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Measurements of vapor-liquid distribution coefficients (K-values) of compounds contained in hops-extract ethanol
solution in high pressure CO, system were carried out at temperatures of 313-373 K and pressures of 5-14 MPa with a
continuous flow apparatus for fractionation of hops-extract by using supercritical counter-current extraction process. Using
available experimental data for 105K-values, a correlation equation for the vapor-liquid distribution coefficient of solutes
was constructed based on entropy-based solubility parameter (eSP) and dimensionless temperature. The dimensionless
distribution equation that takes into account the eSP concept, originally developed in the previous work (Ota et al., 2017),
was also applied to the available experimental data, and four universal constants were re-determined. From the established
calculation methods, the K-values of solutes could be applied to the counter-current extraction systems with supercritical

CO.,.
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Pede—%E < 72\ SN T E R - SALEw % o
T HEAMICE, BRICER SN VW—EDFEENH L LD
EEZD. PlzX, wik, SEBEOTYZKRbETW5
—REBWHRKICRZ B0, ALY IV 2—ADKRRLED A
FTAHRESIZIEICZOBIE VW X ). Thiud, fEkotL
VIV A= ANSOHEADOR ) TN X F U EOS T
T/A FaREROIHEE SWIRZ 22 LA TE, h
FCOMMOFROHEZ B ZIDHEFTHAH. FEH
SAF ) Y FIVEISE L 22 Wi s s s R Y, 29
L2 AEENCIEEATRETH D, RIS, EERE

il

- BB O, ALRE T R AL AN DI S BEFICAN TV 5.

SR OERRR E Lz, &y 7 (Humulus lupulus) T
bb. Fy 7, EF K BREERE - VOREERE
BThY, £ OFZRTRM, BIRRSCaErEA
Tw 5 (Canbas ef al, 2001). €=V O#EIZBNT, K
v FIEPEOTIMI L VHEORB L OFY 2HETE S
T ThRL, BT 2 EEEHREREEA 2R T
— I, Ry FIEHNE SRR XD B AN S
72y TIXFAOQKRETHHEINS, RETIE, 20X
e R B O EH B - W Fe LT, filimwic
BHERBEITRRA T BN, MR G OBILS
LZPICIENTELEONEEAT LIRS - HEERT
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— Z DL GHCEB R OHEHER 2 WS L Tws Y. 2o
BT — 21RO, BENZBILRFEH kY T
y ) =)V I % A O TR R & F b L A, i,
T oA JEA B (S/F ) 25K & WIT EFE G &
LY VRS DOGHRIEN BN b ho?. Tk
W, M bR E -y — v R IR O R
RF—roffmE b —5% L7227,

LALGAS, ThETORBEONIETIE, EHBo
HEB X OENSEERZNEN323-343K B X OEH
8-10MPa b 3£ < V., BN RMCEHLT — & M b a7
BWHET3HF—F ERONTW Z2TARIIZGETIE, &
LB T — 5 OWFD IO FEBRGMHFAO R EZHE L
CO,-ethanol IHHEBRICBIF DKy 7T F A EH T DA
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37T3KB X U5-14MPak LTHEM L. €512, Bo5h
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2. 5 &

2.1, RBHEN

BEAZIZ CO,CR M Hlg R x4k, ML 99.5%) BLO
ethanol (174 VA HDGHZE TRk HE, HIEE 99.5%)
AL WEERS Ay 7N BarthHaas (3 o 5k
v 7 ITE A (W - Perle) 2 M L 7.

2.2. EBRRE-FHE

RGP e od e R EE, YaiiE Lcb ok
M—0bo& MM L2 REEIE, HEE CFiHE
I, MRKOHTER A SRR S, RREERSIEE, mEEE
373K, 25MPaTd 5.

kB, dy TR RBEO05wt% & b X HITH
# & N7z ethanol A HPLC & v 7 (H ARG E#RE, PU-
2085) 12 & D FEEMNICHAR E B —T, CO, ITHHBERED
S N72HPLC A ¥ 7 (HAEHHE, PU-2080-CO,)
WCEDEENIIHG SN S, FERET TIPS L,
IFY—, RO HEE VAR ERM NI RRE SN, RN
OIRIEDFr BN T SIS, EIIDSVEB R [ FE 2 7
BLUEGATERICEIharybo—Lrihs e iz,
SR ONMEA—E IR E NS, SHlSB L AR
IV, FRENRT RN -FIATAADS R BEH
Ny TEHACTRNENS.

