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Abstract

This study investigated the major components of the citrus press cake
(CPC) and their changes resulting from cultivation of mushroom mycelia
using CPC as substrates. Such mushrooms as Pycnoporus coccineus
(PC), Lentinus edodes (LE), Pleurotus eryngii (PE), Hericium
coralloides (HC), Panellus serotinus (PS) and Ganoderma lucidum (GL)
were cultivated. Also, inhibition of acetylcholine esterase (ACE),
pesticide residues and solvent—extracted volatile components from the
dried powder prepared from Citrus unshiu product such as prematured
Citrus unshiu (PCU), matured Citrus unshiu (MCU), Citrus unshiu peel
(CUP), CPC, and the mushroom mycelia such as Pycnoporus coccineus
(PC), Lentinus edodes (LE), Pleurotus eryngii (PE), Hericium
coralloides (HC), Panellus serotinus (PS) and Ganoderma Iucidum (GL),
all cultivated using CPC, were examined. The crude ash contents of the
mushroom mycelia increased more than those of CPC but total acid,
reducing sugar, crude protein and crude fat were similar to or less than
those of CPC. The organic acid contents of the mushroom mycelia were
similar to or less than those of CPC but the organic acid contents of the
PE mycelium increased 2.7 times or more than those of CPC because of
increases in malic acid and citric acid. The fructose content of the
mushroom mycelia showed a tendency to increase but that of PE
mycelium was decreased than that of CPC. The glucose and sucrose
contents of the mushroom mycelia showed a tendency to decrease. The
narirutin contents of the mushroom mycelia ranged from 448.7—933.0
mg% and were similar to or less than those of CPC. However, the
hesperidin of the mushroom mycelia ranged from 3020—4981 mg% and

were 25.89—-52.61% greater than the CPC (except PC and GL



mycelium). The total dietary fiber (TDF), crude pectin (CP), neutral
dietary fiber (NDF) and acid dietary f{fiber (ADF) contents of the
mushroom mycelia were similar to or more than those of CPC. The /A
—glucan content of the mushroom mycelia as 9.43—13.69% were similar
to or less than that of CPC and the total polyphenol contents of the
mushroom mycelia as 8.01-20.28 mg% showed a tendency to decrease.
With the exception of PE, both the electron donating abilities (EDA) and
nitrite scavenging activities (NSA) showed a tendency to decrease. The
ACE inhibition rates of citrus powder was 27.05—30.20% but the ACE
inhibition rate of CPU as 41.35% was greater than that of CPC. The
ACE inhibition rate of mushroom mycelia as 14.47—24.60% decreased
than, 37.37%, that of CPC. GC/MS spectra library such as NIST and
PMW was searched for the pesticide residues but any pesticide residues
were not detected of all the samples. Twenty—nine volatile components
were identified in dried powder prepared from Citrus unshiu. Of these,
0 —elemene, A —elemene, B —caryophyllene, caryophyllene, 7y —elemene,
germacrene—D and J —cadinene were volatile components in the citrus
essence oil, but 8 —hydroxy—linalool, B —selinene, tetradecanoic acid and
pentadecanal were changed components from essence oil components.
Tangeretin, nobiletin and stigmasterol were detected in some samples.
Eighteen volatile components were characterized from the mushroom
mycelia. Of these, B —elemene, germacrene—D, and & —cadinene, were
derived from CPC, but caryophyllene, hexadecanoic acid, decanoic acid
and tetradecanoic were synthesized by the mushroom mycelia. However,
limonene—1,2—epoxide, ethyllinoleate, 1,2—benzenedicarboxylic acid,dicyclohexyl
ester and 7y —sitosterol were changed components from the volatile

components of mushrooms or mushrooms mycelia.
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F2R9 AREE /P 99 olgHm At #A F shpelth Sl

AL F2 eFEEGo] PAHE o]F PR PAAT suHm gor F
=

l?‘
T2, dEL vhRgels Tea A o VYRR ol E5HA

#2 #yst dFow vEm g o, 550 wEt Aol oy =
T YA 50%° sidsty 28 M4l flavedo$t cellulose, hemicellulose,
pecting 0.2 o]Fo% albedo® ©|FoA Stk A7 7HA g 7teS =2
T Az gsto] HEFHE o] §EHGloH Hiul= A LHATIE HVEE
HAgEHAYST. 1Y FHUEE HEE s E AN AR dFx 4
As Ayt gto] T3k SR ARgste] $tvh. FAEe] &A= flavonoid,
limonoid, pectin, essential oil ¥ carotenoid &< A E-o] 73t 7]&
A ARCR, dSEUE 4 Fiol v SAlsks Zlo® veA o592 &
%<l o] go] Hasitt ol AEY T 2 AUl dE HI AT
A5 BH otdfgl Ao

1) Flavonoid

(1) &=F
SAZA F2E 0.45 gm millipore filter® o] ¥}ste] HPLCZE FA3F Ay},
hesperidin & 18.1 mg/100 mlLe|gx, =1z 3 20%

dimethylformamide (dimethylformamide/methanol, 20/80, v/v)® 4E4F 4 h
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gFFEste] HPLCE #A3 A%, Ax 57|50 % 242 mg/goletal HieH3
t(14). AFAE 22 9 E AAst #HEe oAdste] FAE S 280
nmo| A HPLCe| 284 #2493+ A} naringine FAZE% A &3l hesperidin
2 54.3—74.2 mg%=2A, valencia sweet orange 30.8 mg% XUt} Wty H i
Folth(15). k=4t 2517 #3] oA hesperiding FE3+o] Davis o2 4

Oft

Fot Ay AxFHO=E 5.07%, B TFCE 0.925%23L 5+ 0, naringins
49e 94 BSHATL L8 THE).
F, FERe ool BAES AdHY @) A Av), @), A4, 47

o] o]Fo R AREE R AJerolgtar A TH(1T). tisterd A&7 (18) e X3
+ = (Citrus unshiu Markovich) T+ 7|8} 5% A= (AFx3} Rutaceau)
o] Aot yjoln, o] ok A Fst RS A= ul hesperidin 4.0% ©]4=

SHretaar skl om, A AL WA (Poncirus trifoliata Rafinesqal) @] 2]~

% dMiE JUE e o ZE FolH, o] ¢k HAXI AS AT o,
poncirin 2.0%°1’¢< $frstthal silth visERE Axd EEela AWk
B Ao, 89, 714 2 flavonoidE 4% A3 v &5 T2 o]
A, A2 01, AMd 201 5714k, narirutin @ hesperidine & &0]
Zorout, FEEe SsHdas O o] FUskTh AL shITH(19). ThRE
714F & ascorbic acide ¢s3d4s 7 FEFo] Bkt st Flavonoid

= #AEFY 7Is4E 5 Wy T3 AwelH, @

2

, TS, A A
of A 4 A7 T V= 7ML A=, 2FEANAE 2T HAdF
= esvEt 7 shefo] @ Zlog HIEI UH(20). AFA TEY #3
9, #F71ab 4 flavonoidE w43 Ay vlsddsE {7]4k, narigin 9
hesperidine %&o] WStoy,
shlon, S o3 NHEE Ax Alde g53E AMgEor R &
W & gho]l A5 Ao r AdEdsnt (D).
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Agko] ot g9l Az} ek gk Agke] o 4l X5 g3rt vt
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Citrus unshiu #}3]8] dFFEE0] ¢S AstA7l= 277t oS Halst
dom, o] ARE dHZE rutin? narirutin®] S B UATH(22).
E712F dEZE o3t 1% IFHUAHE 2ol 37 naringin, hesperidin
9 gy FEAs B Folsto] £33 Ase g W AmagdiE AE
%] dEed FATEY dFFYLHE ol dxRTET F94

o7 ety 7+ cholesterol AT =E AsG oH 7+ 229 FYAHE
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Fres 248 45849 HMG-CoA reductase®t FF 29 free
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RE TEAA xRl vE feldoe s WA Yelus A3E dA Ho a3
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dietary fiber), SDF (soluble dietary fiber)S 2]o]FA12 4% = 3l oA 2
, SDF7} &, Wio g9 Cd WiAdZE S7HA Cd &F
FAZOZS Cd

Tt

|

’

/_\]o

[e)
ek

7M1= 7

=

=

S|
&

& olAakg o IDF, TDRE 204G
HATH(32). T A}o]
S7HAA o]l wE o
Fe wFom, SDF
FaoH

=
3l A

_4

3}

WA S-S S7HA1AH @3 cholesterol

FN

O{N

= =
:—_"O

l



cholesterol M= FAA I3 9 A s 5= 5945 Hlow,
SDF AgthAbell Al R ofe}l Cd thAlelld = Cde WoR widss Zls
SXAA 24 U Cd §Fs @51 Cd 555 ¢gsx7l= 295 v st
ATH(32).

