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Abstract: Objective To explore the bitterness superimposition law of the decoction of bitter decoction of Chinese materia medica
(DCMM). Methods In this paper, nine bitter DCMM of alkaloids {Huanglian [Coptidis Rhizoma (CR)], Huangbo [Phellodendri
Chinensis Cortex (PCC)], Kushen [Sophorae Flavescentis Radix (SFR)]}, terpenoids {Chuanxinlian [Andrographis Herba (AH)],
Yejuhua [Chrysanthemi Indici Flos (CIF)], Kulianpi [Meliae Cortex (MC)], and glycosides {Longdan [Gentianae Radix et Rhizoma
(GRRY)], Huanggin [Scutellariae Radix (SR)], Liangiao [Forsythiae Fructus (FF)]} were used as research carriers. Based on the study
of taste regularity of single carrier, binary (six groups) and ternary (10 groups) superposition experiments were carried out by
uniform design method. The bitterness of DCMM was evaluated by the traditional human taste panel method (THTPM) and
electronic tongue test (E-tongue), and the fitting models of superimposed bitterness-concentration logarithm (1z-InC), superimposed
bitterness-pre-superimposed bitterness (Iz-1), and oral taste superimposed bitterness-electronic tongue superimposed bitterness
(1z0-1z¢) were established to explore the superposition law of its bitterness. Results In the THTPM method, there were 12 groups of
binary superposition of Iz-InC and Iz-1, all of which fitted a meaningful model (Rc? > 0.868, P < 0.05, n = 6). The model type was
quadratic polynomial or approximate structure model (the same below); A total of 20 groups of ternary superposition of 1z-InC and
Iz-I were fitted to 18 groups of meaningful models (R > 0.659, P < 0.05, n = 6); In E-tongue method, three kinds of taste
information were analyzed, and 36 groups of 1z-InC and Iz-1 were superimposed binary, all of which fitted meaningful models (Rc? >
0.689, P < 0.05, n = 6). There were 60 groups of ternary superposition Iz-InC and Iz-1, 52 groups of meaningful models were fitted
(Re? > 0.662, P < 0.05, n = 6); In lzo-Ize, there were 18 groups of binary superposition, and eight groups of meaningful linear models
were fitted (R > 0.727, P < 0.05, n = 6); A total of 30 groups of ternary superposition, fitting 13 sets of meaningful linear or
logarithmic models (R¢? > 0.670, P < 0.05, n = 6). Conclusion The bitterness increases with the concentration after superposition;
& = 0.936; ternary 87.5%,
2 = 0.906, while the meaningful model acquisition rate in lzo-lze is low, that is, the current method of predicting lzo with Iz is

The acquisition rate of good models in the superposition experiment was as following: binary 100%,

immature; The higher the original bitterness in the binary and ternary stacks, the greater the contribution to Iz; The contribution of
CR in the same type and different types of superposition is the greatest; Except for the reduction of bitterness caused by the possible
acid-base complex or precipitation reaction between the components in the CR + PCC + SR group, no more abnormal bitterness
degree promotion or bitterness antagonism caused by the interaction of the bitter components between the decoction pieces has been
found.The Izo-1ze correlation decreased with the increase of components.

Key words: decoction of Chinese materia medica; superposition of bitterness; electronic tongue; traditional human taste panel
method; alkaloids; Coptidis Rhizoma; Phellodendri Chinensis Cortex; Sophorae Flavescentis Radix; terpenoids; Andrographis
Herba; Chrysanthemi Indici Flos; Meliae Cortex; glycosides; Gentianae Radix et Rhizoma; Scutellariae Radix; Forsythiae Fructus
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RS DA 7T H AR WLARIE

WA TG R, BT 2 ATT 7
297 50%°, ZH IR E — MR A S A 2
M ERROR T, Gk A JE Rl B, wkamgy,
HMECLRIR, = ERE R ARG E, sy
o WHFCT LY SR BN, "R ST
IR A AL AT W PRI T rh 2 iR SR S
%o R, ASEinlam a2 i B O SRk
(traditional human taste panel method, THTPM) LA



¢8 % 202028 $52% B3 Chinese Traditional and Herbal Drugs 2021 February Vol. 52 No. 3 . 655 ¢

JeHL 75 9% Celectrionic tongue, E-tongue) JTfE—
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EhER/NBERR, L5 170406, JF B 7%k 98.62%,
M) EZEZDARAF; AKaitkK, Bl &
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FERRE, HAEEIE L
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2.1 BRSLLERNRERERIFRSIE
SR SCHRIRIER, Mk sy 5 ANEEY, A
SEGRONE N E [FE BEVE R, DAASIR] o S P R R 1R
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Fabr, PR SRR RRIIRE . a2 AR
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Table 1 Information of nine kinds of Chinese medicines

FA s B B ERFRSE A Al s
A S1 dEE BRRMEYIIEE Coptis chinensis Franch. T {54 24 WRARE B R AR AR A F) 1908261

2 wH

SRHEYIE % Sophora flavescens Ait. [T 1#4R

WA ZMTEZ AR AT 1812140310

S3 M FEHAHEMEE LM Phellodendron chinense Schneid. [T [ Btk B CAPZ00r A IRA W 1908213
[ Tl F0¥E BARRHEYZ LY Andrographis paniculate (Burm. f.) Nees ff) R 2= 2414 A IR A = 1805082
T L84y

T2 W HOREUEY )1 B Melia toosenclan Sieb. et Zuce. [T 180 B AR B wh

CENRAZW A RAR 190218

T3 476 5 RHEE 4 Chrysanthemum indicum L.IGFHESIRTE T R R AI O IR A R 1908151
W Gl kM JEIERMEYEIE Gentiana scabra Bge. [T AR AR 2= MR R AR A Al 1908272
G2 ®%  ERAMEMHE Scutellaria baicalensis Georgi FIT-14R MR REC P AR IRAE 1907021

G3 #x

A BRRHE Y% Forsythia suspensa (Thunb.) Vahl fTF#ESEsE ok

CRNRAZ A RAR 190903

R2 hHEEME () HEMER. FRREEEH

Table 2 Qualitative description, grade and quantitative range of bitterness value (I) of Chinese medicines

oTRs B (1) R A T (1145 2% | HE Y it N 2 LUV VR 3K P/ (mg-m L)
1 JUF3BA bk I 05~15 0
2 WA IR I 1.5~25 0.01
3 CIE IR S 1 25~35 0.05
4 R, HEAAR LA % v 35~45 0.10
5 ANRE 2w R \Y 45~55 0.50

2.2 BRI EFNERNHERREREIEE

2.2.1 BRI RRIUAE S ARIE S0 - 9 A 4
E A S AR A T A AR DO, 22 (R
$L) 2015 R E &, FRECA [R5 1 25080 1)
B BRAFIRE &, RO BT IE H A48 5 vk 600
mL, 2 30 min, T-HRLELY Ehn#k, ThEE 2100 Wi

ks, DM 800 W, Hi 30 min, JEid;
TRTN/K 400 mL, FIFE 20 min, 4R, A 5FUE
W, IRAI, AEE=R, 4000 r/min &0 15 min,
BCRIEWE 1 L&, HABKMERZIE, #
B, JEiG, K (105 CHEZATKE 45 min),
% H .
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2.2.2  FRIUFEm T EIR RS R (P EZ )
2015 F RO O HETE F B G I BEAT TSRS, JRas
G- RAER, BUEREMBIBTEIRE (D2
i) #hE, Bk 3 pr.
#*3 DCMM fH#EmFTiEREIRE
Table 3 Selected concentrations of samples to be tested

VORI g5 WRAM  RERE (UAEHEDT) (gL

AWmg2e S1 #iE 0500 1.000 2.000 4.000 8.000 16.000
S2 % 0750 1.500 3.000 6.000 12.000 24.000
S3  #ifH 1120 2.250 4.500 9.000 18.000 36.000
[ES Tl %0 08751750 3.500 7.000 14.000 28.000

