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SUMMARY

1. Title

Development of industrial availability of functional muscle strength materials from

apple pomace waste

II. Research target and accomplishment

Patent Article
Etc
Application |Registeration SCI non—-SCI
Primary target 1 1
year accomplishment 1 0 1(Conference-poster)
Second target 1 1 1
year accomplishment 2 1 2(Conference-poster)
target 2 2 1
0 B e et e A e
accomplishment 3 1 2(Conference-poster)

II. Objectives

Loss of skeletal muscle is a generally caused by aging or famine, but many
diseases such as diabetes, cancer, chronic kidney disease, cardiovascular diseases,
chronic respiratory disease, HIV infections are also factors of skeletal muscle
disorder. However, there are no effective cure or preventive measure against such
phenomenon at the moment; only studies of skeletal muscle at gene level are in
process. On 2011, the journal ‘Cell Metabolism’ published an article proving that the
pentacyclic triterpenoid (ursolic acid) in apple peel can increase muscle mass and
decrease body weight and blood sugar. It is well known that ursolic acid is abundant
in herbs and especially apple, which contains almost 1.2% of ursolic acid in the peel.
Categorized as by-product, apple peel is currently used as feed additives or being
thrown out, revealing the potential of high value product that can be used as food or
medicine material and improve the income-situation of the agricultural industries. The
target of the present study is to develop an effective muscle-strengthening natural
product using the rich pentacyclic triterpenoid(ursolic acid) in apple peel. By
elucidating the muscle—-strengthening mechanism of apple peel, the study ultimately

aims to develop a high value product. Development of extraction and concentration

_5_



technique 1is also necessary for maximizing the yield. We plan to receive the
certification from the Ministry of Food and Drug Safety, so the function of the product
can be officially approved and applied to many functional foods related to

muscle—strengthening function, constructing the base for industrialization.

IV. Research contents

The present study contains the contents below.

O Development of muscle-strengthening sample using apple by-products and
securing quality
- Developing the making process of functional material using apple by-product
and sample production
- Developing the analysis method of muscle—strengthening components
- Stability and safety test
— Examination of quality charateristics of samples
O Manufacturing standardization and establishment of nutritional excellence
- Development of standard method reaching the food sanitation criteria
- Establishment of nutritional excellence: sugar, functional component, fiber,
polyphenol
— Analysis of preference of product
O Establishment of functional analysis method and investigation of functionality by
clinical demonstration
- Establishment of extraction and manufacturing method of functional component
from apple by-product
- Examination of functionality: muscle mass increase, muscle strengthening,
weight loss, brown fat increase

- Study of mechanism

V. Conclusion

The current study successfully separated the muscle-strengthening components from
apple by-product, and the functions were proved by animal test and clinical trial. The
final statistic process for the clinical trial is currently being analyzed. We found the
index material and elucidated the mechanism of the muscle-strengthening function,
published an article in a leading journal, and applied for a patent. We proposed the
potential of the use of by-product as a high-value functional product, and we believe

our results will contribute to the agricultural and manufacturing industry.

VI. Applications



We aim to commercialize our muscle-strengthening functional material by applying it
to functional foods and sports drink as soon as possible. As the interest in health is
increasing, we expect that the sales will escalate, leading to a rapid development of
other functional foods using this material. The article and patent will improve and

develop the agricultural and functional food industry.
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AVERAGE COMPOSITION OF APPLES

Polyphenolic Antioxidants
Water (85 %) (0-1%) Vitamins

/(vn. C: 0.02 %)

Minerals (0.32 %)

Proteins (0.34 %)=

Lipids (0.58 %)
Organic Acids (0.46 %)

Carbohydrates (11.4 %)
Dietary Fibre (2.0 %)

Lt 2008 =] A FAARERS 223RbECo R v AJAbEFe] oF 21%E AA|stal low, =

O ABEE O ASEA AR 98] W 1600050 AhE AFa A1F A B
ATHRALE S AZE 6000E ooz W/E Awlel ojelgol Utk PAES 5 D ¥
o] W, @ Beld Ayt wad Gor, @ wud Fze] ¥, @ AFast WA WO
W, ® 7154

2}
H71= A daed oa #7] AEH vk FaEe] H07] e
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b Al 3K FaE AR u G AL A AT 7 gAel= A, A A
E PA3lE pectinolgts EHo] AEHORE 20%UHe ol o] o]F FE3}Y gelling
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AVERAGE COMPOSITION OF APPLE POMACE

