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Abstract

This study investigated the effect of temperature on functional constituents and quality stability in chaga mushroom
extract during an eight-week storage period. Soluble solid and total polyphenol content (26 mg/mL) showed no
significant changes during storage, whereas pH values increased from 5.38 to 5.46 (p<0.05). DPPH radical-scavenging
activity exceeded 70% regardless of storage conditions; in contrast, ABTS radical-scavenging activity declined by
6.2%, 7.1%, and 7.9% after eight weeks of storage at 25T, 35C, and 45T, respectively. The B-glucan content
(2.58%) was stable at -20C and 25T, but it significantly declined after 6 weeks of storage at high temperatures
(p<0.05). Similarly, the betulin content (12 pg/mL) was constant at -20TC. Microbial growth was not detected in
the extract at any point during the storage period, owing to heat treatment (95T for 10 min). Overall, the results
on functional constituents and quality stability of chaga mushroom extract suggest that storage conditions may affect

the chemical attributes of the extract.
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A7} Al(Chaga, Inonotus obliquusyS GAFFBasidio-
mycetes)2] AUEH]SH A7 Hymenochaetaceae)ol| 31t}
AR o2 HAT 24 718 F9] FE= A
5 B5o0] A%alo] A2, YRe) JEE St 4
< B A3 YRR EE50] JdHdt Jojg] FHE U
FHo|| Aok 542 Ad HAotH(Kahlos, 1994). A7}

A2 16A17] o]F HIZtoflA o, 919, HIY, 23 A& 5ol
2850} 2 o= ATA Sl A7) asof Wt A+

+ Y2 B4(Song 5, 2011), B S-4F534 cytokine

50l mAlE FHKim 5, 2010), A 9 FAawt
(Qi 5, 2013), HYZHo] w|A= FFHAn 5, 2010), A5F
7F A & AHAR ZRAAARE(Kim <5, 2016) 50] HalE 3L
QoH, "I v st AP ELY FE24
H45jo] et A7} s v SlekKim 5, 2015).
A7HAE T gt 715748 B4 5 B2 Y Eusn
Sepaolog Faate] 2T PABHIE 48T B
ZEIsieHCui 5, 2005). AelAloRs claket ol 5ol
Ak, 1% 7MY S &4l B-glucano]t. B-
Glucan2 A} A (natural killer cell)9] 42 S1EA1
O NEHAS T A SRIgte =M tefet ol
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PAEIE HRI} BV E|QJTHTabata ‘5, 1981; Yamamoto
5, 1981). ZPHAl0] $-5 W ET(betulin)} therapeutic
agentZ 3G 3t WEH AN betulinic acid), HEZAKbetulonic
acid) = o5 3T A|(their derivatives)2] -5-713d(organic
synthesis)ol] AREE= U7 EZ(starting material) 2 o] A}
|51 Q= TBHA ARo| Wol Wi o] itk Tt =7E
<= B4 HEHARS melanoma(9lE S°] MEL-2, MEL-2
I} MEL-4)°]| antitumor activitygs Y1l ok 3sHd WA
(Pisha 5, 1995)3}, H|E&Ak] H9 lymphocytic Af|ZEof|A]
anti-HIV activitysS 7|1l Itke A Aikso] RiEY
tHFujioka &, 1994). ESt Gong 520042 HEHS
acyclovir®} &3+ ARS8 A7}, herpes simplex viruses 5°|
antiviral 37} Itk B E Qi

