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Abstract
Total, soluble, insoluble oxalate and mineral content of 20 edible mushrooms were measured using spectroscopic
and enzymatic methods. Total oxalate content ranged from 45 (Hericium erinaceus) to 104 (Morchella conica),
mg/100 g dry matter (DM), while the soluble oxalate levels ranged from 34 (Lactaius delicious) to 65 (Phellinus
florida) mg/100g DM but not detected in Hericium erinaceus, Sparassis crispa, Geastrum arinarius, Boletus edulis,
Helvella crispa, and Ganoderma lucidum respectively and very low in Lactaius delicious (34), Russula brevepis (35),
and Cantharellus clavatus (37) mg/100g DM. The Ca, P, K and Mg content showed range of 1.35-12.56 mg/g for Ca,
1.22-3.82 mg/g for P, 15.4-25.4 mg/g for K and 1.19-4.71 mg/g for Mg. Overall, the percentage of soluble oxalate
content of the selected mushrooms ranged from 34 to 65% of the total oxalate content which suggests that, the
selected edible mushrooms presents no risk to people liable to kidney stone formation while other foods like some
spices and vegetables can supply significant amounts of soluble oxalates and therefore should be used in
moderation as good vegetable, which might be important for human nutrition.
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Introduction
Mushrooms have long been valued as highly tasty and nutritional
foods throughout the world and appreciated for their flavor and
texture as vegetables. Mushrooms provide a wealth of protein, fiber,
vitamins, and minerals. On average, dried mushrooms contain ~22%
protein, which includes most of the essential amino acids, ~5% fat,
mostly in the form of linoleic acid (the essential fatty acid not
synthesized in the human body), ~63% carbohydrates including fiber,
and ~10% minerals as ash and are a good source of several vitamins
including thiamin, riboflavin, niacin, and biotin [1,2]. Mushrooms
probably contain every mineral present in their growth substrate
including substantial quantities of phosphorous and potassium, lesser
amounts of calcium and iron and appear to be an excellent source of
vitamins especially thiamine (B1), riboflavin (B2), niacin, biotin and
ascorbic acid (Vitamin C). Vitamins A and D are relatively
uncommon although several species contain detectable amounts of βcarotene and ergosterol which converts to active vitamin D when
exposed to ultraviolet irradiation [3]. The crude fat in mushrooms
contains all the main classes of lipid compounds including free fatty
acids, mono, di and triglycerides, sterols, sterol esters and
phospholipids. The calcium oxalate is a substance so generally found
in the fungi that it is quite unnecessary to enumerate the instances of
its occurrence and the walls of fungi like Agaricus compestris. This
calcium oxalate was so encrusted in this mushroom that the mycelia
appeared chalky coloured. The mycelia of A. campestrisas having a
more or less complete covering of needle-like crystals due to
deposition of these calcium oxalates [4,5]. Similar needle-like crystals
were observed on the outer walls of the hyphae of Agaricus bisporus.
However, there appear to be few reports on the oxalate content of the
edible parts of commonly consumed mushrooms. Fungi, such as
Aspergillus niger, Penicillium, Mucor, Boletus sulfurens, and
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Sclerotinia, can synthesize oxalic acid up to 4–5 g/100 g dry weight
(DW) in isolated cultivation, in foodstuffs and on the surface of
forages [6]. In a summary of the world literature, it is highlighted that
the lack of data available on the oxalate content of common foods,
including fungi and many high oxalate containing foods contained
both soluble and insoluble oxalates [7]. Oxalates exist in two different
forms in plant foods, water-soluble salts with sodium, potassium and
ammonium ions, and insoluble salts with calcium, magnesium and
iron ions, rendering these minerals unavailable to animals [4,5]. After
consumption by humans, insoluble oxalates are excreted in the feces.
Soluble oxalates are able to bind to calcium and other minerals under
acidic to near-neutral conditions in the intestine making these
minerals unavailable. It has been reported that after ingestion of food
only 2–12% oxalate out of the total oxalate eaten is absorbed, and the
remaining free oxalate combines with calcium to form calcium oxalate
in the intestinal lumen, making calcium unavailable for absorption [8].
There are two main effects of oxalate on human health: first, oxalate
can form insoluble salts in the digestive tract by binding to cations
such as calcium, iron and magnesium, decreasing the bioavailability of
these essential minerals [9]. Secondly, soluble oxalate, once absorbed
into the body has to be excreted in the urine. In this process oxalates
can bind to calcium and form insoluble calcium oxalate, which then
accumulates in the kidneys. It has been estimated that approximately
75% of all kidney stones are composed of this calcium oxalate [10].
The diet plays an important role in the incidence of stone formation;
avoiding the excessive consumption of high-oxalate containing foods
and consuming calcium containing dairy foodsare logical ways to limit
calcium oxalate stone formation in the kidney [11,12]. The oxalate
content of food can vary considerably between plants of the same
species, due to differences in climate, soil quality, state of ripeness, or
even which part of the plant is analyzed. Variations also may be caused
by the different methods used for measuring oxalate in food [13]. The
objective of this study was to use the methods to measure the total
oxalate content and soluble oxalate content of common edible
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mushrooms that are regularly used as food and are sometimes taken in
larger amounts, so that reliable advice can be given to people who have
to consider the possible adverse effects of consuming mushrooms
which may contain high levels of available oxalates.