94.5% 42% 1.3%
Flesh and skin Seeds Stems

WET APPLE POMACE Fommmuuet | G GRS

V

Dry material
24%

!
} | | } } } | b

Polyphenols Vitamins  Crude Protein Fat Wax Carbohydrate Simple Ash
J' t 4.5% 4.9% 17 % Polymers Carbohydrates 26 %

Tannin Vitamin C /
0.25% 0.054 % /
/
! | ] | | [ |

Pectin Lignin  Hemicellulose Cellulose Starch Xylose Sucrose Fructose Glucose
12.7 % 12.8 % 5.0 % 17.6 % 17.9% 0.06 % 54% 228 % 16.8 %

The total comes to 125 %, because the compilation is based on many data varying over wide limits.

Kennedy, M. etal. In: Linskens, H~F., Jackson, J.F. (eds.): Modem Melhods of Plant Analyss. Vol. 20: Analysis of Plant Waste Materials, Springer (1339)
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o] A= Abputel ¥ std 573 7] 5AEQ ursolic acid(UA)E E3Hel= 58 4 F+&
S AAs} scalez AT = Qe FAS et AES AA AMSE Aot ol
Hste] Algpulo g RE S FEZHA T 1LFE9 A AE 4 =4S AAI

2
=2

1
B APl 8 A Ambre FFEANFHAA AW FA%] G A5

UA°] =AHL& HPLCE o]&3tey FA3AT.  column® Z4  Discovery Cl18 column
(25cm*4.6mm, 5 micron, SUPELCO)S A}&3F912™, mobile phase(acetonitrile 75%,
methanol 15%, water (w/ tri—fluoreacetic acid 0.05%) 10%)+ gradient =71 S 2 1.0 ml/min
flowE A 2083 24319 th Ursolic acid9b o] A A<l oleanolic acidE #2]8t7] ¢
&, 71 AFg3tYd C18 reverse column(Luna 5um, 250x4.60mm, 5 micron, phenomenex)< o
Al3ke] AFAF B F<l Discovery C18 column(25cmx*4.6mm, 5 micron, SUPELCO)S A}-&3}
o™ mobile phase %71 (acetonitrile 75%, methanol 15%, water (w/ tri—fluoreacetic acid
0.01%) 10%)< gradient =102 F+23% 2™ Discovery CI8 column ©] urosolic acid¢t

oleanolic acidE& T+ AFE I J& AE==Z peak’} B FHAHZH 1-1).

O 71N LA

<7)1Z& Peak &> <MAE Wy oz A9 Peak FE|>
Figure 1-1. Distinctive analysis between OA and UA
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Figure 1-4. Extraction rates of UA with extraction times
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Table 1-1. Characteristic

comparison of apple pomace by regional differences.

T ddds=g

Abdb 2 s 34 2] 24
S EAE A+ e
T e 80~85% 70~75%
AR} A 2] & 4,000ton 300,000ton
Apal A Ak 1,000ton 6,000ton
N = 9 AL £

=9l o] /\]-J,]-H]' A8 2 AXELS o] g&}o]
=74 stk 54 Ade

Table 1-2. Comparision of UA contents by regional and extraction differences

R F2 UA % % (mg/ml)
=T 10% 70% T2, 50C, 84k 0.193
10% 95% T4, 50C, 8A%k 0.281
o 10% 70% 7, 50C, 841k 0.245
10% 95% T4, 50C, 84zt 0.346
s
T 10% 70% F+4, 50C, 8A%F 0.312
10% 95% +4, 50T, 8A%t 0.656
O+ 10% 70% T2, 50C, 84k 0.369
10% 95% T4, 50C, 841k 0.668
=T 20% 95% +4, 50T, 8A7t 1.103
30% 95% T4, 50C, 84zt 1.208
o+ 20% 95% F+4, 50T, 8AI%t 1.583
30% 95% T4, 50C, 8A%k 1.873
UA 1 mg(DMSO) 1

Ay
o
iy
i)

