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Abstract Ripe fruit of Maclura tricuspidata has been traditionally used as a raw
material for the preparation of fermented foods such as wine and vinegar in
Korea. This studies were carried out to investigate changes of nutritional (soluble
solids, free sugars and free and total amino acid composition) and bioactive
constituents (phenolic compounds and parishin derivatives) during the liquid
fermentation of M. tricuspidata fruits with Armillaria mellea (honey mushroom).
The soluble solid, free sugars and free amino acids were gradually decreased
during fermentation while meaningful changes of pH and total amino acids did not
observed even after 10 day fermentation. The content of phenolic acids, particularly
chlorogenic acid and parishin derivatives were decreased while that of caffeic acid
and 4-hydroxybenzyl alcohol (4-HBA) were increased during the 10 day fermentation
period. The crude enzyme preparation from liquid culture of A mellea
biotransformed parishin A into 4-HBA via parishin B, parishin C and gastrodin
with high transformation ratio. Based on the results above, we discovered that
parishin A and its derivatives are transformed into 4-HBA via parishin B, parishin
C and gastrodin by esterase and f-glucosidase secreted by the mushroom mycelia
during fermentation.

Keywords Maclura tricuspidata fruits, Armillaria mellea, liquid fermentation, parishin

derivatives, 4-hydroxybenzyl alcohol
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WuyRylof| &sl= RRABUT[Maclura tricuspidata (Carr.) Bureau ex Lavallee=
formerly Cudrania tricuspodatal= 25 F9(S, £, 44, H4F 4 gv))E fdE
B OFg E= A§O0E o]gsto] Hrh RIZFAHolA FAFURY 2 53, HAd, 1E,
T 88 59 A= ol&Rlon, Ay} = A, 58 olkx, X8 59 &3} E= A
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A= ol o] grkChoi 5. 2013; Park 5, 1992). 1&
Qb FALEUTO] Bt AR 4wl doto] B2 AL
o gofst 135 74 prenylated xanthone #|

d EEC] FREO] e ALE YeFti(Han 5,

2009; Xin 5, 2017; Zou 5, 2005). E3}, LA EL}EO]
FEE0IY FEEOA gt JEES] AT H=-is)

o] prenylated xanthone A€ SIRIEEY - glu0051dase
Al E4(Seo 5, 2007), A EA4(Jeong 5, 2009;
Lee &, 2009), ¥&4(Fukai & 2005 Kim & 2008)
7+ ES a3Tian 5, 2005), 8% A& 7#AE3HCha
5, 2000)°] gt AFATSo] HuE T} EIE FAE

5 guf(ofsl FAE G2} LA THsA = A
5 g 259 A FY(Kang 5
I -converting enzyme(ACE)°l| tigt A& (Yount
Kim, 2012), prenylated isoflavone®2] monoamine
oxidase AFZA(Han &, 2005), FHHAEL L =27]
A @F9AQ] histamine ¥ cycloocygenase(COX)-2

24 JAla3HOh 5, 2009)° B3t AFAvSo] Hils]
o]

. 2011), angiotensin

oI},

ES, St FAE Arle AT F24E HHA &
2g ool &2 B9 ohyz, ot g dEer
e S5 F7IE AU o, A% o ThEet
o 715748 A=A ol8de SHAE = Sl AAES
AU AoHKim 5, 2019). of<k &2 FAE o] of
44 SHE FH2z off 7HA] el 4E7T A2
1 FoME 53] 4% vlgEd ot HaE 3t 54

=~

4 A SUHE 9% d4E0] go
5, 2011; Kim &, 2020; Yim &, 2015). Zo] B1%
AL AN, AR (Saccharomyces cerevisiae)®l 2|3t
A o] dFE g I Ao 3 AN AE

of A& W A54 Aot e S AYIL itk
Aol greFoH(Park 5, 2020), E;] AEA oA 2 g
T a3}t B 534S0 A AAlcks A7 Y ot
U7} gastrodigenin®|2til: —‘?—Et 4-hydroxybenzyl
alcohol(4-HBA)oItHChoi 5, 2018). 4-HBAx= A% Huf
oA FEFoE IR ZASHARE 11 9] thEE2 SFIA}
Z3st HiGAQl  gastrodin[4-(8-D-glucopyranosyloxy)

benzyl alcoholl T+ gastrodin 3%A7}F §-714HQ1 citric
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acid?} oJAHIZ AYSt parishin  Altris(4-(8-D-
glucopyranosyloxy)benzyl)citrate] @ 1 & R=A &
= EAgt= Aol #eA UtkKim 5, 2019).
4-HBA, gastrodin ¥ parishin FEASS HFAA A
atof @ol ghaEjo] oA Hute ofE| g el WHSH
do] Q= F8 A EFSot(jia 5, 2014:
Taguchi &, 1981; Tang 5, 2014). Hul= SHoA A
AR FF, AV FAH, 5], 55 5 AEA
Agke] o} A g5 FHO0F o]-§o| Fof gh=t, o|¥
o &2 F& Hnto] F-H parishin FEAISZ 119
7188 AAESQ gastrodind} 4-HBAC] 7]0sHcHChen
3} Sheen, 2011; Jang 5, 2015). ©]2{3t parishin %
Ae2 A, 88, AN 22 nj3E] o3t dast
oA &olstA 7hpEafE o] o2 2 &Rl 4-HBAS 44
SHHKim, 2021; Song 5, 2017).