3 ALY =2

AFrAt 257497 A4 Fo &8 479 s A 23, Fo4%<Q
limonene $&2 ARPIETHS ey AU 0% 47.6-68.6%°130°™, FF
o & g0l g4V AR 9dol HUXE YERA L 1 o] F ozt FF
2ol A4S HAoU 59 By THVFOZ 1% (w/w) o]Ato] dfxo] 2l
1 3T o] Jo|%E y —terpinene, B —elemene, farnesene, hexadecanoic

acid, @ —pinene, B —myrcene 2183 linalool®] Z}Z} 7.75, 2.96, 2.29,
1.76, 1.63, 1.56, 1.46% AA|staL Sli= A o= HisATH(6).

LA FAO Tt F] dEe w4 A, B At 9 Ao
A BV A Faolqel O sfE o] Apolzp B E X kAR, FA
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methyl butyrate % ethyl butyrate= Fr4dhi= HERO| decanal, octanal %
linalool S 7tsl= &< Rtk skltH(33).
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o At AE A 992F0] EFEH e I T A8 hed WAl
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53 733t & column chromatography % TLCE AA|le] AAAAS
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QIO &M o] E9] ergosterol, stigmasterol, B —sitosterol®]

gha Aad 5 ASivhar HaskSith(36).

2) 3484

A FNA ZAHR WA 750 R 9 cholesterol A3, x4, FAbs)

av, ZbE AU o 9 AEEFH7E Qi AoE g Qlth

A wieks Fatel dojxl FAMAFARAClM #EE et spingolipidi= 500
pgmL ©17%4e FEANA 20%8 5 FHREFEHR7E FFeEeH, 100 pg/mL
ol wxeA B ZW A7 Fhed Fos AHE Jehdgitta st

FTHE7). MATAAE S dFs S A Anbddui Aol 2H2h wjeket  wjek
=

== odEs FF8hL ot AU § doj WAIAA Wi FEE
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80709 ¥ WA #FE Udoz 3 Ad Ay} o5 gk sS B
3t Q1SS #Qlst 31 (39), Pholiota adiposa®l~ stigmasterol 5 a3}
o cytotoxic EAo] Uthal Bk H(40).

H
YAHA, o7 T2, BAMA, AW, GJHALAAE 100T A A

Abgt A7 10 mg/mL FEIA = BE AE7F 40% ol AxsHads
HIGI sk 7 F7Y WAEE o] & FAE ATES A AFA
P388D1, L1210°A ZEIWAS 48.4%9 52.5%2 AEE&S R
Sarcoma 18002 B4¢hs FUAZ] mhy-AolA opzfg]FAc MR R

=
B F=3 93 AE Fost A9 AEH0] 27-40%7HA FH o2 S35t
O

r1r

WA @V mPZolA AFAAREAL dEd THRd & dFe A,
T ¥ A%, 7te R Aol gA Wstels Zow dEA I itk A%
e wabA 1-octen—3—0l2] &&Fo] A4t Al As EH

ZxIWAA Y PVl AiEs AT A, AdS ZamAleA
l-octen—3-ol°] Al 7L 74.7%, AxFZumHelMd= 1,24
trithiolane©] 66.3%% X3 thal B a1skith(42). Agarcus bisporrus® 3&F
71’d¥  3—octanone, 3-—octenone, 1—octen—3-o0l, benzaldehyde,
n—octanol, 2-octen—1-ol T°| ZT& d7] Aol 3F3lom(43),

Ay gy E = 1-octen—3—ol3}

o

Agarcus bisporrusolA 23t

l—octen—3—one®] =& 37| Folgt Bt tH(44). HA S 719 %27 sHA



GoAERS wels AN FE ) WATE §7) PR £yl DAt o
=

A
adHA Q= AXE Agarcus bisporrusol Al 1—octen—3—olo] F Q.3

-

7)ol A e tdxeE #E wols 1-octen—3—one°] 5X A HdEOo=R
A EH(43), MAs A2 4% 7HE Wol g% 1-octen—3—ol> W

22 %3 YAl benzaldehyde®} benzyl alcohol H]E&9] F7}sl= HOo=E H
Hska Uok(45). =Ere] wAFe RS A% A3, 1-octen—3-ol,
3—octanone, 3—octanol, n—hexanol, phenol, n—pentanal, n—pentanal,
1,5—octadiene—3-one 5 ©°|°oH, 53] AHE A& Tol &AhF7F 8712
alcohol ¥ carbonyl $}&&o] ko, AA 7] dwel st Cy 35t=2] H

£8 72}7F 35.85%—72.46%°) gtk 3R THO).

M

M
=)

4) B —Glucan

B —Glucane « —glucan¥}= thEA WANFS-S LEhfo] &
Al AW d7]ss g1 s ST Aew AR low, I fa T
AE Hol A toxin, w0l ol thste] wekst A== &l g A 545
WA 7] olF EEFOR oA, AAStE A= o strh GA
=) | 84 oA olu| =4k polypeptide, saccharide”} w2 &
QA AR e} A F S oJF=ol A sterol, lactone, alkaloid, polysaccharide
7b Ao, o] Foldq AedAde kg4 Ysel st B2 #As
Ql+= Zlo] polysaccharide®} triterpene®|tH(46). 9 A polysaccharides= 7
AHRAAY A gAE v FA A FEEe AEEAEe e AdEAE 293
A 543 ot x4 545 2 8%, °|= polysaccharide?] F¥
B B —glucan®lth. B —=Glucan®] °Fe|si2 T4 2@l A zhaies 3l
ok, AA gstAel HEE A " A2 Ringler 5 (47)0] kg Al ek W
AxA S Bad Fo] HxolH, o]F Sugiura?t Ito(48)7F FA| A2 A<
X FZ3%t B —glucans sarcoma—180°] o]2¥ ul-Aof 50 mg/kg HO=E
Folgh A3, ojwst F2-8 glo] ddadrt vebwoa dxskith A w7k
ARAA, AL, AR B Fel 5o ofe] FEjel ol Fe dAelA 200F o

e B —glucane] F® Aow HUFHGT, IA T uE Ay EAA

BNK

b

O

A

12



triterpene % ganoderic acid ¥+ Kucuba 5 (49)°] 9ot =2 Ea¥ith.
o] & AF7HA A AAA, XA}, FAMA, wiFA A 130F ol Atsh

triterpene< #2] 3ttt AWrA O F triterpene< AL, (HAE RIS, I

H

dz27], duds, FUAeE AsH da® 3 A o a3 = Aow
B ¥t 53] Ay S 2Ha1 ¢9l+ ganoderic acid & GA AT A H
U= APAS F=5ET gk sfth IAA BE8E  triterpene & Fo]

ganoderic acid®} lucidenic acid ©]™, ganoderic acid A, B, He= A2 A oA
ql gelE = wide] ganoderic acid R, T, S& wARAe|A] @o] vebITH(50).
] triterpene? BHUE H3F RO FE JX FAMA A E2]3t triterpene
F3o] protein kinase CE A 3&st1l, mitogen &3} protein kinaseE &4
3} Al713L, G2 phase A|ZF7]9] IS AAAA Q7o IAE AHS A
aietaietar etk (51).

