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ABSTRACT

Background: Cordyceps sinensis (CS) is a traditional Chinese
medicine contains potent active metabolites such as nucleosides
and polysaccharides. The submerged cultivation technique is studied
for the large scale production of CS for biomass and metabolites
production. Objective: To optimize culture conditions for large-scale
production of CS1197 biomass and metabolites production. Materials
and Methods: The CS1197 strain of CS was isolated from dead larvae
of natural CS and the authenticity was assured by the presence of two
major markers adenosine and cordycepin by high performance liquid
chromatography and mass spectrometry. A three-level Box-Behnken
design was employed to optimize process parameters culturing
temperature, pH, and inoculum volume for the biomass yield, adenosine
and cordycepin. The experimental results were regressed to a
second-order polynomial equation by a multiple regression analysis for
the prediction of biomass yield, adenosine and cordycepin production.
Multiple responses were optimized based on desirability function
method. Results: The desirability function suggested the process
conditions temperature 28°C, pH 7 and inoculum volume 10% for optimal
production of nutraceuticals in the biomass. The water extracts from dried
CS1197 mycelia showed good inhibition for 2 diphenyl-1-picrylhydrazyl
and 2,2-azinobis-(3-ethyl-benzo-thiazoline-6-sulfonic acid-free
radicals. Conclusion: The result suggests that response surface
methodology-desirability function coupled approach can successfully
optimize the culture conditions for CS1197.

Key words: Chinese medicinal mushroom, Cordyceps sinensis,
desirability function, large scale, submerged cultivation

SUMMARY
* Authentication of CS1197 strain by the presence of adenosine and cordycepin
and culturing period was determined to be for 14 days

INTRODUCTION

Cordyceps sinensis (CS) is one of the valuable entamophagous fungus
described in traditional Chinese medicines as rare and exotic medicinal
fungi. CS has been treasured throughout Asia as one of the most effective
natural tonics to strengthen the vitality and promote longevity. In
view of the many positive health effects attributed to CS, it is hailed as
wonder herb of traditional Chinese medicines since many centuries.!"
CS parasitizes caterpillar stage of ghost moths (Hepialus armoricanus)
and produces a fruiting body assessed as an herbal remedy. It is mainly
distributed in China, Tibetan Plateau, Bhutan, Nepal, and the northern
part of India at an altitude of 3500-5000 m above sea level. Harvesting
and trade activities of CS usually begin in June to July every year. In
China, it is called “Dong Chong Xia Cao” which means “winter worm
summer grass”? and often known as a Himalayan Viagra. In Chinese
Pharmacopeia, CS has been regarded as a celebrated drug since
1963 and cited to have similar medical effects as ginseng and deer
velvet.”! CS possess many health benefits such as anti-oxidative effect,**!
anti-tumor,® potentiating immune response,” anti-inflammatory,*!°!
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e Content of nucleosides in natural CS was found higher than in cultured
CS1197 mycelium

* Box-Behnken design to optimize critical cultural conditions: temperature, pH
and inoculum volume

e \Water extract showed better antioxidant activity proving credible source of
natural antioxidants.
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anti-stress and anti-fatigue,'! and anti-myocarditis."? CS contains a
major class of active ingredients such as nucleosides, polysaccharides,
sterols,"*) and products formulated with CS have gained great popularity
in Eastern medicines.

During the last decade, trade activities have established huge market
demand for CS particularly in China, Tibet, Nepal, and Himalayan
region. In rural Tibet, CS collection is an important source of income
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and contributed 40% to local households, 8.5% of the Gross Domestic
Product in 2004. The annual production of CS in Tibetan Plateau was
estimated in 2009 at 80-175 tonnes and 1 kg of caterpillars traded for
US$ 3000 (lowest quality) to over US$ 18000 (best quality, largest larvae)
in 200814 and highly valued in Nepal and India.">'®! Overharvesting of
CS pose a great threat to the environment and cause serious ecological
imbalance. It is feared that the increased pressure of harvesting may lead
to the complete disappearance of this species in future. Convention on
International Trade in Endangered Species Management Authority of
China officially classified CS fungus as an endangered species."” Hence
regulatory policies, practices, and alternative strategies for large scale
production are needed to save CS species. The effective management
strategies are required to secure the long-term existence of CS. The
review on this important fungus analyzing various aspects such as
extraction methods of bio-actives, characterization techniques, and
bio-active linked biological functions has appeared recently.!"”!

