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Foods and functional foods containing mushroom, mushroom
extracts, and mushroom-derived compounds

Han-Gyo Jo and Hyun-Jae Shin*

Department of Chemical Engineering, Graduate School of Chosun University, Gwangju 61452, Republic of Korea

ABSTRACT: Mushrooms and their extracts including purified ingredients, are currently used as foods, functional foods (and/or
nutraceuticals), and medicines. These products have numerous bioactive compounds such as polysaccharides (mainly S-glucans),
glycoproteins, nucleotide analogs, terpenoids, and polyphenols, which have exhibited antioxidant, antimicrobial, anticancer,
antiviral, anti-obesity, and immunomodulatory activities. In this review, we discuss the current information on the biactivities of 10
popular mushrooms in Korea. We also summarize the information on mushrooms and the active compounds derived from them,
as well as mushroom-based products such as foods, functional foods, and medicines. We believe this review could provide useful
information for scientists and consumers who seek to develop new products and promote healthy food habits and lifestyle.
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#E AFe] vHE

(Coriolus), 1A (Tricholoma), 183 & FEIL
A= FEEo|WAH (Sparassis), =FF oI (Hericium),
QA (Grifola), Fo1HA (Auricularia) 5°] ATH ©l&
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FARI SR F 7R E BF 25 Q)
© WA dE25E R ARRESeH AAE X 5§
2 ookgow de] ARREHI Stk tEFor FAHA
(Garnoderma), 33X (Phellinus), 5532 (Cordyceps)
Sol doew, 2 Qo FIWMAM(Shiitake), TEHA

Table 1. Bioactivity and concentration range of mushrooms

CESDRPEREE R

Agaricus bisporus F=%

EX
=
o

H{Ho] 1/].5].1,]]‘4 Agaﬁwﬂ og= -GPOI- -GLX]-EL s}jﬁaﬂ%}’
A, Y 5ol 9™ (Table 1), —‘—%Z—i—i Hehhs A
&ALt (polysaccharides)! ¥l
of o3t HAZR 2 g o‘\3}(Lee et al., 2001).
e AR v A
2O 22 100200 pgml 5
HelolAN AP el 84 AEA 7P =

Z57k(B-glucan)

Mushrooms species Bioactivity

Range of concentration

References

Antioxidant activity
Anti-cancer related activity

100-800 pg/ml
125-500 pg/ml

Jagadish et al., 2009

Immunomodulating activity

392.2 pg/ml

Kozarski et al., 2011

Agaricus bisporus

Antioxidant activity

50-200 pg/ml (In-vitro)
300-1200 mg/kg (In-vivo)

Liu et al., 2013

Anti-cancer

100-800 pg/ml

Pires et al., 2017

Anti-obesity

12 g/day (In-vivo)

Han et al, 2012

Auricularia spp.
Hypolipidemic activity

100-200 mg/kg (In-vivo)

Zeng et al,, 2013

Cordyceps spp.

Anti-fibrotic potential 10 mg/ml Yao et al,, 2014
Anti-skin-inflammatory activity 1 mg/ml Choi et al,, 2015
Anti-tumor activity 75 uM Wada et al,, 2017

Immunostimulatory activity

50-200 pg/ml

Wang et al., 2017

Antioxidant activity
Anti-microbial activity

50 mg/ml

Han et al, 2015

Coriolus versicolor -
Performance improvement

Anti-fatigue activity

615-3075 mg/kg (In-vivo)

Ho et al., 2017

Anti-inflammatory

30.38 pg/ml

Samarakoon et al., 2013

Garnoderma spp.
Immunomodulatory activity

160 pg/ml

Xiang et al., 2017

Immunomodulating activity

12.5-200 pg/ml

Svagelj et al., 2012

Grifola
Anti-aging activity

50-150 mg/kg (In-vivo)

Zhang et al., 2017

Antioxidant activity

300 mg/kg (In-vivo)

