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ABSTRACT

Ophiocordyceps sinensis (syn. Cordyceps sinensis) is a well-known entomopathogenic
fungus with many significant bioactivities such as antioxidants, immunomodulatory and
antitumor, etc. In Vietnam, its mycelial biomass has been cultured artificially in a liquid
medium and has been studied application since 2013. Many previous researches
demonstrated that exopolysaccharides (EPS) was secreted by the fungus with many integral
bioactive activities. Thus, the aim of this study is to enhance the biosynthesis potential of
EPS of O. sinensis fungus by implementing sunflower oils and coconut oils at concentrations
from 1% to 5% (v/v), and olive oil at concentrations between 1% and 10% in culture
medium. The results showed that the mycelial biomass and EPS production of O. sinensis
fungus increased considerably compared to non-oil medium. The EPS vyields for olive oil
(5%), sunflower oil (3%) and coconut oil (4%) were 5.94 g/L, 2.56 g/L and 2.43 g/L,
respectively. Moreover, the ABTS (2,2'- azino - bis (3 — ethylbenzothiazoline — 6 - sulphonic
acid) radical scavenging activity of EPS extracted from the olive oil-containing medium of
5% rose significantly compared to the control EPS. As a result, the data has demonstrated
that the 5% olive oil-containing medium had the ability to boost EPS production of
O. sinensis fungus and improve in vitro antioxidant potential of EPS. Thus, it creates a
scientific basis to explore the EPS source effectively from O. sinensis fungus in the future.

Keywords: Ophiocordyceps sinensis, exopolysaccharide, antioxidants, mycelial biomass,
ABTS (2,2'- azino - bis (3 — ethylbenzothiazoline — 6 - sulphonic acid)).

1. INTRODUCTION

Ophiocordyceps sinensis is known as Dong Chong Xia Cao in the Traditional Chinese
Medicine (TCM). It parasitizes larvae of moths belonging to the Lepidoptera, especially
Hepialus and Thitarodes [1]. Previous studies have illustrated that the fungus has many vital
bioactivities such as boosting immune system, reducing cholesterol, antitumor, antioxidants
and decreasing blood sugar levels, etc. In recent years, O. sinensis is at risk of extinction
because of overexploitation as well as global climate change [2]. Thus, the feasible and
sustainable solution to maintain this medicinal mushroom is the fermentation technology of
the O. sinensis mycelium.
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Currently, the implementation of plant oils in the culture of medicinal mushrooms is
being considered by scientists. The plant oils stimulate the growth of fungi and EPS
production during the fermentation process [3]. Dong and Yao (2010) conducted to survey
and assess the antioxidants of EPS extracted from Cordyceps sinensis by six in vitro tests,
including inhibited linoleic acid peroxidation, DPPH, superoxide anion, OH" radical
scavenging potential, reducing capacity and complex formation with iron. The results indicated
that EPS was highly effective in inhibiting linoleic acid peroxidation, scavenging more than
80% of DPPH radicals and reducing the ability of complex formation with iron [2].

In addition, the plant oil is known as an anti-foaming agent during fermentation. Hence, it
stimulates the growth of fungi and secondary metabolism for several medicinal fungi [3, 4].
Yang et al (2000) carried out to culture the Ganoderma lucidum on a medium within fatty
acids and plant oils. The data showed that oleic acid and palmitic acid stimulated considerably
EPS and mycelial biomass production. Furthermore, at 0.15 g/100 mL of olive oil, the yield of
biomass production increased from 0.2 g/mL to 0.46 g/mL. Otherwise, linoleic acid inhibited
the growth of the fungus and EPS production at 0.1 g/100 mL [5]. However, the information
on stimulating the growth of the O. sinensis and EPS biosynthesis by plant oils is still
extremely limited. Therefore, in this study, a survey of the effects of olive oil, sunflower oil,
and coconut oil on mycelial biomass production and EPS biosynthesis of O. sinensis
mushroom as well as the antioxidant capacity of the EPS was conducted.