In view of the recent demand for the CS, there are many attempts at
cultivating the CS artificially. The initial attempts to develop an efficient
technology for cultivation of fruiting bodies became futile. Artificial
production of CS in the bioreactor is essential to meet human needs and
to mitigate the pressure on natural resources of the species. A successful
large-scale production of CS by fermentation is necessary so that fungal
strains can be easily isolated from natural CS and manufactured in large
quantities by fermentation technology."®?? Solid state and submerged
fermentations are widely used for the production of CS biomass and
its components. Cultivation on the solid medium is adopted by many
manufacturers in Japan and United States of America. Although this
methodology harvests the mycelium with a maximum recovery of
bio-actives, and this can be well-known low-priced technique, but
the main disadvantage is that mycelia contain a high content of grain
matter than actual CS substance. Liquid or submerged fermentation
is a preferred system for efficient production of desired bioactive
compounds by mycelia because of the ease with which the conditions
can be manipulated and optimized with high mycelia production as
demonstrated for various fungi. Dong and Yao successfully optimized
the nutritional requirements for mycelia growth of CS in semi-synthetic
liquid media by orthogonal matrix method.*”! Other than nutritional
requirements, the culture conditions such as temperature, pH, inoculum
volume, and dissolved O, content are crucial for CS.**! Many studies
aimed to isolate CS strain from wild specimens and successfully scaled
up the biomass and metabolites production are in literature.32°!

Designing experiments building models evaluating the effects of
factors and searching optimum condition of factors for desirable
responses are the major tasks in any process scale up. The conventional
optimization technique, e.g., one factor at a time method, is not only
tedious and time consuming, but also misleading in interpretation
of results, especially for the interactions among different factors
which they are unable to detect. The orthogonal array method is a
cost-effective optimization strategy,””! but it cannot fit the results
into a regression equation to locate the optimum level through the
entire space of the tested independent variables. On the other hand,
the response surface methodology (RSM) is proven to be an efficient
statistical technique for the optimization of multiple variables with
a minimum number of experiments in order to predict the best
conditions.?**! RSM involves studying the response of the statistically
designed combinations, estimating the coeflicients of the mathematical
model that best fits the experimental data, predicting the response of
the fitted model and validating the adequacy of the model. The most
popular experimental designs, that is, central composite design and
Box-Behnken design (BBD) of the principal RSM have been widely
used in literature.3%! Box-Behnken, a spherical and revolving design,
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has been applied to optimization of chemical and physical processes*!
because of its reasoning design and excellent outcomes.

Desirability function analysis is widely used in multi-response
optimization of the process to determine desirable solutions when
more than one response is involved. Such an approach was originally
introduced by Harrington.® Derringer and Suich developed another
version of desirability function®! which is now being used widely by
researchers.

The objectives of the present work are as follows: (a) To find culturing
period for the CS1197 strain. (b) Quantification of major biomarkers
adenosine and cordycepin in water extracts of CS1197 dried mycelium
and natural CS by high performance liquid chromatography (HPLC) (c)
optimization of culturing conditions temperature, pH, and inoculum
volume by RSM based on BBD and desirability function analysis to
maximize biomass yield, adenosine and cordycepin content.

MATERIALS AND METHODS
Reagents

Potato dextrose broths (PDB), potato dextrose agar (PDA) from
Hi-Media Laboratories Pvt. Ltd., India and adenosine (=99%), cordycepin
(299%) standards, 2,2-azinobis-(3-ethyl-benzo-thiazoline-6-sulfonic
acid (ABTS), Trolox, and 2 diphenyl-1-picrylhydrazyl (DPPH") from
Sigma-Aldrich were purchased. Water and methanol were HPLC grade,
and formic acid was analytical grade.