CO, MR HAMM TR A A =G, M TS
XA ZAGEFNCL Y ER L, ethanol IBHIZFEEIZL ) E
wL7 4B, ethanolEWHFDOAEBBEH I Ay S ¥
AEGEHWRTDI B, GAEMEDO K E W75 (myreene,
caryophyllene, humulene, cohumulone, humulone,
colupulone, lupulone) & L7z, &&FROWEFR%Z Table 112
AT BROBEXTEF, RiZENFNFlavor (FR) 47,
Resin(L¥ ) ligré L7z, ZD9H, myrcene lZ2WTIZLA
Hi %2 L 72 CO,-ethanol-myrcene 3 4 T i o STk fili *
E 0 Kue (FVoue/ Feoe) 2 FH L72. myrcene AL O 6 1%
2OV TIE GC-FID B X O"HPLC-UV I & A AfFETD
TS A AR O VB ST H K e Z B L 72

Table 1 Name and abbreviation for the targeted compounds

Compound Abbreviation
myrcene F_myr
caryophyllene F_car
humulene F hum
cohumulone R_coh
humulone R_hum
colupulone R_col
lupulone R_lup

FEERSMEIE 313-373K, EJ15-14MPa & L7z, 7
B, K CTORIMEL T57-DREIC X - THEH
FIZEZ 5. F72, Feed BENVRIKIZIAY ~free DET, Hli
ALREEEE LT, SR biRFE: Y ) — VO HEEREE
80:20 £ L, »2AE% 0.075mol/min & 7% % X 9 IZFE
L7

3. & R

Ty TEATHTDOETE CO,y-ethanol AR I BT 5
SACEfr e R0 B, 1#1& LTl 353K, EH
5-12MPa ¥ X O 333-373K, JEJJ I0MPall BT 5
Ko WEM R E Fig. laB X P 1blZZNZFNRT. Fig
lak ), K DIEIRAAEEESS & VY VTR
HAFEER L. Thbb, FRKGTRIENELED
12 Koguee PVHBIZHEIMS 5 —F7, LY Y5 Tld 6 MPaf)
T Kgue BN E 2 572, TS IEFig 2 ISR THBEED
KM (Keor BE O K o) 2 OHMTEZ D DEEZ D, D
T, FEESIEL Y VS LD ST TS W
729, Fig. 2D Koo, \CH O 5 X9 7% B 2 JE IR
ZRL72s, LY Ve CHH R TH B 2
Lo, WG THLTY ) — VDGR (Kethanol), ERRAS

O Fmyr A Fcar O F hum
& R coh 7 R hum & R col X R lup
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Fig. 1 Experimental results of Ky in CO, (1) -ethanol (2)
systems ((a) Pressure dependence at 353 K and (b)
Temperature dependence at 10 MPa)
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Fig. 2 Pressure dependence of K¢, and Kenano Measured at
353 K. Circle and triangle symbols show CO, and ethanol,
respectively.
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SAMEE L EOFEWMMEOM, ethanol DA A ELIC & 5 5
BLL2ZBTLVLERHLLIDEEZS.
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M 22 Il T F U~ T, X ) EWvE
B CORMFHILOMBE D LETH L. OB O
WZdH7zh, Fig 1BLU2XY), HFESFTE K, LY
VI TUE K opano DBV E TH - 72DT, TNHDE
BAMBEANICK S ENLEEEZT. ZDD
21E, WO S bR EBEO ERALSLE L E 2,
Hildebrand ¥R IE/85 A — 123 LT, EiREERA R
WZHERR L 72 eSP (8) il 7 1245 H LT Kyye DB Z AT 5 72,
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EFOBRTERTZEET 2% LW HH D BERMORRE

eSP i 1Z Maxwell R Z I L TEq.(1)TEFK S N, &K
WF92 Tl Egs. (2)-(8)I277r 9 Peng-Robinson (PR-EoS) JIKHE
FEXFPOENZERE—CED b LRETHRMD TSI &
THIB L7 &8, PR-ESSIZBITACO, BLULY /) —
VOFER, WORT, 2R MHEEEH ST A =5k,
BLOLIGVRNCHE LSk Y oz 2o F 7.