50% ~
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Figure 1-12 Peaks of UA depending on dilution solvents
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v &F

of AFEH AMXF= ATCCAA T3k C2C12 mouse myoblast AlXEFo]t}, C2C12&
C3H mouse?] thigh muscleZ25-E E#H A EFE moutube® 3} Fof A3t Alx=
95% air, 5% CO2 humidified atmosphereol A 37C<¢] oA w&slH vl Growth media %
42 Dulbecco’s Modified Eagle’s Medium (D-MEM) high glucose(Gibco)oll 10 % fetal
bovine serum(FBS, Gibco)2} 1 % Antibiotic-Antimycotic(Gibco)S 2ol AFE3 o, 90
%olA wjoko] @ AEE H3E media® WA F, 4~5U7 E3}elo] ALEEQTh g
mediat= D-MEMo®l 2 % horse serum(Gibco)¥} 1 % Antibiotic-Antimycotice ¥ A] A3}
Ak 23 3 T FdegHor A won gk AL Fold 4= glew AlE condition

& 2Astn AvF7t 6] WA SES ARetA fFAskel L@k

=
B

U

>
oo

t}. In vitro cytotoxicity assay

FE 59 cytotoxicitys MTT assayES E3l 213ttt MTT assays= Y54 §42H89 9
sto] =@l F84 7124 MTT tetrazoliume FAAME == w449 MTT formazan
(3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-tetrazolium bromide) 2.2 3 A]7]= nES =g o}

o] TS o] &3 HAMHotE MTT formazan® &3 %=+ 540 nme oA Hoj7p ¥+,
o] oA FAHH FFLEE Aobdil AL ST MEe wRE whggnh wiAEd

well plateoll 3x104 cells/mlZ 310 v A 1T} 24417 o] S

FEES TREE G X5 AHEsd o, @A 4L serum free DMEMS Ab

&3ttt A EZT o2+ Distilled water®t DMSOZE AF&3F1th. o] 5ol Tetrazolium salt

5 BolFa 4AZHS T v A7l vl E v A E AlASE ¥, DMSOE #H7hgk Hof 1o
0

gt 5 AEF U a3y gl (Western blot)

TUAEE 2443 A Elstal 6-well plateo Al vl st MAEZE RIPA lysis
bufferel A sonicationd}®] soluble proteings 253t ¢F 30 wgo = A3 72} samples 9
0ColA 5%7F denaturationr A th. #7195 %Xl loading bufferE 2|$31 FH]E sample2
7} welldl loadingdt ¢ AGS AAFAY. H7Idseo] € 2Ed gelde
nitrocellulose filmo.2 transferdt$th. Transfer’}b €9 $ TBSTZ 103t 33 A FH
primary antibodyES 4Tl A overnight A3ttt TBSTZ 107+ 33] washing 3 %
horseradish peroxidase”} H#4¥ secondary antibodyE -4 1A%t 2] 3} th. Enhanced
chemiluminescence(GE healthcare#fRPN2109) 2 filmS ZFFAIAA o4 == sized band’} U+
|2 s I e

lo
e
=
i}
Al
filo
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v} Real-time quantitative PCR

C2C12 M*EZE 6 well plateo] 5x105 cells/well2 2z} welloll 3331, 18A17F w3 3 Al X
7F FAE = S gt vl mgFdS wAst MEZF 80~90 % AE wjgo]l H o] %
of, 3-8 media® WA dtaL, 4~547F B3 E 3t 3} o]F o), serum free DMEM
o7 A F 7] & Fx AEE A sta, 12437F olF total RNAS FE33 U
Total RNAY RNeasy Mini kit (Qiagen Hidlen, Germany)< AF&3}0] %311 21, reverse

transcription= QuantiTect Reverse Transcription kit (Qiagen)S AF83}%th. Tagman PCR
reactione QuantStudioTM 6 Flex Real-Time PCR System(Applied Biosystems)S AF&3F
o complementary DNA(cDNA) samples Tagman Universal PCR Master Mix(Applied
Biosystems, Foster City, CA, USA)E AF&3to] a8ttt 7 target A& Applied
biosystemsol A FRH o2 AFEH AS Fuste] AFEsEA Y. TagMan(R) Gene Expression
Assays(Applied Biosystems)= ¥ wliwdol AMesd WHUAZ 3390 Target mRNAE
GAPDH<®}2] comparative cycle threshold A& <l A=k Frow FHA}ATH EE sample
o]F WHESle] Hgto = g dESAT

S
= T Ax U s A A4S EA6] 9@, AMPKSF LKBI &4
QlAk3} AE=E BEAsdtt. AMPKE cell signalingiit® pathscan Phsopho-AMPKa(Thrl72)

ELISA kitE AF&3ete] wimdtiE F3ek3la, LKB1& LSBioiit ¢l Mouse/Human
Phospho-STK11/LKB1 cell based phosphorylation ELISA kitE A}&3te] wjwd 2 433}
Gt AEFE moused] &5 A XEF2 C2C12E A3 21, passage =7F 10 9A &=

% guee shel Agsgin.