Han et al, 2013

Hericium erinaceus - -
Anti-obesity

90-1870 mg/kg (In-vivo)

Hiraki et al., 2017

Anti-angiogenic activity

50-100 pg/ml

Lee et al., 2010

Phellinus linteus

Immunomodulatory effect on atopic dermatitis

0.25-0.5 mg/ml (In-vitro)
1 mg/each ear (In-vivo)

Hwang et al., 2012

Anti-inflammatory

700 mg/day (In-vivo)

Zembron-Lacny et al., 2013

Lentinula edodes
Anti-tumor activity

10-400 pg/ml (In-vitro)
1-20 mg/kg (In-vivo)

Xu et al., 2016

Anti-cancer related activity

35.7-218.3 pg/ml

Choi et al., 2014

Sparassis crispa Anti-obesity

1-5% (w/w)

Lee et al,, 2014

(Sparassis latifolia)  Antioxidant activity

1-3 mg/ml

Lee et al.,, 2016

Immuno-stimulating activity

100 mg/kg

Seo et al., 2016

Tricholoma spp. Antioxidant activity

0.17-0.83 mg/ml

Tong et al,, 2013

Antihypertensive effects

25 mg/kg (In-vivo)

Geng et al., 2016
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Fig. 1. Bioactive ingredients from various mushrooms.

ksl B4 yebdt)(Jagadish er al, 2009; Pires
al, 2017; Liu ef al, 2013). 3k 392.2 pg/mle] THa&
FEw FEAAM WY A4S THe ZleE Zldn
(Kozarski et al., 2011). Auricularia= YW E3= 714
o, 7F &2 0|5 3 nlg-20f] 100-200 mg/kg®] Auricularia
E Holaiils W EF AFe] 24art SISt (Han er
al., 2012; Zeng et al., 2013). Cordyceps= T=ollA 2LU)
HE) ARl 9| ohIE FA 1 Be A7) 2
P10, Anti-fibrotic potential, anti-skin-inflammatory
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activity, anti-tumor activity, immunostimulatory activity ‘&
o2 Xl Hjg] @ Fre FEERLE o 85
el ez BRIEtH(Yao et al, 2014; Choi et
al., 2015; Wada et al, 2017, Wang et al, 2017).
Coriolus versicolor= =TUHoX 27 dA1e] 8= AL
| o 255 FX E HEWA Y 55| A

(Han et al., 2015; Ho et al., 2017). Garnoderma= &%,
AAS7de] 23t Jon dan Add o] a3t
$-<3}t}(Samarakoon et al., 2013; Xiang et al., 2017).
Grifolae #H< 204 Bo] LRE e WAl F 8t
U=z =3} Aol 37t e AR I UTH(Zhang
et al, 2017). ¥vltolUzl WS EAddl tigh a7} A
o] Z7tol| kS w|xl Ao 2 Ktk (Samarakoon ef al.,
2013). Hericium erinaceus= Hericenone D9} Erinacine
C7} FHste] Aot dzsto|w S oA e Ao
2 4#A 20em™ antioxidant activity2} IH|TF g3}
ATEJTHHan et al, 2013; Hiraki et al, 2017).
Phellinus linteusw= 350l HAZ miz7 A 2 HE2F3¢
o] FHate] AtaIt e Fo=E GEA Utk A=

nl R AL S Bol o] AT

o
Rl

ZE 283 vl G SES x9e AF 71584 F 157
(B) Cordycepin
NHz

(1

o N N)
e |
OH

Triterpenoids

(Leeeral.,2011)