A5 ol wild typeLEFE B —glucans FESHY WAL P A=
FFe= A7) A8l AF Y Bl FARe L A H
A 2 AGAEY dusE AA st thAAEe] B ss S 23 B

Eul

K
2 1o
ik
1>
olr
9
ofN
)
_CL
e
o %
i
e
32,
_Q
ol
30
o
»

o, £3] BE p—glucans 8% AR T8 # > AqoH
2 ZuWHAY B89 B -—glucan®] B tidt MR dSo] A

ol E o] &% 7lsAd AFoR ML TheAdol =l sAH(5I).
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AMegz MR a2 AFA bW 25 &A% frlsdess w2 7
2o AujE Ao ® u)s57hd (prematured Citrus unshiu @ PCU) S

2005 9€¥o A zlst AFESFS 1, s 7E (matured  Citrus unshiu
MCU) < 20054 129 RS FYstsl o™, 23 (Citrus unshiu peel : CUP)
2 F2 25uh(citrus press cake @ CPO) & 7hg § #7|H & A& £330 A

9§ AR gk

Y
o

7 =
olgate] HFAEAstL A 7+ (Model MDA 65000, MSTA, Korea)3}e]
T 8% Azt AARHE 8ol 50 mesh oleke] EEHE AlFsk3T

=3 fHEE A Al AES T dof 8BS colloid mills o] &3t F4
wAst AAtgt ksl o 8% Aoty AR & 20 mesh wTE
A zsto] wiekuj Ao AFE3FA AL, 150 mesh 2 A Z3t0] S A ulek
go7 AMRET e 59 (62° Brix) S FHFel 10% (viv) F7MEE &
AR okl AFR3E R (34) 2 FuE sto], i #A = 150 mesh E
50 g, CaCO3 2 g, agar 20 g 2 & 1 L& wigstsla, AAEA= 150
mesh +% 50 g, CaCO3 2 g ¥ & 1 LE vjgste] 121ColA 15 min A
aho] AbgETh mlFui A= 20 mesh 2 5 kg, CaCO3 250 g, 9 & 5 LS
7hete] dA3teta 121°CelA 90 min Artshe] ARE38EI T

14



3) WA T wig 2 FAA B Ax

TARA] Azl AREE Tt AR[AE S Fste] &R oldH= MA &
oA FrEARFHelA Aol et I A (Pycnoporus coccineus KACC
50241 : PC), ®3MA (Lentinus edodes KACC 50778 : LE), AlgolmAl
(Pleurotus eryngii C.T. 1001 : PE), Ar&3WMA (Hericium coralloides
KCTC 6722 @ HC), &HFANMA (Panellus serotinus KACC 50625 : PS),
AWM A (Ganoderma Ilucidum KCTC 6739 : GL)& AR&siith &8 alA <}
AR o] FHE& HEFSk] 27CoNA 1297F w3t en, stock cultures
S-& At TAE oA 2047 wikst $ 5T o]dtollA HE[HHA 2
vttt A vjFsiitt. AT ARA S H At A A ol A E WA
A 25T, pH 4.0, GAMAEARA 30T, pH 5.0 ¥ HAZHA LA
25-307C, pH 6.0-7.0°190tk= B (54-56)F FiLz ko], HAuj= oA ul
e A Fat 20 mLE wgEiA ol HFstel 23C, 5 70-75%= £E3}
0dZr dAHAIE HiFetlon, A FARAE thA] dAka 7HEdx

% o] 1424 F 50 mesh o]3e] Lz Azste] WAFAA AER 39

o

1)
R
R

) 2L

T2 135£2TA 2 hidzxete Ad7tdd = s AFEsEan(67), =1
R F TR NHE Aol F5A17A, Fob e 3% Abs 9%

Aote wHS AFESI T (58). AW ethers AFE$H Soxhlet %49 (59),

Z3) 525CoA 3]gtsh= RS AFE-SEITH60).



(2) 843
3L e DNS(3.5—dinitrosalicylic acid)¥ o2 =439 th(61). =

aw
=}
—

g2 AEs] FHolo] =FFE Y€ 100 mLE AL & wwksle] 50% =4
Abgoz dwld 5 HA A7 oy Y AE AASIE oygste] ARE
stk Ald e 42 Al51 mL, 59 glucose EFEN 1 mL 2 DNSA| ek

1 mLE &E= HAstar & A2 F ¥5ElA 15 min ¥-g387 3 v 20T

O_u
P

oA 15 min W@Z}tsSict HAE HkSdo| F/HF 3 mLE Wl FHT & &
3 A (Model UV—1201, Shimadzu, Japan) 546 nmelA EF == =H 3}

3L, glucose T8N AFAH gl At=3sath
A= 1 ge FsHe

N N
Barstol Axratein.

Titration volume(mL)x0.0064%100
Sample weight(g)

Total acidity(%) =

2) 71 2 R

F712F 2 fEld w42 xS EA R citric acid, malic acid, ascorbic acid,
glucose, fructose, sucrose(Sigma Chemical Co., USA)E A}g3st3it}t. zHzt
o] B 125 mge FHotY] 24+ 5 mLE ¥ & 22904 2 min IE F
ZotaL, 5 min WAt 1 AT NS FAsklH 4SS sep—pak(C18) A 2] 8}
o] L} oS milipore filter(0.45 gm)Z o333t 3 HPLC FYE AEE
STH63). F714F AFEA A HPLC (Model P4000/UV3000, TSP Co.,
USA) +9x72 Table 13 gow, g AZFE4e HPLC(Model
9012/R19040, Varian Inc. USA) +%9x71 Table 2%}

|



Table 1. HPLC conditions for organic acid analysis

Column

Mobile phase

Flow rate

Sample size

Atlantis Cig column waters 3.0xX150, 5 g#m

1% KH2PO4 (DH 2.5 with H3POy)

1.0 mL/min

20 pnL

Detected wavelength 210 nm(malic, citric), 240 nm(ascorbic)

Table 2. HPLC conditions for free sugar analysis

Column

Mobile phase

Flow rate

Detector

Gradient pump

Temperature

Sample size

Shodex asahipack NH;—P50 4E, 4.6 X250

acetonitrile / H,O = 75/25

1.0 mL/min

RI (Varian 9040)

Varian 9012

30C

10 ¢L

17



3) Flavonoid

¥ FEAREE narirutin (Extrasynthese, France), hesperidin % naringin
(Sigma Chemical Co., USA)<E dimethylsulfoxide/methanol(1/1, v/v)e°l &
dleto] EFNOE ARSI, 2 24 50 mge FHsSHY

dimethylsulfoxide/methanol (1/1) 25 mLE Yo ZS3o|A4 5 min I& F

o,
s

N

=5t AlYA 5 min WASE] I ATAS FHe A4S d = millipore
filter (0.45 pm)= oJ#3s+t ¥ px—bondapak C18(3.9 mm x 300 mm)
column®® methanol?} water/acetic acid(1000/5, v/v)?l &wl& 7F#]aL
gradient® HPLC (Model P4000/UV3000HR, TSP Co., USA) ¥4 33t}
(19). A=374E 285 nm, TYHFE 20 ¢ L& AFEsoH, o]5442 Table

33

Table 3. HPLC mobile phase composition for flavonoid analysis

Water/acetic Flow rate
Time (min) Methanol
acid (1000/5) (mL/min)
0 5 85 1.0
15} | § 85 1.0
20 30 70 1.0
45 60 40 1.0
46 100 0 1.0
52 100 0 1.0
53 15 35 1.0
2 o)y

)
2ol A3 = TDF (total dietary fiber)t &4 %% Prosky 59 W
(64)°] wa} =439 3, NDF(neutral dietary fiber)2 ADF (acid dietary

fiber)+= 384 FEXH¥H< Van Soest(65)°0z S FEASEGT T3

18



CP(crude pectin) &= AOACYH (66)°l u&} #4343}

(1) TDF &%

2 A8 1g9] 0.08 M phosphate buffer (pH 6.0) 50 mLE %7}t & pH
7F 6.010.2 H%=% £4(0.275 N NaOH, 0.275 N HCI o]8)3te] UdA «
—amylase?] termamyl(A3306, Sigma, USA)S 0.1 mL H7F3F & 95CA
15 min 7Fdste] ainke= AZth ¥ F 0.275 N NaOH &9 o2 pH
7.5+0.12 F743stal protease(P3910, Sigma, USA)E 50 mg/mL TE5% %
Agt A 0.1 mLE ¥ & 60Tl 30 min 7tE E4vks § Wdsgith
CHA] 0.275 N HCI oz pH 4.0-4.6°0% e hely <
amyloglucosidase (A9913, Sigma, USA) 0.3 mLE ¥ 60TCe°|A 30 min
719 @AHH8S AJFHY. 0.5 g9 celiteE coarse glass—frit(ASTM 40—-60

pm 60 mL)oll Hol vl F&Fstd FAE SFe H Sl W S4B 5o

rlo
ur)
1%
o
2
=)
>,
N
=
o[\
=il
:1>
()
(@]
N
D

@

o
<
Q.
o

(@)

jon
o,
[b)

