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Abstract

Termitomyces albuminosus (Berk. Heim), or chicken mites, is a delicious edible fungus, but it is still difficult to artificially
cultivate. In order to realize the artificial cultivation of chicken mites, a strain of T. eurrhizus was isolated from fruiting body.
The optimum C, N sources, the concentration of KH,PO, , MgSQ,, temperature and pH for mycelial growth were studied. The
optimal culture medium for first-class spawn and second-class spawn of T. eurrhizus was screened. The results indicated that
the optimal C, N sources for the growth of mycelia of T. eurrhizus were corn flour and yeast extract. The optimal KH,PO,
concentration for mycelium growth of T. eurrhizus was 0.15% (between 0.1 ~ 0.2%). The optimal MgSO, concentration for
mycelium growth of T. eurrhizus was 0.050% (between 0.025 to 0.075%). The optimum temperature range for mycelium
growth of T. eurrhizus was 26°C (between 22 ~ 30°C). The optimum pH range for mycelium growth of T. eurrhizus was
between 4.5 to 8.0 and the optimum pH was 5.0. The formulation of optimal culture medium for first-class spawn of T.
eurrhizus was glucose 20 g/L, potato 200 g/L, agar 20 g/L, yeast extract 2 g/L, VB1 3 mg/L, VB 66 mg/L. The formulation of
optimum culture medium for second-class spawn of T. eurrhizus was 30% wood chips, 45% cotton seed shell, 22% bran,
1.5% sucrose, CaCO3 1%, 0.5% MgSO4, 70% termite nest leachate, water 70%. © 2020 Friends Science Publishers
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Introduction

Termitomyces albuminosus (Berk. Heim), or chicken mites,
belongs to Tricholomataceae, Agaricales, Hymenomycetes,
Basidiomycotina (Heim 1941; Zang 1981; Wilson 1995;
Kirk et al. 2001), also known as Chicken Mushroom,
Umbrella Mushroom, Chicken Mites, Three Mushrooms,
Triadella, Termite Mushroom, etc. (Fu and Li 2009; Cai et
al. 2010), is a delicious fungus for food or medicine (Xiao et
al. 2014; Xu et al. 2017b; Wei et al. 2019). Chicken mites
include the genus Termitomyces and the genus
Sinotermitomyces. Termitomyces was proposed in 1942 for
agaric symbiosis with termite (Baruah and Baruwati 2016).
Sinotermitomyces is a new genus published by Mr. Zang by
1981 (Zang 1981; Hu 2001). At present, the artificial
cultivation research of Chicken mites is still in the
experimental stage (Li and Huang 1995; Long and Zeng
2007; Hu et al. 2008). Because Chicken mites are symbiotic
with termites, their fruiting bodies can only grow on termite
nests (Li et al. 2017). In addition, there are many kinds of
microbes on the nests of termites, and fungi such as
Trichoderma, Penicillium, Xanthomonas and yeast
constitute a fungus “community” (Xu et al. 2017a).
Although chickens mites are the dominant fungus, the

complex nutritional relationship and ecological background
between chicken mites and termites have brought great
difficulties to the artificial domestication of chicken mites.
There are no reports of successful domestication and
artificial cultivation of chicken mites in other countries, but
there are more reports in China (Lai 1993; Li and Huang
1995; Yu et al. 1997; Zhao et al. 1998; Hu 2001; Yao et al.
2001; Fu et al. 2013; Li et al. 2017). But there have been no
reports of successful artificial cultivation and mass
production, indicating that there is still some difficulty in
artificial cultivation of chicken mites (Yao et al. 2001,
Zhang et al. 2010).