S, GRERO] &k HAldoly WAl 22t
BAEE A 249 AEHS| A o] &EH K Bentil
5. 2021; Olicon-Hernandez 5, 2017). o]} & ¥4l
=2 AE gAY HeitEsS 7, At 2
AW 5= Qe YT BAFE BHH(Buswell
, 2011; Kulikova &, 2014; Singh
& Singh, 2014). &3] Ui HAFS E/o] T
esterasesfl’r glycoside hydrolasee& &1|3tKBragaloni
1997; Ertunga %, 2014). WebA B o= L4
dufje] o8 THE HHE FAE s FuF #Al
02 AMALRE AZ|HA YRIPFA LRHIECHEA

P, FE9, oblicAh) 9 Ay AdEE(polyphenols,
parishin =49 HelE RAEA} st9ith §3] 29
HAE dufolli= EAE Wl ol 22224 4-HBAE
ot B9 parishin FEAEC] TR7F Hol AUe
Aoz v F7] 7o), aIHNA parishin FEAE
o] 4-HBAR A& & +Y5tA it

Kulikova &

F:IJ OPH& Ol

lzl

2. Mz % diH

21 M2
2 ASoA ARSH RAE dofj= 2018E 10Y€ AE
A Gol| A AQufigt AS FUsk] ARSI AlEE O]
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248 EFEEOoT AT YR(glucose, fructose,
maltose, sucrose), phenolic acid ¥ flavonoid®
(gallic acid, protocatechuic acid, chlorogenic acid,
caffeic acid, isovanillic acid, p-coumaric acid,
ferulic acid, frans-coumaric acid, trans-cinnamic
acid, quecertin, kaempferol), 4-HBA ¥ Rhizopus
oryzae esterasex Sigma-AldrichAKSt. Louis, MO,
USA) AlES Y5t AREsFH Tt Gastrodin} parishin
XA (parishin A, B, C ¥ E):= Chengdu Biopurify
Phytochemicals Ltd(Chengdu, Sichuan, China)ollA]
TFdste] ARgSHGITE oprlieAt #EE EFE(physiological
fluids standard mixture)2 Sykam GmbH (Eresing,
Germany)AollAl _Jsto] ARESHRITE. HPLCE -BviEA]
deionized water, acetonitrile, ethanol(FEtOH), methanol
(MeOH)2 J. T. BakerA{Avantor Performance Materials,
LLC, Radnor, PA, USA) A&& AFESIS A, 7]EF AR
E+& Daihan Scientific Co., Ltd.(Wonju, Kangwon,

Korea)oll Al Fdstof ARSIt

2.3. L7 HAI70f 95t PAE ZOfS =z

TAE Qo Fa s 9 BUF WA S o2 &
o FH[sl3itt. &, n|¥] G3FAIX] Mo A|(11 °Brix) °F
400 mLE 2 L 859 A7 Se4A30] 9, FdujA|of
A DA FRE BT WA SH(Armellaria mellea)yS 78
T T3 25-26CoA 1097t A gsto] HA| S+
FHoLI) olojA] Yast A FAE FuiE A4 df
AR AE(L kgl & 3 LE 7Ioka, 7188 21A1(Shinil
Industrial Co., Ltd. Cheonan, Chungnam, Korea)Z
3027F upHigt A& 200 mLAZ 500 mL &9 47 &
ghAado] Y E(121T, 208)5H9c). Batdt AEE A
207 Jztstal, njE] FH|SE AAEY S-S AR o
SiA 22 5%8 JETE tha, A=2ollA 1097t B gstHEA
29 7tA0 g ARE AQFsHHH. AF Aee 524

il

BN

210

et o, -20ToA EHstEA ofF Aol Ags

2.4 ZLIZ HA7 HYYoJA Xato 22

o]g] FkA1Z] WohfA](11 °Brix) F 400 mLE 2 L &
FY] A7 EEAAY] Wi FUEHA S JET o
25-26TCONA 1097t XBuidsialct. BigHS AL =
F= 2ookA] 9L 788 YA =R 3027t nHRE v 94
(12,000 xg, 2085ttt o]ojA] 45 W2 Upadhyaya
5(2015)9] "ol wabA 30-80% W2 ammonium
T, 2AF 458910 mM,
pH 7)& HoZ slo] 24A7F BAAZ] T2 GAHE
(12,000 xg, 2083ttt A5t Foto FAAXL
0% -70C 9] Yo EstAA Ao ARgstiot.

i
<k
_l

sulfate FA R3S &

5 2

52 Axs 47k waxs 4 1 g7 60% EtOH 10
mLE cornical tube(15 mL)o] €1 2087 231} A&
et th AAEE St AW 355l olojA] Rk
U3 R 23] H FE5t0] ojRl e HE Aot
AWs=3t the, S5 10 mLol €314171 & membrane
ilter(0.45 pm)& ojItsto] EAof AgSHYITh FEld =
/g HPLCE ©o]&-sto] #45t3ith. HPLC 7]7]= Waters
AHWaters Corp., Milford, MA, USA) HPLC system
(510 pump, 717 plus autosampler, 410 differential
refractometer, column heater module)2 AME-3IE L,
ZHYL2 Supelcosil LC-NH,(250 mmx4.6 mm, 5 #m)
£ ARESHYITE o] BAL acetonitrileiwater(80:20, v/v)
3t S ARESY] isocratic modeZE HAJ5IT £4 &
= 40T, flow rate 0.8 mL/min, YT 20 uL2 5t
o g S 2252 34 9(10-1,000 pg/ml)oz
25t dgAe ol-&sto] Hsioith