7RIS Tt 2202 QI HA AR 4l80] &
7Fs5t7] el 58S ol8she Aol A¥kdolt). dAY
7HA| HAEAY FESHE A S5 AR dRE
22 Algold, g AP AFe] AESe e =2 AHo]
oh X A% AFA AEAES giel RTD(ready to
drink) 25 A2} A48l et 7154 Al =52 S
o] Eofual Qitk. ofof] & ¢itollx= AP A EES
HEP8Z SRlslr] fisto] ol &5:(-20, 25, 35, 45C)7]
Al 85 Bt A7l W 7sdw Hstet ngE A
FAM3ES vl EASH.
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ANz Az & A =A
2 Aol AREE AZHHAIZ 20194 2]AJo} AlH|E]ofo]]
A At AogA AE, A 2 AT HAS B0
mesh)=. A|Z5t0] AZ2 AFGIT FEUHE TR
7](autoclave, JSAT-65, JSR, Gongju, Korea)o] ZAZETo]|
A% 200k Fsle] 1200 147 FE5h ofah
(Whatman No.3)2 ojisto] 12} 2R/ At 23} ==&
2213 3% 7 e BA) 2009] 50% 4L Tleled
204 24417t ZIA] 5101 ofFfsto] 23 FEAS AL
of. 8A 1, 23 FEEE S5ty 7MY TP E IS
10 *Bri7} Bw2 719} 555t} A ARE AFSSIACE
7] A 222 95C ool 1087t Al=tstal
20 mL 25 10 L 212k F<Ualol Zizte] AgARE
AR, Lol A 2R FE/1T 44 A A
2708 AR FEAIEY 2L 1Bsto] 25T, 35T
W 45CE 212t etol 7k L9 FerldA B
™, Y5 & die AHe F28E ERIsk] flsf 20T
712 A7 Hasielth. Z42Ee] 2ol A A A7k
22207 9E0R /548 U vjgEd B 24

N

s i
4>«

o
Z7}9] 27014 20 mL §2]8o] B} g A
R 2228 AHF Hslo] pH 2HL pH meter(STAR-
Al11, Thermo Fisher Scientific, Waltham, MA, USA)E ©]
&oto] WHE A, 7HeA 13 E S SHT A
(PAL-1, ATAGO, Tokyo, Japan)g ARE3SH & =45}
°Brix= YERQIT

ME =4

AZHA 35520 mL {9 A S Ak Hsle}
AAapo] ofet e o} S4al] Sisl 20199 9B
B 11971 8% Bt 217 Sha(aTet o] I b
AEA Z7Ksunlight)o]] Hastoict. e 25T Hbs]
A, AFA AY Ll 20+5T 9] LR §A|EgloH, 9
ARE 1197029 B RAIZERS 6.647k] . 242+
ZA0) B AlgE AT 51 UV-VIS spectrometer
(UV-1800, Shimazu, Tokyo, Japan)E °]-&slo] MEE =3
519991, UVPC color analysis(Ver.3.10, Shimazu, Tokyo,
Japan)©]| 9]3f| L(lightness), a(redness) ¥ b(yellowness) 352
2 ¥gI5to] Hunter’s color valueZ YERYRITE ojd EEE
A2 AMEH 2759 L, a, bgk 22} 99.99, -0.10. -0.010]
o, AukA o] AXKoverall color difference, AE)= o}
AL ol §3te] AZAG] T A7 A 22B0| Mol

EUE R s

AE = V(L—L' )V +(a—d )2+ 0b—1b)

L a b 27] APhAl 2280] Ax
L', o, b’ sk Xrheal 2289 A

Eons @Y 23

FED s &2 Folind} Denis(1912)2] ®H2 WS}
of 24319tk ZF A7PAl 225 0.1 mLof| 7% Na,CO;
2.0 mLE 7}l 387 HA|AIALE 1 & 50% Folin-Denis
reagent 0.1 mLE 37lokal & 33t F 3087 AHRS
AlZ1 3 UV-VIS spectrometer(UV-1800, Shimazu)E ©]-&3]
of 750 nm IofA SFEE S5 Al 23E F
ZEu%s TR gallic acidQ] EETA0| A5 T4T =
e dYot s=E AAsHh

DPPH 2iCjZt 4715 5%
DPPH(2,2-diphenyl-1-picrylhydrazyl) 2}z AAEAIL
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Blois(1958)9] WP Wdgste] 24519t qHAIsH fko
Zg o]8%= DPPHE: B2} U] gujzhe 3R9sla Qo]
polyhydroxy W& 2lhE, WS oIRF 5ol 23 &
=, ojnf rjzo] A7 Eo] H2 Apafo] ML= LS
FBEE o|gste] A5 ol 99.9% ethanolol] 59l
0.2 mM DPPH solution 0.8 mLo] 7} &% 02 mLE Y1
10271 S3teloitt. 121 We Pkt AbeollA] 3087F AL
of|A ¥ES-A)71 F UV-VIS spectrometer(UV-1800, Shimazu)Z
ol-gsto] 517 nm® IOl FFEE St oM, 47t
ToF HI7MY] SR E WEEH%)E UEr I

