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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
(GRR)], Huanggqin [Scutellariae Radix (SR)], Lianqiao [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 (/z-InC), superimposed
bitterness-pre-superimposed bitterness (/z-I), and oral taste superimposed bitterness-electronic tongue superimposed bitterness
(Izo-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 (R:*> > 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 Iz-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 Iz-InC and Iz-I were superimposed binary, all of which fitted meaningful models (R:? >
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
(R? > 0.662, P < 0.05, n = 6); In Izo-Iz, 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;
The acquisition rate of good models in the superposition experiment was as following: binary 100%, R.> = 0.936; ternary 87.5%,
R = 0.906, while the meaningful model acquisition rate in Izo-Ize is low, that is, the current method of predicting Izo with Ize is
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-Ize 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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2.1 EHRSHRHRERERFRGIE

ZIOCHIRARIES, ko 9 5 MR, A
SO I — 58 H T FESE L, DAAS[R] o Sk B () 3R R
INBERRIA AR N5 R S Lo A [R5 FE 2 ), DA
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Table 1 Information of nine kinds of Chinese medicines

Kl w5 A e JR IR gl #ts
R S1 WE ERFHAVIIHIE Coptis chinensis Franch. ff) TR ZE WRBGE RO O AR F] 1908261

S2 W%

S3 H

(B Tl
T At L34y

T2 EBE BEHEY B Melia toosenclan Sieb. et Zuce. [T 150 5 FAR Jz - kT
T3 54516 5 RHEME 4 Chrysanthemum indicum L.F)F5RIRTE P I
TeNBRHEYI B Gentiana scabra Bge. [T AR AR 25
JEAHEYITES Scutellaria baicalensis Georgi [F1T54R IR
G3 #¥  ARBEEHEYIER Forsythia suspensa (Thunb.) Vahl ff) R8s B

WHR Gl el
G2 #%

GRHEYT S Sophora flavescens Ait. TR
EHFENITE K Phellodendron chinense Schneid. ) T #EMf i WAk B AIRAF 1908213
FI0E BFREMEY % 0% Andrographis paniculate (Burm. f.) Nees ) BRAKT 2208 2400 B IR A H 1805082

Wi =GR AR 1812140310

TRNRFGR A ARA A 190218
G R AR R 1908151
Wl 2R AT AIRA R 1908272
ZREAS AP T AR AR 1907021
ZRNRAPAY A IRA R 190903

R2 THEEE () HEMER. FRREETE

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

W5 B (1 g IR Tt 1 45 1 EUE Y Xof 2 LU I T B R /(mgrmL ™)
1 JUT- A 5k I 0.5~1.5 0
2 W& A A Il 1.5~2.5 0.01
3 ] ERZ ) R I 2.5~35 0.05
4 IR, (ERAR AT LA 2 v 3.5~4.5 0.10
5 AN RS2 I R \Y% 45~55 0.50

22 BIRIKF RS RREKEERE

221 BBRVCOR RRIURE S A AR S AR -2 A AN
SE A AR AT IR SRR U0, IS (R E 24
BL) 2015 FERRELE B B, FRECAS [F) & A 2540
A BRAEURE i, KO BT IS E A A 7K 600
mL, {24 30 min, T HEELS EIN#, ThE 2100 Wi

Frib i e, ThaMON 800 W, HiIZ 30 min, Eid;
THIINJK 400 mL, R 20 min, AX[F—HI, & FUE
W, A, WHIRER, 4000 r/min &0 15 min,
WS LY, HZABKMRERZIE, B
B, JEEE, KE (105 CHEAIKE 45 min),
%R
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HFAA-2 A ER, BOERE IR (BLAEZY
B BB, BRI 3 PR

&3 DCMM FlHmpriERERE
Table 3 Selected concentrations of samples to be tested

YR s WRAHR  BERE (CEZET) (gL

AP ST I 0500 1.000 2.000 4.000 8.000 16.000
S2 % 0.750 1.500 3.000 6.000 12.000 24.000
S3  #M 1.1202250 4500 9.000 18.000 36.000
(B T1 LI 0.8751.750 3.500 7.000 14.000 28.000

T2 B 1.8753.750 7.500 15.000 30.000 60.000
T3  B%E 2.500 5.000 10.000 20.000 40.000 80.000
W Gl JEfH 0.620 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 EHREBIAVIDER T R &

DA S BTHEAE R 0. =08 I S5 1
it BL2 A 3 RO L RGBT, =
I o
231 TIUE MBS R A LAY
o mid, BERERDLERNHER, L6 NMREIKE
BB 6 KF, BUEREERAER “2.27 BUF, M
Us (693121 THRIEAT 2 R 6 /K RISEE BTt
AU DL 4752 —u B AR IR it i) 2% 9],
WE 05 g w2 3 g JLERES 1 LA, 3
RIF “2.27 BURHIETE, BRI 4.

F4 ZBM Us'(6*) 2 A% 6 KPELIIFIT
Table 4 Binary superposition Us"(6*) 2-factor 6-level design

JRER (L)
1 2 3 4 5 6
1 £+ ST 0500 1.000 2.000 4.000 8.000 16.000

LT S2 3.000 24.000 1.500 12.000 0.750 6.000

2 AP+ ST 0500 1.000 2.000 4.000 8.000 16.000

Fe o R BR

RN Gl 2.500 20.000 1.250 10.000 0.625 5.000
3 AWK+ S3 0 1125 2.250 4500 9.000 18.000 36.000
(e T1 3.500 28.000 1.750 14.000 0.875 7.000

