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SUMMARY

I. Title

Development of functional food for improvement of muscular strength using k

orean medicinal plants

II. Purpose and Significance of the Study

Many people are suffering in side effect by intake of food that effect and
safety is not verified, drugstuffs, excessive exercise. Since study finding that
steroid medication that is typical example of intaking of drugstuffs causes
muscle damage is reported, research for substitute to take the place of
drugstuffs such as steroid was performed. Much researches about ergogenic
aids such as protein, amino acid supplementation, for muscular power and
exercise performance elevation are conducted in sports physiology field.

According to these research, there is report of research that muscular power
improves in case achieve together protein supplementation intake and exercise
program but it is no evaluation about mechanism and effectiveness. Herbs
that is admited by KFDA is very useful to develope enhanced muscular
strength food. The objectives of this study were to develop functional food
for improvement of muscular strength using domestic herbal medicines which
have various physiological activities. In this study, we were investigated
quantitative measurement of muscular strength in the rat and physiological
activity such as serum fatigue factors, liver weight and liver glycogen
concentration of rat fed the diet supplemented with herb extracts to develope

functional herb drink which have property of enhanced muscular strength.
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III. Contents and Scope of the Study

1. Selection of herbs enhanced muscular strength

a. Preparation of hot-water extract for evaluation of activity

b. Animal experimentation for evaluation of enhanced
muscular strength

c. Human test for evaluation of muscular strength

d. Biochemical analysis for evaluation of muscular strength

e. Selection of herbs for improvement of muscular strength

2. Comparison for improvement of muscular strength

between herbs and ergogenic aids

a. Animal experimentation for evaluation of enhanced muscular
strength

b. Human test for evaluation of muscular strength

c. Biochemical analysis for evaluation of muscular strength

3. Development of beverage for improvement of muscular strength
a. Animal experimentation
b. Human test

c. Biochemical analysis

IV. Results and Recommendation

This study was performed to evaluate the effect of medicinal herbs on
improvement of the muscular strength and the related biochemical parameters
of SD rats. Nine kinds of treatment groups fed the diet supplemented with
1% herb extracts(Liriope spicata, Schizandra chinensis, Acanthopanax
sessiliflorus, Saliconia herbacea, Eucommia ulmoides, Lycium chinensis,
Panax ginseng(red ginseng), Polygonum multifloum, Glycyrrhizae uralensis)

for 4 weeks. All groups were regularly measured once a week to muscular

_12_



strength test. After each group was performed to muscular strength test,
serum was collected and liver dissected out for glycogen analysis. The liver
glycogen contents of all treatment groups were higher than that of control
Muscular strength was significantly higher (p<0.05) in Acanthopanax
sessiliflorus, Saliconia herbacea, Eucommia ulmoides and Panax ginseng(red
ginseng) groups than that of control group. The contents of serum ammonia
of all treatment groups were higher than that of control group, except for
Schizandra chinensis and Acanthopanax sessiliflorus groups. Serum creatinine
levels were not significantly different among control and treatment groups.
Serum inorganic phosphate levels of Liriope spicata, Schizandra chinensis,
Acanthopanax sessiliflorus, Eucommia ulmoides, Lycium chinensis and Panax
ginseng(red ginseng) groups were significantly lower than that of control
group (p<0.05). While lactate levels of treatment groups were significantly
lower than that of control group. These results suggest that medicinal herbs
enhanced muscular strength of rats by delaying accumulation of muscular
fatigue factor. Human test was conducted to evaluate the effect of
improvement of muscular strength for Panax ginseng(red ginseng) and
Saliconia herbacea hot-water extract with potential for muscle power.

The purpose of this study was to examine the effects of 4-weeks Panax
ginseng(red ginseng) and Salicornia herbacea—l supplement on muscle
strength improvement and index of muscle damage in blood.

The subjects were made up of 21 university students with regular physical
activity for five hours per week who had no hypertension, heart trouble, and
stomach disease. This subjects were randomly alloted to Placebo(P), Panax
ginseng(red ginseng) supplement(R), Salicornia herbacea-1. supplement(S) and
measured body weight, body fat, Cybex test, ammonia, phosphorus, CK, LDH,
creatinine, IGF-1 concentration change.

Blood gathering was performed in rest, end of exercise, recovery-30min,

recovery—4h, and recovery-24h. The collected data were analyzed by SPSS

_13_



Package 11.0 and significance level was set a .05. This results were as
follows. There were not found significant differences between three groups in
body weight and body fat. R and S group were increased in cybex test but
all group was not significant. In blood fatigue and muscle damage index, on
the whole, R and S group were reduced but significant changes were not
found.

Conclusively, this results indicated that Panax ginseng(red ginseng) or
Salicornia herbacea-1. supplement can’t affect muscle strength improvement
and concentration reduction of index of muscle damage. But positive pattern
were founded over again, Red ginseng and Salicornia herbacea-L
supplementation were likely to increase in muscle strength, as ergogenic aids.

Consequently, this study with short and a little supplement difficultly
judged Panax ginseng(red ginseng)and Salicornia herbacea-1. effects.
Therefore, future study had to examine Panax ginseng(red ginseng) effects
by considering side effect with much and long supplement. Also, future study
had to focus on exercise and Panax ginseng(red ginseng) and Salicornia
herbacea-L supplement like preceeding literature on Ergogenic Aids.

Properties of muscular strength enhancement of Panax ginseng(red
ginseng) and Salicornia herbacea-1.  supplement were compared with
commercialized product, L-GLUTAMIN. Compared with the control group,
Saliconia supplement group(241.4 gf) appeared to be efficient at enhancement
of muscular strength in first week(p<0.05). Whereas in second week,
Glutamin group appeared to be superior(p<0.05). Panax ginseng group( 374.5
gf) has been shown to be effective in improving muscular strength in 3rd
week((p<0.05). All supplementation groups showed higher liver glycogen
concentration than control group(p<0.05). On the other hand, all
supplementation groups were significantly lower for serum fatigue factors
such as, serum creatinine, ammonia, Iinorganic phosphate and lactate

concentration, except for serum glucose concentration(p<0.05).
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There were not found significant differences between three groups in body
weight, body fat, Cybex test, concentration change of blood phosphorus, CK,
LDH, creatinine, and IGF-I. Secondly, R, S and G group were significantly
reduced(p<.05) in concentration change of blood ammonia but T group was
not significant.

Conclusively, this results indicated that Panax ginseng(red ginseng) or
glutamine supplement change for the better in blood fatigue but can’t affect
muscle strength improvement and concentration reduction of index of muscle
damage.

Muscular strength for beverage which develop from sal was quantitatively

measured. Beverage supplementation group(SAM) was higher than control
group in muscular strength enhancement in 4th week.
There were not found significant differences between two groups in body
weight, body fat. Firstly, SR group were increased in isoKinetic exercise
capacity on the knee and these changes were significant(p<.001). Secondly,
concentration change of blood ammonia was significantly reduced in SR
group, but other components, in blood, did not change significantly(p<.001).
Conclusively, this results indicated that supplementation of beverage muscle
strength improvement and concentration reduction of muscle fatigue, for
4-weeks. And from the viewpoint of isokinetic exercise capacity and
concentration of ammonia, supplementation of beverage was seem to be
argogenic aids.

Based on our results, we observed that Saliconia herbacea and Panax
ginseng(red ginseng) hot-water extracts have potential use as a ergogenic

aids for improve muscular strength.
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.

Ado] A3 A= WER(Liriope spicata), 2P| AH(Schizandra

iz

chinensis), 2.7} (Acanthopanax sessiliflorus), $tZ(Saliconia herbacea), %
(Eucommia ulmoides), T71AH(Lycium chinensis), <4 (Panax ginseng(red
ginseng) ), 82 (Polygonum multifloum ), 72 (Glycyrrhizae uralensis) 5 =
T 9Tl dF
oz
=

AR B 7

of Agste® duet & AT Fekstn 108 7HEEe]
FHE At FEAL A} EFIIE AL

7
R REL

2) A 9 Ao
A Fo] oF 200 ¢ H = Sprague-Dawley 45%
(Hwaseong, Korea)Z%-E F8te]l  ALE3tct. ddo o]&d  2Ao&
AIN-93G(41)E 71&(Table Do & aFom 157U7E ou] A&3te] A
71EANRS B HAdE AFFEE BUS dES st 47 1%E 7k
AMRE At AR B AgeE AHEA AFHEtEE Taed o
B ARG S 2% 23:1TC, % 50+5%, 12417 Hek #7118 ATt A

s

of HHL L AF FFEe F
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Table 1. Experimental diet composition by AIN-93G

_ AIN-93G Group
Ingredient Herb-extract
(g/ kg ) Control .
supplementation

Corn starch 368 368 368
Dextrinized

cornstarch 132 132 132
Sucrose 100 100 100
Casein 200 200 170
L-Cystine 3 3 3
Soybean oil 100 100 100
Mineral Mix 35 35 35
Vitamin Mix 10 10 10
Cellulose
powder 50 50 50
Choline
bitartate 2.5 25 25
Tert-butylhy
~droquinone 0.014 0.014 0.014
Functional B B
ingredient 30
Total 1,000 1,000 1,000

3) AU &y =A

RE #£& 1Fd9 13 28 =HE Smiths 9 WH(A2)S o] &3te] AAEA
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ratg force gauge(DPZ-5N, IMADA, Japan)¢t <
(10

=2

W ke v AlFoR stgon, 11 we] X E force

€ 9 ovs =5 ¢ 5 rate] me] BE3 AZE bottle] dGT

YoR FHolgrwE 3

oty

Fluid reservoir

Pulley and flexile
cable

Teight
container

Comput er

Constant ly increasing
dizsplacement force

Fig. 1. Schematic diagram for measurement of muscular strength.

4) AN AFH L dF5 &8 38 a4 14

4573 Aol § dH== 4

32
£
i
of\

s9om, EDTAZS
A Al A =70CA A Bast

ARF Fol WAL Hste] 2

gmUel TElm AN R BAe 4

creatinine, §7]AF,
kit(Sigma-Aldrich Chem. Co., St. Louis, MO, USA)Z o]-&3lo] #2514
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3) JAAAZ=
A5 AA| AZ 7] (Fanics, FE810, Korea)& ©]-&3te] 21743 As& F43%

o, AFAdule FAL A7 Aol <984 FAH= Biodynamics it

(U.S.A) Model 3109 Body Composition AnalyzerES ©]-&3Fo] A AW&(%), Al

A kg, AA W Fkg), Tel3 S0 Hliten & FFHATh

ek AAREe A4S g5t 24 A9 A9 A4 FHEE 2 o9
omE SEU SA HAZ FANAMW, AP ZH A AAL B 1
g Bhol: FgatA R s, B3 g 247 6 AX J= WA g

4) AdE(1-RM) H=E

A 7He 8% % A% AAS A4 flstel Central

Fitnessiit- ] 77}4 Machines o]-&3to] 4 - b4l 2+ 798 FHd 245 743}

Atk BE IPAE AP test A FH mE SutE AAE SA}ES oy
o1

e 7R 2EdA F2S A whet 33 4 RS gih
i

e

7}) Bench Press
P2z WA ol FAA FES ol Yuz dd vs dntg dAE A9
of A sta, vkBanE o7l Welrt =5 o WA F=E sk utE A
sl A Zhgel @ Fol &5 ZEA S =S oa, FAS 22

ol e Foz WUy A A
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1) Lat Pull Down
Lat Pull Down Machine®] Barg 32 %
Al skdvh ek o]t FolE HasteHA
sttt o o 7hEs WHEo] Fof o] HUE FHEHES st dd

ol B A TREG WA gol=F 3

N
1l
X
ES
fr
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o
oft
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f

Jfu

t}) Arm Curl
Arm Curl Benchell o} BarE oj7iyn| 2 F+=

ui
ox
o
o
H
[r
2,
i}
)
ol
ol
9

DHAY F EERAL FI4 e FU Cul ¥42 AT B & A
FRFE 9Fol7t Benchol A "ol AAL FA7t EEeA BEE sk

2}) Shoulder Press

Shoulder Press Machine®] ¢to} BarE oj7ziyu| Bt} okt wiA Fa &
o7 HAHE "o ZEEF sk & H FrelA wEel oA, 1ea