ABTS' 2iC|Zd &7s &4

ABTS" )8 4£A59] S4L 74 mM 2,2’-azinobis
(3-ethylbenzothiazoline-6-sulfonic acid)(ABTS)2} 2.6 mM
potassiom persulfateS Z35F T 16A|7F HESA|A ABTS'&
BAF ARE Aol ABTS -§9g 3J4stal, UV-VIS
Spectrometer(UV-1800, Shimazu)E ©]-&3slo] S4% 734
nmof|A] gke] 1.000+0.0057} =|A| stof ARESHIC). 3]Aget
ABTS 38N 1.0 mLo]| A& 0.05 mLE &3t6o] 551t
W 734 nolA] SRS SHSAT, et uHt

T FHEE WL LrEpr

M

ol

HE=ZE7 ot 24

H|EFZE7HB-glucan) T2 B-glucan assay kit(Megazyme
International Irelend Ltd., Bray, Wicklow, Ireland)S AR5}
o 2SI, AIIAl 2EBE SAALT] walsh 5}
Ak A1 100 mgo] 37% HCl 1.5 mLE 211 40C 325
ZoA 4537 ARt &, S7 10 mLE 718l 100C &
220 A TRA] 2A17F B3 HEGAIH L HEg RS Ao R
25| A%l & 2 N KOH 10 mLE 7}5to] S5t £ 200
mM sodium acetate bufferS 7}5lo] 100 mLE A-85193ch
88T Alae FARZ(1,500 xg, 108510 A5HS AL,
AL =M 0.1 mLof| exo-1,3 B-glucanase(100 U/mL)2} B-
glucosidase(20 U/mL) SN 0.1 mLE H7}st & 40T &
25204 147 BESSIRITE o]ojA 3 mLe] GOPOD
(glucose oxidase/peroxidase)S il 40CofA] 2087t ¥+
AlZl B% 510 nm TRFolA =S S45t0] & ¥
S otk

U= 27K o-glucan) =2 A|& 100 mgof 2 N KOH 2
mLE 21 S9K5H3TE 1.2 M sodium acetate buffer 8§ mLE
231 amyloglucosidase 1,630 U/mL%} invertase 500 U/mL &
U2 0.2 mL 71510 40T F2pFoA 3087 HESAIT] &
SEEI(1,500 xg, 10293101 430k Ak 439 0.1
mLo]| 200 mM sodium acetate buffer 0.1 mL2} GOPOD A]

OF 3 mLS YT 40TOIH 2087 WS T 510 nm T
$ATE 2otk 299 5 3907 acglueand] T3
L= glucose -&HZ GOPOD A|F} HEGAIY] WA &
BEE ol&sto] g/100 g Eo= Albeloint FH o= p-
glucan FF2 F ST FFOIA o-glucan TS ¥ gL
2 ALk
HED B 2y

WS betulin) % BAS 9 DA 2E T
I (high performance liquid chromatograph)= UV HA&7]7}
Z2+E] HPLC(Waters 2487, Waters Co., Miliford, MA,
USAYE ARESHIHE &4 A9l Al 552 045 um
syringe filter2 oJi}st & o] = 100 uLE HPLCO] F3s}
it B4 Ao 2= Waters Symetry Ci5(250x4.6 mm, 4
& AFg310] SHEUE/E(O:1, vi)S SUT 84S
OFSgOR ABEAOH, | mLimin $408 ZYue
210 nmZ o] X519t Holonee 5, 2012). HIES A
A AL HFEE 2 mgS methanolo] =9 stock solution(2
mg/2 mL)S AXSE & 22+ 31.25, 62.5, 125, 250, 500,
1,000 pg/mL9] HX7} EZ=E working solutionS FH|5}0]
dpe AT, Alagat 22gde] sHueE 1ot
5o} pg/100 go & Akt

ook
Hr

0|48 s ZA

AFLE 20, 25, 35 D 45O A7} 8% B9 AlRE
BISPHA 23 7HE 08 AT diTe] B BIgkE
33] ¥HE S50t AR 1 mLE FtA o0& AfFsto] |
EZLE(3M Petrifilm, 3M Co., St. Paul, MN, USA)] 3
gt & et 2 oS 35C oA 24484171 BoFSH
T uAESH QS ERlIskTh