T2 HiE 1.8753.750 7.500 15.000 30.000 60.000
T3 BF4¢ 2.500 5.000 10.000 20.000 40.000 80.000
B Gl JBMH 0620 1.250 2.500 5.000 10.000 20.000
G2 #% 2,500 5.000 10.000 20.000 40.000 80.000
G3 %% 2,500 5.000 10.000 20.000 40.000 80.000

2.3 EHIREMAIIERL T RAERE &
A S BB N — ot Zn & i siie %
i BL2 B, 3 A OT IR RORIE Y "ot =i
TIER A DR
231 &SRt KRS DUEYIRE
Ho W BEHRT LN R, PL6 DRI
BBIEN 6 K1, FREWREERREER “2.27 TR, fiH
Us (6935 Wit R idkAT 2 IER 6 /KPR SEEe#its
AU DASOE 352 0B AR i ) 5 D9 1),
BP%E 0.5 9. %2 3 g JLFAEA 1 L AF IR, 3
RIF “2.27 BUNH&TTIE, BARSIRBH WK 4.
*4 ZLEBM Us'(6%) 2 BF 6 K FSLluigit
Table 4 Binary superposition Us"(6%) 2-factor 6-level design

TR (LY
FE o OKH HEZ —

1 2 3 4 5 6

1 W+ S1 0500 1.000 2.000 4.000 8.000 16.000
AWIBE S2 3.000 24.000 1.500 12.000 0.750 6.000

2 P2+ S 0500 1.000 2.000 4.000 8.000 16.000
B2 G1 2500 20.000 1.250 10.000 0.625 5.000

3 EWEEZE+ S3 1125 2.250 4500 9.000 18.000 36.000
3500 28.000 1.750 14.000 0.875 7.000

0.875 1.750 3.500 7.000 14.000 28.000
T3 10.000 80.000 5.000 40.000 2.500 20.000
0.875 1.750 3.500 7.000 14.000 28.000
2.500 20.000 1.250 10.000 0.625 5.000
0.625 1.250 2.500 5.000 10.000 20.000
A G3 10.000 80.000 5.000 40.000 2.500 20.000

232 =B AR SIS BUEDR
Fo R BEEHRIENEER, Bl 6 DMIEIREHE
N6 7K, AR Us™(64) 45 et & HEAT 3 IR EK 6 7K
RSEIR AT . BUETTIAR “2.27 T, HARSEER
T 5.
%5 =7TEM Us'(6%) 3 A% 6 KTt

Table 5 Ternary superposition Us"(6%) 3-factor 6-level
design

JEWREE(gL™)

1 2 3 4 5 6
0500 1.000 2.000 4.000 8.000 16.000
3.000 24.000 1.500 12.000 0.750 6.000
2250 9.000 36.000 1.125 4.500 18.000
2 4B 4+ S1 0500 1.000 2.000 4.000 8.000 16.000

AW+ S3 2250 9.000 36.000 1.125 4.500 18.000
FEFJ G2 10.000 80.000 5.000 40.000 2,500 20.000

1 A%+ Sl
A+ S3
LI S2

3 AW+ S2 0750 1500 3.000 6.000 12.000 24.000
AW+ S3 2.250 9.000 36.000 1.125 4.500 18.000
(B T2 7.500 60.000 3.750 30.000 1.875 15.000

4 W%+ T1 0.875 1.750 3.500 7.000 14.000 28.000
W2+ T3 5.000 20.000 80.000 2.500 10.000 40.000
(B T2 7.500 60.000 3.750 30.000 1.875 15.000

5 MK+ T1 0.875 1.750 3.500 7.000 14.000 28.000
W2+ T3 5.000 20.000 80.000 2.500 10.000 40.000
AW S3 4.500 36.000 2.250 18.000 1.125 9.000

6 MK+ T3 2500 5.000 10.000 20.000 40.000 80.000
MR+ T2 3.750 15.000 60.000 1.875 7.500 30.000
BEH2 G3 10.000 80.000 5.000 40.000 2.500 20.000

%
7 FEH%4+ Gl 0625 1.250 2.500 5.000 10.000 20.000
+ G2 5.000 20.000 80.000 2.500 10.000 40.000
G3 10.000 80.000 5.000 40.000 2.500 20.000
8 %+ Gl 0625 1.250 2.500 5.000 10.000 20.000
¥i1F2+ G2 5.000 20.000 80.000 2500 10.000 40.000
4,500 36.000 2.250 18.000 1.125 9.000
9 M2+ G2 2500 5.000 10.000 20.000 40.000 80.000
#i1¥2+ G3  5.000 20.000 80.000 2500 10.000 40.000
(&S T3 10.000 80.000 5.000 40.000 2.500 20.000
10 =¥+ S1 0500 1.000 2.000 4.000 8.000 16.000
Wi+  T1 1750 7.000 28.000 0.875 3.500 14.000
BEHJ G1 2500 20.000 1.250 10.000 0.625 5.000

2.4 THTPM iEME
241 FHIERETHILE AWRELT P EZKFE
— I JBERE SR Do d A E S, AR
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BREF AT T AFEERBUR B S N TRE (BB
5 2017HL-066-03), AYAbR#E: (1) [ MRS
It A 8 PR v T PRI, WO 36 20 0 7 A e N2,
(2) oredEid el BfEmst, TIRER, TAR
Mg, AT HITER . HERRARUE: (1) Hak 2 d
M B () LT EKE; (3) M
FEE KSR AF A R E R (4 IR
A3 hghs OLHZRBEEY) #H. Aiams
R EREEEE 21 4 (B S5 4. &t 16 2).
IR EEE RS RS T MR R
242 EHREE DO EWMFRAERIT BES R
BR7VESL, 2 IEL 20 mL, 37 C R 2 T mERK
£ () $h IR /N BERS S LIS T 22, HERE S
Tod, 15 s, fEOEEATEOSME, HIZ
Al T AR 0 A 8 SRS DX R A SRR RN )
R, MRAE 2R 2 MR E e 12 2 LUV oy 2 A AL
WHE, ks AR O 20 3R, BHE AT
ANHATFEREAZ, 15 min JElE B — R EIRER S
POV, B e e R bR AL R e A2

2.43  FRFES AL O 2PN AR IURE 5 4L 2 AR
() 1 2 A SR A RRUEAL I, 22 510 SERE L
VERT YU

2.5 E-tongue %

251 HWTHEZHR%

(1) IEMIE VR ECH]: AR E 7.46 g SALEH,
500 mL Z&TR/K R R, SR 5 HERA M 300 mL G
IK T, I BERED I N HEREFR & 1) 0.56 g Z AL,
WRse T, B E 1000 mL B, &%, 5.

(2) B PeTRECH] . vEREEL 300 mL K
LI, 5 500 mL Z&MKEG RS, RS 8.3 mL
WP PR G, FF2 3] 1000 mL EEH, B,
HIFS

(3) L. #EFIFRE 2.24 g AL

0.045 g AR, BUEEZAM/KEBFEIFHZZ 1000
mL #H, ER, R,
252 HWFEMATTE R AR A T R
HFEYE 90 s, HE S HlRiEDE 120 s, 4kaLH 5 —
ZIRIEYE 120 s, (BRSSP BIHE 30s, &
BIPAEAcAESS, FRURIR, SRR 30 s, i
HIERAE s JETE 2 HS Ll 70 i s vE s, 1%
A NS L AR R R 30 s, FEHAIINR 4
W, BRI LIPS, BUS 3 PS5 i
g3,

253 HFEHfEERAIERE TS-5000Z BYH ¥ &3k
4 C00. ANO. BTO. AE1l. GL1. CAO. CTO7 #
fRR%, b C00 Il AEL fEBE AR J5 2 Fhes
RAE R, FONSERRFIEIR, T ANO Fl BTO & /844
R FIRAE o PRI A S0 12 HYCBR 5 R A DR 1) 4 AR
FER%%, 43908 CO00. ANO. BTO. AE1 f&/##%,
a6 Pk s SE, HARW 6.

