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Improvement in Soluble Fiber Content of Wheat Fiber through

Enzymatic Modification
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The influence of fiber purification and conditions of enzymatic modification on soluble fiber content
of wheat fiber were examined. Crude wheat fiber was purified by a modified enzymatic extraction.
Crude wheat bran contained 16% soluble dietary fiber by weight. Purification of the crude wheat
bran did not alter soluble fiber content nor result in a significant loss of total dietary fiber. A tech-
nical grade hemicellulase was used to enzymatically modify the purified wheat fiber. The yield var-
ied considerably with enzyme concentration and time. The optimized modification conditions uti-
lized were 0.1 M acetate buffer (pH 5.0) and 60 HCU/mL per g of PIFF hemicellulase at 30 °C for
40 min. The enzymatic modification of wheat fiber resulted in an 87% increase in soluble fiber con-

tent up to 30%.

A number of studies have demonstrated that the use
of soluble fibers may be an important adjunct in the treat-
ment of diabetes. Jenkins et al. (Jenkins et al., 1977a,b,
1980) demonstrated that the addition of soluble types of
dietary fiber such as pectin and guar into test meals
reduced postprandial glycemia in normal, non-insulin-
dependent and insulin-dependent subjects. This was
attributed in part either to an increased mouth to cecum
transit time, to the decreased rate of gastric emptying,
or to a slower rate of duodenal absorption, all factors
associated with an increase in solubility and/or viscos-
ity (Blackburn et al., 1984; Jenkins et al., 1977b, 1979).
Insoluble fibers such as cellulose or less soluble fibers
such as wheat bran have been shown to be less effective
as agents for lowering serum glucose values. In contrast,
they have been shown to increase fecal bulk and inhibit
colon tumors. Although wheat bran is a less soluble type
of fiber, a number of studies have reported the use in
the treatment of diabetics (Simpson et al., 1979a,b).

The objective of the present investigation was to deter-
mine the conditions under which the soluble fiber con-
tent of wheat fiber could be increased. This would increase
the potential for clinical usage under circumstances requir-
ing a more soluble type of fiber.

PROCEDURES

Purification of Wheat Bran. A modification of Prosky et
al. (1984) and Monte and Maga (1980) was utilized for deter-
mination and purification of a commercial grade of crude wheat
bran. The purification method developed is described in Fig-
ure 1.

Sample Pretreatment-Extraction of Lipids. The extrac-
tion of lipid from crude wheat bran (CWB) was performed three
times with use of reagent grade petroleum ether (PET) (6:1 =
PET:CWB) at room temperature. The defatted wheat bran
(DWB) was dried overnight at 105 °C in an air oven to a con-
stant weight. It was then passed through a Wiley mill (Model
No. 4) equipped with a 0.5-mm-mesh screen.

Removal of Soluble Complex Carbohydrate. DWB was
incubated in a 0.08 M Na,PO, buffer (pH 6.0 DWB), contain-
ing Termamy! 120 L (120 KNU (Novo-a-amylase unit)/mL per
10 g of DWB; heat-stable a-amylase; Novo Laboratories, Inc.,
Wilton, CT 06897) for 30 min in a hemispherical heating man-
tle. The incubation period started when the contents reached
85-95 °C. After the incubation period, the sample was removed
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Figure 1. Flow sheet representation of enzymatic purifica-
tion.

from the hemispherical heating mantle, cooled to room temper-
ature (=20 °C), and adjusted to pH 7.5.

Removal of Water-Soluble Proteins. After pH adjust-
ment, an alkaline protease (2.4 Anson unit (AU)/mL per 10 g
of DWB; Alcalase 2.4 L; Novo Laboratories) was added to the
incubate. The samples were again incubated in a hemispheri-
cal heating mantle at 60 °C for 30 min with constant stirring.
The incubation period began when the contents reached 60 °C.
The contents were then cooled to room temperature, and the
pH was adjusted to 4.5.
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Removal of Insoluble Complex Carbohydrates. Removal
of the carbohydrate was accomplished by the addition of amy-
loglucosidase (AMG) (200 amyloglucosidase unit (AGU)/mL per
10 g of DWB; AMG 200 L; Novo Laboratories). The samples
were incubated at 55-65 °C for 30 min in a hemispherical heat-
ing mantle with constant stirring.

Separation of Soluble and Insoluble Fiber Fractions.
After enzyme treatment, the insoluble fiber fraction was obtained
by sedimentation of samples at 4000g for 10 min in polycarbon-
ate centrifuge bottles. The soluble fiber fraction was obtained
by adding four volumes of 35% ethanol to the supernatant. The
resulting precipitate was then centrifuged at 4000g for 10 min
with use of polycarbonate centrifuge bottles to sediment the
soluble fiber fraction. Then insoluble and soluble fiber frac-
tion were mixed together and dried overnight at 50-60 °C in
an air oven until constant weight was achieved. Total dietary
fiber in each sample was equal to the combined fractions.