(@]

@D

@
o

=]

(@)

&
s
—

ethanol 400 mLE 7}ste] A2A 60 min WA8kS 3, 0.5 go celite®
coarse glass—frit(ASTM 40—-60 gm, 60 mL)el Ho} FAE =43 5 A
A EFES AN & A7 78% ethanol 20 mLZ 33 AlAH,  95%
ethanol 10 mL= 23] A%, acetone 10 mLZ 23] A& th3
1 E7ME 105T AzxzlelM shxw d=xsiglith. Al ¥ § 3, FAE
Tk & Ao r WiAs ket 33
of #g3sto] 7FEAA T FdFS AESHATH

IDF (%) = (mg residue — (mg protein in residue + mg ash in residue)

lo
Mo
M
i
-
L

— blank) X 100 / mg sample
SDF (%) = (mg residue — (mg protein in residue +mg ash in residue)

— blank) X 100 / mg sample
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TDF (%) = SDF +IDF

(2) NDF &%

2ol 4 kit(Model Fibertec 2021system, Foss pecator AB,
Sweden) & ARESto] 546 =, ol @ Hagel FLAR 1 g5 B 5
AAA EHNN.D.ASE) 350 mLe decahydronaphthalene 7 ml, sodium
sulfate 1.75 g Y3 60 min 7}g3t & 217} AL =547 33 AAH, 27t
- THTE 13 AF, oHECE 33 AH 1
IHE B A xs v WY Sl Axd e 33870
C

stz oM 4 h HALA7IAL B2dFs T8kaL, NDF AbE24

5C Ax7)eA M=Ao] =

Z
)
s
N
I
=
T
=
-
|
=
1
B
e
.
=
A\l
X
—
(@)
(@)

W4 = H]oql= 33587 FA
W5 = 33t & FA
C = Capsule ash

(3) ADF &%
Mol A kit(Model Fibertee 2021system, Foss pecator AB,
Sweden) & AR&eto] SAstltt. =, IFo] I Heo] FLAE 1 g B2
A A A F B (AD.A2F) 350 mLe decahydronaphthalene 7 mL Y3l 60
min 7FAE §F 77 =AY FRTE 33 AH, AR SRR 13 AAH, of
AEoZ 33 AlF 5 105T Adx7]eAM Al-o] | e st & AxF
- WY AZen Adx 9 fAas s8] " 5007

¥ 0 4
h #2dA 730 3@ eS8kl ADF AtE2le] Agate] A Aol &
DF (%) = ((W3-W1)—-(W5-W4-C))/W2 x 100

20



P

Wi=%7] & 57
W2=A577

W3=AA Ax &F g F FA
Wa=u]oi3l= 23H8-7] 7
Wo5=23 § F7

C =Capsule ash

5) B—Glucan &%

Prosky 59 ®WW(64)°A soluble dietary fiber %ol whel, F#23}I3E A
S5 A2d4 20 h AsrZ § pH 6°= TAHAZ]2L thermostable «
—amylase(A3306, Sigma, USA)Z 95TCA 2 h 483ty Aoz Yzt
3t & pH 5% ZA3}a, amyloglucosidase (A9913, Sigma, USA)Z 60T ol 4]
h 8 Sol wdtaldlvt. 345 =243t A717] 218l pH 4= =3AI o
= 95CelA 30 min F&AolA wrISE § Y7Zkskal ethanol® HAAI . H
AE= AHs Zo = & AHe AE& pH 4.5 58TelA 2 h
amyloglucosidase A A #3FH T 95TCoA 30 min &4 =
W7Fsta  ethanol AFAAIA crude A —glucane Dt IAAELS 78%
ethanol 33|, 95% ethanol 23] % acetone 23] AlHs}ar, Ax
datgleon, dgyjor dmaS Qs 3stz 3ide dEete] RS

.

\)

6) % polyphenol

ANz 1 g 47 sk & 100 mLE Y3 95C 5 Aol 1 h 753
st W7t & AR AFdes ARE ARSIt F polyphenol ¥
Folin—Denis®# (67) o] 9Jato] A4 sdvh. Algd-&< 1 mLel 50% FolinA|oF
1 mLE 7} 3 min % 10% sodium carbonate 1 mLE Yo £33t 3
0CelA 1 h EAAIZ th5 700 nmelA FEEE

AT

|\
ol

A&tal (+)catechin® Z
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7) Ak Al
< polyphenol =742}
EDA) 9]

= a3k
g1 DPPH (a,
© % Blois® W (68)= W
NSA) &=

Ax} o] a-g (electron
donating abilities : a —diphenyl—
B —picrylhydrazyl) °ll
@oto] SAsAT ok

Gray &

ZAPN

1_

nitrite scavenging activity :

e

O_u

==

(1) AATIz$
N@ el 77

%

Jl

400 p#L 9 4x10™" M DPPH(in ethanol) 800
L, 0.1 M phosphate buffer(pH 6.5) 4 mLE 7}3t & vortex mixer® 10
=N

53457 (Model 8453, Agilent, USA) & A}

g3k ATl ETE ol g HAEA

sec 837 10 min A

G438k 525 nmeld F

5
<
=
=

3}

L
O -

PARS P

(2) o} dNE 275 57
7kl ANg49 1 mLE 1 mM NaNO, €9 2 mLe] 7}
(pH 1.2) ¥ 0.1 M citrate buffer (pH 3.0, 6.0) = AF&35}4
247} 1.2, 3.0, 6.00%2 A3t HFT {8 N9

A& 37C, 1 h g A 7,

AbgN 5 ml, griess A2F(30%

Eis

Edy % 0.1 N HCI
HE-S-8-He] pHE
HI= 10 mLZ stSG T o]

ZtZt 1 mLE FHs8to] 2% =

r}Ol'
E I

1% naphthylamines 1:1 H]&=Z 0.4
=% o5 A2l 15 min HAA
(Model 8453, Agilent, USA)E AF&3te] 520 nmelA]
Lok obdEAr
7heto] QoA gl %
sholg AzkaA g ol da

mLE FH7lste] &
SHIth =T griess AleF WAl S/FTE 04 m
W o AAIstar, ZF ool ofAAbd AAZ

of sl AT FYE Aol 2

oro. A}LZ
= A=

7o

R

2 wxyg

o
= 9 &

=17

hm

o
3

;
_u

8) Acetylcholine esterase (ACE) A 3l&
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}ﬂ

H}

4A A713L, 2 min
A (Model 8453, Agilent,

Abstel s

3]

) )

O -

X &0

(1) Aot 2 717]
B Age] AR 77 Co., USA)7}
F2E GC/MS (Model Star 3600CX—GC, Saturn2000—MS, USA), ¥4+

7] (Model Union 55R, Hanil Science Industrial Co., Korea) nitrogen

autosampler (Model 8200, Varian

[e)

]

-
"l

ol
=

evaporator Model N—EVAP111, Organomation Associates Co., USA)E A}
L3ttt FEgue USA),

petroleum ether(organic USA),

acetone (optima grade, Fisher scientific,

residue analysis grade, J.T.Baker,

dichloromethane (organic residue analysis grade, J.T.Baker, USA)& A}&
sreie.

(2) GC/MS A g9 AAY
A EH Y] FEWH L Luke 5(12)9
40 mL wpolef| z+z} FHEtel & 5 m

ol

[e)

=

ol

acetone 10 mLA Z & Al



= 217 10 mL A gojA " FE3 AlEE 2500 rpmell
A3 min AR F, A A 20 mLE FF] nitrogen

Zu Auegeh. 30 A2 AR obIE 2 mLE

o
3
2
X

evaporator= 4

7hsko] g8l Al 7]

=1
N
N
M
1%
oo M
>
il
l
_o|Lt
3%
iv

(3) GC/MS =4
A st Alg 5 GC/MSel 3t E435k1 09, olwe] GC/MS ¥A4%
A Table 49} #t}.