F 72, WHEIIAH % 0 TCO,-ethanol 2 553 Sk V- B
RICIIEBE5 2200 LTRHE T 72,

RS L 72 P L O % Eq.(9I2R 3. Kp %
Be L TR EMAIC BT 5 EHE free DBEHIZOWTO
eSPREIL DA, MEXKICILIE (T/T,) 2 w7z, %&b, A
DM T12298.15 K& Lz, T2, A4, Bk
UBIZ7 A YT AYTINTA—=FThH Y KWK LT
FEERE L OB X h P L7z,

P L72/8F A —% % Table 2, K. DB E% Fig.
3BLUFig 41ZENETIURT. KLY, K lZEq. (91
L) RIFICRBITETBY, EEOFMHIIBVT 2G5
%ﬁﬁ@ﬁ?ﬁﬁb&m@ﬁ&ﬁﬂ%t&ot Zhic
X0, BOTHEOFY TZF AGEHETBT HEEET
— 7 MNP 45.2% THBET 2 2 R TE 2. 72
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S 7 \ov/p  \oT/,
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F,
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Table 2 The obtained constants in Eq. (9)
Compound Ai[] B[] R2

myrcene 0.8371 2.2256 0.8222
caryophyllene 2.4664 2.5202 0.8555
humulene 2.5728 2.7430 0.9022
cohumulone 0.0729 3.6522 0.9435
humulone 0.1102 4.3055 0.9231
colupulone 0.0665 4.0611 0.9040
lupulone 0.0737 4.3372 0.8857
2
0 -
D‘ E-
2t e g
- g - DD H
g 4r il
2 .l o
K g
[=1 on
T 8r o 2o E
® 0 = Model with Eq. (9)
A0F wawnEY ©  Model wiht Eqs.(10)-(12)
-12 :

-12 -10 -8 -6 -4 -2 0 2
In Ksolute, Exp [']

Fig. 3 Kue correlated by Eq. (9) or Egs. (10) - (12
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10.0000

1.0000

0.1000 ¢

0.0100 ¢

/(so/ute [_]

0.0010 ¢

0.0001

0.0000 . . . .
0.0 0.5 1.0 1.5 2.0 2.5

VI8 TIT, [-]
Fig. 4 Experimental K, correlated by Eq. (9)
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Wb,

ZFD—JT, LIRiICHESE L 72 CO,-ethanol AR IS

BUBERY FTLFAEGH TS ORMTPH O R V1,

BWEAMGET DT 4 v T4 T8F A= P Lo
BThb. I TRIFFETHE LEH105 DERET— 512
Eqs.(0)- 0212 R HES R 258 L T A7z

22T, EqU0B X OWEqU)H D gy, dg, B £ U Fssome

FENENGM, BHBLOBEDSSPEZRT. &b,
Eq. 10) B & 0" Eq. 1) o 53 BT AR, 0 F 135U
WEFENZFNRL, SHIIZTEE O eSP % HLHEIZ A
AR E D EBENTVSE, T0H L, Eq.U0TiE, %
B D eSPAEM & WA E N L5 E (651<05 50me<Js1) ,
Eq. 1) T, HE O eSPLISMEBMOZMEL Y b Zh
ZNREVEE (05/<05,<0s5) ERLTVD. b, K
HIZHET 5420087 X —% (0, 0, 4, B) IZKM V-1
HOEBRTFT— 7 I2H8bETENRETNRET HLEND 5
A, S/ EEICE Y EEn (5682.8, 522.6, 13.9,
-11.4) EFHRETHIENTE, 0k XFEBRMEFE
I BT B TFIIRAEIF 149.9% & o7, Zhid, BE
#t (Ota et al., 2017) OHEFEAE (308.1, 167.7, 16.6, -7.10)
BARER T — I EH L L & O SR 356.8% %
KIFIZTHIZEAETH - 72, 155 N7-FE8E & EHREMEO I
BB % Fig. 31K T

ChoofRzTros s, #ERICBWTHRELL
NT A= iRz (149.9%) &, Lo TcoiE
(45.2%) IZHARTRE D 57288, BiZ OMERTIZ—HEES
FGA—FHROTLIAEINSZERE LTS 2
ERTELENAY) Yy NehD, Thabh, RAOWEEHE
ELTZGES, TOWEDeSPIEE 2 b, 5 &l
D eSPIEZ EBREME LTANTHAIENTE, e
L CTEqgs.00-120#5 & ) S Pk # 5t c& s 2 &
27 5.

5. # #

ARFZEN THEEE L 7B CRARFFE TR R & L2k
WKBWTRERBELZFMITEE 252 Ldbhrolz. £
D—FT, BEFWAGA—% L LTERZ Rl L72HEER
TlE, BEDeSPIHE 2 b2 L, FME L WA D eSP
fili & A S CTRICFArL 2 ERYICHIBRTE 2 L) 1k
LT lhbhol:.
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