Materials and Methods
Materials
Twenty species of mushroom fruiting bodies collected from natural
growth in different geographic locations of India, (Maharashtra,
Kerala, Himachal Pradesh, Nagaland and Madhya Pradesh) at
different time interval (June, July, August, September and October),
during the year, 2013. These species were taxonomically identified by
botanist and deposited in department herbarium (Voucher No
KU/BT/P/SN/Mushrooms).

Sample preparation
All procured and selected varieties of edible mushrooms were
cleaned to remove any residual compost, and soil. The mushrooms
were trimmed and peeled to remove any non-edible portions. The
mushrooms were subsequently air-dried in the oven at 45 °C for about
5 h. All of the dried mushrooms were ground to fine powder (ca. 1
mm size) and stored in airtight plastic bags in desiccators at room
temperature for further analysis. Ten grams of each dried mushroom
sample was mixed with 100 mL of boiled water for 5 min. Samples
were stirred for 15 min for effective extraction and centrifuged at
5000g for 15 min. Supernatants were referred to as mushroom water
extract (MWE), and stored at 4°C until the completion of the analysis.
The yield of extraction was expressed as percent on a dry weight basis
[14,15].

Moisture content
The moisture content of each sample of dried edible mushrooms
was determined by drying them over night in an oven (Bio-Era
Equipments, Mumbai, India) set at 125°C to a constant weight. The
sample with watch glass was cooled at room temperature in
desiccators before weighing, the weight loss in sample regarded as
moisture content. All determinations were performed in triplicate
[16].

Determination of total and soluble oxalate
The measurement of total and soluble oxalate was performed
according previously outlined methods; the oxalic acid peak was
identified by comparing the retention time with an oxalate standard
solution and by spiking the sample with a known quantity of oxalic
acid standard solution. The content of insoluble oxalate was calculated
by subtracting the amount of soluble oxalate from the total oxalate
content. All determinations were performed in triplicates [4,8].

Enzymatic oxalate assay
The extracted mushroom samples were analyzed in duplicate for
oxalate by an enzymatic method using an oxalate kit (Sigma-Aldrich.
Mumbai). This method is based on oxidation of oxalate by oxalate
oxidase, followed by detection of hydrogen peroxide (H2O2) produced
during the reaction. Lyophilized (control) urine samples having
predetermined oxalate concentrations of between 20 and 30 mg/L
were analyzed with each assay for quality control purposes [17].
J Nutr Disorders Ther, an open access journal
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Mineral analysis
The minerals, Calcium (Ca), Phosphorus (P), Potassium (K), and
Magnesium (Mg), were chosen for analysis because of their presumed
association with oxalate content in food. The fruiting bodies of
mushrooms were dry-ashed at 490°C, and then the ash was digested
with aqua-regia (mixture of one part of nitric acid and three parts of
hydrochloric acid). The mineral concentrations in the digests were
assayed using inductive coupled argon plasma emission techniques,
with a Thermo Jarrell-Ash ICP/IRIS with a charged injection device
[18,19]. The Ca concentrations of mushrooms were determined by
blending 5 g of the mushrooms fruiting body extract in 100 mL of HCl
(3 N). The supernatant was analyzed using atomic absorption
spectrophotometer (Perkin-Elmer-2380) in lanthanum chloride [20].