+*6 HESBKIER
Table 6 Sensor taste information

USRS

TR IR

Sk EL7S
C00  MRIETIR S PR e A [
(bitterness) (aftertaste-B)
ANO Bl kR X B A ]
(B-bitterness2)
BTO ff:#haeEnk X g3 25 285 Wk [ Ik
(H-bitterness)
AELl 7Pk LS AN LS

(astringency) (aftertaste-A)

26 HIRLIBES SR

26.1 S EAE AL HEREETIERE
W, BT AR R AMAZE R, AT AR AN A
JEE 2 RPN 25 AR 2 R, LRI A
S 2 e B BRI, (HSURREAE N R (H E
T UG, PSSR A Grubbs A B2 s
B AT A IR S N G By . R R A
IR LA, T 2RI,
A, DR EE B RN /N A AT RE R S
AT SR FH XA B adE A7 0 B 04, A SIZBG 39 Ay HE 7K
4 0.1, 4lkR/KF4 0.05.

2.6.2 MARIE  ARSIGTERKER DCMM
A b, REAFEE R DCMM —Jjt. =Jtiih
SR, ME . =& DCMM 18 N
FE-FREWR IS E (1z-InC) . B hnas FE-B T 7 75
B Uz-D AEBINEE-EFEH SIS E (ze-lze)
LAY,

BT ERERL, 1=f(C)=p[1—e C-9"], |=
fo(C)=aInC+b, H, CERRFEWKE, a. b, as
B m. kK RFEESHL

TG ZIn AL 1,=f3(InCy,--InCy), 1=
fa(lz,-1n), 1zo=Fs(lze), HH, CFRIRSIMAI&H
JRERE, InC RoR B INRT 5 4 73 3 m iR B (P RHE
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[ RRBINATEHIEE, 12 RRBINEE, 120R
NASEBINEE, lze RARBEFHEBRMEL, n=2
5% 3.

F SPSS 22.0 rAnt siegs 45 Rtk AT 2 Ju etk nl
153, P<<0.05 NERASIHFE L. WEEE
R S 2T QAT 5 o X 3R AR B 205 Y 1
MR ZR, B “HhZRE AL B, LA FE R DL B
JE I RZ AHE, R RR¥IAIAE G R?, H RSP
FKoRo
2.6.3 TUHEREAIWARAE  ARSLIGIWAE HERN X
% T BT A S5 R IR , % 2H 3 6 28 0 J& 1) D ik
RHWOEW T (D BRI AE RN 2505
Hréd o xt & I IR ik 3 (2) — kI k[
I AEAE, TR A% & HUE G B 25 G b e AL el R
S e
3 #£R
31 THTPM 4R
311 FEAHAIBREE R X2 S i B R
SE AT SRR EAE AR, 2 Grubbs I FHE Gp(n)
F, Xt 25 41 (2483 A BEIAT IEIAA G A
Pl R HHR IS SRS A AN, DLAI R 5 J R
(AR I (EAE N B MR | 5. 25 2R bt
R 43 A5 E.

3.12 HBk DCMM 2535 % (1) S5FEHRE (C)
MRFR RIEHA-AgEd, DLERRYO 8K
ECAENEZR, MW I NFEAR, X9 fl

Izo

5.200

5.0
4.339
8 40
3.478
2.617
10
S1i(g-LY)
IZo
4.440
3.699
=
2.958 25
2217

TU(gL™) 30

_ 40
Tl/(g'L 1) 30 0 T3/(g~L’1)

Ik DCMM HEAT 1-C 05, HEAi /R X
WEGERWE T Pron. Hrb, BAT /R84 A
TR, PR HR A ZR A Dy — o0
ERLE A BRI, 3 AR HRIR DCMM
PRy 10 S5 e 250 ot e 52 10 184 o i 4

&7 BILDCMM RERE (C) 5O0ZFE (1) BHE
BRBRIZER (n=6)

Table 7 Fitting model results of concentration (C) and
bitterness (lo) of single-flavor DCMM (n = 6)

FEUARE BRI TR

S1  R?=0.9998, P<0.01R?=0.9956, P<0.01
S2  R?=0.9971, P<0.01R?=0.9932, P<0.01
S3  R?=0.9978, P<<0.01R?=0.9956, P<0.01
Tl R?=0.9982, P<0.01R?=0.9972, P<<0.01
T2 R?=0.9987, P<0.01R?=0.9878, P<0.01
T3  R?=0.9990, P<0.01R?=0.9907, P<<0.01
Gl R?=0.9986, P<<0.01R?=0.9926, P<0.01
G2 R?=1.0000, P<<0.01R?=0.996 0, P<<0.01
G3 R?=1.0000, P<<0.01R?=0.9806, P<<0.01

© 00 N oo O b~ W N B

313 MBI RIS EE

(1) & hnsest: Xt “2.3.17 B K 64170
S IMSEIGFE AT O 2E, Hep 34UNFRIRAE
o, DA &R KBRS =R E C. B hnjE 0
EIE Iz TS, R L.

K 2 UL [NV & B N B 120 5 InC (1)
WAERATTRE, 4Rk 8 fin. H, WMASE

IZO |
— 5.100 Zo

4710
45
S 35
3.660 l 3.282
2040 20 2.568
0
S3/(gL Y
Izo Iz0
4580 3.980
1 3710 3.206
8 3.0
2.840 2432
1.970 1.658
80
L1y 2 40 _
5 Gl/(gL) CUEL™ 207 >< G3/(gLY)

1 ZREMAZEE () 5 REKE (C) W=#E
Fig. 1 Three-dimensional graph of binary superposition of bitterness (lzo) and concentration (C)
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#8 Z—TEMMDCMM O%EE (1) S5HK DCMM RERERNH (InC) HIREMASIE (n=6)
Table 8 Best-fitting equation of binary superposition DCMM bitterness (lzo) and concentration logarithm (InC) of

single-flavor DCMM (n = 6)

285 (8] =475 2 b [l =5 A8 Re? PH PRt R
S1+S2 y=3.167+1.028 x1—0.109 x1? y'=1.268 x'1—0.312 x"1? 0991 P<0.01 X'1>X"1?
S1+G1 y=3.173+0.678 x1 y'=0.997 x1 0993 P<0.01 X'l
S3+T1 y=2.392+0.604 x1 y'=0.949 x1 0.875 P<0.01 X'1
T1+T3 y=1.929+0.644 x1+0.028 x,? y'=1.010 x'1+0.233 x2? 0971 P<0.01 X'1>X"2?
T1+G1 y=1.669+0.228 x124-0.151 x»2 y'=0.978 x'12+0.504 x'2? 0986 P<0.01 X12>X"2?
G1+G3 y=1.466+0.751 x1+0.037 x2? y'=1.003 x'110.263 x2 0953 P<0.01 X'1>X"2?