Sandwich

3]
7b Anpal &2 S A LA AAFE FA(MTT assay)

np9-2 ZEA XA UA Agls®2s AAS7] st Alger dete 5255 #ds53s)
o etE&S T/ ¥, ol5 DMSOE °o]&ste] d&gdt & 7 FX8E mouse myoblast cell
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Table 3-2. Group of Treadmill test

Group (n=10) H] a1
"5 R+ (N) Normal condition, AIN-93G diet
=& Hxza (O) &, AIN-93G diet
Creatine (P75) 75 mg/kg %, AIN-93G diet + CRT 75 mg/kg
Apple pomace extract (A75) 75 mg/kg %5, AIN-93G diet + AP 75 mg/kg
Apple pomace extract (A150) 150 mg/kg $%, AIN-93G diet + AP 150 mg/kg
Apple pomace extract (A300) 300 mg/kg %, AIN-93G diet + AP 300 mg/kg
34
H S H=l(g)
30
= 28
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22+
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Figure 3-7. Weight(g) profile of treadmill test group
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Figure 3-8. Weight gain rate(%) profile of treadmill test group
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Figure 3-9. Total running time in mice treated with apple pomace extract
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Figure 3-10. Total running distance in mice treated with apple pomace extract
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Figure 3-12. Serum lactate levels in treadmill tested groups
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Figure 3-13. Serum lactate dehydorgenase activities in treadmill running tested group
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Figure 3-14. Serum glucose levels in treadmill tested groups
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Figure 3-15. Serum creatinine levels in treadmill tested groups
(v}) AST, ALT ¥ ALP
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Figure 3-16. Serum AST, ALT and ALP levels in treadmill tested groups
(7) Treadmill oMo & =4 U FHx Id #4
Al =4 FEE AT 25 24 Wl IGF-1/AKT/mTOR A =Z& wet 2 23
Foo] Frhstel THYol Frhd & UL FAsPor], Guy B BE = A% % &
A #AEE AR Atrogin-13 MuRF19] 42 @a S fojx oz AA|ste] 8% =
7vel 71e9jetE Aoz Hdth. Mitochondria 43 #Hed® AMPKe A% wxd=z F7)
s Ao HAAstgiAw, AMPKS B4 /b= 9wd 4FAEE A% £ dda A
H Ha% EAg s A A 5 o]Foli= AMPKE Aol Frhsithie Hale g
2ol ok ek AMPKe @& 577 mTOR @l de] vy wslr gloks B E3 &

]
o,

A} 3kcl. (Inoki et al, Cheng et al.) Y AMPK7} &A1 3t5 WA mTORe] &3 whul=
o] eiAH e, AKT/mTOR 4 =25 &8 p70S6K1 @M dS 243t Al o dupd, &
W FAE 7RI B e R 8E Aol AlgdTh

TekAbdE, AMPKO &4 A3dA 59 Fstel 9aFs v, mTOR® Q14ksl AFejol] <
S o724 mTORS &4 ZHS negative regulate 3t Ao 2 B IEJAA T AMPK Y

e

ofk
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Figure 3-17. AMPK gene expression levels of treadmill test groups in skeletal muscle

tissue
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Figure 3-18. WIGF-1, @AKT, @mTOR gene expression levels of treadmill test groups in

skeletal muscle tissue
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Figure 3-20. MAtrogin-1, @MurF1l gene expression levels of treadmill test groups in