4 WEEKHRER T1 0.875 1750 3.500 7.000 14.000 28.000
T3 10.000 80.000 5.000 40.000 2.500 20.000

5 KA+ T1 0875 1.750 3.500 7.000 14.000 28.000
WK Gl 2.500 20.000 1.250 10.000 0.625 5.000

6 M+ Gl 0.625 1.250 2.500 5.000 10.000 20.000
W G3 10.000 80.000 5.000 40.000 2.500 20.000

HK.omER. BEERMEARE, Bl MREIREME
N6 K, A U™ (643518 REAT 3 3R 6 /K
PSR BT . B VAR “2.27 T, BARSLEG R
I s,

£5 =B US6Y 3 FE 6 KFELIIFIHT
Table 5

design

Ternary superposition Us"(6*) 3-factor 6-level

JRERE (gL
2 3 4 5 6
0.500 1.000 2.000 4.000 8.000 16.000
3.000 24.000 1.500 12.000 0.750 6.000
2.250 9.000 36.000 1.125 4.500 18.000
2 AW+ S1 0500 1.000 2.000 4.000 8.000 16.000
AW+ S3 0 2.250  9.000 36.000 1.125 4.500 18.000
i RSN G2 10.000 80.000 5.000 40.000 2.500 20.000

s KA R

1 49+ S1
LW+ S3
W S2

3 AR+ S2 0750 1500 3.000 6.000 12.000 24.000
AR+ S3 0 2.250 9.000 36.000 1.125 4.500 18.000
[ES T2 7.500 60.000 3.750 30.000 1.875 15.000

4 KA+ T1 0875 1.750 3.500 7.000 14.000 28.000
¥+ T3 5.000 20.000 80.000 2.500 10.000 40.000
i T2 7500 60.000 3.750 30.000 1.875 15.000

5 i+ T1 0875 1.750 3.500 7.000 14.000 28.000

MK+ T3 5.000 20.000 80.000 2.500 10.000 40.000
AWk S3 4.500 36.000 2.250 18.000 1.125 9.000
6 WMWiK+ T3 2.500 5.000 10.000 20.000 40.000 80.000
R+ T2 3.750 15.000 60.000 1.875 7.500 30.000

FEEFE G3 10.000 80.000 5.000 40.000 2.500 20.000
7 BT+ Gl 0625 1.250 2500 5.000 10.000 20.000
B4+ G2 5.000 20.000 80.000 2.500 10.000 40.000
B G3 10.000 80.000 5.000 40.000 2.500 20.000
8 MEHZE+ Gl 0625 1250 2.500 5.000 10.000 20.000
BETF24+ G2 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
9 FEFZE+ G2 2500 5.000 10.000 20.000 40.000 80.000
B4+ G3 5.000 20.000 80.000 2.500 10.000 40.000
[ES T3 10.000 80.000 5.000 40.000 2.500 20.000
10 AW+  SI 0500 1.000 2.000 4.000 8.000 16.000
W34+ T1 1750 7.000 28.000 0.875 3.500 14.000
WX Gl 2,500 20.000 1.250 10.000 0.625 5.000

2.4 THTPM ik
2401 HEEZBTIR AR LW R EZ KRS
— B R B AR B B 2 o AR S, TR
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BIRF AT T AR R USSR A D TIE (IR B
i 2017HL-066-03). GINbR#E: (1) [KFHREKAZ
5 EEU8 TR T v T ARG, WO 6 20 2 e A A N1
(2) Ty, e e, TiHZER, TAR
WL, FLUTHATCHR . HERRbRIE: (1) ik 2 d
MUGHER S (2) DAETERIKE, (3) H%
FEEBOK R AF A SR SRS (4 SIE
Hi 3 hdber CUHZREEEY) #. AT HR%
WREREIE S 21 4 (B S5 &, &t 16 %),
R EEE G RS T AE R
242 HEEOEFPMAREAE ) BAASEC
BRJTEES), 2 HIEL 20 mL, 37 CFE 2 h&REK
FER SRR /INBEB S LU T D S m B E S
THd, 15 s, ERABEATIROSE, BN
A8 AR B S IR (14 % 52 X 45k SR R R i 1D
e, ARG 2 B A N LT 2 2 LI W 153 2 A L
AUE, e HZEE KO 20 3 Ik, BE DY
AT TEREAZ, 15 min J5 052 5 — i RIKER S
PO, 3 SE R R AR HE AR B 2

243 FRIUAE AR PN RRDURE & A 2R
(0 1 2B A E ZOR R R AL R, 52 S0 SRR il 1)
5 S

2.5 E-tongue iEME

251 HTEZSHS&

(1) IEMTE VR H : HERFRE 7.46 g SALET,
500 mL Z&TR/KHEHEE MR, SRS HERR NN 300 mL G
IK G AR FED NN HERAFR R 0.56 ¢ FEALET,
W se s, HRE 1000 mL B, 25, .

(2) FMIEVERBCH]: HERfEI 300 mL JE/K
LI, 5 500 mL 728K R R G, SRIG A 8.3 mL
WERMBHHR A, ¥ 3] 1000 mL 2, &%,
HIFE

(3) i) MEMFRE 2.24 ¢ SALERRN

0.045 g AR, HUEEZAR/KEME A 1000
mL ®iiH, ER, B,
252 HWEFHRMAGIE oL BRER I Tl
HEYE 90 s, BB H S LB Ve 120 s, k4L 5 —
ZHORIEVE 120 s, fBESAEFHALEINE 30s, 14
B ARAE S, RN, RS IKES ) 30 s,
HAEWRIE s JETE 2 S il b 4 BB 3 s, 1%
JRASAHNFTH S BRI E R 30 s, FEFRIINR 4
W BB 1 RIEH, WU 3 CFEHRIE IR
2R

253 HWFEERESER  TS-5000Z B H 73t
A C00. ANO. BTO. AEl. GLI. CAO. CTO7 R
fEA%, Hh Co0 M AE1 fB RS A AT, Jo 2 Fhaty
RS S, FRAZEERAEI, 1 ANO H1 BTO f£ /%48
R IR A o DRI AR S50 e HUPR v R A DG Y 4 4R
fEA%, 4r5H18 C00. ANO. BTO. AE1 f£/#4%,
LA 6 Pk i(E BAE, BAkWE 6.