BRIy y RARBME L, xo Rondr 1 InC, xo R4y 2 1 InC, yFmhrifAL BN IGw BE, Xy Ry 1 AsEALRY InC, X, Fom

47y 2 brHEALRT InC

In the above equation, y represents post-stack bitterness, x; represents InC of component 1, x, represents InC of component 2, y' represents standardized

post-stack bitterness, x'; represents standardized InC of component 1, and x’, represents standardized InC of component 2

R:2=0.875, P<<0.01, & HFEAER N k2T
B H LSS R . ARYE Fk DCMM i &=k g mT AR
UM A B N DCMM 22385 5 i F000 05 42

Wi —tShn DCMM H245 %, & = 5s
T DCMM H 2535 120 5 515k DCMM H 2235 1 o
KAMBAERT TR (R 9. Hei, 545 P<
0.01, R?=0.868, 4iF&KW], HRHEHIE DCMM 1)
12485 FE AT DR GF LU & 2 i DCMM (1) 15435
JEE SR 7 A% o

()= 6B MsL5s: #i4% 10 4 =75 DCMM
P22 45 0, SR 2 a6 P R0 A & il DCMM
TR 120 5 InC EAERIATRE (%100, L9,
Hrb 6 40 P<<0.01, R2=0.871, {HH %+ %5+ ¥
ARG A B R

W =708 DCMM H2445 5%, & =155
J DCMM H 2235 FE 1z 5 515k DCMM 255 o
FeRBRAERIATE (£ 1), 53] 9 HEBITE,

R:2=0.659, P<<0.05, {HE%:+i M+ B e AR
REE B EEE IRA .

fE 6 =Ju@ M, 1zInC. Iz~ 3453 30
WA= G IR, P<<0.05, M 23 &7
£ P<<0.01, R2=0.855, HJ#ik DCMM 5 &k
55 025 B ] LRI LA H & i DCMM . 1%
TP T 7 R

CRA ML RN T AR 1) RECL R AE— € Y N
253 R O B AR PR B PR K 2 I e P S M R
TR, ZIeB NS 4 A R A T
FHBUEIE R ES, H 12-InC. 11 LA 2
W — RIS R IR S AR, 7R AR B HUE Y N 4y
Mr & BRI, 12-InC A 24T i IR
C win>>15.34 g/L B BEMITTHRFELK, R 201
BREE R, 2=l AP BT T | s <<2.6 HF 37 S5 4
K 1w >>2.6 BEERISZIAR; SRS 1 %)
Iz I TTHREE Bk, Horh 14 i tEml A TR 5—4

&9 &M DCMM OZEEFE (Iz0) 58K DCMM FHE (lo) HIREMEHE (n=6)
Table 9 Best-fitting equation of binary superposition DCMM bitterness (1zo0) and single-flavor DCMM bitterness (lo) (n = 6)

2H ) EY Ry FrRUEAL IR 77 72 Re? P1E PRtk EE R T
S1+S2 y=1.688 x1—0.103 x:2—0.747 y'=1774x1—0.787x12 0997 P<0.01 X'1>>X'12
S1+G1 y=2.298+0.109 x;2 y'=0.996 x'1? 0991 P<0.01 X'12
S3+T1 y=2.037+0.131 x:2+0.029 X2  y'=0.993 x12+0.217x22  0.899 P<0.05 X'12>> X'
T1+T3 y=1.182+0.707 x1+0.032 x22 y'=1.019x14+0.215x22  0.979 P<0.01 X'1>> X2
T1+G1 y=1.11440.163 x:240.077 Xz y'=0.978 x12+0.484x22 0961 P<0.01 X'12>> X'
G1+G3 y=0.367+0.839 x1 y'=0.946 X'1 0.868 P<0.01 X't

ERTRED y FORBIMEEEL, x FRHY 1R, x RREy 2 R, yRORPRHECIIBINE R, x1 FORA ) 1 AR L, X,

FOREST 2 bR EE

In the above equation, y represents the bitterness after superposition, x; represents the bitterness of component 1, x, represents the bitterness of component

2, y' represents the standardized bitterness after superposition, x'; represents the standardized bitterness of component 1, and x’; represents the standardized

bitterness of component 2
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*10 =nBMOEEE () SREREMIE (InC) HHREMESHTE (n=6)
Table 10 Best fitting equation of ternary superposition bitterness (1z0) and concentration logarithm (InC) (n = 6)

. - . - P OACIE
415 ElEpE BRI A 7 RS st

S1+S3+S2 y=3.495+0.577 x1 y'=0.880 x'1 0.718 P<<0.05 x1
S1+S3+G2 y=1.804+0.892 x1—0.183 x1x3 y'=1.687 x'1—0.967 x'1x'3 0.890 P<<0.05 x'1>x'1X'3
S2+S3+T2 y=1.833+0.639 x1+0.117 x22—0.053 x32 y'=0.674 x'1+0.472 x'*—0.269 x'3*> 0.996 P<<0.01 —
T14+T34+T2 y=1.944+0.509 x1+0.113 x2 y'=0.935 x'1+0.207 x" 0.992 P<<0.01 x'1>x"2
T14+T34+S3 y=2.605+0.322 x11+0.229 x3 y'=0.879 x'1+0.626 x'3 0.908 P<<0.05 x'1>x'3
T3+T2+G3 y=1.000+0.616 x2 y'=0.947 x"2 0.871 P<<0.01 x-
G1+G2+G3 y=1.223+0.403 x1+0.141 x2+0.017 x3> y'=0.914 x1+0.320 x2+0.211 x3> 0.991 P<<0.01 X1>X2>X'3
G1+G2+S3 y=1.520+0.620 x1 y'=0.992 x"1 0.981 P<<0.01 x1
S1+G1+T1 y=3.202+0.818 x1 y'=0.984 x"1 0.960 P<<0.01 x1

LR JTREH y FORBIMEEEE, x RRAS LI InC, % FoRZ5 2 11 InC, xs Fondlsy 3 1 InC, yFRoRbrALMEINEEE, Xy Fonds 1
R INC, X' Fondlsy 2 BefEALET InC, X3 Fon 414y 3 FRifEALA) InC

In the above equation, y represents the post-stack bitterness, x; represents the InC of component 1, x, represents the InC of component 2, x; represents the
InC of component 3, y' represents the standardized post-stack bitterness, x’; represents the standardized InC of component 1, x’, represents the standardized
InC of component 2 and x'; represents the standardized InC of component 3

Fz 11 =7xEMDCMM OFEEE (lz0) SHK DCMM HE (lo) HREMEHTE (n=6)
Table 11 Best fitting equation of ternary superposition DCMM tongue bitterness (Izo) and single-flavor DCMM bitterness (lo)
(n=6)

] - . - e

415 7 72 e L el 7 72 RSP
S1+4S3+4+S2 y=1.039-+0.651 x1+0.228 x> y'=0.844 x'1+0.289 X" 0.845 P<<0.05 X'1>X"2
S1+S3+G2 y=0.035+0.530 x1 y'=0.853 x1 0.659 P<<0.05 X1
S2+S3+T2 y=0.365+0.677 x1+0.107 x2>—0.130 xz2 y'=0.660 x'1+0.545 x'22—2.490 x'3> 0.999 P<<0.01 —
T1+T3+T2 y=1.589-+0.581 x1 y'=0.981 x1 0.953 P<<0.01 X1
T1+T3+S3 y=1.888+0.350 x1+0.262 x3 y'=0.881 x'1+0.598 x'3 0.897 P<<0.05 X'1>X'3
T3+T2+G3 y=0.215+0.800 x1+0.079 x3? y'=1.015 x'1+0.277 x's? 0.941 P<0.01 X'1>X'3?
G1+G2+G3 y=0.8714+0.491 x1 y'=0.940 x"1 0.855 P<<0.01 X1
G1+G2+S3 y=1.511x1—0.135 x12—0.741 y'=2.040 x'1—1.071 x"4? 0.989 P<0.01 X'1>X"12
S1+G1+T1 y=0.967 x11+0.504 y'=0.989 x"1 0.974 P<0.01 X1

kTR y RRBINEEE, xRS LI, o RS 2 M E, xe Rond oy 3 M, yRARELIIZINE S, X Rndsn
1 ARHEAGIRRE RS, X RonEL0) 2 hRUEALIRREBE, X's R 25y 3 Amififl frey

In the above equation, y represents the bitterness after superposition, x; represents the bitterness of component 1, x, represents the bitterness of component
2, X3 represents the bitterness of component 3, y’ represents the standardized bitterness after superposition, X’ represents the standardized bitterness of
component 1, X', represents the standardized bitterness of component 2, and x'; represents the standardized bitterness of component 3

oo, HAR T HDBEN ENBINETE  EEENTRR S B0 JRHRIRSE S 2 N
RITTIRFRAEAE R T Ry, ZRMB T IE. FEFTA YR T fik e BCEEANSEAT H-bitterness Rt
0 JERH I R SRR ) v T R A AR O BN, (AR AR 6 WRE w0 5 K it
32 BFEEER WRE X 7> #EN, BRI A o i 25 AL RE dh Y
PASE IR FEXRTHO AR &, DL 6 ARMERER MM B-bitterness2., 72 WA R R 5245 2 AH - PRI R AL,
RAE R, Wk 25 AT e e, MRIESEER MR DGEE. FOEMEIE RG], 4RI 2.
45, ATEPRE ALY B-bitterness2 BRUE(E EMAMAEAS 321 Hk DCMM HLT 5 le 5 TR C %
Rt R X o A FI BRI, HUORTERIRE &R SRATRIR AR S A /R MR £ i #k DCMM
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Fig. 2 Sensitivity and bitterness results of electronic tongue sensors of CR, AH and GRR