Fungal material

Natural CS (Berk.) Sacc. Specimens were collected from Uttarakhand
region, India. The CS1197 strain used in this study was isolated from
dead larvae of natural CS, which was collected from the same region
by National Type Culture Collection, Forest Pathology Division, Forest
Research Institute, Dehradun, India.

Fermentation

The CS fungal strain CS1197 was maintained on PDA slants and
sub-cultured every month. Slants were incubated at 24°C for 10 days and
stored at 4°C. For seed culture preparation, initially CS1197 was grown
on PDA for 7 days, loop of inoculum was transferred to PDB, incubated
at 24°C for 7 days and seed culture was used for large-scale production
of CS1197 biomass and metabolites.

Growth curve of Cordyceps sinensis in liquid culture

The culturing period for CS1197 was determined to study further the
effect of culturing conditions on yields subsequently. Growth curve study
was conducted for 8 weeks where 50 ml PDB is having pH 5 + 1 in 250-ml
Erlenmeyer flask was inoculated with CS1197, incubated at 24°C under
dark and static condition. Samples were collected at various intervals
from the flasks for analyzing biomass dry weight by filtering through
Whatman filter paper No. 1 (Whatman TM, GE healthcare, UK), washed
thrice with triple distilled water and dried at 50°C overnight.

Water extraction, high-performance liquid
chromatography, and mass spectrometry

Adenosine and cordycepin content in natural CS was measured and
compared with artificially produced CS1197 biomass. Wild specimens
were washed with distilled water to remove dirt and cut to separate dead
larvae and fruiting portion. Both dead larvae and fruiting body were
dried at 50°C for 3 h. Both dried CS1197 mycelium and natural CS were
ground to fine powder and analyzed through a set of sieves (1, 0.5, 0.25,
and 0.125 mm) to get powder with different mean particle size. The dried
powder with an average particle size of 0.375 mm was used for water
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extraction. Natural CS (larvae and fruiting body) and CS1197 dried
mycelium were extracted with triple distilled water at 80°C for 3 h in
shaking hot water bath set at 100 oscillations per min. The samples were
centrifuged at 10,000 rpm for 30 min, supernatant collected and water
extract yield (wt/wt %) were calculated.

Samples were filtered through 0.22 wm syringe filter (Nupore Filtration
Systems Pvt. Ltd., Ghaziabad, India) prior to HPLC. Stock solutions
of adenosine and cordycepin standards at 1 mg/ml were prepared by
dissolving accurate amounts in a mobile phase and injected at different
concentrations for calibration. Water extracts at proper concentration
were analyzed using HPLC-8A system (Shimadzu Corporation, Kyoto,
Japan), pump with Rheyodyne injector, SPD-M10A VP photo-diode
array detector, system controller SCL-10A VP, and software for HPLC
peaks integration was Class VP, A prepacked column Waters, Symmetry’
C18 (5 wm, 4.6 mm x 250 mm) was used for elution of nucleosides.
Isocratic elution method was adopted with a flow rate of 1.0 ml/min for
separation of standards and samples using mobile phase consisting of
water:methanol:formic acid (95:4:1, V/V). The detection wavelength of
photodiode array was 260 nm, and the column temperature was kept
25°C.

Mass spectrometric (MS) experiments were performed on MS,
Quadrupole-time-of-flight, Ultima Global, Waters, UK with an
electrospray ionization (ESI) interface. MS of each compound was
obtained by positively scanning the ratio of mass to electric charge
from 50 to 350. MS detection conditions for both ESI + mode was
as follows: Capillary voltage - 3.50 kV, cone voltage - 100V, source
temperature - 120°C, desolvation temperature - 300°C, cone gas - 50 L/h,
and desolvation gas - 500 L/h. Software used was Mass lynx 4.0 (Waters
Inc., India).

