 mM 

phosphate-buffered saline (pH 7.4) and enzyme at appropriate dilutions and Z 

buffer in a final volume 2.0 ml. After incubation for 20 min at 28'C, I ml of l 

M sodium carbonate was added and p-nitrophenol release was measured at 400 

nm. n=5. 
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were performed as described in the text. 
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Fig. 5. Ferulic acid esterase activities in the cecal contents ofrats. Assays were 

performed as described in the text. Incubation time was 16 h. n=3. 

4 shows the amount of ferulic acid liberated in the cecum of 

the ACD-fed rats. Up to 3 h from the beginning of incuba-
tion, no ferulic acid was detected, but after 3 h, ferulic acid 

suddenly appeared and increased. Figure 5 shows liberated 
ferulic acid. Ferulic acid was observed in the cecurn of the 

ACD- and ALK-fed rats and there was more in the cecum of 
the ACD-fed rats than in ALK. It was not detected in the 
cecum of the CE- and RCB-fed rats. 

Discussion 
Enzymatic activities in the ceca of rats fed on high 

cholesterol diets with differently processed dietary fibers from 

RCB were compared. One was hydrolyzed in acidic solution 
and another in alkaline solution. Most of the chemical 
components of ACD were polysaccharides: 44.6% xylose, 
8.4% arabinose and 4.1% ferulic acid. ALK contained 51.9% 
xylose and 38.0% arabinose but no ferulic acid was detected. 

Kato ( 1 992) analyzed the sugar components of plant cell 
walls using various kind of enzymes and reported that ferulic 

acid and glucuronic acid arabinoxylan ester, which had one 
ferulic acid ester per 50 sugar residues, was the main compo-

nent when insoluble corn bran was treated with enzymes, but 
when treated with alkaline solution, ferulic acld was liber-

ated. So in this experiment, the major component of ACD 
was suggested to be ferulic acid arabinoxylan ester in which 

arabinoxylan was partially esterified by ferulic acid, and 

ALK was arabinoxylan. 
In enzymatic experiments, reducing sugar and p-nitro-

phenol were liberated gradually from the beginning of 
incubation, but ferulic acid was liberated after incubation was 

continued for 3 h. This indicated that all enzymatic activities 

did not appear from the beginning of incubation. Xylanase 
activity, arabinofuranosidase activity and ferulic acid esterase 

activity appeared in the ceca of the ACD- and ALK-fed rats. 
However, these activities were not observed in the ceca of the 

CE- and RCB-fed rats (Figs. 2, 3 and 5). As mentioned 
previously, the main components of ACD and ALK were 
ferulic acid arabinoxylan ester and arabinoxylan. At first in 

ACD and ALK, xylanas~ was supposed to attack the 
xylose-xylose bond of the main chain where the arabinofur-
anose side chain was absent. At the same time, arabinofur-
anose of the side chain was considered to be hydrolyzed by 

arabinofuranosidase. ACD and ALK were assumed to be 
degraded and become lower molecular weight fragments in 
this way. Further in the case of ACD, ferulic acid esterase was 

thought to attack the arabinofuranose-ferulic acid ester bond 

of this lower molecular weight fragment. Mackenzie and 
Bilous ( 1988) studied the enzymes from the fungus Schizlo-

phyllum commune and reported that ferulic acid esterase 
acted optimally on wheat bran only in the presence of 
xylanase. In addition, they pointed out that the enhancement 

of ferulic acid esterase by xylanase was due to the size or 
inaccessibility of the material bearing the ferulic acid residue. 

In our experiments, xylanase, arabinofuranosidase and ferulic 

acid esterase were considered to act synergistically in a 
manner similar to that of the enzymes from the fungus. 
Because ACD and ALK were more refined than RCB, the 
components of RCB were more complex than ACD and 
ALK. Thus it might be more difficult for enzymes to 
approach and attack the RCB main chain and side chain. 

Ferulic acid is well-known to have an antioxidant poten-
tial because it readily foams a resonance-stabilized phenoxy 

radical, and this radical has the ability to terminate free 

radical chain reactions (Graf, 1992). Soluble ferulic acid 
arabinoxylan ester, which was obtained from RCB hydrolysis 
by acids or enzymes, showed antioxidative activities against 

the autoxidation of linoleic acid and lipid peroxdation of rat 

liver microsomal system induced by CC14 in vitro (Ohta et al, 

1994). When a rat feeds on ACD, ferulic acid is isolated in the 

cecum. If ACD itself and the isolated ferulic acid would be 
absorbed in the cecum or the large intestine, they are expected 

to work as antioxidants in the body. 

Hemicellulose which was isolated from corn bran had 
significant effects on preventing the elevation of serum and 

liver cholesterol levels of rats compared with CE (Takeuchi 

et al, 1991). Hemicellulose isolated from rice bran, whose 

main component was arabinoxylan, was fermented by 
bacteria that arose from men, especially by Bllfidobacterium. 

When the rats ate this hemicellulose, the number of Blifid(~ 

bacterium increased, the pH became lower and organic acids, 
particularly acetic acid, increased in cecum (Aoe et a/, 1988). 

In the present study, the cecal contents ofthe rats fed on ACD 

and ALK were supposed to change similarly to those of the 
rats fed on hemicellulose isolated from rice bran, though 
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changes in bacteria number, flora species and other enzymatic 

activities of bacteria were not clarified in these experiments. 

They should be elucidated. It is said that soluble dietary fiber 

has more physiological activities than the insoluble fiber. In 

fact, serum cholesterol level was suppressed more by soluble 

ACD and ALK than RCB. Insoluble CE did not have such 
an effect. 

In these days, dietary fiber intake is decreasing in spite of its 

important physiological functions. The recommended daily 
dietary fiber intake is 20 g. The addition ofcereal bran extract 

to diets is one effective way of taking dietary fiber. Thus ACD 

and ALK are considered more effective than RCB itself. At 
that time, it is interesting that soluble dietary fibers from RCB 

by different processes showed different properties which were 

caused by ferulic acid. 
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