Chicken mites are chiefly distributed in South Africa,
South Asia and some other subtropical regions. In China
there are 24 species of Termitemyces, of which 20 species
are distributed in Yunnan province, 9 species in Sichuan
province, 8 species in Guizhou province, 4 species in
Guangdong province, left only 1~2 species in other
provinces (Hu et al. 2008; Wang et al. 2011; Zheng et al.
2011; Tan 2017). Chicken mites are not only fleshy fat, fine
silky white, crisp and refreshing, delicious and rich in
nutrients (Zou and Pan 2009; Baruah and Baruwati 2016),
but also have the effects of clearing the spirit (Fang et al.
2012; De et al. 2018) enhancing immunity (Wang et al.
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2011; Hong and Ying 2019; Wang et al. 2019), curing
phlegm (Qi et al. 2000; Shi et al. 2010), preventing
intestinal cancer (Qu et al. 2012; Zhang et al. 2017),
nourishing blood (Mitra et al. 2016), moistening (Zou et al.
2011), spleen (Li et al. 2018) and stomach (Zhao et al. 2016)
and other effects (Wei et al. 2007; Luo 2010; Splivallo et al.
2011; Li et al. 2016; Li 2018; Liu et al. 2019). Although
there are some reports on the domestication and cultivation
of chicken mites, its artificial cultivation and production is
still very difficult (Fang et al. 2012). There are many reports
on chicken mites, such as the relationship between chicken
mites and termites (Zang 1981), the isolation and
purification (Fu et al. 2013), the classification and
identification (Zang 1981; Zou et al. 2009; Yang et al. 2012;
De et al. 2018), domestication and cultivation (Yu et al.
1997; Zhao et al. 1998; Zeng et al. 2012; Yuan et al. 2018;
Xu et al. 2019), the deep submerged fermentation (Xue et al.
2013; Yan et al. 2013) and the enrichment of chicken mites,
etc. (Zeng et al. 2012; Tan 2017).

In this study, the wild fruiting body was collected from
Jiajiang County, Sichuan, China and a strain of T. eurrhizus
was isolated from it. The optimum C, N source;
concentrations of KH,PO,, MgSO,; temperature and pH for
mycelial growth were studied and the optimal culture
medium for first-class spawn and second-class spawn of T.
eurrhizus was screened.

Materials and Methods
Sample collection and morphological identification

The fruiting body of chicken mites was collected from
Jiajiang County, Sichuan Province, China on May 15, 2016.
Accordingto the morphological characteristics and molecular
biological characteristics, the samples were identification by
Edible Fungi Research Institute of Sichuan Province, China.

Culture medium

The formulation of basal PDA comprehensive medium as
showed in Table 1.

Culture mediums for first-class spawn of chicken
mites have four formula. The formulation of PDA medium
(@), modified PDA medium (b), PDA-rich medium (c) and
nest leachate medium (d) are listed in Table 2.

Culture mediums for second-class spawn of chicken
mites have three formula. The formulation of A, B and C
medium are listed in Table 3.

Separation and purification of T. eurrhizus

Impurities was removed from the base of the stipe. The
surface of the fruit body was washed with sterile water and
then surface disinfected with 75% ethanol solution. A
soybean-sized tissue block at the intersection of the stipe
and the cap was transferred to a PDA plate, and then placed
at a temperature below 25°C, until the white hyphae grew.

Table 1: The formulation of basal PDA comprehensive medium

Component Concentration
Potato 200 g/L
Glucose 20 g/L
KH,PO, lg/L

MgSO, 0.59/L

NaCl 0.2g/L
MnSo, 0.2g/L
Peptone 21g/L
Vitamin B6 0.15g/L

Note: The modified medium of T. eurrhizus was additionally increased by 0.075 g/L
Vitamin B1 in the basal medium

Table 2: Culture mediums for first-class spawn of chicken mites

Formula Components
names

@) Glucose 20 g/L, Potato 200 g/L, Agar 20 g/L, and pH natural

(b) Glucose 20 g/L, Potato 200 g/L, Agar 20 g/L, K;HPO, 1 g/L,
KH2PO, 0.5 g/L, MgSO4+7H,0 0.1 g/L, tartaric acid ammonium
0.5 g/L, and trace element 1 mL to PDA medium

