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Structural and Solubility Characteristics of Coenzyme Q,, Complexes
Including Cyclodextrin and Starch

Joon-Kyoung Lee, Hyun-Joo Lee, and Jae-Kag Lim*

Department of Biological Science and Chemical Technology, Korea Polytechnic University

Abstract This study focused on assessing the solubility and structural characteristics of two types of coenzyme Q,,
(CoQ,,) complexes: the CoQ,,-starch and the CoQ,,-cyclodextrin complexes. The solubility of CoQ,,-starch complex
increased significantly as the temperature was increased. However, the solubility of CoQ,,-cyclodextrin complex reached a
peak at 37°C, and strong aggregation occurred at 50°C. When the temperature was raised to 80°C, the CoQ),,-cyclodextrin
complex dissociated owing to the weakening of bonds, resulting in CoQ,, emerging at the surface of water. Therefore,
CoQ,,-cyclodextrin complexes have lower solubility, due to their reduced heat-stability, than do the CoQ,,-starch
complexes. Structural differences between the two CoQ,, complexes were confirmed by Fourier transform infrared (FT-IR)
spectroscopy, X-ray diffractometer (XRD), and differential scanning calorimeter (DSC). The CoQ),,-cyclodextrin complex
included an isoprenoid chain of CoQ,,, while the CoQ,,-starch complex included both the benzoquinone ring and the
isoprenoid chain of CoQ,,. These results suggest that CoQ,,-starch complexes possess higher heat-stability and solubility

than do the CoQ,,-cyclodextrin complexes.

Keywords: coenzyme Q,,(CoQ,,)-starch complex, coenzyme Q,,(CoQ,,)-cyclodextrin complex, heat-stability, solubility

capability, structural characteristic
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8, W2 el AAol8-E NS St et Adew
AFHRE ot A7 FE A o] ZIthE ). Coenzyme

Q0 83 & RN Heo] Aol dES =ole W

2 IA YHE v=s F AUtk
AR, F3AIS ARt olPAS AxsE Wgolt) oEA
&l EE I ol 401X g AAS Edele] ¢S

sl s wres ZYol), o] e AHALS AZ] A 72
A7t st f3AE @ Aol 54 A Vg =
T 7FAok dtk(14). d8d EFS mlolaz FE e odd
o2 AxFozH EARMAANE MAAZ & o Aol &
& WA =45 & 4 ATK15,16). Coenzyme Q& Thd3h £
Ao} #A7]E ARSY] SRS =olaL 3, E A Af
dol A7E Bk Aok = £ ©o]&3l] coenzyme Q,
Ui odAS Axste gge NS Felsiia17) E3
Az odde] AA L& B QJTh(18-21).
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EA, cyclodextrin H¥AE Fdsh= Wt} Cyclodextrin
HAES CGlase= E3f8te] -2 cyclic oligosaccharides®A] glu-
copyranose—‘jrx}ﬂ o-1,443S 3 3] FREo|TH22). ©] 3131'
el FREL N E ¢4 % UERHSL, W= C-H
IAN= "V\“}O] A8l S VeI wEhA cyclodextrm
22 W A FEel B 25 24 e 4 A
shetes 4@"]74 ZHEFAE 8T & ok FATHR3).
olFA 2HE EAlE AFNHANA thdsiAl S-8=T}. Cyclo-
dextrin® 2 W84 7% é% 2 oJorEH HEIAE FAst
L=l g Aol &g AL B8 TH24-27). Coenzyme
Q2 ©J7 cyclodextrm_i Aot B34S sk HdA
T7F Y=t Lutka®l Pawlaczyk= coenzyme Q,;2 TFFSH
cyclodextrin® 2 EH3IA T, B3] oA 2 L =E B4
skt =3 coenzyme Q8] A 7RG & WE EFsaL
A7) W&o 2HE & e Rl 7 & y-cyclodextrin
o] EAE ¥ o] 7P 37] W2 coenzyme
Q% ol 7 frEld Zlelgkar Rasiith
(28-31). RF o}u2} coenzyme Q-cyclodextrin H4AE A x5
A SalE, & B F K8 N, ARl EE S B
Tk} QTk32-35).

