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To compare the quality of manufactured goods distrib-

uted in the domestic markets, 6 isolates of Dongchongx-

iacao products, namely, 4 Paecilomyces tenuipes

specimens (J2P, 901A, 901B, and 901C), 1 Cordyceps

militaris specimen (901D), and 1 Cordyceps sinensis

specimen (CI-1), were analyzed for their physicochem-

ical properties and sequence-structure relationships. P.

tenuipes (J2P), a kind of Dongchongxiacao, was suc-

cessfully inoculated on silkworms by percutaneous

infection of Rural Development AdminstraionNam et

al., 1999); fruiting bodies were then formed on the com-

plete surface of the pupa. Since P. tenuipes (J2P) from

silkworm larva was also proved to have remarkable

pharmacological activities, it has been produced in

bulk and has been successfully sold to buyers in the

Korean market. Additionally, imitation products such

as 901A, 901B, 901C, 901D, and CI-1 were sold simul-

taneously, resulting in deterioration of product quality.

This research focuses on establishing quality standards

to discriminate between the original and imitation

products circulating in the market. The products

obtained for the experiments included J2P, 901A, 901B,

901C, 901D, and CI-1; proximate analysis was per-

formed for these products. The hosts and methods of

conidia inoculation for proliferation of mycelia differed

among the products. P. tenuipes (J2P) was proliferated

in live silkworm larvae, and dead silkworm pupae were

used to produce 901A, 901B, and 901C. On the other

hand, 901D was produced on hulled rice medium.

Quality analysis of C. sinensis revealed that CI-1, which

was imported from China, smelled bad and proved to

be a counterfeit with the fruiting body glued to the

insect by twigs. The results of the proximate analysis of

901A, 901B, 901C, and 901D were similar to those of

J2P with respect to the moisture content. Otherwise,

J2P contained higher crude protein than 901A, 901B,

901C, and 901D, but contained very low fat. C. militaris

(901D) and C. sinensis (CI-1) had low crude protein

content—12.79% and 9.78% respectively—as com-

pared to that of J2P, which was 62.38%. In contrast to

the crude ash content of 6.4% in J2P, the crude ash

content of CI-1 was 18.51% and this specimen was

found to contain many impurities. phylogenetic anal-

ysis of P. tenuipes revealed that the sequence similarity

of J2P, 901B, and 901C was in the range of 92.3~92.7%.

Additionally, differences in the sequences were found at

the positions 65 bp, 436 bp, 441 bp, 463 bp, etc. 
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Cordyceps militaris, Cordyceps sinensis, physicochemical
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Introduction 

Dongchongxiacao, which is also known as Cordyceps

spp., “Vegetable wasps and plant worms,” or “Chinese

plantworms,” was introduced 200 years ago with various
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functions in humans (Cunningham et al., 1950; Hobbs,

1995). Cordyceps spp. are very rare and they are available

in limited amounts in the wild; further, their collection

from the field requires considerable technical skill and

expertise. Thus, Cordyceps resources are insufficient to

meet consumers’ needs (Tanada & Kaya, 1992).

As a result, many researchers have been attempting the

mass production of Cordyceps, which can be utilized uni-

versally (Yamanaka et al., 1998; Aoki et al., 1975;

Agudelo & Falcon, 1983; Lee et al., 2000; Sung et al.,

1999; Cho et al., 1999). Finally, Paecilomyces tenuipes, a

species of Cordyceps, was inoculated on the surface of

silkworm larvae and fruiting bodies were successfully

induced under the stable conditions used for cultivation;

thus, it could finally be harvested in bulk in Korea (Cho et

al., 1999). Further, it was confirmed to be useful for treat-

ing cancer, increasing immunity, preventing aging, and

recovering from chronic fatigue (Shin et al., 2003). Since

the value of Cordyceps resources is increasing and the

study on its function has been progressing in Korea, man-

ufactured Cordyceps products have been circulating in

offline and online markets indiscriminately. As a result of

this, the establishment of standards for the quality of

Cordyceps was demanded since some products sold in the

market were of low grade and unwholesome. 

This study investigated the physicochemical properties

and sequence-structure relationships of commercial

Dongchongxiacao of 3 species in the Korean market in

order to obtain basic data for the establishment of stan-

dards for the quality of Cordyceps. 