Effect of culture conditions

The preliminary studies were conducted to select culture conditions
such as temperature, pH, inoculum volume, and medium volume
that have an influence on biomass, adenosine, and cordycepin yield
in CS, CS1197. Liquid cultures were inoculated with CS1197 and
incubated statically for 14 days at temperatures 4, 12, 18, 24, and 28°C
to determine the effect of temperature on mycelia growth. The effect
of media pH on mycelia growth was estimated by setting different pH
values. The pH of the medium was adjusted to 4.0, 5.0, 6.0, 7.0, 8.0,
and 9.0 with IN HCI or 1N NaOH solutions and incubated at 24°C for

14 days. The pH was measured using the Cyberscan pH meter (Eutech
Instruments, Singapore). Further, the different volumes of seed culture
at 2%, 5%, 10%, 15%, or 20% (volume ratio) were inoculated into a
250-ml flask containing 50 ml medium to study the effect of inoculum
volume on mycelia growth, and the growth response of CS1197 to
levels of medium volume was investigated by filling 50, 75, 100, 125,
150 or 200 ml medium into a 250-ml Erlenmeyer flask incubated at
24°C for 14 days.

Experimental design and statistical analysis

A three-level BBD was employed in the present study, and the optimal
conditions were determined through a minimal set of experiments
compared with other designs.*¥ BBD has been successfully applied to
optimize culture conditions for submerged cultivation of Cordyceps
spp.1*>*! Fifteen experiments as per the BBD were conducted to explore
the effect of culture conditions on three responses biomass yield (Y)),
adenosine (Y,), and cordycepin (Y,) contents in the submerged
cultivation of CS1197. As shown in Table 1, the three factors chosen for
this study were temperature (X,), pH (X,), and inoculum volume (X,)
with each factor at three levels high (coded as +1), middle (coded as 0),
and low (coded as —1). The design included three replicates at the center
point to provide a measure of process stability and inherent variability. All
experiments were performed in duplicates. A second-order polynomial
model was fitted to correlate the relationship between independent
variables and responses. The general form of second order polynomial
equation is:

Y o=, + Ay + A+ A+ A+ A, + (1)
Aoyt oy Ay Ay Ay

Where Y is the predicted response; A, is the model constant; AL A, and
A, are linear coefficients; AL AL, and A, are cross product coefficients;
and A, A, and A, are the quadratic coefficients. x , x,, and x, are coded
values of independent variables x,, x,, and x,, respectively. The quality
of fit of the polynomial model to experimental data was expressed by
the coeflicient of determination R®. ANOVA analysis and regression
of the model were carried out using JMP 5.1 statistical software and
optimization (JMP 5.1.1, SAS Institute Inc., Cary, NC, USA) of the
model maximizing the responses was carried out using “Model fit”
option under “Analyze” in JMP 5.1. Response surfaces with contour
lines explaining the effect of variables on the responses were plotted

Table 1: Box-Behnken design with experimental and predicted values of biomass yield, adenosine and cordycepin content

Run Code values Actual values Biomass yield (Y,) Adenosine (Y,) Cordycepin (Y,)
(9/L) (ng/g of DB) (ng/g of DB)
Temperature pH Inoculum Exp* Pred Exp* Pred Exp* Pred
(°C) volume (%)
1 +1 -1 0 28 7 15 3.92 3.76 665.17 792.54 757.96 782.05
2 0 0 0 22 8 15 3.92 3.95 671.59 671.59 651.00 651.15
3 0 Gl +1 22 9 20 4.62 4.40 420.45 532.86 300.45 224.62
4 0 0 0 22 8 15 4.28 3.95 671.59 671.59 651.00 651.15
5 +1 0 =1 28 8 10 5.15 5.09 508.65 493.69 440.14 506.23
6 =1 0 +1 16 8 20 3.92 3.98 718.64 733.60 997.53 931.44
7 0 -1 -1 22 7 10 3.90 4.12 756.94 644.53 613.61 523.44
8 -1 +1 0 16 9 15 2.92 3.08 1051.64 924.27 1012.98 988.90
9 -1 0 -1 16 8 10 3.71 3.56 668.56 681.39 843.74 825.98
10 +1 0 +1 28 8 20 4.36 4.52 450.82 437.99 302.55 320.31
11 0 -1 +1 22 7 20 3.78 3.78 703.44 588.89 580.30 538.45
12 =1 =1 0 16 7 15 3.47 3.40 582.22 681.80 777.80 885.74
13 +1 Gl 0 28 9 15 4.73 4.79 429.80 330.22 269.64 161.71
14 0 0 0 22 8 15 3.65 3.95 671.59 671.59 651.44 651.15
15 0 +1 =1 22 9 10 4.21 4.20 366.15 480.70 278.24 320.09

*Exp: Experimental values; Pred: Predicted values; DB: Drybiomass
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using KyPlot software (beta version 2.0 , KyensLab Inc., Tokyo) keeping
two factors varying while one factor kept constant at the middle level.