2.6, OfOlicp ZA& 2A

79 opAR: 52 AxT EUAE 1 goll 80%
EtOH 20 mL= 7}5}a 3087 283} 2] & YAEas)
of 4B FSAT. o] 22 33] ukEslel Polxl 4
e Fatol 45T ofetolH APeET The ofolAlg:
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dilution buffer(pH 2.2) 5.0 mLel| -83A]7|1L, membrane
filter(0.45 pm)= o2} & ojm|icil £AE A|R=E S}9]
th. ZFotu|Ake A2 1 g7 6 N HCl €9 10 mLE "pA
F2 Aol Fota, 452 AAR AFAIZ] o 110T
oA 24A17F Bt ZHEefstit). TR A
e g 550 oA AR FRFE VIl AYsE
o= g2 23] ¥HESto] HCIE AT o 559 &
A= otu| 1 ARE- dilution buffer(pH 2.2) 10 mLof| &3
Al713L, ofit & FAo] ARGSEGIT). ofn|lAl #A47]=
SykamAHGewerbering, Germany, S7130 amino acid
reagent organizer, S5200 sample injector2} S2100
solvent delivery systeme ARES} oW, ZHL2 cation
separation column LCA K06/NAQ250 mmx 4.6 mm)E
AHgste] EA5HIEE o] 5 §4-2 0.45 ml/min,
ninhydrine 0.4 mL/min® & s}o] EA5}¥ct. ofa]i
Ab SRS SykamANGewerbering, Germany)ollAl +%
3t opm| At BEE EFA(100 pg/mLyE SLURZANA
BEA43 th2 ZF peak areaE 7|F0F AFAA 27
ARgste] sttt

F

o

2.7. Phenolic acids % flavonoids 241

AZAR 1.0 g& F3 ok 70% MeOH 489 10 mL
7¥star, Aol A 3087t a0t 25t & 4Rt
o] JSHS Folqitt. o] 2% Q HHEslo] Aofzl s
< &dto] 45T ofstoll A ATt v, 70% MeOH
o 5 mLof &3fA]7| L, membrane filter(0.45 pm)
2 dilst & B8 Ag2 ARSI Phenolic acideb
flavonoid 242 HPLCE Ar&sto] E4513itt. HPLC
7171 Waters 2690 saparation module®} 996
photodiode array detector(PDA)E AR&5Fth 22
AgilentAH(Agilent Technologies, Santa Clara, CA,
USA)9] Eclipse XDB Cig RS(250 mmx4.6 mm ID, 5
um)?} Cig guard column(20 mmx4.6 mm, 5 pm)
ARgSIAT AE E2]= gradient modeZ 31 0H, o]F

A A+ 0.1% formic acidE &-5k= 10% acetonitrile

i

)
:ﬁ

|, o]s4 BE 0.1% formic acidg& o= 90%
acetonitrile 8% AF&5lo] BA51IcH BEAL AReo|

A AABER o, 930 1.0 mL/min, FYFL 20 L,

https://www.ekosfop.or.kr

A7) P2 280 nmZE EA ST &MY iR dE
5 min 100/A 0/B, 10 min 83/A 17/B, 30 min 80/A
20/B, 35 min 100/A 0/B, 45 min 100/A 0/BZ 3}
o}, AJE9] HEFS phenolic acid ¥ flavonoid #5E &
F=9] 34 H(2.5-500 pg/mL)= Ar&sto] A/t A
g ARESto] sttt
2.8. Parishin 2Zx 24

ARY & A HPLC ¥ #AHe
flavonoid® #42 fsto] ARERE 243 FUsH 51l
o} o542 0.1% formic acidg FHok=
water(A)2} 0.1% formic acidE® &55t= MeOHI(B)<
ALgStTt ol 54+ FHiRAS 0E 85/A 15/B, 5&
85/A 15/B, 204 45/A 55/B, 35 85/A 15/B, 45%
85/A 15/B= 3l9ioH, HZ7]|(PDA) 14'7(]'—— 220 nm=
sttt e Hg parlshm HFE 320 54N
(5.0-1,000 pg/mL)y AH&ste] A/det 29 /ﬂ% A&
of st

phenolic acid ¥

deionized

2.9 ELIZ HAM HIFU Z2|&A0 /5 parishin A 25

Parishin A &% 5.0 mge &AM &2890.1 M,
pH 4.8) 10 mLef &84T th, v dARoIA &2
5.0 mgS Aok, FEXGVI(37TC, 24
HFSAIZIHA F718 08 Aas iﬂﬁqa‘ﬂﬂr. 2k
et BFSHLZ Hl5 FE20A 1087 7HEe v, AU
% % 70% MeOHe] -&3A1# HPLCE #AIsHth. E3,
QRIEA SUst 249 BrSNo|| Rhizopus oryzae
esterase(20 U)E A7FeE o 59T 202 HH-EA|A
4ES HPLCE 2459t

o]—Z_Q_

210, Ex=y
7t AL 33] RHESte] A2 AiE i+ HEHAR
UERH AT, Eot, AolM dolxd 23} g2 Statistical