Materials and Methods 

Characteristics of 6 specimens of commercial

Dongchongxiacao

Five specimens (901A, 901B, 901C, 901D, and CI-1) cir-

culating in the domestic market were obtained for quality

analysis and were compared with P. tenuipes J2P, which

was produced using the technique of Department of Agri-

cultural Biology, National Academy of Agricultural

Sceience. 3 specimens(901A, 901B, and 901C) are P.

tenuipes, 901D is C. militaris and CI-1 is belong to C.

sinensis. All specimens were bought from an online shop

or from the Kyung-dong Market in Seoul. Various fea-

tures of the materials were investigated, including scle-

otial formation, color of the fruiting body, the kinds of

hosts, taste and smell of the fruiting body, impurities, etc.

(1995; Tak et al., 1996). In addition, CI-1 was compared

to C. sinensis (CI-J00), which was stocked in a laboratory

of NASS and was obtained from Qinghai University in

2000.

Analysis of crude ingredients and amino acids

Six specimens of Cordyceps which were sterilized at

110oC for 30 min, were dried and crushed. Moisture, crude

protein, crude fat, crude fiber, and crude ash were chem-

ically analyzed by AOAC protocols. AOAC International

is a not-for-profit scientific association that sets standard

methods, which allow consumers to have confidence in the

analytical results obtained from scientific analysis. Sam-

ples for the amino acid analysis were quantified by Hitachi

KLA-3B automatic amino acid analyzer. The amino acid

content was determined by the ninhydrin method (Doi et

al., 1981) using leucine as a standard. Briefly, 50 ml dis-

tilled water was added into 0.5 g Cordyceps sample. The

mixture was shaken and was then filtered through a filter

paper (Whatman No. 1) to 100 ml. Then, 0.2 ml sample

solution was mixed with 0.4 ml ninhydrin reagent, and the

mixture was heated for 20 min at 100oC. This solution was

mixed with 1 ml solvent after it was cooled on ice quickly.

The absorbance was detected at 570 nm.

DNA extraction 

Compressed mycelium samples of J2P, 901B, and 901C

were ground in liquid nitrogen to a fine powder using a

pre-cooled pestle. Then, 750 µl of proteinase K buffer

was added. The mixture was warmed in a dry oven at

65oC for 1 h; the DNA was then extracted with an equal

volume of phenol saturated with 10 mM Tris-HCl and

1 mM EDTA (pH 8) (TE buffer) at room temperature for

15 min. The phases were separated by centrifuging at

2000× g for 10 min, and DNA was obtained as above

with an equal volume of chloroform-isoamyl alcohol

(24:1); the sample was centrifuged to separate the

phases. The DNA was then pelleted by centrifuging at

6000× g for 10~15 min at 4oC, resuspended in 75% eth-

anol, and pelleted again at 6000 × g for 5~10 min; the

pellet was dried at room temperature and resuspended in

500 µl TE containing 10 µg·ml–1 RNase A at 37oC for

30 min. The purified DNA was precipitated with 1 vol-

ume of isopropanol and centrifuged at 12,000 g at room

temperature. The precipitated DNA was pelleted, resus-

pended, and dried; the dried pellet was then resuspended

in 200 µl of dH20 and frozen at −20oC until it was

needed for PCR.

PCR amplification and data analysis

The ITS1-5.8S-ITS2 regions were amplified by PCR from

extracted DNA using the forward primer ITS1 and reverse

primer ITS4. The PCR amplification was performed in a

reaction mixture containing 1.2 µl of template DNA solu-

tion (approximately 100 ng) prepared as above, 5 µl 10×

buffer (50 mM KCl, 100 mM Tris-HCl [pH 8.0], 0.1%

Triton X-100, and 15 mM MgCl2), 3 µl 2.5 mM dNTP,
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0.4 µl (each) of 100 µm primers, 0.4 µl Taq polymerase

(5 units·µl-1), and 39.6 µl of ddH2O. The total volume

was adjusted to 50 µl, and the cycling reactions were per-

formed in a programmable thermal controller using the

following conditions: denaturation for 1 min at 95oC,

annealing for 1 min at 58oC, and extension for 2 min at

72oC. Thirty-five cycles were performed, with the first

denaturation and last extension for 2 min at 72oC; the first

denaturation and last extension time extended to 5 min

and 10 min, respectively. The success of the amplification

was monitored by electrophoresis on 1% agarose gel. The

PCR products were then electrophoresed on a 0.8% aga-

rose gel, and the ITS regions were purified using a

QIAquick gel extraction kit. The purified DNAs were

ligated into pGEM-T easy vector and the transformants

were selected by the standard blue-white screening pro-

cedure. Plasmids containing the ITS regions were isolated

using a QIAquick Plasmid Mini kit. The purified plasmids

were sequenced on an automatic sequencer. Sequences of

the ITS1-5.8S-ITS2 regions were aligned using an align-

ment algorithm CLUSTAL W. 

