7® ROYAL SOCIETY
P OF CHEMISTRY

Food &
Function

View Article Online

View Journal | View Issue

B-Glucan content and in vitro bile-acid binding

{ M) Check for updates ‘
capacity of Agaricus bisporus and Pleurotus spp.t

Cite this: Food Funct.,, 2024, 15,
9880

Damien Paul Belobrajdic, () ** Henri Brook,? Genevieve James-Martin® and

Welma Stonehouse (22

The cholesterol lowering properties of oats and barley, attributed to their high B-glucan content, are well
established, but it remains unclear whether mushrooms, also rich in f-glucan, exhibit a similar functional-
ity. We aimed to quantify the B-glucan content of commonly consumed Australian mushrooms and eval-
uated their bile acid binding capacity, the primary cholesterol lowering mechanism of p-glucan. Raw,
boiled and fried Australian grown Agaricus bisporus (button, cup, flat and brown mushrooms) and
Pleurotus spp. (shimeji and oyster) along with oats were freeze-dried and the $-glucan content was deter-
mined. The bile acid binding capacity of these samples was assessed using an in vitro digestion assay. The
B-glucan content of freeze-dried raw A. bisporus mushrooms (4.5-8.1 g per 100 g) was similar to that of
oats (7.6 g per 100 g, all p > 0.05), whereas Pleurotus mushrooms contained ~5 times more f-glucan
(32.5-37.4 g, p < 0.05). Boiling increased the p-glucan content of oyster, button, flat and brown mush-
rooms by 3-7% (p < 0.05), but did not affect the p-glucan content of shimeji or cup mushrooms. Frying
had no effect on any mushroom type. The bile acid binding capacity of A. bisporus mushrooms (29-36%)
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was equivalent to that of raw oats (36%, p > 0.05), whereas the bile acid binding capacity of oyster mush-
rooms (22%) was lower than that of oats (p < 0.05). Both boiling and frying increased the bile acid binding
capacity. The cholesterol lowering effects of A. bisporus mushrooms and the acceptability of consump-
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Introduction

Reducing blood cholesterol is one of the key ways to reduce
cardiovascular disease risk,' the leading cause of mortality
worldwide.” Diet and lifestyle interventions are the first-line
therapy for the treatment of hypercholesterolaemia before
pharmacological therapies, such as statin medications, are
introduced.® The cholesterol lowering effects of soluble fibre
B-glucan from oats and barley products are well established.””
The primary mechanism proposed whereby f-glucan lowers
circulating cholesterol concentrations is through interfering
with bile acid enterohepatic circulation.®” Beta-glucan is
thought to be a bile acid sequestrant, resulting in decreased
bile acid reabsorption in the small intestine, which in turn
results in the up-regulation of bile acid synthesis in the liver
using cholesterol as a substrate, leading to reduced circulating
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tion at the required levels need to be confirmed by clinical trials.

cholesterol concentrations.*®° In addition, health claims per-

taining to p-glucan from oats and barley and cholesterol lower-
ing have been authorised by several regulatory bodies in the
USA, Europe and Australia.’*"?

Although, the cholesterol lowering properties of oats and
barley are well established, there is less evidence for other
dietary sources of p-glucan such as fungi, yeast, and algae. The
f-glucan in these foods is structurally different to oat and
barley p-glucan, with fungi and yeast containing p-glucan that
is made from straight § (1 — 3) glucan with short-branched
chains connected through f (1 — 6), whereas cereal $-glucan is
predominantly composed of mixtures of f (1 — 3) and p (1 -
4) glycosidic linkages without any p (1 — 6) bonds." It is
unclear whether these structural differences in p-glucan may
affect the bile acid binding and cholesterol lowering properties
of mushrooms. A small number of clinical trials have reported
that consumption of A. bisporus and P. ostreatus (oyster mush-
room) as dried or cooked products lowered fasting total chole-
sterol (TC) and low-density lipoprotein cholesterol
(LDL-C)."**® Furthermore, it is not known whether the com-
monly consumed A. bisporus has effects similar to those of
P. ostreatus on binding bile acids, especially given that
f-glucan content varies between mushroom varieties, cooking
methods and mushroom fractions (e.g. cap vs. stalk).'®>

This journal is © The Royal Society of Chemistry 2024
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In this study, we aimed to report the p-glucan content of a
range of mushroom varieties, A. bisporus (button, cup, flat and
brown mushrooms) and Pleurotus spp. (shimeji and oyster),
that had been prepared in the most common ways they are
consumed (raw, boiled and fried). An additional aim was to
compare the cholesterol lowering mode of action of these
mushrooms with that of oats by assessing their bile acid
binding capacity using in vitro digestion methods. A sub-
sequent investigation compared the p-glucan content and bile
acid binding capacity of stalk and cap fractions of A. bisporus
button and cup mushrooms.