() Glucose 20 g/L, Potato 200 g/L, Agar 20 g/L,2 g/L yeast extract,
30 mg/L vitamin Bland 60 mg/L vitamin B6

d) Glucose 20 g/L, Potato 200 g/L, Agar 20 g/L,160 mL termite nest
leachate

Table 3: Culture mediums for second-class spawn of chicken mites

Formula Components
names

@) wood chips 30%, cotton seed shell 45%, bran 22%, sucrose 1.5%,
CaCO; 1%, MgSO;4 0.5%, water 140%

(b) wood chips 30%, cottonseed shell 45%, bran 22%, sucrose 1.5%,
CaCO; 1%, MgSO, 0.5%, 70% termite nest leachate, 70% water

() wood chips 78%, bran 20%, Sucrose 1.0%, gypsum 1.0%, ant
termite nest leachate 70%, water 70%

A few mycelium were picked and purified on the PDA slant
medium until the hyphae were covered with a bevel.
Afterwards, transferred to a 4°C refrigerator for storage.

Screening of optimum carbon and nitrogen sources for
mycelial growth

The optimum carbon sources for growth of mycelial of T.
eurrhizus was screened by the method that hyphae were
inoculated into the basal medium with maltose, corn flour,
ethanol, soluble starch, glucose, lactose and sucrose as
carbon sources. The optimum nitrogen sources for growth
of mycelial of T. eurrhizus was screened by the method that
hyphae were inoculated into the basal medium with yeast
extract, acid hydrolyzed casein, ammonium nitrate, bovine
powder, soy flour, peptone, urea and as nitrogen sources.
Three repetitions were set for each treatment, and all
treatments were cultured under natural conditions of natural
pH and about 25°C. The growth length of the hyphae was
determined regularly every day.

Screening of optimum concentration of KH,PO, and
MgSQO, for mycelial growth

The optimum concentration of KH,PO, for growth of
mycelial of T. eurrhizus was screened by the method that
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hyphae was inoculated into basal medium with 0.05, 0.10,
0.15, 0.20, 0.25 and 0.30% KH,PO,, respectively. The
optimum concentration of MgSO, for growth of mycelial of
T. eurrhizus was screened by the method that hyphae was
inoculated into basal medium with 0.025, 0.050, 0.075,
0.100, 0.125, and 0.150 MgSO,, respectively. Three
repetitions were set for each treatment, and all treatments
were cultured under natural conditions of natural pH and
about 25°C. The growth length of the hyphae was
determined regularly every day.

Optimum temperature and pH for mycelial growth

The optimum temperature for growth of mycelial of T.
eurrhizus was screened by the method that hyphae was
inoculated into basal medium and respectively cultivated at
22,23, 24, 25, 26, 27, 28°C. The optimum pH for growth of
mycelial of T. eurrhizus was screened by the method that
hyphae was inoculated into basal medium with a pH of 4.5,
5.0, 5.5, 6.0, 6.5, 7.0, 7.5, and cultivated at 25°C. Three
repetitions were set for each treatment, and all treatments
were cultured under natural conditions of natural pH and
about 25°C. The growth length of the hyphae was
determined regularly every day. The growth rate of the
hyphae (mmed™) was ratio of net growth of mycelium to
growing days.

Screening of culture medium for first-class spawn of
chicken mites

After the expansion, the strong hyphae were inoculated into
four kinds of culture medium for first-class spawn of
chicken mites, and cultured at 25°C. Observed from the
second day after inoculation to record the density of the
hyphae, the color of the hyphae and the growth of mycelium,
calculate the mycelial growth rate.

Screening of culture medium for second-class spawn of
chicken mites

The strong hyphae were inoculated into three kinds of
culture medium for second-class spawn of chicken mites,
and cultured at 25°C. Observed from the second day after
inoculation to record growth potential of the hyphae,
infection fate, growth rate of hyphae, average full bottle
days and the days from full bottle to mushroom.

Results

Identification of chicken mites

The cap was light white, and cap near the stipe was white,
gray or yellowish. The stipe was nearly cylindrical. The cap
was 6.5-8 cm and had obvious cusps. According to the
morphological characteristics and the molecular biological
characteristics, the sample was identified as T. eurrhizus.