AA, starch EFAE FAsl= WPolth Starch ] amylose
L gMTRE Ei 2IH2 84 8 2 9on U 9us
o-1,4 glucose chain®] glucosyl hydroxyl 717} &A1 YH= &
T 243 58A 340l 75 glycosidic oxygens, methylene
719} 742 hydrophobic 717} $1tH34). HEA= &4 BAE
Eol] BAAA BEAtdS Az & 4 JrH36-40). Kim 5(41)
starch®} dextrin® = coenzyme Q,, wAINS A|Z3H o™ AzE
S nano particle® 37 FF PESIATE W kel R
ate] ksl ofs) FHAQ JEFS v FE 2 UieA 98

S HIE F UTh42,43).

HANZIA] coenzyme Q= THESH STHOIA] L%"é, w2 A
o] &-&& MAds] fg A7 AU ¢

ke el A HoE AAd ﬂxﬂa AHgshe ®
oltt. ARt frsAle AF 7R EFErh Lee 5(44)> -]
FR7H2 AA a7t gle ARt R §7i7h =Xk iyl 3t
s oz FAE Fotd IHToz AEo| AT Tl
AEA7RES Héo] 5§ e F JoBE olF I HAHY
735 %%0}‘:}4— EJ—O} k.

w2 AFXs F3A9] AR glo] coenzyme Q,
231 2 *ﬂxﬂ ]og.% MNAAZ = dE= cyclodextrin —‘—".—3‘11]9}
starch E3HA|E Hlwstaz}l sl g4 §84, AF 28 %
AR Aol Fagh Hxll BIEs 2% m}a]— HI WAL 1
o W& F E4AY] 8E Aolg: F2A SHCA ddS F
322} FT-HIR, XRD, DSCE o] &3ty 724 548 E4519
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=
E o] ARE-3E host compoundE WHE5o] 7 =7] )
o] & 7715 X3S = coenzyme Qloe FHt] FHA
PRE 7+ U= gEol 7P At BaE AT Aol
W}E‘r y-cyclodextring A7 g % coenzyme Q4 EHA FHE
=319 2™, y-cyclodextrin (-100, 98% ©]%)2 Ensuiko sugar
reﬁnmg Co., Ltd. (Yokohama, Kanagawa, Japan)°ll~] A2bel A&
S ARSI high amylomaize starch (HylonVII, 70% amylose)

mlm Mo

] CoQ,, E-3A 54 181
+ National Starch and Chemical Company (Bridgewater, NJ,
USA)lA Aakedl A= AFESIAITE Guest compound®] coen-
zyme Q,, (Kaneka Q,, 98% ©]’)> Kaneka Co., (Osaka,
Japan)ll A AAHE A FE ARSI

Coenzyme Q,,-cyclodextrin SEHIX|=

Coenzyme Q,,-cyclodextrin 5A = Fir 5(33)¢ WS 8§
3lo] A3kt Cyclodextrin 7.5 g& 7 15mLell ] 80°C
oAl 30%7F BA$ & cyclodextrina} 1:1 molar H]-&e) 393}
£ coenzyme Q,, 4983g& H7st 1&FE7|(T25 Digital,
IKA-Werke GmbH & Co. KG, Staufen, Germany)E &85}
10,000 tpm, 30%7+ A2sl3it). B} Axs H3AS FA]
fate] BFA &HE 25°ColA 24A7F BB, free AFE S
coenzyme Q3 cyclodextring | As}7] {34 &L AEE]7]
(5,000xg, 10 min, 49°C)Y5 ©]-&3}] n-hexane.j T AE sl
SHTE W A F F 7R JHES 55°C, 24417 A
z39th. Ax" 234+ 100 um AS A]—%akﬂ EuslE &2

FAE LA

Coenzyme Q,ystarch SEHHM=
Coenzyeme Q,-starch E3A= Kim 541)9] ¥H-E 38314
Az3ATh A2 E T8l Aol xﬂﬂlﬂ starch (HylonVII) 500
mgS 1M NaOH 6mLel €343 & S/ 38mL=E 3]43},
IM HCIZ 347 the AP g $lske] davkng s %
oF 9] & wPE#7]E o]43k] 121°CoA 208 ot xiilo}
Atk ©] starch §-He| coenzyeme Q,, 150 mge ¥l 3L
71 10,000 rpm, 30% A&t 70°CoANA 124]7F R
Al 6A1ZF wmbsli A e Wrhet) W7kek 89
Z3al AxE E9AE 100 um AE ARSste] Eis)
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2z0 U0 coenzyme Q,, ST H|I

