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Abstract Plentiful amount of spent yeast has been produced as a by-product from breweries. B-Glucan was prepared from
the spent brewer’s yeast in a crude form with hot water extraction and subsequent enzymatic treatment. The crude B-glucan
preparation consisted of mainly glucan (53% of total wt), containing approximately 35% B-glucan content of total weight. The
effects of crude B-glucan substitution (1-9%) on pasting properties of wheat flour and starch were determined using a Rapid
Visco-Analyzer (RVA). Incorporation of yeast B-glucan into wheat flour and starch significantly decreased peak and final
viscosities, but slightly increased setback viscosity. The setback viscosity was considerably higher in starch/B-glucan
suspension than in flour/B-glucan suspension. It was suggested that preparation of yeast B-glucan into aqueous dispersion

might affect pasting behaviors of wheat flour and starch.
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Introduction

B-Glucan is described as a polymer of glucose that is
widespread in many bacteria, fungi, mushrooms, algae,
and higher plants such as barley and oat. One important
source of B-glucan is the cell wall of yeasts, particularly
the baker’s and brewer’s yeast Saccharomyces cerevisiae.
Yeast B-glucan is the main component (50-60%) of the
cell wall that may account for up to 20-30% of the yeast
cell (dry weight), and is localized in the inner layer of the
cell wall (1, 2). A common structural feature of yeast -
glucan is a backbone chain of P-(1—3)-linked glucose
units with a low degree of branching points through B-(1
—>6)-linkages (3). The p-glucan has been attracting great
attention of pharmaceutical and functional food industry
because of its bioactive and medicinal properties such as
immune stimulating, anti-inflammatory, antimicrobial, anti-
tumoral, wound-healing, hypoglycemic, and cholesterol-
lowering effects (4-8).

Recently, a large amount of spent brewer’s yeast is
produced as a major by-product from breweries. The spent
brewer’s yeast is generally sold as an inexpensive supple-
ment for animal feeds (9), and therefore may be utilized as
an ideal raw material for producing a high value-added
product, B-glucan. The yeast B-glucan has demonstrated
potential in improving functional properties of food
products, i.e., being used as thickening, water-holding, or
oil-binding agent, and emulsifying or foaming stabilizer
(10). Wheat flour and particularly wheat starch is widely
used in food industries. The gelatinization and pasting of
starch are considered important properties in the
processing of starch-containing foods. Hydrocolloids or
gums could be added in starch-containing products to alter
pasting characteristics of starch (11-15).

There are a few reports on the effect of barley and oat
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B-glucan on wheat flour and starch (16, 17). However,
there is no literature available on the effect of spent
brewer’s yeast B-glucan on pasting properties of wheat
flour and starch. Therefore, the objectives of this study
were to investigate physicochemical properties of crude -
glucan prepared from spent brewer’s yeast and to
determine the effects of partial B-glucan substitution on the
pasting behavior of wheat flour and starch.

Materials and Methods

Materials Spent brewer’s yeast, a by-product from
brewery, was kindly provided by Oreintal Brewery Co.,
Ltd., Icheon, Korea.

Preparation of crude yeast fB-glucan Preparation of
crude B-glucan from spent brewer’s yeast was modified
from the procedure described by Freimund ef al. (18). A
suspension of spent yeast (26 g) in water (176 mL) was
adjusted to pH 7 with NaOH and the suspension was
heated to 100°C with stirring. After 5 hr, the suspension
was cooled to 45°C and diluted with water (146 mL). The
insoluble residue was separated with a centrifuge, washed
twice with water, and diluted with water yielding a total
volume of 200 mL. After heating to 45°C and adjustment
of the pH to 10.5 with NaOH, a protease Savinase
(Novozymes Corp., Bagsvaerd, Denmark) was added at 0,
1.5, and 3 hr under stirring. After 5 hr of reaction, the
suspension was neutralized with conc. acetic acid, and the
insoluble residue was separated by centrifugation and
washed twice with distilled water. The washed sediment
was treated with an excess of acetone and filtered. The
residue was washed twice with distilled water and dried at
50°C.