A &4

Ay Al nE AYS 33 BHE 29 e IBM
SPSS Statistics(25, IBM Corp., Armonk, NY, USA) =271
#H SolA 71 AE Aot ‘BuEEHAFE UERSL
11, T-test 2 Duncan’s multiple range test® -3-2J4 AXS
ARSI TH(p<0.03).

o -
Zn o %

Z28° H¥ 3 pH ¥ 7184 1¥E &

AE9] A% F pH Bish= AE9] Fuf d44E Sk
ARZA 483 o] HrkBhullar 5, 1985). A7FHAL
FEEY AR 2% 9 7|71l ©E pH g2 Table 13} At

. gol
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2 AT EAGSELSA ApsA AT 021)

AR 27| F2=9] pHe 5332 B3lou, A% Foll= pH
5.38-5.469] HOE YERNATL, 20, 25-45C 9] XA 8
T &% AR Foll= FF pH 5.44-5.45 52 HEHSL
t}. ojdo] A% 24 wE FEE2] pH Hek= 1922l
ZS7FH O (p<0.05) Fro] Wsk= 34 ghgtow, o]} 72
pH 3t9] nugt 37k= 280 TRd 74 59 A4t
o] & A0 AEQIt 589 7MY IFE T
2 H51= Table 19412} Z0] 9.9-10.1 °Brix2] HYEH A
2 9 717te] wE fojulet Halt gls A0 R iy
of AFHA FEE F VM 1P E T vl T
< ERIskoint 3, A 717 Bt A FEECl=
AHE] /o] TR Yok, of= A4t o} T4
o] X8y A= AmHch

FEE0 MF S M W3}

2170 M= AE9 o3y 4 oA
Sl 71E0] Hu, A4 AE] M= 55 5 FEMEA
et 583 $4X 3ot} Fy-Rafo] 24 A7
A FE2E2 PHHRHT APA F7He) JAREA 27
(sunlight)of] 85 &< A opiA] FE2E9] (L, a, b 4
AE) BI3}E 25 7H4 0 2 SH5IthTable 2). A & 5
E9 L(B%) #=2 4.19, a(BAE) FH2 -0.03, b(ZAX)
2 -0.32 02 H|wA gl BT A EAES HolR9)
o} I8 AR 717to] AEeE HARgA 2710] R 2
2ol Hlaf| L, a, bgke] HsloA tha & JHS YERASIT

o
L
o rit

2 ojge)] 4 4] Wske frejHel 4ol ohiRe.
H, A% 717 & SHA Mol HkE gRlsty] fIsf vt
2 MZHAE)S AFEdl & A 0.15-0.31 $°5C Z(trace, OF
2 23 8% A I B9 LE9} HAAS wdo] 7t
W 2R M wislo] Fa BFL UAA P AC
2 YEFPH. Chae 5(2012)2 offgkZol &sAIX1 HERIL:
2 Q) 2380] 39 FRH] =BUUL 1] 2229 4
o] ¥} dofut F3F=Tt A AASHItHL Hilsta,
7S F2E20] Hls] HIEPIUE o] 3552 o ¢ ¢
qg Aoz AREC

o

29 ¥ 3 Efjhs Y ¥ st Wt

Hiz4 SRIES AEA 0] 98] EXoh= 22 tiAREES]
SU2A ot 25 Zk=t), £3] ©] F°| phenolic
hydroxyl7|7} @i 2 7]e} At EAE Aol= 44
o] Zoto] At 59 kst g 7152 Uit 2t
7R AFRRROA fafigh boftt HeEdE 7K 9l
Thl HalE o] Qitk(Liang 5, 2009). AF7HHA 25E9] &
Edjule o BIskE #A4% il Fig 13 A A% 7]
o] mE Aoz AR ke, Eis IS A
26.79 mg/mLOJA] 85 Fo]i= 26.53-26.37 mg/mLE VFER}
o2l WskE YehlA] 2SIth(p>0.05). Lee 5{(2005)>
A7FALS 80T oA 8AIZE XgF &3}, ATt 559
A% FE-E 1,000 ppm FEZ ZASHYE T 263 pg/mL2]
ol ittal Harsl & o149 Ao} vttt FEHE

Table 1. Changes in pH and soluble solid of chaga mushroom extract during storage