Table 4. Analytical condition of GC/MS

GC/MS (Star 3600CX—-GC, Saturn2000—MS, Varian

Model
Co., USA)
HP—5(crosslinked 5% PH ME Siloxane)
Column
30 m X 0.25 mm X 0.25 gm
Flow rate carrier gas(Nz ) : 0.9 mL/min
injector @ 250T
detector : 290TC
Temperature column @ 70C (2min) — 25C/min — 150C —
3C/min — 200C — 8C/min — 280TC (10 min) —
25C/min — 300C (8 min)
1onization mode : EI
1onization voltage : 70eV
MS

scanning range : 40~450 m/z

scanning time : 1 second

(4) B4 A3 AHg
GC/MS ZAZuEJ#Ae] AZHE RE ARESS NIST 2 PMW Mass
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Hlwate] ok FREZ Foskgdov] NIST @ Wiley  Mass

Library 2}
Library ¢} vlwste] 3 A8 EAsATH(70-72).

10) EAIA=
Al Ad3l= SPSS(73) & o] g3t FA* 8 3+$ . Duncan's multiple range
testel] &Jsto] FA5H3 AL, I ALS @ =0.05°14 Al&s}FSI T,
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o
2,
%\1
o
£
©
u)
R
L,
M
d
off

l 2 Table 5% #t}.
258k AR RS 23 2.98%, =AW 4.01%, =99 d 2.96% 2 34
4.84% %A, Z3H 2.1-3.2%, AL 2.1-3.2%, =994 2.3-3.0% 9
FA9G 14.2-19.7%°10cks B (19) ¢k vsd. 23 B ZHukoA
2.98%°1A 21k, WAFALAINA 1 ghol Frtete] FAMAINA 9.19% = 7HE
Zgkon, FrAMAA 11.96%2A Highs Atk HAFARA ] 23S
ZEuHA 2 ARA] Telal AfFeIM Aol A 0.76-8.25% 2= K.11(35,74,75)
Hrhs A dEbgoyd =FgdomAl 9 LEEH YA 8.10% ¥
5.68=7.40%°1th= KB i(76,77) ¢ Hl=stlth. & Ad oA CaCOsE 254t
o 5% 718 RS 1elebH 4.19-6.96%c) 22 B|=g Aty B £ o)
6.67%KTt WA AR A FFadte] FF-AH A 2.49%E
#HAoH, TumAelA 4.73%2EA Hagks JERAATE. HA T AR ol A <]
Z3% T 2 FAe ae A Az CaCOs 5% 7l whE Zlojg %
s

4

TAA S S-S AT AWAlA 15.29%% HAD oM, G H Al oA
26.83% .74 7h¢ woko}, &AFute] Hlshd AAA o w HlsstAY AR 7
At AFS Btk oy wAFAMAZE AAEEA HAES dAago® A}
gdozN fadts oz faEch HAFARA S ZAL A A
1.46%=A 7Hd 2skar, AfgolmAlelx 2.84%2A Hiugks Bov, 254
Hrh v AY A8 ass AFE Bk WAEAAS 2aed e 99X
AollA 13.2-13.6%(33), WA FARAI A 16.16% (35) #H= 2Ho]7F A
U, Aol Al el A 3.48%°] Atk K1 (75) 9} HlS=3k3dTh.

rzﬁ
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Table 5. General components of citrus press cake before and after
cultivation with mushroom mycelia

(dry basis, %)

CPCI) Pc2) LE‘%) PE4) Hct_)) PS6> GL7)

2.98 11.54* 10.14> 9.73> 10.66™ 11.96* 9.19"
+0.04 + 052 +0.20 *0.30 *£0.38 +0.49 +0.60

Crude ash
Total 6.67 2.86% 4.61° 473> 2,617  2.49* 2.74%
acidity +0.44 +0.12 +0.12 *0.25 *0.12 +050 *+0.12

Reducing  24.84* 22.98* 23.24* 9.88 15.29° 18.56" 26.83°
sugars +1.07 +1.04 +0.68 =*0.78 *£1.09 +1.61 *2.39

Crude 2.96° P 1.8° 1.46°  2.84%™ 159 217> 2.43%
protein +0.13 *0.26 =*0.16 =*0.30 *£0.34 *+0.22 =*0.18

4.01* 292 347* 3.75® 218 3.37® 4.03°
+0.12 £0.35 0,18 | £0.25 £0.21 +0.24 “*0.34

Crude fat

Y(Citrus press cake

? Pycnoporus coccineus

Y Lentinus edodes

Y Pleurotus eryngii

Y Hericium coralloides

9 Panellus serotinus

? Ganoderma lucidum

The value are mean® S.D. of 3 replications.

The same superscripts in the same row are not significantly different at p<0.05.
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WA TARA O] A2 A JAHA A 2.18% 2 A 7 Agron, G A o A
4.03%EA 7b¢ wekou, FAFutd vlmaAY AR st AEFE RIS
o, WAFARA ] A FAWAA 3.5-3.8%(74), FEILH A TARA ol A
2.96% (35) 0]tk B9l H]5=8kelth.

HA AR Sl F714F 2 Felde %2 Table 63 #ow, {29
chromatogram< Fig. 19 YE AT}

2] HATAA T F71AEe] SR
9.89% 9} H]=etAY Fadte AFS BAC
Zhgure] 2,74 o) w71Ake] kol F7bskl=dl, 58] malic acid ¥ citric
acid®] o] F7hstlth. &AFHolA 9] F7]qke] S F37|so® 124
Tst 2F™3oA 1.03%°l k= Bal(1) & v Skt

WA FARA F ascorbic acid®] &%  0.06-0.20%=A4, 54}
0.08%KXt} H|ZstAY F7tete AdFS BEAed, =2FUEEY ascorbic acid
sheFe oA 35 mg/100 g, I A 150—200 mg/100 g °olgte HAL
(172 & w 2549 ascorbic acid &% HlsE A o= eyt WAL
AR oA 8] S FEMA A 7.50%, FAHA A 0.81%2Hs B (78) K
th= 1 o] FA YelEth o] ascorbic acidE AHE w njAHow i
F(78)st] 1 Apol7) Sl Ao ke

zZrEere] {2l 92 fructose 4.98%, glucose 5.19% 9 sucrose
8.57%=A, w37z 12€] 33 25Ul fructose 1.58%,
glucose 1.37% 2 sucrose 4.77%°]1th= B (1) Bty AA yehvar Sl
t, oli= FAE A9 HAFHtolojA] At Zlew HRlY

68—-13.96% %A, 25ute] ¢
M F ol H A M= 30.24% 2 A

LCTI

1o
e

&

28



Table 6. Organic acid and free sugar contents in citrus press cake

before and after cultivation with mushroom mycelia

(dry basis, %)

CPC pcV LE? PE? HcY pPS® GLY
0.57% 1.96°  1.31" 11.42 1.32% 1.90° 1.48°
Malic acid
+0.12 +0.11 +0.51 *0.22 +0.02 =*026 +0.33
Ascorbic 0.08? 0.16"  0.16"  0.06° 0.19° 0.20° 0.08"
acid +0.0 +0.0 +0.01 +0.0 +0.04 *0.01 +0.02
9.24° 2.56°
Citric acid

9.88° 15.76 4.69°

1.66° 6.40°
+0.57 *0.49

+1.44  *0.46

£0.90 £0.11  £0.20
Total 9.89

5.68 13.35 30.24

10.2 8.76 13.96
4.98 9.20° 9.76®  2.65 9.70* 11.06™¢ 10.33%
Fructose
+0.35 +0.10 *0.55 *+0.19 *+0.28 +1.02 *0.44
5.19 3.25% AP & 3° 1.03 1.71 4.09°
Glucose
+0.08 +0.04 +0.26 *+0.09 *0.10 *0.08 *0.20
8.57 1.06? oL & B2 6.96°
Sucrose

6.14° 3.76°
+0.79 +0.05 +0.19 +0.04 *+0.16 =*0.98 +0.22

1 .
'Citrus press cake

? Pyenoporus coccineus
Y Lentinus edodes

Y Pleurotus eryngii

Y Hericium coralloides

9 Panellus serotinus

? Ganoderma lucidum
The value are mean® S.D. of 3 replications.