Results

Characteristics of the 6 specimens 

The characteristic features of each of the 6 specimens,

namely, the 4 P. tenuipes specimens (J2P, 901A, 901B,

and 901C), C. militaris specimen (901D), and C. sinensis

specimen (CI-1), were investigated (Table 1). The hosts of

P. tenuipes (J2P) and C. sinensis (CI-1) were insects. The

remaining 4 specimens (901A, 901B, 901C, and 901D)

were produced by using dead pupa or hulled rice as

media. In the case of P. tenuipes J2P, the host infected by

the inoculation of conidia was filled with scleotia, as seen

in the cross section of the larvae, but scleotia were present

in small amounts in 901A, 901B, and 901C. In 901D,

hulled rice and scleotia were aggregated in the interstices

between pores. However, the host of CI-1 would not form

scleotia or any hypha. 

When live insects were infected with conidia of

Cordyceps, scleotia were filled inside the host bodies. How-

ever, in the case of 901A, 901B, and 901C, their host, dead

pupa, was covered with mycelium, which otherwise grows

inside the body only in little amounts. Thus, the mycelia did

not form scleotia and dead pupa rotted easily; this finally

declined the quality of manufactured goods. In this exper-

iment, CI-1 was proved to be an imitation product and not

an actual Cordyceps product. It was similar to counterfeit

Cordyceps reported by Holliday & Cleaver (2008).

Comparison of original and counterfeit Cordyceps

sinensis products 

C. sinensis CI-1 and CS-J100 were compared and analyzed

to confirm whether they were original products of high

quality or counterfeit goods (Fig. 1). According to Shimizu

(1994), the color of the C. sinensis host is yellowish brown

and that of the fruiting body is dark brown. Further, the

fruiting body is usually induced on the head of caterpillar

larva of the Himalayan bat moth, Hepialus armoricanus,

which are found at altitudes of 3,000~4,000 m in the

Tibetan Highlands of China. These results revealed that the

Table 1. Specification of various Dongchongxiacao products

Product No. Species Source Media Host state
Moisture

(%)

State of 

scleotium
Smell Impurity

Culture 

type*

J2P** P. tenuipes K larva alive 9.70
full in the 

host

smell of 

mushroom 

or pupa

none individual

901A P. tenuipes M pupa dead 8.45
little in the 

host

smell of 

fishy
none bottle

901B P. tenuipes M pupa dead 8.90
little in the 

host

smell of 

mushroom
none bottle

901C P. tenuipes I pupa dead 11.40
little in the 

host

smell of 

mushroom
none individual

901D C. militaris I
hulled

rice
- 7.55 -

smell of 

grain
none bottle

CI-1 C. sinensis M
imitation 

insect
N/A 12.35 N/A

smell of 

stink

bond and

twig
N/A

M: Kyung-dong Market, I: from the internet, K: Korea sericultural association,

* the asterisk indicates the state at the time of inoculation,

** the P. tenuipes product was produced according to the standard cultivation method invented in Rural Development Adminstraion
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characteristics of CS-J100 are almost identical to the orig-

inal characteristics reported by Shimizu (1994). Mean-

while, the colors of the CI-1 host and fruiting body are

different: they are bright brown and black respectively;

however, many similarities exist in the shape of the fruiting

bodies between the 2 Cordyceps specimens.

In particular, the fruiting body of CI-1 could be an ined-

ible imitation product. Besides, branches, glue ingredi-

ents, and impurities were found inside the host bodies. It

was assumed that sellers increase the weight of the prod-

ucts to make a profit on the sales. Consequently, CS-J100

weighed 0.23 g in contrast to CI-1, which weighed over

1 g (Table 2). The characteristics of the original C. sin-

ensis (CS-J100), which was obtained from Qinghai City

in China, and CI-1, which was bought from the Kyung-

dong Market and was imported from China, were ana-

lyzed; however, the physicochemical properties of CS-

J100 could not be analyzed owing to insufficient speci-

mens of C. sinensis.