Table 4: Effect of different carbon source on the mycelium
growth rate

Carbon Source Mycelium growth rate(mm.d™)

1 2 3 average
Glucose 1.04 1.15 0.99 1.06 bB
Sucrose 1.09 1.16 1.14 1.13 bB
Maltose 0.95 0.99 1.15 1.03 bBC
Lactose 0.48 0.61 05 0.53 dE
Ethanol 0.79 0.82 0.81 0.81 cD
Corn flour 1.43 1.42 1.39 141 aA
Soluble starch 0.92 0.89 0.88 0.90 cCD

Note: Different lowercase letters in the same column means a difference in the 5%
significance level. Different uppercase letters in the same column means a difference
in the 1% significant level

Screening of carbon source for mycelial growth

As shown in Table 4, the mycelium of T. eurrhizus can
grow with a variety of carbon sources and different carbon
sources had different effects on mycelial growth (Table 4).
Corn flour was the most suitable carbon source for mycelial
growth of T. eurrhizus. When corn flour was used as the
carbon source, the mycelial growth rate reached the
maximum, which was 1.41 mmed™. Other carbon sources
were sorted by glucose, sucrose and maltose according to
the influence of mycelial growth rate.

Screening of nitrogen source for mycelial growth

As shown in Table 5, the mycelium of T. eurrhizus can
grow with a variety of niytohrn sources and different
nitrogen sources had different effects on mycelial growth
(Table 5). Yeast extract was the most suitable nitrogen
source for mycelial growth of T. eurrhizus. When yeast
extract was used as the nitrogen source, the mycelial growth
rate reached the maximum, which was 1.49 mmed™. Acid
hydrolysis casein and ammonium nitrate had a great
influence on mycelial growth of T. eurrhizus. The mycelial
growth rate was 1.22 mmed™ with acid hydrolysis casein
and ammonium nitrate as nitrogen source, but significantly
lower than mycelial growth rate with yeast as nitrogen
source (Table 5).

Optimum concentration of KH,PO, and MgSO, for
mycelial growth

As shown in Fig. 1, the concentration of KH,PO, had a
great influence on the growth of mycelium of T. eurrhizus
(Fig. 1). The optimum KH,PO, concentration rang for
mycelial growth of T. eurrhizus were from 0.1 to 0.2%, and
the mycelial growth rate, 1.10 mmed™ was the fastest at 0.15%
KH,PQO,. The growth rate was was very slow below 0.1%
KH,PO, or above 0.2% KH,PO,. When the concentration of
KH,PO, was less than 0.15%, the growth rate of mycelium
of T. eurrhizus was increased with the increase of KH,PO,
concentration. When the concentration of KH,PO, was
above 0.15%, the growth rate of mycelium of T. eurrhizus
was decreased with the increase of concentration of KH,PO,

(Fig. 1).
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Table 5: Effect of different nitrogen source on the mycelium
growth

Nitrogen Source

Mycelium growth rate (mm.d™)
3

1 2 average value
Urea 0.82 0.78 084 081 dD
Ammonium nitrate 1.22 1.25 12 1.22 bB
Acid hydrolyzed casein  1.23 1.22 121 1.22 bB
Soy flour 0.82 0.78 081 0.80 dD
Beef extract 1.05 1.04 0.98 1.02 cC
Yeast extract 1.45 152 151 1.49 aA
Peptone 1.02 1.03 1.06 1.04 cC

Note: Different lowercase letters in the same column means a difference in the 5%
significance level. Different uppercase letters in the same column means a difference
in the 1% significant level
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As shown in Fig. 2, the concentration of MgSO,4 had a
great influence on the growth of mycelium of T. eurrhizus
(Fig. 2). The optimum concentration of MgSO, for mycelial
growth of T. eurrhizus was 0.05% and the preferred
concentration range was from 0.025 to 0.075%. When the
concentration of MgSO, was less than 0.05%, the growth
rate of mycelium was increased with the increase of
concentration of MgSQ,. When the concentration of MgSO,
was higher than 0.05%, the growth rate of mycelium was
decreased withthe increase of concentrationof MgS0O, (Fig. 2.).