Fol 7k Frtolo A HolA ] s Folatn W wo= A FL7AN W9

o= H ool Rart A% AeidED s

o2

"}) Leg Press

e dho] W] LHFES gk Ao Yor W Woled F o
A MR EE sgon, doled S tE TA WA gus

o del= Foprt ASH =S okt

v}) Leg Extension

Leg Extension Machineo] o} %d&Eo g £3olZ Fru v oo uhz
o] FolE st &

A=z =d = 44 4

dm atE 4457 95
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Ab) Leg Curl
Leg Curl Machine 99 d=8 & £o=2 EFolE 2 & HHo|o Wi
= 719 stk ¥hs S ol &shA] ¥ a Sokt whol Fow Wrholrt gddo]
of B& wW7kA HHs f2 ZH=s sk A WE 5 WE dol= HA

s el Fets A7) fete] s WA= &kt

5) Cybex test

W

7h) A (AARE) TEA +E 54
S&4 28 =4 Ax Cybex 6000 Isokinetic Dynamometer(Cybex Co.,
US.A)E ol&3to ZF&5 % 60°/secoll Al 43] REE3Le] o7 #H(shoulder)®] =
/2 Z(Flexors  /  Extensors)s 5783t%th.  Dominant(F5) o] 7§ ¥4 ¢
Flexors(=+%)¥ Extensors(21<5)¢] A&t 8 Z4& 93] 9FAE o474
7F BEo] HEE sto] T4 <8 A w3 & Fo] FHolA ¥EF T
3 5 EHE AAAY 2 ZAHT oA B -] 553 Dynamometer(s
AN HFS AR AAA I A bandE ] &dte] thE F97F £ H o
ool Zhf A A FrE it o, Zk o] HA Y S T LIF
%% long input adapter®} adjusting arm ©]-&3le] o 7| F-E
o] dols yFo] umAANZT. 43] whE 3 A3 M 52 Torques
Bl #tS Peak Torque® ZAsI o AFoz vr F(Nm/kg(%)s =
A&l 9] dataZ A&}

=

o

i

W) HAHFETHE) 554 & Power 4

A 28 =4 AA Cybex 6000 Isokinetic Dynamometer(Cybex Co.,

=
<]

b

SA)E o] &3l ZHEE 60%/secoll A 43] HEE-3lo] &3 (Knee joint)e] =

< (Flexors / Extensors)S ZA3F9th. Dominant(F=) €329 Flexors(#
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)3} Extensors(2l<t)e] A8t 8 A S ) AFAE sHEF7F HPo] H
55 gto] 554 <8 AAMgd gdl $ Fo] oA YL E JiFH 55 O

7} Dynamometer(-s & Al) 2] 3|52

N

i
i
oY
>
=
=
=
ol
>,
S
)
i
r o)
i)
1o
Mo
ofl
o



A2 YAA 713 shin padg & & = A do] AAF T oE F97F 534
of eJo] 7tejA A FrF sttt olw], 7 ZEo] Hjo S T HIT
T A%=F long input adapterst adjusting arms ©]-&3te] ot % HAolg x4
dolE xAsto] nZAIFTE 43] ¥ 8 A3 M %2 Torques YWERA %
S Peak Torque® ZAAsR oM AFoz vUr H(Nm/kg(%)S 2 23 A<
data® A3

SEEEE

g A= A3 Edeld H, ¥ FTH, IH 08 F, IE 4N F

24717 Fol (1993 & 53]) o&<lell ofs) ZAEAHTable 2). 4L F
FEZ ZF Al7]uket 5 10 mL vaccum tube(Z & E ) 22 gage needles ©]
83t A A 9 (antecubital vein)oll A 2 &8} o),

Table 2. blood-collecting time of various components.

AN A7)
9 ., EF IR EF FR ¥ FE E¥ 38
. Al 308 ¥ 4N F 24N F
NH3 0 0 0
Pi 0 0 0
CK 0 0 o) 0 0
IGF-1 0 0 o)
LDH 0 0 o) 0 0
creatinine O 0]
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F grmuelst /el B4 ek

(1) kxYo}

Spectrophotometer(CL-750)E A}-83}¢] bethelot W55 dolR= WHORE
EA AT WA, @5 dRUelE AAT F Ade 'ae A4S 2EAANTE
Aekd gof 2 mLol do 1 mL& 4olA d4 B & FFds ZEetd
phenol 4%, nitroprusside & 0.015% ¢ KOH 4.1%Z #H7}slo] gz gdoz vt

E Ug, b E 28%9 daat ZE 3% dREo v Al AbEsle] w

HAZ F, 9 630 nmel A gruol £ gt

dF Fr1dske s Askst ¥A17](HITACHI 747, Japan)S ©] &3t UV
U o g BAE9ATE 5 mL vacumtubed] 2 mLE st Ao 208%F B
A 1087 A EEsta " (serum)S AFH S 70T A

3 g4 05 mLE #235t¢] sulfuric acid, surfactant
sulfuric acid, ammonium molybdate”} -5 A oFS

94 340 nm, 91 505 nmoll A =4 sk,

[\
(O}
(e}
=
IS}
filo
)
N
N
SO
>
2
=
N E M

(1) LDH
2174 1 cm cuvetel] Tris buffer(57.5 mmol/l) 2.70 mLl, NADH-&< 0.1 mL,

i

24 FZ9 01 mLIE 93 & 42 s, 30Tl 10-20% ¢ 5% 3t
t} 7)o CE 7124 pyruvate €94 02 mLIE H7}3t) 9reES 2 A8 s

7} 2278 2% spectrophotometerE ©]-8-3e] 340 nmoll A 3-6% &<k 05-1%

(2) CK
CKe #2412 Heparino] A2l¥o] &= A& MBS o] &3] AL F



AAFEE 715 ol &3t 2500-3000 rpme] HEE 15-20w%F H4A #Ed & &

q RApon Add e PRwe oA FFee A% A 247

(HITACHI 747, Japan)& ©|-&3to] #4383t}

F, 94 28718 o8 2500-3000 rpm®] #ERE 15
odAEE F 24 wEdeR Ak ded Fis FE8te] IGF-1 RIA

kit(Diagnostic Systems Laboratories, Inc, USA)=Z =43}l t}.

(4) creatinine
Serum 0.3ml °o|4S AEste] YAREE7]E o€ 2500-3000 rpme] =2
15-2087F 9AEY 3 dF Bagor fHale Hod RES %89
creatine + picrate — Creatinine-picrate complex(5 2} A)¢] creatinine-picrate

o] WAMEEE =3l creatinineX & F3F U
FAA

2 AFNA dE AE e SPSS/+PC+ v11.0 ZR2 WS o] §3to] &S A

rr

o2 Py xFHAE AFESF A, Fo(FAHdT ) 3 a5 e HolE &
ol 7] $J&l Repeated Measures of ANOVAZ o] &3dlo] EXs ) w3
Scheffe®] AlF HSTHES ol&atAoH, A4 Folg+2 p<0.05 o|st= 353

o

3. 474 3 n3

} BRNES E

<
ry
I
ozt
Ry
Fop
olr
S0

b

D A S7rd 2 Aol A&
AF F7FF L o] &8° Fig. 2, Table 3, 40 A|A & npe} 2ok A3 A

ARE F8 A X 2FAE AL 4%kl AYAAEE 2 Erke] fol 4ol

¢
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Aol molA ghgkeh. Aol HAYN AF /4% ¥ Ao RHFERS FFat
of Ay Aoyl o] FAHA AolE B TEO A Hp<0.05)

As S7FFAA = FAAA 2ol7F vt A Gtk el AQl Aol Fo R

1l = o o = QA =
ER=
550
—e— CON
500 4 | O~ MM
—v— OM
—— 0G
450
C
fﬂ 400
]
=
& 350 +
@]
o
300
250 -
200 T T T T T
Start 1st 2nd 3rd 4th
Week

Fig. 2. Body weight gain of rats fed experimental diets for 4 weeks.
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Table 3. Body weight gain of rats fed experimental diets for 4 weeks.

Groupl) Start 1st 2nd 3rd 4th
CON 245879  286.3+14.2 328.8+354" 379.2+33.7  404.4+39.8
MM 2449+10.1  287.9+12.3 339.1+17.7" 381.4%259  406.5+28.4
oM 2456+10.6  2035+13.6 348.2+221% 393.9+26.0  421.0+36.8

oG 2465+10.7  296.0+12.4 345.0+155" 3925+23.6  427.0+22.4
HC 245.4+79  289.1+14.7 3395+245" 358.3+52.9  423.6+38.0
DC 2452+154  294.649.7 342.3+10.8" 391.7+13.1  425.0+18.0
GG 2438+11.4 2924495  3484+16.4° 374.8+489  416.7+31.0
RG 2438+11.1  287.0+135 336.4+21.9" 382.1+30.7 405.3+34.6
HS 245.7+11.5 289.4+9.1  3459+12.*" 3915+187 417.9+226
GC 2453+16.4  286.1+10.8 334.4+13.3" 378.0+186  403.9+22.2

Values are meantSD.

YCON: Control group, MM: Mecmundong, OM

Hamcho

_46_
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Table 4 Food intake, body weight gain and FER of rats fed

experimental diets for 4 weeks

G D Food intake Body weight gain FER?

TOou
P (g/4 weeks) (g/4 weeks)
CON 738.1+20.5° 158.6+33.2 0.21+0.04%
MM 693.1+13.3" 161.6+29.2 0.23+0.04
oM 689.0+64.0°" 175.5+28.2 0.25+0.04
oG 726.5+47 6™ 180.5+15.7 0.25+0.02
HC 723.4+50.2™ 178.2+31.8 0.25+0.04™
DC 715.5+24.6> 179.8+21.0 0.25+0.03%
GG 719.6+27.6™ 184.0+21.7 0.26+0.03°
RG 676.5+54.3 161.5+25.7 0.24+0.04%¢
HS 690.4+18.7% 172.2+19.9 0.25+0.03%°
GC 709.6+34.5> 158.6+23.3 0.22+0.03™

Values are meantSD. Means with the different letter within a column
are significantly different at p<0.05 by Duncan’s multiple range test.

YCON: Control group, MM: Mecmundong, OM: Omija, OG: Ogapi, HC:
Hamcho, DC: Duchung, GG: Gugija, RG: Red ginseng, HS: Hasuo, GC:

Gamcho

Body weight gain for experimental period

“FER(Food efficiency ratio) = : : :
Food intake for experimental period

2) Ad o9 %4
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Table 5. Maximum muscular strength of rats for fed

diets for 4 weeks

experimental

Group b Period
Ist 2nd 3rd 4th
CON 125.7+22.0°? 174.4+11.3° 202.9+7.6 243.6+29. 7%
MM 104.4+20.5™ 147.4+17 4% 187.5+11 .4 252.6+29.0™
OM 86.6+33.2% 154.0+21.2° 198.2+8.0 240.6+17.4%
oG 113.3+51.1" 179.8+15.3" 224.3+13.9" 282.5+47.8%
HC 118.0+29.3> 178.6+14.8" 210.7+11.6% 277.4+28 4%
DC 103.5+27.0 187.0+13.2° 214.0+6.6° 255.5+22.5%
GG 122.2+41 5 185.0+10.2° 204.1+5.3 242.0+24. 7%
RG 110.5+21.7™ 182.2+15.2" 222.7+11.1" 287.2+52.7¢
HS 67.9+18.3" 148.4+27 4° 191.1+6.9™" 217.7+17.4™
GC 96.0+29.6™° 153.7+22.6 197.0+8.0™ 234.2+22.1%

Values are mean+SD.

YCON: Control group, MM: Mecmundong, OM: Omija, OG: Ogapi, HC:

hamcho, DC: Duchung, GG: Gugija, RG: Red ginseng, HS: Hasuo, GC:

Gamcho.
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BN CON
= MM
400 | | I OM
oG
. HC
I DC
< 300 | W GG
3
=S f
G
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Fig. 3. Maximum muscular strength of rats fed experimental diets.

* Significantly different compared to the value for CON by independent
samples t-test at p<0.05.

CON: Control group, MM: Mecmundong, OM: Omija, OG: Ogapi, HC:
Hamcho, DC: Duchung, GG: Gugija, RG: Red ginseng, HS: Hasuo, GC:

Gamcho
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Table

6. Liver

weight and glycogen

experimental diets for 4 weeks

concentration of rats

Liver glycogen

Groupl) . Liver concentration

weight(g/100g bw) (mg/g tissue)
CON 2.8+0.1 18.1+4.2°
MM 2.7£0.2 25.7+3.5¢
oM 2.7+0.1 25.9+2.1¢
oG 2.8+0.0 25.2+1.6
HC 2.7+0.1 25.6+2.6°
DC 2.7+0.1 23.9+2.5"
GG 2.8%0.1 21.0+1.7°
RG 2.7+0.1 22.0+1.7%
HS 2.8+0.1 23.3+1.4>¢
GC 2.8+0.2 25.0+3.5%

fed

" Significantly different compared to the value for CON by independent

samples t-test at p<0.05.

CON: Control group, MM: Mecmundong, OM: Omija, OG: Ogapi, HC:

Hamcho, DC: Duchung, GG: Gugija, RG: Red ginseng, HS: Hasuo, GC:

Gamcho
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Fig. 4. Liver glycogen concentration of rats fed experimental diet for 4
weeks.

* Significantly different compared to the value for CON by independent
samples t-test at p<0.05.

