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Development of the Technology for Producing
Cordycepin—Fortified Beef and Milk
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SUMMARY

I. Title

Studies on development of technology for producing Cordycepin—{fortified beef and
milk

II. Objectives and Necessity of Research & Development

Cordyceps species, also called “winter—worm & summer—grass" are medical
fungi well known for its pharmacological actions such as antitumor, fatigue
treatment, immunomodulatory, antioxidant, hematogenic and antibacterial activities.
In addtion, Cordyceps species is beneficial to several diseases related to liver,
heart, kidney and respiratory system. One of the biologically active components in
Cordyceps species is known to be cordycepin (3'—deoxyadenosine). The typical
Coryceps used in oriental medicine is Chinese C. sinensis which forms a fruiting
body using the larva of a moth as the host. Because natural Cordyceps (C.
sinensis) is rare and expensive, however, techniques for artificial cultivation of
Cordyceps species other than the natural Cordyceps have been developed and,
thus commercial products of Cordyceps are now widely available. C. militaris is a
related species of C. sinensis commonly used as a substitute of the natural
Cordyceps.

It has been reported that the cordycepin content of mycelia is higher than that
of fruiting body, and that C. militarrs contains more cordycepin than does C.
sinensis. Although the major Cordyceps species used in Korea is Paecilomyces
japonica, techniques for artificial cultivation of C. militaris from plant rather than
from insects has been developed by EuGene Bio Farm. The C. militaris from plant
reduced unpleasant odor and high production costs from C. militaris commonly
used and can be produced on a large scale.

Although the pharmacological actions of Cordyceps may also affect livestock,
the application of Cordyceps in livestock has received little attention. As long as
the biologically active components in Cordyceps can be transferred to the end
products of livestock such as meat and milk, an increase of the market value of

livestock products would be expected. Therefore, the objectives of the present



study were to develop technology for producing cordycepin—{fortified beef and milk.

II. Contents and Results of Research & Development

1) 1st detailed subject : Determination of chemical compositions and safety on C.

militaris mycelia from plant

This study was conducted to obtain basic information on C. militaris mycelia as
feed supplements for livestock by determining chemical composition, the contents
of amino acids, fatty acids, cordycepin and heavy metal in three different win—
ter—worm & summer—grass, C militaris mycelia from plant or pupae and Faecilomyces
Japonica.

The content of crude protein in C. militaris mycelia from plant and pupae was
76.16 and 75.45%, respectively, being higher (P<0.05) than that of Paecilomyces
japonica (57.21%). The content of ether extracts in C. militaris from plant (0.96%)
was significantly lower (P<0.05) than that from pupae (9.04%). The contents of
crude fiber in C. militaris mycelia from plant and Faecilomyces japonica were 12.24
and 13.93%, respectively, being significantly higher (P<0.05) than C. militaris my—
celia from pupae. There were no significant differences in the content of moisture,
crude ash and nitrogen free extract (NFE) between three winter—worm & summ-—
er—grass

In all three different winter—worm & summer—grass the highest content of amino
acids was glutamic acid. The content of glycine was higher (P<0.05) for C. mulitaris mycelia
from pupae than for that from plant, and that of tyrosine was higher (P<0.05) for Paecilomyces
Japonica than for the others.

The content of linoleic acid in C. militaris from plant was significantly higher
(P<0.01) but that of linolenic acid was significantly lower (P<0.01) than the
others. The contents of palmitic and stearic acid in Faecilomyces japonica were Sig—
nificantly higher (P<0.05) than the others.

The cordycepin content was significantly higher for C. militaris from plant than

for that from pupae (0.164% vs 0.068% on a DM basis). But cordycepin was not



detected in Paecilomyces japonica.
Heavy metal contents (Cr, Pb, Cd, Hg) for all three different winter—worm &
summer—grass were below the allowance levels recommended by Ministry of

Agriculture and Forestry in Republic of Korea.

2) 2nd detailed subject : Studies on the in situ digestibility of C. militaris mycelia

from plant

The current study was conducted to investigate i situ digestibility of C. milita—
ris mycelia from plant using Hanwoo steers equipped with rumen cannulae. The
in situ digestibility of C. militaris mycelia from plant was compared with that
from pupae, and also compared with soybean meal and fish meal to examine it as
a protein source for ruminant. The incubation times were 0, 3, 6, 12, 24 and 48 h,
respectively.

Until 6 h incubation times, the in situ dry matter disappearance for C. militaris
mycelia from plant was higher than the others. At all incubation times, the in situ
dry matter disappearance for C. militaris mycelia from plant was higher than for
C. militaris mycelia from pupae and fish meal. The in situ dry matter dis—
appearance for C. militaris mycelia from plant was significantly higher at 0, 3, 6 h
incubation but lower at 48 h incubation than for soybean meal. At 24, 48 h in—
cubation, the 7/n situ dry matter disappearance for C. militarrs mycelia from pupae
(61.6 and 76.0 %) was significantly higher (P<0.001) than for fish meal (49.2 and
56.7%), showing that the iz s/fu dry matter disappearance of fish meal was gen—
erally lower than the others at all incubation times.

The pattern of in situ disappearance of organic matter and crude protein was
similar to that of in situ dry matter disappearance. Although the in situ dis—
appearance of crude ash for C. militaris mycelia from plant were significantly
higher than for that from pupae until 3 h incubation, the difference was not seen
afterwards. The range of in situ disappearance of crude ash in fish meal was 28 ~
37%, being the lowest among the treatments. The result of cordycepin dis—

appearance was not obtained because it is water soluble.



3) 3rd detailed subject : Effects of supplementing C. militaris mycelia cultured

from plants on cordycepin deposition in muscles of finishing Hanwoo steers

The present experiment was conducted to examine the effects of C. militaris
mycelia cultured from plants on cordycepin deposition in muscles and plasma
glutathione peroxidase activity in finishing Hanwoo steers. Four Hanwoo steers
were divided into two groups. Control group received no supplement whereas
treatment group received 3% of C. militaris mycelia of their feed intake for 60
days prior to slaughtering.

Final body weight, average daily gain, dry matter intake were not affected by
the treatment. But the activity of plasma glutathione peroxidase was numerically
higher for the treatment group than for the control group (15.70 vs 9.23 unit).
Furthermore, cordycepin deposition in muscles on the treatment group was
identified with thin layer chromatography. The content of cordycepin in whole
blood, hind leg and liver for the treatment group was 450.8 ng/ml, 2.4 and 3.5
g/g DM, respectively whereas it was not detected in the control group.

The results of the present experiment show that cordycepin could be deposited

in muscles of Hanwoo beef by feeding C. militaris mycelia cultured from plants.

4) 4th detailed subject : Effects of increased level of supplementing C. militaris
mycelia cultured from plants on cordycepin deposition in muscle and carcass

characteristics in finishing Hanwoo steers

The current study was conducted to investigate the effect of increased level of C.
militarrs mycelia from plant on cordycepin deposition in muscle and carcass
characteristics in finishing Hanwoo steers. Each five of 20 Hanwoo steers were
assigned to four levels supplement of C. militaris mycelia from plant (0, 1, 2, and 3%
of feed intake), and the feeding treatments were enforced for 60 days.

Total gain, average daily gain and dry matter intake were not affected by the
treatments. Furthermore, carcass characteristics was not affected by the
treatments with the exception of meat color which was higher for 2% and 3%

supplements than for the control and 1% supplement.



The content of whole blood cordycepin and plasma glutathione peroxidase activity
were higher for 2% and 3% supplements than for 1% supplement. The content of
whole blood cordycepin was not detected in control. The cordycepin content in
tissue showed similar responses with that in whole blood. Generally, however,
the retention rate was low (about 1%) in all treatments. Because there was no
significant difference in the cordycepin content in hind leg between 2% and 3%

supplements, it was decided to choose 2% supplement for the next experiment.

5) 5th detailed subject : Effects of feeding period of C. militaris mycelia cultured

from plants on muscular cordycepin deposition in finishing Hanwoo steers

This study was carried out to determine effects of feeding period of C. militaris
mycelia on muscular cordycepin deposition in finishing Hanwoo steers. A total of
30 steers were allotted to an experiment with a 3 X 2 factorial arrangement.
Treatments were two groups of with (2%) or without supplementing C. militaris
mycelia at three different feeding periods (1, 2, and 3 months).

Dry matter intake, average daily gain and carcass characteristics were not
affected by the feeding periods and supplementing C. militaris mycelia from plant.
The content of whole blood cordycepin was not affected by the feeding periods.
The range of whole blood cordycepin with supplementing C. militaris mycelia
from plant was from 0.398 to 0.473 pg/ml. The cordycepin in whole blood was not
detected in the control group. The activity of plasma glutathione peroxidase showed
similar responses with the content of whole blood cordycepin, being higher for the
supplement of C. militaris mycelia from plant than for the control group.

Supplementing C. militarrs mycelia from plant to the diet of Hanwoo steers
increased the cordycepin content in hind leg and liver whereas no cordycepin was
found in control. In addition, the feeding period increased the cordycepin content in
hind leg and liver, 2 and 3 months being significantly higher than 1 month. There
were no significant differences between 2 and 3 months treatments in the

cordycepin content of hind leg and liver.



6) 1st coordinated subject : Effects of supplementing C. militaris mycelia cultured

from plants on cordycepin content in milk in dairy cows

The present experiment was conducted to examine the effects of C. militaris
mycelia cultured from plants on cordycepin content in milk and plasma glutathione
peroxidase activity in dairy cows. Four Holstein cows were divided into two
groups. Control group received no supplement whereas treatment group received
3% of C. militaris mycelia from plant of their dry matter intake (600g) for 45
days.

Feed intake, milk production and composition were not affected by
supplementing C. militaris mycelia from plant. But the activity of plasma
glutathione peroxidase was numerically higher for the treatment group than for the
control group (13.29 vs 6.84 unit). Furthermore, cordycepin transfer to milk on the
treatment group was identified with thin layer chromatography. The range of
cordycepin content was 376 ~ 449 ng/ml and 152 ~ 203 ng/ml for whole blood
and milk, respectively but it was not detected in either whole blood or milk in
control group. The results of the present experiment show that cordycepin could
be transferred to milk by feeding C. militaris mycelia cultured from plants.

In the present study, although cows consumed two times more of C. militaris
mycelia than did Hanwoo steers from the study of the first year, the cordycepin
content of whole blood was similar between the two breeds. In addition, the
calculated transfer efficiency of cordycepin to milk was low (about 0.75%). With
the level of experimentation in this study, it can be only speculated that the
difference might be due to the difference of the metabolism between muscle

deposition and milk secretion or the intestinal absorption of cordycepin between

the two breeds.

7) 2nd coordinated subject : Effects of increased level of Cordyceps militaris

mycelia from plants on in vitro rumen microbial fermentation

Effects of C. militaris mycelia from plant on rumen microbial fermentation
were determined by measuring in vitro gas production, cellulose digestion, VFA

production, hydrolytic enzyme activities and bacterial counts. C. militaris mycelia was



added to buffered rumen fluid with final concentrations of 0.0, 0.1, 0.3, 0.6, 0.9 and
1.2%, respectively, and incubation was carried out in a shaking water bath at 38
°C for 3, 6, 9, 12, 24, 36, 48 and 72 h, respectively.

The results of present study showed that the addition of C. militaris mycelia to
the buffered rumen fluid increased gas production and cellulose filter paper (FP)
digestion, but decreased pH compared with the control. The concentration of
NH;—N and hydrolytic enzyme activities (CMCase, xylanase, Avicellase, amylase,
protease) were tended to be increased by supplementing C. militaris mycelia
suggesting that C. militaris might increase celluloysis and proteolysis of rumen
anaerobic mixed microbes. Maximum responses to supplementing C. militaris were
generally seen with 0.6% and 0.9% addition.

The concentration of total VFA and the proportion of acetic acid in total VFA
was increased by 0.6% and 0.9% supplements but the proportion of propionic acid
was not affected, resulting in increases of the ratio of acetate to propionate.

The addition of C. militarrs mycelia increased the number of dead protozoa but
decreased fungi population, suggesting that C. militaris mycelia might contain
anti—protozoan and anti—fungal agents.

As a result of electron microscopic examination, the outer layer of C. militaris

mycelia seemed to be harder than that of rice straw or corn.

8) 3rd coordinated subject : Effects of various levels of C. militaris mycelia from
plants supplement on cordycepin content in milk and milk production in dairy

COWS

The current study was conducted to investigate the effect of various levels of C.
militaris mycelia from plant supplement on cordycepin content in milk and milk
production in dairy cows. Each five of 20 Holstein cows were assigned to four
levels of the C. mulitaris mycelia (0, 3, 6, 9% of feed intake), and their average
lactation number and days in milk were 2. 3th and 138.2 days, respectively. As the results
of the first year study showed that the transfer efficiency of cordycepin into milk was low, the
levels of C. mulitaris mycelia supplement was set to increase over 3% as opposed to
the Hanwoo experiment in the second year. The feeding treatments were enforced for

60 days.



Dry matter intake and milk production were not affected by the treatments.
The content of milk urea nitrogen in the treatments was increased compared to
the control. There were no significant differences in somatic cell counts among
the treatments.

Although the content of cordycepin in whole blood and milk were increased by
supplementing C. militarrs mycelia compared to the control, no significant
differences were seen between 3, 6 and 9% supplements. As the level of C.
militaris mycelia supplement increased, the amount of cordycepin supplied also
increased whereas there were no significant differences between the treatments in
the amount of cordycepin secreted into milk. Therefore, the transfer efficiency of
cordycepin to milk was numerically decreased as the level of C. militaris mycelia
supplement increased. In the present study, the range of cordycepin content in
milk from the data of individual cows was 0~0.4pg/ml, and there were even
undetected cows, indicating that variation for the transfer efficiency of cordycepin
to milk is very high between individual cows.

The cordycepin content of C. militaris mycelia (0.10%) used in the present
study was lower than that used in the first year study (0.16%). Therefore, the
calculated amount of cordycepin supplied were similar between 6% in the present
study and 3% in the first year study. Based on the results of cordycepin content
from the first and second year study, it would seem unlikely that the cordycepin
content of milk would be further increased by supplementing C. militaris mycelia
beyond 6% of feed intake.

9) 4th coordinated subject : Effects of long—term supply of C. militaris mycelia
cultured from plants on cordycepin content in milk and milk production in dairy
COWS

This study was carried out to determine effects of long—term supply of C.
militaris mycelia on cordycepin content in milk and milk production in dairy cows.

Ten Holstein cows in the early stages of lactation were divided into two groups.

Control group received no supplement whereas treatment group received 6% of C

militaris mycelia of their dry matter intake for 6 months.

Feed intake, milk urea nitrogen and somatic cell counts were not affected by

long—term supply of C. militarrs mycelia for the whole period. In addition, milk



yield and milk composition were not affected by long—term supply of C. militaris
mycelia at any time of the periods with the exception of milk protein content and
yield. The average of milk protein content and yield from the whole period was
higher for C. militaris mycelia supplement group than for the control group.

As expected, cordycepin in whole blood and milk was not detected in the
control group. The range of cordycepin content in the treatment was 0.31 ~ 0.38u
/ml and 0.18 ~0.26u/ml for whole blood and milk, respectively. As similar to the
results of the second year study, individual variation was high and cordycepin was
also undetected in some milk samples. Thus, no clear pattern could be seen in
cordycepin content in milk throughout the whole period, suggesting that stages of
lactation might be excluded as a factor affecting the transfer efficiency of
cordycepin to milk. Again, the transfer efficiency of cordycepin to milk based on
individual data in the present study was variable and low, being between 0.00 and
0.95%. The inconsistent results between and even within individual cows cannot
be explained at present.

Overall, the results of the present study suggest that the transfer efficiency of
cordycepin to milk by supplementing C. militaris mycelia in dairy cows was
unpredictable and low. Therefore, it could be difficult to apply the output of the

present study to dairy industry.

IV. Proposition for Research, Developmental and Application of the Results

The objectives of the present study were to develop technology for producing
cordycepin—fortified beef and milk by supplementing C. militarrs mycelia from plant to
diets of Hanwoo and Holstein cows. The results of the present study show that
cordycepin content in beef and milk in treatments was significantly increased compared
to control. In addition, the activity of plasma glutathione peroxidase was also increased
by supplementing C. militaris mycelia from plant, suggesting that C. militaris mycelia
from plant could improve the health of livestock and also be used for producing
functional livestock products. However, the transfer efficiency of cordycepin to milk
by supplementing C. militaris mycelia in dairy cows was unpredictable and low.
Therefore, it could be difficult to apply the output from the cow study to dairy

industry.
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o2 sFatxs A 2 583 3 30 K okA|

ToRE A, YR, A}, kst AHE
O (Zhu et al., 1998), Zt& SH(5E3|, WYY,
leukemia; Kodama et al., 2000)> =& 1F A%, A%, # 53 AAE Astol] &4
3 oot 2 xggyst e Adow 2 4eA Juk(Li et al., 2001; Huang et al.,
2003). YYo= sFet27t Gl oW 2 X5 auuib 95 Ao o3y
A e, ol etz oel 7 &% FolAl T3 dEEdd AuHA| &

sFotx s e dxddd AYSHUIT)EHEAd TS ZHE nucleosides
(cordycepin 323%) % nucleotide®t #o] @717} FAHo] ¥Hi= A&, galactose?t
mannose® A ¥ polyssacharide, ergosterol, cordycepic acid, 2+ ofn|x=AF @ L&
23t Ak o] Jth(Zheng et al., 1999). & olE Edo] At AWy A
Agel #A & Fx JAR 7P FEAQ 7s8s UEllE =4S nucleoside®
3'—deoxyadenosine?l cordycepin®] g} HlE= SHA}E 7lo| o]l Ho] flon, o] E-Zo]
7h ZrE s Ao 2 X8 v9s z2ie AYS@dELARE HUkE a2 th(Huang et
al., 2003).

Cordycepine A2 A BHohs AR 1.2 ~ 1.38 =4 &A= o2 delA
9131, o]+ adenine nucleoside®] FAMA|Z, 39 22| hydroxyl group(OH)®e] $17]
w] 5ol transcription chain terminator® #F-83}o] RNA &AS A&lgto w2 A A E
o] A& A= FUABEAE AHEH vk Cordyceping 53| leukemia®l X
o gY3d F3E velf=u(Kodama et al., 2000), A|XFFo Ao oA
natural killer A3 2] 228 T3 A|7]a1, interleukin % tumor necrosis factor2] 343
= 7= Aoz BaEa v (Zhou et al., 2002).

S ATP A4S S7HA713(58 57, superoxide dismutase(SOD)9] 97M=
71 (=3 A]), @3S A7 S(FeX8), frobdAtd o 2 X8 &

ootz AF a7t cordycepin® ZAE fFefiHar dvt E=E ¢ Foll o
891 nucleoside® A ZAHEAZ AA o] FAA #Ao] 1xH I 9=t
P RAREEA FASHA 1 kel fHaests AoR AtEnk itk (Schlimme et

al., 2000).
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1) Cordycepin(adenine nucleoside; CigHi3N503)-2 adenine base”} <=3} A deoxyribose
¢} glycosidic linkage® A2 3] 22 A71(MW; 251.24)¢] Eafelmz &
Ul 2 dF aazhgdd oste] ald 7hsAdo] wa(Mateo®t Stein, 2003).
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St 9as e Aow LA 9ii(Salati et al., 1984), AAZ A&
nucleoside?] 90% o]Afo] AR &="o] &l= (Uauy, 1989)

3) E3], nucleosider™ 7= Na'—dependant transportero] ¢3to] 2T A E &5
T =4 (Scharrer?} Grenacher, 2001, 2002), /\4 2 AR} A ST Aol B
B} oF 10M) HXE nucleosided] 9452 o] 484 YEFE (Theisinger et al.,
2002).
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Ak E-S AOAC(1995) ol wel 48, Zama 220, 238, 2AAFE &
e}, =2 105C drying oven(dHM 38l dh=r)o) over nightA| A FA7 4
zhol 2 ARFsllal, 2aMA L nlo]g 2 AYy JHEZFEES oY JdHEE F&
Suj s o] &3] A on, BrstEdEde MEEdAER xdEth HeTAE
2ETFE AAA 8, dA, dHEFEE, F3 W, ZAHF dFS A o=

.