Results and Discussion
The result for yield of extraction was expressed in percent on a dry
weight basis, which was in average found to be 10.35% (g/100 gm of
dry mushroom). The mean residual moisture content of the twenty
edible mushrooms was 88.7%, which were typical for dietary foods
(Table 1) [17]. The total oxalate content of the edible mushrooms
measured in this study ranged from 45 to 104 mg (mg/100 gm) on dry
matter basis, while the soluble oxalate levels ranged from 34 to 65
mg/100 g DM and the soluble oxalate not detected in Hericium
erinaceus, Sparassis crispa, Geastrum arinarius, Boletus edulis,
Helvella crispa, and Ganoderma lucidum and very low levels were
found in Lactaius delicious (34), Russula brevepis (35), and
Cantharellus clavatus (37) mg/100g DM. The mushrooms Phellinus
floriada (65) and Morchella conica (60) contained the highest
proportion of soluble oxalate mg/100 g DM of the total oxalate content
followed by Morchella conica (104), Cantharellus cibarius (96),
Phellinus rimosus (94) and Auricularia polytricha (92) (mg/100g DM)
and all other mushrooms contained soluble oxalates which ranged
from 35 to 65 % of the total oxalates (45 to 89 %), presented in Table 2,
respectively.
Earlier studies showed that the mean dry matter content of the raw
mushrooms was 7.91%, while the dry matter content of the cooked
mushrooms was 9.96%, as compared to other common oxalate
containing foods the levels of oxalates in cultivated mushrooms are
relatively low [4,5]. The Ca, P, K, and Mg contents of 20 samples of
edible mushrooms are presented in (Table 3). The analysis of the four
minerals ranges of 1.35-12.56 mg/g for Ca, 1.22-3.82 mg/g for P,
15.4-25.4 mg/g for K, and 1.19-4.71 mg/g for Mg. Morchella conica
had the highest insoluble and total oxalate contents of any of the
cultivars tested, and it also had the highest Ca content, in contrast,
Hericium erinaceus and Boletus edulis had the lowest insoluble and
total oxalate contents and the lowest Ca content. The other cultivars
were intermediate for these values as well as for the other three
minerals analyzed (Table 2). These results indicated that, among
genetically different cultivars grown in the same general region under
the same environmental conditions, the variation in total oxalate was
substantial [21,22]. There was a correlation between total oxalate
content and Ca content in the studied mushrooms, suggesting that as
oxalate increases, Ca binding increases as result obtained in the case of
Morchella conica in which the calcium concentration is high (12.56
mg/g), which correlate with high oxalate content (104 mg/g). Some of
the other cultivars showed much lower total oxalate and Ca content,
such as Hericium erinaceus and Boletus edulis showed 45 and 48 mg/g
oxalate content and 1.35 mg/g Ca content, respectively (Table 3),
suggesting that these, or other lower Ca and oxalate containing
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cultivars, need to be studied for their suitability in making food
products. The critical factor in a food’s effect on urinary oxalate is not

the total oxalate but the amount of oxalate that is absorbed from that
food and ultimately excreted in the urine.

Mushroom Samples

Range(n)

Moisture (g/100gm)