Package for the Social Sciences(SPSS, IBM 20, NYC,
USA) Z279L o0]835to] Duncan =¥ AAH
(Duncan’s multiple range test) 2.2 p{0.05Z 23
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Ao,

3.z ¥ 1%

3.1. pH & 152 5%

ARG Grf| wpafoio] Bubg MAHdS HE T Ian
oA pH 9 TFE gF HS =
1] Yepilet. I8 Z7|9l= pH 5.1+0.10] o4 &
A ¥ 10¥°] Aot doll= pH 4.8+0.124 F3H3
pH W3l HolA] ghgton Fui MAldE HEsHA &
I FYS 27o = 1097 #idE W] pHE 5.1+0.1
EA 98 27] pHet FYSHA B3 7HA B E ¢
F(OBrix)2 W8 27] 4.240.1°04 &a 109 Fo&=
2.5+0.12A4 9F 40%7t Zastgon, JA WAl F3S
HEoHA] Gl FY 270A 10Y¥ A 1P E T2
4.0£0. 1_@1 H@A]ﬂ 9] 1—&15_ ¥yt SRkt

o)

2, g}lﬂrmﬂ/ﬂ JELZl H°ﬂ 2 el
drg bAoA U BA 242 93t JYYo R ol
202 wEc

TAE o FolA Fed Table 1014 H Hie} 2
o] & glucose®} fructose’} F2 AEE N OH, o3t
2= Jung 5(2013)°] #AE FujoAs FHToR
glucose®} fructose¥t AEE Uty Bk Aukel XA
sttt Glucose®} fructose= ¥Ha 249 o]% 97t &71&
Hel o, 11 o|%+= &a7|zto] ZAapgto] wet 4ty
AlZoto] ¥Fg 10¢o] FAolFS W fructose
& Aoj vlsto] F 21%7}F A4S, glucose

O
10 pE N

ok oot
[e)
o rfo

Q.

31%7F #Aokeley. TRAIR & 290 Azt Al oflA
glucose®} fructose $HFo] Z713t o]0 vra 7l P
of wat MA} Aasks AL, R 2710 FAE EHf SO
e AR 22 tER7 FEYeE TeEdld v,
FeEol BUE HAHY B5Z AT FYLLE olgH
7] 2o & waErh B3 FUE HATES JEoHA &

ket

3.2. 72 & Z0f/zi =Y
pELE EEERR I EEY REEER

st

a7
+ Table 29} 2t} &a71 APH7] Al 219 2
T g 39 /2 opkAb FEEE 2,635.3+40.5
mg/100 go]aL, Ta AlZ & 4YUo] Aust fj7ix] = 2
WIS Ho|x] gtirt 11 o] SR E F43] #44sto] 109
o] AIet Foll= 1,143.6£40.6 mg/100 g2 iR+
tfH] 9F 40% 02 7HAastYth o]Hst AT BAE
o] BEF712F #o] S ACE WHH HAY B
e o2 rdEL VAR FE7](lag phase), W
+%2]7|(exponetial phase), JA|7|(stationary phase)
AP87](death phase)2 8T 71 led], |21
AlZ7F Mz wiAlel A S48k o Btk RNA, a4
7 2EAES "3%}"35}71 A5t FHHAZH NE= A
AA T EEE dojutA] b=tk ¥ ti52]719 o

7 = ME7F Ho] $e2 EstHA = gAEE
o] &llstA Uoldth(Vrabl 5, 2019). TatA FZ7]0]
Sfgst= 49 olHolx= & O}D]iﬂ S W dof

A

o]

[

D= [

H

Table 1. Changes in pH, soluble solid and free sugar during liquid fermentation of M. tricuspidata fruits with A. mellea

Fermentation time (day)

0 2 4 6 8 10 10"
pH 5.110.1° 5.1£0.1°¢ 4.910.1° 4.610.1° 4.7:0.1° 4.810.1° 5.1£0.1°
*Brix 4.240.1° 4.140.1° 4.040.1° 3.5¢0.1° 3.10.1° 2.540.1° 4.0£0.1°
Fructose 89.245.1° 117.7:411.2° 108.448.1° 96.16.5° 94.35.7° 70.1+4.6° 98.647.3°
Glucose 105.246.3° 113.9+10.8° 102.149.9° 98.143.6° 84.244.7° 73.145.5° 116.5¢3.2°

The values were expressed as mg/g and meantSD (n=3). Different superscripts in the same row indicate significant differences (p{0.05) by Duncan’s

multiple range test.
UFermentation for 10 day without inoculum of liquid spawn.
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Table 2. Changes in free amino acid content during liquid fermentation of M. tricuspidata fruits with A. mellea

Amino acid Fermentation time (day)