=6 HREABKRRER
Table 6 Sensor taste information

SR EPSY

FRIRE: XL RS

Jek EL7S
C00  FRMEH IR U T2 M e A [ e
(Dbitterness) (aftertaste-B)
ANO ik X RV NEILS
(B-bitterness2 )

BTO BdZE#hssng X L 2 v A [ R

(H-bitterness )

AE1 ik iEAUN NS
(astringency) (aftertaste-A)

2.6 HUERLIBS S
2,61 SEEAE AR EEEETEE T
W, BT AR MR ARZE S, AT RgiE AN
VR 2 (R R VPN 45 RAFE 22 5, bRl A
S EHE 2 i s B AR KT, (HSURBEME A S (B
TLAGIRR, SRR Grubbs ArieyZl3 it
o AT W AE RIS A B Bk . RS R4
R 1A, BT 2R IIERRSIBR. I
A, DR EE S RN /N AT T B A S A
AT SR FH UM S 56 1 AT S B U4, AR S B A HE 7K
4 0.14 HIER/KE N 0.05.
2,62 AR ASZIGAE R IR DCMM [T
Fussht b, REAFER DCMM 6. = oA H
SN, WE T, =Jc& i DCMM & N
FE-R IR R AL (I-InC) BN BE-S Inal2 75
& Uz-D PEEINEE-HTESIEE (zolz)
AR,

FITHERA . I=A(C)=p1—e 9", I=
AO)=alnC+b, H, CERRFTEKE, a. b. as
By my k NFFESHL

TG ZICHERAL L=£(InCy, - InCy), L=
Sl 1)y Tze=fs(ze), FHr, C FoRB T 5
JRRIRSE, InC FoR B INRT 475 o Sk B RT3
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[ FRBMATFHNEE, LRRBINGE, LR
INAZEBINERE, L RRETERINGEE, n=2
i 3,

FH SPSS 22.0 & x5l 45 Rt AT 2 Ju ek [0l
15387, P<0.05 NERASGITFE L. WAL
R T T RN X R R HE RS Y IR
LAERR, B “HiZRE LAl 1S, 305 R DL
G R2 NHE, EERT R¥NAEE R H R2
TR
2,63 TTERFHWTARHE  ASLBLE T EAZX
2 WA BT A 45 R AR Y, % £ 43 %of &8 I s TRA) B ik
RAWTFEW T (1) RV CAERHE R R0
Pre o S INJEITTERES ;. (2) — RIS kI [E
I AELE, WA AR & HUE YE B IR 45 S hn L el H &R

e T

3 $#R

3.1 THTPM &R

311 FEGESIBRSGR 0280 m R

25 LT 7 (AR ORI 58, 75 Grubbs 6 5 Gy(n)
%, X 25 4 (2483 A4N) B HEATIRAAG L 2 bk
Pl R BRI B B A A A RN, PABIBR S FRI AR
PR R (B e Y 11 25 ZHRE L IE
Sk 43 M REHE.

3.1.2 0k DCMM M2 (L) 5REKRE (C)
MR MIEFA-HYUEE, ORI il Sk
[ CE AR, MR I, NRAE &, X9 fli

l"7.<s
5.200
5.0
4.339
] 4.0
3.478
30
2.617
Slig-L™h 13
.’7.:3 P
440 4.5
3.699 35
‘_S
2.958 25
2217 0
T]f(g'[.'Ij 30

R DCMM AT I-C &, HBEAR . SRR
SRR 7 Pon. Hrp, AR TRk A
TR, UK A R Ry — o0 25
FERE L. AT, 3 MR H%% DCMM
FIAY I S22 JEE 5 B Jo B A F 3 i 3

#*&7 BIK DCMM RERE () SOEEE (L) &
REER (n=06)

Table 7 Fitting model results of concentration (C) and

bitterness (/) of single-flavor DCMM (n = 6)
F5 W S Ik A R XTI

1 SI R=09998, P<001R*=0.9956, P<0.0l
2 82 R=09971, P<001R=09932, P<0.01
383 R=09978, P<001R*=0.9956, P<0.01
4TI R*=09982, P<0.01R>=09972, P<0.01
5 T2 R=09987, P<001R=09878, P<0.0l
6 T3 R=09990, P<001R=09907, P<0.0l
7 Gl R=09986, P<001R=09926, P<0.01
8§ G2 R=10000, P<001R=0.9960, P<0.01
9  G3 R=1.0000, P<001R*=09806, P<0.01
313 BN BRI S Wt BV s Hr
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Fig.1 Three-dimensional graph of binary superposition of bitterness (/z,) and concentration (C)
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#8 ZEBMDCMM OZEE () S5HEK DCMM REREMNIH InC) MREMUEHE =6)
Table 8 Best-fitting equation of binary superposition DCMM bitterness (Izo) and concentration logarithm (InC) of

single-flavor DCMM (n = 6)

| EVEpIpEs Bl R R P PR R B
S1+S2 y=3.167+1.028 x1—0.109 x;? y'=1.268 x1—0.312 x"12 0.991 P<<0.01 X'1>x"2
S1+Gl1 y=3.173+0.678 xi ¥'=0.997 x"1 0993  P<<0.01 x'1
S3+Tl1 ¥y=2.392+0.604 xi ¥'=0.949 x"1 0.875  P<<0.01 x'1
T1+T3 y=1.929+0.644 x1+0.028 x2? y'=1.010x11+0.233 x"2? 0.971 P<0.01 X'1>x"?
T1+Gl y=1.669+0.228 x12+0.151 x2? ¥'=0.978 x"12+0.504 x'»2 0986  P<<0.01 x12>x"?
G1+G3 y=1.466-+0.751 x1+0.037 x2? y'=1.003 x"1+0.263 x> 0953  P<<0.01 x'1>x"?