Chemical assays Moisture, protein, fat, and ash contents
were determined according to AOAC (19) official
methods. B-Glucan content was determined using a yeast
B-glucan assay kit (Megazyme Pty., Ltd., Wicklow,
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Ireland). The sample (100 mg) and 8 mL of aqueous
ethanol (80%, v/v) were added to a tube and stirred
vigorously on a vortex mixer. The tube was centrifuged
(1,500xg, 10 min), and the supernatant was carefully
decanted to remove low molecular weight sugars. Ice cold
sulfuric acid (60%, v/v, 2 mL) was added to each tube
while stirring on a magnetic stirrer for 1 hr. The tubes
were mixed with 12 mL of distilled water and then
incubated in a boiling water bath at 100°C for 2 hr. The
contents of each tube were adjusted to 100 mL with
distilled water and centrifuged (1,500xg, 10 min). Aliquots
(0.2 mL) of the centrifuged extracts were transferred to
glass test tubes and analyzed with glucose-peroxidase
reagent (GOPOD, Megazyme Pty., Ltd.) to measure total
glucan content. For measurement of o-glucan, low
molecular weight sugars were also removed as previously
described. Two mL of 2 M KOH was added to each tube
to suspend pellets by stirring for 20 min in an ice water
bath. The suspension was added with 8 mL of 1.2 M
sodium acetate buffer (pH 3.8), mixed with 0.1 mL of
amyloglucosidase (3,300 U/mL), and incubated in a water
bath at 40°C for 30 min. The tubes were centrifuged
(1,500xg, 10 min), and aliquots (0.1 mL) of supernatants
were analyzed with glucose-peroxidase reagent to measure
a-glucan content. B-Glucan content was determined by
subtracting the a-glucan from the total glucan content.

Monosaccharide composition of crude f-glucan
preparation was determined by gas chromatography
following acid hydrolysis and derivatization (20). The
resulting alditol acetates were separated on a fused silica
column SP-2330 (15m x 0.25 mm i.d., Supelco, Bellefonte,
PA, USA) using a Hewlett-Packard gas chromatography
system.

Color, water absorption index, and water solubility
index Colors of spent brewer’s yeast and crude yeast f3-
glucan were measured with a colorimeter (CR-200;
Minolta, Osaka, Japan) which was calibrated using a white
standard porcelain plate. Water absorption index (WAI)
and water solubility index (WSI) were measured by the
method described by Anderson et al. (21).

Pasting properties Pasting properties of wheat flour and
starch substituted with different levels (0, 1, 3, 6, and 9%)
of crude PB-glucan from spent brewer’s yeast were
determined by a Rapid Visco-Analyzer (RVA; Newport
Scientific, Sydney, Australia). Wheat flour (3.5 g, 14%
m.b.) or wheat starch (3 g, 14% m.b.) substituted with
crude yeast p-glucan was transferred into water (25 mL) in
an aluminum cup and mixed thoroughly. The mixture was
stirred at 960 rpm for 10 sec, and then at 160 rpm for the
heating and cooling cycles. The temperature was first
maintained at 50°C for 1 min to have a uniform temperature
and then raised to 95°C at a rate of 12.16°C/min. The hot
paste was held at 95°C for 2.5 min, cooled to 50°C at a
rate of 11.84°C/min, and then maintained at 50°C for 2.5
min. The viscosity was expressed as rapid viscosity units

(RVU).
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Table 1. Physicochemical properties of spent brewer’s yeast
and crude B-glucan preparation”

Spent brewer’s Crude
yeast B-glucan
Chemical composition?
Moisture 35 9.3
Protein® 59.9 340
Fat 32 0.6
Ash 7.2 4.0
Total glucan 20.30 52.82
a-Glucan 9.97 18.23
B-Glucan 10.33 34.59
Color value
L 81.55 81.46
a 0.85 1.90
b 1.90 6.82
Water absorption index (g/g) 333 6.29
Water solubility index (%) 2242 3.45

YValues are means of triplicate analyses.
Dv4(w/w) on a dry basis.
INitrogen x 6.25.

from spent brewer’s yeast Table 1 shows the chemical
composition of spent brewer’s yeast and crude p-glucan
preparation. The spent brewer’s yeast contained 59.9%
protein, 3.2% fat, and 7.2% ash on a dry basis. Total and
o-glucan content in the spent brewer’s yeast were 20.30
and 9.97%, respectively. The o-glucan content was
estimated to be glycogen present in the spent brewer’s
yeast. B-Glucan content (10.33%) was determined by
subtracting the a-glucan from the total glucan content.
Yeast cell wall is mainly composed of (1 - 3),(1 — 6)-B-D-
glucan, chitin, glycogen, lipids, mannoproteins (protein-
bound polymannose), and other proteins and they are
covalently linked to a great extent (18).