2. MATERIALS AND METHODS

2.1. Material

Ophicordyceps sinenis strain was supplied by Dr. Truong Binh Nguyen (Dalat
University, Da Lat, Lam Dong, Vietnam). It was maintained on PDA medium at 4 °C.

2.2. Methods

2.2.1. Surveying the effects of plant oils on mycelial biomass and EPS production of
Ophiocordyceps sinensis

Preparing 10 L of the liquid medium containing: 2 kg potato, 500 g saccharose, 60 g
peptone, 40 g yeast extract, 5 g KH,PO,4, 5 g K;HPO,, 5 g CaCly, 2 g MgSO,, 1% (viv)
Tween 80 and plant oils (1 — 5% coconut oils; 1 — 5% sunflower oils and 1 - 10% olive oils).
Then, it was autoclaved at 121 °C for 30 minutes. The medium was added two Erlenmeyer
flask containing 400 mL of the inoculum into the medium and poured out each plastic
container (500mL capacity) with 200 mL and incubated at 22 °C for 30 days.

C is the symbol of the control without Tween 80 and plant oils

Tw is the symbol of the medium within 1% Tween 80

C1 - C5 are the symbols of the coconut oil-containing media of 1 - 5%

S1 - S5 are the symbols of the sunflower oil-containing media of 1 - 5%

01 — 010 are the symbols of the olive oil-containing media of 1 - 10%

2.2.2. Harvesting the mycelial biomass

The biomass was washed with n-hexane 20% to remove oils and dried at 55 °C to
constant mass. The dry weight of the biomass (g/L) was evaluated [6].

2.2.3. Extraction of exopolysaccharide

The culture broth was isolated and treated with n-hexane to remove oils. It was then
concentrated by a rotary vacuum evaporator. The EPS was isolated by precipitating with
ethanol 96° in the ratio 1:4 (v/v) at 4 °C for 24 hours and centrifuging (6000 rpm, 20 min).
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Finally, the sample was lyophilized and stored at 4 °C. The polysaccharide content of EPS
was determined by the phenol-sulfuric acid method [7].

2.2.4. ABTS radical scavenging assay

The ABTS (2,2- azino - bis (3 — ethylbenzothiazoline — 6 - sulphonic acid) radical
scavenging assay was carried out according to Roberto et al (1999) with several minor
modifications [8]. The reaction consisted of three stages. Stage 1, formation of ABTS™
radicals: mixed ABTS 7 mM and K,S,0g 2.45 mM with a ratio 1:1 (v/v), then incubated in
the dark for 12 — 16 hours at room temperature. Stage 2, diluted ABTS " with PBS buffer pH
7.4 to an absorbance of OD7znm = 0.70 + 0.02. Stage 3, reaction mixture: added 3000 pL
ABTS™ into 100 pL sample, incubated in the dark for 30 min, the absorbance was measured
at OD 734 nm. Vitamin C was used as standard.

The ABTS" scavenging percentage of the samples was calculated by using the
following equation:

S0 — A=A %100

0
where Ay is the absorbance of the blank control and A; is the absorbance of the samples.
2.2.5. Data analysis

Data were evaluated for statistical significance with Student’s T-Test followed by
GraphPad Prism Statistic. The numbers were repeated at least 3 times and were expressed as
Mean * Standard deviation.

3. RESULTS AND DISCUSSION

3.1. Effects of plant oils on mycelial biomass production

The biomass yields of O. sinensis in various plant oil-containing media including
coconut oils (1 - 5%), sunflower oils (1 - 5%) and olive oils (1 - 10%) were represented in
the Figure 1.