n-Butyl Ganoderate H

COOMe

APES 918t efute] AR ZHgshet AlAEHe] A
S A= @7 Phellinus linteus FZE0)4 g2l
ATH(Lee et al, 2010). T3+ In-vivo A4 olE3]A
3]5-9] immunomodulatory 37} e = Zlo] g1y
ATHHwang et al., 2012). Shiitakei= ‘&M oFdAA 7}
% Bol anlEe HALR AFAuTE A9 AlFolA 4
A F U= HAoANE ejadte e WAl v
3 BA] om =2 FrolA YeRdT(Zembron-Lacny
et al, 2013; Xu et al., 2016). Sparassis crispa= WA
% WEREFIHY] §ol 7P wom tadt w3 7
3 Aoz d#A Ath(Choi et al, 2014). ©] Qo= &
H|RE, &aksh, 9E7) 5o a3E YERdTtH(Lee ef al,
2014; Lee et al., 2016; Seo et al., 2016). Tricholoma™
oA FFo] 7P Bol o]Foixl Fo= Fikslehd
o] Hojum ¥y It de Aoz I
(Tong et al., 2013; Geng et al., 2016).

ol EE A WAl X3 sgEel o5 =
e 7152 wAlFY site S/ole WeE=F3HE-
glucan), ¥l (lectin), ZT] M ¥ (cordycepin), E1Z (terpene) 5
o] A

HAFE=0 HAOM K= oiEsE

1. B-Glucan

T3+ (polysaccharide)= 79 BE& AEA A 71
FHeAl XL e R7IRAR FENG, e, W
Az, I TH 22 ol xR fF8&3 4
g8 EdolH, A&, 3=, Tole WAl fEllel o
37 lentinan, schizophyllan, kresting HIS3 32



158 =g - AEA|

2 A7 YTH(Shi ef al., 2013; Zhenga et al., 2005). TFF
7 5 AP S g 553 FXE o|Foxl HEg=F
7 AT ofu gl R} FRIAME AEE T
7ol dFolu, MAoA A== HESTFHS 2 72
7F B(1,3) 232 main chain® 2 314 side chain®Z %
< B(1,6) +=25 7L Jth(Fig. 1A) (Kozarski ef al.,
2011). 28HAlA 237 de WHS Bole WY
I HIZoll= a4F AYE T 4 e FEH

742 soluble FENS} insoluble FE|S] FF7HS A

ATt Soluble SFTHol|A gt S 2oL

AE0] o]FolH AL, SFTo] & Y o 3

W 722 EAske A4S st B2 7=

insoluble WIEFZF312] solubilityE %= soluble WElZ
FHo 2 vt sk =g EC] ST, AH HERE
F7F2 insoluble FENY o gt HFZ &S e
ok Wgl2F71e 4202 B(1,3) 28-S main chain
o7 7ot AedS UERd ¢ 9o, IACA 2
37| M= 7o) SASHE Dectin-1 +&Aol A
3ok St} (Perez-Garcia ef al., 2011). WEFFF31e] &<
I HEFZ Aol 7P & IS vAE AL 7x, &

A5, 27kx19] M=k Felo]th(Vannucci ef al., 2013).
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2. Lectin

el (lectin)> HWHAA whald gl gehmlzolm AlxE
EHe] B3R So|z o7 Agsle] A E-3HuES A
SRS ot dde] A 4de
7194 - AgS AT BE 295 el 2E
A} o3| 5 arabinogalactans TFFSE 2]3% T glofof A
WA 2t} (Elgavish and Shaanan. 1997). Arabinogalactan
Ak OeFs md =] A FHE ApAste] AlEEd
of 2 @A st A AAE A AAY 7 U=F
gt IRl dA7EA] g FE, AE, rdE, oA,
L, Ao RRY FeEo] 54 A=t (Hamid
et al., 2013). ZFoM = WAl A Z o7 JUPAJE 2
FEAEE] 7HA7L ok AUTE AF AR Ay
of gtom HAxl= HAde] FHg Fwdel Hi Aok
(Singh et al., 2015). Al dEle] AL T2 5
273, &k, W 24 Foll 235 5L ok Lectin®]
antiproliferative/antitumor activity, mitogenic/antimitogenic
activity, immunomodulatory activity, antiviral activity©l
sl g0l Yehve = Aol AR Al X FF/
o] sl Ael=o] Ath(Hassan et al., 2015). BFAl A|E

Hoy Z=7F d3 ol it FAE Hole vl Hele
&= Al F9] 10%Ye] B AE . BRsHor B
FEAG. FHZol= EdolAlolA dEs Elsl &
o+ 2 I BAS el A3y dRE 0E e
FAHor F83k gele] 2 YdHo] E £ e A

o]t}(Chandrasekaran et al., 2016).