Modification of Purified Wheat Bran. The modification
of the purified wheat bran consisted of a purification proce-
dure as described above followed by the enzymatic treatment
of the purified insoluble fiber fraction. Considering that the
major fiber constituent of wheat bran is hemicellulose, we chose
a hemicellulase (Gammanase 1.5 L; Novo Laboratories), which
produced a partial degradation of the wheat fiber hemicellu-
lose necessary for modification of the insoluble fiber fraction.
Preliminary experiment using Pectinex and Pectinex Ultra SP
did not produce any change in the soluble fiber content of the
purified fraction. Temperature was held constant at 30 °C since
elevations to 37 and 50 °C resulted in a rapid hydrolysis of both
soluble and insoluble fiber components. This was verified by a
lack of alcohol-precipitable fiber. Optimal conditions for mod-
ification of the purified wheat bran were obtained by varying
time of incubation and concentration of the hemicellulase used
for the modification. Samples of the purified insoluble fiber
fraction were incubated in a pH 5.0 acetate buffer under the
conditions specified. Hemicellulase activity was calibrated against
a standard preparation (Gammanase 1.5 L, Lot No. CHN-
0004; Novo Laboratories). At the end of the incubation period,
the insoluble fiber fraction was separated by centrifugation at
4000g for 10 min. Soluble fiber was obtained by adding 4 vol-
umes of 35% ethanol and centrifuging at 4000g for 10 min to
sediment the soluble fiber fraction. Separated insoluble fiber
and soluble fiber fractions were mixed well and dried overnight
at 50-60 °C until a constant weight was achieved. The modi-
fication method for purified wheat fiber is shown in Figure 2.

Effectiveness of Purification. Completeness of the lipid
extraction was verified by extraction of fractions with a modi-
fied Folch procedure (Folch et al., 1957). Samples were extracted
with CCl,~MeOH (2:1, v/v) and evaporated to dryness under
nitrogen. The completeness of removal of both soluble and insol-
uble carbohydrates was determined by enzymatic determina-
tion of glucose in an aliquot of the purified and modified frac-
tion. Two methods were used for protein determination. The
Kjeldahl method was the method of choice for nitrogen with a
factor of 6.25 to convert percent nitrogen to protein. Similar
results were obtained with use of a Bio-Rad micromethod for
protein (Bradford, 1976). Proximate analysis of the crude wheat
bran is shown in Table I.

Statistical Analysis. All fiber measurements are expressed
as the means + SE of three to five individual determinations.
Differences between means were evaluated by the General Lin-
ear Models procedure of the Statistical Analysis System (SAS).
The 3-dimensional plot was generated with the G3GRID pro-
cedure to produce a smoothed spline.

RESULTS AND DISCUSSION

In the present investigation conditions were estab-
lished under which the soluble fiber content of wheat
fiber was increased. The reported dietary fiber content
of the commercial crude wheat bran in this study (51.5
+ 3.6% dry weight) was comparable to values reported
by Demigne and Remesy (1985) and Van Soest et al. (1978)
and somewhat higher than values reported by Southgate
(1981). The crude wheat bran, purified by a modifica-
tion of the methods described by Prosky et al. (1984)
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Figure 2. Flow sheet representation of enzymatic modifica-
tion.

Table I. Proximate Analysis of Crude Wheat Bran

% wheat bran

protein 94
lipid 5.7
carbohydrate 17.5
ash 5.8
water 10.1
crude fiber 51.5

and Monte and Maga (1980), resulted in an increased
recovery of both insoluble and soluble fiber fractions. The
resulting purified insoluble fiber fraction (PIFF) was then
subject to enzymatic modification under the conditions
described above. The development of this method was
such that it was used for preparation of purified fiber
for use in feeding trials (Grundieger and Oh, 1989). Since
preliminary investigations suggested that elevation of the
reaction temperature resulted in a rapid loss of fiber, tem-
perature was therefore held constant at 30 °C. An opti-
mal hemicellulase concentration and time of incubation
were achieved at 60 hemicellulase units (HCU)/mL per
g of PIFF) and 40 min, respectively. The activity of the
enzyme under the present conditions was such that we
obtained a sharp peak of solubilization, which fell off rap-
idly above or below the 60 HCU /mL per g of PIFF. This
has made the production of the modified wheat fiber
(MWPF) a fairly simple task (Grundleger and Oh, 1989).
Preliminary studies showed that the use of a commercial
enzyme preparations such as Pectinex or Pectinex Ultra
SP-L, although containing a significant amount of poly-
galacturonase activity, was unsuitable for modification
of the purified wheat fiber. The distribution of dietary
fiber found in three fiber samples (CWF, PWF, MWF)
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Figure 3. Modification of purified wheat fiber with hemicellulase. Actual data points represent the mean of four to five values.
The 3-dimensional plot was generated by the GBGRID procedure to produce a smoothed spline.