Optimum culture temperature for mycelial growth

As shown in Fig. 3, temperature had a great influence on the
growth of mycelium of T. eurrhizus (Fig. 3). The optimum
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Fig. 3: Effect of different temperature(°C) on the mycelium
growth rate

temperature for mycelial growth of T. eurrhizus was 26°C
and the preferred temperature range was 26°C degrees to
28°C. When the temperature was lower than 26°C, the
mycelial growth rate was increased with the increase of
temperature. When the temperature was between 26°C and
28°C, the mycelial growth rate was to be stable. (Fig. 3).

Optimum pH for mycelial growth

As shown in Fig. 4, pH had a great influence on the growth
of mycelium of T. eurrhizus (Fig. 4). The optimum pH for
mycelial growth of T. eurrhizus was 5 and the preferred pH
range was 4.5 to 6. When the pH was lower than 5, the
mycelial growth rate was increased with the increase of pH.
When the pH was higher than 5, the mycelial growth rate
was decreased with the increase of pH. When the pH was
between 6.5 to 8, the mycelial growth rate was to be stable.

(Fig. 4).

Screening of culture medium for first-class spawn of
chicken mites

The growing hyphae of T. eurrhizus were inoculated into
four mediums for first-class spawn of chicken mites and the
mycelial growth was obvious after the third day. All hyphae
grew over the plate in about one week. According to the
recorded results, the degree of mycelial density in the four
mediums was shown as medium d=c>a>b. Mycorrhizal
growth of mycelial was shown as the most abundant
mycorrhizal in medium c and d, followed by a and the worst
in b. The color of hyphae was shown as the most white in
medium c, followed by d, poor in medium a, b. The growth
rate of mycelium was shown as medium d=c>a>b. From the
above analysis, it can be seen that the enriched medium c
supplemented with yeast extract and vitamin is more
conducive to the mycelial growth of chicken mites than the
common medium, indicating that the yeast extract and
vitamins are beneficial to the growth of the hyphae of the
chicken mites (Table 6).
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Table 6: Mycelial growth of the first-class spawn of chicken mites

Medium  Hyphae density rhizomorph Aerial hyphae Hyphae color Hyphae thickness Mycelial growth rate (cm.d™)
a + No No Light white fine 1.75dD
b ++ Forming Have White Slender 2.37bB
c ++ Forming Developed Thick white Crude 3.36cC
d +++ Forming Developed Thick white sturdy 3.86aA

Note: Different lowercase letters in the same column means a difference in the 5% significance level. Different uppercase letters in the same column means a difference in the 1%

significant level

Table 7: Mycelial growth of the second-class spawn of chicken mites

Medium  Germination rate(%) growth rate (cm.d™?)

growth potential

Infection rate (%) full bottle days (d) mushroom days (d)
65

A 100 2.45bB +++
B 100 2.68aA +++
C 100 1.73cC ++

25
8 59 23
6 90 26

Note: Different lowercase letters in the same column means a difference in the 5% significance level. Different uppercase letters in the same column means a difference in the 1%

significant level
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Fig. 4: Effect of different pH on the mycelium growth rate

Screening of culture medium for second-class spawn of
chicken mites

The growing mycelium of T. eurrhizus was inoculated into
the three culture media for second-class spawn of chicken
mites, and the flask was cultured in a constant temperature
culture at 25°C and the germinations mion began on the
second day. On the fifth day, the growth of hyphae was
observed remarkably, and the hyphae were full of bottles in
about fifth days. The results showed that the hyphae could
grow in all three mediums, but the growth rate, hyphal color
and growth potential in the medium A and B with cotton
seed shells were all good, but the growth rate in medium B
was higher than that in the medium A. Infection fate was
shown as the medium B>C>A. It indicated that the formula
with the nutrient solution was more infected. The hyphae in
the medium C which uses bran instead of the cotton husks
grew but did not grow well and was highly susceptible to
infect (Table 7).