Characteristic analysis of the 6 specimens 

Composition analysis of P. tenuipes J2P yielded the fol-

lowing results: moisture, 9.21%; crude protein, 62.38%;

crude fat, 4.49%; crude fiber, 5.27%; and crude ash,

6.38%. The crude protein was higher and the crude fat

was lower than those in the other 3 types of Cordyceps

(901A, 901B, and 901C), while the amounts of the other

components were similar (Table 3) to those in the other 3

kinds of Cordyceps (901A, 901B, and 901C). The crude

protein composition of C. militaris (901D) and C. sinensis

(CI-1) was 12.79% and 9.78%, respectively, and was sig-

nificantly lower than that of J2P. This is due to the dif-

ference in the host components used for the proliferation

of Cordyceps as well as due to the differences in the fruit-

ing bodies. The crude ash content of CI-1 was specifically

found to be 18.51%, which is considerably higher than

that of the other samples.

Typically, the crude ash content of Cordyceps is

approximately 6% (Choi, 1991), and the crude ash con-

Fig. 1. The characteristics of Cordyceps sinensis CS-J100 and CI-1 imported from China. A-D: Actual C. sinensis; A: specimen

derived from Qinghai University; B: fruiting body induced on host, Hepialus armoricanus; C: feet of larva, Hepialus armoricanus;

D: scleotia filled inside the host body; E-I: counterfeit Cordyceps sinensis (CI-1); E: feature of manufactured goods; F: fruiting bod-

ies packed in a unit of 100 larvae; G: host revealed as imitation; H: bond ingredient founded between host and fruiting body; I:

branch inserted into the host.

Table 2. Characterization and comparison of 2 kinds of Cordyceps sinensis products, namely, CS-J100 and CI-1

Items Cordyceps sinensis(CS-J100) Cordyceps sinensis(CI-1)

Origin Qinghai in China Kyungdong market; imported from China

Color*(host) yellowish brown(KS0318) brightens brown(KS0306)

Fruiting body dark brown(KS0325) black(N1.5)

Weight(individual of larva) 0.23±0.05 g 1.18±0.29 g

Tasty mushroom inedible

Smell mushroom strong stink

Host caterpillar larva, Hepialis armoricanus imitation of larva

No. fruiting body one from head on the host one from head on the host

Unit price(won/100g) 3,000,000 50,000~70,000
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tent of CI-1 was 3 times higher than that of J2P. This CI-

1 specimen was found to contain many impurities in the

product. 

The analysis of 17 different amino acids revealed that

the amino acid contents of 901A, 901B, 901C, and J2P

followed a similar trend and the content of 901D was

lower than those of the other 4 specimens (901A, 901B,

901C, and J2P). This difference arises from the kinds of

media because the amino acid content was higher with the

insect host than with hulled rice; in addition, same results

were obtained for mycelia proliferation of Cordyceps

(Table 4). 

Analysis for homology 

The J2P, 901B, and 901C specimens were analyzed for poly-

morphism and homology by DNA extraction, DNA ampli-

fication, DNA sequence analysis, etc (Fig. 2); unfortunately,

DNA could not be extracted from 901A, 901D, and CI-1,

and thus these specimens were not used for this analysis.

Comparison of the J2P sequence to the 901B and 901C

sequences revealed nucleotide differences at the following

positions: 65 bp, 436 bp, 441 bp, 463 bp, 548 bp, and 551 bp.

In addition, 3 isolates of this species that is the same as P.

tenuipes, however, analysis of the relationship is 92.3 to

92.7%, their homology shows that some differences (Table 5).

Discussion 

Since mass production of P. tenuipes was successful with

the use of live silkworm host in Korea and the commercial

sales increased, low quality imitations were simulta-

neously distributed; thus, the advent of counterfeit

Cordyceps led to confusion for the consumers while

choosing high quality products. This study aimed to dis-

criminate the predominant products on the basis of the

characteristics, composition, genetic homology, etc., and

it attempted to standardize the products depending on the

results. Composition analysis of 4 P. tenuipes specimens

(J2P, 901A, 901B, and 901C) revealed that it does not

matter whether alive or dead hosts are used for growth

since both show a similar trend.