Materials and methods
Sample processing

The fruiting bodies of four A. bisporus (common names:
button, cup, flat and brown mushrooms) and two Pleurotus
spp. (common names: shimeji and oyster) were assessed.
Mushroom varieties (1.5 kg of each) were sourced from The
Mushroom Man (Adelaide Central Market, South Australia),
except for shimeji, which was sourced from White Prince
Mushrooms (Vineyard, New South Wales). For stalk vs. cap
analyses, A. bisporus button and cup mushrooms were sourced
from SA Mushrooms (Waterloo Corner, South Australia). The
mushrooms were harvested with the whole stalk intact and
delivered to the CSIRO laboratory on the day they were picked.

The mushrooms were stored at 4 °C for no longer than 2-5
days from the time that they were harvested to minimise any
variation that storage time may have on f-glucan content.

Fresh mushroom fruits were cleaned of soil and substrate
(using a soft brush and forceps), and then cut along their verti-
cal axes into slices 4-5 mm thick. Each mushroom variety was
randomly divided into three groups (500 g each). One group
remained raw mushrooms, and the rest were cooked by two
different methods (boiling and frying). The culinary conditions
included boiling, where mushroom slices (100 g per batch)
were boiled in a pot containing 1 L of filtered water for 6 min.
This method resembles the addition of mushrooms to dishes
such as risotto or stews. For frying, mushroom slices (100 g
per batch) were fried in a non-stick pan with 20 mL of olive oil
(160 °C) for 6 min. After cooking, all samples were placed on
filter paper to drain water or excess oil.

The stalk and cap of fresh button and cup mushroom fruits
were separated manually by lightly twisting and applying
pressure to the stalk until it snapped out from the mushroom
cap. The stalks were then trimmed at the lowest possible point
to remove the substrate. Any residual substrate on the cap or
stalk was removed using a paper towel.

All mushroom samples were freeze-dried using a freeze-
drier (Martin Christ Alpha 1-2 LD Plus, Osterode am Harz,
Germany) until a constant weight was obtained and then pow-
dered using a Kitchen Wizz (Cuisinart Mini-prep, Stamford,
CT, USA). Weights were obtained of the raw and freeze-dried
mushrooms to calculate the moisture content of the samples
by difference.
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Uncle Toby’s Quick Oats (purchased from Coles supermar-
ket), a commonly consumed, commercially available whole oat
product, was used as the oat control. The oat flakes were ana-
lysed raw and cooked as porridge. Oat porridge was prepared
by following the on-pack instructions. Half a cup (125 ml) of
oat flakes and 2 of a cup (187.5 ml) of filtered water were
cooked in an 800 watt Panasonic microwave for 11 min on
high, stirred and then cooked for an additional 1 min on high.
The raw oat flakes and porridge were freeze-dried (until a con-
stant weight was obtained), the moisture content was deter-
mined, and the samples were then ground in a cyclone mill
(Foss Analytical Cyclotec 1093, Hillerad, Denmark).

B-Glucan content analysis

The p-glucan content of the mushrooms was determined by the
method of McCleary and Draga (2016)** in duplicate or tripli-
cate using reagents in the kit supplied by Megazyme (K-YBGL,
Megazyme, Wicklow, Ireland). This method involved two separ-
ate analyses of the food sample. The first involved the hydro-
lysis of total glucans by treating the sample with sulfuric acid
to hydrolyse a-glucans (starch and simple polysaccharides) and
p-glucans, followed by treatment with exo-1,3-B-glucanase to
fully hydrolyse the f-glucan. Glucose was measured in the
sample to quantify the total glucan content. The second ana-
lysis involved hydrolysis of the samples using amyloglucosidase
and the glucose content of the digested sample was measured
at 510 nm using a spectrophotometer (Agilent Technologies
Cary 100, Santa Clara, CA, USA) to determine the o-glucan
content. The p-glucan was then calculated as the difference
between the values obtained in the two assays. -Glucan from
oats was analysed in the raw form using AOAC Method 995.16.
The p-glucan contents of mushrooms and oats are reported as
fresh and dry weights (g per 100 g), as well as the serving size
in grams and cups and, where possible, the number of whole
raw mushrooms>* needed to provide 1 g of p-glucan.