CON: Control group, MM: Mecmundong, OM: Omija, OG: Ogapi, HC:
hamcho, DC: Duchung, GG: Gugija, RG: Red ginseng, HS: Hasuo, GC:

Gamcho
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Table 7. Serum creatinine of rats fed experimental diets for 4 weeks

Creatinine
(mg/dL)

Groupl)

0.65+0.05
0.60=0.00
0.65+0.05
0.64+0.05
0.63+0.05
0.63+0.05
0.60+0.00
0.61+0.04
0.63+0.05
0.61+0.04

CON

MM
OM
oG
HC

DC

GG
RG

HS

Significantly

*

GC

different compared to the value for CON by independent samples

t-test at "p<0.05.
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CON: Control group, MM: Mecmundong, OM: Omija, OG: Ogapi, HC:
Hamcho, DC: Duchung, GG: Gugija, RG: Red ginseng, HS: Hasuo, GC:

Gamcho

0.8

I CON

MM

N OM I I I

0.6 4 | =1 0OG —

I HC

I DC

Hl GG

I RG

0.4 4 | I HS
CJGC

Creatinine (mg/dL)

0.2 A1

0.0 — — —

Group
Fig. 5. Serum creatinine concentration of rats fed experimental diets
for 4 weeks" Significantly different compared to the value for CON by
independent samples t-test at “p<0.05.
CON: Control group, MM: Mecmundong, OM: Omija, OG: Ogapi, HC:
Hamcho, DC: Duchung, GG: Gugija, RG: Red ginseng, HS: Hasuo, GC:

Gamcho
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Table 8. Serum inorganic phosphate concentration of rats fed

experimental diets for 4 weeks

Serum inorganic phosphate

Group®
P Concentration (mg/dL)

CON 8.38+0.41¢
MM 7.88+0.47%°
oM 7.85+0.42%°
oG 7.64+0.23
HC 8.05+0.33
DC 754+0.21°
GG 7.81+0.52%¢
RG 7.75+0.44%
HS 8.03+0.26™
GC 8.10+0.2°1

* Significantly different compared to the value for CON by independent
samples t-test at p<0.05.

CON: Control group, MM: Mecmundong, OM: Omija, OG: Ogapi, HC:
Hamcho, DC: Duchung, GG: Gugija, RG: Red ginseng, HS: Hasuo, GC:

Gamcho
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Fig. 6. Serum inorganic phosphate concentration of rats fed
experimental diets for 4 weeks

* Significantly different compared to the value for CON by independent
samples t-test at p<0.05.

CON: Control group, MM: Mecmundong, OM: Omija, OG: Ogapi, HC:
Hamcho, DC: Duchung, GG: Gugija, RG: Red ginseng, HS: Hasuo, GC:

Gamcho
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Table 9. Serum ammonia concentration of rats fed experimental diets

for 4 weeks

Serum ammonia

Group" Concentration (ug/dL)
CON 170.38+20.26"
MM 196.38+20.37™
OM 192.25+18.62™
0G 190.50+12.06®
HC 272.88+28.49"
e 253.88+18.27°
e 220.88+28.92%
RG 250.25+27.79°"
HS 221.00+32.61%

ac 204.38+24.21

* Significantly different compared to the value for CON by independent
samples t-test at p<0.05.

CON: Control group, MM: Mecmundong, OM: Omija, OG: Ogapi, HC:
Hamcho, DC: Duchung, GG: Gugija, RG: Red ginseng, HS: Hasuo, GC:

Gamcho
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Fig. 7. Serum ammonia concentration of rats fed experimental diets for 4
weeks” Significantly different compared to the value for CON by independent
samples t-test at “p<0.05.

CON: Control group, MM: Mecmundong, OM: Omija, OG: Ogapi, HC:
Hamcho, DC: Duchung, GG: Gugija, RG: Red ginseng, HS: Hasuo, GC:

Gamcho
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Table 10. Serum lactate concentration of rats fed experimental diets

for 4 weeks

Serum lactate

Group" Concentration (ug/dL)
CON 17.45+3.96°
MM 10.48+1.64°
OM 12.18+2.73¢
oG 9.50+2.70"
He 8.39+1.70°
i~ 8.61+1.44°
ae 8.99+1.54%

RG 9.40+1.34™
S 11.49+2.78"4
Ge 11.81+3.16

* Significantly different compared to the value for CON by independent
samples t-test at p<0.05.

CON: Control group, MM: Mecmundong, OM: Omija, OG: Ogapi, HC:
Hamcho, DC: Duchung, GG: Gugija, RG: Red ginseng, HS: Hasuo, GC:

Gamcho
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Fig. 8. Serum lactate concentration of rats fed experimental diets for 4
weeks” Significantly different compared to the value for CON by independent
samples t-test at “p<0.05. CON: Control group, MM: Mecmundong, OM:
Omija, OG: Ogapi, HC: Hamcho, DC: Duchung, GG: Gugija, RG: Red ginseng,
HS: Hasuo, GC: Gamcho
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Table 11. Changes of weight before and after medication (MeanSD)

(kg)
54z Foq A Fo =
ki 69.76+14.38 70.28+13.28
4 70.00+£5.14 70.72+5.93
gz 68.36+3.23 68.44+3.64

71
705 -/-
A /

695 |

69

H & (kg)

685 |

>

68

675

67
of =

*

sof

-m

—— 2 —m—E A —a— S E

Fig. 9. Changes of weight before and after medication.
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Table 12. Changes of body fat before and after medication(Mean+SD)

(%)
Tz 59 2 5 ¥
< eF 15.4846.24 16.26+6.60
4 16.26+2.78 16.20+2.77
LE 15.48+5.17 15.56+4.81
% M x| 2
20
19 |
18 [
17 1
16 | ://*
15 | )
14 1
13 f
12 f
1
10
F0i F0 %
—— 9t —m— 34 A—YZX

Fig 10. Changes of body fat before and after medication

THEAR 2E5Y T 299 FHEE EAE] S 60° /sece] 7oA
@4 (knee)? o7 @A (shoulder)®] Wl - 2 Al Al FH o3 Y (Peak
torque %BW)< #Zsdt ATd Hd
1~ 140 veb doh

=

Sagel A2

3 A& el WslE Table 13, 14, Fig. 1
£ ATId HANWIAHS dAFor Fo T =4 e

U Aol o, 53] shx Fof Fol Fof Mol HlEe] Extensionol A
1 =

I s 7 2 WsE B2t A
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WAl IF 7 Fol A F pelAY BAROE §o% Aol vpehiA gk

Table 13. Peak torque per body weight of knee joint(MeanSD)

(Nnv/kg (%))
Extension Flexion
Foqx4 . .
K 2o 3 K 2o 3
$1¢k 237.60+60.01 241.20£54.11 149.40+36.64 152.20+41.28
=4 238.20+£19.02 259.00+£18.93 152.00+£30.33 167.40+25.14
gz 230.20£49.83 263.20+20.00 149.80+19.02 171.60+20.66
(Nm/;g(%) Cybex Test(knee)
300
250 | /ﬁ:
200
150
100
sof o £ %
Extension

ol

—-— 22 =S a—F=x

Ofol
I

Fig. 11. Peak torque(extension) per body weight of knee joint
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(Nm/kg(%)) Cybex Test(knee)

200
150 | %
100
50
so{ ™ £of %
Flexion

a5 E

Ofol

—— 9ot —m—

Fig. 12. Peak torque(flexion) per body weight of knee joint

o ol H]&to] Extensionol A 7.95%, Flexsionol A 6.17%¢ Z7l&S Ho &3

Ao] sk bR 1§ F 4 2 WskE ng

Table 14. Peak torque per body weight of shoulder joint(Mean+SD)

(Nm/kg(%))
Extension Flexion
Fozxd
= A 5o F 2o A 5o &
ek 112.40+£35.36 | 114.80+33.54 | 77.80+11.48 79.60+12.34
=4 108.80£16.89 | 115.60+16.23 78.60+7.86 83.40+8.62
= 105.60+£17.16 | 114.00+16.57 | &81.00+10.39 86.00£12.19
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(Nm/kg(%))  Cybex Test(shoulder)
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Fig. 13. Peak torque(extension) per body weight of shoulder joint
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Fig. 14. Peak torque(flexion) per body weight of shoulder joint
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(1) hwfo}

A Alell Al 89.40+15.19 u

%
mol/LE 7Hd 9HAl ey 25 &5 d - F dF ammonia %= zkol7t 7H
1

Table 15. Changes of serum ammonia concentration(Mean=SD)

(zmol/L)

2oz *% A 2% ¥ 3]% 30min
9ot Foq A 119.20+20.28 154.00+28.44 132.80+17.61
o X 113.60+27.49 148.80+25.82 123.20+£33.04

o Foq A 113.40+40.92 144.20+56.73 122.20+49.18
o 5 89.40+15.19 126.80+18.46 98.40+15.47

. Foq A 121.80+50.09 153.20+49.57 117.40+£14.36
- 7o F 105.80+25.53 124.40+45.32 104.20+30.98
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Ammonia
180
160 |
140
120
100
80
60 |
40
20
0
2 23 % 2[5 30min
A7
—— 22t R0{ M —<— 2|2 B0l T —a— 4 FO
—-— 2t 50l F =X 5F0{d =X 50
Fig. 15. Changes of serum ammonia concentration

(2) F71914%

g% Phosphorus

= =

O -1

%9, Al71"H "% Phosphorus 5%

2o

_68_

b 2

Phosphorus®] ¥ 3}+= Table 16, Fig. 160 ey 9t
1.88+.32 mg/dL=E 7} v
A - Z9 Zol7t 050 mg/dlZ 7 A A
A] 71" Phosphorus?]
© SAHSE FoF Aol7F
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Table 16. Changes of serum inorganic phosphorus concentration(Mean+SD)

(mg/dl)
EoqzA 5 A 5 F 3] & 30min
ger Fo A 2.62+.52 3.70+.52 2.88+.31
o] o
Foq & 2.72+.24 3.54+.50 2.94+ 23
.- Fo A 2.50+.68 3.64+.30 3.30+.46
T4 N
o F 1.88+.32 3.20+.41 2.94+ .56
o Fo A 2.30+.38 4.24+.24 2.72+.69
LIE
Fq 2.10+.38 3.64+.24 2.22+.42
(mg/dl) Phosphorus
6
5 -
4
3 -
2 |
1 F
0
s A 2SS F 3| 2 30min
Al 7]
—— Ut FH H YR T a—EM TN
- 3 FH F =X 5 =X FO 7

Fig. 16. Changes of serum

i)
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(1) LDH(lactate dehydrogenase)
= Table 17, Fig. 179 YEhY Ut 24
vk

BICE!
T A A7l 2A Fol Anyg ¢

rr

DH &&=

R REST
¥ %o ¥9 €% LDH
Folt EA

=
ff

—

off

ol ol
5 AT

(ml/dD)

sz €3 A 5 F HE omn HE sh  3E 2h
= 280.40 306.60 286.00 294.80 290.00
qep B | (1976 | (2370 | (21838 | (£1999) | (+1168)
2 3 267.40 284.20 260.00 284.40 265.20
(£34.40) (£40.55) (£28.66) (£32.58) (£19.33)
= 280.40 293.00 276.20 297.20 277.00
P A (£29.11) (£24.60) (£27.33) (£31.69) (£15.28)

_ 262.00 264.80 255.60 260.20 252.80
aF (£32.34) (£38.65) (£40.45) (£39.54) (£33.03)
Ed 286.80 310.40 296.40 289.40 292.60

A (£26.95) (£54.10) (£39.77) (£50.55) (£50.67)
265.60 280.80 270.80 277.60 268.00
(£38.63) (£41.43) (£23.82) (£29.41)

=
aF (£38.97)

Al A
Table 17. Changes of serum LDH concentration(Mean+SD)
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(ml/dl) LDH

320
300 |
280 |
260 [ A—/A\A/A\A
240
220
22 ® FHE 3= 2=
30min 4h 24h
A7
— 2l B0l M —o— Q[ B0 & —a— A E0f &
2 EAME0 3 835 E0f M =% 50| &

Fig. 17. Changes of serum LDH concentration

(2) Creatine kinase

ZF aFE g A" A7l 2 #E3$ d% Creatine kinased &% W3}

Table 18, Fig. 18] Yel} Qv % 1

FollA Fol dHTE ZF Al7]e| A vrA YErR e, 53 SAF1FlA
H

3|5 24hell A ¢ €% CK $=v 794

rlr
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Table 18. Changes of serum creatine kinase concentration(MeanSD)