3. Cordycepin

M (cordycepin) C. militariso| X Ao 2 2]
F %3 deoxyadenosined} F+XHOZ w9 {AlSIH E
A 251.24 g/mol, M.P. 230~231Co]t}(Cunningham
et al., 1950) (Fig. 1B). ZUA|Fe] 7H¢ & 4&ixl &%
O 2 HIV-1 A &40 845 oAlske 2H8o] 3ot
(Muller et al., 1991). FEIAZMCE-7)°14 FTjAlHS
MAPK/AP-1 Z2& Ao ZH]  12-O-tetradecanoylpho-
bol-13-acetate (TPA)°| <3l F=¥ MMP-9¢] wd 2
4S8 Asste] BAEJTH(Noh er al, 2010). °l&
adenosine@}2] T-Z% FAMHOZE 2ls] YA E2] mRNA
9] polyadenineo] A== A& AT oz=N dojvt=
Ao drsiftt. 2ol uA|ae] PI3K/Akt, p38<t
72 phosphoprotein®] Q14HtE AAFFO=H Haivt §
HAAE yehdts B7 Atk (Kwon and Lee,
2017). ZYMF-L adenosine aminased] 2J3] A& o
Al WEEA EeEe] HRE Qg F2AE-2 A gle A
o7 dEA 7] W] ek, FEH A7 F oA o

22 Aol TR =dolgal & 4 AUrh.

4. Terpene

B3l (terpene)> 7182 o7 Iy By 3l ©skrrg
o]Folxl E2HE W T/ wAlolA =AUt C;
AE 7R 0E ©ele ol wet ERE =T A9, et
2o}, o]y A 5 et Je g UElle T2
T2 sesquiterpenoids®  EIETHDuru and Cayan,
2015) (Fig. 1C). Pleurotus cornucopiaelX] 2] 471X
monoterpenoids= HepG2, HeLa 27} tumor cell line®]|
sl cytotoxicitys WERNA] 9= WHH, sesquiterpenoid
£ macrophage cellolA nitric oxide 4433} #Esle] =&
inhibitory activityS 7™ HepG2, HeLa celldll 3|
cytotoxicityS WFERNATH Wang et al., 2013). B2+ Flammulina
velutipesZ5-H £2]¥ flammulinol, flammulinolidesgl= ©]&
9] sesquiterpenoids= HepG2, HeLa, KB 37F4] tumor
cell lineoll i3l cytotoxicityE ZH= o2 SIS
(Wang et al., 2012). ©| 2J9= Garnoderma lucidum®|*|
=€ A acetonide®} n-butyl
ganoderate H2] anti-acetylcholinesterase activity”7} ®.3L
7% silon, ol dxstoln 9 ARERAE AA
Age] A5 =R AR 7 e 7FeES e
(Lee et al., 2011).

methyl ganoderate

4. HAIE 0|88 MFH 7|SHME

A2 SET AFAECIn. v Aedgel ds
Hlom ol Be AFH AT AF A=Al
Ark. 2y EAE AT FRe 28 HdsA 8L
o, 2 A= FE2=0 FHE HF s e 243