A yeast sample (K-YBGL, Megazyme, Wicklow, Ireland) was
included as a quality control and shown to contain 56.0 + 0.6%
total glucan, 1.2 + 0.0% a-glucan and 54.8 + 0.6% f-glucan. For
subsequent cap vs. stalk analyses, the yeast control contained
48.1% total glucan (% CV = 4.4), 0.54% a-glucan (% CV = 4.1)
and 47.5% p-glucan. These levels were considered to be in the
acceptable range for the assay as the control sample was reported
to contain 49% f-glucan by the kit manufacturer (Megazyme).

In vitro bile acid binding

Bile acid binding of samples was determined by a modification
of the method of Kim and White.”® Dried samples (500 mg)
underwent simulated digestion in triplicate using a method
described previously.”® In brief, during the gastric phase, a
0.02 M HCI solution (pH 2) was added and a sodium acetate
buffer (pH 6) was then added in the intestinal phase, prior to
the addition of 2.5 mg of a 50/50 mixture of cholic acid and
deoxycholic acid (B8756, Sigma-Aldrich, Castle Hill, NSW,
Australia). All digestion stages were conducted at 37 °C. At
completion of the ileal phase in the small intestine, the
samples were centrifuged (2000g). The amount of bile acids
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remaining in the supernatant was determined by high-per-
formance liquid chromatography (Agilent Technologies 1260
Series, Santa Clara, CA, USA). Cholestyramine and a-cellulose
were included in the assay as positive and negative controls,
respectively. Data ware reported as the % of bile acids bound
per 500 mg of food (dry weight).

Statistical analysis

Statistical analyses were performed using GraphPad Prism 8.
Differences between the raw mushroom varieties and oats were
analysed using one-way Analysis of Variance (ANOVA) and
Tukey’s post-hoc tests. For oats and each mushroom type, the
effect of cooking was determined by comparing cooking
methods using one-way ANOVA. A two-way ANOVA was used to
compare the effect of mushroom type and cooking on bile acid
binding. A two-tailed unpaired Student’s t-test was conducted
to compare the p-glucan content and bile acid binding capacity
between raw and cooked oats.

Cap vs. stalk statistical analyses were performed using IBM
SPSS Statistics, version 29. Differences between cap and stalk frac-
tions were analysed using an independent samples Student’s
t-test. ANOVA was used to compare the effects of mushroom
variety (cup vs. button) on cap vs. stalk differences by including
an interaction term in the model, mushroom variety x mushroom
fraction. Post-hoc analyses were performed when significant
mushroom variety X mushroom fraction interactions were
observed using Tukey’s post-hoc test with Bonferroni adjustments.

Values are expressed as mean + SEM. A P value < 0.05 was
considered as the level of statistical significance in all analyses.
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Results and discussion
Beta-glucan content of mushrooms and oats

Across all mushroom varieties evaluated, a majority of the
total glucan was from f-glucan, with a-glucan only making up
a small proportion (ESI Table 1}). In fresh raw mushrooms,
the p-glucan content was the highest in shimeji mushrooms
(3.7 g per 100 g) and oyster mushrooms (3.2 g per 100 g), fol-
lowed by button (0.7 g per 100 g), brown (0.7 g per 100 g), and
cup mushrooms (0.5 g per 100 g), with flat mushrooms con-
taining the lowest amounts (0.3 g per 100 g) (Table 1).

Raw freeze-dried Pleurotus spp. mushrooms had ~5 times
more fB-glucan than A. bisporus per 100 g dry weight. The
f-glucan content was the highest in oyster (37.4 + 1.3 g per
100 g dry weight) and shimeji mushrooms (32.5 + 0.6 g per
100 g dry weight), followed by button (8.1 + 0.0 g per 100 g dry
weight), brown (7.6 + 0.7 g per 100 g dry weight), and cup
mushrooms (6.4 + 0.4 g per 100 g dry weight), with flat mush-
rooms containing the lowest amounts (4.5 + 0.1 g per 100 g dry
weight). Freeze dried raw oats contained 7.6 + 0.1 g per 100 g
dry weight, similar to A. bisporus on a weight-for-weight basis
for freeze dried samples (ESI Table 17).