E2slE E3A 1g2 S/ SomLell €32 25, 37, 50 2 80
°ColA] 185 rpme.Z shakingsl™ 12A17F A2]& &3)|5%]
239l 8549 coenzyme Qs F& FE(G2, 40-100 pm)yE
o]g-ste] AABNL AZHE LAH] coenzyme Q,, BIHNES w
Attt

Coenzyme Q,, &4

Coenzyme Q,, &3l== o2 T 5mLE F st 47038t
3 AxE BEYAUQ coenzyme Q0] FHS AFHIIATE Ax
H EAWAA coenzyme Q& FE317] #18+ N,N-methyl-
formamide 5mLol| AZE EH3AE &3F 60°CoAA 1A %
<3 A2ty 2% coenzyme Q,, £ 0.45 um Afilter=
o]7}% HPLC (Jasco Co., Tokyo, Japan)Z 7 #H¥4 &tk
HPLC Z71-& Table 1] YFERASITE

FT-IR

FT-IR spectrophotometer (Spectrum GX1, Perkin Elmer Co.,
Norwalk, CT, USA)E ©]-&3l E3HAe] A4 59} coenzyme
Qlo—cyclodextnn B3, coenzyme Q,-starch HA| ] 724 54
< st B A= =84 ¢E, host compound,
guest compound2} HlwE F3 EQlIsTh %iéi ZAL z}z}ol
sample 1.5mgS 300 mge] KB} Z2A &3l diskE |23}
Atk AzE disks 4000-400x10" em 27 FA4313ict
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Table 1. The operating conditions of HPLC for coenzyme Q,,

Parameters Conditions
Instrument HPLC (high performance liquid chromatopraphy)
Column Hypersil ODS-5 (4.6 mmx150 mm)

Mobile phase  Methanol:Ethanol=13:7

Flow rate 1.0 mL/min
Injection 20 uL
Column temp. 35°C
Detector 275 nm
XRD

XA 3d HEs s Al A48s gEelsty] sk
X-ray diffractometer (SXV-090A, XAVIS Co., Ltd., Seongnam,
Korea)E ©|8-3}Hth Target> Cu-KaZ voltage 40kV, current
30mAR ZHE3I9, 31 s 2-30° 0= &~ S 1.0Y
min®. 2 =433t}

DSC

EAe] EHEALS golrr] flste] AIXALE #Al (Auto-
MDSC Q2000, TA Instruments, New Castle, DE, USA)Z 4
SHATE ZHzke] sample 2 mgs EFrlE e ol HEste] &
23199t} Calibration2 913} baseline?} referencezA] ¥l W-g o]
£tk B2AL 25°CoA 250°C7HA] 5°C/ming] HE== 7}
GelHA E3AY €4ATS Elstar

In vitro 28} Y& I{E

In virro 23} W& WEE Yoo(45)9] in vitro simulated diges-
tion models S-83IAth. 77, 917 € &%l U §4= a-
amylase, pepsin, pancreating AFE3IATE @45 S simula-
tion solution?} E45 AZ|SHA] && control solutionS A 33}

a7k coenzyme Q0 WEFS AU Alxd 27}

-4 solution 1 mLS sample 10 mgoll Ztz} &3l|ske] 37°CoAA -

BZRAL 308, 9 - 2 AL 2A17L Hg-skiTh whg-
°J’“—‘?‘E](4000><g, 20 min)sle] HAAES 3|48l 44X 0}
th 71zE JAEWH] coenzyme QIH &S HPLCE ©]4-3}
o @%Lﬁr@. ElpsA=

WEFH(%)=2715FAWNE] coenzyme Q,, (mg)-TAE =He4A]
We] coenzyme Q, (mg)Z71HFA U] coenzyme Q,, (mg)x100

- T77Z7: a-amylase solution pH 7.02] 1mM CaCl, 25
mLo| o-amylase (Sigma A4551, Sigma-Aldrich Co., St. Louis,
MO, USA) 32.5mgs &3]3k

- 917%¢=7: pepsin solution> pH 2.0¢] 0.IN HCI 20 mLol
pepsin (Sigma P7000, Sigma-Aldrich) 0.01 g& 83331t}