O1% B82% 03% 84%
5% 6% 7% 8%

TWEEN

Mycelial biomass (g/1)

c
Coconut oil Sunflower oil Olive oil 0%Tw

Figure 1. The biomass yields of O. sinensis fungus in different plant oil-containing media

The data shows that Tween 80 did not affect the biomass production of the fungus. The yield
of biomass for Tw was 15.7 + 0.71 g/L, which was also similar to control (about 15.5 + 0.53 g/L).
By contrast, regarding coconut oils (1 — 5%), the biomass yields were higher than that of
control (Figure 1). Specifically, the dry weight was the highest at 4% of coconut oil (about
24.3 g/L). Bolla et al (2011) also demonstrated that although coconut oil stimulated the
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biomass production of the fungus [3]. The coconut oil has a low level in oleic acid and high
in saturated fatty acids, so it can partially restrict for stimulating the growth of fungi.

Similarly, sunflower oil also improved the biomass production of O. sinensis from
15.9 g/L to 26.4 g/L. In specific, at 3% sunflower oil, the yield was the highest 26.4 g/L and
was about 37% higher than that of control. The content of linoleic acid in sunflower oil
accounted for about 65 — 70% [7, 9, 10]. It was a major ingredient related to stimulating the
biomass production of fungi because it could enhance nutrient uptake in the culture medium
[4, 10]. However, this mechanism remains unclear.

Noticeably, olive oil-containing medium was the best for the growth of the fungus. The
biomass yield was the highest about 29.06 g/L at 5% of olive oil, which was almost twice as
much as control. The study of Park et al (2002) showed that the biomass yield of Cordyceps
militaris fungus rose significantly when adding olive oil in the culture medium [11]. More
70% of the olive oil content was oleic acid [4, 7, 12]. Several previous studies revealed that
oleic acid stimulated the growth of the fungi in a liquid medium [9, 10].

Therefore, the results showed that the coconut oil was an inadequate nutrient source
for the growth of the O. sinensis fungus because the main constituents of the oil were
saturated fatty acids [3]. Meanwhile, sunflower oil and olive oil stimulated the fungal
growth, which was similar to the report of Hsieh et al (2008) for culturing G. frondosa
fungus [4]. The rate of oleic acid in both these oils occupied a vast majority of about 70%
which was easily used by the fungi. In particular, at 5% of olive oil, the biomass yield of O.
sinensis was the highest.

3.2. Effects of plant oils on EPS biosynthesis

After harvesting the biomass, EPS crudes were isolated from different plant oil-containing
media including coconut oils (1 - 5%), sunflower oils (1 - 5%) and olive oils (1 -10%) as shown
in the Figure 2. It was a type of extracellular polysaccharide with many vital bioactivities
that was secreted culture medium during the grown of fungi.

01% 2% 3% 4%
5

4
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—

Coconutoil Sunflower oil Olive oil 0% Tw

Figure 2. The EPS biosynthesis of O. sinensis in different plant oil-containing media

The EPS content of the control reached to 1.59 + 0.12 g/L. The figure for the medium
within 1% Tween 80 was similar (about 1.57 + 0.08 g/L). Thus, Tween 80 (1%) was not
effect on EPS biosynthesis of O. sinensis fungus. However, the figure for plant oil-contaning
media considerably increased. Of those, in a coconut oil-containing medium of 4%, the EPS
content rose from 1.5 g/L to 2.4 g/L. Similarly, regarding sunflower oil, the amount of EPS
was directly proportional increase to the concentration of 1 — 3% and dropped at more than
3%. Particularly, at the concentration of 3%, the EPS was secreted the most (about 2.56 g/L),
which was 1.5 times higher than that of the control. Likewise, the EPS biosynthesis of
O. sinensis fungus considerably grew when supplementing olive oil in the culture medium.
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The number of EPS increased from two to four times compared to the control. The data was
the same to the study of Hsieh et al (2008) when they cultured Grifola frondosa in sunflower
oil and olive oil-containing media [4].

In conclusion, the results have demonstrated that plant oils not only stimulated the
growth of O. sinensis fungus, but also enhanced the EPS biosynthesis of the fungus. Thus, to
improve the mycelial biomass production and EPS biosynthesis of O. sinensis fungus, it was
suggested that the olive oil-containing medium of 5% was the most suitable medium.