Storage period

Temperature (C)

(week) 20 25 35 45

0 5.33+0.02D499) 5.33+0.02%¢ 5.33+0.02%¢ 5.33+0.02%°

2 5.38+0.01% 5.4240.00* 5.42+0.014° 5.42+0.014°
pH 4 5.41£0.01 5.43+0.01%° 5.43+0.015% 5.45+0.01%

6 5.41+0.00 5.43£0.01* 5.42+0.014% 5.42+0.01%®

8 5.44+0.014 5.45+0.01% 5.45+0.01% 5.45+0.01%

0 10.0+0.0* 10.0£0.0"% 10.0+£0.0* 10.0=0.0%

2 10.0£0.0™ 10.00.0%% 10.0£0.14 10.0:£0.04°

SOIF%;;;’M 4 9.9:40.14 10.0£0.1%° 10.040,0% 9.9:0.14
6 10.0+0.0% 10.0+0.0% 10.0+0.0* 10.0+0.0%
8 10.0+0.0% 10.1£0.14 10.1£0.14 10.0+0.0%

YAIl values are expressed as meantSD of triplicate determinations.

“DMeans within row with different superscripts are significantly different (p<0.05).
J+d\Means within column with different superscripts are significantly different (p<0.05).
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Table 2. Changes in Hunter’s color value of chaga mushroom extract during storage

Stor?‘%z eif):n'od LY a b AE

0 4.19+0.227 -0.03+0.02° -0.32£0.12® -

2 4.07+0.13 -0.030.02° -0.17+0.13° 0.20+£0.08°
Contref® 4 4.03+0.03" -0.050.05" -0.30+0.25® 0.29+0.15°

6 4.15+0.09° -0.05+0.04° 0.32+0.10° 0.24+0.14°

8 4.20+0.07° -0.04:+0.03" -0.32+0.25° 0.2140.03°

2 3.95+0.15° -0.02+0.01° -0.13+0.08° 0.3120.16°
— 4 4.24+0.46° -0.04+0.03" -0.370.18% 0.44+0.27°

6 4254027 -0.06+0.03" -0.53+0.02% 0.24+0.08"

8 4.09+0.16" -0.02+0.01° -0.21£0.13® 0.15+0.05°

VL, measures lightness and varies from 100 for perfect white to zero black; a, measures redness when plus and greenness when minus; b, measures
yellowness when plus and blueness when minus; AE, VAI? + Ad® + A, color difference.

DAl values are expressed as meantSD of triplicate determinations.

J2d\eans within column with different superscripts are significantly different (p<0.05).

“Storage in darkness for use as control.
IStorage under sunlight.

40

B0week @2week DO4week DO6week DO8week

€30
£ i a a AsAa
& MAaAaq» Aay AaAaAa  Aab , AbCE Aa, T AR
£ (03 éﬁ éﬁéi'{fq— Iiiklé}c_} A3
E
020
=
=)
>
=)
&
s L
EIO

0

-20 25 35 45

Storage temperature (°C)

Fig. 1. Changes in total polyphenol content of chaga mushroom
extract during storage.

Data are expressed as meantSD of triplicate determinations.
“PMeans with different superscripts within the same storage period are
significantly different (p<0.05).

*Means with different superscripts within the same storage temperature
are significantly different.

Sake motk. v, A7) 20000] gk W7kt
AR FET T B AR FEE Fgo] 209
mg/gO 20| & Qi70] Zuet thi Hold ANAL
o 2 QISITHQI 5, 2013). 2 AglolA A4 L7} Z7¥
of FEeE P G WekS ek eloks
g, ol Kim(2009)0] A%4 EejulEo] ALYl et
B39} Belo] 9l Ao & BIHGIT Choi H017)S S
Hla} S50 AgolA] Fus S A 1657 2 8

3Pt glgithar Barsigl=t, o= 2 AgoA 85 52t A
FE A FE2EY EebE sikEe] SYsSitke 2
I & SR Foich