Table 2. Representative mushroom products sold in Republic of Korea

No. Product Mushrooms Company References
AR g
OVREIFEFEE Al
LA =25 GRHA . http://www.dermalab.co.kr/new/html/contents/
1 s . FEE GFETE
P FEE X7 Al products/product_search_result.php
Bl S FIHA
REeMEEE fem
https://sayanchaga.com/product/
%EC%8B%9C%EB%B2%A0%EB%A6%ACHEC
%95%84-%EC%B0%A8%EA%B0%80-
2 AR EREE 27t 225 Sayan Chaga %EB%B2%84%EC%84%AF-
%EC%B6%94%EC%B6%9CHEB%AC%BC-
%EB%B6%84%EB%A7%90-
2%EC%98%A8%EC%8A%A4/?lang=ko
http://www.ebiospectrum.kr/shop/
- - shopdetail html?branduid=744628&xcode=022&
T o T =] o HEY
3l FEE o FEE HOlesAEA ) mcode=001&scode=&type=Y &search=&sort=pr
ice
. . N . http://www.dainsoap.co.kr/m/
A -] DRSPS =)
4l e ! FEE R product_detail. html?brand_uid=284774
5 . MAITAKE PRO-4X Al Z918 NUTRAPIA http://nutrapia.com/shop/maitake-d-fraction/
http://www.a6ké6n6.com/
0, 0, 0, [V 0, 0, 0, 0, 0, 0
6  polmsGra oA =25 ABLY Inc. %EA%BD%83%EC%86%A1%EC%9D%B4%EB

%B2%84%EC%84%AFG%EC%8A%A4%ED%8E
%98%EC%85%9C-p-8915.html/language/ko

AR, EA, S,

7 . opey FEOE, FHOIL T RUR GRS
Folu, QAp

BN, B,

Bl I, AR, PR Gk
EALE

http://www.hsp.co.kr/product/
pro_list2.html?code=1100

http://www.hsp.co.kr/product/

ol
8 . olojdA] H pro_list2.html?code=1100

18
~

SHAANXI NHK http://m.ko.gmp-factory.com/herbal-

9 B FEE Tl Z=5 TECHNOLOGY supplements/enhance-immunity-/shiitake-
CO., LTD. mushroom-extract-lentinan.html
— e _ - _ http://magnuskorea.com/modules/catalogue/
) 2] = =11 ) 2] L=y S
10 st plFgs it TEE GRS cg_viewhtml?cc=13&p=1&no=2
oA AL oA Etr'tf;:l/égww.pulmuone—lohas.com/pc/brand/
QA H 7 oAl XEHIA HolE  E oA ANE
RN _ FEABAL AF,  FE WPIL ) prd_view.do?cacode=11010000&pdcode=149135
Yo .
2124#detaill
https://www.pulmuone-lohas.com/pc/brand/
12 | 23512 Zaj9) THESIE, =olg ERAAIITE) product/
coetEe—rm IR SEIR ey T = TEAeeE= prd_view.do?cacode=11000000&pdcode=PF0015
#detaill
. . http://www.sanctmall.com/shop/
) ) y AR Al =)
13 . Reishi-Extract-Capsules 3x]HAl Z==5 Sanct Mall item.phpit_id=1000000827
http://www.hanmimedicare.co.kr/medicare/
v ] Ho 5 =
14 et A s AT ) handler/Health-Wellcon4
15 | BolpXFE=E HoAl FZ2E GoleolZRble]e.  http://www.sfcbio.com/kwa-129943
= https://www.yungjin.co.kr/product/
16 7K 500 2= P $elE JIREE) et mostthoalihéet