(TU/L)
=dz7 ¢35 A $E % 3E 30min 3= 4h  3E 24h
e g | 20880 957.60 954.80 296.80 956.40
qe TN (45246) | (48276) | (48043) | (£7502) | (£74.70)
cep g | 18640 24580 93740 94860 996.00
T (£4377) | (£7464) | (+5869) | (+3479) | (+66.75)
e 176.40 219.20 923.00 270.60 313.20
T TN (s6266) | (19254) | (+9957) | (+91.61) | (£15801)
cep | 15240 172.80 171.40 187.60 168.60
T (+61.06) | (£72.02) | (+7121) | (£69.10) | (+77.81)
e 136.80 202.40 197.00 936.60 265.00
ex | (2879 | (4014) | (#4543) | (5114) | (+10L07)
= cep gy | 11900 141.60 139.40 186.60 207.80
T (£2376) | (£2033) | (+1982) | (+4485) | (+8552)
(Iu/L) Creatine kinase
350
300
250 |
200
150
100
50
0 \ -\ Il Il
4% % & N q/v‘\
ef/% Q(/% /fbQ %7\& 7\4}\
@\ Y
Al 7|
——2 ROl H ——2f R0 T —4—3H F0I
—-— 34 50 == Fol 8 =—8= 50 F

Fig. 18. Changes of serum creatine kinase concentration
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(3) IGF-1

A 2o W& dF IGF-19 5% W3 Table 19, Fig. 199 YE 3l
o AW, % A%, 7 A7) gkl @F IGF1 wEel W@ fo% Aolzh

EluA] ekodth gy 4k FoFel 3 30min Al7]oA e EF IGF-1 &
¥ 42780ng/ml, 3% FolaF9 3 30min Al7]olAe EF IGF-1 =&
413.00ng/mlE YE, AEAH FEE Fo] 1859 3E 30min AFANAY &

EE 5o ARt @A JER

Table 19. Changes of serum IGF-I concentration(Mean=SD)

(ng/ml)

=qzz *5 2 °F ¥ % 30min
ve Fq A 443.40£17.20 474.40+30.24 454.40+42.19
A Fo ¥ 451.60£12.46 484.20£15.16 462.80+8.61
) Fq A 431.60£87.28 459.80£127.76 444.40+113.48
' Fo ¥ 438.00£89.71 447.40+96.11 427.80£82.19

) Foq A 430.40£75.32 439.00£87.72 424.40£75.79
v Fo F 427.40+£28.54 442.40+43.40 413.00£28.35
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(ng/ml) IGF-I
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2z d 235 % 35 30min
Al 21

—e—9lot £0{ H —o—9lot R0 & —a—E4 Foi A
24 50l ¥ = 8x £0{ M B BE 50 ¥

Fig. 19. Changes of serum IGF-I concentration

(4) Creatinine

i)

% creatinine ¥ % W3}= Table 20, Fig. 200 veht gt 4 S5
o 3 &

Job

24h Al7]o A ¢ = creatinine =+ 0.12mg/dlE2 Fo A - 3% 7+ 7}

o
rlu

ZFolE HQow AEA FEE Fo §F Creatinine? 8% &% F9
= =2 =

o AA e Bl e Frol g Aol

2
T

Table 20. Changes of serum creatinine concentration(MeanSD)

(mg/dl)
FodxA $F A *£E 3 3] & 24h
Foq A 1.10+0.06 1.12+0.07 1.10+0.06
S oF
Foq F 1.08+0.11 1.12+0.10 1.04+0.10
9 A 1.10£0.09 1.16£0.10 1.12£0.15
4 .
7o F 1.08+£0.07 1.18%0.07 1.00£0.09
9 A 1.08£0.10 1.12£0.13 1.06£0.10
gz
7o F 1.06£0.05 1.08+£0.04 1.02£0.07
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Creatinine
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Fig. 20. Changes of serum creatinine concentration
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(L-Glutamine, (55)W7d, Korea)S AAsle] o] s Al52 AFESIAT

7 55%  rat(Sprague-Dawley) 32vt2]E 3325243 AlE (Hwaseong,
Korea) 2 5-H #&FWol 1 AAE(F) AFFAARE)Z 1793 oAnjALS 3
T 272 8 ntyA 4 #(hE+: CON- Control group, =FEd AF+: GT-
Glutamine supplemented group, <4 F&& A3 RG- Red ginseng
supplemented group 1¥i % FEE AHFHT: SH- Salicornia herbacea
supplemented group) 2.2 Wil B3 Alge AFEA AFGEES TS

5 ASAY 3 H e 25 23+1T, 5% 5045, 12-hour light-dark cycles 4
st o 2ol AHFEF AT SUHES 15Ul 13 43 Ak A3
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4G o8 Aol AIN-93GE /IFom stgom, FTE, T 33
o aew @z 33 BUE 47 gk diet (3 Aol FRel 3%) B7had
. Holel & F@e A 9 guAelq zgsigen, g Adeld 2

Al gk AFEHE Table 2109 A Al gk vRe} 2o

Table 21. Experimental diet composition by AIN-93G

Ingredient AIN-93G Groupl)

(g/kg)  CON GT RG SH
Corn starch 368 368 368 338 338
Dextrinized 132 132 132 132 132
Sucrose 100 100 100 100 100
Casein 200 200 170 200 200
L-Cystine 3 3 3 3 3
Soybean oil 100 100 100 100 100
Mineral Mix 35 35 35 35 35
Vitamin Mix 10 10 10 10 10
ggg‘éfrse 50 50 50 50 50
Choline 25 25 25 25 25
?g;’éaﬁ}lrfg}gy 0014 0014 0014 0014 0014
el
Total 1000 1,000 1,000 1,000 1,000

YCON: Control group, GT: Glutamine supplemented group, RG: Red ginseng
extract supplemented group, SH: Salicornia herbacea extract supplemented

group.
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TRE glo]EE SPSS/PC 100 T2 1S o83l FH+EFAE JEFY
o 2F3re] FelA BAAE B4y 98k p<0.059] feo] oA

One-way ANOVA testZ A A% & Duncan’s multiple range testE ©]-& 3}

w Aol g Ak AAA 54 % 258 A A= Table 229 Table

23 vER 3L

Table 22. Physical characteristics of subjects

Group Age Height Weight Body fat
T 22.29+1.28 175.80 +6.09 70.96£5.80 16.74+2.25
R 21.86+0.64 176.68 +4.26 71.16£4.73 16.92+1.62
S 22.00£0.76 17476 +4.65 71.36£5.56 16.28%5.06
G 22.00£0.76 177.26 +4.02 70.72+8.81 15.66+3.72

Total 22.04+0.91 176.13 +4.91 71.05£6.42 16.40+3.47
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Table 23. Classification of experimental groups

Group Management N
T Training(4 weeks) 7
R Training(4 weeks) + Red Ginseng Supplement 7
S Training(4 weeks) + Saliconia-herbacea Supplement 7
G Training(4 weeks) + Glutamine Supplement 7

2) AAA=

ApE 21 A AlZ7](Fanics, FEB10, Korea)E ©]&3to] 2173 AFTS 4313
ow  AFAue] AL AHA7] AW o84 ZAHEE Biodynamics it
(U.S.A) Model 3109] Body Composition AnalyzerE ©|&3to] AR W&(%), A

A& (kg), AAGF(kg), 28la i Fditer) S FAsATH

Qe A gl PR ekl 24 AY A A4 FREHE 2 o]99)
olwdt grl SABe 4FE FAAIM, AT 24 A AAY A 1
A3 2ol Agalx Reld s, B3 tEE 47 6 AX AE 2 A

2531 Body Composition Analyzer(Model 310)¢} AZH cables {23k & ¥ A}

7F A3 A olA G2 AdEHd A S48

3) HdH<LH(1-RM) HZE

B AR a7He 8% &F A= AAS AAs7] f15ke] Central
Fitnessiit ©] 77}#] Machine& ©l-&3te] 4 - stA 2z F91d A o8& 43}
Atk EE @32 AR test A F&EC wWE SnlE AAE SAG =S 6

o VE 2EUA S2e ARl w33 4 uknsidith 1§, e 2
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Table 25. Exercise Program

Bench press, Squat, Shoulder press, Leg curl,
Leg extension, Lat pull-down, Arm curl

85% OF 1-RM

Exercise

Intensity

Maximal repetition

Repetition

150 sec

Rest

3 set

Set

3 days/week

Frequency
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A7) 95kl 47 B
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dolEEF ol do] B 22} Test ol A= 1RM Test@t AAslx] gom o

_‘?_
A= 12 Testst L3 Aok oz A5

8) B AIA €

Aol dE& AHE= SPSS/+PC+ v12.0 ZE2 S o] &sto] 7w EA %
ow Wiy FFAAAE AHESAAL, FAGFAAS F) 3, OF 3 Aols &
olw 7] 98] Tow-way Repeated Measures of ANOVAE o] &3lo] EA3}% )
S Tukeyol A HASTHES ol&st o, A4 Fo4E p<0.05 o=

sttt

AF7IE w7 o AT WEe AT 7S Fig. 213 Table 26,

270 AA G vheh ek AW A ek AY T A AXY AF a2 Aol
RADA oA 7+ w7hel FeA Aole o)A gkow] AAAA AAE

B A D S FE3 JdIFS A g o2 oJAXTY Aol & &(FER)
ZT(CONT)ol| nls] stx FEE5 HFAT(SHT)Q 2lolgdo] 9
Moz e AnE 18 YrH(p<0.05).
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Body weight (g)
8

250-
—o— CON
—0— GT
200 1 —v— RG
—v— SH
]-m T T T T T

Start st 2nd 3rd 4th
Period (week)
Fig. 21. Change of body weight of rats fed experimental diet for 4 weeks.
CON: Control group, GT: Glutamine supplemented group, RG: Red ginseng
extract supplemented group, SH: Salicornia herbacea extract supplemented

group.
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Table 26. Change of body weight of rats fed experimental diet for 4 weeks

Period (week)

Groupl)
Start 1st 2nd 3rd 4th

CON 21827469 2495+53  309.8+13.3 349.0+19.1 386.2+24.7

GT 180.9+£5.7 247.3+10.3 308.3+17.1 346.6+22.4 383.6+29.3

RG 182.9+8.2 25294116 31194178 349.1+229 386.9+29.5

SH 181.2+4.7 2459+9.7  304.8+13.7 349.9+29.5 370.1+28.0

YCON: Control group, GT: Glutamine supplemented group, RG: Red ginseng
extract supplemented group, SH: Salicornia herbacea extract supplemented
group.

Values are Mean+SD.
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Table 27. Diet intake, food efficiency ratio and weight gain of rats fed

experimental diets for 4 weeks

o Body weight
Diet intake

Groupl) (/day) gain FER?
gs/aay
(g/day)
CON 24.3+1.1% 7.3+0.8 0.30+0.03"
GT 25.9+1.0° 7.3+0.9 0.28+0.03%
RG 25.6+0.7" 7.3+0.8 0.29+0.03%
SH 25.8+1.0° 6.8+0.9 0.26%0.03"

YCON: Control group, GT: Glutamine supplemented group, RG: Red ginseng

extract supplemented group, SH: Salicornia herbacea extract supplemented
group.

Body weight gain for experimental period

FER(Food efficiency ratio) = - : :
Food intake for experimental period

YMeans with the different letter within a column are significantly different at

p<0.05 by Duncan’s multiple range test.
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Table 28. maximum muscular strength of rats fed experimental diets for 4

weeks
unit: gf
Group Period(week)
! Start 1st 2nd 3rd 4th

CON 16304146 181.6+295% 2453+135% 297.3+48.0° 350.5+33.2°
GT 161.1487  213.4+145" 2684+27.2" 336.6+28.3" 383.8+21.7"
RG  165.4%16.0 222.3+253> 92529+12.7" 3745+315" 386.0+29.1"

SH  1621+192 241.4+21.0° 260.6+16.9" 312.1+44.2" 384.9+25.1"

YCON: Control group, GT: Glutamine supplemented group, RG: Red ginseng
extract supplemented group, SH: Salicornia herbacea extract supplemented
group.

“Means with the different letter within a column are significantly different at

p<0.05 by Duncan’s multiple range test.
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Fig. 22. Maximum muscular strength of rats fed experimental diets for 4
weeks

CON: Control group, GT: Glutamine supplemented group, RG: Red ginseng
extract supplemented group, SH: Salicornia herbacea extract supplemented

group.
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0.63+0.03
0.60+0.03
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Muscle (g/100g bw)

Soleus
0.04+0.01
0.05+0.01
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SH: Salicornia herbacea extract supplemented

o |

Liver
(g/100g bw)
2.91+0.13
2.99+0.13
2.84+0.12
2.86+0.21

CON
GT
RG
SH

Groupl)
CON: Control group, GT: Glutamine supplemented group, RG: Red ginseng

Table 29. Comparison of the weights of liver and skeletal muscle of rats fed

experimental diets for 4 weeks
extract supplemented group,

group.
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Table 30. Liver glycogen concentration of rats fed experimental diets for 4

weeks

Glycogen concentration

Group"

P (mg/ g tissue)
CON 10.9+1.3%
GT 145+2.7°
RG 19.245.2°
SH 21.3+3.2°

YCON: Control group, GT: Glutamine supplemented group, RG: Red ginseng
extract supplemented group, SH: Salicornia herbacea extract supplemented
group.