Desirability function

Desirability function is a transformation of each response (Y) to an
individual desirability function (d,) varying over the range 0-1 scale. If
d, =0, the response is completely undesirable and d, = 1 then, the response
is the most desirable. Several responses are simultaneously optimized, by
combining each of these d, by means of the geometric mean to create the
overall desirability (D).

D=(d xd,xdx.... XA ) i (2)

Derringer and Suich proposed different desirability functions d,
depending on whether a particular response Y, is to be minimized,
maximized, or assigned a target value. L, U, and T, are the lower, upper,
and target values, respectively, that are desired for the response Y, with
the condition L, <Ti <U,. The present study involves determining a single
set of process conditions maximizing the 3 responses viz., biomass,
adenosine and cordycepin simultaneously.

In our case, the individual desirability function is:

5 =0¥ L2,
a =UE— L) T - L f L =T (3)
o =14 ¥,

Anti-oxidant activity

Two methods were employed to determine the antioxidant effect of water
extracts from CS1197, including the scavenging effect on DPPH" radicals
and Trolox equivalent antioxidant capacity (TEAC) assay.

Scavenging effect of CS1197 water extract on DPPH radicals was

determined as per the procedure reported in the earlier article.*”

The TEAC assay was carried out as per method reported with
slight modification.®®*! Briefly, 7 mmol/L ABTS and 2.45 mmol/L
potassium per sulfate were prepared and mixed in a ratio of 1:1 by
volume, reaction mixture was allowed to stand in a dark for 16 h
at room temperature to produce dark green ABTS* radicals. The
stock ABTS** radical solution was diluted with phosphate buffer
solution (pH = 7.4) to an absorbance of 0.7 at 734 nm and used further
in a study. A volume of 200 ul of the diluted water extract was mixed
with 3.8 mL ABTS* solution, and the reaction mixture was incubated
at room temperature for 2 h, and then the absorbance was read at
734 nm. Trolox solution was used as a reference standard, and the
results were expressed as ug of Trolox/mg of extract. Decrease in the
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Figure 1: Growth of Cordyceps sinensis CS1197 in liquid media and
adenosine and cordycepin content in dried mycelia
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green color of reaction mixture indicates increasing scavenging effect
on ABTS'* radicals.

RESULTS AND DISCUSSION
Culturing period for CS1197

Growth response in liquid media over a typical time course was observed
in Erlenmeyer flasks at 24°C under dark and static conditions. Figure 1
shows the growth of CS1197 and also the amount of adenosine and
cordycepin present in dried mycelium harvested over 8 weeks. The
biomass yield, adenosine and cordycepin were found to be 2.13 g/L
(dryweight), 714+ 31.74and 673 + 44.58 (ug/g of mycelium), respectively,
at the end of 14 days of growth period. The mycelia growth was found
stabilized in the 5" week and reached declining phase thereafter. It was
noticed that both the nucleosides were produced in significant amount
in first 2 weeks, but adenosine quantity reduced suddenly in the 3™ week
probably due to structural transformation from adenosine to cordycepin
since both possesses similar structural features. Though the biomass
kept increasing till 5" week, but the production of nucleosides became
very negligible. Hence, the growth period for CS1197 was restricted to
14 days in subsequent optimization studies.