8 = opnx=AHEAl S High Performance Liquid Chromatography (HPLC)E o] &
ate] AAsholar, 1 A "AbE 6N HCIZ 74443l (acid—hydrolysis) 3haL o] 78+ 3
PITC =& FAA7]11 ©]E Pico—tag(column temperature 46°C, injection
volume 10ul, UV detector wave length 254 nm)& o] &3+ Wk o=z BA&9t}h 2
AR 8 Sukhija®t Palmquist(1988)2] "o we} toluene o2 A HIALS &3 &
5% methanolic HCIZ #7Fsle] 70C  heating blockolAl  2A]7HE9 71 <d &}o]
methylationS AA&taL HEZ 02 1,500rpmell A P4 ste] A5 oNS st Gas

[e;

O O
Chromatography (GC, Hewlett Packard 6890, USA)& o] &35}lo] #-Als})

Rt
4) TH5 4
2y AU SEE (5, B, 7tEH, A7) Tsutagawa 5(1994)9] WHOZ A
3= 332 71% ICP(inductively coupled plasma spectrophotometer, Atomscan 25,



TJA, Waltham, MA, USA)E o]&3&lo] E23}t}.

ot

(5) Cordycepin 4]

Cordycepin #4418 Cunningham =(1951)¢] A3t #AS Ax FE389cE ==
S AAFS 90Tl A 6113 Bt S FE84aL o 28] 2] acetoneS 7f
ato] 4°Col A 244125 WA &k th 3,000rpmol| A 1087 A3t &, g5 At
S Halo] T3 dE % 7] (Rotavapor R—114, Buchi, Switzerland)E ©]&&}o] &vj=
HH3 AT, SFFHRTE Vet S AIZF 0.45 mme] membrane filter= o] 73k
t}e HPLCE FA39 T Columne Waters(USA)AFS] uBondapak Cis column(300mm
L X 3.9 m ID)S AM&sl¥ o, A&7+ JASCO UV detector(260mm)E AF-8-3}31 T}
Cordycepin &2 HE7]9 YEld peak WAS SigmarlolAl 43 F3F (No.
C3394; CroHisNsOs MW 251.2) 0% A8 maM o zue AZaru.

o}-87] TLC(thin layer chromatography)ZE ©]-&3&}o] cordycepin bandZS &2l
=4, TLC9 =A< silica gel (Merck) precoated TLC plate (UV 254)% 0]%6}
W A7)&vi= CHCl;—MeOH (3:7)& 3}lth. 3 HPLC= 13%°] MeOHE %
diethylamine buffer (pH 4.5)Z o] 5422 column< ODS (4.6 X 200 mm)E /\]-
o] ZAFaESITE. Figure 29 cordycepin®] 3}8H2 F+2& VERUTH

e

Cordycepin (3'-deoxyadenosine)
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Figure 1-2. The chemical structure of cordycepin

s B o9 Z=F4E3 cordycepinIFHH|wE Y| =
A ozl BE AEe 74 Al AlEF () o] Hrgky EFEeAE E\’ﬂ
e}

A7) AHLSD, least s1gn1f1can difference) 2 t—testZ o]-& 0}04 5%(P=0.05)“|“ﬂf Sl
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(1) dutA &
21E& (plant) 2 &&E4 (pupae)d] L EIE 2~ 53t A 2 w253tz o
ARAO] d3h i, A A oHEFEE AR 2 MEYEALE S Table

1—19] YeERNS T

Table 1-1. The chemical composition of mycelia from three different winter-worm &
summer-grass

Items Treatments'
Cordyceps Cordyceps Paecilomyces SEM’ P

militaris (plant) militaris (pupae) Japonica

..................... % of dry matter «---eeseeeeeseeenes
Moisture 8.55 8.29 9.99 0.56 0.1015
CP’ 76.16" 75.45° 57.21° 3.89 0.0268
EE’ 0.96° 9.04° 12.24° 0.71 0.0012
CF° 12.24° 4.61° 13.93° 1.67 0.0218
CcA’ 3.21 4.30 3.80 0.49 0.2266
NFE* 7.43 6.60 12.82 2.73 0.1881

'Each value of treatments represents means of triplicates; *standard error of the mean;
3signiﬁcant if P<0.05; ‘crude protein; “ether extract; ‘crude fiber; 'crude ash; 8nitrogen—free
extract; “"“means within the same row with different superscripts significantly differ.
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W, olF wEede 484 Delgels FEs: FAARG R4 Ueeys 2
wREFE FAATE f8 A ERTHP<0.05). ob&el 71%e] Alme] AlFtobu] it

ol gto]Al(Lys) B E#H I (Thr)d ojdd 7}5F9] Hpoln|w=2kel o2 7| d(Arg) X
S| A~E T (His) T3 U3 48 YeERATHP<0.05).

Table 1-2. Amino acid profile of mycelia from three different winter-worm &
summer-grass

Items Treatments'
Cordyceps Cordyceps Paecilomyces SEM’ P <
militaris (plant) militaris (pupae) Japonica
............... % Of total amino acids
Cys 1.43 1.89 1.11 0.57 0.4731
Met 1.41° 2.14° 1.99° 0.15 0.0299
Asp 7.73 11.28 10.94 1.59 0.1916
Thr 3.70° 547 4.42° 0.31 0.0250
Ser 5.17 5.03 3.73 0.46 0.0884
Glu 20.99° 11.75° 11.32° 0.51 0.0005
Gly 3.58" 7.88" 5.05" 1.15 0.0406
Ala 7.09 5.86 4.56 1.01 1.1858
Val 4.07 4.89 5.04 0.65 0.3965
Ile 3.45 3.37 3.95 0.76 0.7327
Leu 12.93 6.81 6.39 2.11 0.0896
Tyr 4.61° 6.03" 8.21° 0.66 0.0267
Phe 5.64 5.59 5.23 0.40 0.5850
Lys 3.13° 791° 7.86" 0.77 0.0132
His 2.02° 2.68% 2.82° 0.22 0.0412
Arg 4,55 7.13° 8.00° 0.58 0.0199
Pro 8.49 432 9.37 1.70 0.1088
EAA* 40.91 45.98 45.70 1.71 0.0977
NEAA® 59.09 54.02 54.30 1.71 0.0977

'Each value of treatments represents means of triplicates; *standard error of the mean;
3signiﬁcant if P<0.05; *essential amino acids; *non-essential amino acids; “’means within
the same row with different superscripts significantly differ.
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Figure 1-3. Amino acid profile of mycelia from three different winter-worm &

summer-grass (*: P<0.05, ***: P<0.001)

g, 2 (Gly)S 54 1
Hjo] %k HlEo] FrolatAl Foka(P< 5
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daobu et i oy vl ol At Bl Eo] & o8 UEyth
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Table 1-3. Amino acid content of mycelia from three different winter-worm &
summer-grass

Items Treatments'

Cordyceps Cordyceps Paecilomyces SEM’ P <
militaris (plant) militaris (pupae)  japonica
.................. % Of dry matter

Cys 0.99 0.69 0.45 0.25 0.2420
Met 0.98 0.78 0.83 0.13 0.3851
Asp 5.31 4.13 4.54 1.13 0.6182
Thr 2.55° 1.98% 1.82° 0.21 0.0487
Ser 3.58" 1.83° 1.53° 0.23 0.0055
Glu 14.52° 429" 4.69° 0.59 0.0007
Gly 2.47 2.82 2.11 0.43 0.3744
Ala 4.93" 2.10° 1.90° 0.69 0.0374
Val 2.82 1.79 2.10 0.43 0.1856
Ile 2.39 1.27 1.64 0.44 0.1725
Leu 9.01° 251° 2.66° 1.70 0.0403
Tyr 3.21 2.20 3.39 0.52 0.1904
Phe 3.91° 2.05° 2.16° 0.38 0.0275
Lys 2.15 2.88 3.26 0.59 0.3032
His 1.40 0.99 1.17 0.19 0.2432
Arg 3.14 2.58 3.31 0.28 0.1498
Pro 5.89° 1.57° 3.85" 0.74 0.0229
EAA* 28.34° 16.82° 18.95 2.87 0.0431
NEAA’ 40.90° 19.64° 22.45" 2.17 0.0041
Total 69.24 36.46" 41.40° 4.96 0.0132

amino acids

'Each value of treatments represents means of triplicates; ’standard error of the mean;
3signiﬁcant if P<0.05; *essential amino acids; ’non-essential amino acids; “Pmeans within
the same row with different superscripts significantly differ.
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Figure 1-4. Amino acid content of mycelia from three different winter-worm &
summer-grass (*: P<0.05, **: P<0.01, ***: P<0.001)
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Table 1-4. Fatty acid profile of mycelia from three different winter-worm & summer-grass

Items Treatments'
Cordyceps Cordyceps Paecilomyces SEM® P <
militaris (plant) militaris (pupae) Japonica
............... g / 100 g fatty acid --=veeeeeeeees
C16:0 15.88" 16.20 21.67° 0.55 0.0385
C16:1 n7 1.15 1.10 0.88 0.18 0.3754
C18:0 3.99° 5.70° 6.90° 0.64 0.0279
C18:1 n9 33.50 26.50 31.30 2.96 0.2082
C18:2 n6 4233 16.80° 15.23° 1.27 0.0016
C18:3 n3 1.16° 28.80" 20.53" 2.58 0.0031
unknown 1.98 4.90 3.50 0.98 0.7124
SFA* 19.87° 21.90° 28.57" 1.91 0.0418
USFA’ 78.15" 73.20™ 67.93 3.76 0.0427
PUFA® 43.50" 45.60" 35.76" 2.86 0.0233
MUFA’ 34.65 27.60 32.17 2.53 0.1725

'Bach value of treatments represents means of triplicates; *standard error of the mean;
3signiﬁcant if P<0.05; “saturated fatty acids; *unsaturated fatty acids; 6polyunsaturated fatty
acids; "monounsaturated fatty acids; “’means within the same row with different
superscripts significantly differ.
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(4) Cordycepin =

Figure 1-5. The identification of cordycepin in three different winter-worm & summer-grass
by thin layer chromatography (A: standard, B: C. militaris (plant), C: C. militaris (pupae),

D: P. japonica, arrow mark (—) represents the identification site of cordycepin).

Figure 1-5% s3stxzdl EAet= Fo8 AeLd =412 cordycepin? J—XHE g
Q1&}7] $18Fe] thin layer chromatographyel Z71st Zo|t}, IdoA HE AAHH
standard line(A)<€] cordycepin band$] X =58 L ElE]| =~ 553 dAFA oA A
gk Aol A AS #S5E ¢ A, 53] A=A (B)o] = U EE LS 559

KeR
Z JAH(C) R} &gt E4o] #S5Eo] 2840l TEARET cordyceping#o] B
1 =) =)

N

Ol
-

‘1~

o] {3l A AlAEE Y AN, wL2EEolx A (D)= cordycepin®]
=4e s F A

3+ Figure 1-62 standard cordycepin (Sigma#]#)S FFH=E HPLCE 53519
A=sele W, 7 5= peak areas §3ato] 3 7H S 2HdE Aol Figure 1-6
A BHE AAY, 552 cordycepine 1%x9] AFEE V1A= AXMA (linearity) <
B FQATH(R?=0.9931). Al 9] T53% wAMA cordyceping ®AE RS w, 1
stk Table 1-5°] YERNRITE Table 1-5014 Hi= nle} o] 254 HaElg]

A= AR T 1.64 mg/gs rste] &84 Helete]s AR 0.68 mg/gr th
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Figure 1-6. Calibration for the standard curve of cordycepin by HPLC

Table 1-5. Cordycepin contents of three different winter-worm & summer-grass

Items

Treatments'
SEM’ p <
Cordyceps Cordyceps Paecilomyces
militaris (plant) militaris (pupae) Japonica
..................... mg/g DM
Cordycepin 1.640° 0.676 ND.* 0.016 0.0098

'Each value of treatments represents means of triplicates; *standard error of the mean;
3signiﬁcant if P<0.05; *not detectable; “®means within the same row with different
superscripts significantly differ.

2 Aol A, et FFst: d AW cordycepin®] S 7|50 TRl w
g} ko] zlolE HAFRlaL, 53] AEA dYEE s AT w248 dEEe
2 st ARG X } 2 S YERTHP<0.01). & Ao
Bl cordycepin 3 HE o] H 9] ¢ = 2003)9) vskH < 4u)e)] e
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Table 1-6. Heavy metal contents of mycelia from two different Cordyceps militaris

Items Treatments'
Cordyceps Cordyceps SED* P <
militaris (plant)  militaris (pupae)
Lead (ppm) 0.17 0.33 0.07 0.0420
Cadmium (ppm) n.d. n.d. - -
Chromium (ppm) 2.18 0.32 0.13 0.0361
Mercury (ppb) 2.10 47.00 0.21 0.0048

'Each value of treatments represents means of triplicates; *standard error of the
difference; 3signiﬁcant if P<0.05; *not detectable.
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1. 95 38 W&

2 AT V)T E3] FEEH e HuY] VI s g AEA HeE
g2 38tz dARAZ cordycepin®] WHEEEol Uigk HolrtsAdE AFEr] 9
sto] HEE9] o] AEbE k95 o] 838l in situ techniques E-83Fo] R
cordycepin®] | Fd H 2AES FAMStaL, ol¢} ¥/ @M AR TFROR T}

Ag ol 9l R

_0|L
2,
=3
o
Ho
=
a0
=
i)
[
11k

= ATE BEr el e AMES- (B Al 568 kg)E o] &ste] AlEA ¥

Bl 55t wAH, sEA dEuaEEste AR, diFe 2 o i Y
MAANELEE Aok, o5 dilld] fgh w9 AHE&S AslaL, HelE
22 F58tx dAHAIW 7154 EZQ cordycepin®] WY AAELS AEAHY F
EA40Hd7] 715) 3k vl Z2AFsESlTh

N

HEEQIU o]l e AMES 3FE FAEtY HAN FFAE(TFAEAAIR)
£ 40:609 HlE= wigste] AFAAAAL, olE = F MgE FoAE 9] shehA
Z/42 Table 2—1o] YeRATE AFR 9l Fol= 05:009F 17:009] 23] HolstSith
Mineral block ¥ &% AHFEo] AHT & JEF stgon, ouj7|zd 25 <t
AF-Abel A8 AAFAZ F B Ao o]g&).

2 AE R E8 B Ad A

2 Ao AL8E HElElE 2 558 E dAH 23 (A EAL 2 FEA)Y g 2
oL n situ AT 5] 1—mn screen®] FEE Wiley mill® #33F¢] pore size
1.199 A 0.177mE A AA WAAASE A AS 2 o] Dacron bag technique

of o]&st3ltt. 7z d5e] 3ehA =AE2 Table 2—20] YERHAT. 28]l o5&
0, 3, 6, 12, 24, 4847kl AAA Wb o] Azhe -9 vkejo] AX AR



2} WjFAIRIe] mhE A RO WEe ko) AAMClE HAistshy] Aste]l FY 3uiol
HE% sgon, & onEon Anstgr

Table 2-1. The chemical composition of feed ingredients and basal diet fed to Hanwoo

steers subjected to in situ trial

Items Feed sources

Rice straw Commercial diet' Basal diet’

. % Of dI'y TNALLET e crrrrr ittt

Moisture 12.29 12.69 12.53
Cp’ 5.07 16.76 12.07
EE’ 1.98 3.70 3.01
CF’ 32.04 6.65 16.84
CA® 16.74 7.82 11.40
NFE’ 44.17 65.07 56.68

'"Purchased from Nonghyup Feed (Suwon) for finishing steers; *formulated into rice straw
and commercial diet at the ratio of 40:60, respectively; Jcrude protein; *ether extract; Scrude
fiber; Scrude ash; 7nitrogen—free extract.

Table 2-2. The chemical composition of four different ingredients used in in situ technique

Ttems Treatments'

C. militaris (plant) C. militaris (pupae) Soybean meal Fish meal

Moisture 8.55 8.29 12.86 9.22
CP’ 76.16 75.45 52.67 59.07
EE’ 0.96 9.04 0.73 11.26
CF' 12.24 461 7.82 1.47
CA’ 3.21 4.30 6.23 21.03
NFE° 7.43 6.60 32.55 7.18
Cordycepin 0.164 0.068 - -

'Each nutrient represents means of triplicates; “crude protein; Sether extract; ‘crude fiber;
*crude ash; nitrogen-free extract.
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ZF vk @ oA Ho] B Alge AX 3 dA] Aol B (desiccator)o] HBE] FAE
AaE, F3A8) 9 gy AR g
S AOAC(1995)H ) ute} A3}, 7

-

E o z= AT H 23 ETEFS ko] =
o aela AEd 2 sEAY dYEe s sFekx # AU cordycepin®]
&S A7l 918kl HbR9] At xAlEe YEAIES] cordycepinitA]-
Cunningham 5(1951)0] AF&3F BAH S AX FE519 ) %%ﬁ}éﬂ/\]—% 90T~ 6
AP EF B =olA FEskal o3 3 2w 3]

Bk WA At} 3,000rpmell A 1083F AR T AT onke 34'5‘}04 S35
Z7](Rotavapor R—114, Buchi, Switzerland)Z ©]&3to] &uj& <lxs] A 7|11
Z54E 7bste] A Z1E 0.45 me membrane filter® o33+ t}& HPLCE v‘f—@,
3o}, Columne Waters(USA)AF] uBondapak Cig column(300mm L < 3.9 mm ID)&
Abgsll o 7 E7]+= JASCO UV detector(260mm) S AF&3}I Tt Cordycepin 3
& AZE7]e YERd peak WA S Sigmartell Al 748 EFF (No. €3394; CioHiaN50s;
MW 251.2)0%2 243 FFHo2RE A&tk

|

|

oA Polzl wE Ar 7t AeTe] ARF(NR)Y FR@T HEoE
2 SAS package program(2000, release. 8.1 ver.)