0 2 4 6 8 10 10"
Aspartic acid 104.3+5.1" 77.0£3.0° 63.3£3.5¢ 7.3822.0° 21.32.3° 13.3+2.5° 103.6+4.0'
Serine 236.3¢2 234,643 5° 249,046 5° 31.6£3.5° 40.3t35° 48.0+2.6° 238.3+4.5°
Asparagine 303.0+4.3° 278.0£4.0° 298.6£3.5° 205.3+2.5° 127.3£3.7° 134,643 5° 303.0£3.0°
Glutamic acid 205.6+2.0° 190.0£3.0¢ 188.6¢3.2° 148.0£2.0° 137.614.5° 154.0%4.0° 207+3.6°
Glycine 69.6+2.5¢ 71.0£3.6° 59.6+2.5° 62.6£2.5° 31.0£2.6° 51.0£3.6° 72.3+4.9°
Alanine 20.313.2% 23.3t3 5° 19.6%1.5% 11.3¢1.5° 18.6£1.5° 22.612.5% 19.31.5%
Citrulline 403.63.2° 450.0£5.0° 478.02.6° 433.3t5.6° 501.613.2° 512.046.2° 397.0£2.6°
Valine 30.3£2.5° 38.0£2.0° 40.643.0° 13.041.0° 16.3+1 5° 16.641.5° 27.3£2.0°
Cystine 13.0£1.0% 14.0£1.0° 15.642.0% 17.6£1.5° 4.6£2.0° 10.3£2.5° 15.3#3.5%
Methionine 7.6t1.5% 6.6+1.5™ 5.3t0.5%° 6.6£2.0 5.0£1.0 3.3t0.5° 9.3+1.5°
Isoleucine 55.3¢1.5° 66.6:2.0° 66.614.1° 15.0£2.0° 22.0£2.0° 25.312 5° 50.6£2.0°
Leucine 60.0+2.0° 70.3%1.5° 74.3%1.5° 5.30.5° 15.0£2.6° 14.3t3.0° 51.3t4.1°
Tyrosine 25.3+1.5¢ 28.3+1.5% 31.6£1.5° 9.0+1.0° 14.3£3.2° 16.0£2.6° 23.0£1.0°
Phenylalanine 47.041.0° 60.0£2.0 62.612.5 8.0+1.0° 14.640.5° 20.6£2.0° 4232 5°
7-Aminobutyric acid ~ 906.6£3.2° 870.643.0° 601.3t1.5° 462.32.0° 110.3+1.5° 94,643 5° 878.3t1.5
Lysine 42.3+2.0% 49.0£1.0° 45.0£1.0° 8.60.5° 20.3+1.5° 21.0£1.7° 40.6£2.0°
Arginine 104.6£1.5' 102.0£1.0" 89.041.0° 56.6+1.5° 43.0£3.0° 26.3t1.5° 99.0+1.0°
Total 26353405 26206+42.3° 2,389.3+42.4° 1502.0£33.2° 1,143.6#40.6° 1,184.3t46.7°  2,578.0#45.7°

The values were expressed as mg/100 g and meantSD (n=3). Different superscripts in the same row indicate significant differences (p¢0.05) by

Duncan’s multiple range test.
YFermentation for 10 day without inoculum of liquid spawn.

U gk v, o
2% YAEET

ol S7Fs]

54719 sigot= 4-109 Atololl=
A 541 fiste] ofr]ieAl 4nH]
Aoz wHEY Yangdt Zhang
(2009)2 FAHAFLE F(soymilk)E TAAZE 1
ZFotu| Ak $HF2 dhg Aol= 7.51 mg/mLelAoH, 96
A7 g $ofl= 4.71 mg/mLE ZASHAth HskY
o E3h A REjobr| Al SRFE 48AIZHA|= g
7L QIAIEE 96AIZE TR Sofl= RS {2 ot
Ato] Zrastglor, ol=gt FAHAA FAHAS] A
I AE st fE ofW|iARS o]&5t] wEolH,
2 opriih HAFY A2 At 22 FIEolH
(Chang &, 2006; Yand®} Zhang, 2009). 78 #2] of
o)A S HubA o2 7hAsHE A3RS HAAN, 1%

A
=<

]:1 __l_‘_‘
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A= 53] FHLo & Eol
asparagine, y-aminobutyric acid ¥ arginine 59 &
Adl= Zo] 2 HH, citrulline2 235]8 ¥ar|7to] At
Shof| wet o] ek A2 EAth Citrullinedt
arginine2 AY3FeH4] tjAre] ToA] Y-S B0l Q=
4], NADPHO] &2 vr2 nitric oxide(NO) synthase
o 2519 arginine ®A7} AHAEAR} HEgSt] NOE
A L citrullinel. 2 WIIEE= Ao 2 Ad#HA 917
j&Zof AaTANA argininel] YHE7}F citrullineC. &
HIE S 7HAE At Morris, 2004).

S, Fofu|icAt 24 WSS RA%E Ak Table 33
2t Foticil £2ALE 78 oAt HUE A

HEd, FHOZE arginine, y-aminobutyric acid

AZ=H aspartic acid, serine,
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Table 3. Changes in total amino acid content during liquid fermentation of M, tricuspidata fruits with A. mellea

Amino acid Fermentation time (day)

