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ABSTRACT

The study was performed to optimize the adenosine extraction conditions from the mycelium of Cordyceps gunnii by
artificial neural network coupled with genetic algorithm. With the extraction rate of adenosine as index, the critical
factors selected for the investigation were extracting temperature, extracting time and solid-liquid radio. The results
obtained by the application of GA-ANN were more reliable since better statistical parameters were obtained. The
optimum extraction procedure was as follow: extracting time 2.88h, extracting temperature 46.7 C, solid-liquid
ratio 1:53 g/mL-1. The extraction rate of adenosine under this condition could reach the highest value of 4.93 mg
0-1 with one time extraction.
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INTRODUCTION

Cordyceps gunnii (berk.) Berk, a major entomogenfwsgus, belongs to the Ascomycota, Pyrenomycetes,
Sphaeriales, Clavicipitaceae and parasites onaitvad of Hepialidae. It is also well known as then@se rare
caterpillar fungus and has similar pharmacologédivities to the famous Chinese traditional madicCordyceps
sinensis[1-2]. Many important secondary metaboliadpcts were found in Cordyceps gunnii mycelia udahg
adenosine, cordycepin, cordycepic acid and anvitilet (UV) radiation constituents[3-4]. Consenqtlg it has
received special attention for medicinal purpose duo its various physiological constituents.Aridic neural
network (ANN) is a non-linear computational modeisbd on biological neural networks[5-7]. It simakathe
human brain learning process by mathematically rirogl¢he network structure of interconnected noeiisc ANN
possesses good predictive capability for complexl amon-linear systems. There were several literature
demonstrated that the predictive accuracy of ANNef® were superior to RSM model using the samerarpat
design. However, ANN is known as a black box matdgkpproach. The relationships between the vasadohel
responses are not described by specification ddtslei fitting function in ANN models. The effect$ factors on
response values and the interaction effects ambagfactors cannot be studied by ANN model[8-9]. &en
algorithm (GA) is usually suggested to search fairoum solutions in non-linear systems. It mimibe principles

of biological evolution, namely “survival-of-thettést” and “random exchange of data during propagéat
followed by biologically evolving species[10]. Imgsent study, sequential statistical methods inegu&BD, ANN
and GA were successfully applied to optimize théramtion conditions for maximizing the extractioate of
adenosine from Cordyceps gunnii mycelium. The mtedi capability of ANN model was much more saédfthan
BBD model in this complex system[11].

EXPERIMENTAL SECTION

Materials
The strain of Cordyceps gunnii Mycelia was given Bln Tonghua Yongcang Pharmaceutical Co., Ltde Th
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Cordyceps gunnii Mycelia was maintained in cuvetith 20% glycerol modified PDA medium at -80°C. The
modified PDA medium composed of (g-L-1): glucose @€ptone 20, KH2PO4-5H20 3.0, MgS04-7H20 3.0 and
was autoclaved at 121°C for 30 minutes. The maigthistrain was inoculated to 100 mL sterile modififDA
medium in Erlenmeyer flask (250 mL) incubated &t rotary shaker at 150 r/min for 4 d. Then, ¢tbéure was
inoculated to Erlenmeyer flask (250 mL) containk@ mL sterile modified PDA medium, which was inatdd at
26°C in rotary shaker at 150 r/m for 4 d, and teedsculture had been prepared. After submergedreutif this
strain, the mycelium was harvested by centrifugafar 8min at 5000 r/min to separate it from thguid medium.
After repeated washing with distilled water, theceljal pellets were lyophilized for this experiment

The Extraction of Adenosine from Cor dyceps Gunnii Mycelium

The adenosine was extracted by warm water at v@eatracting temperature, extracting time and daigid ratio
from the powder of lyophilized mycelium. After théstraction, the solution was centrifuged at 1000® for 10
min to obtain the crude adenosine solution.

Deter mination M ethod

The adenosine contents in mycelium were determiyaegsing a Shimadzu HPLC system with tow LC-6AD jpsm
and SPD-A UV-vis detector (Shimadzu, Kyoto JapaA)L of each sample was injected into the separatidumnen
(3.9x250 mm; Agilent ZORBAX SB C-18, dm) in a mobile phase of 85% methanol and 15% PBEG»). The
column temperature was 35°C and the detection wagéh was 260 nm.

Experimental Design

In this paper, we followed by the use of Box-Behmkiesign, multi-quadratic regression (MQR), arigficneural
network linked with genetic algorithm (ANN-GA) tgotmization of the extracting process for the estian ratio
of adenosine.