The stalk of cup mushrooms contained significantly higher
levels of p-glucan compared to the cap. However, button mush-
room stalk and cap f-glucan levels did not differ significantly
(Table 2). The higher p-glucan levels in the stalk vs. the cap in
cup mushrooms agree with the findings from Sari et al.>* who
showed higher levels of f-glucan in the stalk vs. the cap of
A. bisporus white, A. bisporus brown and several other mush-
room varieties. Sari et al.** unfortunately did not differentiate

Table 1 Moisture and p-glucan content in fresh raw and cooked mushrooms and oats and serving sizes to provide 1 g of f-glucan

Serving size of food to
provide 1 g of p-glucan

Moisture, B-Glucan content, Number of cups® Freeze dried powder amount
Samples Cooking methods g per 100 g g per 100 g g (250 ml per cup) (g) to provide 1 g of p-glucan
Oats Raw 8.9 6.9 14 0.2 13.2
Cooked 80.2 1.0 100 0.4 20.4
Pleurotus, shimeji Raw 88.4 3.7 30 0.4 3.1
Boiling 91.8 2.6 40 0.2 3.2
Frying 66.3 5.1 20 0.1 3.3
Pleurotus, oyster Raw 91.4 3.2 30 0.4 2.7
Boiling 92.2 3.7 30 0.2 2.1
Frying 79.6 5.5 20 0.1 2.5
A. bisporus, button Raw 91.5 0.7 150 1.8 12.4
Boiling 92.2 1.0 100 0.6 7.5
Frying 65.0 1.2 80 0.5 13.0
A. bisporus, cup Raw 92.0 0.5 200 2.4 15.7
Boiling 91.8 0.7 150 0.9 12.4
Frying 72.7 0.8 120 0.7 14.4
A. bisporus, flat Raw 92.6 0.3 300 3.5 22.1
Boiling 93.0 0.5 200 1.2 13.9
Frying 69.4 0.6 170 1.0 21.9
A. bisporus, brown Raw 91.3 0.7 150 1.8 13.2
Boiling 90.4 1.1 90 0.5 8.8
Frying 64.3 1.2 90 0.5 13.8

% Cup size for raw mushroom is approximately 85 g for raw and 167 g for cooked mushroom.?” Cup size for raw oats is approximately 82.5 g and

250 g for porridge oats.>”
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between types of white mushroom. The differences in results
between cap vs. stalk seen between cup and button mush-
rooms were significant (P < 0.01) and driven by both higher
levels of B-glucan in the stalk and lower levels of B-glucan in
the cap of cup mushrooms compared to button mushrooms
(Table 2).

The main difference between button and cup mushrooms
is related to when they are harvested and the resulting shape
and openness of their caps/veils. As button mushrooms are
harvested first, their caps are tightly closed and they are often
smaller than cup mushrooms that are harvested second with a
longer development time, resulting in a more open cap shape
and often a larger size.”® Based on these differences, it is
hypothesised that p-glucan levels in the stalk may increase as
the stalk matures, but as the cap matures and becomes more
open, the p-glucan levels may either decrease or the concen-
tration of B-glucan may be lower relative to the increased size
of the cap. Nevertheless, repurposing the stalk of commercially
cultivated mushrooms, that is currently a production waste
product, as a source of f-glucan may offer value for use in
human food applications.>?

Boiling and frying had no effect on the p-glucan content of
shimeji or cup mushrooms (Fig. 1). Boiling increased the
B-glucan content of oyster by 7%, button by 5.2%, flat by 2.7%
and brown mushrooms by 3.8% compared to raw mushrooms,
whereas frying had no effect (Fig. 1). In contrast, oat porridge
contained 2.7% less p-glucan than raw oats (ESI Table 17).