FRTEEF y RRBIETEE, xi BRI 1 InC, xo FRA5) 2 0 InC, yRBVRIELIBINGTERE, ¥ FRHo 1 bR InC, xH £R

A7y 2 brdEALI 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

R2=0.875, P<0.01, &AL k2 T
LTS5 R . AR LR DCMM i iR 5 ] LR
U MDA B DCMM. 12235 18 1 000 7 7%

RIE = e8I DCMM L2455, & —5s
B DCMM 5485 Iz, 5 5.0k DCMM . H 255 B 1,
KRAMBAERETE (R 9. H, sHTRE P<
0.01, R2=0.868, 4iAEM, HHEHEK DCMM 1)
M55 B ] DUREFHAUA H & 0 DCMM [ 255
FETRI 572

(2) =J6E INss: AR4E 10 40 =708 DCMM
(12245 5L, R 2 ou e M RAE LA 8 i DCMM
W E Iz, 5 InC BRI R (R 10), L9 4,
Hrp 6 4 P<0.01, R2=0.871, {HiE%+ %R+ 5
HAEARIA HA B X RETFE.

R =76 DCMM D245, & =1s
B DCMM 2485 Iz, 5 5.0k DCMM . H 2585 B 1,
KABAEMATFE (K 11). B3] 9 LA X7,

R2=0.659, P<<0.05, {HZE% 41/ + B 554020 K
BRI REMRE IME .

£ J6 =Je@MNH, I-InC. I-1 433 30
HAE LA TRE, P<0.05, Hr 23 ditaTr
& P<<0.01, R2=0.855, HJfk DCMM [F)J5i &k
&5 5 AT DRI HiA A & il DCMM 2%
T P TU 7

LR AR IR A 7 FR 1) R E DL e — e YE Y
LA OR A T AR B B PR T S i R R
DHTRIL, = IT0E NS+ AN+ PR e T
FHSPETE Ry EE, H LInC. -1 W& 7
W — RIS IR RS AR AR, 7R S B TS N 2
MT &1 AR RIL, I-InC 2435 M 5T IR
C wuin™>15.34 g/L BF B AAITTHR R AR, R MW 251
BREER, Iz-I BT E T i <<2.6 B} 75 2 52 M 4
K T wpn>2.6 B BEATFEEL R &AL 455 1 X
I (TR f ok, b 14 LA TR R 5—A

#9 ZaEMDCMM OEEE () 58K DCMM &HE (L) MREBAHTE m=6)
Table 9 Best-fitting equation of binary superposition DCMM bitterness (Iz,) and single-flavor DCMM bitterness (1o) (n = 6)

) EPE Py FRAELL [ 75 F R P PRAELL [ H R H T
S1+S2 y=1.688 x1—0.103 x1>2—0.747 Y'=1.774 x1—0.787 x'1? 0.997 P<0.01 x'1>x"2
S1+Gl y=2.298+0.109 x:? ¥'=0.996 x"2 0.991  P<<0.01 X2
S3+TI y=2.037+0.131 x12+0.029 x2? ¥y'=0.993 x"12+0.217 x"2 0.899  P<<0.05 X'2>x"?
T1+T3 y=1.182+0.707 x1+0.032 x2? y'=1.019 x1+0.215 x"2? 0979 P<0.01 x'1>x"?
T1+Gl y=1.114+0.163 x12+0.077 x22 y'=0.978 x"12+0.484 x° 0961 P<<0.01 x2>x'2?
G1+G3 y=0.367+0.839 xi ¥'=0.946 x"i 0.868  P<<0.01 X1

ERT5RE y FonBMET L, v ZOoRE 1 I,
BRIy 2 FRUEAL IR E

X BRI 2 I, YARORPRAECII R INE T L, &) Ry 1 BRI, XY

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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Fz10 =ZREBMOZEE () SHRERENXY InC) HREMEHFIE (n=6)
Table 10 Best fitting equation of ternary superposition bitterness (/zo) and concentration logarithm (InC) (n = 6)

n o . o (A
2H 5 EE e PR B E T RS2 RHR

S1+S3+S2  y=3.495+4+0.577 xi y'=0.880 x" 0.718 P<<0.05 x
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+83+T2 y=1.833+0.639 x1+0.117 x2>—0.053 x3> y'=0.674 x1+0.472 x22—0.269 x> 0.996 P<0.01 —
TI+T3+T2 y=1.944+0.509 x1+0.113 x2 y'=0.935 x'1 +0.207 x" 0.992 P<<0.01 x1>x"-
T1+T3+S3 y=2.605+0.322 x1+0.229 x3 y'=0.879 x'1 +0.626 x'3 0.908 P<<0.05 x'1>x3
T3+T2+G3 y=1.000+0.616 x> v'=0.947 x" 0.871 P<<0.01 x-

G1+G2+G3 y=1.22340.403 x110.141 x2+0.017 x5 y'=0.914 x'1 +0.320 x2+0.211 x'3>  0.991 P<0.01 x'1>x"2>x'3?