The crude B-glucan prepared from spent brewer’s yeast
contained 34% protein, 0.6% fat, and 4.0% ash. The crude
B-glucan preparation yielded B-glucan content of 34.59%.
The total glucan content (- and B-glucan) considerably
increased to 52.82%, partially due to a high level of
glycogen, whereas protein content decreased to 34%. The
major component of the crude PB-glucan preparation
appeared to be polysaccharides, consisting of mainly
glucan with a little amount of mannan. Glucose was
confirmed by gas chromatography after acid hydrolysis of
(1-3),(1 »6)-B-D-glucan and glycogen (Fig. 1).

Table 2 shows the color, water absorption index (WALI),
and water solubility index (WSI) of the spent brewer’s
yeast and crude [-glucan preparation. The L-value
(lightness) of the crude B-glucan was similar to the spent
brewer’s yeast sample. Compared to the spent brewer’s
yeast, the crude p-glucan exhibited higher a-value
(redness) but lower b-value (yellowness). WAI of the
crude B-glucan was higher than that of the spent brewer’s
yeast, while WSI was lower in the crude B-glucan.



Pasting Properties of [-Glucan from Spent Brewer’s Yeast

(A) (B)

| :
‘~ ;!i "\ rt
\ U }L,LLJL

e
Fig. 1. Separation of alditol acetates from acid hydrolysate of
brewer’s spent yeast (A) and crude B-glucan (B). 1, mannose;
2, glucose; 3, myoinositol (internal standard).

Pasting properties of crude yeast p-glucan on wheat
flour and starch The effects of crude yeast B-glucan
levels (1-9%) on RVA pasting properties of wheat flour
and starch are shown in Table 2. A slight decrease in the
pasting temperatures was observed when the crude yeast
B-glucan was included in wheat starch. Incorporation of
crude P-glucan into wheat flour decreased peak,
breakdown, and final viscosities. The effect on the
viscosities was more pronounced when the level of -
glucan increased. Increasing levels of crude PB-glucan
incorporation into wheat starch also decreased peak and
final viscosities, but did not change breakdown viscosities.
The peak viscosity could be reduced with the increasing
gum concentrations, but some opposite results were also
found (11, 14, 22). However, Satrapai and Suphantharika
(23) reported that addition of yeast B-glucan increased
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peak viscosity, breakdown, setback, and final viscosities of
rice starch, which was not in good agreement with this
experiment. B-Glucan isolated from yeast cell wall is not
water-soluble, but can absorb and retain water, resulting in
restricted swelling (24), and thus it was thought that the
degree of yeast B-glucan swelling in aqueous dispersion
might affect pasting viscosities of starch/yeast B-glucan
mixture. It was also reported that drying methods of yeast
B-glucan influenced the microstructure of the glucan
particles (24) leading to differences in physical properties
such as swelling capacity, closely relating to the pasting
behavior.

Compared to wheat flour, wheat starch with p-glucan
showed higher increase in viscosity upon cooling which
might indicate a more gelling tendency of starch paste
during cooling. With the addition of B-glucan to wheat
flour or starch, setback viscosity increased with increasing
B-glucan levels. The setback values were considerably
higher in wheat starch/B-glucan suspensions than in wheat
flour/B-glucan suspensions. However, the setback viscosity
of wheat flour with 1% p-glucan was not significantly
different from that of the control. It was also indicated that
the addition of yeast P-glucan retarded the starch
retrogradation during storage time (23). B-Glucan from
spent brewer’s yeast is non-caloric because it is not
digested or absorbed in the human digestive tract (25).
Thus, the use of yeast B-glucan to starch-based food upto a
level of 1% will be advantageous to maintain desirable
textural properties as well as to decrease the calorie
content of the products.
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