“Means with the different letter within a column are significantly different at

p<0.05 by Duncan’s multiple range test.
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Table 31. Biochemical factors of rats fed experimental diets for 4 weeks

Groun! Glucose
¥ (mg/dL)

. . Inorganic
creatinine Ammonia

h ‘ Lactate
ospate
(mg/dL) (ug/dL) D O%P

dL
(mg/dLy &4V
CON 1236+ 66

0.60+0.00°? 334.0+25.7°  9.2+0.3

41.9+3.2"
GT 1250121 058+0.05" 305.6+22.0" 9.1+04"  385+2.7°
RG 1245t 84 058+0.05" 309.8+34.9" 9.3:04"  386+1.7°
SH 1208+114 054+0.05" 302.0+29.1* 88+0.3*  36.1%15"

YCON: Control group, GT: Glutamine supplemented group, RG: Red ginseng
extract supplemented group,

SH: Salicornia herbacea extract supplemented
group.

“Means with the different letter within a column are significantly different at
p<0.05 by Duncan’s multiple range test.

4700 a5 AR mE AF Wk
T R RIRE ;
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Table 32. Changes of body weight of experimental group before and after diet

(kg)
Group AR AL
T 70.96+5.80 71.76+4.02
R 71.16+4.73 71.80+5.42
S '711.36+5.56 71.16+5.40
G 70.72+8.81 69.96+8.27

Values are given as Mean and Standard Deviation(SD)
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Fig. 23. Changes of body weight of experimental group before and after diet
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Table 33. Changes of body fat of experimental group before and after diet

(%)
Group A AHE-
T 16.74+2.25 17.74+2.55
R 16.92+1.62 16.42+1.25
S 16.28+5.06 15.94+4.20
G 15.66+3.72 15.50+1.92

Values are given as Mean and Standard Deviation(SD)
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Fig. 24. Changes of body fat of experimental groupbefore and after diet
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torque %BW)S #zstict, Asd H g de e WMal= Table 34, Table 359
¥} Fig. 25 ~ 28] YE Stk

dl 7HA 2 (ol EE o], §4HFo, xFol, SFEHT Fol)olAe &
Pdol Ay =28 AFT A3 AdYS ARG ARSolA iAo R EA
YEetvE A3s Bt

AL - 3 7rel 7 o WElEE2 Extensionol A T & 24.00Nm/kg(%), R
% 36.60Nm/kg(%), S I3 36.00Nm/kg(%), G & 36.80Nm/kg(%), Flexion
ol T ZIHF 1740Nm/kg(%), R I+ 24.60Nm/kg(%), S 1% 18.20Nm/kg(%),
G 1% 2080Nm/kg(%)e F71E Ho HAAHoZE= R, G, S, T 159 vo=
7hEe Bou FAEA A Fogh Aol yEhu A ettt

AbE Ot Aled HugdEs 4% A3, Extensionol A T 1% 3 S
I%9] 31.20Nm/kg(%), Flexionol Al R %3 G ZI5°] 9.60Nm/kg(%)e] 713

= Aolg wyont o A BAHL

Hi
rlo
ofN

fr
rr
Ho
1o
_0|L
X
&
s
O,

Table 34. Extention and Flexion force of knee joint before and after diet

(Nm/kg(%))
Group Extension i Flexion i
A4 AF A B
T 223.00+28.29 24'7.00+24.80 155.80+18.31 173.20+13.44
R 233.40+35.97 270.00+20.98 146.20+£27.58 170.80+19.45
S 242.20+21.56 278.20+32.28 155.20+14.12 173.40+12.37
G 240.00+28.61 276.80£16.56 159.60+19.06 180.40+15.93

Values are given as Mean and Standard Deviation(SD)
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(Nm/kg(%)) Cybex Test(knee)
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Fig. 25. Extention force of knee joint before and after diet
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Fig. 26. Flexion force of knee joint before and after diet
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o3 =22 ASE HUIAdYAAE AAdRT AAFol A =
UEtst o S oA WstEFR T A AT

AbA - F kel 7 aEd W3lES ExtensionolAd R ZE 12.60Nm/kg(%), S
1% 840Nm/kg(%), G L& 820Nm/kg(%), Flexion®l Al R L& 6.00Nm/kg(%),
S 2% 3.00Nm/kg(%), G 2% 9.80Nm/kg(%)e F71E Eiouy T 2FdAE
Br gk S7Rko] yERsk T

AP g3 Alsd HAdIAdgEs A% A3, Extensionol Al G 1F©]
127.40+13.20Nm/kg (%) = LhEfRL T 159 114.20+9.04Nm/kg (%) 2}
13.20Nm/kg (%) 2] Aol 7t L ERSE o, Flexionol| A &= G 159
91.80+11.18Nm/kg(%)2F R 259 79.40+11.09Nm/kg(%)7F 12.40Nm/kg(%)<]

7P 2 AfelE B

7 259 AR hE fod 4TS A9 AR BALY AReAE 1
F 2 A F 7 Bl A o) @ Aol vhehubA gk,

Table 35. Extention and Flexion force of shoulder joint before and after diet

(Nmv/kg(%6))
Group Extension i Flexion _
A7 A% A A
T 111.60+8.45 114.20+9.04 79.60+13.87 80.40£11.39
R 104.20+15.46 116.80+15.14 73.40+5.64 79.40£11.09
S 116.00+9.53 124.40+6.86 80.40+9.48 83.40+6.41
G 119.20+20.21 127.40+13.20 82.00+12.33 91.80+11.18

Values are given as Mean and Standard Deviation(SD)
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(Nm/kg(%)) Cybex Test(shoulder)
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Fig. 27. Extention force of shoulder joint before and after diet
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o
i)
2
Me
X

- 106 -



7h B9 EEd 4
(1) gEo}

A3 z7d WE d%F Ammonia 5% ¥W3lE Table 367 Fig. 290 e}
Atk BANFH A7IE 7R B gAFH R 5 Ao M e FAE

Row, FEFR Fol 543 F7hste] 35 30min Al7]elA FAEAl wHE 3]
HA Tk A - $ ko] vluwo| A T 139 EF Ammonia =& tE 1F 0l
Hlsle] 1 W3lgo] HJQoew R, S, G ZEFEL Z47 27.40umol/L, 20.40umol/L,
28.40umol/L A AP R T AbFol A vre F=AE HATH

Table 36. Changes of serum ammonia concentration before and after exercise

(zmol/L)
Group 25 A 5 ¥ 3 & 30min

A 30.75 153.25 32.25

T (£1.92) (£7.85) (£1.92)
AL 31.00 142.25 31.50

(£3.08) (£15.75) (£3.35)

AFA 31.60 157.60 * 32.00

R (£3.44) (£15.64) (£2.53)
A 32.00 13020 " 31.20

(£2.97) (+8.06) (£2.56)

AFA 33.40 14820 * 32.60

S (£2.87) (£14.66) (£3.20)
A 30.60 12780 ° 30.80

(£1.85) (£11.55) (£2.04)

AFA 31.40 152.80 * 30.20

G (£3.83) (£7.68) (£2.79)
e 31.60 12440 ° 31.20

(£3.44) (£16.30) (£2.99)

Values are given as Mean and Standard Deviation(SD)

a, b AR & EA7E T8 (p<.05)
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(umol/L) Ammonia
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Fig. 29. Changes of serum ammonia concentration before and after exercise
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T 283 G 280°] ZZ 142.25 umol/Let 124.40 pmol/LY X =A 713

2 AolE nYow BANOR @ Aol ehid 2t
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(2) F71:14k

Z7Ad wWE ¥3F Phosphorusd &%= W3lE Table 373 Fig. 300 4}
v Stk HAH AVE VLR &% F UMY =2 FAE Kot 3E
30min AlFolA EFA whE 3| EEHG oW R 19 AFFolA = bF A Bt
054mg/dl B vte 25 Holou SAHCR FostAs &kt

A F 2] MmA A R, S, G AFe] 247t AP AAFA o ue
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off

S5 71Es9ey T 152 AFFollA 028mg/dl B =& A5 Bt A
A-F 7k AolE AmrEW, R IF 038mg/d, S 1% 024mg/dl, G I1F
0.12mg/dl®] Afe]®= R ZFo] 7HF & AolE HIou RE IFA AMH-F
I EARCE frofgh apol= VEREA okt

Fe a5 7ke] vlwolA, T 253 R 28] 242 4.63umol/Le 4.20umol/L

o] A= 043umol/Le] ztolE Ko AR FolstA= %8kt

>

rr

Table 37. Changes of serum phosphorus concentration before and after

exercise
(mg/dl)
Group 25 A +F F 3 & 30min

ARA 3.43 4.35 3.53

T (£0.33) (£0.48) (£0.43)
AR 3.60 4.63 3.73

(£0.37) (£0.51) (£0.65)

ARA 3.68 458 3.52

R (x0.55) (+0.37) (+0.41)
AR 3.62 4.20 3.08

(£0.71) (£0.35) (£0.56)

ARA 3.74 4.64 3.72

g (+0.69) (+0.58) (+0.44)
AR 3.58 4.40 3.64

(£0.65) (£0.43) (£0.38)

ARA 3.50 4.60 3.52

G (x0.51) (+0.43) (+0.39)
AR 3.60 448 3.64

(£0.49) (£0.45) (£0.52)

Values are given as Mean and Standard Deviation(SD)

- 109 -



(mg/dl) Phosphorus
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Fig. 30. Changes of serum phosphorus concentration before and after exercise
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(16.00m/d) o2 7t Al AHE 7Hg 2 Aolg Biou EARAM Ay {3t
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Aol thEhtA ergkeh.

RN EENEE EES

FoookA

/ A

25.60ml/dl(G-T),

]
s

=
€]

5
=
32.20ml/dI(G-S), 3] ¥ 30min 17.20ml/dI(G-S), 3% 4h 36.60ml/dl(G-T), 3]%
24h 23.20ml/dI(R-S)¢] #}ol& R P o} EAH R §93F Aol gt

Table 38. Changes of serum LDH concentration before and after exercise.

(ml/dl)

Group 25 A £%5 % 3E 30min 3= 4h 3 E 24h
ARA 286.75 341.50 337.00 318.50 310.75

T (£14.57) (£37.50) (£33.93) (£40.35) (£47.91)
AR 293.00 335.75 330.50 314.00 305.50

(£26.18) (£31.16) (£31.53) (£31.56) (£33.02)

ARA 299.60 345.40 347.20 346.20 336.40

R (£47.20) (£44.45) (£33.02) (£28.97) (£43.97)
AR 313.00 346.00 335.80 332.80 326.40

(£44.80) (£41.60) (£28.24) (£39.56) (£39.27)

ARA 297.20 353.20 360.00 343.60 319.20

S (+£36.85) (£51.32) (£48.50) (£52.75) (£41.82)
AR 303.20 327.60 328.40 320.80 303.20

(£40.35) (£20.40) (£33.39) (£39.06) (£32.85)

ARA 328.20 373.80 364.60 357.20 333.00

G (£70.87) (£82.33) (£65.14) (£60.47) (£48.93)
AR 318.60 359.80 345.60 350.60 318.80

(£64.27) (£72.51) (£66.45) (£67.28) (£60.62)

Values are given as Mean and Standard Deviation(SD)
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Fig. 31. Changes of serum LDH concentrationbefore and after exercise.

(2) Creatine Kkinase

ZF O oAl He Al7ld Ax #E3 85 Creatine kinased 3% W3il=
Table 39¢} Fig. 329 wElY} 9t} A 7] H Creatine kinase?] FE+E QH%
Al 7 @E FEE Holt 3]E 2443t 7HA] e

O_|.4

AR - F gke] Wlael A T gl Wakgel sbg Aglov S gl by
= abolE molw ALFolA © we £AE mYth 74 AY ARE b 2 A

ojlE B IF

fo

247t &% A R ZH(B840IUL), %5 F R Z13(64.401U/L),
3] 30min S ZH(83.30IU/L), 3% 4h S 2H(122.80IU/L), 3% 24h S 1%
(117.00IU/L) .= ZF AJ- Al 7hg & ztol& Aoy SAEA A3 fosh
Zpol= vrEbUA Skt

AR 2ol a4z b Al 4040IU/LIG-R), & F

T
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17.65IU/I(T-R), 3] & 30min 25.70IU/L(T-S), 3]¥ 4h 37.30IU/L(T-S), 3% 24h
55.751U/L(T-S) 8] #Fol7b yebtoyt EAA 2= frofshA &gkt

Table 39. Changes of serum Creatine kinase concentration before and after

exercise.
(IU/L)
Group 25 A 2% ¥ 38 30min 3 E 4h 35 24h
il 153.50 215.75 240.25 284.75 320.25
T _ (£23.01) (+27.66) (+28.22) (+45.04) (+34.69)
ARS- 176.50 215.25 250.00 262.50 285.75
(+9.94) (+£9.76) (+36.40) (£29.07) (+35.61)
il 208.40 262.00 2775.00 326.00 335.00
R _ (+48.92) (+53.61) (+47.10) (+43.06) (+£75.07)
ARS- 170.00 197.60 229.60 229.60 278.80
(+19.52) (+25.12) (+53.87) (+£26.55) (+47.89)
il 203.60 266.20 307.60 348.00 347.00
S (£92.47) (£110.08) (£88.36) (£69.13) (£61.24)
AFS- 187.20 212.20 224.30 225.20 230.00
(+40.56) (+46.11) (+11.52) (+£5.74) (+44.18)
il 193.80 226.60 252.80 299.20 318.40
G (+£40.37) (+63.38) (+45.69) (+27.53) (+49.67)

AH 210.40 213.00 224.40 231.20 271.80
(£75.70)  (x9257)  (x9264)  (£7049)  (x125.76)

Values are given as Mean and Standard Deviation(SD)
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(IU/L) CK
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Fig. 32. Changes of serum Creatine kinase concentration before and after

exercise.