RESULTSAND DISCUSSION

Response Surface M ethodology

RSM was used in this experiment to study the effeftsolid-liquid ratio, extracting temperature dagxtracting
time. In this experimental design, three codedltef@ each variable were selected. The independambles and
representative coded and uncoded levels were giv€able 1. Fifteen experimental runs were cardatlin present
work. The experimental data were shown in Tabla 2gression analysis was carried out to attairathematical
model that better described the relation amongpedeent variables and the studied response. Thieematical
model was presented as follow:

Y=4.6937+0.1110X1+0.0802X2+0.0816X3—-0.1627X1X1+6881X2+0.0401X1X3-0.1654X2X2—-0.0535X2X3—
0.2055X3X3

Tablel. Independent variablesand their levelsin the Box-behnken design

Independent variables _1Coded0vajual
extracting time X1)/h 15 25 3.5

extracting temperaturX®)/ °C 25 40 55
solid-liquid ratio K3)/ gimL-1 1:30 1:45 1:60

Table2. THE DESIGN MATRIX AND THE RESULTSOF BBD

Num X1 X2 X3 Y
1 101 0 4.1944
2 -1 1 0 4.3014
3 1 -1 0  4.2586
4 1 1 0 4.708
5 0 -1 -1 41623
6 0 -1 1 44405
7 0 1 -1 43121
8 0 1 1 43763
9 -1 0 -1 4.1837
10 1 0 -1 43121
11 -1 0 1 4.2586
12 1 0 1 45475
13 0 0 0 4.6973
14 0 0 0 4.7187
15 0 0 0 4.6652
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Table3. THE STATISTICAL RESULTSOF MQR MODEL

0.5589 0.0621 10.4753 0.0093
0.0296 0.0059
Total 14 0.5886 R2 0.9496

Sources DF SS MS F P>F

X1 1 0.0986 0.0986 16.6294 0.0096
X2 1 0.0515 0.0515 8.6901 0.0320
X3 1 0.0532 0.0532 89821 0.0302
X1X1 1 0.0978 0.0978 16.4919 0.0097
X1X2 1 0.0293 0.0293 4.94367 0.0768
X1X3 1 0.0064 0.0064 1.0863 0.3450
X2X2 1 01010 0.1010 17.0386 0.0091
X2X3 1 0.0114 0.0114 19311 0.2233
X3X3 1 01560 0.1560 26.3080 0.0037

9

5

The R2 of the model was 0.9496 and the root meaarsgerror (RMSE) was 0.0770. The results were shiow
table 3 and the effects of individual variables aimel mutual effects between the variables werentefaom these
results. As can be seen in Table 3, the effecextrhcting time (X1), extracting temperature (X&)d solid-liquid

ratio (X3) were extremely significant. The effeas interaction among other factors were insignificaPartial

derivative method was employed to search for theimmam value in model. The optimum condition wasrfduas

follows: extracting time 2.95h, extracting temparat 44.9°C, solid-liquid ratio 1:48[L-1. Then the highest
extraction rate of adenosine of 4.74[0xd predicted by the model could be obtained.

Artificial Neural Network and Genetic Algorithm
ANN a nonlinear modeling method was also employechodel the data of BBD for more accurate predictiad
pursuing the true maximum yield rate in the tegtamss.

The BBD data were divided into three sets. 2 ofrtlvgere used as prediction set, 2 of them were asedst set and
11 of them were used as calibration set. The extracate was used as output data. The coded Vesiakere used
as input data. And then, the ANN model was devalofitne ANN model was optimized by selecting thdahle
number of hidden nodes. The most suitable numbardafen nodes with the maximum Da was 7, as thel Fiche
R2 of the optimized ANN model was 0.9814 which @ading that the fit of this model was very satigfi@he root
mean square error of test set (RMSET) and themmain square error of prediction set (RMSEP) wed83t and
0.0128. These results indicated that the predic@agability of the ANN model was satisfied.

While the ANN model was developed, genetic algonitftGA) was employed to search for the optimum mediu
which was as follow: extracting time 2.88h, extiagttemperature 46.7°C, solid-liquid ratio 1:58ng;-1. Then the

highest extraction rate of adenosine of 4.93grigpredicted by the model could be obtained. Angais increased
4.01% from that obtained by MQR model.

The validation experiments with these optimum cbods were implemented in triplicate and the averag

extraction rate of adenosine was 4.84gvh The relative error between expected valueeapdimental value was
1.82%.
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Fig. 1 The effect of the number of hidden nodes on Da
CONCLUSION

In the case exposed here, ANN provided more raiadBults than RSM for defining the formulatioraofimproved
extraction condition of adenosine. Optimum condisio(extracting time 2.88h, extracting temperatuéer74c,
solid-liquid ratio 1:53 @nL-1) for extraction procedure were identified astl The extraction rate of adenosine

378



TengLi-rong et al J. Chem. Pharm. Res,, 2013, 5(12):376-379

under this condition could reach the highest valis.93 mdg-1 with one time extraction.
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