% Yield

H. erinaceus

3

92 ± 1.2

12

S. crispa

3

90 ± 0.9

10

C. cibarius

3

93 ± 1.1

8

L. squarrulosus

3

86 ± 1.4

12

H. repandum

3

90 ± 0.6

9

P. sajorcaju

3

85 ± 0.6

13

G. arinarius

3

88 ± 1.3

14

L. sanguifluus

3

92 ± 1.3

15

A. polytricha

3

84 ± 1.1

10

R. brevepis

3

89 ± 0.7

8

M. conica

3

85 ± 0.5

14

B. edulis

3

90 ± 0.8

6

L. deliciosus

3

87 ± 1.2

5

C. clavatus

3

86 ± 0.5

8

H. crispa

3

94 ± 1.1

6

A. bisporus

3

89 ± 1.3

9

P. djamor

3

92 ± 1.6

14

G. lucidum

3

84 ± 1.4

12

P. rimosus

3

90 ± 1.2

9

P. florida

3

88 ± 1.1

13

n: Number of samples analyzed

Table 1: Moisture content and percent yield of mushroom in water extracts
It has generally been assumed that Ca-oxalate is not significantly
absorbed in humans because it is virtually insoluble in aqueous
solutions, ~1 mg/100 mL [23]. In fact, diet therapy for Ca-oxalate
kidney stones recommends the inclusion of high-Ca food in every
meal to bind food oxalate in order to reduce its absorption [24].
However, previously it was reported that 10% of a load of Ca-oxalate
was absorbed by healthy humans and passive uptake of Ca-oxalate as
an intact molecule, at least in rats; less than 2% of the load was
absorbed via Ca-oxalate binding pathway [25,26]. Even if Ca-oxalate is
poorly absorbed, not all oxalate in mushroom is Ca bound and oxalate

not bound to Ca is assumed to be bound to potassium and/or sodium
and is referred to as soluble oxalate, as these salts have solubility in the
range of 2.5- 16.7 g/100 mL [27]. Absorption of oxalate from Naoxalate solutions has been reported to vary from 2 to 20% in healthy
humans without gastrointestinal disease [28]. Oxalate also forms
insoluble salts with magnesium, iron, and copper; these salts have
solubility’s only from 3 to 22 mg/100 mL [20]. Despite earlier
observations of calcium oxalate crystals occurring on hyphae and the
levels of oxalates found in the edible parts of cultivated mushrooms are
low compared to other common oxalate containing vegetables [3,4].

Mushroom Samples

Range(n)

Total oxalates

Soluble oxalates

Insoluble Oxalatesa

H. erinaceus

3

45 ± 3.2

ND

ND

S. crispa

3

52 ± 1.6

ND

ND

C. cibarius

3

96 ± 1.4

48 ± 2.6

48

J Nutr Disorders Ther, an open access journal
ISSN: 2161-0509

Volume 4 • Issue 1 • 1000138

Citation:

Nile SH and Park SW (2014) Bioavailability Analysis of Oxalate and Mineral Content in Selected Edible Mushrooms. J Nutr Disorders
Ther 4: 138. doi:10.4172/2161-0509.1000138

Page 4 of 6

L. squarrulosus

3

62 ± 1.3

45 ± 1.4

17

H. repandum

3

73 ± 1.8

52 ± 1.1

21

P. sajorcaju

3

73 ± 2.3

52 ± 2.2

21

G. arinarius

3

58 ± 2.6

ND

ND

L. sanguifluus

3

74 ± 1.1

42 ± 2.1

32

A. polytricha

3

92 ± 2.8

44 ± 3.1

48

R. brevepis

3

89 ± 3.7

35 ± 1.6

44

M. conica

3

104 ± 4.2

60 ± 2.7

40

B. edulis

3

48 ± 2.1

ND

ND

L. deliciosus

3

74 ± 1.4

34 ± 2.4

40

C. clavatus

3

76 ± 3.3

37 ± 1.4

39

H. crispa

3

68 ± 4.2

ND

ND

A. bisporus

3

69 ± 1.9

49 ± 2.4

20

P. djamor

3

84 ± 2.6

49 ± 3.1

35

G. lucidum

3

54 ± 1.6

ND

ND

P. rimosus

3

94 ± 2.6

51 ± 1.9

43

P. florida

3

89 ± 3.4

65 ± 3.1

24

n: Number of samples analyzed, a Insoluble oxalate = total oxalate-soluble oxalate , ND: Not Detected

Table 2: Total, soluble, and insoluble oxalate contents of twenty different edible mushrooms (mg/100 g DW ± SD)
Mushroom Samples

Range(n)