(3) IGF-I

b o Al W Aol AA B3R % IGF-19 % W3l Table 40
3} Fig. 339 debt Ak IGF-19] 5
S Rom &% F FUbste] 3|5 30 Al7lel thAl b Al whE ZRaskdth

APA - 5 zke] mlaol A, &5 Aole T Z8S AR, S, G 15 F=
= AR B ARl o =2 FAE EAoem R 2FdA 31.00ng/mle] 7HE
2 Aol7h yEtEth ®=g 5 F9 3E 30min Al A= T 2FNA 4
Ab%oll 2325ng/ml¢t 25.25ng/ml ¥ W& FAZ Bou EAHoRE f93
A %k

b1

Al A7k AL R R gk
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AR Rkl mlael M= Az b Al 59.90ng/mI(G-T), &% F
50.00ng/ml(R-S), 3]%& 30min 50.90ng/ml(S-T)¢] to]E& HAoY A=

Fol@ Aol vk

Table 40. Changes of serum IGF-I concentration before and after exercise

(ng/ml)
Group 5 A 5 F 3] ¥ 30min

AR 386.75 488.50 434.75

T (£22.82) (£39.85) (£56.38)
AR 380.50 465.25 399.50

(£94.70) (£90.27) (£80.06)

AR 417.80 495.40 425.20

R (£21.61) (£39.35) (£31.64)
AR 458.80 503.00 450.40

(+53.29) (+£70.93) (+62.92)

AR 397.00 464.40 386.20

S (+43.40) (+£56.12) (+65.78)
AR 401.80 453.00 411.00

(+£93.75) (+£62.70) (+81.51)

AR 410.00 509.00 428.80

G (+£74.09) (+78.49) (+84.13)
AR 440.40 499.80 432.60

(£111.29) (£106.37) (£131.48)

Values are given as Mean and Standard Deviation(SD)
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(ng/ml) IGF-I
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Fig. 33. Changes of serum IGF-I concentration before and after exercise.
(4) Creatinine
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417} Fig. 3491 Yel} 9t} Creatinined %= obA4 Al 7 v
oltt &% F F/tatgl o B E 24min Al7]olA TRA] kA AlS} FALSE FE
3] 5 = Aok
AP - & ghe] mlato M= A A o m AP RT AbSel F=7F ol Al uE
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, A R Z25(0.08mg/d), % % G Z2&(010mg/dD), 3 & 24h S 2%
0.04)0] 2+ AA A1dd 71 & zolE BPoy TAEAY Ax F93 Aoj=
YERLA] 2 Skt

AR TEEe] Hlao A, &5 Aol 1g 3 Aolvb AulEdoen, &% F
o} 35 24h Al A Z+2E 0.12mg/dI(T-S), 0.11mg/dI(R-T)2] z}o]& H ¢ oL}
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Table 41. Changes of serum creatinine concentration before and after

exercise.
(mg/dl)

Group 5 A +5 F 3E 24h
ARA 1.03 1.20 1.05

T (x0.11) (+0.12) (+0.09)
AR 1.10 1.28 1.03

(+0.10) (+0.08) (+0.48)
ARA 1.04 1.20 1.12

R (£0.05) (£0.09) (£0.10)
AR 1.12 1.24 1.14

(£0.07) (£0.05) (£0.10)
ARA 1.10 1.26 1.12

S (£0.14) (£0.15) (£0.10)
AR 1.10 1.16 1.12

(£0.11) (£0.08) (£0.13)
ARA 1.10 1.24 1.12

G (£0.06) (£0.10) (£0.07)
AR 1.10 1.18 1.08

(£0.06) (£0.12) (£0.12)

Values are given as Mean and Standard Deviation(SD)
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Fig. 34. Changes of serum creatinine concentration before and after

exercise.
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45 3kel awd AATE AP = ot BE PRS2SR EH A o7 &

2 AT Ao A e 45319 dolEE Y, T4, T2 2 FFE Fo
T AF 9 ARAY Wsle YA Zgker ) Cybex TestllME ZE 1579
A Ao o dgdE ES BYgoy SAHOREE folshA &gkt

H% 9284 F Ammonia 5= T 18< A3 R, S, G 1EFlA zZ+zt
27.40pmol/L, 20.40umol/L, 28.40umol/L 2 AbA BT} AFZ oA e £=IE HSY
om FAXORE FoJ Aol (p<.05)7t WEFMATE S-ARE Phosphorus § =&
R, S, G ZFo] 77} ApHEG Aol o We sRE V]Ssislon EA4 L
2 fFog zpol= vEbbA okt

85%-1RM A9 I8 Fe Foo fred & S Ax=de] Wt 9l

gtx) Folagol /M /MAE dataE Btk $4 EF Creatine kinase &%
+% A R 1H(3B4A0IUL), &5 F R I76440IU/L), 3H 30min S L&
(83.30IU/L), 3% 4h S 1&(122.80IU/L), 3% 24h S 15(117.00IU/L) o= 7} A
A A AR - F 3 P 2 AZolg Blon, IDH % 94 &5 d R 1
F(1340ml/dD), +& & S I15(25.60ml/d), ¥%& 30min S 1&(31.60ml/dl), 3%
4h S 15 (22.80ml/dl), 35 24h S 1F(16.00ml/dDo] 7Hg & Zol& HAoH &
ARA A3 fFolgh Aol vEbubA] 3kt

ot Al FZA T creatine phosphate ¥ 25 FHAH o2 dHlgdsl= Aoz &
#72 A= Creatinine %=+ AbH - & 9 IF P Zol7} Anlsiglon, 24
o] Estzrgel AFgHom o= FAAR IGF-19 v% I &% A R, S,
G 2FA AFFel O & FAE Yeloy SAF R FolakA okt

ol 4ol Auts s u
25 7o 45 929 fdede ZdUF de Ao® Rolu, 29 A 53
o s rEetA Estrh AT 2 VlsAdRzAY #e ATl =
T2 8F ol A7 Fof Al A AR datags HAFUATEE A, 2 ATl
/9] Cybex Test @ % &4 AEEHD T oA vHed S840 A

< ST W oY e AT BEARAM Thede FE5 dohal sl

doleEdold A HEA FEEA F4 2 I
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2 ATdAE 5 Brixd ¥z dFEFEES
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ofo

A715%A ZA( Micro

Acilyzer, small-scale electrodialyzers (Model S3, Japan))E Al&3le] d5=E

90% A|Ag - AlA
=

F Az ALY B FAES AR dxFE29L 5F
UbEo] 100mesh A= A Aol AFE3FA T}

o

Az & o
2) As=e] AS

7 459  rat(Sprague-Dawley) 3272|2343 %5 Al E (Hwaseong,
Korea) 258 #airol nRMEME((F) AFRAARIZ 15U o u A5
T 2oz 8 ntgA 4 () Z+: CON- Control group, =FeHd AFH o GT-
Glutamine supplemented group, AlA|% 43+ sample supplemented group 2
2 bra Bd ARE AREA HASES IHRAT. BB AR a4e
£% 23+1C, %% 50+5, 12-hour light-dark cycle& FAadom, o] 47

I AT S7HES 157dl 13] AT At SA 6

2 oagal Fx FF E8S 47 30g/kg diet (F Aol T 3%) H7FeHA
==
K3

Fe AL B A gl 2gstslen, Ve AP Aole] AAT

BE 2 157U 13 48 S4S HAASAT U HS Smith (42)5 <
S At AR A2 ® 3AE rat7} horizontal barE & A4
)

o 1 we] $=xE digital force gaugeE F3o] LERAAL

Table 43. Experimental diet composition by AIN-93G
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AIN-93 Group”

Ingredient (g/kg) CON SAM GLU
Corn starch 368 368 238 338
Dextrinized 132 132 132 132
Sucrose 100 100 100 100
Casein 200 200 170 200
L-Cystine 3 3 3 3
Soybean oil 100 100 100 100
Mineral Mix 35 35 35 35
Vitamin Mix 10 10 10 10
ggg‘élgrse 50 50 50 50
“holine. 25 25 25 25
’_rglfg(‘lﬁfrfg’géy 0.014 0.014 0.014 0.014
Poctod ———— w w
Total 1,000 1,000 1,000 1,000

YCON:  Control group, SAM: Beverage enhanced muscular strength
supplemented group, GLU: Glutamine supplemented group
5) AR AF % A A an B4

sl 12 WA 3 3000rpmel Al 10 min E¢F AR 3 &
of BXA Al 7bA] -70CANA BB =Y =+

A =4 3 B4 A 71A] -70To]| B
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rL o

oto
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Ehrt

Table 44. Physical characteristics of subject

Group Age Height Weight Body fat
S+R 22.29+1.28 175.00 +2.40 72.54+3.25 15.34+2.12

C 21.86+0.64 174.60 +2.00 72.14£2.92 15.10+2.05
Total 22.04+0.91 174.80+2.18 72.34£3.13 15.2242.10

Table 45. Management

Group Management N
SR Saliconia-herbacea + Red Ginseng 10
C Control 10

2) A, AS 2 AAY

2% A A AlZ7] (Fanics, FES10, Korea)Z ©]-&3le] A3 AF& =AH3S

=

ow  AFAue] AL AH7] AW o8l ZAH%EE Biodynamics it

Aaa A gl PR ekl 24 A9 A A4 FRHE 2 o]9]
oW e Sut &A% HHE FAAIW, AT A A AL WA 2
93 Zrolt AgaA HelA sx, B3 tElE 247 6 AX Ax 4 A

x

il N
= &5 A T M HA ot #Ad vid W 3em F5o 4 electroded
5
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Table 46. Blood collecting time

Blood collecting

Ingredien
t Pre After AT pfter 4h  After 24h
30min
NH3 0) ) 0]
Pi 0] )
CK 0] 0] 0] 0] 0]
IGF-1 0] 0] 0]
LDH 0] 0] 0] 0]
creatinine O O 0]
6) & o) %4y
7hH H2Ed 24
g Ao} EEEFR AL, 1Y 35 307l AP FHom Rl F
F guiobst 794 EA3g

(1) Yo}
Spectrophotometer(CL-750)2 A}&3}o] bethelot ¥r&S dolH= WHHoR
FA AT WA, 5 dRYotsE AT F v Gio A4S AAATE

2
Acke} g 2meol] e 1me 4ol A4 Z2le §F, S S Eelste], phenol

4%, nitroprusside & 0.015%<} KOH 4.1%= #H71ste] dZgjAd oz e oL,
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35 F7]1914F2 Hitachiit (Y€ )9] Hitachi 7473 ©]&3le] UV WHoz &
A5tk 5ml vacumtubeel 2m¢ A Pste] Ao A 20i7F WA F 3,000rpmo]
A 107 94 BEsta EH(serum)S AFH S -70Col A Wsrt st
A4 Y3 €3 05mE 8 dto] sulfuric acid, surfactant 25002 A 7F3E A
°F3} sulfuric acid, ammonium molybdate”} $f¥ Al 2FS AFE3Fe] wAIAR]

%, F94 340nm, F9H¢ 505nmel A =4 390

W) o S43d Ax 24 24
(1) LDH
27 1lcm cuvetoll Tris buffer(57.5mmol/1) 2.70ml, NADH& < 0.1ml, %%

ImlE Y3 & 42 v, 30TolA 10-20% &9 =T " skl ©17]

e
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2
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t
ool
ofd
bt
i
B\
o,
ol

2
oy

, dAl Y 7IE o] & 2500-3000 rpme] HEE 15

?ﬂ
AR F, 9F Eyuor Habe dad FES FE5ke IGF-1 RIA

(4) creatinine

Serum 0.3ml °o|4S AEste] YAREE7]E o€ 2500-3000 rpme] =2
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b8 Test 1RM TestE 2 A3l7] €3te] Fitness centerollA 2z H-9jd
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HeE e NFANA FANAT 1 F
€ 77}A Machine& ©]-83ke] 1RM Test® Aot 29 ¢k F4& Hshes
aksiet.