0 2 4 6 8 10 10"
Aspartic acid 765.1£10.1° 817.045.5 889.645.7° 647.048.5° 621.045.2° 633.6+11.0° 698.6+1.19
Threonine 200.145.2° 215.646.0° 241.041.7° 263.6+1.1° 3116£17.6°  306.3+6.5° 216.62.3°
Serine 313.3t12.5° 330.048.0° 367.31.1° 303.3t3.5° 332.6:2.3° 329.0¢6.5° 341.0:8.7°
Glutamic acid 959.3t4.12 1,0403124.1°  1047.316.6°  1,146.6£21.7° 1,058.6#41.6° 1,115.6+13.6° 959.0+7.8°
Proline 113.643.1° 124.0£3.4° 138.3t5.7° 122.6£9.2° 97.341.1% 91.312.3° 104.33.1°
Glycine 217.1455° 2533+125°  268.6+2.3° 274.046.9° 304.046.9° 303.646.3° 240.046.0°
Alanine 231.145.2° 249348.1° 272.3+4.0° 294,642 8° 313.0£9.4° 309.3+9.3° 237.6+4.0°
Valine 186.145.2° 193+7.2° 211.3£2.3° 209.640.5° 215.644.0° 236.646.3° 192.644.0°
Cystine 7.611.5° 8.6£0.5° 14.6£0.5° 8.3t0.5° 31.0¢1.7° 8.3t0.5° 7.6£0.5°
Methionine 8.311.5° 23.0£2.0° 52.311.1° 61.62.8° 54.3+2.3° 54.0+1.7° 8.4+1.3
Isoleucine 327.6£14.17  358.66.0° 384.3t22.3°  372.08151° 4603140  4183%12.8°  3583#12.8°
Leucine 360.6+16.1°  384.0+13.6°  421.0831.7°  416.3t157°  470.6£24.0°  461.0£15.1¢  389.3#21.1°
Tyrosine 73.612.3° 84.3t1.1° 91.6£2.8° 91.612.8° 121.3£2.3° 103.6£2.3° 82.01.7°
Phenylalanine 271.3¢15° 207.0£135%9  325.0+134°  301.3+12.3¢  2816+163°  3286#12.3°  291.3+12.8°
y-Aminobutyric acid ~ 461.1#14.1¢  476.3t2.8° 465.30.5° 40.34.0° 115.64184°  62.6t4.6° 427.34.6°
Carnosine 53.312.5° 63.0£2.6° 61.312.3° 61.612.8° 43.642.3° 44,0417 76.0£1.7°
Ornithine 34.642.8° 16.0£2.0° 14.3£1.1° 25.0£3.4° 22.3t1.1° 37.041.7° 7.6£0.5°
Lysine 388.1+10.17  423.6#4.7° 483.646.3° 515.644° 568.6+2.3° 582.3+4.6' 417.3+4.6°
Arginine 618.116.2° 658.646.6° 751.6:2.8' 722.310.8° 681.0£3.4° 671.645.7° 633.048.6°
Total 5,598.6+104.1° 6,024.06110.9° 6,501.3t55.1°  5.878.0:98.4° 6,104.6:131.0° 6,097.3t88.5°  5,926.3+60.9°

The values were expressed as mg/100 g and meanSD (n=3). Different superscripts in the same row indicate significant differences (p¢0.05) by

Duncan’s multiple range test.
UFermentation for 10 day without inoculum of liquid spawn.

(GABA), glutamic acid, aspartic aid, leucine,
isoleucine, lysine &°] o] HE&FHUth IFoA
GABA+= Za7} X3Ho] wet 34 FAPAT, serine,

glutamic acid, glycine, alanine, isoleucine, leucine,
phenylalanine ¥ lysine 32 $7lol= A Yo
™, amino acidg? FH2 LRI} XPFol wzt 2Rt S
ol AL BT oleig AR wast Ao o
o 718 2 o RS 5 ol 92g
A0S AHEI, HEF\o| BALS B:

A WA S71, B4 2APIoNE 74
238 ol dk AoR I

} 15:’&0]
W1 [4113:01], 137
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ZF 27l e iO}Ul Ak Qo] Sk AL 2
A A0 S5 Tdo] 4 AsRaiabol fe) of
mAbo g Wy Ao wehEr

3.3. Phenolic acids 2 flavonoids Hisf
BUE HAF o R HAE dujE TRA7= oA
phenolic acid ¥ flavonoid ZAHSFE HPLCZ HEA35H
A= Table 49 2tk JuF HAdS ASSHA 2oL
Y 2700A 1097 viFeE AlEolAE HRF(0Y)
H] 7§ phenolic acid ¥ flavonoid?] ¥=F2 F31 H
3= Ho|A] gttt ¥k, BuR HAldZ HET A
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Table 4. Changes in the composition of phenolic compounds during liquid fermentation of M. tricuspidata fruits with A. mellea

Compounds Fermentation time (day)

0 2 4 6 8 10 10"
Protocatechuic acid 414341937 3084#209°  3055+123°  312.64143°  321.0£124°  2049+132°  416.0¢12.1°
-Hydroxybenzoic acid 18.4+1.2° 79.543.3° 78.613.4° 53.742.3¢ 4041.2° 23.843.2° 18.5¢1.2°
Chlorogenic acid 1,165.1422.3°  281.4+11.1°  179.7#132°  172.7+%° 164£9.3° 15748.1° 1,147.4419.8°
Caffeic acid 25.240.2° 55.9+0.9° 86+0.8° 84.610.7° 86.5+0.6° 74.810.5° 25.30.4°
Quercetin 49.110.2° 49.8:0.3° 75:0.4° 55.50.7° 47.6:0.8° 38.810.4° 50.5:0.3°
Total 1,673.1421.9°  7757¢15.1°  721.6+143°  676.4+134°  656.5+154°  587.7+12.3°  1,653.5+19.5°

The values were expressed as ug/g and meantSD (n=3). Different superscripts in the same row indicate significant differences (p¢0.05) by Duncan’s

multiple range test.