The p-glucan levels presented in the current study are at the
lower end of the range of f-glucan concentrations reported for
A. bisporus (8-12 g of p-glucan per 100 g dry weight).'® Another
study showed higher levels of p-glucan for A. bisporus (white
buttons) (12.9 g of p-glucan per 100 g dry weight) and that
B-glucan levels increased by 4.1% after boiling and decreased
by 2.3% when fried.*" For Pleurotus ostreatus (oyster mush-
room), the authors reported a p-glucan content of 40.9 g per
100 g (dry matter) in raw mushrooms and that p-glucan levels
increased by 2.4% when boiled and decreased by 20.4% when
fried.*" It has been suggested that the small increase in
B-glucan following boiling could be due to the leaching of
soluble substances during boiling, which could result in a con-
centration effect of the fraction of insoluble carbohydrates®
and could be due to matrix effects caused by structural differ-
ences between the mushroom varieties and oats.
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Paper

Oraw Gboil Wity

IS «
S S
o

Beta-glucan content (g/100g dry weight)
w
&

Shimeji Oyster Button

Fig. 1 Effect of cooking on the B-glucan content (g per 100 g dry
weight) of mushrooms. Different letters between groups denote a sig-
nificant difference between cooking methods for each mushroom type
(P < 0.05) by one-way ANOVA and Tukey's post-hoc test. Values are
mean + SEM, n = 2.

As raw mushrooms contain a high quantity of moisture
(88-93% in the varieties tested), it is important to consider the
amount of p-glucan in the context in which it will be con-
sumed, namely per fresh/wet weight and serving size (Table 1).
Subsequently, to obtain 1 g of p-glucan (the amount needed in
a serving of oats and barley products to allow a cholesterol-low-
ering health claim in Australia'’ and the EU'°) from raw mush-
rooms, the smallest serving size was approximately 30 g (0.4 of
a cup) for shimeji and oyster mushrooms, 150 g (1.8 cups,
~6.5 raw mushrooms) for button and brown mushrooms,
200 g (2.4 cups, 5.2 raw mushrooms) for cup mushrooms and
300 g (3.5 cups, 4.2 raw mushrooms) for flat mushrooms
(Table 1). In comparison, the serving size of freeze-dried
mushrooms to provide 1 g of p-glucan was only 12-22 g for the
A. bisporus varieties and 3 g for the Pleurotus spp. varieties
(Table 1). 1 g of B-glucan can be obtained from 6.9 g of raw
oats.

When mushrooms were boiled or fried, the serving size of
cooked mushrooms was generally smaller than that of raw
mushrooms (Table 1). For shimeji and oyster mushrooms,
20-40 g (0.1-0.2 of a cup) of cooked mushrooms provided 1 g
of p-glucan. For common mushrooms, the lowest serving sizes
of cooked mushrooms that provided 1 g of p-glucan were for

Table 2 B-Glucan content of cap compared to stalk fractions from A. bisporus button and cup mushrooms (g per 100 g)

Fresh mushrooms (g per 100 g)

Freeze-dried mushrooms (g per 100 g)

Cap Stalk P-value (cap vs. stalk) Cap Stalk P-value (cap vs. stalk)
Cup 0.60 + 0.022 0.83 + 0.03 0.002 8.35 + 0.23° 10.9 + 0.36° 0.004%
Button 0.73 + 0.02° 0.79 + 0.02 0.08 9.42 +0.22° 9.68 + 0.30° 0.52°

Values are mean + SEM, n = 3. Differences between cap and stalk fractions were analysed using an independent samples Student’s ¢-test. The
interaction between mushroom variety x mushroom fraction was significant (fresh mushrooms, P = 0.007; freeze-dried mushrooms, P = 0.004) as
determined by two-way ANOVA. Different letters (a and b) indicate a difference between cup vs. button mushrooms for the respective mushroom
fraction (fresh mushrooms caps, P = 0.004; freeze-dried mushroom caps, P < 0.001; freeze-dried mushroom stalk, P = 0.02) as determined by
Tukey’s post-hoc test with Bonferroni adjustments. P-values < 0.05 denote statistically significant differences.

This journal is © The Royal Society of Chemistry 2024
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button and brown mushrooms (80-100 g or 0.5-0.6 cup). The
largest serving sizes to achieve 1 g of p-glucan were for cup and
flat mushroom varieties and ranged from 120 to 200 g (0.7-1.2
cups) of cooked mushrooms, while 100 g of cooked oats pro-
vided 1 g of p-glucan.

Bile acid binding capacity of mushrooms and oats

The bile acid binding capacity of dried raw A. bisporus mush-
room varieties ranged from 29% to 36%, which was similar to
that of raw oats which bound 36% of the bile acids (Fig. 2).
Both cooking methods increased the bile acid binding capacity
of the A. bisporus varieties evaluated in this report (Table 3).