Identification of adenosine and cordycepin by
high-performance liquid chromatography and
mass spectrometry

It is well-known that adenosine and cordycepin are the major biomarkers
in Cordyceps sp.*** and HPLC method has been widely used in the
determination of adenosine and cordycepin from CS.**4 In the present
study, the presence of both nucleosides was confirmed in natural CS
and fermented CS1197 mycelium assuring authenticity. Under an
ideal chromatographic conditions including flow rate, mobile phase,
detection wavelength and column temperature, the elution time is short,
and it has a good separation of two nucleosides. The chromatogram
for standards mixture of adenosine and cordycepin [Figure 2a] was
compared with chromatograms of water extract obtained from dead
larvae [Figure 2b] and fruiting body of natural CS [Figure 2c] and CS1197
mycelium [Figure 2d]. It was observed that the amount of adenosine and
cordycepinin fruitingbody (862 +9.12 and 1469 + 6.16 ug/g, respectively)
was found to higher than in dead larvae of natural CS (561 + 14.27 and
757 +£12.51 ug/g, respectively). The amount of adenosine and cordycepin
in in vitro grown CS1197 mycelium were quiet lesser than that present
in CS collected from natural habitat [Figure 1]. The molecular masses
of adenosine and cordycepin in CS1197 mycelium were confirmed by
analyzing water extracts in MS [Figure 2e].

Culture conditions

The results of preliminary studies showed that temperature, pH, and
initial inoculum volume were found to be critical conditions for
submerged cultivation. Based on the preliminary work, the range of
process conditions for optimization study was selected: Temperature
18-28°C, pH 7-9, and inoculum volume 10-20% (v/v). It was also
observed that CS1197 could grow in medium volume 50-200 ml; but
mycelia dry weight increased with decreasing medium volume from
200 to 50 ml in a 250-ml flask [Table 2]. The maximum mycelia dry
weight was obtained with the medium volume of 50 ml in a 250-ml flask.
Hence, 20% of culturing flask capacity was selected for medium volume
in further studies.

Response surface methodology

The experimental data showing the considerable variation in the biomass
yield, adenosine and cordycepin content with respect to changes in all
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Figure 2: High performance liquid chromatography chromatograms for (a) Adenosine and cordycepin standard mixtures; (b) natural Cordyceps sinensis (dead
larvae); (c) natural Cordyceps sinensis (fruiting body); (d) artificial Cordyceps sinensis CS1197 mycelium; (e) mass spectra of nucleosides present in CS1197

mycelium

Table 2: Effect of medium volume on mycelial growth of Cordyceps sinensis
CS1197

Medium volume/flask capacity, ml/ml Mycelial dry weight*, g/L

50/250 2.29+0.35
75/250 2.06+0.03
100/250 1.87+0.16
125/250 1.70£0.04
150/250 1.50£0.27
200/250 1.07+0.34

*Values are mean+SD of triple determinations. SD: Standard deviation

the three factors was in Table 1. The canonical analysis was carried out
to determine the shape of the fitted response and the stationary point
for biomass, adenosine, and cordycepin. Accordingly, the predicted
response at the stationary point was found lying outside the range of
variables. Further to know the type of stationary point, eigenvalues were
calculated for three responses and found that stationary point for this
model was a saddle point and, therefore, the estimated surface did not
have a unique optimum.

Biomass

RSM has been successfully applied to predict the effect of the process
conditions on biomass yield. The validity of the model was verified
by F-test and coefficient of determination (R?) of 0.90 indicates more
than 90% of the variability in the biomass yield could be predicted by
the model. In order to gain a better understanding of the results, the
predicted models are presented in Figure 3a-c as three dimensional
surface plots. Figure 3a shows the effect of the temperature and pH
on the biomass yield. The increase in pH and temperature caused an
increase in biomass yield with better yields observed at higher values
of both factors. Figure 3b demonstrates the effect of the temperature
and inoculum volume on biomass yield: Above 24°C and at inoculum
volume of ~14%, high biomass yield is predicted. Figure 3¢ shows the
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effect of pH and inoculum volume on biomass yield: Higher biomass
yield is indicated at pH ~8 and both low and high levels of inoculum
volume.