3.3. The polysaccharide content of EPS crudes

The polysaccharide content of EPS crudes was determined by phenol-sulfuric acid as
shown in the Table 1. In general, the rate of polysaccharide of EPS crudes made up a slight
majority of about 45 — 70%.

Table 1. The polysaccharide content of EPS crudes

sompe | ot | sy | Pt
C 55.09 £ 0.38
Tw 48.97 £ 0.40
C1 4532 £0.71 01 51.65+1.05
C2 48.69 + 0.54 02 57.98 £ 0.62
C3 56.85 £ 0.49 03 60.53 £0.16
C4 55.97 + 0.98 04 62.21 £ 0.55
C5 53.61£0.72 05 64.31 £0.95
S1 55.70 £ 1.54 06 69.65 £ 1.32
S2 59.44 + 1.27 o7 61.98 £ 0.65
S3 65.43 £0.50 08 60.53 £0.17
S4 66.76 £0.72 09 63.21 £ 0.59
S5 61.05 £ 0.53 010 60.78 £0.23

The polysaccharide content of EPS extracted from the 1% Tween 80 medium was lower
than that of the control, being 48.97 % and 55.09% respectively. This indicated that Tween
80 (1%) slightly impact to decrease the polysaccharide content of EPS. The figure for
coconut oil-containing medium of 1 — 2% concentration was the same. By contrast, in terms
of sunflower oil and olive oil, the polysaccharide content of EPS crudes gradually increased
from 55.09% to 69.65% (except 1% of olive oil). Noticeably, the EPS crudes of the olive oil
(6%) had the highest percentage of polysaccharide (about 69.65%). At an olive oil-
containing medium of 5%, polysaccharide content of EPS was 63.21 %.

Consequently, the results revealed that the plant oils seemed to modify the
polysaccharide content of EPS crudes, which could affect their bioactivities.

3.4. ABTS" radical scavenging activity of EPS crudes

The ABTS" (2,2'- azino - bis (3 — ethylbenzothiazoline — 6 - sulphonic acid) radical
scavenging method was one of the effective and simple antioxidant assays. The antioxidant
potential of samples was evaluated by an ICsy value. It was the value at which the sample
reduced 50% of free radical concentration.
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Figure 3. The ABTS" radical scavenging activity of EPS crudes of olive oil media

The ABTS" radical scavenging activity of the EPS crudes of the olive oil media was
screened at the concentration range of 0 — 6000 pg/mL (Figure 3). Overall, the 1Cs, values of
all the samples were determined from about 1600 to 3500 pug/mL. At the olive oil-containing
media of 1 - 5%, the ICs, value of the EPS samples decreased to 1655.63 pg/mL (O5
medium), from 3200 pg/mL (O1 medium). In contrast, the figure for olive oil-containing
media of 5 - 10% rose from about 1800 to 3500 pg/mL. This indicated that EPS of the olive
oil (5%) was the highest ABTS" radical scavenging potential, which doubled compared to
the control.
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Figure 4. The ABTS" radical scavenging activity of EPS crudes of sunflower oil media

Similarly, the ABTS" radical scavenging activity of the EPS crudes extracted from the
sunflower oil-containing media was also screened at the concentration range of 0 - 6000ug/mL
(Figure 4). The ICs value of the EPS crudes were higher than that of the control, excepted
the EPS sample extracted from S3 medium. Similarly, as for the coconut oil-containing
media, this activity of EPS crudes steadily decreased compared to the control (Figure 5).
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Figure 5. The ABTS" radical scavenging activity of EPS crudes of coconut oil media

Therefore, the results demonstrated that the sunflower oil and coconut oil inhibited the
ABTS" radical scavenging activity of the EPS crudes, while the olive oil (especially at a
concentration of 5%) improved this potential of the EPS crudes. Yan et al (2013) reported
that EPS fractions isolated from the mycelial biomass and the culture medium that had also
the ability to reduce OH  and ABTS" radicals significantly [13].
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4. CONCLUSION