skeletal muscle tissue

t}. Grip strength test

(1) Al

Alzpal 2E5 S =8 73 &% HI/IE grip strength T4 &% 58 F7F F1E AN

AT S7F& 052 )2 24 9 794 8l Aol A normal 4]
N

e 5 JAATHLY 3-21, 3-22),

Table 3-3. Group of grip strength test

Group (n=bH) H] 31
5 tiz2a (N) Normal condition, AIN-93G diet
-5 tET (C) 5, AIN-93G diet
Creatine (P75) 75 mg/kg %5, AIN-93G diet + CRT 75 mg/kg
Apple pomace extract (A75) 75 mg/kg $%, AIN-93G diet + AP 75 mg/kg
Apple pomace extract (A150) 150 mg/kg $%, AIN-93G diet + AP 150 mg/kg
Apple pomace extract (A300) 300 mg/kg £, AIN-93G diet + AP 300 mg/kg
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Figure 3-21. Weight(g) profile of grip strength test group
HSS7HE(%)
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Figure 3-22. Weight gain rate(%) profile of grip strength test group

(2) A3

1257 2 & Z} <8-S =A37] 98 grip strength meter(Columbus
instruments) & AHESFATE 7} w29 el E A4 dHE /A 3 FH, SAAE =5
3 HA48t9a, 7 2 Hdgs &89S, D. Kunkel et. al. Cell Metab. 13, 627-38.

2011D). 29 AIE S mkl A= CO2 Sl o8 st df 9 2245 A=A

(3) Grip strength test 2 3}
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Aol AF F 125kl grip strengthS FAsAvh 24 2 5vkel o] vhg-28 53] 545}
O

Augs WESel, 2 T FARL Avdgon], AF goz rel AF ol grip
%

strengthE AF&et 235 Yelgdoh. Als gtell divl$t grip strengthe A=<
creatine™} Al#}ul FEHE Fo]Fdo A FoHor F71eS el = Qo Alyur FEE
o] FAaA &5 T oY A3 a3E AT 4 JAH(Y 3-23). T3 AAFS T 12FF)

o grip strength® =743l 3] A3}to] lower hindlimb soleus muscles A F 3t +5HS =
ATk gzl vl FYUETA creatine®  ZAHAAT, FeHolAE 2k
Treadmill®] 29 &% 35 2 59 &= I5Fo] F7lste A2 A JAAT grip
strength test®] 4§ @3] FAHonz I&F F7F FoHoz YeEUAE &gt A v

At 2 fFolgor 2ol A AR ZAHATHIY 3-24).

g
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Figure 3-23. Effect of APE on peak grip strength, normalized to body weight
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Figure 3-24. Effect of apple pomace extract on lower hindlimb soleus muscle weight

(1) Al

AlEE FEES o R AASFd 253 ME AAE . Als S 2 AT S7HE0FF
HDS 2 " FolAd gle Aolddl A tixa Aolet Blze A FrketeE S ST = A
ATt FAHEToRERE A LEFATEH TVt ERES E F Ao E MEAAY AF &
Aol Aol S AFEEITHE 3-4). 125 713 o] %9 HE AT 1Y 3-259 o 4 &
ANA AA AFo] Wst MAE A=A ko Apgur =4 FEFE 300 mg/kgol Al Az
o] AR ZFAHEE AL Foad 4 gt o] AL S, D. Kundel 5°] 2#3F Plos one journal

°] “Ursolic acid increases skeletal muscle and brown fat and decreases diet-induced
obesity, glucose intolerance and fatty liver disease”#}+= A &9 =& x84} Aojwts A
Ak AAA ek sl o, A Aolek ursolic acide 2ol HHI TolM HF H oy
A Az dapael F7sta, @4 Aol Frkste] AFe] asti o uehd ul ols
LG Ut UEhd o r Algdth whde ARk Alg B A 2255 Adobdle] i

A T4 Wb gReA] v (1™ 3-25, 3-26).
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Table 3-4. Groups of forced swimming test

Group (n=8)

H| 31

&5 =T (O)
Creatine 75 mg/kg
Apple pomace extract 75 mg/kg
Apple pomace extract 150 mg/kg

Apple pomace extract 300 mg/kg

&, AIN-93G diet
$% AIN-93G diet + CR 75 mg/kg
&, AIN-93G diet + APE 75 mg/kg
%, AIN-93G diet + APE 150 mg/kg
+%, AIN-93G diet + APE 300 mg/kg

&

i
o

5]
=]