The regression analysis of second-order polynomial model was
performed, and polynomial equation for predicting the biomass yield
is below:

Y =39500 405172, + 01761, - 00545 %, - 001625 - 0. 1749 45

+ 03531 +0 33T, 40,1550k, 5, - 0 24935,

(4)

Adenosine

Adenosine is one of the major biomarkers in CS that is reported to show
many pharmacological actions. RSM was applied to predict the adenosine
content in the submerged fermentation of CS1197 where the model fit
was confirmed with high R?* (0.75) [Table 3]. The predicted model is
presented in Figure 4a-c. It was observed that lower temperature favors
higher yield of adenosine [Figure 4a and b] and lower pH level supports
increased the yield of adenosine [Figure 4a and c]. Furthermore, the
higher levels of inoculum volume decreased the yield of adenosine.

The second order polynomial equation for predicting adenosine yield is
as below:

¥ =671 5900 - L2052 TS x, - 54 663 %, - 0 5655k,
+ 17PN LE - 7152558 - L2 A5 8 - 1761975 %, %,
+ 265500k, 1, - 26 STT5x x,

(5)

Cordycepin

Cordycepin is a bioactive constituent of CS shown to regulate homeostatic
function.” As an adenosine analog, it is possible that cordycepin goes
through a similar metabolic pathway. It is one of the effective ingredients,
reported to show anti-cancer effect.**”) The fitness of the model to
experimental cordycepin yield was confirmed by higher F = 15.23 and
R*> = 0.967 [Table 3] indicating more than 96% of the variability in the
cordycepin yield could be predicted by the model. The predicted model
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Figure 3: Response surface plots showing the (a) effect of temperature
and pH; (b) effect of temperature and inoculum volume; (c) pH and
inoculum volume on biomass yield

Table 3: Analysis of variances in the regression model for optimization of
following responses in cultured mycelium of Cordyceps sinensis CS1197

Source of Degreeof Sumof  Mean F Significance  R?
variations freedom squares squares F
Biomass
Model 9 3.79 0.421428 5.10 0.0438 0.901
Error 5 0.41 0.082626
Total 14 4.20
Adenosine
Model 9 312359.19 34706.6 1.65 0.2996 0.749
Error 5 104573.12  20914.6
Total 14 416932.31
Cordycepin
Model 9 837765.08 93085.0 15.2385 0.0040 0.964
Error 5 30542.68 6108.5
Total 14 868307.76

is presented in Figure 5a-c. The effect of temperature, pH, and inoculum
volume on cordycepin yield was observed to behave in a similar way as
that predicted for adenosine.

The second order polynomial equation for predicting cordycepin yield:
¥ =651, 1467 - 252 T200:, - 106 5450, +0 653754,
+ 125 14424 - M 8055 - 153 30068 - 15057 0x,x,
+ 13 B0, i, - T2EW0 2,1,

(6)

Optimization of culture conditions by desirability
functions

Individual maximum desirability for each of three responses
and overall desirability for three responses were calculated using
statistical tool JMP 5.1 under “Prediction Profile” option. Table 4
gives various process conditions for obtaining the maximum yield
of biomass, adenosine and cordycepin at their individual maximum
desirability. Table 4 also gives different scenarios to yields when the
process is run at different conditions, whereas maximum biomass is
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Figure 4: Response surface plots showing the (a) effect of temperature
and pH; (b) effect of temperature and inoculum volume; (c) pH and
inoculum volume on adenosine yield

obtained at a high temperature (28°C) with lower yields for adenosine
and cordycepin, low temperature (16°C) favors higher yields for
adenosines and cordycepin. If the process is run for maximum yield
of biomass (5.29 g/L), desirability function analysis suggest individual
desirability of 0.99 and poor overall desirability that will result in
75.6% reduction in adenosine and 89.9% reduction in cordycepin from
the respective maximum yields [option I in Table 4]. Similarly, if the
process was aimed at the maximum yield of adenosine (0.931 mg/g),
suggesting 0.81 individual desirability and 0.32 overall desirability, that
will result in 39.9% reduction in biomass yield and 1.73% reduction
in cordycepin yield [option II in Table 4]. Aiming a maximum yield
of cordycepin (1.041 mg/g) at the individual desirability of 0.87
will result in 6.45% reduction in adenosine and 35.8% reduction
in biomass yield [option III in Table 4]. If the process is carried out
as suggested by overall desirability function analysis at maximum
desirability [Figure 6] of 0.64 at process conditions 28°C, pH of 7,
and 10% inoculum volume [option IV in Table 4], one obtains yield
of biomass 4.53 g/L which is 14.4% reduction from maximum yield.
Similarly, adenosine and cordycepin yields will be reduced by 20% and
31.5%, respectively, from their maximum yields.