IRM Test & 29o] A¥std RE HIAAE Yoz S&4 18 =4 &

Table 47. Exercise Program

Bench press, Squat, Shoulder press, Leg curl,

Exercise _
Leg extension, Lat pull-down, Arm curl
Intensity 8% OF 1-RM
Repetition Maximal repetition
Rest 150 sec
Set 3 set

(4) A A o
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2 H A
A 2 Table 487 ).
I AAe we Foe ARAAE 29§ 19 33, 45 FF dFs =
% st
Table 48. Contents (serving per container 100g)
Ingredient Concentration Quantity
Red ginseng 196, 65Brix 1.54g
Saliconia—herbacea 296, 4Brix 50ml
Fructose-rich 10% 10g
Citric acid 0.015% 0.015¢
Water - 38.4ml
1) 22k Test

AEAR FEEY axEsE B8] Hstd 47 s<g Forr Bd & 23
Test 9lAE 1IRM Testyt AA&x] don WA E 12} Teste} TU3 =49

W ow AN

o7 P FFAAE AESA L, FAFALR F) 1 2F He] AolE &
ol® 7] $8 Tow-way Repeated Measures of ANOVAE o] &3le] 245t}

3 Tukeyd AF AFWS olgdgov, BAH Fo8FL p<005 o)z
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7h FEARS T 2YFY £ AAF SEAFY & 97t

AR Fekel 2 AT Wsket AT SUFFS Fig. 359 Table 49,
5000 AAIE wpel Ak A AR AleE A FR Al A9 AT WEke 15
FTREH ERH(CON)Ol Hste] AlAIF(SAM) 2 FE AA A3 (GLU)e
A Ee ATTIHE Holal glom Ao E&(FER) 54 A% tx=(CONT)

e e w2 AHolass veia dAZ d3s=e A % AFe

550

500
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Weeks

—-—-CON -=-SAM ——GLU

Fig. 35. Change of body weight of rats fed experimental diet for 4 weeks.
YCON:  Control group, SAM: Beverage enhanced muscular strength

supplemented group, GLU: Glutamine supplemented group
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Table 49. Change of body weight of rats fed experimental diet for 4 weeks

Period (week)

Groupl)
Start 1st 2nd 3rd 4th

CON %306.2:132% 363.0+19.8 402.3+24.4 4265267 460.6+35.0

SAM  2829+104° 375.1+16.4 412.6+255 438.7+27.7 464.8+30.7

GLU 294.9+9.6" 379.6+18.2 424.0+22.8 449.9+25.7 479.0+29.1

YCON:  Control group, SAM: Beverage enhanced muscular strength
supplemented group, GLU: Glutamine supplemented group

Values are Mean+SD.

Table 50. Diet intake, food efficiency ratio and weight gain of rats fed

experimental diets for 4 weeks
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Body weight
Diet intake

Groupl) gain FER?
(g/day)
(g/day)
CON 28.2+19 55+0.6 0.20+0.02
SAM 28.2+1.3 6.5%1.2 0.23+0.03
GLU 28.6+1.2 6.6+£0.6 0.23+£0.01

YCON:  Control group, SAM: Beverage enhanced muscular strength

supplemented group, GLU: Glutamine supplemented group

o ] Body weight gain for experimental period
FER(Food efficiency ratio) =

Food intake for experimental period

YMeans with the different letter within a column are significantly different at

p<0.05 by Duncan’s multiple range test.

2) Ao &3 (Maximum muscular strength)

Fro FAow Axd 2 P4 &% 154 SR a2 B AY 29
=4e] 2= Table 513+ Fig. 3691 AA@ vish 2ok A@4o] 47 F153

54 A3, dHE0167.0 ghell Hlgko] AlAIEFL(184.9 ghollA & <8& Ko
FRoH AFApo| M= AAFT(233.8 gf)ol txw(210.3 gf) B =FEFRI(GLU)
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Table 51. Maximum muscular strength of rats fed experimental diets for 4

weeks

unit: gf

4th
210.2+31.0

Period(week)
2nd 3rd
206.6£22.0

175.8+23.1

1st
167.0+30.6

Groupl)

CON

210.84£32.2 199.2+22.0 233.8124.6

184.9+48.3

SAM

211.3+47.3 176.1+£33.8 190.3+61.3

139.0£25.0

GLU

SAM: Beverage enhanced muscular strength

UCON:  Control group,

supplemented group, GLU: Glutamine supplemented group

m

<
3
[V

o = o =
g 8 8 8

=
s}

(16)y1busils Jenosny

ECON BSAM OGLU

Fig. 36. Maximum muscular strength of rats fed experimental diets for 4
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weeks
CON: Control group, SAM: Beverage enhanced muscular strength

supplemented group, GLU: Glutamine supplemented group

Table 52. Comparison of the weights of liver and skeletal muscle of rats fed

experimental diets for 4 weeks

Muscle (g/100g bw)

H Liver
Group™ - /100g bw)
g g bw Soleus Gestrocnemius
CON 3.37+0.21 0.04+0.00 0.61+0.03
SAM 3.59+0.28 0.04+0.00 0.59+0.04
GLU 3.56+0.14 0.04+0.00 0.61+0.03

YCON:  Control group, SAM: Beverage enhanced muscular strength
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supplemented group, GLU: Glutamine supplemented group

APdEEe] <9 B4 5 24 B4 Aie Table 5391 AlAI&FAth 184 7F

44 ¥ AP 2% LuY FEE 2 20§84 Aolg molA ¥
vk, @F Adoteld R AfelE WET053 mg/dL)w AAE HAT

(051 mg/dL), SFEFIAAT(052 mg/dL) 3 FJH oz 2o]S Holx &k
ot €% <R Yolammonia) FE A tlF2(502.9 peg/dL)E AAF HHAT
(542.8 pg/dL), SFEFR A F (5482 pg/dL) Atelell F24Q1 2ol 7b YELEA]
t}. F7]2lAH(inorganic phosphorus)®4 A3 o Z3+(9.39 mg/dL)l| #H]3}<]
bl A3 (1015 mg/dL)e] feFow e ks Jehfg oy A
A (9.58 mg/dL)9] A4 tlzwa Fol A 2ol E HolA ekt

&
32

il
u

/l

j)i

Table. 53 Biochemical factors of rats fed experimental diets for 4 weeks

. . . Inorganic
Gropl) Glucose Creatinine Ammonia bhospate Lactate
(mg/dL) (mg/dL) (ug/dL) (mg/dL)
(mg/dL)

CON 1139+ 160 053+0.05 502.9+57.26 9.39+0.64™ 54.03+18.99
SAM  1040+9.0 051+0.03 542.8+92.2 9.58+0.67" 51.92+18.65

GLU 10734129 052+0.04 5482+882 10.15+0.75" 64.58+22.36

YCON:  Control group, SAM: Beverage enhanced muscular strength
supplemented group, GLU: Glutamine supplemented group
“Means with the different letter within a column are significantly different at

p<0.05 by Duncan’s multiple range test.
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AASE AT SFE A AHCTH dE2a Y 4730 AF Aol & A
u S8 a2A 3 A Ade Table 549 ok & A5 A dfxa5(6.58
mg/g)el Hl&to] AlAlE AFHH(7.92 mg/g ) SFER AFL (876 mg/g)ol A

fFreldoer =2 3 W =223zl e BATHp<0.05). 453t 23 54

-P
g ZAL lactic acid systemel]l #odsle] UAE FFLUSE AOE gAY

oA, uA A4 F P 8% wEE Asetel 3 A4¥Y A

pltgon AV FHE W28AT G2 Rakel A e 24 A
g ore Ao 2 e Aoz oAA £d A7e A¥Tel e 3
Ao Feaa FEE nel: e Aol AT £ FssI Az
4 oA D A 1Mo Astel AV FHE NZAXE GaAA JUAS

Table 54. Liver glycogen concentration of rats fed experimental diets for 4

weeks

Glycogen concentration

Group”

P (mg/ g tissue)
CON 6.58+1.15
SAM 7.92+1.14°
GLU 8.76+0.84°

YCON:  Control group, SAM: Beverage enhanced muscular strength

supplemented group, GLU: Glutamine supplemented group
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“Means with the different letter within a column are significantly different at

p<0.05 by Duncan’s multiple range test.

U AN S B3 SEHTFY B AAFE F879 &% Bt

D 25d Aedst

4577k T1FH A Ao WE AT Wk Table 559 Fig. 376 Webd St
AR T1EZE Hlae A SR 2Fe] C IEXEY 1.32%kg = A WERE I, SR 1

ZUY o A= AP R AFEe] 1.24kg Z7FER oy 7 1E 7F AbA - & 7 BT
oA AFol e BAROZ fod Aot et ol ABAH FHE B
dFA7E A Wl ofFd S MAA XS & T UM
Table 55. Body weight
(kg)
Group ArA AL
SR 72.54+3.25 73.78+2.68
C 72.14+2.92 72.46+2.55

Values are given as Mean and Standard Deviation(SD)
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Body weight(kg
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55
——SR &-C

Fig. 37. Body weight
2) 1FE AA w8t

T A A Wste] gk A= Table 56% Fig. 38l el St

2 2% 2k AR F 2l A Bl Aol glol, AR FEE R
3]

b

Table 56. Body fat

(%)
Group AHA AL
SR 15.34+2.12 15.40+2.56
C 15.10+2.05 15.02+2.19

Values are given as Mean and Standard Deviation(SD)
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20

Body fat(%

——SR &-C

Fig. 38. Body fat

5 5% E T 2H FHEE FAE] Sk 60° /sece] ZErmol A
S¥d(knee)? o7l #d(shoulder)® Wl - & A AT Hh3]dH(Peak
torque %BW)S #zstsict, Asd H g e el Mal= Table 57, Table 582
Fig. 39 ~ 42¢] et Q).

T ageAe edde A2 229 AFTd AdIAES AbdET ALS
AN dAAom =A Yetvds A3dFES B

AVA - 7]z a2 E WEkEES Extensionol Al SR 1% 36.00Nm/kg(%),

Ll

C % 1820Nm/kg(%), FlexionlAd SR % 21.70Nm/kg(%), C &
8.10Nm/kg(%)el 57F= B9 o, SR IF%9o] Extension¥} Flexion R0l A
SAASR frold Aol (p<.05)7h WERSE

AP a5 Aled s AEEs 2438 A3 Extensionol A SR 1% I C
2% 9] 15.87Nm/kg(%), Flexionoll 4 SR &3 C ZF°] 11.54Nm/kg(%)e] =

olF HIou FAASCEE FokA &t
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Table 57. Cybex test(knee)

(Nm/kg(%))
Group Extension _ Flexion _
AR AF AR e
SR 221.28+17.18" 257.28+24.52 155.95+7.80" 177.65+16.25
C 223.21£19.59 241.41423.17 158.01+£7.13 166.11+8.13

Values are given as Mean and Standard Deviation(SD)

a, b AR & FA7E 198 (p<.05)

Cybex test—-Knee(Nm/kg(%)

330
300
270
210

180

Extension

——SR &-C

Fig. 39. Cybex test(Knee-Extension)
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140

Cybex test-Knee(Nm/kg(%)

120

Flexion

——SR &-C

Fig. 40. Cybex test(Knee-Flexion)

Adde A =229 Aed Adsdgodde AbdET ARSlA =4
et oy Sy dol e wstgR v A AT

AbA - 3 7ol ZF 2 F W W3S Extensionol A SR 1E 3.40Nm/kg(%), C
1% 153Nm/kg(%), FlexionolA SR 2% 290Nm/keg(%), C &
0.90Nm/kg(%)el 4w S3s Ho FAACE Fo3 Aol= vehbA] sk
o}

AP A3t Asd AdI S 243 A3l A%, SR 2Fe] C 2FEY
Extension®l Al 3.61Nm/kg(%), FlexionolA 519Nm/kg(%) © =7 eSO
EAEA A Fog Aol yERHA

Table 58 Cybex test(Shoulder)
(Nm/kg(%))
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Extension Flexion

Group R 7 A I
SR 109.85+5.43 113.25+£6.53 80.40£3.88 83.30+£5.64
C 108.11£18.77 109.64+17.31 77.21£25.35 78.11+£2591

Values are given as Mean and Standard Deviation(SD)

140

130

120

10 & =

100

Cybex test-Shoulder(Nm/kg(%)

90

80

Extension

——SR & C

Fig. 41. Cybex test(Shoulder-Extension)
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Fig. 42. Cybex test(Shoulder-Flexion)
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&% ®¥sE Table 5991 Fig. 439 yEb
Atk AN A7|E 7FoR B gAFOR &% Ao HF Fe FAE

o, ¢Edn ol 543 F7kstol 3 30min Al7]olA HEAl REE 3]