The same superscripts in the same row are not significantly different at p<0.05.
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Fig. 1. HPLC chromatograms of free sugar.

A : standard, B: Citrus press cake
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Fructose
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HAFAR & fructosex 9.20—-11.06% =4 =
HAOUY, AFoHAAN = 2.65%=2A o] wj$- A3 9™, glucose
%] 03—4.09% 24, RE WA FALA A 1 dteko] 2zu}

1. 5)
oo gasts 4TS Bt AW U BRANANN Faste @
A

=

e}
T

Jol B Atk WA FAN T sucroset 0.35-6.96% =4 Z58re] Shaf
8.57%RE T} Fhaste Ades BT, AT AfFolm oA FHAad o] 4
ST

HATAA S Feld & AlEFolH A EEelA glucose 1104.0 mg%,
fructose 1671.0 mg%©|™ (75), sucrose= =Fa JoIHA oA AZH X &t
U= B (76) 0 vlstd vl A SAHERoY, o= AFH AHA o do
e d el =4 Jehd Ao 2 #aEn). Sucrose o] wlg- A
o% Hol vl AFS Hola or, MATANAZE ASetaA ojdwel A

O
=
Yo g Aow Btk MATAA el vAE Bade FFS EA

-
o
I

00('

Ay JA WAl A= soluble starch®t cellobiose?} %33R 1 (79), THA
o= glucose(80), HAAESHA M E dd77F detAdth(56) L st H
A A Frel whet gt & Atk o] AAAH fructoses Al HA
o MRE Bt rgo g ALEEoo] AHEGS Aoz FHHECLE Glucose ¥ sucrose
T Ao A8 BE HAloA BAdoR AFSH FOoF B o] FoXE
glucose= AFEHMA I FHEAHA A, sucrose= IHA I A Fo]H A oA
OEEe] A AR 2 HOE Hof R oBM ARGEHE Jlo® ddEh
St fructoser U E7} glucoselt sucroselt} AP =E fructosed 7=
HAFAR v FEe] ©ots SUHAIA, AEFCRA Y Tha FA sk 9¥8s &

Ao ® drhE)

G

3. Flavonoid

A AL ] flavonoid $F2 Table 73 229, flavonoid® chromatogram
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2 Fig. 29 eERf St

Table 7. Narirutin, hesperidin and neohesperidin contents in citrus press
cake before and after cultivation with mushroom mycelia

(dry basis, mg%)

CPC pcV LE? PE? Hc? pPS® GLY

986.4% 448.7° 933.0° 859.2° 658.4° 640.4° 529.4"
+92.14 +43.92 +80.03 £81.73 +69.93 +71.05 £27.37

Narirutin

3264* 3020° 4725°  4981° 4109 4497 3845%

Hesperidin
*£128.7 £185.0 £269.2 *+295.6 £301.6 £350.9 =£89.8

Neohesperidin N.D.”  N.D. N.D. N.D. N.D. N.D. N.D.

UCitrus press cake

? Pycnoporus coccineus

Y Lentinus edodes

Y Pleurotus eryngii

® Hericium coralloides

® panellus serotinus

? Ganoderma lucidum

®Not Detected

The value are meant® S.D. of 3 replications.

The same superscripts in the same row are not significantly different at p<0.05.
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Fig. 2. HPLC chromatograms of flavonoids.
A ' Standard, B: Sample

YNarirutin

2 c g
)Hesperldm

B A A 9] nariruting S 448.7-933.0 mgREA T ZEHbe] H]
ol HEAY 2w Aads AFE EA 24, hesperidin®] SR>

3020-4981 mg% = M Bl AWK o] A4
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—
[
ofN
N
)
ol
ol
2
off

I, 1.8 BEE #AoA FAFHRT 25.89-52 SHE dAS
WEb Ittt Neohesperidin® 73-%3= 258, W% @ B B dAR ol 2
ZHA skt #sFutel A 9] flavonoid 52 1080l 53t 27U o= A
Z3%F 27 Bdo| A narirutin 884 mg% % hesperidin 4421 mg%©] Y th=

Kang 59 23 (19) ¢ wlszst A3olt}, Hesperidin F W A4 ikstES
AAsh=l Aol ER (4), o] o] #F5 = HATAE Vs A&
22 7hsAo] 95 Aoz wdEth Matsubara = (22)2 Citrus unshiu 213
o deFEaEo ddes AstATIE AVt laS Hasgion o] AREEs
rutin?} narirutin®]2bal ekl FhaEaEuks o] &-ako] wiokst ARA vl gE el
A ZEEEe] 455-94.6%°) dlE3= narirutin®] ‘Hob tkeE AL O E H|A]
E AREE dARA R fElsh Holet & ¢ v
3}

A, flavonoid®] &S ERIsh= oA HEEH+= A# o] naringin? A

ro,
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narirutin! A FFE3}7] o & F&Eo] Qloj A, Ao Z+Z} narirutin, naringin 3%
< 9 narirutin? hesperidin 295 Al &£3tste] HPLC=Z #+4]38tar,
E}}= chromatogram< Bl EA1ste] Al S Ve = A E9] naringin®] of
Yz} narirutin® < <15k 09, o] w9 chromatogram= Fig. 3o YER) At}
Naringin ¥} narirutin< #AF2410] CorHs014 2 T L8t FAFFE 580.55 %A
F43, flavanone . ZA naringenin aglycones 7]E90 2 3o wjgdA|7} &
o] = FHjolt}t. wiEA 7} naringin®] %+ neohesperidose®] 3!, narirutin
< rutinoside?! o] thETH(81). o]l gt o] wito] HPLCE #41& & 4§
retention time©] H]&z3Fo] &R13}7]7F ©]§d 31, mass spectrometer® 2] &}o]

= o] Zasheh

4p | sample 23 L a0 20 parirutin+sample 43 pell
b i 1)
= d
= s
g 20- 1 a0 510 10
o4l | _/\\_| 11 : ] e 1111 | | ;|]
.ll,...., l.,...,.“.”.l | | [ il |
28  Minutes 30 32 28 Minates 30 32
104 garirutin+ L10 204 narmmantsample L 20
hesperidin 3) o ;
= = ]
E 34 F3 E 104 r1o
1 | -
0700 0 0 |0
R I f 1 1 b F
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Fig. 3. HPLC sample chromatograms of flavonoids with and
without standards.

YNarirutin

Y Naringin

YHesperidin

Fig. 39 chromatogramolx] A|& <ol narirutin T5FNHL FH7}sle] E4

=
shd Wxel peakb Ul @ouh naringing A7Rshel BAE shd 1w
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narirutin peak® 3% hesperidin peak A}Fo]olA 2¥ naringin peak”’} YERS
= ST F AUk ol &FEAelA narirutine AEE NS Y naringin
AEHA Skvh= B (82), =4t ZHEF20A] naringino] A& A &ttt
© Hu(15) ¥ AFAF &FEA7ol A naringine 8-9¥7HA = FF whekA
0.01-0.04 mg/g ©] HA=HAOoY %77 2 wet 102 o2+ EE
&M AEHA &= ®a(83) 9k dAStaL Sl

4, Aol Y B —glucan

WA AR o] Aol d B B —glucan &% Fig. 4 ¥ Fig. 58} ZTh

HAFANY 5 TDF 8&ke 38.87-51.49%=2A UiRE ZHure e
38.28% %} W AY F7hske @RS Btk AlEomAle A
51.49%=2A 714 @skew, ol IDFY &&fo] @2 A3z e
Z5uke o] Aol fF s Kang 5(19)9 Rl B3 Aol WAl
ApAl e A 8] TDF &2 43.5-54.5%2+ H.11(35,74,75) &} vl=atich. A
A 5 IDF 32 29.09-41.08% =4 254kl shef 25.38% R0k 57}s)
v d4E By, AFolwAY Bl o] 41.08%=A 7HE EaroeH,
SDF #re 25uhe] e 12.89% 9 vl Adks Ko Wshrh glsivh =

H| 2 RY et Holdf & IDFe 53] A tirteld B FAS F7HAA

RO
5
30
5

o

WA FALA O] CP 32 247 21.83-28.79%=2A REE WAA 2EFut

20.32%1K.tt vl=stAY SUkskE AdE Btk WAFARAS] NDF % ADF

ek Zh7b 11.94-17.67% 2 11.0-14.09% 24 ZuWAS A93 wE b

AtAbAl el A= 2hgutuct 7 ghego] Frhehe AES Bt
A

AdAA Sl B —glucan 32 9.43-13.69%=A ZFdra}; vl AY =

=
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& adte AdS BY=d), oyt FAMA A B —glucan FHE FEHH
of webA 19.03-32.34%°] A ths Hi1(84) Btk 1 3hefo] uoprt
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m TDF
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50 r| OSDF
40
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Fig. 4. Total dietary fiber contents in citrus press cake before and after

cultivation with mushroom mycelia (dry basis, %).
UCitrus press cake

Y Pycnoporus coccineus

¥ Lentinus edodes

Y Pleurotus eryngii

® Hericium coralloides

® Panellus serotinus

? Ganoderma lucidum
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Fig. 5. B —Glucan and dietary fiber contents in citrus press cake before

and after cultivation with mushroom mycelia (dry basis, %).