From the above discussion, one can consider the option IV as the best
choice of process conditions compared to other options since option
IV results in the best yields in both adenosine and cordycepin while
giving a reasonable biomass yield. However, it must be mentioned
that economical process conditions are determined based on the cost
of energy for processing, which will vary from country to country. It is
generally accepted that the process is run nearer to ambient conditions.

Antioxidant activity

Free radicals are associated with cellular necrosis and a variety of
pathological conditions such as cancer, degenerative disease in neurons,
hepatopathies, atherosclerosis, and even aging. Supplementation with
antioxidants could represent an important therapeutic potential to
minimize the damage. Gradually growing attention has been paid to
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Figure 5: Response surface plots showing the (a) Effect of temperature
and pH; (b) effect of temperature and inoculum volume; (c) pH and

inoculum volume on cordycepin yield

Figure 6: Overall desirability prediction for optimization

S454

the discovery and development of efficient and safe antioxidants from
natural resources. As a rich reservoir of bioactive resources, some
medicinal fungi have been demonstrated to be excellent producers of
antioxidant metabolites.**!

Among them, CS is an excellent natural remedy for chronic diseases.
Zheng et al. observed free radicals scavenging ability of an aqueous
extract of CS mycelium and reported that scavenging rate was increased
from 10.7% to 80.1% when extract concentration increased from 0.5
to 4.5 mg/mL." In the present study, water extracts of dried CS1197
mycelium grown at a different temperature, pH, and inoculum volume
were tested for their free radicals scavenging ability. The extracts showed
inhibition ranging from 5.3% to 18% at 1 mg/ml concentration, which is
comparable to literature values.™ !

Yu et al. studied the tendency for CSE to scavenge ABTS' free
radicals and samples in the range of 0-4.0 mg/mL displayed
scavenging effect ranging from 0 to ~60 ug of Trolox.’! Water
extracts from CS1197 showed good inhibition ranging from 27 to
39 ug of Trolox at 1 mg/ml concentration, which is comparable to
literature values.®

CONCLUSION

Submerged cultivation of CS has been studied for optimum production.
The presence of important biomarkers adenosine and cordycepin has
been confirmed to be present in the biomass. Optimization of the process
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Table 4: Process conditions for predicted yield of biomass, adenosine and cordycepin yield under different scenarios

Temperature pH Inoculum Individual Overall Yield Reduction in yield from
(°C) volume (%) desirability desirability maximum levels (%)

Option I
Biomass (g/L) 28 9 10 0.99 5.29% -
Adenosine(pg/g) 28 9 10 0.13 228 75.6
Cordycepin (pg/g) 28 9 10 107 89.8

Option II
Biomass (g/L) 16 9 16.2 3.18 39.9
Adenosine (pg/g) 16 9 16.2 0.81 0.32 931* -
Cordycepin (ug/g) 16 9 16.2 1023 0.01

Option III
Biomass (g/L) 16 8.5 16.5 3.40 35.8
Adenosine (ug/g) 16 8.5 16.5 0.40 871 0.06
Cordycepin (ug/g) 16 8.5 16.5 0.87 1041* -

Option IV
Biomass (g/L) 28 7 10 453 14.4
Adenosine (ug/g) 28 7 10 - 0.64 745 20.0
Cordycepin (ug/g) 28 7 10 714 31.5

parameters temperature, pH, and inoculum volume for the responses
biomass, adenosine and cordycepin yield using the RSM was studied.
Based on the desirability function analysis method, the maximum
overall desirability for the biomass, adenosine and cordycepin can be
achieved at process conditions temperature 28°C, pH 7, and inoculum
volume 10%.
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