Compared to raw mushrooms, boiling increased the bile
acid binding capacity by 23% for flat, 19% for brown, 17% for
button and 11% for cup, and frying increased the bile acid
binding capacity by 16% for flat, 9% for brown, 11% for
button and 8% for cup (Table 3). As the bile acid binding assay
was conducted using 500 mg of dried mushrooms, the quan-
tity of p-glucan in each sample of A. bisporus tested ranged
from 23 to 66 mg, which is comparable to the amount of
p-glucan in raw oats (38 g) and cooked oats (25 g). Thus, we
can conclude that on a per gram basis, the bile acid binding
capacities of p-glucan of oats and A. bisporus are similar.

The bile acid binding capacity of dried raw Pleurotus spp.
ranged between 22 and 25% (Fig. 2 and Table 3). Although
shimeji mushrooms’ bile acid binding capacity did not differ
significantly from that of raw oats (25% shimeji and 36%
oats), the bile acid binding capacity was significantly lower for
oyster mushrooms (22%) compared to oats and brown mush-
rooms (both 36%). Both cooking methods increased the bile
acid binding capacity of shimeji and oyster mushrooms to
levels about 2-fold greater than that seen with oats (Table 3).
When boiled, the bile acid binding capacity of shimeji and
oyster mushrooms was increased by 31% and 27%, respect-
ively, and frying shimeji and oyster mushrooms increased the
bile acid binding capacity of these mushrooms by 17 and 18%,
respectively. However, it is important to consider the amount
of B-glucan present in the bile acid binding assay. For the

40
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Shimeji Oyster Button Cup Flat Brown Oats
Fig. 2 In vitro bile acid binding of raw mushrooms and oats (per

500 mg dry weight). Different letters between groups denote a signifi-
cant difference (P < 0.05) by one way ANOVA and Tukey's post-hoc test.
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Table 3 In vitro bile acid binding of raw and cooked freeze dried mush-
rooms and oats (per 500 mg dry weight)

Cooking Bile acid mg of p-glucan in
Samples methods binding (%) 500 mg of sample
Oats Raw 36.0 £1.9° 38
Cooked 25.3+1.7% 25
Pleurotus, shimeji Raw 24.8 +4.27 163
Boiling 56.5 + 1.7¢ 158
Frying 41.7 +2.6" 152
Pleurotus, oyster Raw 22.4 +1.0% 187
Boiling 49.2 +2.1° 235
Frying 39.8 +1.5° 199
A. bisporus, button ~ Raw 31.4 +3.7% 40
Boiling 48.4 +1.9° 66
Frying 42.3 +2.0° 38
A. bisporus, cup Raw 32.0+1.7% 32
Boiling 42.7 +0.7° 40
Frying 40.2 +0.3° 35
A. bisporus, flat Raw 29.3 +1.5% 23
Boiling 52.7 £ 1.0° 36
Frying 45.0 + 1.6° 23
A. bisporus, brown  Raw 35.9 +0.4% 38
Boiling 55.1 +2.7° 57
Frying 44.7 +0.8° 36

Values are mean + SEM, n = 3. For each mushroom type, different
letters denote a significant difference between cooking methods (P <
0.05) as determined by a two-way ANOVA and Tukey’s post-hoc test. For
oats, different letters denote a significant difference between cooking
methods (P < 0.0001) as determined by a two-tailed Student’s ¢-test.

Pleurotus spp. varieties tested in the current study, the
f-glucan amount was 3-fold higher than the amount of
B-glucan in oats (Table 3). Thus, it is estimated that approxi-
mately 3 times more p-glucan from shimeji or oyster mush-
rooms is needed to be consumed, to have the equivalent bile
acid binding capacity when compared to oats (Table 3). For
instance, a serving size of 27 g or 0.3 cup of raw shimeji pro-
vides 1 g of p-glucan, but we estimated that a serving size of
approximately 90 g or 1 cup would be needed to have an equi-
valent bile acid binding capacity to that seen for 1 g of
B-glucan provided by oats. It is not clear why bile acid binding
changes following cooking or between different mushroom
varieties, but it is likely to be due to interactive effects between
other mushroom components such as chitin and deserves
further investigation.