G1+G2+S3 y=1.520+0.620 x
S1+G1+T1 y=3.202+0.818 x1

¥'=0.992 x"i 0981 P<<0.01 xi
y'=0.984 x"i 0.960 P<<0.01 x"i

FiRIrRE y FRBMIEEEE, x FRS 11 InC, x FoR415) 2 (1 InC, x3 R4 3 1 InC, y FoRbrdE LB iG &, x) R4 1

PRI InC, x> RoRULS 2 hRUEALIY InC, x's FRoR4L45Y 3 AL 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, x3 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'3 represents the standardized InC of component 3

&1 =Z7EMDCMM OXERE (I) 58K DCMM HE (L) HIHREMATHFIE (n=6)
Table 11 Best fitting equation of ternary superposition DCMM tongue bitterness (Iz,) and single-flavor DCMM bitterness (1)

(n=6)
- o FRAEAL
Y5 EPEp FRIEAL I 7R RO
S1+S3+S2  y=1.039+0.651 x1+0.228 x2 v'=0.844 x"1+0.289 x" 0.845 P<<0.05 x'1>x"
S1+S3+G2  y=0.035+0.530 x| y'=0.853 xi 0.659 P<<0.05 X'
S2+83+T2 y=0.365+0.677 x1+0.107 x2>—0.130 x3> y'=0.660 x'1+0.545 x2>—2.490 x'3> 0.999 P<<0.01 —
T1+T3+T2 y=1.589+0.581 xi y'=0.981 x"1 0.953 P<<0.01 X't
T1+T34+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 x32 y'=1.015 x'1+0.277 x'3 0.941 P<<0.01 X'1>x'32
G1+G2+G3 y=0.8711+0.491 xi y'=0.940 x", 0.855 P<<0.01 X't
G1+G2+S3 y=1.511 x1—0.135 x12—0.741 ¥'=2.040 x'1—1.071 x';2 0.989 P<<0.01 xX1>x"2
S1+GI1+T1 y=0.967 x1+0.504 y'=0.989 x", 0974 P<<0.01 X'y

FRTIRE y FORBINE L, x RN 1 I, x RN 2 MR, s RORYLIY 3 ML, yRIARARIEAL I B INE I, X FORA Sy
1 BRUEAL IR E, x RORZLSr 2 RHEAL IR, x's IR 4153 3 ARvEAL IR v

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

YA ARDC,  ELZE S At A 3 I %o e o i e
PITTRRRAEAE K T HR Ay 2RSS INPHE,
TEOE L H B R DR EE Y = T R 2 AR R
32 BTEEGR

DA IR BEXT O B AR R, DL 6 ARAR RS 1 1]
MAE AR AR &, UEE 25 AEFEHEE, RIELK
gERL, AERE S B-bitterness2 MR LA S N AR #T
IR IE HREX A tHANR BTk i, IR TR IR

B BRI R RS S R H R B A5 JE e R A
TEFTA R Ko SBR[ H-bitterness PR 5
F R SRR, (HARRT AR 6 WRZ4 (10 S A i &
WREIX o BB/, DR e EE o0 A 25 AR AL Y
B-bitterness2 \ {7 BRI R b1 {5 SR o DR i s J A1
WAL PATEIE . 20 DR R IE A7, 25 5L 2.

321 Huk DCMM H 758 L S5 ERIRE C %
AR R SKR AR 7 AT R AR ) Lk DCMM
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Fig. 2 Sensitivity and bitterness results of electronic tongue sensors of CR, AH and GRR

R A P EE R AR . AR B b {5 TP B 347 i J5 A PR P88 v 184
PRSI A I 43T, ASSCIS R 3 FiEEass: 322 A HBNEEE AR 3
RTINS, TR 27 HEdE, RANAH 24 HE (1D ZJaB M FHE g R s oaEh
REE TR, Hh, BARAEMAERE  DCMM B ESE, MEEINFESETENE L
X EOTRE, HCRHEAREREN—E T 5 InC ®EEREGRE, Wk 13 fin. LA 18
EE AR, B 12, K, A 405, R2=0.756, P<0.05, Hrh 15 415% P<
YO B EME RS B AR K 001, R2=0.837.

ML, HAS Y DCMM ) HL 15 1 Ea% R4 —Jc& I DCMM 7 HillE g %, e

F12 BIRDCMM BTFEEE () SHEERE (O) HUSRELER (n=6)

Table 12 Fitting model results of single-flavor DCMM electronic tongue bitterness (/zo) and concentration (C) (n = 6)

5 RSB E BAT IR TR A ETHE M WRE(E BIE Bl AT R RE X

S1 B-bitterness2 R*=0.998 3, P<<0.01 R*=0.998 2, P<<0.01| T2 Pk R*=0.998 5, P<<0.01 R*=0.987 1, P<<0.01
S R*=0.9935, P<0.01 R®=0.8965, P<0.01| T3 B-bitterness2 R*=0.9942, P<0.01 R>=0.9682, P<0.01
TR R’=0.987 8, P<0.01 R*=0.9973, P<0.01 U R*=0.999 4, P<0.01 R*=0.994 1, P<0.01

S2 B-bitterness2 R>=0.9862, P<<0.01 R>=0.8656, P<0.01 bElS R*=1.0000, P<0.01 R*=0.9906, P<0.01
R R*=0.9816, P<0.01 R*=0.9857, P<0.01| Gl B-bitterness2 R*=0.994 0, P<<0.01 R*=0.7785, P<0.01

S3 B-bitterness2 R*=0.998 4, P<<0.01 R*=0.985 6, P<<0.01 R R*=0.995 8, P<0.01 R*=0.8514, P<0.01
LS R*=0.9985, P<0.01 R"=0.8358, P<0.01) G2 B-bitterness2 R*=0.997 1, P<0.01 R?=0.9911, P<0.01
Rk R*=0.9993, P<0.01 R*=0.9877, P<0.01 LS R*=0.9879, P<0.01 R*=0.9283, P<0.01

T1 B-bitterness2 R?=0.976 9, P<<0.01 R*=0.9206, P<0.01 LS R*=0.998 7, P<<0.01 R*=0.9892, P<<0.01
LS R*=0.998 3, P<<0.01 R*=0.9328, P<0.01| G3 B-bitterness2 R*=0.999 0, P<<0.01 R?=0.8829, P<<0.01
bl R*=09971, P<0.01 R*=0.9952, P<0.01 B R*=0.9856, P<0.01 R*=09191, P<0.01