DFermentation for 10 day without inoculum of liquid spawn.

oA Fa7|ZIol Hakgel wek, FAHOE gol FH

rﬂ

chlorogenic acid &2 &a A2 Aol 1,165.1+£22.3
pg/gelRoH, TR 109 Foll= 157+8.1 pg/gl & oF
87%7F ZA5F¥ oM, protocathuic acide ZAsH ¥HA
o, caffeic acid ¥ p-hydroxybenzoic acid:= 25|
S7Fotoitt. ST Bl 2%t HAE 7t Hashe
BUFHA A7 2
2ol aaet #Rol S
acid= quinic acid®}

59t chlorogenic acid?®] #4E=
H|3}= chlorogenic acid 78
Aog wWotHEth Chlorogenic

caffeic acid”} ester %St AE0]1 chlorogenic acid
= 3 849 chlorogenic acid hydrolase(CAH) E+

chlorogenic acid esterase®l| 2J3 7}&
Cocoletzi-Flores 5(2020)2 A3 A XA oA

wolE “:}.

BN AEEE BEE S99l Aspergillus niger® H*_&
ANAS o, Bxo &34 chlorogenic acid?} caffeic
acid® &olsHA FEHEE, ol= Asp. nigerolA 4]
E= CAHY 28] 7|Qgtal E16kgly, Wang &

(2020)2 A5 X (Saccharomyces cerevisiae)Z W

AAFHE 1, chlorogenic acide 930z #4sty

caffeic acide £716I¥ &4, o]+

o] Zgo 719lgtn B s

W7 BH]EH= CAH
T3 E A3Ax

— =2ua

ol A

T Ha A A caffeic acid®] F7F ZET} chlorogenic

acid®] #4 Zo] =g olg3st d42 chlorogenic

acid®7t ok}, chlorogenic acid’} 78

2ax]o] A4

% caffeic acid®] YE7} BUEWA FAR7F Bu|sk=

https://www.ekosfop.or.kr

polyphenol oxidaseol &Jsf 4tol=|o] Attt Ao = &
dEoh AAE FUE HAS TRt @Rl 840l
J5tH A 712 EolAo] WL polyphenol oxadaseS©]
gtom Ao Hiro] QtiMartinkova 5, 2016).

3.4. Parishin SZ#/S Hisf

F|Zof| #AE Il 949 parishin =4 ¥ 1
9] o}=Z7El 4-HBAZ} &-REo] Utt= Ao| FEE o]
o] FESZ TAE g9 gt T B
o] itk o] B1H Ht }Ith(Choi &, 2018; Choi &,
2020). FUF WAl Aol RAE dujrt YaEE 5
o} parishin $%4 @ 4-HBA H3}E Table 50| UeH)
Aot Fa7|7to] Ago] wet parishin A, B, C ¥
parishin® 7Fe&38] 7 AP EQ gastrodine 74AsH
+ B 4-HBA+= S7Fstglon, £9] ¥a 8Y At ¥
ANHEE F7t Zo] IA YERgT) Gastrodine 4-HBAO]
SEIA 122} HElg o7 AgtE vigAe| 1, parishin
BrA= G714 citric acido]l 1-37H9) gastrodin©]
ester 293t 2RFEE0|t. webs LRI O)A parishin
FEA S FAchs B, 4-HBAS] o] S7tst= &
& U HAlato] SAskE IHollA 2H]H esterase
9} B-glucosidased] &g 98| parishin FEAIE°]
gastroding #AA 4-HBAR 7lrEdE7] 2oz moh
Eo}. E3} parishin X249} gatrodin®] ZA%S 2
Hsto] 4-HBAE 71 H2 A4 g2 HolAd=d], of2§t
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Table 5. Changes in the composition of parishin compounds during liquid fermentation of M. tricuspidata fruits with A. mellea

Compounds Fermentation time (day)
0 2 4 6 8 10 10"

Gastrodin 3,762.4+40.6°  3500.6£30.2°  3502.0£223°  3441.3t23.3°  25867¢11.2°  1,658.7:244°  3,461.4%44.0°
4-HBA? 135.241.2° 151.141.3° 147.141.0° 215.741.3° 460.946.2° 449 043.0° 131.243.1°
Parishin E 475.243.2° 395.316.3° 419.36.2° 443.2+7.1° 403.3+5.6° 427 2+4.7° 456.2+2.2°
Parishin B 1,243.7¢11.1¢  1,227.840.8° 1,161.8£7.7° 1,037.7+7.8° 94015.6° 676.06.6° 1,283.7+10.1°
Parishin C 704.145.5° 655.243.4° 508.742.2° 69.0+1.2° 65.741.0° 56.00.7° 724144 5°
Parishin A 799.7+4.5° 810.5+4.3° 721.6£2.3° 713.5¢4.3° 622+2.1° 484.7+2.1° 810.7+3.2°
Total 71206192.3°  6,749.7t52.3°  6,460.8¢514°  5920.7£323°  50788t30.3°  3,751.8+11.1°  7,006.6+98.9°

The values were expressed as ug/g and meantSD (n=3). Different superscripts in the same row indicate significant differences (p{0.05).

UFermentation for 10 day without inoculum of liquid spawn.
24-hydroxybenzyl alcohol.