Pk
o

Body weight (g)
&

[
un

[y
=]

un

0 I I

11l

T5ma/ke

Contral Credine

75me/ke 150mg/ke 300mg/kg

Apple Apple Apple

Figure 3-25. Body weight(g) of forced swim test groups
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Figure 3-26. Total food consumption(g) of forced swim test groups
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Figure 3-27. Body weight(g) of forced swim test groups
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Figure 3-29. Total swimming time(min) of test groups(¢*, P<0.01)
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ATEe] F7hE 25 W duA hAbE 2 28 E ddo] ok wEA A £ AR
=Ao| %o AFAZS 3 Asto] lower hindlimb soleus muscle2 o] HFHS FALS
(18 3-30). 1257F A 4 F2E2ES AHFHS A= duk AEE AH A, A
Rl AR S HAT Aol HlE 2 5|
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Figure 3-30. Muscle weight(mg) of forced swim test groups(x, P<0.05)
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Figure 3-31. Serum lactate levels in forced swim tested groups
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Figure 3-41. Detection of protein phosphorylation using the Bio—Plex Pro cell signalling

panel on mouse skeletal muscle tissue
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Table 4-1. Price and yield of apple peel extract powder depending on extraction times

o [ =R g | .. = AT ES
= = ﬁ _g e}
TET (Bu/lg A& WY FE | ok 2ton Batch)
13 185 mg/g 7.8% 181,678.3
23] 161 mg/g 12.0% 194.370

o, g % 7lsARe BUE =gtk mebd 3w R A A FEE A
NAE 95% 74 FES 152 dAehs Ao AR
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Table 4-2. Specification of apple peel extract powder
7NE 2 94 AAE W
o] Mgy FAE 7hA St} T
ojmn|, o] A7} glofofF & '
= Ursolic acid 150 mg/g ©]% HPLC
= 10.0% o] s} 105% ek z
100 CFU/g |3} B A
100 CFU/g ©]3} PDA W=
+ 4 BGLB #] A
= A EC wjA 9
0.2ppm ©| 3} ICPH
B 0.1ppm ©] &} ICPH
50ppb ©] 8} AEFA A 10-6. AF F AAd5A AEY
R Sk gl) 613 Z&9
o] = A& A 10-6. AF F A5 AIEH
10ppm °] 3} 15 o =erEA
A jtatolof & A EFA AL
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Figure 4-4. Vacuum Drying of pre—treatmented apple peel
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Figure 4-5. Extraction process with 95% EtOH
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W15 (%) | lgeRkg) | QEvl | SrH9/ke) W a
4.76 800 W0 - A4 gi
95.24 16,000 - -
100.00 16,800 W0 -
- - - W2,000
- - - W216,000 Z= 108 kg
Azxw 74 7= 3 2293
Table 4-4. Details of input and price for final products
iR (%) | e (kg) A5 H] I
9.08 108.0 200,000 100 kg = o HAL
90.79 1080.0 W775,000 1,000 vkj 0% : j A}
0.13 1.60 WO
A ER] 27 100.00 1189.6 W975,000
- - WO
- - W 1,800,000 =, =z
- - W2,775,000
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Figure 4-9. Analysis of apple peel extract for preservability
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Figure 4-11. Prototype sample of chewable tablet
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A= Srd(mg) A EHE(%) /};j%k A& 2]
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FFEEAHE B X UE & 14.4 3.0 57.6 B3 Al
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a2 e e e S AE e 4.8 1.0 19.2
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o Ao AANHNNE 52 fEFES W vF FDAGNA Atd AH
Mow wastel 60kg 4 1F Avt FA FEE BwEA 729mgel HA AFu o,
Hom f
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Az FeFmg) A S (%) @;k A A
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227} o] 2| Ap oA A 2.4 0.5 9.6 kA A
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Age flste]l SU3 50 AVE A&siar, ZF o] AW A 4 vl LR Fdst
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T 13 40 AW, A 2 5FA, AR/ D deA, AN A, A/ w2, A
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4 U 2AR o8y AAE A

(4) A A=

T 1, 4ol A (em), A F(kg), BMI(kg/m2), A W #(kg), AAYH(kg)S A A71Ag
=471 (Inbody) & AH&3te] Sttt Ags S4& S S4 A A7A AAY &55
wotslow, 4 Al 7MHE RAFoR S0, AAY wkA] E o]

A7 g2 oA e dEHCAA FAsAT. A4S 01 cm, S-S 0.1kg T7HA e

stol = ssln.