- &7%3%71: pancreatin solution> pH 7.5¢] 0.1 M NaHCO, 25
mLol| pancreatin (Sigma P7545, Sigma-Aldrich) 0.1 g3} bile salts
(Sigma 48305, Sigma-Aldrich) 0.625 g& 8333t}

EAEAN

v ars AUt A2 R AT Bags HEd
Az el AEAsel i frolxt 142 SAS (Statistical
analytical system version 9.1, SAS Institute Inc. Cary, NC,
USA) ©]83lo] Bzl BE¥XE E0)2 Duncan?] T 9

A1&¥ (Duncan’s multiple range testy AAlsle] SAIF FoHdS

A8kt

A M=

Cyclodextrini')r coenzyme Q= =S

TEHATH28-34). & A= APAFE T3 y-cyclodextrin® =
cyclodextring A ¥ coenzyme Q% HFA B8-S =3t
gom 1 AdE AR JERNRITHFig. 1). Cyclodextrin?t %]
23t A--(Fig. 1a)olX+= cyclodextrin®] ol o} Frgst Ao
2 yehd A5 glskitt ARt coenzyeme Q7 A2 A
$-(Fig. 1b)o1A= coenzyme Q,,°] Eoll =A] &3 2o e &
F& Ittt 2ol HlEl cyclodextrin solutiondl] coenzyme Q,,
Arkete] & #Asket 79-(Fig 16)011/‘15 =49 paste
7t @AHE BEAVE AsA BAHEUTS ERlskdTh =%
#2314 pasteE 53 cyclodextrin} coenzyme Q,,°] E-3HA|
FAskES FJAD 5 Ak °l= Fir S(33)°] 80°Cel|A
cyclodextrin®} coenzyme Q,,°] =] pastes FAL wi7bA|
akelE WS AAISIY] Wl =] pasteE FA ST
W EEA7E FAEAT AFE 5+ St

Kim 541y A|"o] AA% Hylon VIIZ}t 7R3 d2E
U2 coenzyme Q3 WH-3}] nano dispersions 34 gl
Bt Starcch HFA S A FF= Fig. 201 JERASIT
Starch?t E-3HA| A|z2F 34 Y8 Mg A9-olM= starch
7t @3] Eofxl AL 1T 4 oW (Fig. 2a), coenzyme Q,,
9k X2 et A9 coenzyme Q0 Eoll A &2 A& &
olgk 4= i}q—(Fig 2b). 2] B]3) starch solution®] coenzyme Q,,
°ﬂ"1 =gk el getello] UERFHEA E3HA
= AUTHFig. 2c). WEHA starchg]r coen-
AEeS AKE Ea) 3elrbssith
Ao Kim __(41H H31A 63/\4,4— EIES

[
ot
>
jd
k
©
= =
B

rulo

i X

O
ame Q0] HHAE 3
S PAE EFAL 3
gt A#E eI
ol8A A= cyclodextrin BAN 9} starch E-TA S Ei3)s)
o gaix B FxF EAS FAsislth

20| e SEel Sd 8d
ST SomLell 8aE e @S Fig 39 YeRAITH

EIAE SHRT LT vlA LaEA Rl stk 53
Aot 3l AN EAe] BH7F Uyt coenzyme Q0] &
Z5o & 9ol e FE FRIs s AR S A
= 7iEreke B39l e coenzyme Q2 AAE & Ut

ofy

Starch H3HAl= %7t 571 S5 7HIRS B3HAe] ool
ke 2E ERISIAY ol 257 VMRS 5EA &
A=t FTkste] mA A=A ®slal vtk BT A
sk ZAoZ AR SERIRE cyclodextrin E-3A= 25°CelA]
37°CE &7t 37 A 7k B39 §o] Z4gle
U 50°CE 257F S7HE Af 288 rhek Al §
Fol A F7tete e FAUskATh ©l= coenzyme Q,,°]
melting point$] 50°C ¥ W EAH 9] aggregation®] dojut
o] BE3AE 7hek> Aog Alg®Eth EE 80°Cold B
AUl Ao ofsl|ol| we} coenzyme Q,, §F°] Y &
ol == AL skt WEA cyclodextrin 23 = Foll
thak eFgAdo] starch E3A] HU} olx|E Zo 2 ALgET} o]
ZA AzE EAHY E4A =S coenzyme Q) EHES

m[o
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Fig. 1. Appearance of controls and coenzyme Q,,-cyclodextrin
complex. (a) cyclodextrin alone, (b) coenzyme Q,, alone, (c)
coenzyme Q,, complex paste prepared with cyclodextrin