JREE R EERTHL 5 25 L S AR R, AR X 7o
FIRAR W NAEL A 73 AT, ASSRas X 3 Rk lds 4h
RAATHE, it 27 HAEE, HAMEH 24 4H
BEME IR, e, BRI A R
X EOTRE, PR A KRy — o1
o RS AR BAR IR 12, Hor, AEWERR
OB TR DR IR 0 A5 SR A I o B
TR, HAR S HIR DCMM [ L5 1% RS

R B A5 S Pl 2 457 i Jo Ak P8 P B84 T 186 0
322 WFEEME ST FNE 4

(1) Zm@ndrHaEai R RiE =xam
DCMM HFHLR, HAEBIMERBFEEE Iz
5 InC fERIARE, 13k 13 fion. AT 18
HI5FE, RP2=0.756, P<<0.05, H:i 15 472 P<
0.01, R2=0.837.

R —JcE I DCMM B HIESE R, #l4

#* 12 BIRDCMM BTFEEHE (120 SRERE (C) MBIERELER (n=6)
Table 12 Fitting model results of single-flavor DCMM electronic tongue bitterness (lzo) and concentration (C) (n = 6)

) RS B E JBAfT IR 5 R X ) RS BE JBAT 7R TR TR

S1 B-bitterness2 R2=0.998 3, P<C0.01 R2=0.998 2, P<<0.01| T2 &Mk R2=0.9985, P<<0.01R*=0.987 1, P<<0.01
LS R2=0.9935, P<0.01R2=0.8965, P<(0.01| T3 B-bitterness2 R2=0.994 2, P<<0.01 R2=0.9682, P<0.01
TRk R2=0.987 8, P<<0.01 R?=0.997 3, P<<0.01] LN R2=0.999 4, P<<0.01R?=0.9941, P<<0.01

S2 B-bitterness2 R2=0.986 2, P<<0.01 R2=0.8656, P<0.01 TRk R2=1.0000, P<<0.01R?=0.9906, P<<0.01
N R2=0.9816, P<<0.01R?=0.9857, P<<0.01] G1 B-bitterness2 R2=0.994 0, P<<0.01R2=0.7785, P<0.01

S3 B-bitterness2 R2=0.998 4, P<<0.01 R2=0.9856, P<0.01 TRk R2=0.9958, P<<0.01R>*=0.8514, P<<0.01
LS R2=0.998 5, P<<0.01R?=0.8358, P<<0.01| G2 B-bitterness2 R2=0.997 1, P<<0.01 R2=0.9911, P<0.01
TRk R2=0.999 3, P<<0.01R?=0.9877, P<<0.0]] ik R2=0.9879, P<<0.01R?=0.9283, P<<0.01

T1 B-bitterness2 R2=0.976 9, P<<0.01 R2=0.9206, P<<0.01] TRk R2=0.998 7, P<<0.01R>=0.9892, P<<0.01
LS R2=0.998 3, P<<0.01R2=0.9328, P<<0.01| G3 B-bitterness2 R2=0.999 0, P<<0.01 R2=0.8829, P<0.01
TRk R2=0.997 1, P<<0.01R?=0.9952, P<0.0]] R R2=0.9856, P<<0.01R?=0.9191, P<<0.01

T2 B-bitterness2 R2=0.997 2, P<<0.01 R?=0.957 6, P<<0.01] TRk R2=0.9991, P<<0.01R?=0.9791, P<<0.01
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#* 13 ZxEMDCMM BFEEE (I20) SREREMIH (InC) WILEHTE (n=6)
Table 13 Fitting equation of binary superposition DCMM electronic tongue bitterness (Izo) and concentration logarithm (InC)
(n=6)

P Y TACLE
SR TR LS BE I 7 12 bR 7 R

. AR
S1-+ B-bitterness2 y=28.462+19.896 x1 y'=0.986 x'1 0.953 P<<0.01 x1

S2 Hk y=-2.780—1.984 x1 y'=-0.949 x'1 0.875 P<<0.01 x1
TR y=1.498 x1+0.513 x22—11.458 y'=0.743 x'1+0.780 x'2? 0.904 P<<0.05 —
S1-+ B-bitterness2 y=235.233+21.307 x1 y'=0.983 x1 0.959 P<<0.01 x'1

Gl ik y=1.401 xo—1.947 x1—4.333
TR y=0.872 x12+0.608 x2>—13.890

y'=0.524 x'>—0.729 X1
y'=0.883 x'12+0.723 x'2?

0.932 P<<0.01 x'1>X"2
0.975 P<<0.01 x'1>>x'7?

S3-+ B-bitterness2 y=15.473+20.881 x1 y'=0.932 x1 0.837 P<<0.01 x'1
T1 Rk y=1.267—2.261 x1+2.467 x2 y'=-0.597 x'1+0.652 x"2 0.895 P<<0.01 x'1>x"
Rk y=1.060 x2?—1.197 y'=0.897 x'2? 0.756 P<<0.05 x'2?

T1+ B-bitterness2 y=31.707 —15.341 x2+3.018 x12+5.432 x2? y'=-0.981 x'2+0.647 x'12+1.873 x"22 0.999 P<<0.01 —
T3 ik y=8.279+0.295 x12+0.149 x2? y'=0.866 x'12+0.702 x'2? 0.968 P<<0.01 x'1?>x'7?
Rk y=3.566+2.724 x1—3.904 x2+1.197 x.2  y'=0.779 x1—1.117 x'2+1.847 22 0.990 P<<0.01 —
T1+ B-bitterness2 y=>5.959+7.284 x1+2.344 x2 y'=1.031 x"1+0.326 X" 1.000 P<<0.01 x'1>x"2

Gl uk y=5.32740.629 x:? y'=0.983 X2 0.958 P<<0.01 X'12
LS y=4.682 x1—0.251 xo+0.164 x2—4.961  y'=1.006 X1 —0.054 x'2+0.096 X'2> 0.999 P<0.01 X'1>X'22>X"2
G1+ B-bitterness2 y=0.893 x,2—2.515 y'=0.917 x22 0.800 P<<0.05 x'72
G3 mk y=3.28040.515 x1+0.325 x,2 y'=0.295 x'1+1.007 X'22 0.973 P<<0.01 X'22>x"1
Ik y=3.620 xo—15.819 y'=0.940 X2 0.855 P<<0.01 X"

LR y RRBINEEE, e RRH5 L1 InC, o R 2 11 InC, yRIRFRUEMIIBINGTE K, x1 RRA5 L ARHELR InC, xR
43 2 bRfEALRY) InC

In the above equation, y represents post-stack bitterness, x; represents InC of component 1, x, represents InC of component 2, y’ represents standardized
post-stack bitterness, x; represents standardized InC of component 1, and x’, represents standardized InC of component 2

T JCE N DCMM HFHEE Iz 55k DCMM H TE 0 =030, lze-InC. lze-1 3 96 ZH 52
FEEE e RAFAERTATFE, RWFE 14 Fir. IRk B, Wit £ e R H B T AT, 3t 88 4153

HA3H) 18 AW G e, H I3 HTENEE
R:?=0.864, P<<0.01, K HHK DCMM HIHFE
TERE AT DA o0 B DCMM BT 55 B [ 7
W75 78

(2) =& DCMM HFELE R RIE=7T
SIMBAFES B EEENCLS R, RHZ L
[5] 572485 2 i DCMM 5 5 Iz 5 InC (1A [R5
JifE. Wk 15 fion, et 27 A BEMNZE R
(P<<0.05). Hr1, 14 #H77FE P<<0.01, R:?=0.853.