The study has indicated that the plant oils were an important ingredient for culturing
O. sinensis fungus. The olive oil and sunflower oil effectively affected the growth of the
fungus and EPS biosynthesis. Noticeably, the olive oil (5%) was the best medium for the
O. sinensis fungus. It stimulated to increase the biomass production and EPS biosynthesis as
well as the polysaccharide content of EPS considerably. Furthermore, the ABTS" radical
scavenging potential of EPS also strongly improved with an I1Cs, value of 1655.63 ug/mL,
which doubled compared to the control (with 3067.71 pg/mL). Meanwhile, the coconut oil
and sunflower oil inhibited the ABTS" radical scavenging activity of EPS. In conclusion, it is
suggested that using the olive oil (5%) to culture O. sinensis fungus is an integral strategy
because it not only stimulates the mycelial biomass production of the fungus and the EPS
biosynthesis but also improves the in vitro antioxidant activities of EPS. By doing this, the
medicinal mushroom will be effectively exploited in the future.

REFERENCES

1. Buenz E. J, Bauer B. A, Osmundson T. W, Motley T. J. - The traditional Chinese
medicine Cordyceps sinensis and its effects on apoptotic homeostasis, Journal of
Ethnopharmacology 19 (2005) 961-962.

2. Dong C. H, Yao Y. J. - Nutritional requirements of mycelial growth of Cordyceps
sinensis in submerged culture, Journal of Applied Microbiology 99 (3) (2010) 483-492.

3. Bolla K., Hima Bindu N., Samatha Burra, Singara Charya M. A. - Effect of plant
oils, surfactants and organic acids on the production of mycelial biomass and
exopolysaccharides of Trametes spp., Journal of Agricultural Technology 7 (4)
(2011) 957-965.

4. Hsieh C., Wang H. L., Chen C. C., Hsu T. H., Teng M. H. - Effect of plant oil and
surfactant on the production of mycelial biomass and polysaccharides in submerged
culture of Grifola frondosa, Biochemical Engineering Journal 38 (2) (2008) 198-205.

5. Yang F. C., Ke Y. F., Kuo S. S. - Effect of fatty acids on the mycelial growth and
polysaccharide formation by Garnoderma lucidum in shake flask cultures, Enzyme
and Microbial Technology 27 (2000) 295-301.

6. Yang J., Zhang W., P. Shi P., Chen J, Han X., Wang Y. - Effects of
exopolysaccharide fraction (EPSF) from a cultivated Cordyceps sinensis fungus on
c-Myc, c-Fos, and VEGF expression in B16 melanoma-bearing mice, Pathology -
Research and Practice 201 (11) (2005) 745-750.

7. Kim, H. and Yun, J. - A comparative study on the production of exopolysaccharides
between two entomopathogenic fungi Cordyceps militaris and Cordyceps sinensis in
submerged mycelial cultures, Journal of Applied Microbiology 99 (4) (2005) 728-
738.

8. Robert R. E., Pellegrini N., Proteggente A., Pannala A., Yang M. and Rice-Evans C.
- Antioxidant activity applying an improved ABTS radical cation decolorization
assay, Free Radical Biology and Medicine 26 (1999) 1231-1237.

9. Kirishna G. A. G, Raj G., Bhatnagar A. S., Kumar P. P. K, Chandrashekar P. -
Coconut oil: chemistry, production and its applications - A review, Indian Coconut
Journal 73 (3) (2010) 15-27.

10. Waterman E., Lockwood B. - Active components and clinical applications of olive
oil, Alternative Medicine Review 12 (4) (2007) 331-342.



Hang Le Thi Thuy, Tuyet Nguyen Thi Thu, Phuong Bach Thi Bich, Trang Tran Minh...