Fig. 2. Appearance of controls and coenzyme Q,,-starch complex.
(a) cyclodextrin alone, (b) coenzyme Q,, alone, (c) coenzyme Q,,
complex paste prepared with cyclodextrin

747t 2SI,

20 e coenzyme Q,, ST

EFAUN] coenzyme Q0] &3= AHE Fig. 49 YERNS
t}. Starch B3H1E 227} 2715kl w2} coenzyme Q,, £3l=
7t Z718ke] 80ToA el Sal=E Btk o|& Fig 3914
1E AAY B3=HA Rl stk BiAe] el A
ke Fd 22 At & 5 ATk 2ol vl cyclodextrin
e 37°CM Al &al=E Blom 50°ColA 8=t
A 7Zashs AL RIS ol 50°CoIA aggregation®] U
ofigol] mzt el HE¥AE FHE7] wjEo] SHETF A
Fashe 208 AlsEh BE 5gAe] 57t dojvk= 80°C
oA coenzyme-Q,, S =7F Sk AQle EFA M &&
H free AN S] coenzyme Q, - free FENS] cyclodextrin®] ARk
& SIHA] Eoll 8319 coenzyme Q8 Tl Tk o=
AtEE T Starch B9l &al2=7t S7HrE 534 2 &
Al coenzyme Q2] 83N=7t FrelH o= Frtsl=d vl
cyclodextrin E-3|= 37°ColA coenzyme Q2] U] £3|=E
H3om o]F 50°CollX= 735l aggreagation®] Poikow 80°C
M efelixl Aol oa HdA7F AHSEA coenzyme Q,
o] & 9ol e S YEPNATE WEtA starch E3FA0) H
3 cyclodextrin 3= Fgidol wom 1o gt £3l=
GA] 22 Ao g AlgHTh 2 Ao AxXH cyclodextrin 2%
A9} starch EHAl= thE Fe &l 54 BoH ol &

Conditions (C)

25 37 50 80

Before

filtration

cc?

After

filtration

Before

filtration

SC

After

filtration

Fig. 3. Appearance of complexes at different temperature
conditions. "CC is coenzyme Q,,-cyclodextrin complex, SC is
coenzyme Q,,-starch complex

A I Afolo &8 YERd AR AlsHT
Coenzyme Q,, ¥ E3A|¢ &dl= B=F Z74E Table 29 1+
ERI2ATE Lutka 530y coenzyme Q,,-cyclodextrin S3A & Z+
ZF 55, 60, 65°COlX] A=k A3 65°ColM Az HFAW ]
coenzyme Q,, 3=}t oF 6 pg/ml= 7P EUTIL RIS
SHAIRE B Aol A S3lE coenzyme Q8] T cyclodextrin
239 AL A S B 37°Co)A 0.04 /50 mLE 7}
A =gkom o= I mLol| £31E coenzyme Q2 ol <F 1.6
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Table 2. Solubility of host compound, coenzyme Q,, and complex in the form of coenzyme Q,,-cyclodextrin complex and coenzyme Q-

starch complex at various temperature (Unit: g/50 mL)
cch SC
Cyclodextrin Coenzyme Q,, Complex Starch Coenzyme Q,, Complex
25°C 0.10+0.02* 0.02+0.01* 0.12+0.03* 0.36+0.01* 0.02+0.00* 0.38+0.02*
37°C 0.19+0.03° 0.04+0.01° 0.23+0.04° 0.37+0.02° 0.02+0.00* 0.39+0.02*
50°C 0.25+0.03¢ 0.02+0.00* 0.27+0.04° 0.43+0.00° 0.06+0.00° 0.50+0.00°
80°C 0.68+0.00¢ 0.03+0.01™ 0.71£0.01° 0.67+0.02° 0.08+0.00° 0.75+0.02°
PCC is coenzyme Q,,-cyclodextrin complex, SC is coenzyme Q,,-starch complex.
*dMeans with different letters within columns are significantly different at p<0.05 by Duncan’s multiple range test.
1.0 0.10
08| E 0.08
) ]
5 3
3 z
D 06t = 006t
z 3
3 8
3 oaf d oo4f
5 ©
02 g 0.02 +
o
0.0 L L L L 0.00 L L L L
0 20 40 60 80 100 0 20 40 60 80 100