9] H A7 AF(LSD, least significant difference) % t—testE ©]-&3}o] 5% (P=0.05)<F
ol A #4353l

3. Ay 9 nF

1 AE 2 frjesads

Ho

2154 (Cmiplant) ¥ &= (Cm:pupae) L e & 553z TAH, EH':‘ﬂ‘*(SBM)
o & (FM)Ol et w39l AEA2AELS Table 2—3% Figure 2—1°] YeRATE &
oF aglollA B wpel o] AEA WEEE X sFstx wAME 0, 3, 641K A
02 AHETs Boh 4ds] 22 248 YERRNA(P<0.05), ol 53] W9
Hart 27l A dowaS AlAeEaL, 53] 0AIRF] 51.35%7F RES=9IUlel Al &
Aro] AEA] FFstx dARAIW FE&4 fractiono] HEH EAletE AOE FAL
HAvk a2 AEd dEues 56t dAME 129 24413t Hol5HA
ko] AEAAET g zolE Rolx| ¢ FAldl, MdV7F HEEY s T
F8lx  #AMA(Cmipupae) % olRHUE= fos Fe AHES HAFA
(P<0.01).

oo whall, 7] 715 L et~ ,
frolgk zto]7b yERA] %%»}E‘r. lﬂﬁl %%*é‘ﬂ Hd7] 7]

oA Al Egrel fe F a9
el BESE FAA 2 e Awdom N4 Welgds FEE 2AA
9ot wlskel frolshA e ANES EIa, 58 24, 4847k W]

715 Wl ete) A~ B8t x oA 7 22 61.633 75.98% % o] H9] 49.24 X 56.86%
B} fFosiA 2 A2ES YERYA W (P<0.001), o] &2 Aoz BE b YA
7t e g2 A R M 9 A4 ES B FATH(P<0.05).

of = W E, diFEke wd 6AIIAAIE AEd HEEE S FFetE TA

B} 2a80] folatA WA HP<0.05), 12A]17F o] FHE F43] ajH 7] A|4E

of Wl 7 4847kl thFuto] 98.12%2 AE tjF-o] HkEQ oA 2]

A dEee] s BE3eE dAMY 79.08% Kt folEH A ko, o= AA|A YT

oM M4 =S S YERNATHP<0.001). o]Ae] Axtol A e ety e
WA ol = A EA o] TEART WUl A adEo] w&

] REESIUe A el E= Wb, ol
Z

ke 124]7ko| Fol F4F T the Al
Hlgte] Bl wrEQdlo A HE = o Ueigth o9} e Avtel st
Broderick 5(1988)& ofit, 2, ofupFAnt ajntetr|ut, AfFut, B3u SIS
in vitro WEASMAAS AAG A3, o5 Zzhe] #al&2 55, 79, 84, 59, 75, 54
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Table 2-3. Effects of Cordyceps militaris mycelia and protein sources on in situ dry

matter disappearance

Items Treatments' ) 3
SEM P <
Cm (plant) Cm (pupae) SBM FM
Incubation time, hr «=--eeeeeeeeeer DM disappearance, % -vrcrrrereeree

0 51.35° 38.27° 39.57° 34.97° 5.87 0.0408

53.60° 41.52° 41.79° 35.48° 5.18 0.0159

6 53.98" 45.80™ 43.61° 40.48° 451 0.0321

12 60.79° 46.85" 56.30° 42.27° 4.52 0.0037
24 71.78° 61.63" 75.97° 49.24° 3.12 <0.0001
48 79.08° 75.98° 98.12° 56.86° 2.01 <0.0001

1Cm(plant): floral C. militaris mycelia, Cm(pupae): faunal C. militaris mycelia, SBM:
soybean meal, FM: fish meal; *standard error of the mean; 3signiﬁcant if P<0.05;
**“means within the same row with different superscripts significantly differ.
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Figure 2-1. Effects of Cordyceps militaris mycelia and protein sources on in situ dry
matter disappearance [Cm (plant): floral C. militaris mycelia, Cm (pupae): faunal C.
militaris mycelia, SBM: soybean meal, FM: fish meal; *: P<0.05, **. P<0.01, ***:
P<0.001].

Table 2-4. Effects of Cordyceps militaris mycelia and protein sources on in situ organic

matter disappearance

Items Treatments'
SEM’ p <
Cm (plant) Cm (pupae) SBM FM
Incubation time, hr  -:-eeeceee OM disappearance, % «=««=v=oee-
0 4991 36.74° 3742 36.22° 5.77 0.0451
52.45" 39.77° 3942 37.51° 5.10 0.0250
6 52.94* 4399 41.06°  42.52° 4.39 0.0408
12 59.95" 4478 5410 4343 4.56 0.0063
24 71.46° 60.41° 7474 52.12° 4.97 0.0018
48 78.92° 7497°  98.07"  55.03° 3.37 <0.0001

'Cm (plant): floral C. militaris mycelia, Cm (pupae): faunal C. militaris mycelia, SBM:
soybean meal, FM: fish meal; *standard error of the mean; 3signiﬁcant if P<0.05;
**¢means within the same row with different superscripts significantly differ.
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Figure 2-2. Effects of Cordyceps militaris mycelia and protein sources on in sifu organic
matter disappearance [Cm (plant): floral C. militaris mycelia, Cm (pupae): faunal C.
militaris mycelia, SBM: soybean meal, FM: fish meal; *: P<0.05, **: P<0.01, ***:
P<0.001].

(2) ek A5

A5 (Cm: plant) % SEA(Cm: pupae) W EE 2~ HFstx #AM, dFe+
(SBM), o] & (FM)ell ok L—%%’%LH Zekm A A58 Table 2—53 Figure 2—3°] U
Bl A 24 HEeE s 5582 dAME AE 2 f71E AdEY v
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Z7] W EAZHO0~6AI1ZD) A W 7] 715 Delete] s FE5etx dA], g 2
ojfe tiFute] 627 Aleleta, o5 Fhel FelF Aolt vhEhA gkt §hA
gk 6AIZFI Al RS 31.60% % ohE Aol wlste] froshAl Wttt
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Table 2-5. Effects of Cordyceps militaris mycelia and protein sources on in sifu crude

protein disappearance

Ttems Treatments1 , 3
SEM P <
Cm (plant) Cm (pupae) SBM FM
Incubation time, hr  «=r-oeeeee CP disappearance, % «=::xeeeee
0 51.37° 32.85° 27.34°  36.10° 5.78 0.0051
51.50° 33.68" 31.79°  36.17° 5.28 0.0067
6 49.53" 37.10" 31.60°  41.57% 453 0.0075
12 57.53° 36.77° 4481°  43.11° 5.37 0.0090
24 66.56" 52.37° 69.13°  43.22° 3.71 <0.0001
48 75.95° 69.15° 97.94*  54.15° 3.64 <0.0001
'Cm (plant): floral C. militaris mycelia, Cm (pupae): faunal C. militaris mycelia, SBM:
soybean meal, FM: fish meal, “standard error of the mean; 3signiﬁcan‘[ if P<0.05; “**means

within the same row with different superscripts significantly differ.
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Figure 2-3. Effects of Cordyceps militaris mycelia and protein sources on in situ crude
protein disappearance [Cm (plant): floral C. militaris mycelia, Cm (pupae): faunal C.
militaris mycelia, SBM: soybean meal, FM: fish meal; **: P<0.01, ***: P<0.001]

(3) 7 E2AE

2 EA(Cm: plant) ® HEA(Cm: pupae) HWHEH A FF3tx dAHA], 5yt
(SBM), o= (FM)ell tfgh vE=29y] 3]F 422 &2 Table 2—63} Figure 2—4°] YER
ATk, ket 1o yERd viel o] AEA el A~ FFskx dAMASE diFEbe
Hla A 7] WAl 03 3AIZFl A 7 AHElgh 3] 70%0]739] H& 34
S YERRI, o] Exbell= foldt Apol7F YERA] kARE, ®idY] 75 HeE]E
2 FFotE AR B ot Bk oAl = SktH(P<0.001). sFARE, vl SF 64 7kl
=4 9 wdr] 715 dYEE s sFstx: ARG gk Al ATt ghell e
zbo]l 7} YGEFUFA @Ekar, o] 52 o]i-9] 30.26% KT} oF 28] o]t o FEAASL
S YERATHP<0.001). ¥FA dfFEke vi ek 12A17F o] & 5-H F5 48A171A] A&
Hog AEA degs FFdx FAHAET F98H 2o ANeS
(P<0.001), AEA Heg 2~ sostx AR Hd7] 715 2 e

FAA S §elg Aol YEA ek,

P



Table 2-6. Effects of Cordyceps militaris mycelia and protein sources on in situ ash

disappearance

Items Treatments'

SEM” p<
Cm (plant) Cm (pupae) SBM FM

Incubation time, hr -«-eeeeeeeeeees Ash disappearance, % cocereeeeeeee

0 75.22° 61.54° 71.96" 27.86° 5.02 <0.0001
77.23" 68.15" 77.49° 28.28° 1.76 <0.0001

6 77.93" 73.19° 81.89° 30.26 6.26 <0.0001
12 78.19° 78.33 89.35"  32.02° 4.53 <0.0001
24 80.73 84.90" 94.59"  32.84° 4.88 <0.0001
48 82.37° 91.24® 99.01° 37.00° 5.27 <0.0001

'Cm (plant): floral C. militaris mycelia, Cm (pupae): faunal C. militaris mycelia, SBM:
soybean meal, FM: fish meal; “standard error of the mean; 3signiﬁcant if P<0.05;
***means within the same row with different superscripts significantly differ.
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Figure 2-4. Effects of Cordyceps militaris mycelia and protein sources on in situ ash
disappearance [Cm (plant): floral C. militaris mycelia, Cm (pupae): faunal C. militaris

mycelia, SBM: soybean meal, FM: fish meal; ***: P<0.001]



g, o2 A AN 28~37%9] AAES HYERL, ol BE A
TN TP e ge UERSIth @ datRiE o &
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At = Ao W 19 5
254 el st dAHlE f71ERA ST g9 & AolE vERhA &
= WMol A HlawA S AHENG FEA 80%°1) S BT aeal AEA
A ete] 2~ 55 % A 8l 0, 327kl Z42F 75559 77.23% = Hd7] 715
%—%——S}z TAAIS] 61.548F 68.15%E T #FostA H& IEAAES HEE ®

=i

(P<0.001), ol F Aol AL FAZ Tl Feldt 2ol7h ggler, o A%
w]ﬂ 2R 2083} AESEE Al Ao AR

(4) Cordycepin A2 &

A5x4 2 HY 7] 75 Ay eg s 558 % dAFAW cordycepin®l] ) 3F HEES U
in situ 227382 A= Table 2—73 Figure 2—50°4] 2—99 YeFHSIEE Table 2—7
oA yehd wpep o] E AxlS "Heee s sFekx d AW cordycepin®] A
Age] ARE dA E§Qth o= aHA K wiel o] 2EA dleEs B
Zolx #AAI= W 0A1ZHE-E A& cordycepin®©] HPLCAol A HA&Eo] A &k
ok OAIZF AlEe ¥ %Hﬂl of AA|ekA] Far w3k Eof] 15837 A F 2= tap
waterol| A A # gk A o]

oo Htall WH 7] 75 HHElE]| X~ F58tx dAMA= 0A]7Fel A cordycepin®] F
=570 shut Alzbe] A 3kgtel whel cordycepin®] peak7h ZobAA Ao AHES
Farst7loll = BV skl

4>u1

olg ¥ o] AEA A= v vl Adglo]l cordycepin®] =24 5
0 Eoll 9 &EHo BT oA HAEHA Ze o= ddHrh. AR ¥
7] 715 QYL 35t dAMRE AEATAAEYTG FRAoR Ao thAa

aste] 27] 6AIMAIE AEEHY 12412 o] FHEE EE FiEo] Ay

HPLC/oll A peak7} YEbA] @2 Zo % Als
ool Aol A& FEeel s FFeE dAAIS cordycepin®] §HEFo]l W

71 715 AR el = %La How te 47 AFAnEs}t W

71 715 Al s s Ao o] A3} jn situ Dacron bag A3}A¢

% 5% washingo] ¢|slo] & ordyceme] 6]]}401 A Ao 7 7\/\]_5404\;}
A NE, A=A W ele] &

b bl st shel 0 wEelU v gEdl o@ Baw U & St g,



ittty AdukA 0= cordycepin?t 2 nucleosidet™ ¥HFUjol A w A Eof o &
A il MAEANE FUAAA THE s eubEo] Ao Astas
9J&] nucleoside % purine¥} pyrimidine F7|FEHZ STFHE Aow HuEHT 9]
(McAllan, 1980; Smith®} McAllan, 1971; Stangassinger =, 1995). wjg}x e Elg

2 =3 x A AW cordycepine %E] Ho g F8A)\BRE jn situ techniqueS =

ate] WS AdES FAITUE AL T dE Aor dddnh e
cordycepin®] WHEE AW Hol= /\}%b\]"%% Sote] Feleh= Aol nteEAg A

o2 AtsH

Table 2-7. Effects of two different Cordyceps militaris mycelia on in situ cordycepin

disappearance

Items Treatments'

SEM’ p <
Cm (plant) Cm (pupae)

Incubation time, hr -+ Cordycepin disappearance, % -
0 - - - -
3 - - - -
6 - - - -
12 - - - -
24 - - - -
48 - - - -

'Cm (plant): floral C. militaris mycelia, Cm (pupae): faunal C. militaris mycelia; *standard
error of the mean; 3signiﬁcant if P<0.05; “““means within the same row with different
superscripts significantly differ.
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Figure 2-6. HPLC chromatogram of O-hr in situ digesta (A: floral C. militaris mycelia; B:

faunal C. militaris mycelia)
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Figure 2-7. HPLC chromatogram of 3-hr in situ digesta (A: floral C. militaris mycelia; B:

faunal C. militaris mycelia)

D1 B, E=080.18 Rl (RENOZZRL ORI TCB C

z
0542

DADT B, 5ig~250,165 Refwe] (REWOZECOROCT 0] ‘

15 o % W

(A) (B)
Figure 2-8. HPLC chromatogram of 6-hr in situ digesta (A: floral C. militaris mycelia; B:
faunal C. militaris mycelia)
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A 3 A, dEEelg] 2~ T2 d AW cordycepin® S-S
Holo 5 AR ALFAIH

oAdTs AEA dYuds FFex dAHE A5 9ol ARRAA AR
oM A7 Folsto] AWl EASH= cordycepin®] - EZ el =48}
Aok A5 st TS #dsh] fste] ¥ ATE s3I

= (o719 frdnpol e Al
&) 7] 9ol oig 22 doloj el dF A ﬂé:i 3 Abe7] AL
Alds AABEA
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1 =g

ol o AlokAlE 7 Z = cordycepin HE FALSH7] YEte] o AALE Hof
A AAWME B3] 10mL heparin® @] vacutainer (Becton—Dickinson, Inc.)E ©] &3}
o AHTF O, S dSo] HEH ofo]aHlo] A3 NS H AU

Table 3-1. The chemical composition of floral Cordyceps militaris mycelia and basal diet

Items Treatments
Cordyceps militaris (plant) Basal diet
........................ % of dry matter ««--e-esseeesereenes

Moisture 8.55 11.49
Cp' 76.16 11.26
EE’ 0.96 12.92
CF’ 12.24 3.73
CA* 3.21 2.80
NFE’ 7.43 69.29
TDN® - 74.44
Cordycepin 0.164 -

'crude protein; Zether extract; Scrude fiber; “crude ash; 5nitrogen-free extract; Stotal
digestible nutrients, TDN value was calculated according to the regression equation described
by Wardeh (1981).

a8 3 AEYo] FREW EA(GSH-Px)EAE e 1o 4882 93
ofo] zHb oA HAS ZAo] 257t 4TCTE FAH A2 7]l A 3,000xg, 1587+
DA BEstglor, 4 Ade AgAdz gnuksle] B4 Al7kA] 75T WEald

AgAgel FRHANS W, Yol ol §H RE At AFEE A AFS A=
SR F AL AT FUHEIVYY BHFoR eEse] EEagm, 252y
o AelE cordyceping BAHE] 98], FAk 1 AAS] ofo]zuro] Wol A



g ol AR A FelARE FASY 1
2 zARIIgE ABAA A AER A F

g3 A AsE SAs e, SAZFE AAMNATH FRA T Aol7 it

APALE o] AR AOAC(1995) el 38t EA ettt Heete~ 5% 3)
Z AW cordycepind &S Cunmngham =(1951)0] AFg3 FAS AX =319
. FFstRdARE 90TCAA 6413F F¢F FeEolA FEEL o3 F 28
acetones 7tsto] 4ColA] 24 A1 75 A eF3th 3,000rpmell A 103 A4l 2] g
T, AT ATS FHole 593 2% 5 7] (Rotavapor R—114, Buchi, Switzerland) & ©]-&
st &ulE A8 FIA7AL, FRTE Vet &slAIZ1S 0.45 me] membrane
filter= o ¥3F t}& HPLCE #4189t Columne Waters(USA)AMY] uBondapak

Cis column(300mm L X 3.9 mn ID)S AF&3FSlom, HZ7]+= JASCO UV detector(260
m)Z AFE3FA . Cordycepin S HA=7]o] YEFHE peak WA S Sigmailel Al
A3k 35 (No. C3394; CioHisN503; MW 251.2) 0.5 243 40 2 HE A=35)
ARAL R T 71423 YA FH(TDN)S Wardeh(1989)7F A A 8E o A AFR 7]
A2 el ofste] ALtslSltt.

AN 3@ o
-

3
tob

(2) &4 % glutathione peroxidase(GSH—Px; EC 1.11.1.9)84 =4

g W EAsls GSH-PxEA2> 8484 71224 cumene hydroperoxide®} hydrogen
peroxideE ARE3dte] Lawrence®t Burk(1976)¢] whHel we} spectrophotometer (Shimadzuy,
Japan) 340mmefl Al 3&3F 10% Ao = ¢lolA UElU= slopes ol &sto] 7hzte] &
AE A, oy EAE dud d9 R FAE] 98k Lowry $(1951)9
Wele] wel I gmAdS Qe

3) <5 F 2 A cordycepin®] 4



2,8l A Foll EASE cordyceping A7) A= 4 AR

A& AAS7) ste] A olH 29 S (1:1) E3tdEs A
& odHZ F(EZAYS AASSEE FAbel tiste] = absolute
F FET O w55t 7171 &ulE AASG T AR oA S
S butanol®}e] A}o]eo A partition chromatographyS 3§ 3} tf.

sl t}S &=, ODS cartridge &3, millipore filtratong A% ¥

TLC(thin layer chromatographyV<q &4 HPLC AZ8AS 7333513k
4) Z2A1 nucleoside®] 4]

Sl nucleoside?] +40] YEY QX Zoy ®HU W2 ARE SH
st BAS AT 2 A9 nucleoside?] #AC] Had A AHHAg

B Ao A do]d BE zFFEE SAS package program (2000, release. 8.1 ver.) 9
t—testE o83t A FA AT 7 AT Y HAE L 5%(P=0.05)FF0l A
A A3 tH(Steel?} Torrie, 1980).
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2154 dEelg s F55x0] Fo7F dY AEAFHAT D SAH vA e JdEFS
Table 3—20l YJEFWRAT). Table 3—204] B vle} o] 8 A= AEF S S4
Fe dxz27 9 dYEE s 555tx A gl fel sk 2ol 7k YERYR] 29k
=

m

SHAIRE MRk o = FA| o] tha H& 7S YEMSIT. o]+ cordycepin®] EE A
o] At Folut A AR 2EY AR dojd e Foj8 k] S Fo
Ao tha A" a3E 1 AeR dddy. dukygog Wy 7F F5stx
o] A5 EHT WAR dste] thh AlsdFH Tl AstE e Aom defXint ot
(MEATFAH), & Aol AFEHE AEA UEEE s sFstx dAAe o E Al
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Table 3-2. Effects of mycelia of floral Cordyceps militaris on intakes and gains in

finishing Hanwoo steers
Items Treatments

. SED’ p<
Control Cm(plant)
Final body weight, kg 658.50 660.75 9.33 0.5727
Dry matter intake, kg/day 9.54 9.59 0.81 0.1183
Total gain, kg 46.75 47.50 7.13 0.3084
Average daily gain, g 584.38 593.75 85.56 0.3084

Mycelia intake, kg/whole period - 23.02 - -

'Cm (plant): floral C. militaris mycelia; *standard error of the difference; 3signiﬁcant if
P<0.05.

(2) = 323l a A (glutathione peroxidase) A

AEA delee s 55 FAAE 087 AAS T W 3 FTE
A& HEA H o] Z(GSH-Px)oll VA= 932 Table 3—33 Figure 3—1°] YERIS]
=

Table 3-3. Effects of mycelia of floral Cordyceps militaris on plasma glutathione

peroxidase in finishing Hanwoo steers

Items Treatments 5 ,
<
Control Cm (plant)' SED P
Plasma GSH-Px" activity (Unit)
(nmol/min./mg of protein) 9.23 15.70 4.80 0.3102

'Cm (plant): floral C. militaris mycelia; *standard error of the difference; 3signiﬁcant if
P<0.05; 4GSH-Px, glutathione peroxidase.