+E TR 5 AR Wi AR -5 e BluelA SR w9 %

Ammonia F%E7} AFA 157.29 umol/Lell Al AFE 12829 pmol/LZE 29.00 pmol/L7}

Aastdon, AMS 15 7F vluo| A e SR 1ol C 1F9 151.18 umol/L H

t 2289 ymol/L H Y& FAE BAY 9 SAF Fo)ds AAs] flsko
2

Two-repeated ANOVAE 2 A3 A3 p<0019 ForsS HAh
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Table 59. Changes of serum ammonia concentration

(zmol/L)
Group 5 A 5 F 3] ¥ 30min

AR 31.19 157.29% 32.49

SR ] (1.39) (10.80) (1.68)
AL 29.69 128.29 30.79

3.15) (10.55) (2.27)

AR 31.87 154.98 32.97

c (2.62) (8.15) (3.21)
A} 32.18 151.18" 33.93

(3.07) (19.94) (2.67)

Values are given as Mean and Standard Deviation(SD)

a, b: A= g& A7 72 (p<.001)

180.00

160.00

120.00 |

Ammonia(umol/

90.00 |

60.00 |

30.00 |

0.00
pre after after 30min

—8—SR-B —@—C-B —&—SR-A —l—C-A

Fig. 43. Changes of serum ammonia concentration

(2) F71914k
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Ag x4 wE FF Phosphorus® F% W3 Table 607 Fig. 44 4
Elv} 9lth. Phosphorus % 94 dAAH A 7S 7Foz &% & 714
TAE Bolt} 3 & 30min Al AANA A wF I E A

$4 % T8 Al UE A - F 2] maeA F OF BF Adrd

e
flo

ARl B B2 RS BAlaL, AR 2 7 Hlalel A= SR 24E°] C 4
o o 9 dEg AR5 3 AfelE AR, SR 5] 04mg/dl, C 1
#ol 010mg/dl B ¥ FAE BAa AbF i 3P "M = SR %] C
i BU 010mg/dle] Apel= WAl yERg oy, RE 5ol AR5 3 E
T ol EAHLR FofF Aol wEREA]l St

Table 60. Changes of serum inorganic phosphorus concentration

(mg/dl)
Group 25 A +F F 3 & 30min

ARA 3.77 4.97 3.72

SR ] (0.21) (0.47) (0.24)
AR 3.72 4.57 3.67

(0.32) (0.35) (0.33)

ARA 3.69 4.92 3.68

C (0.38) (0.40) (0.28)
AR 3.64 4.82 3.52

(0.27) (0.63) (0.35)

Values are given as Mean and Standard Deviation(SD)
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Fig. 44. Changes of serum inorganic phosphorus concentration

7} a5 oAl Hel Alrle] A3 #2383 €% creatine kinase?] & W3}
617} Fig 459 YElY Qt}h. A7 HIt creatine kinase?] ®E+= <%
Al 7VE B FEE Holth 35 244 7F 74A] STk

A AR - F g Hlalel M= AAIE Al BE AR lA SR 5] C

rr

oL

IFRY 9 2 AolE B A 2FIF vale] A= 30min Al FelA 7 2
zkol 7 YERSTE SR 159 24h Al Aol A= 16.00IU/LS] vl A F Zpo]l& Hol
] ARAHET AR t] YA YElE A ARSI 7F H]ao A% 30min Al A ol A

SR Z#°] C IRt 1820IU/L7F ¥ wgkont EA4 oz #olahA] Xahltt
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Table 61. Changes of serum creatine kinase concentration

(IU/L)

Group 25 A 2% ¥ 38 30min 3 E 4h 35 24h
ARA 180.30 226.30 243.00 278.60 311.90
SR ] (10.70) (18.96) (25.40) (32.12) (16.50)
AF 184.20 220.20 235.40 267.30 295.90
(19.16) (20.84) (31.84) (28.16) (19.92)
ARA 185.80 217.20 255.80 272.80 292.20
C (12.44) (16.96) (19.24) (27.20) (23.28)
Ap 182.90 215.30 253.60 275.90 295.40
(11.68) (21.50) (23.72) (27.48) (20.08)

Values are given as Mean and Standard Deviation(SD)

400
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300 |

\
J

250 |

CK(IU/L

200

—e—SR-B
150 ——C-B
—4&— SR-A
——C-A

100 |

50

pre after after after 4h after 24h
30min

Fig. 45. Changes of serum creatine kinase concentration
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(2) LDH

A3 xxe & LDH skx9 W3l Table 629 Fig 46 el Q)
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gAY e FANM £F F kel ol F A%A FaE Ry
AR - F 7ke] WlaelA SR 2E] BEE AR BT AFd] o 3 FEE
o 4@ AW J1FoR 38 2nol A 1600my/dlel o]} vepde e

AR 1% ZF HladA = F 5 A FOAl 3530ml/dle] Ae]E SR 1EF°] t
we A& ngou BARA A3 AW F 2 @ 1§ (el BAHCE §

o) g Aol YEndAl e,

Table 62. Changes of serum LDH concentration

(ml/dl)
Group +5 A 2% % 35 30min 3 E 4h 3 E 24h
ARA 310.60 353.70 347.00 328.70 314.50

SR ] (29.60) (34.90) (30.20) (32.90) (32.30)
AF 316.30 334.20 333.90 326.80 310.80

(31.04) (37.76) (31.50) (34.24) (37.64)

ARA 315.20 366.10 352.30 338.90 318.30

C (31.04) (32.68) (45.70) (42.72) (36.44)
AF 312.80 369.50 355.80 336.90 317.20

(39.36) (37.30) (46.80) (48.12) (38.36)

Values are given as Mean and Standard Deviation(SD)
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Fig. 46. Changes of serum LDH concentration

(3) Cratinine

Zb aFE A e A7l AA #ES EF creatinined F% W3lE Table

637} Fig. 479 YElY AT creatinine®] #%& < Al @& FXE Holth &
=

o

s F 7k e 35 24min Al7]el A BhAl QFA Al 9f FARSE B
At

Creatinine ¥ % W3l t& 5 Adde 99 &5 T8 AES 78 =2
Augk zpolnt B ow Abd - & 3k H OF TRl A EAIREA A ol A

ol YEhA 2okt
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Table 63. Changes of serum creatinine concentration

(mg/dl)
Group +5 A +5 F 3 & 24h

AL 1.08 1.16 1.10

SR _ (0.08) (0.08) (0.10)
ALS 1.08 1.17 1.09

(0.08) (0.07) (0.05)

AL 1.11 1.18 1.09

C (0.02) (0.06) (0.04)
ALS 1.11 1.18 1.07

(0.06) (0.05) (0.07)

Values are given

Creatinine(mg/dI)

Fig

as Mean and Standard Deviation(SD)

.20

.08

.04

.00

pre after 4h

after 24h

——SR-B —&5—C-B —&—SR-A —l—C-A

. 47. Changes of serum creatinine concentration
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(4) IGF-1I

4 aFE A e Al 2A #2F dF IGF-19] sk Wsks Table 64
¢} Fig. 480l veft <l

AP - & ko] Wlae A, &% FE SR 1wolA 2710 ng/mle] wa A &
Apel7b vrebgrow, AR 1 T
2930 ng/ml H =& FXE BIJou

ol
N
N,

=

M= ekgA] SR 2Fol C agxRUT
Folli= SR I13Fo] 14.46
ng/ml © & £X2 Byl A5 o]l st oo ujg EARAN A}, §9

3 Aol UERA ekt

Table 64. Changes of serum IGF-I concentration

(ng/ml)
Group 5 A =5 ¥ 3 & 30min

AFA 437.40 485.00 427.80

SR (76.76) (78.2) (71.96)
AR 449.30 457.90 423.70

(83.9) (60.68) (62.44)

A 422.20 475.60 428.10

C (55.24) (26.48) (45.1)
AR 420.00 472.36 425.10

(54.4) (34.96) (43.68)

Values are given as Mean and Standard Deviation(SD)
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Fig. 48. Changes of serum IGF-I concentration
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st AdE Atk 2 Ao H4& 9lste] AAAS, Cybex Test, IRM

>

Test, @% Ammonia, Phosphorus, Creatine kinase, Lactate dehydrogenase,
Creatinine, IGF-1 59 W3 E #AAsP o o] datagS THIFI] AEE
2 - A o2 YERUE ARE ARG EAT AP AA & 4F 58 Fo] aFol

@alel 4% F22 54 PHOoR WP Axste] Rolgglon e Py

Cybex TestolA &3#do] ALA - & 7He] 7} o Welds #2435 43

Extension®| A= SR 1% 36.00Nm/kg(%), C L& 18.20Nm/kg(%), Flexion®l A

= SR 1% 21.70Nm/kg(%), C 1% 810Nm/kg(%)9 F71E How, SR 1
2 wro] Extension® Flexion EFolA EAA o= Godt xol7t vperwtt). 8
Ak ABAY S&4 X5 e SR aFA AMHET AFS ) ¢ =& £

g% J2EH $ Ammonia §EE &% TF F AP dig AbH - 7He]

Hl oA SR 159 &% Ammonia

o

Z=7F AFA 157.29umol/Loll A1 AL 128.29
pmol/LZ 29.00umol/L7} #FAastgoew, AlE 1% 7k HlwoAE SR 18°] C
159 151.18umol/L Bt} 22.89umol/L. ¥ @& FXE BT, T3 EAA F
gAE AASHY] Yste] Two-repeated ANOVAS A3 A3 p<0019 H9

=5 2Y A E 082 32X % 22 g% Phosphorus =S #43%
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Creatine kinase =& AH XMW SR 159 24h A|He A& 16.00IU/L H]x
2 2 AolE HolW AbAdRT Aol © A yEbskal AR 5 3F v M=
30min AlHelA SR 1ol C 1HEUTE 1820IU/L7}F o “toy EA-oz {9
a4 Eshgith LDH 5% 99X 38 24hell A SR 189 F=7F Abd Bk ALS
of © YA dEhgom AMS 5 7 v AR 5 T8 Al A 35.30ml/dle]
Apol& SR 1Fo] § @S FAS weoy EAEA A AH-F 3 9 aF
bl A BARCRE ot Aol YERUA] kot

ot Al ZTZA 9] creatine phosphate =5 HH Aoz WdsteE Aoz &

¥4 2= Creatinine ¥5E APH - & 9 18 7+ 2ol7} Anjslgon, ZA
o] FzHgel HAHA R Bolst= TAAS IGF-19] % A &5 T8 A
Aol A - 3 2F vlae A SR T1ElA 27.10ng/mle] Bl A F xpo]7b upERGE
o, ARF Z1F P Hlalel A= P Al SR o] C 1E XY 29.30ng/ml Y E
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EUAE JEANCENE 28 PPl $5H I AE AW Falsh v
stol 43 w4 4gR L E2vddE &, AmUA o] ArhEeld AHEE
=4 B 9 ARAE 8943 (The 6th International Herbal & Health Food, Food
Supplement & Pharmaceutical Exhibition)2 Wsle] = 2 Ay Alote] HE
olofE #d A85E I W 435 ¥e3|(The International Food &
Hospitality Show 2005(IFHS2005) ,The 13th International Hotel, Catering,
Bakery, Food, Beverage and Retail Supplies Exhibition )&= 99 14¥%E 17¢
7hA] = W3] 91X ¢ QUEEN  SIRIKIT NATIONAL CONVENTION
CENTEReIA A=A & BAtell= BT 50 o 7=, 45099 7 #@d A7 7
AMetlem 9] 2000001 o AFE #HE HAEIIEC] FA ke HAFE o] F3
ko gegate ASs W 78 A4 Vs AFd 59 A9, 94§

2 53 #AHEste] 2 conference’t €# T IFHS 20059 542 ®l=<9 #
£

Medicine
o] AR AHE

o ol B2 =wel E Aoew AHEHA. EI FE B AZAFE AAF

o
o
M
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2
g £

(Herbal & Health Food Indonesia), 2% 7} 2 2% 7|7]1F %A% (Food
Processing & Packaging Indonesia) % <Sl=ulAlo} A eF wE3] (Indonesia
International Pharma Expo 2006)= 99 69458 9U7FA] el =u Ao} A7 ZERe]

Kemayoran©o| € X3} Jakarta International ExpoolA &% /M= At & FA}
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2NE AT A=Al o= FH3 dAAY S wtE e e AE A Abgle] 2
o] 7l A= gAlFR = tgdst AE AYS 7FE8ke] natural extract,
powder, ingredients HE]Z Fw]FA}.( Dried and liquid extracts, aromas,
concentrate and essential oils &) Hgt AL A]o}e] thefst A EZALS o] &3

herbal medicine A& o] 2NEHAT. 32 2 YA ZFAS Edto] AZUA

she] AENY D 7% AE Ae) 2 medicinal herb® ol &7 ThFs 7154 A
o AR vela 5 Ak WAlel AN H FEL g 2

- Bakery Equipment and Supplies

- Food and Beverage / Leisure, Fitness and Health Products and
Services

- Health Food and Pharmaceutical products

- Mixer and Millers

- Fruit & Beverage

- Mineral and Sparing water

- Plant extract and herbal medicine

- Encapsulation machine
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