33 Fagon,
=]

o Foalsx 7 Al: RBC, WBC, Hct, Hb, Platelet, Seg. Neutrophil, Lymphocyte, Monocyte,
Eosinophil, Basophil
o Halzlslx  HAL Glucose, Total Protein, Albumin, Total bilirubin, AST(GOT),
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ALT(GPT), BUN, Creatinine, Uric acid, Triglyceride, Total HCG (3% 7}<l7] oAl wt 3j=)
o WA} Nitrite, WBC, pH, Glucose, Ketone, Urobilinogen, Bilirubin, Blood, Color

AT SA A EHEES Aol A AHT] wel HY ¥ Bsel 22 9

SEREFAAE Ed = (Medtrack ST 55, Quinton Instrument Co., US.A)S ©o]-&3}o] Table
7

29} %] Bruce Protocold] ™z} 5 5F3FHAHGXT: graded exercise testing)E A] 8] d}St}.
7} 225218 Quinton metabolic cart(QMC; Quinton Instrument Co., US.A)E ©]&3}% 1,
mixing chamber mode 15% FFA S = Aldste] HbAaAdH FH(VO2max)S SAHSIATH &5
FotAAL & AT WA Al sl mdgetAY, ASAQ AYelr: % TS AT

o 2 A4 T o &1

W, EE A F ATHER FE, oA e, N £F
(e]

]
d A HAALE TR A3 SAAT EFekd AHsymptom limited GXT)E Al &

H

F 44 F FH(VO2maximl/min/kg), 2 2241 5 & (VO2:ml/min), &

Table 2. Bruce Protocol

T EHA3E HA) £ %= (Km/h) BAFE(% grade)
1A 2.7 10
297 4.0 12
37 5.5 14
47 6.8 16
STHA 8.0 18
67l 8.9 20
THA 9.6 22
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= & 3ol T 361,

g, s iAF gt Agoaa

Randomization Date of Category of
Group o
No. Termination Reason
01-RO12 2015-03-30 F2 A o
01-R024 2015-03-31 2 A
01-R053 2015-09-24 FH AT
01-R056 2015-09-24 F4 49
Al 01-R058 2015-09-24 244 9
01-RO71 2015-09-25 FA A9
01-R074 2015-09-22 FA A9
01-R085 2015-11-02 2 A
A 5 == 01-R090 2015-09-28 221 5
01-R023 2015-03-27 44 5
01-R034 2015-03-31 24 o)
01-R054 2015-09-22 F4 A 9
gz 01-R055 2015-09-24 %—?ﬂ *E‘fﬂ
01-R063 2015-11-03 474 9
01-RO68 2015-09-25 F2 A o
01-R073 2015-09-25 474 9
01-R075 2015-09-28 24 o)
9. &4 B/ A%
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N=103
Sereening Fallure (N=13)
Randomization
AIRZ (aeE) A WEHE NPULT AZZ (placebo)
N=45 N=90 N=45
Safety B4%
AEZ (APE) B4 SHHO|BbE &8 A|EICH AT} ff=2 (placeba)
W=45 N=90 M=45
- FEHET (M=8) - FHET (N=T)
FA Set
AlEE (APE} 13 ole U3 ¥ REY WA Ef2=F (placebo)
M=37 e AlECy ARt MN=38
MN=75
- EEAT (MN=1) - FEHAT (N=1)
Completion 5
HER APy YuAY B2 R )
N=36 NeT3 N=37
- 2E& 70% 0|2 (N=-9) - 285 70% 0|2t (N=14)
AEHZ (APE) PP Set =2 (placebo)
MN=27 M=50 N=22
defdAte] Q17a4 Ar gl 7t A3 A S ugk vl
Al Foldh Ao A ARE T AF Ao BRE S4S
mastel Aoz} gl 29¢ Fstuzt stk
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A A AFRAAEY] Q82 AH e EA thale] xAME A AWM= AFETLY F
$ IAo] 25 (5556%), oJAdo] 20%(44.44%)°] ETH P, thrae] AL HFAlol 249
(53.33%), oA o] 219 (46.67%) XEgFE o] 3+ ZFol7F UATHDP=0.8324). AH A= A]3