R =72h0 DCMM HTFH4 R, HE=7T
BN DCMM HL 755 12 5 ¥k DCMM HLT7F
TR le RARBAERIATFE. /53] 25 HHEEN
ZE 7 RE, Horh 14 25 T7#E P<<0.01, R2=0.925,
TS I B A AR ZH 38 R A5 BT 2 2 MR A
AT SRk 16 Fiw.

THEBERAEMS TR, P<0.05, 56 AflA
Jit% P<<0.01, R?=0.853, EH]HIk DCMM )
IR E 5 7 A DUR B A0l & &
DCMM HHLF i o BT . 36 Al AUl A5
R 5 ) th R — A0 A OG, 28 KL 5 4 ) o
TEz] éﬂﬁj\i’%ﬁa‘é
EFREAL RN TT TR R B AR — E VB A
%zﬂﬂ T T ik ey R o A I i FEE S e R
TR, BN HE S S 12-InC BRI
FREMETRET Y C #>43 WS Utk R T3

W ZF0E+H BRI EA N B-bitterness2 {2 BLA TS
R F 7R 200 T o B U FEE Y B P 7 O S TR B K

2 B 2 6 5 YA PR H v T o YV R I BB 2 4 o
BREERTR: FEEMRAS BIE TR 2 C s >15.93
B AL TR B i T 50000, IR 2 SR IR
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% 14 ZtEM DCMM BBFEEE (Iz2) 58K DCMM FE (l) HIREMEHTE (n=6)
Table 14 Best fitting equation of binary superposition DCMM electronic tongue bitterness (lz) and single-flavor DCMM
bitterness (le) (n = 6)

(AT
AP
0.990 P<<0.01 x'12>X'22

Ao RIS S E [l 75 #E NGIARVEWIE e Re?

S1-+S2 B-bitterness2 y=9.558-0.009 x12+4-0.007 x2? y'=1.039 x'12+0.195 x'2?

iR y=-0.122 x:2—0.339 y'=-0.981 xi? 0.953 P<<0.01 x'12
Rk y=16.494+0.749 x1+2.329 x2+0.019 x2? y'=0.743 x'1+3.129 x'2+2.402 x"2? 0.982 P<<0.01 X'2>X"22>X"1
S1+G1 B-bitterness2 y=20.868-0.009 x? y'=0.982 x'12 0.956 P<<0.01 x'12
iR y=0.494—0.137 x1 y'=-0.867 X1 0.689 P<<0.05 x'12
Rk y=12.159+1.020 x1+0.695 X2 y'=0.892 x'1+0.648 x"2 0.977 P<<0.05 X'1>X"2
S3+T1 B-hitterness2 y=-2.275+0.920 x1+0.596 x2 y'=0.972 x'1+0.382 x"2 0.970 P<<0.01 X'1>X"
LS y=-0.570—0.147 x>+ 0.072 x2? y'=-0.621 x'12+0.627 X2 0.992 P<<0.01 X22>x'1?
TR y=0.272+0.741 x2 y'=0.879 X" 0.716 P<<0.05 X2
T1+T3 B-bitterness2 y=14.232+0.523 x1+0.636 x2 y'=0.479 x'1+0.861 x"2 0.881 P<<0.01 x'2>x"1
LS y=2.216+0.553 x1+0.407 x> y'=0.803 x'1+0.617 X2 0.864 P<<0.01 X'1>X"
Tk y=5.024+0.547 x140.347 x2 y'=0.736 x'1+0.708 x"2 0.813 P<<0.05 X'1>X"2
T1+G1 B-hitterness2 y=12.226+0.445 x; y'=0.887 X1 0.734 P<<0.05 X1
LS y=1.269 x1+0.034 x22—4.510 y'=1.016 X'1+0.124 X2 0.992 P<<0.01 X'1>X'2
Rk y=0.986 x;—0.928 y'=0.996 X1 0.991 P<<0.01 X1
G1+G3 B-bitterness2 y=0.193+0.009 x.2 y'=0.988 x’2? 0.969 P<<0.01 x'22
LS y=1.034 x2+0.042 x:2—1.345 y'=1.068 x'2+0.190 x'1? 0.984 P<<0.01 X'2>x'1?
Tk y=4.099+1.188 xo—0.018 x12+0.024 x22 y'=1.382 x'2—0.248 x12+0.381 x'2? 0.999 P<<0.01 X'2>>X'22>>X'12

RIS y FOREBINEEE, o BoRAD 1, o RoREsy 2 M, yEREREINESE, X1 ZRa0 1 RqEfifs g, x,
FoR Ay 2 bR

In the above equation, y represents the bitterness after superposition, x; represents the bitterness of component 1, x, represents the bitterness of component
2,y represents the standardized bitterness after superposition, x'; represents the standardized bitterness of component 1, and x', represents the standardized
bitterness of component 2

K =IuE I8 %+ 7% + B 24 £ 24H B-bitterness2
S RIUA T FE A Y C > 38.28 I 451 Tk FE 3%
H, RZMNBEHFZMBR; WA B &7
C oy >24.92 WP 5 E TTBR I B, R 3555
MR T Aze-le Y 1 spasie >7.33 B 25 48 DU ik B ¢
H, RZMEEFLMBR; &/ S1 i, S1
X 28 N v P R B K s RIS B 0 v Wk T ik A
KEF AR TEIE. GO, ¥, ANEFES ML
RIS I v R T R A v
33 OEAEBRTEEATEXNRREN
RPEAE MRS R, 4G A5, Reig15 3]
BRI . Zoe@ . =I0E N 1 S BT LT
T 22 TA) (1) s A HOL B AR AR g £ 1 A AR ) A
B, DHFEEE . EZE, DLOSEEE 1 N
i, MAHBTEGE 5025 1, XK BT
&, HMENAHREA,

M Nzo-lze FIZE B (2 17~19) K&, 27 4k
DCMM T+ FE R 5] 24 M & XA (P<
0.05), 91.67%[HHLAE R2=>0.800; 18 41— 58N
DCMM & B, 3t 8 M B UM TTE (P<
0.05), 75%MH#L & R2=0.800; 30 4= c&MN
DCMM %, b 13 MER TR, JifEds
LR B KT R (P<<0.05), 69.23% 40L& &
R:2=0.800.

25 AL 75 AR, H, S1. T3, G3.
S1+S2. T1+G1. T3+T2+G3 6 AFE A ILA
ROR B, T G1+G3. S14+S3+G2. G1+G2+G3.
G1+G2+S3 4 HFf i 3 MEIKRE TATLATA = U
o, HRfEMEHE DA - N EE L. Bk
DCMM 1) I35 B 5 o1 v B RAF A, &
B DCMM 1 1 2585 B 55 o vy B AH G PE R 5 S
TG 3 2 1 k> o
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%15 =7x&EM DCMM BFEEE (Iz2) EREBREMNIH (INC) MWREMESFIE (n=6)
Table 15 Best fitting equation of ternary superposition DCMM electronic tongue bitterness (Ize) and concentration logarithm

(InC) (n=6)

Hnl o wRoefE BE [ )5

PRAEAL R 5 R

i AEE|

Re?
A

S1+S3+ B-hitterness2 y=38.373+13.939 x: +13.165 x2
S2 TR y=-2.008 x1+0.433 x:2—6.513
VU y=0.358 x12+0.545 x,2—6.842

y'=0.638 x'110.603 X"
y'=-1.627 x'110.811 x'12
y'=0.475 x'12+0.723 X'2?