11. Park, J.P., Kim, SW., Hwang, H.J., Cho, Y.J. and Yun, JW. (2002), "Stimulatory
effect of plant oils and fatty acids on the exo-biopolymer production in Cordyceps
militaris", Enzyme and Microbial Technology 31(3) (2002) 250-255.

12. Sharma S. K., Gautam N., Atri N. S. - Optimization, composition and antioxidant
activities of exo- and intracellular polysaccharides in submerged culture of
Cordyceps gracilis (Grev.) Durieu & Mont, Evidence-based Complementary and
Alternative Medicine (2015) 8.

13. Yan, J.K., Wang, W.Q. and Wu, J.Y. - Recent advances in Cordyceps sinensis
polysaccharides: Mycelial fermentation, isolation, structure, and bioactivities: A
review, Journal of Functional Foods 6 (2013) 33-47.

TOM TAT

ANH HUONG CUA DAU THUC VAT TOI SU SAN XUAT SINH KHOI,
SINH TONG HOP VA HOAT TINH KHANG OXY HOA CUA EXOPOLYSACCHARIDE
TU NAM OPHICORDYCEPS SINENSIS

Lé& Thi Thay Hang"*", Nguyén Thi Thu Tuyét’, Bach Thj Bich Phuong’,
Tran Minh Trang?, Huynh Thu®, Binh Minh Hiép®, Nguyén Tién Théng®

YTriwong Pai hoc Cong nghiép Thie pham TP.HCM
2Tru'dng Dai hoc Khoa hoc Ty nhién TP.HCM

s ruwong Dai hoc Bach khoa TP.HCM

*Ban Qudn 1y Khu Néng nghiép - Céng nghé cao TP.HCM
5Vi,én Han lam Khoa hoc va Cong nghé Viét Nam

*Email: hangltt@cntp.edu.vn

Ophiocordyceps sinensis (ddng danh Cordyceps sinensis) duogc biét dén 1a mot loai ndm
ky sinh con tring véi nhidu hoat tinh sinh hoc quan trong nhu khang oxy hoa, dap tng mién
dich va khang khdi u... Tai Viét Nam, sinh khdi sgi nAm O. sinensis di dwoc nuéi cdy nhan tao
trong modi trudng 1ong va da nghién ctru Gmg dung tir nam 2013. Mot s6 nghién ctru trude day
chl'mg minh nam tiét ra mot lugng 16n exopolysaccharide (EPS) giau hoat tinh sinh hoc trong
moi trudng nudi cay. Muc dich ciia nghién ctru nay 1a nang cao kha nang sinh tong hop EPS
cua nam O. sinensis bang cach bd sung dau huéng duong va dau dira ¢ nong do tur 1- 5% (V/V),
va dau 6 liu o nong do 1 - 10% (v/v) trong moi tru:o‘ng nudi cdy. San xuit sinh khéi sgi nAm
va EPS cua nam O. sinensis ting 1én dang ké so véi moi truong khong bd sung dau thuc vat.
Hiéu suat thu nhan EPS cua cac moi trudng chira 5% 6 liu, 3% dau hudng duong va 4% dau
dira lan luot 1 5,95 g/L, 2,56 g/L va 2,43 g/L. Bén canh d6, hoat tinh bat gc ty do ABTS
(2,2'- azino - bis (3 — ethylbenzothiazoline — 6 - sulphonic acid) ctia EPS tach chiét tir moi
trudmg chira 5% olive ting dang ké so voi EPS ddi ching. Nhu vay, dit liéu di ching minh
dau thuc vat c6 kha nang kich thich san xuat EPS ctia ndm O. sinensis va nang cao hoat tinh
khang oxy hoa in vitro ctia EPS. Két qua nghién citu tao co s khoa hoc dé khai thac hi¢u
quéa ngudn EPS tir ndm O. sinensis trong tuong lai.

Tir khéa: Ophiocordyceps sinensis, exopolysaccharide, nudi cdy long, ABTS (2,2'- azino -
bis (3 — ethylbenzothiazoline — 6 - sulphonic acid))
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