Table 3—3°A H*= n}e} o] A& F7F 15.70 unit&A4 279 9.23 unitHt} =
2 ks E Yehdsloy, SAIAR] FYst ztol= YERA] 9kt o= e E

.



g2 552 FAHW cordycepin®] A AFE AAEE Zojal, BAA Fov
e A7 AT BSo R Qs AdE AA7 Aow TE5H B
T-EILO A cordycepind A A A ApAA o2 WG = 7 N 2
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A(NO)O 93 MEEAOZRE WE e 3Aas2 gso] W
Park, 2005).
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Figure 3-1. Effects of mycelia of floral Cordyceps militaris on plasma glutathione
peroxidase in finishing Hanwoo steers (one unit of plasma GSH-Px activity equals 1

nanomole of NADPH oxidized/min./mg of plasma protein; NS, not significant.).
3) &N, <5 % FH| cordycepin &%

D et 2 55tz dAHE H57] AAGol goedls W, 2 (FA
0 2 "oy cordycepin®] ko] m A& S Table 3—40] ERNSITE oo 9
Al 49U TLC(thin layer chromatography)ol 2|3l cordyceping &Sl ZAA A v} +=
Figure 3—2¢] vehd A3 ok A& 75 deegs 55tz dARE AF T
At TX 9} H cordycepin &8¢ B] W= Figure 3—3¢ vERA ST

Figure 3—2+= standard® A 23k RE A8 5 FY3 sFow FHa) dAgste] TLC
ol AR Aoz oA B wiel o] AEA e~ FEstx dFAAG
o] 7ol B ZF(FA])Cl Be CE BHH, BAlAdE 7t &9l Huy ColHe o |
gatA Felxo] Wt~ FARIY EASE cordycepine] FHUE o]zt @ A

— p



o =2 Ry
SHAIRE Faoat]l dx=(D)& Ael 5+ Bt Al oy s A HAs
o standard® cordycepin 91X H T} @& F9lo] FH YENY} o]+ cordycepin®] of

d Zow 4,

Figure 3-2. The identification of cordycepin for Hanwoo beef muscles by thin layer
chromatography (A: standard, B: C. militaris (plant) 1, C: C. militaris (plant) 2, D:

control, arrow mark (—) represents the identification site of cordycepin)



Table 3-4. Effects of floral Cordyceps militaris mycelia on cordycepin contents in whole

blood and tissues of finishing Hanwoo steers

Ttems Treatments

1 SED’ P’<
Control Cm (plant)
......... Cordycepin content ‘et
Whole blood (ng/mL) ND* 450.75 93.25 <0.0001
Hind leg (1g/g, dried) ND 2.40 0.54 <0.0001
Liver (ug/g, dried) ND 3.50 1.10 <0.0001

'Cm (plant): floral C. militaris mycelia; *standard error of the difference; 3signiﬁcant if
P<0.05; *below the detection limit.

Cordycepin (ng/2)

Hind leg Liver

Figure 3-3. The comparison of cordycepin contents between hind legs and livers from

steers fed diets containing floral Cordyceps militaris mycelia

Table 3—4°4 vepdt vpe} 3Fo] v]F7] AAgHS-o] 3%9 &4 dejegd s 5
3t dARNE o3 A3 d3 cordycepin $hFo] o mLY 450.8 ngo 2 R
o] ulate] frolatAl ESka(P<0.0001), ol AEA Helelelx B3Fstx FAMAY
cordycepin®] F¥U YT F5H s Zow duEa, o AyE A Z2AY dolrt
S0l F5 AoE Algdd. a8 AR AEA B s FFcst: dAHE
woetA] ¥ tixToA s & Aol 7l vpeh ol EF A 2A(FA H

OHelM HEHA Fdt



g, v57] AAEel AEA Helees 5ok dAHE woskls W, 2
S (FA) I A= cordycepin ol Z2F 22 % g 2,49 3.5 pge] AEH o
2154 e~ 5582 cordycepin®] HIF7] AAMES-o] 2A o] o] U ZL}“”

= 2 Yewtk. B A3 TLC(thin layer chromatography)el 4A3}¢}

i

I
R

ol

ol

A, 53] Zkd cordycepin ol % Kok oF 45%7F ¥ =Stk dwbH o=
cordyceping X3l nucleosides % nucleotidesy™ £%> 7F > 48 07 45
= Ao w ®WiE 1 i1 (Saviano®}t Clifford, 1978), ¥ AF Ao = o]7 3 Af

2 7 cordycepindtEo] S HT} ¢y Ao AokE v

olgel AdEHFE HET] AAZG- Deete] s sFskE dAHS Fol®E dAt
AW ZAFE cordycepine] oA thek AZEE o] AnS B3k 527 FapE ol
Aoz vehka, 2 A%z 243 3l cordyeepin®] %450 cordycepin©] 73t
© 71 df-arv)e] Aike] hedt Aow et

=

4) 22 nucleosides 2 uracil & 7]steF

D 2~ 5ot dAHE 157 AAES-o g8 0s o, S22 (FA 2
ZBW 2+ nucleosides 2 uracil @7]18HaFol v X = 43S Table 3—59] YERY ST

Table 3—50lA4 vtebt vk}t o] uracil 73S Beete]ls 5otz AR 9
Fo9F FHgle]l FTAWelA HEFA ki, FAW nucleoside?] inosine %
guanosine ¥ W TARA Y] ol wAIGle] AEwt grol 2 el oA Freod
ztol 7b vpeRRA] okt shAIRE, AW F¥ nucleosideZE T FE ¥ inosinedl
Ao w ettt ¥x9 Aol W R, IFo A= inosineo] F Aol HEEH
Al 99kl guanosine % uracildEe W el AR Y Fol2 T A7kl A
o1k zFol7F Qli= A o= eI



Table 3-5. Effects of floral Cordyceps militaris mycelia on different nucleosides and uracil

base contents in muscular and hepatic tissues of finishing Hanwoo steers

Items Treatments 5 3

N SED P’<

Control Cm (plant)
............... Hind leg «wveoeeee e

Inosine (mg/g) 1.332 1.338 0.01 0.6667
Guanosine (1g/g) 223 36.1 8.83 0.6226

Uracil (ng/g) ND* ND - -

............... Liver :eeeereeeeens

Inosine (mg/g) ND ND - -
Guanosine (1g/g) 57.0 54.5 14.72 0.8929
Uracil (mg/g) 0.31 0.48 0.16 0.4796

'Cm (plant): floral C. militaris mycelia; *standard error of the difference; 3signiﬁcant if
P<0.05; *below the detection limit.

o] Aol A3 EH-E cordycepin® nucleosides % uracile HHEE] X~ FE5FsFER AL
Aol Foz 2 g Aol gl FHe® YEbgal, $XA = inosine®] F

i)

il

|

nucleoside1 a1, 7+ 53 nucleosidex™ guanosine©] o™, 7ol = uracil 97|1=
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Table 4-1. The chemical composition of floral Cordyceps militaris mycelia and basal diet
Ttems Treatments
Cordyceps militaris (plant) Basal diet
. % Of dry matter cccccrcrrreee et eens
Moisture 9.14 11.49
Cp' 72.35 11.26
EE’ 1.20 12.92
CF’ 13.52 3.73
cA 3.54 2.80
NFE’ 9.39 69.29
TDN’ - 74.44
Cordycepin 0.24 -
'Crude protein; ‘ether extract; °crude fiber; ‘crude ash; ‘nitrogen-free extract; ‘total
digestible nutrients, TDN value was calculated according to the regression equation described
by Wardeh (1981)
o ARAA R =S
1 A 4
Holo AMYFAE FH F T cordycepin FHS FAFEHZ] 95t L AALE Fo
A A E3lo] 10mL heparin#]1 2] vacutainer (Becton—Dickinson, Inc.) & ©]-&3}
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Aol YRS AOAC(1995) el =ako] A skqlnl. del et
Z AW cordycepind®F2 Cunningham 5(1951)9] AR&3k
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Faeeol sl the butanol®e] Alolo A partition chromatographyS 3§33t}
Butanol =& 3|43t t}& &=, ODS cartridge =¥, millipore filtratione 7% 3

HPLC A#E&AS 388t
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Figure 4-1. Calibration Curve of standard
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Figure 4-2. HPLC Chromatogram of Standard Cordycepin (10 mg/L)
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(3) &% % glutathione peroxidase(GSH—Px; EC 1.11.1.9)%4 =4

g3 W EA%= GSH-PxEAH L 8484 71224 cumene hydroperoxide 2}
hydrogen peroxideE  AF&3lo]  Lawrence®t Burk(1976)¢] WhHel  ulz}
spectrophotometer(Shimadzu, Japan) 340mmell 4] 3&87F 10% 7FA o2 Qo] A e}

o

= slope o]838ko] 77t} &5 SASAN, obwe] AAE WA T9lR wA S
q
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o A 24

HoAldo A dojzl BE &= SAS package program(2000, release. 8.1 ver.)<]
GLM(general linear model)& °©]-§3to] &A +Askqlth. A2l 7-7F Fvjue A4
2% A (LSD, least significant difference) 3131, §24 HAL 5%(P=0.05)3
Fol| A A A EA T (Steel®} Torrie, 1980).
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Table 4-2. Effects of floral Cordyceps militaris mycelia on feed intakes and gains in

finishing Hanwoo steers

Ttems Supplementation levels of Cm'
SEM’ P<
0% 1% 2% 3%

Initial body weight (kg) 565 574 566 571 27.50 0.1903
Final body weight (kg) 609 617 611 615 27.61 0.2041
Dry matter intake (kg/day) 9.38 9.52 9.49 9.37 1.35 0.9652
Total gain (kg) 44.06 43.40 44.60 44.12 1.56 0.8251
Average daily gain (g) 734 723 743 735 26.02 0.8251

'Cm (plant): floral C. militaris mycelia; *standard error of the mean; 3signiﬁcant if P<0.05.
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Table 4-3. Effects of floral Cordyceps militaris mycelia on carcass characteristics in

finishing Hanwoo steers

Items Supplementation levels of Cm'

SEM’ P<
0% 1% 2% 3%
Dressing, % 59.67 57.17 58.50 58.70 1.31 0.2175
Backfat thickness, mn 6.67 8.33 8.00 8.67 1.87 0.6000
Ribeye area, cif 72.00 72.67 67.67 69.67 5.48 0.6789
Yield index 63.92 63.95 63.40 63.16 1.35 0.8584
Marbling score 5.00 4.33 4.67 4.33 0.87 0.7520
Meat color score 4.00° 4.00° 5.00° 4.67° 0.29 0.0061
Fat color score 2.00 2.33 3.00 2.67 0.51 0.1470
Quality grade 2.33 2.67 2.67 2.67 0.58 0.8592

'Cm (plant): floral C. militaris mycelia; *standard error of the mean; 3signiﬁcant if P<0.05.



) = cordycepin 5% ¥ G4 GSH-PxEA

NmA weeels BE5E FAAE 87 AABSALRG FEER Wrlehe]
H89 S W, F cordycepin F= 2 A FFEA L ksl aa(GSH-Px)E
Aol mxi= g Table 4—40] YERNATE
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7} Wk

I, HIbpEwo] Z71E4E d= cordycepin 3E7F oA Z71EtE Ao E e
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Table 4-4. Effects of floral Cordyceps militaris mycelia on whole blood cordycepin

concentration and plasma glutathione peroxidase activity in finishing Hanwoo

steers
Items Supplementation levels of Cm' 5 X
SEM P'<
0% 1% 2% 3%

"""""" Cordycepin concentration (ng/mL) «=«ceoveeee
4 weeks - 137.83 387.59" 397.02° 56.09  <0.0001
8 weeks - 177.54° 428.84° 487.08" 59.82  <0.0001

.................. Plasma GSH-PX (Unit4)
4 weeks 15.56" 18.46™ 20.85" 24.71° 3.50 0.0405
8 weeks 14.02° 21.11%° 23.44* 26.60" 3.10 0.0263

'Cm (plant): floral C. militaris mycelia; *standard error of the mean; 3signiﬁcant if
P<0.05; “One unit of GSH-Px activity equals 1 nanomole of NADPH oxidized/minute/milligram
of protein.
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7HA 2 A S YEMSLAL, o] cordycepin®] 7HA| = @bsEd 2t B A gk
Aow WAL 53], AF sFAle] 209 3%FoIEe T el st felah)
T2 245 HEUAIL(P<0.05), ol5 F woluitel= fFogh xtol& WEb Al %
o} FH O‘i:rLl"LL ol cordycepine A A oA xdH o g dAs= 72hE AL
Z 2 A3EAA(NO)l 93 MEEFORRE Hoste dAELAE ol wxEnt

9)o] (WonZ} Park, 2005), ¥ A3+ A3 22 cordycepin®] 7}A & &itgste o2 <)

sl 7hEel AReE PRAOR FAL & 9L Ao oA

(4) 22 cordycepin SF=F

AaA dEees sFstx: dAHE HS7] AAGeALRC FEE R H e
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Table 4-5. Effects of floral Cordyceps militaris mycelia on cordycepin contents and

cordycepin retention rate (%) in tissues of finishing Hanwoo steers

Items Supplementation levels of Cm'

SEM’ p<
0% 1% 2% 3%
Hind leg, 1g/g dried - 0.73" 1.82° 2.66" 0.45 0.0004
Liver, pg/g dried - 1.17° 2.85" 3.89" 0.56 0.0001
............ Cordycepin retention [N
Intake, g/whole period - 13.71 27.33 40.48 - -
Retention, mg/final BW - 135.12 333.61 490.77 - -
Retention rate, % - 0.9857 1.2206 1.2124 - -

'Cm (plant): floral C. militaris mycelia; *standard error of the mean; 3signiﬁcant if P<0.05.
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Table 5-1. The chemical composition of floral Cordyceps militaris mycelia and basal diet

Items Treatments

Cordyceps militaris (plant) Basal diet

.............................. % Of dry matter ceececeeerreeeriaiiiiiiiiiee

Moisture 9.72 11.49
cp' 73.55 11.26
EE’ 1.04 12.92
CF’ 14.01 3.73
CA* 2.98 2.80
NFE’ 8.42 69.29
TDN® - 74.44
Cordycepin 0.19 -

'crude protein; “ether extract; Scrude fiber; *crude ash; 5nitrogen-free extract; Stotal
digestible nutrients, TDN value was calculated according to the regression equation described
by Wardeh (1981).

Table 5-2. The arrangement of Hanwoo steers subjected to this trial

Diets Supplementation period Total
1 month 2 months 3 months

Control 5% 5 5 15

Cm' 5 5 5 15

Total 10 10 10 30

'Floral Cordyceps militaris mycelia; ’the number of finishing Hanwoo steers within each group.
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oo AN E T T HF cordycepin THS FASHY] 9ste] L AALE &

%35}lo] 10mL heparin® 2] vacutainer (Becton—Dickinson, Inc.)E ©]-83}
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Cis column(300mm L X< 3.9 mn ID)S AF&3F3l o, HE7]+= JASCO UV detector(260
m)Z AFE3FATE. Cordycepin S HA=7]o] YEFY peak WA S Sigmailel Al
3t 3% (No. C3394; Ci1oHi13Ns03; MW 251.2)0. 2 #Adst =40 2 g A=35}
U AR T 7FAaskd A FF(TDN)2 Wardeh(1989)7F AARE ol A AR 7]
o] )7 Aol oate] AT

AN %@ oo

(2) =5, 2+ 2 A cordycepind 4]

S 24, 3P g g Fo ERste cordycepl = A8 fEMe ¢4 AR
ol vF EAste A A7 fete] A olH 29 SR (101) EFAES A
H = F(=AT) S Xﬂﬁo}o‘jr ZhALel kol =  absolute
¢} sFeto] fF7] &ulE AASAT AEe v F
T 3Esl e butanol® ] Alo]o Al partition chromatographysS 3§ 3Tl
Butanol T2 3|43t t}& &=, ODS cartridge %3, millipore filtrations A% %
HPLC A&t & sl

3) % % glutathione peroxidase(GSH—Px; EC 1.11.1.9)&4 =4
g% U =Asl= GSH-PxEAH L a4 4 7|"A =AM cumene hydroperoxide<}
hydrogen peroxideE  AF&3lo]  Lawrence®t Burk(1976)¢] YhHel  ulz}
spectrophotometer(Shlmadzu Japan) 340mmol A 3%-7F 10% 7FA o7 2lo]A e}
slopes ©]-&3ato] Z}zte] &S SAsI L, of2d a45 I d9= FA )

] A38te] Lowry 5(1951)9] Wiel we P dulas skl

ZA% a8)a 223 gAY cordycepin &
EFot2 wAHAeE Fof7]Tte] olF WFEd TS v
A=A ZAFSHZ1 918l SAS package program(2000, release. 8.1 ver.)9 two way
ANOVA procedureE °©]-&3sto] U Etg] 2 sFdtx dAMEY, Fo713tay 9 o]
59 HJaaato] dsle] 3x2 29202 (factorial design arrangement) &2 A A g
sttt 7 ARzt Hargke]l 94 HABE P 5% TolA DuncanthEAH L=
st tH(Steel?} Torrie, 1980).
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Table 5-3. Effect of supplementation periods of floral Cordyceps militaris mycelia on feed

intake of finishing Hanwoo steers

Period Supplementation period p<
(month) .
1 month 2 months 3 months SEM -
o 5 Periodx
Control Cm Control Cm Control Cm Period Cm Cm*
""""" Dry matter intake (kg/head/day) -«------

1 9.85 9.76 9.52 9.49 9.29 9.35 1.27 0.9596 0.9942 0.9732
2 - - 9.63 9.53 9.37 9.33 0.96 0.9732  0.9635 0.9532
3 - - - - 9.58 9.90 0.77 - 0.9654  0.9873
Mean 9.85 9.76 9.58 9.51 9.41 9.53 0.38 0.9724 0.9847 0.9573

'Standard error of the mean; 2supplementation period effect; *floral Cordyceps militaris mycelia effect;

*interaction between supplementation period and floral Cordyceps militaris mycelia.
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Table 5-4. Effect of supplementation periods of floral Cordyceps militaris mycelia on body

weight gain of finishing Hanwoo steers

Ttems Supplementation period P<
1 month 2 months 3 months SEM' -
o Cm’ Periodx
Control  Cm Control Cm Control Cm Period m Cm*
..................... Performaﬂce

Initial BW, kg 61574 61096 592.19 593.74 571.69 57416 6742 0.0798 0.7815  0.9298
Final BW, kg 634.74 63039 629.75 63486 631.11 635.16 6830 0.2804 0.7789  0.9373
ADG’, g 633.33 647.74 626.00 68533 660.22  677.78 39.16 0.6540 0.1099  0.6665

Total gain, kg 19.00° 19.43° 3756 41.12°  59.42° 61.00" 229 <0.0001 0.8332 0.1235

'Standard error of the mean; 2supplementation period effect; *floral Cordyceps militaris mycelia effect;
*interaction between supplementation period and floral Cordyceps militaris mycelia; 5average daily gain; ***means

within the same row with different superscripts significantly differ..
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Table 5-5. Effect of supplementation periods of floral Cordyceps militaris mycelia on

carcass characteristics of finishing Hanwoo steers

Ttems Supplementation period p<
1 month 2 months 3 months SEM" -
) 3 Periodx
Control Cm Control  Cm Control Cm Period Cm Ccm?
........................ Carcass - +erreeeeeeaeeneeeeens
Dressing, % 56.80 58.83 5850  58.70 59.47 58.65 1.65 0.4355  0.5480  0.3689
Backfat
thickness, mm 6.67 6.00 6.50 8.67 5.00 5.50 1.85 0.1338  0.3672  0.6124
Ribeye area, cm 72.00 66.67 63.50  69.67 72.33 84.00 6.55 0.0876  0.5308  0.1136
Yield index 63.92 63.64 6350 63.16 65.67 67.00 1.92  0.0771 0.8608  0.7405
Yield grade 2.00 2.00 2.00 2.00 2.00 1.50 022 0.2968  0.2897  0.1432
Marbling score 5.00 433 5.00 433 5.00 4.00 0.58 0.4019  0.1139  0.2693
Meat color score 4.00 433 5.00 4.67 5.00 4.52 0.37 0.1632 02009  0.0366
Fat color score 2.00 2.33 2.00 2.67 2.00 2.00 0.37  0.2661 0.0671 0.6122
Quality grade 2.33 2.67 3.00 2.67 2.00 3.00 045 03719  0.1245  0.1463

'Standard error of the mean; 2supplementation period effect; *floral Cordyceps militaris mycelia effect; “interaction

between supplementation period and floral Cordyceps militaris mycelia.
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cordycepins®= % ) ZFFEFA 23S E A (GSH-Px)EA 0 wx= g8k
Table 5—6° WeRWHSAT. 3FolA vERd bief o] Wejete] s &5kt AA 9
o] 2 &% cordycepin®] A&, AFS7I17E 1, 2, 32 3] 0.398~0.473 pg/mLE
Uelfo], 5F3tx #AHIW cordycepin®] Hlu A AAEA -l &9 o
A o2 FHbE o] 7‘]"H cordycepin %% 7FsAo] &S AAgT ofg ofxd
Aol A olw] Bk upe} mpzrbx R, i kst a9l GSH-Px&Ao] thxat
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i rlo ofN

of H]ste] -2kl %7}0}“@'(P<0.001). SR HF Fol 7| 7bel] 9% @ = YEFHA
rorr}, B AFLAT}ZEE cordyceping H WA H& EAEHEL H|S$o A7 W
Ao 2 RE HET F & Fo=z AgHrh



Table 5-6. Effects of supplementation periods of floral Cordyceps militaris mycelia on
whole blood cordycepin concentrations and plasma glutathione peroxidase

activity in finishing Hanwoo steers

Items Supplementation period p<
1 month 2 months 3 months SEM' -
Period? Crm’ Period x
Control ~ Cm Control Cm Control ~ Cm ero m Cm*

............... Cordycepin Concentration’ ﬂg/mL EER T

° 0473* ND° 0.398°  0.13 09118  0.0012 0.9118

Blood ND”  0.414° ND
..................... GSH-Px activity(’, UNIE ceeereremveremenennns

Plasma 1530  23.40° 15.26° 26.60°  15.57° 25.57° 2.11 0.8639  <0.0001 0.3152

'Standard error of the mean; 2supplementation period effect; *floral Cordyceps militaris mycelia effect;
“interaction between supplementation period and floral Cordyceps militaris mycelia; *ND: not been detected,
which was assumed arithmetically zero at statistical processing; Sone unit of activity equals 1 nmol NADPH oxi-
dized per minute/per milligram of protein; *’means within the same row with different superscripts significantly
differ.