UCitrus press cake

Y Pycnoporus coccineus
¥ Lentinus edodes

Y Pleurotus eryngii

¥ Hericium coralloides
® Panellus serotinus

? Ganoderma lucidum
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5. ¥ polyphenol ¥ &3}

WA AR 9] % polyphenol $%F 9 @atslyd A3 Ay Table 8¢ uhet
ATk

% polyphenol> ZrFuto|A o] &aFo] 18.94 mg%el H|st] Re= HA LA}
AollA 8.01-20.28 mgh=zA 1 O] HlaAY it dasloh #AF
W o] TEYHE FFe usTEE Yol 16.3-21.7 mg%etal B (19) 3k
vhol W=kt WA FARA 1 g& 100 mLE FFste] 533 dy F
polyphenole] 8.01-20.28 mg%°| =2, AEo|HA 15 g& F=35t9) 150 mL
2 L3t & = polyphenols 543 A3} 387 mgkhel= H(75) W 5
Ao 0.058 g/100 g, FAIHA A chlogenic acidE RETEAZ 3o 54
3 A3 0.097 g/100 golghs Rar(78)el nlatd 1 §afo] ygtow o] A}
Lot mFEAL] Aol 7]QIsk Aoz FHE T Chi 5 (85)2 Folin—Denis%
H67) S ol g3te] FEPAE TS AAE w AREsHE ZEdE BEEA
2t 2ZEdE el Aol 9lorE W mEEA AHE QoA AFE
o xMelo] s Aow Bust Quh

WA FARA 2] EDAE 14.73-39.62% %4 AMFolHA A A S AQst BE
WA AR oA 258 34.31%K0 adste AEFS B0, AN
oA 10.97% =24 71 2HA el AlsolHAl 12572 80% methanol 3

E 1% $9° EDAE 15.45-31.78%2= H.1.(85) ¢} vluwste] By 2
1ol = FA AR WldE Alg 1 g8 & 100 mLE FE35t9] EDA 28-S 319
B FEE T 5%E Wil Z
o #rh. webA o] AelA 0.056% FEE< EDAv Chi 5859 1% =
£ EDASL HlshAl uvetgorzw ikst g3t wie & Ao dddnh
NSA= pH 1.29] A-¢ AFoIHATAAE ALleh BE WA TAR A 258}
38.35% K.t} AA yepwtrh AEolWA 5 g5 = 1 LE 80C 4 h &% 4
$-9] NASE pH 1.20014 26.21+ 2.22%2F3 K.31(86) 8%tk

—

=

UO{‘ m-lNr

o

38



Table 8. Total polyphenol contents, electron donating abilities and nitrite
scavenging activities of mushroom mycelia cultivation products in citrus

press cake

CPCI) Pc2) LE‘%) PE4) Hct_)) PS6> GL7)

Total polyphenol 18.94° 10.91° 15.27 20.28* 8.01° 8.23° 9,55
(dry basis, mg%) *2.27 +0.28 +0.15 +0.07 *0.31 *0.06 *0.03

34.31* 27.82° 27.74* 39.62° 14.73" 17.78" 10.97°

YEDA (%)

+0.28 + 1.11 + 599 + 1.03 + 2.69 = 4.37 + 0.64
. 38.35% 30.55™ 26.66° 36.61* 25.67° 24.82" 26.16°

pH 1.
+92.36 £ 3.11 + 0.88 + 3.10 = 3.72 £ 0.73 £ 1.52
INSA 20 28.77% 23.89" 17.50° 25.22% 18.28° 15.09° 15.44°

pH 3.
(%) +1.33 £ 1.30 £ 1.08 + 243 * 0.17 = 0.22 + 2.85
4.98* 3.36% 1.36° 2.31°4 (Q.32°9¢ (.89°4 2 gobet

pH 6.0

+1.66 * 0.76p* 049t WG 0.20 = 0.02, +0.80

Y(Citrus press cake

? Pycnoporus coccineus

Y Lentinus edodes

Y Pleurotus eryngii

” Hericium coralloides

9 Panellus serotinus

? Ganoderma lucidum

Yelectron donating abilities

Ynitrite scavenging activities

The value are meant® S.D. of 3 replications.

The same superscripts in the same row are not significantly different at p<0.05.
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= AelM= 36.6113.10%%2 =7/ dUEsted, ol AR 1 g& = 100
mLE FE337] wiitel dabstEde] srt 2] F7ksk Xpo] gl haHr A4A|
o gtstgdd wEor dddn. E wFdS HUEE wiAolA ajekst
Ganoderma licidum, Cordyceps militaris A FE59 gt d A2AEAdo]
S/t en, dEAE 5 S7FIATH(E8) i ®Barstar glo], WAl ARA] €]
= g7t d Zlow ddkdEn.

ol 25 Hh

offN

6. ACE A3+

ok Fofl 770 A 9 FHbHlo] EAl= ACE (acetylcholine esterase) A&l &
o] Qlo1A(13), ACE Asli&s SHste] dAAMET 594 ¢ IRds A
oA AAbek=dl e AFEEA QT AR E ARESE AE AT W WA T A 2

ok AHES A A AAE BAog ACEANES =AHsgon, 1 A7

= Table 9o Yerjdtt. 57229 ACE A& 27.05-30.20%= }eho]
Hl3h e 2 vegtod, 999 4% 41.35%2A w9 =7 vepst
Fuko]l A= 37.37%% FAEFETY Zou oyHg &AL 7S et o

714 ACE A& & 59 93 H|&o] =55 S7leks Aoz HAu
WA A 2] ACE Al &S 14.47-24.60% %24 ZSurnct 7H4astes dAS
et ACE As|&Ado] 20%0)dol™ sk ZHFaro] Sl Aoz 9ol

ks
(Alzheimer's disease)d & Alg¥ o] gfow FHA Uzrslolmrgo] o3t
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<

Table 9. Inhibition rate of acetylcholine esterase of citrus powder, and

citrus press cake before and after cultivation with mushroom mycelia

(%)
epe Ypcu YMCU Yeup
Inhibition 37.37° 30.20% 27.05° 41.35°
rate of ACE +2.19 +1.08 +3.95 +92.35

l)CPC 5)PC 6>LE 7)PE 8>HC 9)PS 10)GL

Inhibition 37.37 22.86 19.00® 24.60* 19.07* 18.62*" 14.47"
rate of ACE  +2.19 +1.49 +321 +0.81 *257 +213 +3.36

Deitrus press cake
Iprematured Citrus unshiu
“matured Citrus unshiu

Y Citrus unshiu peel
5)Pycnoporus coccineus
9Lentinus edodes

? Pleurotus eryngii
¥Hericium coralloides

Y Panellus serotinus

Y Ganoderma lucidum
The value are mean+ S.D. of 3 replications.