Table II. Comparison of the Fiber Content of Wheat Fiber
Fractions (% of Total Dietary Fiber)*

fiber fraction insoluble fiber  soluble fiber

crude wheat fiber (CWF)? 83.4+ 5.7 15.8+ 6.6
purified wheat fiber (PWF)° 84.1 £ 3.8 159+ 3.7
modified wheat fiber (MWF)? 69.6 £ 7.2 30.1 £ 0.7

¢ Data are exgressed as the X £ SE for three to five individual
determinations. ® The percent insoluble and soluble fiber in the CWF
is based on the actual fiber content of CWF and does not include
the contribution of protein, fat, and carbohydrate to the total weight.
¢ PWF is defined as the fraction remaining after the removal of
protein, fat, and carbohydrate.  PWF modified in the presence of
60 HCU/mL per g of PIFF hemicellulase.
are summarized in Table II. The tabulated figures for
insoluble and soluble fiber are mean values of three to
five determinations. The soluble fiber content of the CWF,
as a percent of total fiber, was 16% and remained con-
stant during the purification process (PWF). A further
increase in the soluble fiber content was achieved by mod-
ification of the PWF fraction. Modification of the PWF
fraction under the conditions described above resulted
in an increase in the soluble fiber fraction from 16% in
the CWF or PWF fractions to 30% in the MWF fraction
(87% increase). Loss of fiber as a result of hydrolysis
was less than 4.07 £ 0.09%. Caprez et al. (1987) have
reported a 70% and 19% increase in soluble fiber in yel-
low pea hulls and apple pomace, respectively, using a com-
bination of Pectinex/Celluclast. However, a 5-25% reduc-
tion in total dietary fiber was also reported. These dif-
ferences could be attributed to a difference in enzyme
preparation or incubation conditions.

The present study demonstrated that the soluble fiber
content of wheat fiber could be increased by enzymatic
hydrolysis of the purified insoluble fiber component. The
process has been used for production of a modified wheat
fiber, which has been used in a feeding trial examining
the physiological properties of the modified fibers.
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Potentiation of Bacillus thuringiensis Insecticidal Activity by Serine

Protease Inhibitors
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Several serine protease inhibitors enhanced the insecticidal activity of the insect control proteins
from Bacillus thuringiensis var. kurstaki, var. tenebrionis, and var. israelensis against their target
insects, tobacco budworm and other lepidopterans, Colorado potato beetle, and mosquito, respec-
tively. B. thuringiensis protein concentrations, at levels causing minimal insect mortality (10-20%),
were mixed with purified protease inhibitors and assayed against the appropriate target insects. The
presence of extremely low levels (4 uM) of protease inhibitors enhanced the insecticidal activity of B.
thuringiensis var. kurstaki by 2-20-fold. Protease inhibitors also potentiated the insect growth inhib-
itory activity of sublethal B. thuringiensis var. kurstaki protein concentrations. Genetically improved
tobacco plants expressing a protease inhibitor fused to a truncated B. thuringiensis insect control
protein showed levels of activity enhancement similar to those seen with purified protease inhibitors.

A variety of Bacillus thuringiensis (Bt) strains have
been isolated, which produce proteins active against a
wide range of insects including lepidopterans, coleopter-
ans, and dipterans (Klausner, 1984). Bt is a Gram-pos-
itive, spore-forming bacterium that characteristically pro-
duces a parasporal crystal protein that accounts for this
insecticidal activity. Crystal and spore preparations of
the lepidopteran-active B. thuringiensis var. kurstaki (Btk)
have been used as commercial insecticides for many years.
A second class of Bt proteins, produced by strains exem-
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plified by B. thuringiensis var. israelensis (Bti), are active
against dipteran insects (Thomas and Eller, 1983; Tyrell
et al,, 1979). Recently, a new class of Bt proteins, active
against coleopteran insects, was isolated from B. thur-
ingiensis var. tenebrionis (Btt) (Krieg et al., 1983) and
B. thuringiensis var. san diego (Btsd) (Herrnstadt et al.,
1986). Classification of these three crystal protein types
Btk, Btt, and Bti are identified as cryl, crylIl, and crylV,
respectively (Hofte and Whiteley, 1989).

All three classes of Bt proteins have extremely short

© 1990 American Chemical Society