T2 B-bitterness2 R?=0.9972, P<<0.01 R*=0.9576, P<0.01 TR R*=0.999 1, P<0.01 R*=09791, P<0.01
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R13 ZREMNDCMM BFEHE () SREREMIIE (InC) BHIEFE (n=6)
Table 13 Fitting equation of binary superposition DCMM electronic tongue bitterness (/z,) and concentration logarithm (InC)
(n=6)
L5 o A EIpRT AL R? PRERLII
FHHE
S1+ B-bitterness2 y=28.462+19.896 xi ¥'=0.986 x"1 0.953 P<<0.01 x"1
S2 ik y=-2.780—1.984 xi y'=-0.949 x"s 0.875 P<<0.01 x"
TR y=1.498 x1+0.513 x22—11.458 y'=0.743 x'1+0.780 x'22 0.904 P<0.05 —
S1+ B-bitterness2 y=35.233+21.307 xi y'=0.983 x"y 0.959 P<<0.01 x"
Gl y=1.401 x2—1.947 x1—4.333 y'=0.524 x'>—0.729 x'1 0.932 P<0.01 x"1>x"
Tk y=0.872 x12+0.608 x2>2—13.890 y'=0.883 x1>+0.723 x'22 0.975 P<0.01 x"12>x'2?
S3+ B-bitterness2 y=15.473+20.881 xi y'=0.932 x", 0.837 P<<0.01 x"
Tl #% y=1.267—2.261 x1+2.467 x2 y'=-0.597 x'1+0.652 x"» 0.895 P<<0.01 x"1>x"
TR 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'1>+1.873 x2* 0.999 P<0.01 —
T3k y=8.279+0.295 x12+0.149 x» y'=0.866 x1>+0.702 x'22 0.968 P<0.01 x'12>x'2?
T y=3.566+2.724 x1—3.904 x2+1.197 x2>  y'=0.779 x'1—1.117 x¥2+1.847 x> 0.990 P<0.01 —
T1+ B-bitterness2 y=5.959+7.284 x1+2.344 x» y'=1.031 x"1+0.326 x" 1.000 P<<0.01 x'1>x"
Gl Ik y=35.327+0.629 x? y'=0.983 x'\? 0.958 P<0.01 x'12
R y=4.682 x1—0.251 x2+0.164 x22—4.961  y'=1.006 x'1—0.054 x>+0.096 x>  0.999 P<0.01 x'1>x"2>>x"
G1+ B-bitterness2 y=0.893 x2>—2.515 y'=0.917 x'2? 0.800 P<<0.05 x22
G3 ¥k y=3.280+0.515 x1+0.325 x2? ¥y'=0.295 x"1+1.007 x'2? 0.973 P<0.01 x22>x'
Tk y=3.620 x2—15.819 y'=0.940 x"» 0.855 P<<0.01 x"»

FRIF R y RORBIE S, x FRAS 1 InC, o FRASr 2 1 InC, yERRUERRSINGEEEE, ¥ FR A5 1 AR InC, xh FoR

53 2 BRHEALH) 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

&N DCMM HLFHi 5 I 5 5% DCMM H
TEEE L RARBAERETRE, SRR 14 fior.
AR 18 HmtEM AR, Hd 13 ARG E
R2=0.864, P<<0.01, FHHIK DCMM HIH
T RE R LARRLA H 08 i DCMM. HL 115 5 FE R 7
W72

(2) =68/ DCMM HL 7 E45 R RE =70
SINREGFES R T ESENE SR, RHZ LM
[E] 754U 5 B i DCMM 75 % Iz 5 InC 115 AR )
JifEe W 15 Frow, it 27 A REWER TR
(P<0.05). HH, 14 H7FE P<0.01, R>=0.853.

RIE =768 DCMM ML E4E 8, Ha=7t
BN DCMM L 755 I 5 ¥k DCMM HL1 7
W L RARBAERA . L8 3 25 HF BEM
Z iR, Hodh 14 44 TR P<0.01, R:2=0.925,
TS+ B A L Y AR 1S B B R U
G AR 16 fr.

TE 70 =JCBINH, Le-InC. Ize-I 3% 96 25K
IoaE I, Wik 2 on M mEEAT b, 3k 88 4153
THERREMA TR, P<0.05, Hr 56 it
JfE P<0.01, R2=0.853, KHHH.K DCMM )i
HIRE S T R DR G LA &
DCMM [ H 757 FE TS . 36 2 f il A s
TP A 5 L5 R — 4o A 26, 28 AR Y 5 40 il
BB 5y IR %

CEA LR A T FE ) R B LA e — e Yu A
A OR A 0 AR R B PR T S e R R
SIMTRIL, ZIu@E MR EE A+ S L-InC IR
RSN Y C 5s>43 NS T & T
%, FOE R B-bitterness2 15 S &
Tt e 2 0 Y T A PR Y TR N 2 O DT RR B TR
2 4 4 5 et R P UL v T 2 o Y R I T 2 A T
MREEROR; RS EA R 2 C i >15.93
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& 14 ZtEM DCMM BEFEHE () SRR DCMM HE () HREMESFIE 1=6)
Table 14 Best fitting equation of binary superposition DCMM electronic tongue bitterness (Iz.) and single-flavor DCMM

bitterness (1) (n = 6)

S| BN RSN [ 5 7%

pRAEAL IR 5 Fe

FriELL [ A

RS
REH T

S1+S2 B-bitterness2 y=9.558+0.009 xi>+0.007 x2?

y'=1.039 x"1240.195 x"»*

0.990 P<<0.01 x"12>x"22

VN y=-0.122 x12—0.339 y'=-0.981 xi 0.953 P<<0.01 x'2

LS y=16.49440.749 x142.329 x240.019 x22 y'=0.743 x'143.129 x'2+2.402 x'2? 0.982 P<<0.01 x'2>x"2>>x'1
S1+Gl1 B-bitterness2 y=20.868+0.009 x;2 y'=0.982 x'12 0.956 P<<0.01 x';2

N y=0.494—0.137 x:2 y'=-0.867 x'1 0.689 P<<0.05 x'12

TRk y=12.15941.020 x1+0.695 x2 ¥'=0.892 x'140.648 x"2 0.977 P<0.05 x'1>x"
S3-+TI1 B-bitterness2 y=-2.275+0.920 x;+0.596 x y'=0.972 x'1+0.382 x'2 0.970 P<<0.01 x'1>x"

N y=-0.570—0.147 x12+0.072 x2? y'=-0.621 x'1240.627 x'2 0.992 P<0.01 x22>x'1?