Temperature (C)

Fig. 4. Water solubility of complexes on the coenzyme Q,,-

cyclodextrin complex (@) and coenzyme Q,,-starch complex (O)
at various temperatures.

mgo| B2 APATe] BAETE oF 2668 o] Fe] SIAEE B
o= A& AEHU}. Starch H8A= 80°CollA 0.08 g/50 mLE
cyclodextrin E§A U] &3ld TRt =A YERTE 50mL
of o] 83ll¥ coenzyme Q2 o] 0.08 g2 ThA o} HY
T Jo} 2 ox A= coenzyme Q2] LY AdFH Hol
491 71 0.1 g 7t 100 mLell 831F coenzyme Q,,
o] TS 0.16 g0 Y MHATF o] FFel7] wiEol starch
EdAlE frebAe] #7t glo] 7l SRR &8 JlesAl =
tal ALREEE ol d 7 EekA|e] Ao/ xpoli ®E ok}
250 mE g Rjole FxF EA HIREY] Wi
Bl x4 54 vlasiith

SEHAe Held 28 24

Coenzyme Q,,& ZAl C=09} C=C% benzoquinone ring
(1400-1700x10™" cm)34} isoprenoid chain] C-H <3< (2,800-3,000x
10" em)e2 yEepdth =3 1451107 emollA C-H bending vibra-
tion band, 1,600-1,700x10”" cmol| 4] carbonyl band ZZZ]3. 2,800-
3,000x10”" cmo|4] C-H stretching E3A QLS x3hstal Ut
Coenzyme Q,7= cyclodextrin, starch®} B3NS Fdel w=} oL
=] W3E 7R 20H(28-31,34).

Cyclodextrin?} coenzyme Q,;& ZAHZ Zof EFAX =3
E3E(Fig. 5¢)° HIEl cyclodextrin 33| (Fig. 5d)= 2,800-
3,000x10" em FelA ZelE 7L vt =8 £dES
2,900-2,950x10" cm ¥ Wl TS| peak’t EANSH=H Hhsl
B3 = T peak’} Fe] peak® FAAIL intensity’} =

Temperature (C)

Fig. 5. Effect of temperature on coenzyme Q,, solubility of
coenzyme Q,,-cyclodextrin complex (@) and coenzyme Q,-
starch complex (O) at various temperatures.

71he A& Felskit). ole Fir 5(33)2 B9l 543 A3
£ YeAth AR benzoquinone ring 932l W= FEut
intensity®] xfel= WEREA] FUTh wEtxd £ AelA AlzE
cyclodextrin &-3A+= cyclodextrin cavity Wl coenzyme Q, <]
benzoquinone ring®] ¢ isoprenoid chain F<jo] ZHEH U=
Aoz Algd.

Starch®} coenzyme Q,, &4 &3 (Fig. Sa)l HI3l starch £
3| (Fig. Sby= 2,800-3,000x10°" cm, 1,600-1,700x10" cm o]
A z2ol& 7EAAL Atk starch E2]4 EFE-2 2,900-2,950x10™
em Atele] 0] peak7t EAHSIY starch EAI= F/HE] peak
7t = A AL intensity”} F7FSFATE FEgE 1,600-1,700x10™
cm Fe] ME intensity’} 214 Ej=l vls] @A 7FAsH
= Ag It o= A £g=ol Hsl| AT starch
W gz o Bol 2HEo Jok & F vk wEkA
coenzyme Q,; starch®t HFAE FAAsIHNL IHE HdA=
coenzyme Q& benzoquinone ring} isoprenoid chain §¢ EF
wado oa] =3 o] USS 5T

wEHA coenzyme Q72 cyclodextrin, starch®t 2H2b E3A &
A 4 ok SRR starch B30 cyclodextrin 23|l ]
3l coenzyme Q,, I WME=2] intensity’} BASA THAE AL
3ol & 4= AT Cyclodextrin E-3H4|+= starch 3ol B3]
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Fig. 6. IR spectra of coenzyme Q,,-starch physical mixture (a),
coenzyme Q,,-starch complex (b), coenzyme Q,,-cyclodextrin
physical mixture (c), coenzyme Q,,-cyclodextrin complex (d),
pure coenzyme Q,, (e), pure y-cyclodextrin (f), pure starch (g).
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Fig. 7. X-ray diffractometry patterns of pure coenzyme Q,, (a),
coenzyme Q,,-cyclodextrin physical mixture (b), coenzyme Q,,-
cyclodextrin complex (c), pure y-cyclodextrin (d), coenzyme Q,,-
starch physical mixture (e), coenzyme Q,,-starch complex (f),
pure starch (g).
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Fig. 8. DSC thermograms of pure starch (a), pure y-cyclodextrin