E3h A 2% 9 7|7 wheh gakst &) #skE &
Q7] fJote] A7FHAl 282 1,000 ppm LR A5}
of DPPHE o|-83t &tjd &75S S £ 23, -20T
HyolA &7 71710l whet §-9]4Q1 AlelE YERA] gk
g, 25T oM A 2= 271 72.17%004 8F &
Z¥7Zt 71.42%(25T), 71.38%(35T) 2 71.03%(45C)& 2zt
e 791491 ZAaE ZRIE| QYA THp<0.05) 1 ¥3} Zo|
Z9ktHFig. 2). ABTSE ©]83t ol etz A5 57
oA A7 550 27] AR 81.44%0]3
AL, 20T AR 85 A o= 80.38%= UERE 7212
Hoh= Qs Zo® SRIEATHp>0.05). BHA 25T, 35C B
45C BN 82 AT T 717t 76.24%, 75.61% U
75.02%= FASFE0] 72} 6.4%, 7.1% D 7.9% ZHAG}o]
257t S7REE PAIsHE o] RojHos TAghs Sklst
HcHp<0.05). 371 5 71A] W] 4SS vlws) i,
DPPHH| 25| Z7g3t F4l5te2 45T o2l HejolA
ARGt S7VotgE o FAStE 9] #islEo] 37] gk
HHH, ABTSHo| ofot #2590 710l whet 3H4itst
9] K9J4R1 ATt Sl AR UEpith o7 glrjzo]
2h= HollX= 2oy DPPHHO] 3$-= A izl A,
ABTSHZ ¢Jol& gjtjziolgk= Fo] Aolsta, %3t H=
3 49 F5ol wet 71l Adtol= 5ol Afolof 7|<l
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Fig. 2. DPPH radical scavenging activity (A) and ABTS radical

scavenging activity (B) Antioxidant activities of chaga mushroom

extract during storage.

Data are expressed as meantSD of triplicate determinations.

APMeans with different superscripts within the same storage period
are significantly different (p<0.05).

*dMeans with different superscripts within the same storage temperature
are significantly different.

Sk= o7 ALREtWang 5, 1998).

rE

F=29 AHE F HEZFZ B Wt

B 517.0] HEFREHp-glucan) & AEE FAHA T
w5 7|e A ARl g dee AR ok
A4 9] 7|5, Fitets BARA] A A1 716,
A, t, FHfolE A 9 AN RS A=ote] EIWHo] Al
£ Qajsti A 9% A3} Atk Busol glo
H(Chang 5, 2001; Mizuno 5, 1998; Nakajima 5, 2002),
AP0 e S prglucan®] ol F= F]Qlsict
(Shim &, 2003). HAl 100 g F B(1—3)D SFIt g2 &
SoHAl 43.6 g, QAHAL 15-20 g, FAIHAL 8-15 g, SolH
A 18.1 gofl EAfck= A2 E AHA Urh(Kajimura®} Suga,
2004; Mimura 5, 1997). 324%% AHHA 2R
B-glucan TFS A& A7} Fig. 33} Zo] 2.58 g/100 g
0% Ueth Kim(Q014)9] @polAls 7RIS 7%
g2 |HiE 80TOllA 12417 &35 o, B-glucan
ol 227 mygo Ui, B Amdzel wwt pe
glucan FS BTt £ A4 A% 8¢ F 7 2LofA]
B-glucan $FEFS H Wl & A}, 2z} 2.49, 2.45, 2.48, 2.36

oy

ol rf

I
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w
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Fig. 3. Changes in p-glucan content of chaga mushroom extract
during storage.

B-glucan (g/100 g) = Total glucan (g/100 g) - a-glucan (g/100 g).

Data are expressed as mean+SD of triplicate determinations.

APMeans with different superscripts within the same storage period are
significantly different (p<0.05).

**Means with different superscripts within the same storage temperature
are significantly different.

B-Glucan contents (g/100 g)
— )

=)

g/100 gO = XAl 3252 A7 |7te] & Hak= 34|
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Fig. 4. Changes in betulin content of chaga mushroom extract
during storage.

Data are expressed as mean+SD of triplicate determinations.

*AMeans with different superscripts within the same storage temperature
are significantly different.

*PMeans with different superscripts within the same storage period are
significantly different (p<0.05).
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Table 3. Microbial counts of chaga mushroom extract during storage at different temperatures

Storage period

Temperature (C)

(week)

20 25 35 45
2 ND" ND ND ND

Aerobic bacteria 4 ND ND ND ND
(CFU/mL) 6 D D D D

8 ND ND ND ND

2 ND ND ND ND

Coliforms 4 ND ND ND ND
(CFU/mL) 6 D ND ND D

8 ND ND ND ND

UND means not detected.