Discussion

The growth rate of the mycelium of T. eurrhizus was
affected by the nutrient components such as carbon source
and nitrogen source, culture conditions such as culture
temperature and pH (Xiong et al. 2011; Xiong and Li 2013).
In the medium containing the wasp's nest, the growth rate of
hyphae of T. tuliginous was the fastest and the growth was
better, and yeast extract, vitamins and other substances had

a significant promoting effect on the growth of T. tuliginous
(Fu et al. 2013). Adding yeast extract 2 g/L, VB1 30 mg/L,
VB6 60 mg/L and termite nest leachate to the first-class
spawn medium had the effect of promoting growth of
mycelium of T. eurrhizus. Under liquid culture conditions,
the best formula for obtaining the highest mycelium
biomass of T. tuliginous was bran 14g/L, corn flour 11 g/L,
soy flour 2 g/L, KH,PO, 1.2 g/L, MgSO, 0.9 g /L (Xue et
al. 2013). The most suitable C/N for growth of the
mycelium of T. eurrhizus was (12-14):1 when glucose was
the carbon source and the amino acid was the nitrogen
source, and the mycelium biomass was the highest when the
required amount of VB1, VB2, VB3, VB5, VC and VM
was 3.5 mg/L and when the requirement of VB6 and VVB12
was 2.0-2.5 mg/L (Hu et al. 2008).

The results of this experiment showed that the best
carbon source for the growth of mycelium of T. eurrhizus
was corn flour. This result was consistent with Li’s findings
(Li et al. 2017), which was different from Yuan et al.
(2018). The results of this experiment indicated that the best
nitrogen source for the growth of mycelium of T. eurrhizus
was yeast extract, followed by acid hydrolysis casein and
ammonium nitrate, which was consistent with Yuan’s
finding (Yuan et al. 2018) and was different from Li et al.
(2017). Corn bran medium was more suitable for the growth
of mycelium of T. eurrhizus. The mycelium yield was
higher when the amount of corn flour and bran was 20 g/L
and 10 g/L, respectively. In addition, the mycelial yield was
affected by the experimental conditions on the basis of the
culture medium such as the pH, temperature and rotation
speed, and higher mycelial yield can be obtained under the
conditions at pH 4.5, temperature 27°C, rotation speed 90
r/min (Luo 2010).

The results of research and experiments indicated that
the chicken mites can indeed be artificially cultivated. The
artificially cultivated chicken mites had the same external
form and difference flavor with wild chicken mites. The
cultivated chicken mites was cultivated for too long times,
the whole cultivation process taken more than half a year,
only one oyster mushrooming period and low yield, and
there was no commercial value. Perhaps it was for this

139



Gong and Guan / Intl J Agric Biol, Vol 23, No 1, 2020

reason that chicken mites were not artificially cultivated on
a large scale. The author believes that if these two problems
can be solved, the time for large-scale artificial cultivation
of chicken mites will not be far behind.

Conclusion

The growth rate of the mycelium of T. eurrhizus was
affected by the nutrient components such as carbon source,
nitrogen source, KH,PO, concentration and MgSO,
concentration, culture conditions such as culture
temperature and pH. The optimum carbon source, nitrogen
source, KH,PO, concentration and MgSO, concentration for
mycelial growth of T. eurrhizus were corn flour, yeast
extract, 0.15 and 0.05%, respectively. The optimum
temperature and pH for mycelial growth are 26°C and pH 5,
respectively. The formulation of optimal culture medium for
first-class spawn of chicken mites was potato 200 g/L,
glucose 20 g/L, agar 20 g/L, yeast extract 2 g/L, VB1 3
mg/L, VB6 6 mg/L. Among them, yeast extract 2 g/L, VB1
3 mg/L, and VB6 6 mg/L had a very significant promoting
effect on the growth of mycelia mycelium of chicken mites,
and organic matter, trace elements and other substances
have little effect on the growth of mycelium. Termites nest
leachate promoted the growth rate of hyphae, but its effect
was not significant. The formulation of optimum culture
medium for second-class spawn of chicken mites was 30%
wood chips, 45% cotton seed shell, 22% bran, 1.5% sucrose,
1% CaCOs, 0.5% MgSO,, 70% termite nest leachate, and
water 70%.
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