(5) 22 cordycepin 3%

N

Table 5—72 A& et 58tz dAHAS Fol7|zke] BvlF7] AAMS-A
29 2% % x2AW  cordycepinF Aol W= @3S b Aot FollA H=
AT, A F H cordycepinF@dF wof7]gte] S74Eel wel Wl 35St
= A Foddtoll A freolet Al S7ketE 23E YER A tH(P<0.05). 18] aL, AR
FoTe] FA 9} kel AnE B 1E Fool vlaiME 2L 3L H ol
9] &} Al cordycepin®] = 1H(P<0.05), 270 €3} 370L3toll= {23 2po] 7} VERA] ¢

Bl
o

A uk A3 cordycepin®] AEE A &S xRt HlEH 10, 2719, 3

G-aL7)7h ArtE o, 484 H
O~

El B
aggHelA Be 2u1A] 3709 Atel7bA] delEte] s FEetE dAMAE HE9d F
St Aol HaZW cordyceping E3 R FHAZ = a8 AAURIQL AL



Table 5-7. Effect of supplementation periods of floral Cordyceps militaris mycelia on

cordycepin deposition in finishing Hanwoo steers

Items Supplementation period P<
1 month 2 months 3 months SEM'
.0 3 Period
Control Cm Control Cm Control Cm Period Cm X Cm4

Hind leg ND" 0.87° ND® 1.87° ND® 276" 045 0.0352 0.0004 0.1924

Liver ND¢ 126 ND¢ 2.84° ND* 3.28" 0.38  0.0476 <0.0001 0.1751

'Standard error of the mean; 2supplementation period effect; *floral Cordyceps militaris mycelia effect;
*interaction between supplementation period and floral Cordyceps militaris mycelia; *ND: not been detected,
which was assumed arithmetically zero at statistical processing; ***means within the same row with different

superscripts significantly differ.
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Table 6-1. The chemical composition of floral Cordyceps militaris mycelia and basal diet

Items Treatments

Cordyceps militaris (plant) Basal diet
........................... % of dI'y MALLEr ceevrerrrrerrenncenaeinens
Moisture 8.55 23.34
cp' 76.16 16.40
EE’ 0.96 3.65
CF’ 12.24 20.03
CA* 3.21 7.41
NFE’ 7.43 52.51
Cordycepin 0.164

'crude protein; “ether extract; “crude fiber; ‘crude ash; 5nitrogen-free extract; ‘total
digestible nutrients, TDN value was calculated according to the regression equation described
by Wardeh (1981).

gol2 AFEAE F5 F, €5 cordycepin IFES FASH] flste] L AAE &
A n 2R 38 23] 10mL heparin®* @] vacutainer (Becton—Dickinson, Inc.)Z
5 o, Aol HEH ofo]zurzo] fFH3 NS HASIH
o] TuHW &EA(GSH-Px)wAE& A2 d7o dFwes 918
3} 2~ of| A %9’43 Aol 227 4CTE Fx€ dAlte] 7oA 3,000xg, 1533k
A Fgegion, 39 Ad9e APAR Rkete] 4] A7EA] —75TC W@EaLel

2 35 A

AgAGl AT E Bk R 2 S cordycepin FFE BT 9stol
w9 A4 F 159 w92 3 159, 309, 459 Aol olBAY $HE BFo=
poolingste] 7 AZIME ARE AAFAL AAR $HE BAAAA ~75C YEn
o s,
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) I % glutathione peroxidase(GSH—Px; EC 1.11.1.9)&4 =4

g U EA%e GSH-PxEAd2 8484 71224 cumene hydroperoxide®}
hydrogen peroxideE  AF&3F]  Lawrence®t Burk(1976)¢] ®He]  wme}
spectrophotometer(Shimadzu, Japan) 340mmol| A 3%-3F 10% FA S 2 9lojA e}
= slopes o]&3to] Z47te] &S S48 AL, obge] a4E dd T9E B
7] $18te] Lowry &(1951)9] Waiel we} g s gwFsiivt.
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Z A8 & nucleoside®] FA1o] Yeh QA o}, Bt W A5E gH
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cordycepin AW} FAEFSIT)

E 23+ SAS package program(2000, release. 8.1 ver.)9]
t—testE o] &3t FA FAATE 7 ATt FYAHA L 5%(P=0.05)FT A
AA 3 T (Steeld} Torrie, 1980).

gy e s BFeE TAAE i 4597 Folagle 0, ARAAY,
ARG D FAREYT AR VX GG Table 6-201 vheh ek
B ATl E ARTre) RHor Juge "o} AdwHoz W) /F 5
Fohzo % BAT WAZ Aol tia ARYAZe] AdHE Row ez
Qo(MBEATAT), B AFel AR BY Delergx Bz FAA 9
B ARAAFAGALE Lehd gol ARIMRAY FHANG WFHHE Ao
= Alsdd,
A

.‘_—l—:_
AR AT AR A
= Ao e, ot 4%
G717k ol Fol Aokt Aow B

2
ic
=y
Y
=
L Ho
O
=
Wi
2
o,
N
L
T
o
i
2
&'1-4
e 32
v
o
il
o

"
G
N
N
rob 0, rl

& ATE AAAE 0 B FATFY S
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Table 6-2. Effects of mycelia of floral Cordyceps militaris on intakes and milk

characteristics in lactating dairy cows

Items Treatments 5 3
N SED P<
Control Cm (plant)

Dry matter intake (kg/day) 22.84 22.96 0.54 0.7863
Milk yield (kg/day) 37.45 37.80 291 0.9153
Milk fat

% 3.46 291 0.74 0.5333

kg/day 1.27 1.10 0.18 0.4120
Milk protein

% 3.26 3.43 0.45 0.7435

kg/day 1.21 1.30 0.14 0.6014
Total solids

% 9.25 8.48 0.30 0.1230

kg/day 3.46 3.21 0.16 0.2523
MUN* (mg/dl) 14.50 13.50 2.24 0.6985
SCC® (x 1000/mL) 165.00 165.50 33.19 0.9681

'Cm (plant): floral C. militaris mycelia; *standard error of the difference; 3signiﬁcant if
P<0.05; ‘milk urea nitrogen; *somatic cell count.

(2) d= 323l a A (glutathione peroxidase) A
A4 LY e s F5tx dAME A5 g9sids o 40 = ] 2

He A Ho] 2(GSH-P)oll m A= 43S Table 6—33 Figure 6—1] YEFASA u},
Table 6—3°1A Hi= vle} o] o] F=a7|#e] SH9ALYAIF I} FASHAI = A2+



7} 13.29 unit2A tFET2] 6.84 unitRth =& gasleE Jehgon, EA449
ol dh Apol= WEbUbA] ettt o= et EFstx dARAIW cordycepin®] gF
A a5 AALS 740]—/, 574];9 won|ste g fE7k AFSEe] REog 9l
3 A2 AN Aow #ASAT, HE AFEAA cordycepine AT Ao A vt
Asts 7t § 2 3 Jﬁ} 122 (NO)oll 93 AEEFo= Eiﬁ}% SISNE-RE
o] xRk glol(Won Park, 2005), 8744 AEg 2z 17He 4o -7

Table 6-3. Effects of mycelia of floral Cordyceps militaris on plasma glutathione

peroxidase in lactating dairy cows

tems Treatments ) 5
N SED P'<
Control Cm(plant)
Plasma GSH-Px" activity
(nmol/min./mg of protein) 6.84 13.29 3.68 0.2210

'Cm(plant): C. militaris mycelia cultured from plant sources; ‘standard error of the
difference; 3signiﬁcant if P<0.05; *GSH-Px, glutathione peroxidase.
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Figure 6-1. Effects of mycelia of Cordyceps militaris cultured from plants on plasma
glutathione peroxidase in lactating dairy cows (l)one unit of plasma GSH-Px activity equals

1 nanomole of NADPH oxidized/min./mg of plasma protein; NS, not significant.).
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Figure 6-2. The identification of cordycepin for the milk of dairy cows fed floral
Cordyceps militaris by thin layer chromatography (A: standard, B: milk on day 15 after
feeding, C: milk on day 30 after feeding, D: milk on day 45 after feeding)



Table 6-4. Effects of floral Cordyceps militaris mycelia on cordycepin contents in whole

blood and milk of lactating dairy cows

Items Treatments 5 3
. SED P<
Control Cm (plant)
............ Whole blOOd, ng/mL
2 weeks ND* 375.66 77.25 <0.0001
4 weeks ND 379.24 48.62 <0.0001
6 weeks ND 448.72 65.43 <0.0001
.................. Mllk, ng/mL
2 weeks ND 152.36 43.77 <0.0001
4 weeks ND 162.57 56.54 <0.0001
6 weeks ND 203.26 86.91 <0.0001

'Cm (plant): floral C. militaris mycelia; “standard error of the difference; 3signiﬁcant if
P<0.05; ‘below the detection limit.

xol Yehd vpe} o] Zb ALYV IHE o FH IRl dlZ2 ol A= cordycepine] #
AEHA Fska, B ete s 5358tz dAMAS §o 2 A9 $-Ful cordycepin
FE7F st Al S7FEATHP<0.0001). oF&e] AbYko] X & gof ufe} N} -fo
A cordycepin$t#o] S7bstlt. o|H H3FE ©ed] 5ot

% cordycepin® $U
ojg oHE Z:’\}é‘}ﬂ -?4’5‘}04 *‘/\]d A A H O Z A Aghe ¥

NF5E o gt

a5 )\E /‘}E%EO] ﬂreﬂ “Htoﬂ diA e w Abm
cordycepin® 3-gFoko] 20 Ax =718 4 uko) itk &
4 @"”LH cordycepin®| ¥ F-HTF W2 FFolal, EIF FHF N 7=
= HES 0.78% FeoE vig v yErwt o2 AolE AHE
2 AgomA AL F F7F flov, AARM gl A €] cordycepi &
FHAY 2 BHEHE 3AHoM Y Zolm g JlsAd & HTE =

ol AFARERE AaelN Wl s BFsE FAHI Folt g7

7
Al ghg-o] AbEAI el Ao Al = el cordycepin®] F7F frESHA AL, HEFE

A= Aok d 4 9= Ao AT
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4) -4 nucleosides

dElete] 2~ sFetx dAHAE FREdl AL woses W, a4

nucleosides& &l W X&= G Table 6-5°] YERNSIT. ol YERG nle} o]

W ZF nucleoside3HdE HeElete] 2 F55tx AR wolel BAglo]l F APt

o Zpo]7} YEbA] ¢kgkth o}& ¥ inosine ¥ adenosine> T AT ¥ AEHA &
P

oF
AR
3, W F9 nucleosidet guanosine® 9 AF ¢ 5 ~ 6 pg o= AoR Y

AubA © 2 guanosine®] TS nucleosides(inosine ¥ adenosine 5 )°l W|ste] &4
7b b4 wE RAow dyx g=d(Sandersonyt He, 1994), 2 dAtolx &
guanosine %] ThE nucleosidesHTF =2 22 7] HuApAe] 7]dd &= 94 A
2 addE.

Table 6-5. Effects of floral Cordyceps militaris mycelia on different nucleosides in milk

of lactating dairy cows

Items Treatments ) \
Control Cm (plant)’ SED P
..................... e cuuu———
2 weeks ND ND - -
4 weeks ND ND - -
6 weeks ND ND - -
......... Guanosine, (g/g dried -
2 weeks 5.32 5.83 0.45 0.6627
4 weeks 6.21 5.32 0.52 0.6482
6 weeks 6.34 6.25 0.37 0.7425
.................. Adenosine «-eeeeeeeeeeseees
2 weeks ND ND - -
4 weeks ND ND - -
6 weeks ND ND - -

'Cm (plant): floral C. militaris mycelia; *standard error of the difference; 3signiﬁcant if
P<0.05; *below the detection limit.
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A7 A, In vitro QTE T3 dEElE] s 55k dARY

A 24 A

O:

= W9 &3 714 v A E (rumen anaerobic mixed microbes)S 5 &

Ao A Ere] 2~ FF8Z(Cordyeeps militaris) dAHS o8] o2 713k th
3 | whet 7k B w o] pHeE wEAE, AEASHE, T)
Fho Y, nAE Fo =4 gy AR ?ﬂU]%‘(Scannmg Electron
Microscopy) o< #HZFOZH FTFstx TAMAZE 959 uAdEe] Hacel AdFe
= A5 ZAOEZHN W EsEE AlREA Q] o] & TheAdH A4

=3
In vitro M35 % ‘E”'ZHO"O st eS3 (A AFA G LA)A =5
A §9-o] WESERE AFASST. AFHAT fHS vwE H2EH3 oxygen
free—CO gas”} = x 7 ouksl Tk AbE Y
Aol F-2E o] 9= MAES v‘i‘ﬂﬂﬂ 2138k homogemzeroﬂ Y31 oxygen free—CO;
gasE =A3te] 7FebA wwkelk the 279 cheese cloth® o] #3le] whE9 nAYES
sH7] fAgk Am=2 ALY A2 E NS anaerobic incubatorel] gk A]ZF
B3 AFREYAE vacuum pump® A7 8E thS, 150004 1587
=

e el B3 MAER FANAL.

L A7 A vty

In vitro ¥ A FFetxe A7tATNE 7P FEo] dolry] 9ty w©@asEdd
2 AFH filter paperE ©]| 23t} w34 &3 nAES w|Ygs 1
712402 Lowe's medium(Table 7-1)& AFE3IAI AFe &
Hemin 28] 3l yeast extractss A €3} 2.5um?] filtering system< =33 Hy vb
FHAE 50% ol EFEA 5] Alxste] 2 Al AR&sElH

jus)
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Table 7-1. Medium compositions per 100mL of Lowe's medium for anaerobic culture

Component Unit Amount | Component Unit  Amount
Mineral solution I mL 7.50 Resazurine 0.1% solution = mL 1.00
Macro B solution mL 5.40 Trypticase peptone g 0.10
Trace B solution mL 1.00 Yeast extracts g 0.05
VFA mixture solution mL 1.00 NaCOs 8% solution mL 15.00
Hemin 0.1% solution mL 1.00 Cystein-HCI'-H20 g 0.05
Vitamin mixture solution mL 1.00 Distilled water mL 78.00

Mineral 1 solituon: KH,POs, 1.8g; (NH4),SOs 1.8g; NaCl, 3.6g; MgS047H,0, 0.73g; and
CaCl-2H,0, 0.77g

Macro B solution: KCl, 2.7g; NaCl, 2.7g; MgS04-7H,0, 2.25g; CaCl,, 0.9g; and NH4CIl, 2.4g in
300.0ml of distilled water.

VFA mixture solution: Acetic acid, 2.05g; Propionic acid, 0.9g; butyrate, 0.54g; 2-methyl butyrate,
0.015g; Isovalerate, 0.165g; Isobutyrate, 0.14g; n-Valerate, 0.165g; and 0.2M NaOH, 210ml
Vitamin  mixture solution: Pytidoxine HCI, 0.06g; Riboflavin, 0.06g; Thiamine HCI,
0.06g;Nicotinamide, 0.06g; Ca-D-Pantothenate, 0.06g; PARA, 0.003g; and Stock Solution, 0.3ml in
300mL in distilled water.