0.875 P<<0.05 x'1>X"2
0.887 P<<0.05 x'1>x'1?
0.810 P<<0.05 x'22>x"1?

S1+83+ g y=7.291 x3—8.838
G2 AN y=0.691 x3?—3.230

y'=0.905 X3 0.773 P<<0.05 X3
y'=0.961 x'32 0.903 P<0.01 x'3?
S2+S3+ B-bitterness2 y=7.584+5.253 x1+5.776 x2? y'=0.221 x'1+0.929 X2 0.984 P<<0.01 x'22>x"1

T2 ik y=0.349—1.801 x2—0.227 x:2+0.529 xs? y'=-0.493 x'2—0.190 x'12+0.699 x'3? 0.992 P<<0.01 X'3>>X"2>X'1?

ik y=0.370 x2?+0.244 x32—7.255 y'=0.833 x'22+0.691 X3 0.872 P<<0.05 x'22>X'3?

TI+T3+ wk y=7.91240.845 x1+0.721 xo—0.020 xs?> y'=0.680 x'11+0.580 x'2—0.076 X's>  0.999 P<<0.01 X'1>X"2>X'3?
T2 ik y=2.469 x1+1.348 x2—0.890 y'=0.806 x'11-0.440 X" 0.975 P<<0.01 x'1>X"2
TI+T3+ wik y=1574+2.153 x,—2.235 x3+0.482 x> y'=0.521 x>—0.541 x'’3+0.391 x'1?  0.971 P<<0.05 —
S3 ik y=2.815 x11+1.582 xo—2.093 y'=0.786 x'110.442 X" 0.918 P<<0.05 x'1>X"2

T3+T2+ B-bitterness2 y=6.806-+0.668 x1+0.284 x2
G3 LS y=5.457-+1.222 x1+0.208 x3?

y'=0.921 x1+0.294 X"
y'=0.941 x'1+0.432 X'

0.980 P<<0.01 x'1>x"2
0.848 P<<0.05 —

U y=0.137 x1—0.550 y'=0.884 x"1 0.728 P<<0.05 x1
G1-+G2+ B-hitterness2 y=24.987-2.933 x2? y'=0.965 x'2? 0.914 P<<0.01 x'2?
G3 VS y=12.431+0.552 x2? y'=0.996 x'22 0.989 P<<0.01 x'2?
U y=0.635 x22—1.427 y'=0.967 x'22 0.919 P<<0.01 x'2?
G1+G2+ B-bitterness2 y=16.297+2.920 xz>+2.428 x3? y'=0.906 x'22+0.536 x'3 0.834 P<<0.05 x'22>x'7?
S3 LS y=4.863 x2—2.097 y'=0.940 X" 0.853 P<<0.01 x"2
ik y=0.494 x2?—3.508 y'=0.991 x"2? 0.976 P<<0.01 x"2
G2-+G3+ B-hitterness2 y=26.515-+9.732 x1+1.335 x3? y'=0.850 x'1+0.629 x'3? 0.847 P<<0.05 —
T3 LS y=7.073+3.411 x1 y'=0.953 X1 0.885 P<<0.01 x1
Rk y=2.193 x1+0.341 x2>—1.085 y'=0.795 x'1+0.666 x'3? 0.778 P<<0.05 —
S1+G1+ B-hitterness2 y=38.912+17.659 x1 y'=0.957 x'1 0.896 P<<0.01 x'1
Tl TR y=-2.840 x1+2.771 X2 y'=-0.761 x'1+0.742 X2 0.839 P<<0.05 x'1>x"
ik y=3.982 xo—1.957 y'=0.995 X" 0.987 P<<0.01 x"2

LRy FRBIETEE, xi FR415 1K InC, x FaRA5 2 (11 InC, xa Fonlsy 3 11 InC, yFRARELIIZBINGTEE, X1 FRA5 1
FREALI INC, X R4Sy 2 FRAEALI InC, X3 Fond14r 3 FniEALIY InC

In the above equation, y represents the post-stack bitterness, x; represents the InC of component 1, x, represents the InC of component 2, x5 represents the
InC of component 3, y’ represents the standardized post-stack bitterness, x'; represents the standardized InC of component 1, x', represents the standardized
InC of component 2 and x'; represents the standardized InC of component 3

4 THig
4.1 EIREDIESE

FRAE (P E 24 88) 2015 4F AR RO 1 vk
TR, R W 7 HIA HAR SRR IR
Ry RIS B AR DG SCRAROE , RIS 2 R s
MRIE S R EEAT 7325, RS B0E (/hBE
ol R/NBER S BT B C/NBERR ., SEATTH) (81

WS CGESH. AWE SO 09 G5 50% (%
DIENES. FraOENE B BRHE CRREE.
bR a ) P SR (=mERA &)1k
AN IBRERD 2223 B JefiE CliETH ) P4,
TR GRS DU 291, i GERIBR RS 1291,

R4l (b EZ58) 2015 SERRCH T IHER T &
VO AT TSRS, BOERE R R LR, g i
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#&x16 =&/ DCMM BEFEHE (Iz) 58K DCMM HE (I) HHEIEHRE (n=6)
Table 16 Fitting equation of ternary superposition DCMM electronic tongue bitterness (lze) and single-flavor DCMM

bitterness (le) (n = 6)

EEp/pE

pRUEAL 1A T R

Rl AR

Re?
AAEY

S1+S3+S2 B-bitterness2 y=11.608+0.666 x1+0.539 x2
S y=0.706 x1—3.471
R y=0.340 xo—1.585
S1+S3+G2 &k y=0.842 x3—0.375 x1—6.125
S2+S3+T2 B-hitterness2 y=12.654-+0.010 x»?

S y=23.747—6.234 x1
T1+T3+T2 B-hitterness2 y=29.500+0.644 x.

LS y=2.853+0.466 x1+0.439 x2

Tk y=4.390+0.518 x;10.186 x2

T1+T3+S3 &k y=4.021+0.595 x1+0.219 x>
T3+ T2+G3 B-bitterness2 y=0.665 x:+0.516 x2—10.455

y'=0.605 x'1+0.584 X2
y'=0.971 x1

y'=0.855 X"

y'=0.937 x'3—0.184 X1
y'=0.985 X'22
y'=-0.854 X'1
y'=0.897 X"

y'=0.645 x'1+0.612 X2
y'=0.796 x'1+0.432 X2
y'=0.781 X'1+0.435 x'3?
y'=0.851 x'1+0.464 X2

0.895 P<<0.05 x'1>X"2
0.928 P<<0.01 x1
0.665 P<<0.05 x"2
0.987 P<<0.01 x'3>x"1
0.962 P<<0.01 X2
0.662 P<<0.05 x"1
0.757 P<<0.05 x"2
0.925 P<<0.01 x'1>X"2
0.990 P<<0.01 x'1>X"2
0.951 P<<0.01 x'1>X"2
0.986 P<<0.01 x'1>X"2

LS y=2.571+0.689 x1+0.027 x5 y'=0.918 x'1+0.532 x'32 0.938 P<<0.05 x'1>x's?
Tk y=2.209+0.463 x y'=0.934 x'1 0.840 P<<0.05 X1
G1+G2+G3 B-hitterness2 y=19.868+0.285 x3+0.010 x22 y'=0.199 x'3+1.014 x'? 0.984 P<<0.01 X'22>x'3
LS y=56.910—5.960 x2+0.199 x,? y'=—4.039 x'2+4.991 x'? 0.988 P<<0.01 x'22>x"2
Tk y=0.01840.761 x2 y'=0.927 x"2 0.824 P<0.05 X’
G1+G2+S3 B-hitterness2 y=15.984-+0.010 x22+0.004 xz? y'=0.944 x'22+0.545 X'32 0.892 P<<0.05 x'22>x'3?
L y=-10.5200.063 x22—0.072 x3? y'=0.908 x'22—0.222 X'3 0.982 P<<0.01 x'22>x'3?
Tk y=-1.990+0.050 x22 y'=0.982 x'22 0.955 P<0.01 X2
G2+ G3-+T3 B-hitterness2 y=40.724-+0.005 x12+0.004 x3? y'=0.781 x'124+0.705 X3 0.789 P<<0.05 x'12>x'3?2
LS y=1.576 x1—0.752 X3 y'=0.892 x'1—0.364 x'3 0.927 P<<0.01 X'1>X'3
Tk y=2.494+-0.499 x1+0.034 x32 y'=0.781 x'1+0.678 x's? 0.885 P<0.05 —
S1+G1+T1 B-hitterness2 y=15.683-+0.841 x1—0.215 xo—1.927 x3 y'=0.904 x'1—0.168 xo—0.290 X3 0.997 P<<0.01 X'1>Xs>X'2
L y=1.678 x1+2.425 x2+2.587 x3—27.011 y'=0.762 x'1+1.117 x'240.477 x'3 0.957 P<0.05 X'2>X'1>X's
Tk y=0.86840.705 x2+0.021 x22 y'=0.829 x'2+0.201 X" 0.992 P<<0.01 X'2>>x'2?