(b), coenzyme Q,,-cyclodextrin complex (c), coenzyme Q, -starch

complex (d), coenzyme Q,,-cyclodextrin physical mixture (e),
coenzyme Q,,-starch physical mixture (f), pure coenzyme Q,, (g).

34 9 geEst we 9002 AR

In vitro 23} W& TjH

Cyclodextrin® ©o]r] ¢HAgH &+ Ad 722 T8 I
S sk Ae= gHA Arh49). =3 coenzyme Q2 y-cyclo-
dextime 2 AZH BIAE 7KL in vitro, in vivo DES T3
A 0)&& Aol gRlEnt Urh(34,35). & A9 cyclodextrin
A= 77 27904 control solutionA] WEE F(8.4%)
o-amylase”t 718l simulation solution®l] 4] WEE %(10%)2] =}
ol & 1L6%E F2l4 zolE Holx| &y 9 M=
control solution?|A] WE%¥ % (11.3%) pepsin®] H7Fe simula-
tion solution®l| X WZEU(8.6%)= & |7} YEA] 29dtt.
2% Z7AME control solutionol] A WEE U(55%)°l H] 3l
pancreation®] 7} simulation solution®ll A WEE %(90.7%)°]
°F 35% =7 YR} foH oz A F7F ke As GRSk
CHFig. 8). Cyclodextin B¥A= 77 49 a-amylases} 917
Z79] pepsin &40l W3] A% 279 pancreatin F4xo) 2|3
EHAIW coenzyme Q0 &F0] & ALoE 1A

Starch E3HA= B8 AEjed 248 A3 A 9 g4
A AYBAEE UA] EEE HD 31 o] AR Th Ha
Z-go) o3 WE 2 4 AnkL e ol 7IsAdAFEeY
A2k Akl A delivery system2] 7] AR-E 5= 9
A TH50-53). ]l wel starch E3HA%E cyclodextrin E-3HA]
9} H|5=8t A7E BTh P control solutiono| Al WEE
(23.6%)3} o-amylase”} 3 71E simulation solutionol|lA] W&¥ <
(282%) o4 zlolE Ho|A] 9aL 1% 279X = control
solutionoll A WEH %(24.2%)Z} pepsin®] F7FE simulation solu-
tionol| Al WEF233%)% 94 Zpol7t UERAA] Fskrh &%
Z719) 4= control solutionll A WEE F(53.6%)° VIl pancre-
atin®] 71 simulation solutionoA] W& (92.9%)°] F 40%
A el fe8 08 FA 7t ke AS ERISITHFig. 9).
Starch -3 77F 2719 a-amylase®t 9174 Z719] pepsin &
2ol v &% 279 pancreatin 4ol 28] E3HA] W] coen-
zyme Q0] &&°] EHAR Ao F IS

In vitro simulated digestion model& F3} 7} A38l7| H &
A HE S 2Rl & A T B3 2R 1, 5

0:

100

b
o

—~ 80
R
o

0]

@

o 60F a
T

]
(]

g 4t

>

N

c

[0}
S

20 a
a a
ﬁ ’—T_I - a
. []
a -amylase pepsin pancreatin
conditions

Fig. 9. Release profiles of coenzyme Q,, from coenzyme Q,,-
cyclodextrin complex in various in-vitro digestion models. H,
control solution; [, simulation solution. Values are the means of
triplicate+SD; Means with different letters are significantly different
at p<0.05 by Duncan’s multiple range test.
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Fig. 10. Release profiles of coenzyme Q,, from coenzyme Q,,-

starch complex in various in-vitro digestion models. ll, control
solution; [, simulation solution. Values are the means of
triplicate+=SD; Means with different letters are significantly different
at p<0.05 by Duncan’s multiple range test.
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