Vitamin Stock Solution: Folic acid, 0.125g; Biotin, 0.125g; and Covalamine, 0.0125g in 25mL of

dHO0.

ok FAA RS i vitro W%

B3l E Y o2 filter paper &F 750mgS A EE A wFdEte] 25mle] vl (serum
bottle)oll ¥ il 8mle] Lowe's artificial medium anaerobic gassing system< ©]-&
ol @7MeR Bre U 1210004 2087 e AT, el gag W
of AlgddAl mel delele] 2~ 558t %(Cordyceps militaris) A& 0.0, 0.1, 0.3,
0.6, 0.9 18] 1.2% (w/v) 7} b v w59 = 1A=S 27 2m¥ &
NHor HFEF b 3, 6, 9, 12, 24, 36, 48 % 72 A|7Hs¢k 38°C 9 shaking
incubatorol 4w skt v A& HFI wige] H 342 Hungate(1966)°]
<= 8% anaerobic gassing system@® F7|FEHE FA AT 3R o R AAE
359 om blank test®™ 3WHEO R F Ao F=333 ).

oh. AL gL
1) 7}~ HAE (Gas production)

ZF 7t &) $A4 LS Fedorak¥ Hrwdey(1983)2] ¥ ol w2} serum bottletl] 2]

head space°] 4% 7}~Z= water displacement apparatus®l] F-2ZHH FA |2 &9

ate] burrett]e] & dol SEle FOF=S n)S 7hx B o R SGih

ot

b 9wy

&
s
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=3 Al Weaton decapperg ©]-&3}o] serum bottle?]
stopperg A AT ©
4,500 rpmoll A 25+ g
volatile fatty acids)& SA3t7] 918t s ds 3Tl dFor Ls&s 54
sk T,

(3) AEA3HE (Dry matter digestibility)

AENe B4d F A ARe AT FAPAR $AF 0 75T BALE D
A ok 1847 AxAA AFe SAAAT. AE Hafe FANRDY 94
o] Aol oL o] AolHe EeIA R 3t WMEFE Bitalo] T}

7V SA4s7] st aad(dAEES FE) 0.5m b 0.05M citrate
buffer(pH 5.5)14 1% CMC2] 0.5ml 7} &3+3 oF 55Co| A WA FH o
™ 5% &<l boilingste] WS FAAIZTh Boiling ¥ sample 5% &<t 7,000rpm
oA AAE stglom  AFolelA  AAEE A" Miller  5(1960)¢]
DNS(dinitrosalicylic acid)@® < o|&3te] Bl o2 550nmeollA SAATE. ah
2] o] one unit+ AAAE Immol glucoses 3 AR Ay} Hdo] AAlksle]
aro kS AAFEA T Xylanase A4S 0.5M potassium phosphate buffer(pH 6.5)
o] 2% oat spelt xylan(w/v) 1ml& o]&3te] A Gl FA Al SAYHLS A9
A APF(HFFEGFLIN, 2003, A=t S35 FFar, ol A, LFTE Aol w

ot

ﬂd
32
o
—

>
)
off

g2 vk 10ml T HgCle 0.2mE FH7bste] mAE &4
) Bl 98t 25% metaphosphoric acid ML #H 7}

30#3F AAAZL Fol 4Co)A 3,000rpmoZ 3087 AR 3 L F5d
GC(Gas chromatography)Z %213} th. N T2 3| A HAHVFA) FFe

chromatography [Column, 15m><0.53mm 1.d. fused silica capillary,
Durabond(DB)—FFAP, 1.00 mm film thickness (J&W Scientific); carrier gas, He;
flame ionization detector]& AF&3ate] A8kt VFA #2419 AA = wjdo] ¢
3% A= 5mLES centrifuge tubeo] FH3F UFES 25% metaphosphoric acid &3}
internal standard solution (2—ethylhexanoic acid(360mgmL~") in 20% metanol) Z}
ZF 1mL A Wi Z3ste] Hekglnh. EAlel o] &% GC+= Varian 3700 7]Eo=

2 _l[}lf o,
N
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X}E’_ 28] system(Shimadzu Chromatopac C—R1B Column)©] -2+ 9t}

N(FEYole) A2) &4 Chaney®t Marbach (1962)¢] ®®el] wel phenol
%%‘S—li YlFo] ol ols BAAIZ] & spectrophotometer(Spectronics) S ©]-83}
o 630nmelA FFEE S35t Alterdlth

6 MAYE ol 57
FEsh2] /P W WEs wRe VAR vXE 9ge TR 9 stel
WY z4nzbol fhnE WgeAFe VAR £E S4sth wgde @714
Al
H

A
(Table 7—2, Bryantﬁl} Burkey, 1953)°2. %
glole] e} pFole] 2= o] F(1995)¢] o] &3 Wiy FUS W A
omn, IZIREZFoFY S living cellfﬂr dead cells #37] #l8te] TBFS &
(trypan—blue—formalin—saline; =< 900ml, 35% formaldehyde &< 100ml, trypan
blue 2g, NaCl 8g; dark blue €91 % & living cell®] LS AA)ox A3 t}3S Abe
5(1972)2] WHol 3} plankton counter glassE ©]-838fo] dAug3fo| A SAHSA
=3

Table 7-2. Anacrobic dilution solution (Bryant & Burkey, 1953)

Component Unit Amount Component Unit  Amount
Mineral solution I* ml 7.50 Na,COs g 0.30
Mineral solution II° ml 7.50 Resazurin, 0.1% solution ml 0.10
Cystein-HCI-H,O g 0.05 D-H,O ml  100.00

4 KoHPO4. 6g in 100.0ml of distilled water.
> NaCl, 1.2g; (NH4)2SOs, 1.2g; KHoPOy, 0.6g; CaCly, 0.12g; MgSO47H:0,
0.25g in 100.0ml of distilled water.

174 (SEM, Scanning Electron Microscopy) 3%+

A3 A Ael= Ho & (1988)¢] W= S&3kalth a/dejol A A
59 WHALS LA} 7] Y5kl 0.5% 2 5% glutaraldehyde &Moo w 3143 5
cacodylic buffer® A& star, F7]&v] xgH o2 10, 20, 30, 50, 70, 90 = 100% 2]
ethyl alcohols = 303 BHAIA EFAIZT. &7 83 Alae A8 A=
H (critical point drying method)& ©]&3ste] Al5E W &7]FolA A3} CO &
&+ U 9AHE 25(317TC, 72.8atm) o] o2 7tdEte] gasdt AlA AFEAUT. AR
H ARE NA silverE o]&3te] FAME dvjA ol stuboll mounting A7 ¥, AFF
2ol A F(gold) S AlFmxrWel A SHAA T4 dAv] 4 (Scanning Electron
Microscopy)< ©|-&sto] ¥z st

S

2

>

o ol
d
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al, FAA

EAX2]l= SAS package program(1996)< ©]&3te] EAHEAS A & {904
S AAs, AEFEFE7 W] alE Duncan's multiple range testE 0] 831
P<0.05 oA A8kl

(1) 7}2 A eF (Gas production)
AeEleld] =~ 553t (Cordyceps militaris) @A 0.0, 0.1, 0.3, 0.6, 0.9 18]

1.2% A7Fstel 24430 FF ML A%, /1A 0.1g NFOR 27 17.03,
18.73, 19.93, 20.13, 25.63 123l 19.77mLe] & 7}27} A 5 TH Table 7-3). £3],
552 TAANE FUE TF FUSHA @S TR sbx BgF] Bgon 53
S92 FAA 128 AATE AGDE BE0E BN UG WolAFE S
WAL ol FrsE Aow 2AHALL

Table 7-3. Effects of supplement levels(%) of Cordyceps militaris on cumulative gas production

(mL/0.1 g DM substrate) by mixed rumen microorganisms in in vitro

Incubation Supplement levels(%) of C. militaris (ADM basis)

. mean SEM
times(h) 0.0 0.1 0.3 0.6 0.9 1.2

3 6.63° 847" 7.97° 8.73" 8.93" 8.03" 8.13 0.47

6 7.83¢ 10.00° 1023 1147  10.50® 9.80" 9.97 0.70

9 1143 1313 1443° 13.93° 18.60° 1343  14.16 1.21

12 13.50° 16.90 19.20° 18.23° 2413 1770 18.28 1.37

24 1703 1873  19.93° 20.13° 25.63" 19.77° 2021 1.27

36 17.47° 20.83°  2247° 23.17° 2697 2127  22.03 1.38

48 18.73% 2150  2343° 2220 2850  19.60 2233 1.19

72 1947 2283*  2357° 2283  2940° 2083  23.16 1.42
mean 14.01 16.55 17.65 17.59 21.58 16.30 17.28
SEM 0.98 1.07 1.19 1.13 1.59 1.03 0.51

ab,c,d

SEM: pooled standard errors of the means; ™ ""Means within a row with different

superscripts differ.

gl so A mAdEEe] EHshe 24 B@estEs EiAA v A
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HAHVFA) 2 CHy, COp 18]l Hor stz warh Adsm v 7ol
ZA O I B s S s i = ‘?z”ﬂa’m] =
ojwtttar Azter = Qlvh ®E, dEe of
(free fatty acid) o= 3 At S50 WFsE2 vAdEd ogh dagsgo=
At A= S o] &8t A&stAIRE in vitro W% s

of 4 AlZke] AU O o] mAEo] AFAstAl Hstal Aol AAEo] ApETV|E
Aol ©r. @4, eggEo] v o8 waxe AT 7t 242 o

E

23S EF A (CO2) 7 60% A X, WEH(CHy) S 30~40% A &0 o|AslEl A E R YR
v

of Wish opvwabe] ool ols) A, WEAR) EASHE FaAA VA
e FaAgel AT AT dge MR BANEe] o8 olsteiaE
3 g9,

Table 7-4. Effects of supplement levels(%) of Cordyceps militaris on cumulative gas

production parameters by mixed rumen microorganisms in in vitro

Gas production Supplement levels(%) of C. militaris (ADM basis)

parameters 0.0 0.1 0.3 0.6 0.9 12
a 6.27 8.35 8.59 921 1035 8.9
b 1551 1723 1845 17 2404 1521
¢ 0.0364 00331  0.0352  0.0350  0.0319  0.0345
a+b 2178 2558  27.04 2621 3439 24.11
% degradation, h"  3.64 3.31 3.52 3.50 3.19 3.45
EP* (Po.2s) 2217 2601 2750 2664 3499  24.49

"EP: Effective production of gas amounts calculated from the equation, a+b*(c/c+p),

hypothetical ruminal passage rates of 0.025 h' (p) were used.

el SFakx dARIE 7iske] ol B Adlol M ulek 24~36A17 el 7k Al
| Aol mEsigiont T1 o] ARMelAE 7he] ARkl wig- AUek 71 0.1gS HEAIA
o] W 4= Q= A 7z a+h) 2 dAR 0.0, 0.1, 0.3, 0.6, 0.9 1831 1.2% 71l A
F2} 21.78, 25.58, 27.04, 26.21, 34.39 718]3 24.11mL2A #AH] 0.9% H7FlA] 712

[e]

=]

_1\1
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ukeko] 71 =R Table 7—4). B3k 714 0.1g2 WaAlA whso] W 4= 9= farks v
of|Zx] 9A] 22,17, 26.01, 27.50, 26.64, 34.99 1]l 24.49mLEA 7AH 0.9% H7H7}
7V e dEAE Btk olejdt vk FEslaE Wl E71 nIRE Al A9l o
= F7kshd wAEel ©J3k proteolysistt cellulolysis7t @2 5= k= o A7 =A19)
SE3 7ol vke AL XA-el) FaL gl Aoluk B3 g witro Aol = SN 7l
S 7|22 3 Yele s B8l Cordyeeps militaris) TS WU A4 A7) 715 oF
0.6~0.9% “=(Figure 7-1)¢1 Z o= H7}=|Jc)

Gas production (mL)

Incubation times(h)

Figure 7-1. Effects of supplement levels(%) of Cordyceps militaris on cumulative gas

production parameters by mixed rumen microorganisms in in vito.
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Table 7-5. pH wvalues in the supernatant of medium by mixed rumen microorganisms
influenced by the supplement levels(%) of Cordyceps militaris

Supplement levels(%) of C. militaris (ADM basis)

Incubation
times(h) 0.0 0.1 0.3 0.6 0.9 12 mean  SEM
3 6.35° 6.38" 6.24°° 6.12° 6.05" 6.20" 622  0.12
6 6.36" 6.48" 6.26" 6.16° 6.10° 627" 627 0.14
9 5.72° 5.44% 5.15™ 5.13" 5.04° 541 531 0.19
12 5.30° 5.21° 5.08° 5.20° 5.09° 5.61° 525 0.17
24 5.25° 5.16% 5.06™ 4.99" 4.95° 520 510  0.11
36 5.22° 5.14° 5.06° 5.02° 4.78° 5.05° 504 0.11
48 5.01 4.97 4.95 4.94 4.97 5.01 498  0.09
72 4.96 4.95 5.12 5.12 4.92 5.14 504  0.15
mean 5.52 5.47 5.36 5.33 5.24 5.49 5.40
SEM 0.11 0.12 0.11 0.10 0.10 0.10 0.04

ab,c

SEM: pooled standard errors of the means; ™ "Means within a row with different

superscripts differ.

W9l Z3 mAE AE FA(0h WA 6.5%F pHZF vl Az o] A 3Ehel whet

w438 #As7] Al o= 714 vAEEe] A HA soluble sugare} W
aES AHFHoR HHd A¥ wolgt AZtE v Gordon®} Phillips, 1989). In

vitro WA =4 % pHE 4.78~6.3829] WY 2 A proteolysis$} cellulolysisS 93k A
4 4 (Tamminga, 1979)°] AUt FHCE 53], 558 x dAHAE Fo3k +
7F FoetA] ke FERT A9 BE SHTFOA pHZE BHAl AR AT

Aejebe] = 5532 dAME 0.0, 0.1, 0.3, 0.6, 0.9 18] 1.2% 7} of& 7k~
A EFo] 7 E=kd 24417 o] v kel o] pHE Z47F 5.25, 5.16, 5.06, 4.99, 4.95
ae]a 5,202 A4 #AA 0.6%9 0.9% H7FAlA 7HE Ghokth. v Al Zke] A
2} pH7F WolA = o)ft= (LaEAES TFY Fol webr] o 2 &S A
Ao g EibEe] 3 uie] Uehuds A0 2A pHYF WA SA AT
2 cellulolysis7} ZstAl dojwtthes AS wbSshs Aolw, ko] Axtel njwd
7hs Aol Ao ® ok wldTolA pHE duldoz 9 S4E AS

F 9k

2
)
N

e 2 2 e 8|
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2312 FAHE 0.0, 0.1, 0.3, 0.6, 0.9 223 1.2% H7}8te] 24417 EoF vk
NAS A9, 7149 AE 2318 7h7; 27.44, 34.83, 36.18, 34.79, 37.45 18]l

b

32.73% 24 T3tz dAHAIE FY3 771 FYshA &2 FEY AEES &0 =9
t}(Table 7—6).

Table 7-6. Effects of supplement levels(%) of Cordyceps militaris on dry matter

digestibility (%) by mixed rumen microorganisms in in vitro

Incubation Supplement levels(%) of C. militaris (ADM basis)
. mean SEM
times (h) 0.0 0.1 0.3 0.6 0.9 1.2
3 1035°  1039°  10.41°  11.33*  1346* 11.67° 1127 1.25
6 13.84°  15.45° 1821  19.12°  19.78*  19.30  17.62 143
9 16.08" 17.99° 2208 2093  21.79° 2295 2031 1.10
12 2423 2233°  2855"  2927"  30.02° 2555 2666 231
24 27.44° 3483  36.18" 3479 3745 3273 3391 1.77
36 33.36°  38.34°  39.68°  41.38°  4320°  37.69° 3894 135
48 39.40°  38.88° 4557  44.15°  47.62°  42.84° 43.08 1.73
72 40.83° 4465  47.89°  5126°  55.82*  51.52° 4866 130
mean 25.69 27.86 31.07 31.53 33.64 30.53 30.05
SEM 2.28 251 2.64 2.72 291 2.58 1.07

ab,c,de

SEM: pooled standard errors of the means; Means within a row with different

superscripts differ.

G S BEAE NS WAtel MY L AYANE WY 243642
| 7be mAgel ARl mdadgon $5eE FANE WS shne) wag

7tk AdE BAdT. Tk W £%ﬂl*1% b7 FA 2 uf k7 el A st 7}%—

% T8 % A 0.0, 0.1, 0.3, 0.6, 0.9 283 1.2% F7}
Tro| A zbz} 51.3, 54.12, 57.36, 57.5, 59.32 18] 3L 56.68% =4 FZ35t% A 0.9%
A7bell A 71 %9&3}. aejar 7]l wikrIel A 1AIRE Eet EalE
g 71d Belae Zh7t 2.31, 2.53, 2.7, 2.87, 3.27 1|3l 2.68% % At

A -

o 7]

5’: olb /\]
=31
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e THHES 2.5%2 TP ASujdel el faEIsEs 77 52.35, 55.23,
8.50, 58.66, 60.54 18]l 57.81% 2 BFdtx wAHA 0.9% H7brolAd 7 =%k

Tﬁ(U‘I

Table 7-7. Effects of supplement levels(%) of Cordyceps militaris on cumulative gas
production parameters by mixed rumen microorganisms in in vitro

Gas production Supplement levels(%) of C. militaris (ADM basis)
parameters 0.0 0.1 0.3 0.6 0.9 1.2
9.52 9.65 11.63 11.09 10.6 11.35
b 41.78 44.47 45.73 46.41 48.72 4533
c 0.0231 0.0253 0.027 0.0287 0.0327 0.0268
a+thb 51.3 54.12 57.36 57.5 59.32 56.68
% degradation, h™' 2.31 2.53 2.7 2.87 3.27 2.68
EP* (Po.025) 52.35 55.23 58.50 58.66 60.54 57.81

*EP: Effective production of gas amounts calculated from the equation, a+b*(c/c+p),
hypothetical ruminal passage rates of 0.025 h' (p) were used.

60
50
40
30

20

DM Digsstibility (%

10

Incubation times(h)

Figure 7-2. Effects of supplement levels(%) of Cordyceps militaris on cumulative gas

production parameters by mixed rumen microorganisms in in vitro
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3, in vitro AEel7]= SHAIRE PR Ao v AR e 45ES V)

=
Z=2 3 deEletel 2 FFokx dAAe wEEIW A HUF 71Ee 9F 0.6~0.9% T
= (Figure 7—2)%1 o2 H7lE U},

(4) 7} a4l &2 (Hydrolytic enzyme activities)

CMCE 7] E=S 0]%0@1 Hlj 9k M o] Endoglucanase(3—1,4—glucan glucanohydrolase,

S 54 AFAA FFstx FAAE 0.0, 0.1, 0.3, 0.6, 0.9 1L

ok vkt v A A Zhitdl a4l CMcellulased] €&

18 223 10.57 U/mLh '2 ZALE QA eH(Table

T7F FYsHA &2 FETE CMcellulase®] €& o] T

o} 53 A ko] Avicellase(Table 7—10)5 A <] 3}

= xylanase(Table 7—9), amylase(Table 7—11) 181l

protease(Table 7—12) &4 Ho| A= #2AH AT}, o]g]st 7tEalaio &4 =7}
B bR FUke A8 23k UM & wgs T AdE 47w,

Table 7-8. CMcellulase activities(U/mL-h'l) in the supernatant of the medium supplemented

with Cordyceps militaris by mixed rumen anaerobic microorganisms in in vitro

Incubation Supplement levels(%) of C. militaris (ADM basis)
. mean SEM
times(h) 0.0 0.1 0.3 0.6 0.9 1.2
3 5.07 5.42 5.03 5.68 4.61 4.98 513 0.75
6 5.84% 6.04% 6.26" 6.50" 4.84° 5.55° 584  0.38
9 6.78" 7.85° 7.67° 9.52° 6.67° 7.98" 775  0.76
12 7.26° 8.59™ 8.56™ 10.06° 9.73%® 9.70" 898  0.76
24 8.80¢ 9.69™¢ 931 11.62° 1118 10.57*  10.19  0.86
36 9.11° 9.83° 10.44° 12.81° 12.29° 10.43°  10.82  0.88
48 9.08° 9.86° 10.89" 14.39° 12.68° 1057 1124 1.34
72 8.77° 9.78% 10.29¢ 13.43" 12.00° 10.50°  10.80  0.75
mean 7.59 8.38 8.56 10.50 9.25 8.79 8.84
SEM 0.32 0.36 0.45 0.64 0.68 0.49 0.22
ab,c,d

SEM: pooled standard errors of the means; “"“"Means within a row with different

superscripts differ.
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Table 7-9. Xylanase activities(U/mL-h'l) in the supernatant of the medium supplemented
with Cordyceps militaris by mixed rumen anaerobic microorganisms in in vitro

Incubation Supplement levels(%) of C. militaris (ADM basis)
. mean SEM
times(h) 0.0 0.1 0.3 0.6 0.9 1.2
3 438" 5.10° 5.44° 6.02° 7.84° 5.68° 574  0.88
6 4.63¢ 5.19™ 597 6.85" 7.88° 6.29" 613 0.92
9 8.04"  10.54°  13.49°  22.93" 2423 2915 18.06 4.20
12 8.89°  10.94°  13.89° 2958  28.86"  30.19° 2039 3.58
24 993  12.04°  1339" 2928  31.95°  31.95° 2142 1.99
36 12.57°  1475°  14.50°  30.57°  36.64  3530° 24.06 2.44
48 10.73°  12.84°  14.19°  30.08*  32.75° 3275 2222 1.99
72 12.64  18.50°  23.86°  32.04°  34.09° 3324 2573 2.88
mean 8.98 11.24 13.09 23.42 25.53 25.57 17.97
SEM 0.66 0.90 1.26 2.14 2.28 2.49 0.92
ab,c,d

SEM: pooled standard errors of the means; Means within a row with different

superscripts differ.