kTR y RRBINEERE, x RS LIIRTEE, xo RSy 2 T, e Ry 3 ML, yRARAMEIL I EINE B, X RoRdLs)r
LARHERGIRIRE BE, X B ey 2 AL I B, x's om0y 3 AruEALIN R E o
In the above equation, y represents the bitterness after superposition, x; represents the bitterness of component 1, x, represents the bitterness of component
2, X3 represents the bitterness of component 3, y’ represents the standardized bitterness after superposition, x'; represents the standardized bitterness of
component 1, x', represents the standardized bitterness of component 2, and x's represents the standardized bitterness of component 3

TR DS &Y 3~6 g, AMHER. HE
RIERHEHAE, B2 RIS 400 mL
2, TR B R IR 15 g/l R
WRETHE, HE, HMERREONRT, Z/KETE Gk
B RO 55, MOS0 - 2 A 40 R S TS
Bl 5 T AR B2 IR FERG 2 1.88. 3.75. 7.50. 15.
30. 60 g/L, i EIKEEEI TR, (HE
VERWT IR, HZ 22 BIRE B 7 B i
SNG A R, 2GR, TRIET A

W24 B IS Bl 24 77 V238 AL 48 b 24 ¥ S B
L2775, B2 MRO FEAT, A SEas R A LRk
il KRR, BAHIRKENR 1 L, 55k 2§k
FOKBDRARRE— 2, BB SEBRAT R 7 8 f5 S84 T
TG IR I A A (AL
42 THTPM MRLER S #ritie

THTPM S i RPN Tk e —, RSk
I6IERE THTPM 3T —J0. =08 INsLis (32 41)
MK, FHor 30 AR RIREME R (P<0.05).
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17 BIK DCMM EE lo-le FUM4REY
Table 17 Single-flavor DCMM bitterness lo-le prediction
model

#* 19 =7EM DCMM EHE lzo-1ze FNAER
Table 19 Three-dimensional superposition DCMM
bitterness 1zo-1ze prediction model

FEfh WRE(E BME T e A R2 FE USRENSYIEN T A 7 R2
S1  B-hitterness2  1,=0.042 8 lc+1.154 9 0.996 9 S1+S3+S2 B-bitterness2 Izo=1.714 8 Inlz+2.053 8 0.888 2
TR 10=0.419 4 1.+8.826 6 0.9700 TR I20=-0.4867 lze+0.4318 0.8376
U lo=-0.48111.+0.9093 0.9187 U 120=0.3597 12z+55627 0.6827
S2  B-hitterness2  1,=0.07361.+1.6278  0.8549 S2+S3+T2 Tk I20=-0.21251ze+2.9321 0.6701
PEAUS 1,=0.33931.+6.7720  0.9880 T14+T3+T2 &k 120=0.396 3 12—1.3171 0.8205
S3  B-hitterness2  10=0.034 7 le+1.2295  0.9670 VHUR 120=0.169 6 12e+1.9319 0.9125
EHUS b=-0.3703 +1.1300 0.8783 T1+4T3+S3 B-hitterness2 120=0.947 2 Inlze—0.257 4 0.689 6
PEAUS 1,=0217 3 1e+4.5283  0.9786 T3+ T2+ G3 B-hitterness2 120=0.916 5 Inlze—0.425 6 0.855 0
T1  B-bitterness2 10=0.058 7 le+1.4269  0.839 0 TR 120=0.481 4 122—2.4453 0.9233
TR 1b=0.51451.—2.037 9 0.926 6 VU 120=0.183 9 12e+1.8972 0.996 0
Tk 1,=0.1950 le+1.8095  0.9958 G2-+G3+T3 B-bitterness2 120=0.019 6 1ze+1.1008 0.708 5
T2  B-bitterness2  10=0.035 2 lc+0.614 0.9748 REUS 120=0.383 4 Inlze+1.636 1 0.724 6
Tk 1b=014411.+2.8549  0.9892 S1+G1-+T1 B-bitterness2 1z0=0.040 9 1ze+1.7079 0.824 3
T3 B-bitterness2 10=0.038 2 |e+0982 5 0.965 3 %*H% , 10 éﬂ%bﬂ)ﬁ%fg%éﬂ%u E'jﬁﬁﬁéﬂ%i@*a
Ry = — N —p " N N
o b=04709L—LETLT 09755y g g11 irkRAEAL A R MO HTRIL, R
R TOUSZIF22639 090wy epi e, B A Kb 2R N
G1 iMM%2h=MWMﬁM%6 0.7727 S [ SRR T s A 25T R M 2
R b=037381+7.9849 08924 mpnon i RIS . RIRZEBIL
G2  B-bitterness2  10=0.03311.+0.1942  0.9952 B, BRI A7 FE At . R A () LA i
y 2 L D ~ Y F ST AN

Tk 1,=027661.—3.6248  0.899 4 - . \ " . .
i, ° ) X 5 A B IEAE AR R TP 25 DL AR IR
Tk 1,=0.13581.+0.9818  0.9867 VR I A i
G3  B-bitterness2  1ob=0.05331.+0.7149  0.9493 _ \ s e T
- .0—03420 Ie 0540 0604 JTRVE R C RN, A2 i
o—VU. e U . N N e K N TSN
. YERNRE T SLAYIE . RSP ISR 2 bk

Tk 10=0.1394 le+2.7137  0.996 6

# 18 BN DCMM FHE lz0-1ze FUNAREY
Table 18 Binary superposition DCMM bitterness lzo-1ze
prediction model

eSS N R S TR AR 1Y R2
S14+S2  B-bitterness2  120=0.038 9 Ize+2.0538 0.945 7
EEUS l20=-0.369 I2e+2.176 7 0.907 5

S1+G1 B-bitterness2 1z20=0.0306 1ze+2.1197 0.953 3
S3+T1 B-bitterness2 120=0.028 11ze+1.9881 0.9792
T1+T3  FHhk 120=0.4759 12e—1.8994 0.727 2
T1+4+G1 B-bitterness2 120=0.1034 12+0.897 8 0.901 4
G 120=0.3356 1ze+0.401 6 0.8454
S 120=0.1459 12e+2.6311 0.7512

T MYERE B XA TR, =aE&nd,
A EM T34 (z-InC. 122D REHE =
MR EETT R . 14 0B 0N 57 A S A0 e — 2

KL EFAE.

FEHZ=Ju&NT, H¥E+ M+ As
T3 RE R LT S AR R OE S B e R
AR, AT LAHED R T3 i oA 2Bk
O 5% B SR AR L, AR BT AT
o FRAARRIUI 2Z 18] PR a0 B 2 B
€ B S HE BV 355 PR M R A P 52 e 2 A e
FERITEIL. AR+ + s — 4R S A
BRI, B8 3 MU BRSO,
WRom L ZE e AR, Bn)E LA BN, Ak LA,
A R SRR, HA RS gauk B K -F#i
b, JE PRGN SEAR IR FE AT 2 A A
4.3 BFEERSFIIPHRA AR E

HL o o SR P TR ke W i 4 D T 1 L A
AL N B AR TR AR AR, A5 A f 247 3R
P21 N N 1 PR == DS o e Y AR E D A
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J SR A AT DAL 3 AR IS I L T
BEAT 34T o
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