However, the crude protein content of J2P, which was

62.38%, was found to be considerably higher than those

of the other 3 specimens (901A, 901B, and 901C). This

suggests that the product made using live silkworms as

the host is more superior with respect to the active ingre-

dient than the product made using dead pupa. The low

content of common components and amino acids in 901D

and CI-1 is due to the media used, which contained hulled

rice instead of insect host. These results could provide the

primary indicators to determine which media should be

used—media containing grains or media containing

Table 3. Chemical composition of various Dongchongxiacao products

No. Species
Result of ingredient analyzed (%)

Moisture Crude protein Crude fat Crude fiber Crude ash

J-2 P. tenuipes 9.21 62.38 4.49 5.27 6.38

901A P. tenuipes 9.80 56.30 12.37 11.05 3.19

901B P. tenuipes 10.45 55.69 11.71 10.20 2.98

901C P. tenuipes 12.25 52.30 10.41 9.28 2.66

901D C. militaris 8.94 12.79 0.74 3.70 1.79

CI-1 C. sinensis 16.39 9.78 1.36 6.70 18.51

Table 4. Amino acid ingredient of products

Ingredient
Result of ingredient analyzed (%)

901A 901B 901C 901D CI-1 J2P

Cystine 0.850 0.846 0.757 0.195 0.185 0.546

Methionine 1.341 1.360 1.238 0.157 0.150 0.338

Aspartic acid 5.186 5.002 4.879 0.900 0.756 3.170

Threonine 2.445 2.374 2.379 0.474 0.410 1.986

Serine 2.288 2.202 2.083 0.433 0.550 1.926

Glutamic 

acid
4.494 4.558 4.441 0.946 0.742 4.188

Glycine 2.112 1.942 2.034 0.578 0.658 2.004

Alanine 2.345 2.295 2.255 0.522 0.620 2.127

Valine 2.311 2.237 2.195 0.381 0.360 1.587

ISO-Leucine 1.959 1.909 1.839 0.260 0.284 1.175

Leucine 3.531 3.446 3.251 0.525 0.462 2.121

Tyrosine 3.587 3.427 3.290 0.446 0.371 3.364

Phenylala-

nine
1.927 2.005 1.868 0.283 0.291 1.155

Lysine 3.438 3.447 3.476 0.540 0.313 2.348

Ilistine 1.420 1.415 1.447 0.214 0.257 1.061

Arginine 3.692 3.821 3.748 0.531 0.538 3.655

Proline 3.269 4.079 4.808 0.437 0.357 4.419

Paecilomyces tenuipes, J-2, 901A, 901B, 901C; Cordyceps

militaris 901D, Cordyceps sinensis imported from China, CI-1
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Fig. 2. The sequence of respective products. 
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insects. In particular, the low protein content of CI-1 indi-

cated that the host of CI-1 would be a fake compound not

containing protein. The crude ash content of CI-1 speci-

men is approximately 18.51%, which is 5 times higher

than those of the other 5 specimens. Thus, this specimen is

of very low purity and it contains many other impurities,

suggesting that it is of poor quality. C. sinensis, which is

found at 3,000~4,000 m above sea level in the alpine hab-

itat around China, Tibet, etc., is a rare resource; it is

attacked by lepidopteran insects, and a single or rarely

2~3 clavate-shaped fruiting bodies are formed on the lar-

val head. Internationally, Cordyceps produced in Qinghai,

Tibet, Sichuan, Yunnan, and Gansu of China was recog-

nized to be of high value (Cheung et al., 2005), and of

them, CS-4 is the most expensive in the local area (Hol-

liday & Cleaver, 2008). Since many beneficial effects of

Cordyceps were found in humans, numerous products are

imported and sold in domestic markets; further, similar

but low quality products are also sold. It is thought that

imitation products are distributed because Cordyceps sell-

ers induce price rise by increasing the Cordyceps weight

by inserting a substance within the host body. This is a bad

product leading to social issues and problems and affect-

ing people’s health; thus, Cordyceps of proper quality

should be distributed to eradicate these problems. 

In particular, C. sinensis is sold in the domestic market

as a group of 100 fruiting bodies. Therefore, the consumer

cannot determine the product quality before opened the

boxesComposition analysis to determine the quality of

Cordyceps will be the focus of future studies. 
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