Table 7-10. Avicelase activities(U/mL-h'l) in the supernatant of the medium
supplemented with Cordyceps militaris by mixed rumen anaerobic

microorganisms in in vitro

Incubation Supplement levels(%) of C. militaris (ADM basis)
. mean SEM
times(h) 0.0 0.1 0.3 0.6 0.9 1.2
3 2.30¢ 244 266" 301"  321% 3.39° 284 035

2.82° 2.82° 3.07° 3.29° 426 3.55° 330 039
3.24° 3.37° 3.79° 3.99% 486" 3.96" 3.87  0.55

12 3.53° 3.66 4.11° 426" 5.46" 458® 427 057
24 3.70° 3.90™ 441" 4.61" 5.30° 459" 442 043
36 4.10° 4.19° 4.50° 4.79° 5.51° 4.64° 462 038
48 4.29° 4.51™ 473" 4.98™ 5.92° 536 496 046
72 439° 4.58" 478" 5.02" 5.79* 5.15° 495 035
mean 3.55 3.68 4.01 4.24 5.04 4.40 4.15
SEM 0.17 0.17 0.17 0.17 0.19 0.16 0.08

a,b,c,d

SEM: pooled standard errors of the means; Means within a row with different

superscripts differ.
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Table 7-11. Amylase activities(U/mL-h'l) in the supernatant of the medium supplemented

with Cordyceps militaris by mixed rumen anaerobic microorganisms in in vitro

Incubation Supplement levels(%) of C. militaris (ADM basis)

. mean SEM
times(h) 0.0 0.1 0.3 0.6 0.9 1.2
3 5.24° 5.59° 527 5.75%® 6.84° 587" 576  0.59
6 6.93 7.46"° 9.18" 9.66" 10.21° 9.61° 884  0.83
9 8.01° 9.00° 11.20° 1033 1232  11.05° 1032  0.59
12 11.37° 11.38°  14.65®  15.06° 1550 1438  13.72  1.89
24 14.08°  17.76™  18.16°  18.09°  18.82°  16.44° 1723  0.79
36 16.35°  20.04®  20.00®° 2098  21.49*°  18.84° 19.62 0.99
48 18.26%  19.84°  23.25®  21.97*  2477° 2205 2169 132
72 20.70°  23.17% 2441 26.09"  27.23% 2572 2455  1.40
mean 12.62 14.28 15.77 15.99 17.15 15.50 15.22
SEM 1.11 1.32 1.35 1.38 1.42 1.32 0.54

SEM: pooled standard errors of the means; “bedNfeans within a row with different

superscripts differ.
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Table 7-12. Protease activities(U/mL-h'l) in the supernatant of the medium supplemented

with Cordyceps militaris by mixed rumen anaerobic microorganisms in in vitro

Incubation Supplement levels(%) of C. militaris (ADM basis)
. mean SEM
times(h) 0.0 0.1 0.3 0.6 0.9 1.2
3 2.88° 3.03° 3.57° 3.67% 4.18" 3.92° 354 028
6 3.53 3.71° 5.43" 5.50% 6.18" 583" 503 048
9 4.40° 5.32° 6.43" 5.94" 7.16" 6.45° 590 0.6
12 5.10° 5.81° 8.54" 8.18" 8.85" 8.78" 754 115
24 6.77° 9.11°  10.78" 9.93  10.69" 9.43° 945  0.63
36 8.50°  10.75°  10.78"  11.12"  12.40°  10.86° 10.73  0.77
48 9.17 1051 12.37"  11.70° 1333 12.48® 1159 0.54
72 1071 12099 13.08™  13.76™  1523*  14.07"° 13.16 0.94
mean 6.38 7.54 8.87 8.73 9.75 8.98 8.38
SEM 0.56 0.69 0.68 0.69 0.76 0.69 0.29

SEM: pooled standard errors of the means; “bedNfeans within a row with different
superscripts differ.

(5) ¥a EA (Fermentation characteristics)

Mol Ee] B dEe W ER) e BaAgel o8 peptide® AH o]

[ela |
wabow Hr, ojulieike T ghEel, VFA 123 Mblaz AdAt) gl
EASEE vnde gaEs} vEs B VRS TS VAR TR oE

HHlete ol Fefaae] @9 webxd oE2A yepdo wmg, dA
(nitrate), peptide B 84 (urea)ot #2> WAL EE WSFHF] W39 =
3 M A E] o] gryotR FaEth WSl A ALt ofn| w=AkR PR ol=

i rdEe] dAagdoR olgHo] wAEA duldg A wepka wjgds
oA S} v e] AAstetEe] EafjAlel A EE EYole] HAe] e
proteolysis®] HAEE F 3
0.3, 0.6, 0.9 283 1.2% #H
o EAste gryoele] A4 i zhzt 2.80, 2.99, 2.95, 2.86, 2.87 1@l
2.88mgo 2 FAlE o] A gzl 2 ol WAE A ekgkont, A w7t E<tol
Aoz FAHE wjdd 10mL T dEyole] AAie FEE ZH7ZE 210, 2.46,
2.60, 2.87, 2.79 1# Il 2.67Tmgl 2A] TFEE dAAIES H7FE oA thi )

o

]
N
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(Table 7—13).

Table 7-13. NH;-N concentrations (mg/dL) in the supernatant of the medium supplemented

with Cordyceps militaris by mixed rumen anaerobic microorganisms in in vitro

Incubation Supplement levels(%) of C. militaris (ADM basis)
. mean SEM
times(h) 0.0 0.1 03 0.6 0.9 12
3 1.67 2.03 2.17 2.52 2.10 2.23 212 055
6 1.64 1.97 2.28 2.43 2.16 2.17 211 059
9 1.53 1.95 2.07 2.26 2.07 225 202  0.70
12 1.82 2.04 2.31 2.08 2.18 2.12 209 082
24 2.80 2.99 2.95 2.86 2.87 2.88 289  0.52
36 2.56 3.10 2.80 3.13 3.26 2.80 294 036
48 2.45° 2.88" 3.34% 3.57° 3.90° 3.48% 327 0.34
72 2.32° 2.75° 2.91% 4.08" 3.81° 3.47° 322 0.34
mean 2.10 2.46 2.60 2.87 2.79 2.67 2.58
SEM 0.10 0.11 0.14 0.18 0.18 0.16 0.06

SEM: pooled standard errors of the means; “b¢d\eans within a row with different
superscripts differ.

S E
g2% Fi) aiw PHHL, 4D 240 AV golHon gulso] HyR
omA Al 1Slule] B A pelAw, £ QY
A SparEo] Ho7bA Al MABe Asdom

EajA dojii, o] A4 A<3H(recycling nitrogen)@t 3HC). o] 9F o] of B9 o

Buoks AE® AL FE ol§H/E AW, R gEel Es}
Wgel sy SHe U 20E Wt B9 Fo dwopt HwatA F15o)
heUol FEo] wAHE A9E A A4 e ArdFo guvel F5
o) MATE A YonE MR VAR FHo| BAF ALTF FE(5~20
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mg/100mL)S FAg 4= A& v A FFafofpsic),
S Table 7—14% HJoF 244 7Fo] e wjekyh==o] 3uka xubalo] =1

e vEe S Aot

Table 7-14. Concentrations (mM) and relative compositions(Molar %) of volatile fatty
acids in the supernatant of the medium supplemented with Cordyceps

militaris by mixed rumen anaerobic microorganisms in in vitro

Supplement levels(%) of C. militaris (ADM basis)
VFA concentrations SEM

0.0 0.1 0.3 0.6 0.9 1.2

Concentrations, mM

Total VFA 36.00°  58.49°  62.08" 45.98™ 122.19° 50.48™  11.38
Acetate (Cy) 19.10°  33.91° 37.33" 26.05 84.39° 27.49™ 7.39
Propionate (Cs) 6.87° 1292 13.85° 930 2534* 11.03" 2.81
Iso butyrate (iso C;) 047" 0.53* 049  0.19° 024"  0.40™ 0.15
Butyrate (Cs) 737 8.43 7.68 841 1048  9.05 1.83
Iso valerate (iso Cs)  1.53  1.82°  1.86" 1.34® 0.77° 1.74° 0.51
Valerate (Cs) 0.67 0.88 0.87 0.68 0.97 0.76 0.27
Relative compositions, molar %
Acetate (Cy) 52.75°  58.07°  60.01° 56.09° 69.14" 54.04° 3.88
Propionate (Cs) 19.10 2199 2214 2043  20.68  22.02 1.57
Iso butyrate (iso C;)  1.34*  0.91° 089" 038"  0.19° 0.79" 0.34
Butyrate (Cy) 20.57* 1448 1236° 1855 852 18.15" 2.15
Iso valerate (iso Cs)  436° 3.08° 324"  3.00° 067 347 0.86
Valerate (Cs) 1.88° 147" 136" 154" 079" 1.54% 0.49
A(G)/P(G) ratio 278  2.64 2.72 2.77 3.36 2.49 0.38

SEM: pooled standard errors of the means

“*“Means within a row with different superscripts differ.

BestEe 1 o] FololE mAlEe o) wano] Akl VFAR A
Wy =0, 58 o] 5= VFAE acetate(Cs), propionate(Cs), butyrate(Cy)o]l™, ZL vF
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valerate (Cs), iso—butyrate (iCy4), iso—valerate (iCs) s©°] AAAH AW 1 ¢ =
F=3lx #AHAE 0.0, 0.1, 0.3, 0.6, 0.9 Z22]aL 1.2% F7}ste] 24A4|3%¢F
S M HE B, ATl 3L AEARY] = ZH2 36.00, 58.49, 62.08,
45,98, 122.19 183 50.48mM=ZA T5 otz wARAS HI7IE F 3|dAd A &
L7F AEe] FUtshe Ao E AT dnbA o ® 7y wiokatol| Al VFAS] AYAIH]
3 se 7149 T, 71EY e, =94 3, AR S sFAMRY] v &,
7149l gy 714 gonle T B a]ld o AA FFS AR O
7H acetatex= 60~70%, propionate= 15~25%, butyrate®= 8~15%, 18] 7]E} A&
L 2~8% WM TF5x #AAE 0.0, 0.1, 0.3, 0.6, 0.9 2g]aL 1.2% 7 7}3}o]
24’\]{} Rt MFAFTE AT, R T3 A AT A acetic acid7F AFA Bh=
v go] Z+7F 52.75, 58.07, 60.01, 56.09, 69.14 Z12]aL 54.04% 2 A E O] AukE o
2 AZ2E = ovivo el R Y= oFE s Aol ddth
TEx AAHAE 0.0, 0.1, 0.3, 0.6, 0.9 123l 1.2% H7Fste] 2443k St vl
7S 739, propionic acid’} A Eh= WIS ZFZ 19.10, 21.99, 22.14, 20.43, 20.68
23l 22.02% 24 ZA=roll= acetic acid®} propionic acid®] H]E(A/P H|&)o] Z;z}
2.78, 2.64, 2.72, 2.77, 3.36 18] 2,492 AXE ATt AukA o2 fn vivo Ao A&
AR S FoFo] WaaE, 18l byl €@ AR dTE AHdE T VFATA
acetate®] AAH| & o] F7Fskal, propionate®} butyrate?] Athd H]&L 7HAdt o]
o W= FFALR Y Foful o] 7Y, RAIRE 3 e ZUsteAY, %
55 2YUst = dAYsAY, B BEXIAAY gl =AY, F5dEEE
ArR O] Fogo] FrteEE FAkE acetate?] W&ol ATl prop1onate«] H]%%
S7HE, ol g VFA W37 A7W fFA&o] "olA
o] S7kgtt). Butyratew AtEFol] Wy @Ho] W
e UEhlA ¥ 297 gua 4dA dd 2 A
A S H7bsho] wjdetd F VFAS $haFo] F7hs
7}stH propionate®] o= A FEFS HIAA| FobA A
S7tshes Ao g A QT
Iso—butyrate@r iso—valeratet o}n|=Ake] Eoln| = Hk-2-of o8 A7|7] wjFol,
A o]l =& A RE VIEE F9sd —57}3}% ko]l Aok i AFNAME F
Z3tx #AMAE 0.0, 0.1, 0.3, 0.6, 0.9 L& 3L 1.2% H7}Fo] 24413 FoF wiFA A&
7d5-, iso—butyrate7} AFA]sF= B2 Z+7F 1.34, 0.91, 0.89, 0.38, 0.1922]3L 0.79%,
iso—valerate7} z}FA]sF+= H] &S ZF7F 4.36, 3.08, 3.24, 3.00, 0.67 L8] 1l 3.47% = A

iso—valerate B]&°] iso—butyrate’} 2}A|sl= vl&H T} o] =k}

ol
b I
o
)
o

[e3

rl

X oofN B o
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(5) MAE 7= (Microbial populations)

In vitro W% 24A7F o M= =Y 5 AN Z 3 (Table 7-159 Figure
7-3), ¥F3 2 #AHZ 0.0, 0.1, 0.3, 0.6, 0.9 Z# 3L 1.2% H7FeF 9] v ImL
Fol x50l o= F vhdlgobe] 4= z+hzF 13.00, 14.00, 15.25, 19.50, 21.50 2|4t
15.75 cfux10®2.2 counting® o}, Tk, A8 23 vty ol 77k 12.25, 16.75,
22.00, 32.25, 35.25 LE] 3L 22.25 cfux10’ 02 FAlE o] B2l x FAMAE k=9 Bt
glzlofel AfAEs wteglete] A4S AeA TVHAA e BEE ZAER
=3

Table 7-15. Microbial fractions(total and cellulolytic bacterial, protozoan and fungal
fractions) in the supernatant of anaerobic medium supplemented with
Cordyceps militaris

Supplement levels(%) of C. militaris (ADM basis)

Microbial fractions SEM
0.0 0.1 0.3 0.6 0.9 1.2

Bacteria, cfu’x10’ 13.00°  14.00° 1525° 19.50® 21.50° 15.75% 2.60
Cellulolytics, cfux10”  12.25°  16.75° 22.00* 3225 3525 2225 8.16

Live protozoa, b b . b . b
41.75"  54.50 74.75°  61.25 72.75° 6275 17.35

cellx10
Dead protozoa, a b b ab b b
R 59.25%  50.75  41.50° 44.75® 3475  36.00 10.62
cellx10
Fungi, tfu”x10’ 76.75°  4825"  4625°  13.00° 13.25°  3.00°  10.64

SEM: pooled standard errors of the means;"”*Means within a row with different
superscripts differ.
Defuzcell forming unit. “tfu:thallus forming unit

TBFS &9 (trypan—blue—formalin—saline -&°)¥} plankton counter glass& ©]-&3}
o wfjekalfo]] o] Q= protozoad = countingd A} (Figure 7—3), Y9 &7
A kg glolel AGA Hal dhg g olo Aot vy B28tF dAMAIY H o] 0.0,
0.1, 0.3, 0.6, 0.9 ZLg3L 1.2% = S7F&F5 5o U= protozoad] T+ #HAshe 4

L protozoall e EEd % FAM Q) HtE U Z7)F s A v A
7hFol M= Ergﬁ\%& ol WHHA v wEbd e A= B9

N ¢ s BAR 2AEAG

O
0;

o|1aL, &kl %

S on

o o]

=

protozoal] A& 5
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Figure 7-3. Viable (MMx 10°, cfu’/mL culture) and cellulolytic (Mx 107, cfu/mL culture)
counts of bacteria, and enumerations of anaerobic fungi ([]x 10°, tfu""/mL culture) and
anaerobic live (O—<) or dead (@—@) protozoa in the culture supernatant of mixed
ruminal microorganisms supplemented with Cordyceps militaris. Cultures were enumerated
after a 24h incubation. *cfu, cell formation unit, **tfu, thallus formation unit.

A, 5% dAHIE 0.0, 0.1, 0.3, 0.6, 0.9 223l 1.2% 713 -9 wj g
ImLzol &2 = #7114 #3019 4= 72F 76.75, 48.25, 46.25, 13.00, 13.25

0 tfux10°(Table 7—2) 2% counting® o] HZ3t% FAMA 9] Folgko] =7}
Y53 Bl St AHHOR Pashs RO 2AH ATk (Figure 7-3). whe 2o}
9} protozoa ¥ FFo] FolAl RWEFE FUIA FFolvt sFstx dAMAC T &
Jeks W= Ao g FALEQTE FE3F FAAF dbEe] @714 wEolo S

AANATE Avhiz wlg TR ARdeln oed o fut /1K WIE Aw )
- Fad HA A7 gore) AydA olHd offE Wy Aotk w3

afel B AAY $Fotx AT ZREZOR S sl AT AY
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IREZOLE AMEAA TFE 29 wARAY = ZFE 3l anti—protozoan agent7} I E]

o] A& Aow FIFHUT. olHT Aol thaAE o B

o] 1 methane A A A=A W 7Aoo

91E‘r. SﬂMé‘P{i 9ol A weks AAdEE Elole] oF 80%°]%
AL 7] witolth wEkA tE mAEE H]

3}71 4% TREZOE AASTHA HEAA BheE g otEo] A 3

Al e A o] g o R A" 4 7] wiEolth

5 A A(Defaunation) 3t el WHE FodA 7Hg a7

sk Zolth, ey A AREATAl FAJoRE W

T AT HAAAYLEH 2 E e B AES

HA A FFetx dAAZE FAAAE HAZ = = TheAo

B7 = AL Qlo] olEA S o] &% wEALAAA ] 7
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Figure 7-4. SEM (Scanning Electron Microscopy) observations for the surface of
Cordyceps militaris incubated with mixed anaerobic microbes for 12hours
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WA= AEA HYErY A 55352 (Cordyceps militaris) dAMAS & 50
2 o Adaxrgel wgst us, #FAFF dad dAVI g s W, dF
} E w3k o 81 -Fu cordycepin $EE EAbste] "B A &

A 2
FAA AR FeIrEe Asa L ATE A FA,

2. N
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bl tiE Age sl 253te] duAETIbE Folen, E AdE 60

Table 8-1. The chemical composition of floral Cordyceps militaris mycelia and basal diet

Items Treatments

Cordyceps militaris (plant) Basal diet

% of dry matter

Moisture 10.10 23.34
CP' 73.23 16.40
EE’ 1.42 3.65
CF’ 11.58 20.03
cA® 2.99 7.41
NFE’ 10.78 5251
Cordycepin 0.10

'crude protein; “ether extract; ‘crude fiber; *crude ash; 5nitrogen-free extract; Stotal
digestible nutrients, TDN value was calculated according to the regression equation described
by Wardeh (1981).