0] 9 4-HBAE 9A] HiEA S{IER YRt BmuA
A7} B8]5H= polyphenol oxidase©] 9J3] Atsle]of
0E deer Aengd Jow g

3.5. Xa0f O[3t parishinS| YEH 2t
B Ao 9t g B9t FAE drfol] ERH
parishin GEAEC] AAR gastroding 7-7-519] 4-HBA
AEASE=AE gRlst] fIste], EEF parishin A
& 6J.'-n- ob= HhSHof| A|HER] Rhizopus oryzae esterase
= BUE A FAAOIA B2t 2a s EU(30-80%
ammonium sulfate )& F7}st 3, 24A|17F BRS-A]A
HPLCZ EA43t Z3+= Fig. 13 2t} R oryzae esterase
2 9AIFS o, gastrodin 38Rt ester 2F9 Q=
parishin A7} 12802 71pR3)Eo] gastrodin 284}
7} A3t FEIQl parishin B T+ parishin CZ 7153
H o2 FE£F 02 gastrodin®] JAEACY, gastrodin
o] p-HiFA Aol 7hEdlE o] BAE= aglycone?!
4-HBAE A=A &AdtHFig. 1(0). ol 2= R
oryzae esterasex= oM FGAH ©d G424 4-
glucosidase 42 AoE ofAX. W
parishin AE $F5h= SHSHo| FLFH AL s gHo A
% 284E J7F F WRAIFE dole 71EE ARSSE
parishin A9 HjFE-2 7tEof=]o] AAE ¥HH, peak
29 4-HBA7} 37 £7101% AL, parishin A7} 4-HBAZ
ABEASE] = oA FEZER] parishin B, parishin

o-]L_
HA
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Fig. 1. Comparison of hydrolysis of parishin A with Rhizopus
oryzae esterase and crude enzyme preparation from A. mellea
mycelia. A, standard mixture of parishin derivatives; B, parishin
A standard; C, hydrolysate of parishin A by Rhizopus oryzae
esterase; D, hydrolysate of parishin A by crude enzyme
preparation from A. mellea mycelia for 24 h. 1, gastrodin; 2,
4-HBA; 3, parishin E: 4, parishin B; 5, paroshin C: 6, parishin A.

C ol99= gastrodin®] HEEHAKFig. 1(C)).

E3H panshm AE ot FREHo] BUE A b
FAo A B2t 2EAE F7F T WGAIKE Ao &

parishin A9] E3f %V\ < Fig. 20 YeFfglet. Fig. 2(0)
£ 2 Y8AIZ A Ho|A parishin A YF30] parishin
B, parishin C E+ gastrodin®2 W= 1, o] 9]
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Fig. 2. Time course of hydrolysis of parishin A with crude
enzyme preparation from mellea mycelia. A, standard mixture
of parishin derivatives; B, parishin A standard; C, hydrolysate
of parishin A by crude enzyme preparation from A. mellea
mycelia for 4 h; D, 8 h; E, 24 h. 1, gastrodin; 2, 4-HBA: 3,
parishin E; 4, parishin B; 5, paroshin C; 6, parishin A.

AR 7} 4-HBAR AFEHEEE I} Gastrodin®] Hsk= &
Apo|7k YA =t, o]2|et o]f+= esterase®t HAOA
Y734l B-glucosidaseo] o5l BHIZA £ 2= Wk
g} 24A7HFig. 2(B) Foll= parishin A, B, C 4

gastrodin®] tj¥o] 4-HBAZ HZF= Ut o]t A}
X parishin A 9 1_4 FEAE0] Fig. 33 &2 ARE
AA 4-HBAR AEHTHT}= AL YEUFI itk &

gk o]t A= JFX]%— S BT AT SR URA|
71A A FAHA7E A5k 3ol A parishin A, B T
= parishin C9 ester 23S E3A)1Z 5= U= esterase
ol9lo= B-HiFA|Ql gastrodin®] B-glucoside A¥S

7heEfote] 4-HBAS AT 4= U+ B-glucosidases
285k AL UeEha it A4E 4-HBA= E95 N
A, FERE, AP 5 A4 S:AFA 0 384U =&
THKim &, 2007; Kim &, 2012; Lim % 2007; Zhu &
2018) o]0l FZol= vt #H
AAote] A = THHOE |
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Fig. 3. Hydrolysis pathway of parishin A by Rhizopus oryzae
esterase and crude enzyme preparation from A mellea mycelia.
A, Rhizopus oryzae esterase; B, crude enzyme from A. mellea
mycelia.

Aoz HIEo] It Choi &, 2018).
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of, BUEHA wjFdoA gt 284 U Rhizopus
oryzaedl| A 5= esteraseS parishin A%} WHSA|1
A3}, parishin AR BURHAlHo] EH|SH= esterase?)
Z+-8-0]| 9J3) parishin B} parishin CE 7|4 gastrodin
o2 HEH thS, p-uEAIY gastrodine GA] BEH
Aol HH|sk= B-glucosidaseo| 25 7hpEE o]
4-HBAZR AEHIE = A0z FHEAct £35] 4-HBA
= QA A4 A 0 2] BIE F= AOE HHA
< Bk opyg}, vinta #AHY aAE0] A 1y}

= A0F HiEo] QlojA, FuF WAl o5t

|

;'Er
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B A% Erj9] 75433 o840 gt 7 A7 &
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