Ca

P

K

Mg

H. erinaceus

3

1.35 ± 0.21

3.62 ± 0.61

22.1 ± 1.2

1.92 ± 0.11

S. crispa

3

2.56 ± 0.15

2.64 ± 0.45

23.5 ± 2.3

1.81 ± 0.41

C. cibarius

3

5.36 ± 0.19

1.22 ± 0.02

21.3 ± 1.4

1.19 ± 0.15

L. squarrulosus

3

3.56 ± 0.11

2.71 ± 0.18

20.1 ± 1.3

4.71 ± 0.28

H. repandum

3

5.89 ± 0.32

2.98 ± 0.34

17.6 ± 2.1

1.90 ± 0.34

P. sajorcaju

3

4.65 ± 0.13

3.82 ± 0.51

22.5 ± 1.4

1.54 ± 0.44

G. arinarius

3

2.88 ± 0.23

2.51 ± 0.31

18.6 ± 3.1

1.39 ± 0.30

L. sanguifluus

3

6.56 ± 0.12

3.45 ± 0.47

24.2 ± 1.6

1.65 ± 0.15

A. polytricha

3

2.80 ± 0.26

1.84 ± 0.12

18.6 ± 2.3

2.57 ± 0.11

R. brevepis

3

1.64 ± 0.14

2.55 ± 0.70

21.5 ± 2.4

2.15 ± 0.23

M. conica

3

12.56 ± 0.41

3.57 ± 0.40

15.4 ± 1.6

1.23 ± 0.19

B. edulis

3

1.35 ± 0.11

3.25 ± 0.19

20.1 ± 1.9

2.06 ± 0.32

L. deliciosus

3

2.57 ± 0.30

3.61 ± 0.13

25.4 ± 2.1

1.23 ± 0.41

C. clavatus

3

1.36 ± 0.23

3.12 ± 1.91

15.8 ± 1.8

2.38 ± 0.11

H. crispa

3

3.51 ± 0.12

2.85 ± 0.23

20.1 ± 2.0

2.47 ± 0.32
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A. bisporus

3

3.75 ± 0.51

2.45 ± 0.11

19.5 ± 1.9

4.54 ± 0.21

P. djamor

3

2.56 ± 0.16

3.02 ± 0.45

22.3 ± 1.4

1.38 ± 0.18

G. lucidum

3

4.15 ± 0.12

1.95 ± 0.36

24.6 ± 2.5

1.70 ± 0.24

P. rimosus

3

7.52 ± 0.21

3.12 ± 0.72

18.6 ± 1.3

1.37 ± 0.31

P. florida

3

3.56 ± 0.14

3.11 ± 0.55

20.4 ± 1.1

3.28 ± 0.17

n: Number of samples analyzed

Table 3: Calcium (Ca), Phosphorus (P), Potassium (K), and Magnesium (Mg) contents of twenty different edible mushrooms (mg/g DW ± SEM)

Conclusions

7.

In conclusion, based on our results it was concluded that, the
availability of current data on total, soluble, insoluble oxalate and
mineral content edible mushrooms were insufficient and needs further
research before getting any conclusion about them. Edible
mushrooms, which are part of many cuisines in world, are found to
contain oxalates and minerals. However, the oxalate contents of edible
mushrooms in different locations may vary depending on the species,
cultivars, climates, processing, and extraction methods. Some
mushrooms, including Morchella conica, Cantharellus cibarius,
Phellinus rimosus and Auricularia polytricha were found to have most
of their oxalates in the soluble form and, therefore, should be avoided
by people with hyperoxaluria or a tendency to form kidney stones. The
virtual quantity of soluble oxalate in fresh mushrooms in a reasonable
diet portion could be considered, which can be calculated by
converting the DW contents to fresh ones. The values can be used to
refer to those recommended by the American Dietetic Association as
an example. Overall, the percentage of soluble oxalate content of the
selected mushrooms ranged from 34 to 65% of the total oxalate
content which suggests that, the selected edible mushrooms presents
no risk to people liable to kidney stone formation while other foods
like some spices and vegetables can supply significant amounts of
soluble oxalates and minerals; therefore should be used in moderation
as good vegetable, which might be important for human nutrition.
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