product.asp?posit=health&GS=C&pno=HC008




Table 2. Continued

No. Product Mushrooms Company References
http://www.thessan.com/m/
2| Ea=t 5 A AHAL Holg sLA7)
17 tl&sA AR, gl s LG product_detail html?brand_uid=495248
https://www.ckdhc.com:5001/blog/product/
- - %EC%98%81%EC%A7%80%EB%B2%84%EC%
A SIx]rAl TR
18 . A e CalE T T 849% AF%ECIB6%94%ECUB6%ICIECHIS%A
1/
https://www.ckdhc.com:5001/blog/product/
%ED%97%AC%EC%94%A8%EC%B9%B8-
3 31 [e2] by A o A Holg ZXIatkArv)k
19 ARE =2 ST, A FelE P %ED%94%84%EB%A6%AC%EB%AF%B8%EC
%97%84/
B  Xian Imaherb https:/./korean..ahl?aba.com/product—detall/bu‘y—
20 | G Al =B XA B Biotech Co.. Ltd organic-red-reishi-mushroom-extract-
" 60415341078 html
. REISHI 415 ARBA
e C.ORDYCEPS-M =3 225 Real Mushrooms https:{/shop.realmushrooms.com/collect1ons/
. Lions Mane Extract  =Fgclo]sAl organic-mushroom-extracts
. CHAGA EXTRACT  x7pA
https://shop.realmushrooms.com/collections/
=] A Al Q) A7
22 . 5 DEFENDERS _;/;j:_]—] :;’J:;}zj /G’ S, ZZ5 Real Mushrooms  organic-mushroom-extracts/products/5-
s - defenders-mushroom-extract
. Reishi Mushroom S - =, Organika Health http://organika.com/product/immunity/reishi-
Extract A =% products Inc. mushroom-extract/
. FSS SONGYI Formulator Sample https://www.formulatorsampleshop.com/FSS-
24 MUSHROOM ZolHAl =5 Shop’ P Songyi-Mushroom-Extract-Powder-p/
EXTRACT POWDER P 6520367 htm
. CORDYCEPS
SINENSIS MUSHROOM _ _ . _ = . https://www.powdercity.com/products/
MYCELIA EXTRACT =~ 6 0= %% PowderCity cordyceps-sinensis/
POWDER
http://terms.naver.com/
26 |, 3l|3=53tk B =g 93z} entry.nhn?docld=3414786&cid=58440&category
1d=58442
. Reishi Shiitake Maitake http://www.solgar.com/solgarproducts/reishi-
ARHAl Al
27 Mushroom Extract (;i]l{ﬂz,ﬁl‘ﬂ - ZF=%& Solgar Inc. shiitake-maitake-mushroom-extract-vegetable-
Vegetable Capsules A capsules.htm
http://storefarm.naver.com/smilepharm2016/
products/
_ — - = 526759512?NaPm=ct%3Dj7kf3mg8%7Cci%3Db
2 FAge RS 22 & SES
8. r7Ress ] TEE GIEEFS 3722d30132f66db13926296d412512cf181743c%7
Ctr%3Dsls1%7Csn%3D428297%7Cic%3D%7Chk
%3D7f67df956e93f7da4fc09a2c9fal0b1c30dd4b7e
ORI AZE
29 - :];]}ﬂ?i M AlEHA Z==5% HKBiotech http://www.hkbiotech.co.kr/v1/
A
CHERTE= )
30 . K&T1008 2% AR 222 GmEoNEAl http://www.gr-korea.co.kr/sub/chaga/
chaga_11.php
. WIEAF
31 . Gourmet Black Coffee  Jx]u}Al nog ORGANOIM GOLD https://www.organogold.com/en/gourmet-black-

Enterprises Inc

coffee/




olth. 53] Mgl WAl AlFel tig #4lo] Sy
Aeole B3t Tt AlFo| FE3it). 54l
A&} F=o] Test AlFS st S48k
H e e obF AF TR BA &2 4
HAS o] &3k 2EH 74 ES Aelshd v 2
TH(Table 2).

1) A F2

A7V F T FEAF ClEE dole AR #d
< AN OE ES 2. A7 ES A
Zol 4 Acte] AR 2H|EE AWRAE T A
2ES Ttk oRt AAdH oz MAste JEER
Adeojoldttte 270] Unt. 715 AES die dF
7155 Holde &35 v 7533 e 2&
FAA7IM, Aol 98-S AT e HEFS AT
(El Sohaimy, 2012). 754 2% 2 AWE <st
= AHT dwe] 988 Fole A AHE v, Y
22 A A 9 X85S Xt oy ke 4%
Fe] ololg AlFale AEFS Sgith EHES AE
FEE, G A SgE e d9AY F dom Ao
HIAZ A Fel2 ke JuE 2E Hoe glo

(Silk and Smoliga, 2014).