30 AT EAGSELSA ApsA AT 021)

Conflict of interests

The authors declare no potential conflict of interest.

ORCID

Da-Hyun Park  https://orcid.org/0000-0002-7525-6647
Yong-Jin Jeong  https://orcid.org/0000-0002-5712-2856

References

Alhazmi H. Extraction of phytochemicals betulin and
betulinic acid from the chaga mushroom and their effect
on MCF-7 Cells. MS Thesis, Lakehead University,
Canada, p 39-41 (2017)

An CS, Jin HL, Jeon YH, Bak JP, Kim JD, Yoon JH, Lim
BO. Immunoregulatory effects of water extracts of
Inonotus obliquus in carbon tetrachloride-induced liver
damage animal model. Korean J Medicinal Crop Sci, 18,
1-8 (2010)

Bhullar JS, Dhillon BS, Randhawa JS. Effect of wrappers
on the storage of kinnow mandarin. J Res Punjab Agric
Univ, 22, 663-666 (1985)

Blois MS. Antioxidant determinations by the use of a stable
free radical. Nature, 181, 1199-1200 (1958)

Chae KY, Kim JE, Park SN. Antibacterial activity of
Hippophae rhamnoides leaf extract and the stability of
a cream with the extract. Korean J Microbiol Biotechnol,
40, 43-49 (2012)

Chang HL, Chao GR, Chen CC, Mau JL. Non-volatile taste
components of Agaricus blazei, Antrodia camphorata
and Cordyceps militaris mycelia. Food Chem, 74,
203-207 (2001)

Chen QH, Fu ML, Liu J, Zhang HF, He GQ, Ruan H.
Optimization of ultrasonic-assisted extraction (UAE) of
betulin from white birch bark using response surface
methodology. Ultrason Sonochem, 16, 599-604 (2009)

Choi EY, Yu JH, An HJ. Quality properties of omija
beverage based on the storage container and storage
temperature. J Korean Soc Food Sci Nutr, 46, 1366-
1372 (2017)

Cui Y, Kim DS, Park KC. Antioxidant effect of Inonotus
obliguus. J Ethnopharmacol, 96, 79-85 (2005)

Folin O, Dennis W. On phosphotungstic-phosphomolybdic

compounds as color reagents. J Biol Chem, 12, 239-243
(1912)

Fujioka T, Kashiwada Y, Kilkuskie RE, Cosentino LM,
Ballas LM, Jiang JB, Janzen WP, Chen IS, Lee KH.
Anti-AIDS agents, 11. Betulinic acid and platanic acid
as anti-HIV principles from Syzigium claviflorum, and
the anti-HIV activity of structurally related triterpenoids.
J Nat Prod, 57, 243-247 (1994)

Gong Y, Raj KM, Luscombe CA, Gadawski I, Tam T, Chu
J, Gibson D, Carlson R, Sacks SL. The synergistic
effects of betulin with acyclovir against herpes simplex
viruses. Antiviral Reseasrch, 64, 127-130 (2004)

Holonec L, Ranga F, Crainic D, Truta A, Socaciu C.
Evaluation of betulin and betulinic acid content in birch
bark from different forestry areas of western carpathians.
Not Bot Horti Agrobo, 40, 99-105 (2012)

Jeromenok J, Bohlmann W, Antonietti M, Weber .
Intrinsically microporous polyesters from betulin-toward
renewable materials for gas separation made from birch
bark. Macromol Rapid Commun, 32, 1846-1851 (2011)

Kahlos K. Inonotus Obliquus (Chaga Fungus): In Vitro
Culture and the Production of Inotodiol, Sterols and
Other Secondary Metabolites. Medicinal and Aromatic
Plants VI, Springer, Berlin, Heidelberg, p 179-198
(1994)

Kajimura M, Suga T. Research and development of functional
food including superfine B-glucan (Lentinan). Chemical
Industry, 55, 466-475 (2004)

Kim BB, Kim MS, Hyun CK. Suppression of adiposity and
improvement of fat metabolism in high-fat diet-induced
obese mice treated with an Inonotus obliquus extract.
Kor J Pharmacogn, 47, 172-178 (2016)