The same superscripts in the same row are not significantly different at p<0.05.
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GC/MS=E &2 38k= W o] HFo] o= 4
ghetu 1A ol el iR AEhEr Ao HAFAAR dolH &= A
AEES sk WHORE Luke 5(12)9 fujFZo 23 EAUHS AL

A 7P e 2057 AEEdeH, AEutdd I FR7F 1224 7P Ak
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—elemene, p —elemene, pB —caryophyllene, caryophyllene, 7y —elemene,
germacrene—D % § —cadinene> 7 E7F2 essence oildA HEHT+=
H1(6,7,88-92) 9 LAt k. 2HY  FEFANA HEHe Rud
linalool (6,7,88,89,92) 2 A&¥#| &%kem, 8—hydroxy—linaloole] &= 3th.
T3k @ —selinene(6,7) iAol B —selinene®] HAEES O™, tetradecan,

tetradecanal 2 pentadecan (88,89) thAle] Abz}lEEj<l tetradecanoic

acid®t pentadecanale] HAZH AT, Folst HFL2 3Ado] B3 &=
o] A=A ¢& dAle] acetone |ulE FE=H 3AAHo] fe

4'5,6,7,8—pentamethoxyflavone (tangeretin), 3'4'5,6,7,8— hexamethoxyflavone
(nobiletin), ¥ stigmasta—>5,24 (28) —dien—3—ol, 34 — (stigmasterol)©] 7%
H%+=dl, tangeretin 2! nobiletin® total ion chromatograms+ Fig. 69 4

SR
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Table 10. Volatile compounds of citrus powder prepared from prematured
Citrus unshiu, matured Citrus unshiu, Citrus unshiu peel and citrus press cake
by GC/MS

(Area %)

Retention

Time Component pcu? mcu? cup? cpc?

Tetramethyl—1-benzoyloxy—4,5—dihydropyrido(1,2— 5)
5.49 A) azepine—2,3,4,5—tetracarboxyla 142 ND~ ND. ND.

5.50  Benzoic acid ND. 223 ND. ND.
5.98  2-Furancarboxaldehyde, 5- (hydroxymethyl)— 078 323 ND. ND.
6.69  Phenol, 4—ethenyl—2—methoxy 1.52  2.00 069 1.36
7.02 6 —Elemene 2.26 ND. 355 051
7.22  8—Hydroxy-linalool ND. 047 ND. N.D.
7.49 A —Elemene 6.08 4.67 1157 1.31
7.81 B —Caryophyllene 1.70 N.D. ND. N.D.
7.89  Caryophyllene 0.88 054 0.75 ND.
7.99  y —Elemene 058 0.27 1.02 N.D.
8.68  Germacrene—D 241 096 525 ND.
8.77 B —Selinene 1.17 0.88 ND. 027
9.14 Calarene N.D. ND. ND. 034
9.23 6 —Canene .38 1.12 206 N.D.
9.88  Hedycaryol ND. ND. 421 ND.
13.70  Tetradecanoic acid ND. 092 ND. ND.
16.97 Ferulic acid ND. 271 ND. N.D.
19.00 Hexadecanoic acid 19.85 25.80 15.65 29.87
22.22  Ethyllinoleate ND. 1796 ND. 26.74
2—Hexadecen—1-0l,3,7,11,15—tetramethyl—,
2810 [RIRR-®)]]= 4 120 ND. ND. ND.
30.47 Pentadecanal ND. ND. 046 N.D.
36.03  (3—Deuterium) = y —tocopheryl methyl ether ND. 13.06 26.36 N.D.
36.60 Vitamin E 804 ND. ND. 881
37.55 4'5,6,7,8—Pentamethoxyflavone 5.12  6.27 2391 2.23
38.37 Ergost=b—en—3 3 —ol 825 10.19 ND. 20.99
39.06 Stigmasta—5,22—dien—3-ol, (33,22E)— 398 503 451 6.53
39.50 7 —Sitosterol 3291 ND. ND. ND.
40.80  Stigmasta—5,24(28) —dien—3-ol, 38— ND. 0.81 ND. ND.
41.79 3'4'5,6,7,8—Hexamethoxyflavone 147 090 ND. 1.03

UPrematured Citrus unshiu.
Matured Citrus unshiu.

Y Citrus unshiu peel.
Veitrus press cake.

INot Detected.
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Table 11. Volatile compounds of mushroom mycelia cultivated with citrus press cake by

GC/MS

(Area %)

Retention Component pc’ LE? PEY HCY PSP GLY
5.85 Benzofuran, 4,7—dimethyl— ND.” ND. ND. ND. ND. 252
6.69  Phenol, 4—ethenyl—2-methoxy N.D. ND. 3.15 ND. ND. ND.
6.90 Limonene—1,2—epoxide 3.60 ND. 13.70 18.61 35.02 30.28
7.01  Decanoic acid N.D. ND. ND. ND. ND. 5.13
749 B —Elemene N.D. ND. ND. ND. 38.43 37.09
7.79  Phenol, 3,4—dimethoxy— N.D. ND. 039 ND. ND. N.D.
7.89  Caryophyllene N.D. ND. ND. ND. ND. 2.64
8.68  Germacrene-D ND. ND. ND. NP Np 523
9.11  2,6—-Dimethylbenzaldehyde N.D. ND. ND. ND. ND. 1.33
9.23 6 —Cadinene N.D. ND. ND. ND. 457 6.77
13.70  Tetradecanoic acid N.D. ND. ND. 6.37 ND. N.D.
16.90 3,4-Benzocycloundec—3—ene—1,5—diyne 3.77 ND. ND. ND. ND. ND.
19.00 = Hexadecanoic acid 56.66 90.05 22.51 N.D. 21.97 7.00
21.50 Heptadecanoic acid N.D. ND. ND. 587 ND. N.D.
22.22  Ethyllinoleate N.D. 3.07 ND. ND. ND. 1.99
29.34 1,2—Benzenedicarboxylic acid,dicyclohexyl ester 513 ND. 7.63 ND. ND. N.D.
36.03  (3—Deuterium)— 7 —tocopheryl methy!l ether 2.08 6.89 ND. 7.82 N.D. N.D.
39.50 (3 4,24S)-Stigmast—5—en—3-ol 28.70 N.D. 52.62 61.34 N.D. N.D.

Y Pycnoporus coccineus
? Lentinus edodes

¥ Pleurotus eryngii

Y Hericium coralloides
Y Panellus serotinus

® Ganoderma lucidum

PNot Detected.
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Search ApexTime = 41.75T min, SlanaI/Nmse =9 Area = /2239
BP 387 (5441=100%) 52 in List File 41.746 min. Scan: 2594 Channel: Merged lon: 8380 us RIC: 19360 BC ApexTime = 4
100% 3 397 3
75% -  Compound 5481 E
oy _3 =
o0% ] 344 398 3
25% 197 949 12p6 ]
E 434 1 E
0% —J 1 1 Y " L. " Ll 1 I ]
Match 34,56, 7,8-Hexamethoxyilavone
BP 387 (999=100%) 285318 in Wiley CAS No. 478-01-3, C21H2208, MW 402
100% 4 Sq/ ]
75% -  Library i -
50% -3 3
3 83 197 a0 344 38 E
25% - 170 190 o0 190 230 E
0% 3 | af 1 i - E
R.Match: 861, F.Match: 738 10b 2d0 30b 4(b m/z
Search ApexTime = 37.548 min., Signal/Noise = 73, Area = 106184
BP 357 (4438=100%) 44 in List File 37.542 min. Scan: 2333 Channel: Merged lon: 6153 us RIC: 25381 BC ApexTime = 3
100% 3 3 =
3 2 3
75% —3 Compound 4438 =
o _3 3
0% 3 71 314 398 ]
25% 3 41 701 07 132 ; gz %SS 1078 10p1 3
i 313 ‘I 3
00/0 3 ‘l AI _1.1 I-I. 1 2416 o | 29[21_ J. ’ L h Jl.l 1 L I. -I 3
Match "5,6,7 B-Pentamethoxyflavone
BP 357 (999=100%) 268856 in Wiley CAS No. 481-53-8, C20H2007, MW 372
100% - 3 3
75% Library 999 i
50% -3 E
: E 83 182 314 398 3
25% —J 140 132 170 296 Yo 240 E
E 90 1 90 | E
0% 3 il | s 1 ]
R.Match: 970, F.Match: 588 100 200 300 400 mz

Fig. 6. Total ion chromatograms of hexamethoxyflavone and pentamethoxyflavone compounds identified from the

dry powder prepared from citrus press cake by GC/MS.
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