2 AFolM e WA BT HES ZARIIAL IF
213 (nutraceuticals), 717471°52]3% (functional foods), ©]
ok (medicines) -2 ¥-F3FA .

2) 9 %2 F (nutraceuticals)

= 71 ® ERsin. AlFe] FHe FE= £ S
© Tl @1l A F 7R ERET. A, AR
WAL, GAAL, 7P, AL, SEolHAL, AAH
A, 5oz, =T, FolwAl 5o FEE &
Z AlFol Ao F2E & FEEE FHEY Ao F
EE TEAES 2o &2 501 13] 58§ A] 2-3 g (Bl&=
F Avh S Eolvt 78t fAIE] B EEsteE A%
stal Utk YA ES ANF R WS JRIE
of thek 37t = AS=E SIS

3) 74771552 & (functional foods)

AA7152EFL F25 28 B A4e 7498 ==
TSR ARES AlFo 2 EFslth. AlEe] e &
oF, WM&, B9-%], 2O 7 R TAEE ARES Al
FE FEES FF0] AT AlFeE sheA I
AFol F5 ol FAUt. FHAEE ARE AFS FEE
T Ee 4B 298 AR AlFellen 4o, e,
93], 28 T TR el Algel gRlEAT. 3¢
2 FEj o] AFS NG AFLE F 1¥E 585 st
o, &oF, e, 28 Fejo AFS AP E AFSE st

T 29 B A%, 228 B2 AL It AR5
NELS WAZH, WIS, AR, DA EA
59 &l Y Ao AAF

4) 2] 2FZ(medicines)
o AWS HHOE I 7I7F FF Az %S
Foste AL ookFolglal AHositt. o 54 2 &
A AHE AR S8l dF ke AEFS 7o E g1l
xR =

ell= TFgE =l AFSo] A, AAEEA 2 vE
o] @A EolEtt. 2HNE Bskal W 2R}
£ A3 FE= Te AxES oM v AFE
AH|3Rs FAlolth, FEE B dEEZF AAFE HA

oM dsto] Tk AT AES0 Ui FoE T

7 Eart e, sl wAAe] FAlE S5
Atk 2A amjate] 71Eel A4S RHFE AAE
o] 7ol M4ds] aErh. &3 & & 2t 7P Bol
e WA A7 SAES FE HERETIE ddel 2+
AL AN, A7 eHFe] 952 ARE WAl

[e)
AA7E Aokl A7PAle R SRIHIT. o] =
FEEE WAl A @A te e Sle] o]
2o A] P EL wrlR olsle] 7ol ] RE st
A Fsl= o] 7P 2 o2 AlgEH. olF fsiM=
At AF A7 5AF N, AL, A E flsiM e
-, A, A, Aae] FYol vt=A] Fash, 7]
T ANFE] AFNE Rl Bleju 719 e thdet
FOE NG A Aol R Eofof gt
A 2 A elA LA A7 FE 7158 dF7 <
g FolMe B, A, A, B
oA, FAHA, FAMIEHMN FEER O A8E I
StaL vk, ohdet AF AA71sAEe] FAEEA A
7] fEAE 71Ed ERY tEe] HEA =
ozttt ol5 fsixe At tzbARl
F7F o]Fo| Ao} gttt ) 2E nkgste
A AAE A 7es TR AENEE
st= Zlo] d st

-

Mol 2

B AT 2017dE R (329 Yo
FFATAEY AUL ol £ FAATAA UMY
4 (NRF-2017R1A2B4006204).
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