AEAA % g

A& AMEA D T8 F, D% cordycepin S FAMst7] 98t L HALR Fof
A v 3-8 5359 10mL heparin#* @] vacutainer (Becton—Dickinson, Inc.)E
o]-gsto]l AFH R oH, Lol HEH ofo]utzo x{FHG oS H s

g AEHYPe] TEFHWHE EA4A(GSH-Px)EA & A2 d+of I E 9al
ofo] =yt zo A YGolg ZAo] X7t 4CTE FAH 4874 3,000<g, 151t

| FEton, 49 Adde AFAR Eukste] 4 A7A] —75C s il

AN Gl QAR B FAE L SR cordycepin FHE B4 9dke]
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AEAHFS 1Y 23] F5o%FY tg5d ofF Alsgo A FAAXEE FASIY 1
zpolef o3l AAkskSlT).

o B4 9

(1) AgAz ] A& 4

A g o] dnbgd 2 AOAC(1995)H“jq of F=3te] EAsEATE 2ElElg] 2~ 553t
Z AW cordycepind®F2 Cunningham 5(1951)9¢] AFE3E A& 7%7# F=3+9
o FEetxwAE 90TCAdA 6241 & #FeEolA FESHa °44Jr 20 9]
aceto }'8}04 4Col A 24X 75k W& TF 3,000rpmoll Al 1057 LA E-¢] 3t

F3lo] 53] 4557 (Rotavapor R—114, Buchi, Switzerland)—a‘ o] &
= $ds] SEA7aL, SRTE bt &aAIZ1S 0.45 me] membrane
filter® o ¥3F t}S HPLCE HA13}tl. Columne Waters(USA)AFS] uBondapak
Cis column(300mm L < 3.9 mn ID)<S AF&3t o, AZ7]%= JASCO UV detector(260
m)E AFE3F2l. Cordycepin 2 AZE7]o] YEFYG peak WA S Sigma—AldrichA}
oA 9t EEF (No. €3394; CioHisNs03 MW 251.2) 22 243k i o2 5 E
K e

(2) - % Iy cordycepin® ¥4

Jollul 5 Fo EA43F= cordycepin® FA1S A7) AR 9} B3 WHoR
2 &0
X

APEAE 7IbseE AR Y AEEY Milkoscan 4,000 Series(FOSS

KR
Electric Co)E °l&ate] & AgE, FANIL, +A%, ¥4, +3, AAxs 9
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Q2824 (MUN: milk urea nitrogen) &< A3t}
4) €4 % glutathione peroxidase(GSH—Px; EC 1.11.1.9)84 =4

g% U =43 GSH-PxEAH L a4AsdA 7|2 =24 cumene hydroperoxide 2}
hydrogen peroxideZ® A}83lo  Lawrence®t Burk(1976)¢]  ®Wro]  wz}
spectrophotometer(Shimadzu, Japan) 340mmoll A 387F 10% 7t4 o &2 9ol el
= slopes o]&3to] ZH7te] A4S S48 AL, o] a4E dWd 92 xS

7] 918tel Lowry 5(1951)9] Wel el Fgu dajds gl
o E7 24

 AReA folxl X AR+ SAS package program(2000, release. 8.1 ver.) ]
GLM(general linear modeD) & ©o]-&3ato] &7 EAak3dvh. e @5 cordycepin Tl
o= 7t JiAlel wiske] 23] Al&AF (30, 60LA)AALE AAE xS 2HES
of Z+ Al JhARtE o= A EA8A A3t Fnlas HAaFo A A
(LSD, least significant difference)& 3F1aL, F-214 AAS 5%(P=0.05)FolA 2A
aHolth(Steel#} Torrie, 1980).

Z fAHE FoFEFEE Ao A 60U FA5H S
) 9 FAEZA T A v A= 8-S Table 8—20 YERY
T daElgx 5582 dAIE AaA R HAY 9% 714 H 7S
ZF 2 2

< 9, AsAFAFNE Tl dFe vAA @oka, dAvbqeom ot HAFHF(A
Aelste] ot 20ke AF)E HERAA

Aoz Wu7] 715 Ttz 49 =W AR Qlete] v AbRAF >l
Aste = Aoz delu glev(magdg-2da), & Aol AHE A= 2
gl sFetx dAHAC o7t AR HFA S A S YEhA] @9kar, ol whet |
gletel s T5tx dAMATE Aaats AN FE AR €2 AoE YEsT

A, T L2HEE2MUN)EEE A AR, A 2 AAE5(SCO=
Azl ol gk Aol 7k YEhA]l ekt shAIRE, dwtH o w "EEte s sEetx
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FAA Folulgg Abmol 7hAMel mek fed AN (ks/day)o] S7HEHE 7
o el ot WeEY s BEex A PRI DR AL 9
£ 202, Table 8-19] theht Qi Weehel s $58% FAAS JF2TFL 2
Auw 2ed Pl 73.23%E 4IE £ TS ek oo we B 4
Sol A AEA Belgel s FESE FAAG Felulge F7ARC we g
Pl s BAR Aem wess, BAAL FHAL SHol Thel BLA

Table 8-2. Effects of floral Cordyceps militaris mycelia on intakes and milk composition

in lactating dairy cows

Items Supplementation levels of Cm'

SEM®  P<
0% 3% 6% 9%

Dry matter intake (kg/day) 20.86 19.92 20.54 19.25 0.75 0.7265
Milk yield (kg/day) 22.87 23.88 25.73 25.30 2.81  0.6003
Milk fat

% 4.03 3.97 4.12 4.08 0.60  0.8636

kg/day 0.92 0.95 1.06 1.03 0.14  0.9533
Milk protein

% 3.34 3.24 3.21 3.27 029  0.7710

kg/day 0.76 0.77 0.83 0.83 0.11  0.8818
Total solids

% 12.29 12.13 12.19 12.15 0.85  0.9571

kg/day 2.81 2.90 3.10 3.07 035  0.7471
MUN* (mg/df) 12.26° 13.73*  15.97% 17.78° 1.85  0.0284
SCC’ (x 10°/mL) 25730  281.05 26143 25552 7895 0.9761

'Cm (plant): floral C. militaris mycelia; *standard error of the mean; 3signiﬁcant if
P<0.05; *milk urea nitrogen; >somatic cell count.

o] QAEHA LS E(MUN, milk urea nitrogen)i 2154 @ el
2 5t TAAY Folu &S SR wel folskA T ekt (P<0.05). &)
TE MUN9| AAEx9 12 ~ 18 mg/dl ® ¢ el A
O~

o ¥ A7dne geees %%— stz FAAU EASE de zuua g
WSl e e B old e omw WA oz 71915, 9%
A

F

TAHAE g AR Fold A= F71H4

=
o B g FEL wF
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AR

(2) d= 323l a A (glutathione peroxidase, GSH—Px) &4

254 el 2 558 dAAHE S716teE R ZF9dd F9359 S o
A4 FFEA S H2 A o] 2(GSH-Px) &Aool = 43S Table 8—3%} Figure
8—1° e

Table 8-3. Effects of floral Cordyceps militaris mycelia on plasma glutathione peroxidase

activity in lactating dairy cows

Supplementation levels of Cm'

Items 2 3
SEM pP<
0% 3% 6% 9%
............... Plasma GSH-Px (Unit4)
4 weeks 13.09° 17.26™ 20.81° 21.15° 2.49 0.0174
8 weeks 13.26° 19.97° 33.06" 38.83° 4.95 0.0016

'Cm (plant): floral C. militaris mycelia; *standard error of the mean; 3signiﬁcant if
P<0.05; ‘One unit of GSH-Px activity equals 1 nanomole of NADPH oxidized/minute/milligram

of protein.

Table 8—3014 H= npe} o] o) d FH7|#o] SH9ALSIA A FASHA = 2] et
g FFetx wAMAZE S7RgRel wel GSH-PxZ/deo] fostAl S7heksl e
(P<0.05), 53] 6%°]d 51T A 47 B 3%w o]l Blste] FolstAl =2 24
= YHERAT. SHARE, 3%Hold A= diEell Hlgte] EA4o] va e T
AARD ok zbol= WEhA] Gkt ofol wel AaAbRel digk delee s T
st o] Fol= ikt o] Tkske] Flao] Aol = 9% Zi—cli LHEFS L

oAzl #Ed H ARl cordycepine AW A E
Ak B AEE A (NO)el o3 AEEZeR Eié}% kst
ol (Wonit Park, 2005), $H7d% 2Ed 2o Iz
Ao w AbRE

E
_I_4
)
ox,
ol
ol
rlr
v N
o\
i)
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Figure 8-1. Effects of floral Cordyceps militaris mycelia on plasma glutathione peroxidase

activity in lactating dairy cows

(3) @ @ Fu cordycepin

Table 8-4. Effects of floral Cordyceps militaris mycelia on the transfer of cordycepin to

blood and milk of lactating dairy cows

Items Supplementation levels of Cm'

SEM? P<
0% 3% 6% 9%
Whole blood, zg/mL ND° 0.32440.19" 0.392£0.20* 0.410+0.15* 0.070 0.0025
Milk, zg/mL ND° 0.167+0.10° 0.195+0.17* 0.182+0.09* 0.046 0.0370

Daily milk secretion,

mg/head ND° 3.97£2.41"  5.00+4.32"  4.6242.28" 1.174 0.0387
Daily milk transfer, % ND" 0.66+0.40"  0.42+0.36"  0.26+0.13" 0.112 0.0096
'Cm (plant): floral C. militaris mycelia; “standard error of the mean; 3signiﬁcant if
P<0.05; *ND: not been detected, which was assumed arithmetically zero at statistical
processing.
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B4 e s B35x TAAE Sl £E0R Fid Felage u,
golwh 9-5ul cordycepindlolo] MA & e Table 84l Lhehjgich. olwl A
& 197 cordycepin®] $fl Hol7bs A& 2AS uaPARE oz Ae T
o F7t % AUTY BAEEE FANAL. AW 2AE FEEA AAEE 2

AFol 7F ZAFH A=, 9-FWl cordycepin ¥ A WHA7F 0~0.4 pg/mLE HEE
2 &= MAEE YErstth Table 8—40]& 7|27kl & Wol wjiol ZAbE HF gk
of EFQA(£)S FEAISHA . tHETol Hlste] &4 Defete]s 55t A

wolwgel - 3 cordycepm e oA (P<0.05) 22 F7hakaitt. 344
vE, A J7beEEitells fol7 Aol vEhbA] gk 3}—? T4 = ?ﬂol-ﬂ
cordycepin®] 5= “411?01] Rl i R = B s R (R

=o] sobd 5 cordycepin® HFAFl Trbeh= W, %%i o] 3354% OJE—S— A2
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A ALYAE TE5 F, 5 cordycepin S A7) 9ot LHALE
A nE 38 E38lo] 10mL heparin* 2] vacutainer (Becton—Dickinson, Inc.)=
gsto] 45 E9 = AFHER o, gfdFo] BHEH ofo]mvrro] AfF g S
¥ g AEAYPe] FREW AFAR gHkste] A4 A7bA] -75C W

Table 9-1. The chemical composition of floral Cordyceps militaris mycelia and basal diet

Items Cordyceps militaris Items Basal diet
(plant) (TMR type)
...... % of dry matter -+ swee % of dry matter -
Moisture 8.55 Moisture 19.22
cp' 74.25 CP 16.98
EE’ 1.16 EE 6.14
CF’ 10.98 NDF* 27.98
CA* 3.45 CA 7.72
NFE’ 10.16 NE./, Mcal/kg 1.79
Cordycepin 0.13

'crude protein; “ether extract; “crude fiber; ‘crude ash; 5nitrogen-free extract; ‘neutral
detergent fiber; Testimated from NRC(2000).

(2) -+ A+

AR 2 FH cordycepin $HE X357 95k
AAAYE 45 5O poolingste] ZF A|7|HE A
BAA 72 —75C WE e ®atglch,

9 23] ol T obd Almiel A WARE A 1
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Atz o] AR ES AOAC(1995) el Fate] A8ttt el ete]~
Z AW cordycepind &> Cunningham 5 (1951)°] AF-&3+ 34 S A
. FFstRdAEE 90TCeA 64%F FQF FeEolA FEEaL o3 F
Coll A 24X 7HEer W23+t 3,000rpmell 4] 10%7F %*uv‘i- st
&lo] 53] 5% 7] (Rotavapor R—114, Buchi, Switzerland) S ©] &
AE] Z=WA 7 AL, Z2FHFE J1Ee] LA 0.45 me] membrane
3t t}& HPLCE #4189t Columne Waters(USA)AMY] uBondapak
Cre column(300mm L % 3.9 mn ID)<S AFRaFQ om 727 JASCO UV detector(260
m)E AFE3FTE Cordycepin & AE7]o vebd peak WA S Sigma—AldrichA}
oA Y48 EFF(No. C3394; CroHisNs05; MW 251.2) 02 A3 EFAH 02 HE
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(2) - 2 A cordycepin®] 4]

golwt 95 Fo BATHE cordycepin®] BHE 7] FAAG BAS WHow
A sl
-1 o

ALEAE 71 ESr AQFHE 79 AEEAS Milkoscan 4,000 Series(FOSS
Electric Co.)E o]&3le]  HAW AAEF DL 24 E 2 (MUN:

e}
o
milk urea nitrogen) =S FA}SS T}

iy

g2t B4 A
H AFo| A dojxl BE A E = SAS package program(2000, release. 8.1 ver.)<]

GLM(general linear model) S ©o]-&3le] 7 E43519ch A2 1+7F HA v 1+ t—test
=2 39, A BAL 5% (P=0.05)FFoA AAIA T (Steeld} Torrie, 1980).
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Table 9-2. Effects of floral Cordyceps militaris mycelia on least squares mean of dry
matter intake, somatic cell count and milk urea nitrogen during overall

lactational period in lactating dairy cows

Items Treatments

SED’ P<
Control Cm'
Dry matter intake, kg/day 21.38 22.52 0.72 0.9142
Somatic cell count, x10°/mL 242 314 121 0.4392
MUN*, mg/dL 16.97 18.32 0.68 0.8759

'Cm (plant): floral C. militaris mycelia; *standard error of the difference; 3signiﬁcant if
P<0.05; *milk urea nitrogen.
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Gl ol tjxT 2hl el UrE‘rUer k. EAMA

= 2. 5kg4 Fz3 A4S dEa, MUNEsE== 2
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Table 9-3. Effects of floral Cordyceps militaris mycelia on changes for milk yield in

lactating dairy cows

Ttems Treatments ) 3
Control Cm' SED P
............ Mllk yleld (kg/d)

11 weeks 27.75 27.34 2.11 0.8472
15 weeks 28.93 29.26 2.35 0.8885
19 weeks 28.78 29.27 2.72 0.8596
23 weeks 27.34 28.76 2.53 0.5813
27 weeks 26.77 27.38 2.39 0.8001
31 weeks 26.61 26.92 2.29 0.8949

Mean 27.70 28.16 0.59 0.4561

'Cm (plant): floral C. militaris mycelia; *standard error of the difference; 3signiﬁcant if
P<0.05.

300 T
290 +
28.0
27.0 +
260
250 +
240 =
23.0 +
20 +
210 +
X T ——

7 1 15 19 23 27 31
Week of Lactation

Milk yield, kg/d

Control = = =Cm

Figure 9-1. The pattern of milk yield by dairy cows fed floral Cordyceps militaris mycelia

or non supplement diet during lactational period.
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Table 9-4. Effects of floral Cordyceps militaris mycelia on changes for percentage and

yield of milk fat during lactational period in lactating dairy cows

Items Treatments

: SED’ p<
Control Cm

............... Mllk fat (%)
11 weeks 3.60 3.80 0.23 0.3850
15 weeks 3.69 3.63 0.24 0.7808
19 weeks 3.71 3.75 0.26 0.7466
23 weeks 3.80 3.85 0.26 0.5095
27 weeks 3.90 3.79 0.21 0.8930
31 weeks 4.26 4.04 0.19 0.8640
Mean 3.83 3.81 0.11 0.8588

............ Milk fat (kg/d) «=-eeeee
11 weeks 1.00 1.04 0.09 0.5105
15 weeks 1.07 1.06 0.09 0.6614
19 weeks 1.07 1.10 0.10 0.9522
23 weeks 1.04 111 0.10 0.3862
27 weeks 1.04 1.04 0.09 0.8878
31 weeks 1.13 1.09 0.07 0.9963
Mean 1.06 1.07 0.03 0.7185

'Cm (plant): floral C. militaris mycelia; *standard error of the difference; 3signiﬁcant if
P<0.05.
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Table 9-5. Effects of floral Cordyceps militaris mycelia on changes for percentage and

yield of milk protein in lactating dairy cows

Ttems Treatments , ,
SED P<
Control Cm'

............ Mllk protein (%)
11 weeks 2.76 2.96 0.09 0.0398
15 weeks 2.69 2.84 0.10 0.1476
19 weeks 2.78 291 0.10 0.2183
23 weeks 2.88 3.05 0.09 0.0604
27 weeks 291 3.04 0.11 0.2752
31 weeks 2.94 3.06 0.11 0.2761
Mean 2.83 2.98 0.05 0.0200

......... Mllk protein (kg/d) cesesnane
11 weeks 0.76 0.81 0.06 0.4724
15 weeks 0.78 0.83 0.06 0.3983
19 weeks 0.79 0.85 0.07 0.4302
23 weeks 0.78 0.87 0.06 0.1630
27 weeks 0.78 0.83 0.06 0.4412
31 weeks 0.78 0.82 0.06 0.4964
Mean 0.78 0.83 0.01 0.0002

'Cm (plant): floral C. militaris mycelia; *standard error of the difference; 3signiﬁcant if
P<0.05.
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Table 9-6. Effects of floral Cordyceps militaris mycelia on changes for percentage and

yield of milk lactose in lactating dairy cows

Items Treatments , ,
SED P<
Control Cm'

............... Lactose(%)
11 weeks 5.03 5.31 0.21 0.1860
15 weeks 4.75 4.82 0.27 0.7984
19 weeks 4.76 4.79 0.25 0.8986
23 weeks 4.77 4.90 0.26 0.6144
27 weeks 4.83 4.72 0.23 0.6157
31 weeks 4.89 5.06 0.17 0.2971
Mean 4.84 4.93 0.10 0.3527

............ LaCtose (kg/d)
11 weeks 1.39 1.46 0.14 0.6173
15 weeks 1.38 1.42 0.15 0.7555
19 weeks 1.37 1.42 0.17 0.8051
23 weeks 1.33 1.42 0.17 0.5842
27 weeks 1.30 1.29 0.13 0.9846
31 weeks 1.30 1.36 0.12 0.6260
Mean 1.35 1.40 0.03 0.1234

'Cm (plant): floral C. militaris mycelia; *standard error of the difference; 3signiﬁcant if
P<0.05.
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Figure 9-2. Changes for milk fat (%) by dairy cows fed floral Cordyceps militaris mycelia

or non supplement diet during lactational period.
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Figure 9-3. Changes for milk protein (%) by dairy cows fed floral Cordyceps militaris

mycelia or non supplement diet during lactational period.
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Figure 9-4. Changes for milk lactose (%) by dairy cows fed floral Cordyceps militaris

mycelia or non supplement diet during lactational period.
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$ful cordycepin &l HlA = FTFS FASIE Aotk dolA YERH nle}
| Bl A7]o W FF3tx29 cordycepin®] $F= o]y = dEH-S dAHA LS

71
=
Aoz FALE O], H|FA] 7] cordycepin®] $-froldfol FaqdS v A FE AoZ A}

Table 9-7. Effects of floral Cordyceps militaris mycelia on cordycepin concentrations in

blood and milk in lactating dairy cows

Items Treatments X 3

. SED P'<

Control Cm

Whole blood, /g/mL
11 weeks ND* 0.338 + 0.20 0.09 0.005
15 weeks ND 0.380 + 0.17 0.07 <0.001
19 weeks ND 0.366 + 0.24 0.11 0.008
23 weeks ND 0.328 + 0.21 0.10 0.009
27 weeks ND 0.312 £ 0.19 0.09 0.007
31 weeks ND 0372 £ 0.22 0.10 0.005

Milk, xg/mL

11 weeks ND 0.198 + 0.13 0.05 0.007
15 weeks ND 0.250 + 0.14 0.06 0.004
19 weeks ND 0.207 + 0.18 0.07 0.019
23 weeks ND 0.182 + 0.09 0.04 0.002
27 weeks ND 0.255 £ 0.24 0.10 0.036
31 weeks ND 0.228 + 0.10 0.04 0.001

'Cm (plant): floral C. militaris mycelia; *standard error of the difference; 3signiﬁcant if
P<0.05; *ND: not been detected, which was assumed arithmetically zero at statistical
processing.
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