S y=0.272+0.741 x y'=0.879 x"2 0.716 P<<0.05 x"
T1-+T3 B-bitterness2 y=14.23240.523 x1+0.636 x2 y'=0.479 x'1+0.861 x'» 0.881 P<<0.01 x"2>x's

U y=2.216+0.553 x11+0.407 x2 ¥'=0.803 x'1+0.617 x> 0.864 P<0.01 x'1>x"

Rk y=5.024+0.547 x1+0.347 x2 y'=0.736 x'14+0.708 x'2 0.813 P<<0.05 x'1>x"
T1+G1 B-bitterness2 y=12.226+0.445 x| y'=0.887 x's 0.734 P<0.05 x'

N y=1.269 x1+0.034 x,2—4.510 y'=1.016 x'1+0.124 x'* 0.992 P<0.01 x'1>x"2?

TRk y=0.986 x1—0.928 ¥'=0.996 x"1 0.991 P<<0.01 x"
G1+G3 B-bitterness2 y=0.193+0.009 x2? y'=0.988 x'2? 0.969 P<<0.01 x22

LN y=1.034 x2+0.042 x;2—1.345 y'=1.068 x2+0.190 x',2 0.984 P<0.01 x2>x'1?

TRk y=4.099+1.188 x2—0.018 x124-0.024 x2? y'=1.382 x2—0.248 x124+0.381 2> 0.999 P<0.01 x'2>x"22>x"12

FRTiRE S y FORBINEE L, o FORES 1 SR, xp Ry 2 W,y RORAREI BN E T RE, X RO | ARMEALI R B, X

IRy 2 BRAEAL I

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 =oo@ b A+ 15500 4 B 5548 4H B-bitterness2
5 RIA TR Y C s >38.28 I B 45 L TT R L
i, RZBEEF B ARG B G R
C wape>24.92 W BFRAETTIR L B, R 2 W B 5552
WS R T Tze-le " T spsse>>7.33 B M 2 16 DT ik P 45C
i, RZNBEE MR, A ST 4D+, S1
XoF B NG 7 FERE MR BE R R R A 8 0 v R o iR
KRR EE. FOE, WX AREE NP4
WIS P 7 R DR PR
33 OEEEBEFEESENERENY
MRAEFE e R, a5 & R, ReigiR 3]
BRI . Zon@ . = oaE i 20 BRI T
T R T PR A A0M B B Sy 4 M AR AR ) B
Mo P HEE Loy AR, PLHSEE L, N
Bh, WEHTEHEE LS HSEE LRR BT
T2, I AR,

M Izo-Tze [EE R (6 17~19) KE, 27 dfnk
DCMM % EHHR153)] 24 Mg LT (P<

0.05), 91.67%MHUAE R2=0.800; 18 4 —Ju& N
DCMM & £, 3t 8 MR ML (P<
0.05), 75%HITEE R2=0.800; 30 =78
DCMM % FE$ds, JL 13 N R SOFFE, fEkR
LB BT R (P<<0.05), 69.23% 1304 &
R2=0.800.

25 AR AL 75 AL, b, ST T3, G3.
S14+S2. T1+Gl. T3+T2+G3 6 4k BAD &
RCRBA, 1M G1+G3. S1+S3+G2. G1+G2+G3.
G1+G2+S3 4 4HFETh 3 MERER AT 2 L5
e, HRFEGBHEDE MR 3Bk
DCMM ) 15585 B 5 75 8 BE AT R AR DG, &
B DCMM 1) 15585 B 5 o 8 s A G T B o &
pilibve b E AT N
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=15

=& DCMM BFEEHE () SRERENMNHE (InC) HIKREMUEHE n=06)

Table 15 Best fitting equation of ternary superposition DCMM electronic tongue bitterness (/zc) and concentration logarithm

(InC) (n=6)

e E N A ESY ] Bl )75 R

PRAELLIRE 7 A

pRAfELL I
AU

S1+S3+ B-bitterness2 y=38.373+13.939 x1+13.165 x2

S2 ELS y=-2.008 x1+0.433 x12—6.513
Rk y=0.358 x1240.545 x,2—6.842
S1+83+ FEhk y=7.291 x3—8.838
G2 Tk y=0.691 x32—3.230

S2+S3+ B-bitterness2 y=7.584+5.253 x1+5.776 x2?
T2 TR y=0.349—1.801 x2—0.227 x12+0.529 x3°
R y=0.370 x2240.244 x3*—7.255

TI+T3+ #hk y=7.91240.845 x1+0.721 x2—0.020 x3?
T2 Tk y=2.469 x1+1.348 x2—0.890
TI+T3+ FHik y=1.574+2.153 x2—2.235 x3+0.482 x,?
S3 beS y=2.815 x1+1.582 x2—2.093

T3+T2+ B-bitterness2 y=6.806+0.668 x1+0.284 x2
G3 ELS y=5.45741.222 x1+0.208 x3>
TR y=0.137 x1—0.550

G1+ G2+ B-bitterness2 y=24.987+2.933 x?
G3 ELS y=12.43140.552 x2?
TR y=0.635 x22—1.427
G1+ G2+ B-bitterness2 y=16.297+2.920 x2>+2.428 x3?
S3 ik y=4.863 x2—2.097
PEHUS y=0.494 x,2—3.508
G2+ G3+ B-bitterness2 y=26.515+9.732 x1+1.335 x32
T3 ELS y=7.073+3.411 x|
PEEUS y=2.193 x14-0.341 x,2—1.085
S14+Gl+ B-bitterness2 y=38.912+17.659 xi
Tl LS y=-2.840 x142.771 x2
Rk y=3.982 x2—1.957

y'=0.638 x'1+0.603 x"
y'=-1.627 x1+0.811 x'1?
¥y =0.475 x"2+0.723 x'2
y'=0.905 x'3

y'=0.961 x'32

y'=0.221 x11+0.929 x"»?