sl -9
A9yt 22133974, thERae] A Hir 22134312412 A3 7 93k xpolz) ey
A EFTHP=1.0000). 2 Hroll A7]|H LFF F F5FFAAA=E A3 #3H BAH Fo
2Fol = LERUA] ol A FH 77F W] A (comparability) & 71 4 A AT
Al gl o) 2+
N=45 N=45 p-value
A A 25 (55.56) 24 (53.33)
0.8324%
n(%) o] A 20 (44.44) 21 (46.67)
S Mean+=SD 22.13+3.97 22.13+£3.12
1.0000=
(Al) Min, Max 19.00, 40.00 19.00, 36.00
ol & 0 (0.00) 0 (0.00)
714
o= 13] ~23)/5 16 (35.56) 15 (33.33)
E: 33/ 22 (48.89) 19 (42.22) 0.7824%
n
4~53]/5F 6 (13.33) 9 (20.00)
n(%) s
uj 1 (2.22) 2 (4.44)
o) 5 (11.11) 7 (15.56)
A7) 0.5351F
by 40 (88.89) 38 (84.44)
o) 0 (0.00) 1 (2.22)
SAk 1.0000%
oly & 45 (100.00) 44 (97.78)
L7V o 2 (4.44) 2 (4.44)
- 1.0000%
g 2~ oly & 43 (95.56) 43 (95.56)
o 6 (13.33) 6 (13.33)
ox 2= 1.0000%
o oy @ 39 (86.67) 39 (86.67)
o o o] = 1] o 1 (2.22) 0 (0.00)
n(%) 1.0000%
(H2) oly & 44 (97.78) 45 (100.00)
o 6 (13.33) 4 (8.89)
24 7 0.5023%
oly & 39 (86.67) 41 (91.11)
o) 2 (4.44) 2 (4.44)
EREES 1.0000%
oly & 43 (95.56) 43 (95.56)
ol E o] 13 (28.89) 19 (42.22)
0.1864%
Eg ol oly o 32 (71.11) 26 (57.78)
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13 (28.89)
32 (71.11)

13 (28.89)
32 (71.11)

1.0000%
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*! p—value by Two sample t-test

t : p value by Chi-square test

¥ : p-value by Fisher's exact test
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FEY FEEHE FaARoE i35t AR E (10-2014-0057314, 2014-05-13)

- S = o o = =]. O =] [e)
(2) W9z A% FEES FadPoR TR £5%Y

(10-2014-0155959, 2014-11-11)

N
o
)
o

2358 4=

(3) AtEF =4 FEES FaARoR i3t 2AE (10-2015-0132869, 2015-09-21)

U, =5

(1) % H3F+ SCI 29, H|SCI 1"Heollom, #A 7|35 SCI 199 =75 AR oH
A4 189 =78 F7IE Fauste] AANREE HEDL oy, g2 At =7 AAA
717F h = RHARE 2 AA g5 AAHE Aoz Holw, =% AAVE FEHU 27| &
XE 94T 5 AdS Aol B E

(2) = 55

- Apple Pomace Extract Improves Endurance in Exercise Performance by Increasing
Strength and Weight of Skeletal Muscle, J. Med. Food. 18(12), 2015, 1380-86.

- S AV AL ARl o 28 )54 AR e B

- Anti—fatigue Effect of a Ursolic Acid-rich Extract from Apple Pomace. In submission.

o 71E
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- 2014 Annual meeting of KSBMB. Apple Pomace Extract Improves Muscle Strength
and Mitochondrial Function in Skeletal Muscle.

- 2014 14th International nutrition & diagnostics conference. Apple pomace extract
improves muscle strength and mitochondrial function in skletal muscle.

- 2015 The Korean Society of Food Science and Nutrition. Anti—fatigue Effect of a
Ursolic Acid-rich Extract from Apple Pomace.
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24| : AppleActiv Inc
www.appleactiv.com
HIZ : Dried organic apple peels
Q- « Provides antioxidant support
* Helps maintain inflammation within the normal range
* Supports healthyjoints
* Promotes joint comfortand mobility
* Helps manage oxidative stress
* Promotes healthy aging
* Helps maintain cell integrity

An
oA

* 1007% organic
* USDA Organic and EcoCert Organic certifications.

o HZ8EAE S0 HR

ORGANIC
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Introducing Applefctiv:

The joint health appeal
is in the peel.
Geganis sppla poel b elrieally
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