In the current study, when oats were cooked, the bile acid
binding capacity was reduced from 36% to 25% (P < 0.05).
This level of bile acid binding was similar to that previously
reported by Kim and White* for different molecular weight
fractions of raw oats which ranged from 21% to 27%.”
Subsequently, this study suggests that the structural differ-
ences in p-glucan between cereals and fungi/yeast may change
the response to cooking, with the bile acid binding properties
of p (1 — 3) and B (1 — 4) glycosidic linkages present in cereals
negatively impacted by cooking, whereas cooking may enhance
bile acid binding properties when f (1 — 6) glucan is present
in fungi and yeast.

Despite higher f-glucan levels in cup mushroom stalk
compared to the cap, the bile-acid binding capacity of the two
fractions did not differ significantly (Table 4). In fact, the bile

This journal is © The Royal Society of Chemistry 2024
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Table 4 In vitro bile acid binding (%) of cap compared to stalk fractions from A. bisporus button and cup mushrooms (per 500 mg dry weight)
Cap Stalk P-value
A. bisporus, cup
Bile acid binding (%) 40.0 = 1.12 36.4 + 0.87 0.06
p-Glucan (mg per 500 mg sample) 41.8+1.15 54.4 +1.81 0.004
A. bisporus, button
Bile acid binding (%) 38.8 +1.40 35.0 £ 0.41 0.06
B-Glucan (mg per 500 mg sample) 47.1 +1.09 48.4 +1.49 0.52

Values are mean + SEM, n = 3. Differences between cap and stalk fractions were analysed using an independent samples Student’s t-test. No
interaction between mushroom variety x mushroom fraction was observed (P = 0.90). P-values < 0.05 denote statistically significant differences.

acid binding capacity tended (although not significantly) to
be lower in the stalk compared to the cap fraction. The bile
acid binding capacity also did not differ in button cap com-
pared to stalk fractions (Table 4). These results appear to be
slightly higher than those reported in Table 3. This may be
due to the variability between experiments performed at
different times that is typical in this type of biological assay, as
a result of different batches of enzymes and buffer solutions
being used.

The capacity of A. bisporus mushrooms to bind bile acids
similarly to oats demonstrates the potential to lower chole-
sterol. However, the clinical evidence is limited and of low
quality. Three studies showed that daily consumption of
~150-200 g per day fresh A. bisporus or P. ostreatus lowered TC
and/or LDL-cholesterol.'®"® Other studies provided study
participants with 3-30 g per day of dried P. ostreatus
powder,'*'>3%3! equating to a p-glucan dose of 1-10 g per day,
and also showed improvements in cholesterol levels. However,
these studies all have significant weaknesses in study design
that include lack of a control group or randomisation,"*™*®
short intervention periods (7 days®?), and/or poorly control,
e.g. olive oil was added to the mushroom intervention,'® limit-
ing the ability to identify the independent lipid lowering
potential of the mushrooms. Thus, high-quality clinical trials
are needed to confirm these preliminary findings, especially
for the more commonly consumed A. bisporus, for which only
one clinical trial on fresh (i.e., not powdered) mushrooms has
been conducted to date.'® The proposed level of mushroom
intake needed to provide 1 g of p-glucan is between 150 and
300 g of mushrooms for A. bisporus varieties. This is consistent
with a daily serving of ~150-200 g per day fresh A. bisporus or
P. ostreatus that was shown to have cholesterol lowering
effects.'®"® While this is higher than the amount of mush-
rooms commonly consumed by most populations, it could be
achievable, particularly for a health-motivated consumer. For
instance, Australian mushroom consumers are estimated to
consume 60 g of mushrooms each day,** whereas per capita
intakes in the Netherlands and China suggest event higher
rates of intake.”® Furthermore, the target population may be
willing to make certain dietary choices to improve or maintain
their cholesterol levels, especially when higher mushroom
intake aligns with Australian dietary recommendations and
priorities to increase vegetable consumption for health.**

This journal is © The Royal Society of Chemistry 2024

Conclusions

Conventional A. bisporus (button, cup, flat and brown) mush-
rooms had similar bile acid binding properties to oats, but the
levels of B-glucan were relatively low. On the other hand,
although Pleurotus spp. mushrooms had higher p-glucan levels
compared to A. bisporus, their bile acid binding capacity was
significantly lower.

The daily serving size of fresh or cooked conventional
A. bisporus mushrooms needed to provide 1 g of p-glucan may
be challenging to achieve, considering the levels currently con-
sumed by Australians (an average of 60 g per day for mush-
room consumers). The amount may be achieved through con-
suming a combination of mushroom forms, such as raw,
cooked, and freeze-dried forms.
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