Kim JC. Determination of extraction condition of bioactive
compounds from chaga mushroom (lnonotus obliguus)
by response surface methodology. MS Thesis, Seoul
National University, Korea (2014)

Kim JC, Yi HC, Lee KU, Hwang KT, Yoo GC. Optimi-
zation of the extraction of bioactive compounds from
chaga mushroom (Inonotus obliquus) by the response
surface methodology. Korean J Food Sci Technol, 47,
233-239 (2015)

Kim PR, Ko SK, Pyo MY. Effects of hot water extract of
chaga mushroom on the proliferation and cytokines
production of mouse splenocytes in vitro. Yakhak Hoeji,



Changes in quality of chaga mushroom extract during storage 31

54, 187-191 (2010)

Kim YJ. Evaluation of antioxidant activity and thermal
stability of plant polyphenols. Biomater Res, 13, 30-36
(2009)

Lee SO, Kim MJ, Kin DG, Choi HJ. Antioxidative activities
of temperature-Stepwise water extracts from Ilnonotus
obliguus. J Korean Soc Food Sci Nutr, 34, 139-147
(2005)

Liang L, Zhang Z, Wang H. Antioxidant activities of
extracts and subfractions from Inonotus obliguus. Int J
Food Sci Nutr, 60, 175-184 (2009)

Mimura T, Ohno N, Miura NN, Shimada S, Yadomae T.
Inactivation of a particle f-glucan by proteins in plasma
and serum. Biol Pharm Bull, 20, 1103-1107 (1997)

Mizuno M, Morimoto M, Minato KI, Tsuchida H. Poly-
saccharides from Agaricus blazei stimulate lymphocyte
T-cell subsets in mice. Biosci Biotechnol Biochem, 62,
434-437 (1998)

Moon BH, Lee WC. Studies on the anti-cancer activity of
chaga mushroom extract. J Korean Oriental Med, 30,
1-12 (2009)

Myung JE, Hwang IK. Functional components and anti-
oxidative activities of soybean extracts. Korea Soybean
Digest, 25, 23-29 (2008)

Nakajima A, Ishida T, Koga M, Takeuchi T, Mazda O,
Takeuchi M. Effect of hot water extract from Agaricus
blazei Murill on antibody-producing cells in mice. Int
immunopharmacol, 2, 1205-1211 (2002)

Park JH, An DS, Lee DS, Park EJ. Prediction of shelf-life

of sea tangle drink. J Korean Soc Food Sci Nutr, 43,
784-790 (2014)

Pisha E, Chai H, Lee IS, Chagwedera TE, Farnsworth NR,
Cordell GA, Beecher CWW, Fong HHS, Kinghorn AD,
Brown DM, Wani MC, Wall ME, Hieken TJ, Gupta TK,
Pezzuto JM. Discovery of betulinic acid as a selective
inhibitor of human melanoma that functions by induction
of apoptosis. Nat Med, 1, 1046-1051 (1995)

Qi Y, Zhao X, Lim YI, Park KY. Antioxidant and
anticancer effects of edible and medicinal mushrooms. J
Korean Soc Food Sci Nutr, 42, 655-662 (2013)

Shim JS, Lee BH, Kang SJ. The Substance and Application
of Chaga Mushroom. The International Agricultural
Development Institute, Seoul, Korea, p 10-35 (2003)

Song HY, Lee DJ, Lee BE. Studies on the anti-pulmonary
tuberculosis of Inonotus obliquus. J Mushrooms, 9,
190-193 (2011)

Tabata K, Ito W, Kojima T, Kawabata S, Misaki A.
Ultrasonic degradation of schizophyllan, an antitumor
polysaccharide produced by Schizophyllum commune
fries. Carbohydr Res, 89, 121-135 (1981)

Wang M, Li J, Rangarajan M, Shao Y, LaVoie EJ, Huang
TC, Ho CT. Antioxidative phenolic compounds from
sage (Salvia officinalis). J Agric Food Chem, 46, 4869-
4873 (1998)

Yamamoto T, Yamashita T, Tsubura E. Inhibition of
pulmonary metastasis of Lewis lung carcinoma by a
glucan, Schizophyllan. Invasion Metastasis, 1, 71-84
(1981)