¥y'=-0.493 x2—0.190 x'1>+0.699 x's>

y'=0.833 x224+0.691 x'32

y'=0.680 x'11+0.580 x2—0.076 x'3%

¥y'=0.806 x'11+0.440 x"

¥y'=0.521 x2—0.541 x'3+0.391 x"12

¥y'=0.786 x'11+0.442 x"
y'=0.921 x11+0.294 x"
y'=0.941 x11+0.432 x'32
y'=0.884 x'1

y'=0.965 x'»*

y'=0.996 x'22

y'=0.967 x'22

¥y'=0.906 x22+0.536 x'32
y'=0.940 x"

y'=0.991 x"»*

y'=0.850 x'1+0.629 x'32
y'=0.953 x",

¥y'=0.795 x'110.666 x'32
y'=0.957 x"1

y'=-0.761 x'1+0.742 x'»
y'=0.995 x"

0.875 P<<0.05 x'1>x"
0.887 P<<0.05 x'1>x"12
0.810 P<<0.05 x'2*>x"12
0.773 P<<0.05 x5

0.903 P<<0.01 x'3?
0.984 P<<0.01 x22>x",
0.992 P<0.01 x'3>>x"2>x'1?
0.872 P<<0.05 x"22>x'32
0.999 P<<0.01 x'1>x"2>x'3%
0.975 P<0.01 x"1>x"
0.971 P<0.05 —
0.918 P<<0.05 x'1>x"
0.980 P<<0.01 x'1>x"
0.848 P<<0.05 —

0.728 P<<0.05 x"1

0.914 P<0.01 x'2?
0.989 P<<0.01 x'2?
0.919 P<0.01 x'2?
0.834 P<<0.05 x'2*>x'3?
0.853 P<<0.01 x"»
0.976 P<0.01 x"»

0.847 P<0.05 —

0.885 P<<0.01 x'y

0.778 P<0.05 —

0.896 P<<0.01 x;

0.839 P<<0.05 x'1>x"
0.987 P<<0.01 x"»

b TiRE y RORBIEE L, 0 FRAY 1 InC, xRy 2 10 InC, xy o855 3 1 InC, y Ros bR B NG w7, ) Romdlar 1
PRUEAGIN InC,y x'2 FRZ S 2 FRAEILI InC, x5 FoR419) 3 ARHEALHT 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'3 represents the standardized InC of component 3

4 1Hig
4.1 FRIRHIERE

R4 (R E 288 2015 SERRIIAF RO PR
HR, PR s« BB HAb SRR IR
Fry TR 2 R A O SR AROE , ARIE R 2R s
MRIES R R AT 20 25, AR B0 (/NBE
Bl F/NEERREE) D171 TR (/NBERR TEAARRD U181,

W5 (S, BALE S 19, 52 0% (F
CENEE. HrgOENER PO PR (b,
fEmE R A YD PO, TR (RS2 S N R
FASE) B E) 22230 WhF: JefH ORREFEF) 24,
TR (HEF. DOES) 1900 360 GRS 20,

MR (P EZG80) 2015 SERRCRROA FOHERE &
YO AT TSRS, e AR IR ERA R, iz did
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#16 =TEMDCMM BFEHEEE (Iz) SEIKDCMM EHE (L) HIIUETHIE (n=6)
Table 16 Fitting equation of ternary superposition DCMM electronic tongue bitterness (Ize) and single-flavor DCMM
bitterness (1) (n = 6)

AR R R FE R R LR
V%2 350
S1+S3+S2 B-bitterness2 y=11.608+0.666 x1+0.539 x2 y'=0.605 x'1+0.584 x", 0.895 P<<0.05 x'1>x"
ELS y=0.706 x1—3.471 y'=0.971 x's 0.928 P<<0.01 x's
SHADS y=0.340 x2—1.585 y'=0.855 x" 0.665 P<<0.05 x>
S1+S3+G2 ik y=0.842 x3—0.375 x1—6.125 ¥'=0.937 x’3—0.184 x') 0.987 P<0.01 x'’3>x'1
S2+S3-+T2 B-bitterness2 y=12.654+0.010 x2* y'=0.985 x'2* 0.962 P<<0.01 x'2*
ELS y=23.747—6.234 x1 y'=-0.854 x'y 0.662 P<<0.05 x's
T1+T3+T2 B-bitterness2 y=29.500+0.644 x> y'=0.897 x"» 0.757 P<<0.05 x'»
LS y=2.85340.466 x1+0.439 x2 ¥'=0.645 x'1 +0.612 x> 0.925 P<0.01 x'1>x"
LU y=4.390+0.518 x1+0.186 x2 ¥'=0.796 x'1 +0.432 x> 0.990 P<0.01 x'\>x"
T1+T3+S3 &k y=4.02140.595 x1+0.219 x> y'=0.781 x'1+0.435 x'3 0.951 P<0.01 x'1>x"
T3+T2+G3 B-bitterness2 y=0.665 x1+0.516 x2—10.455 y'=0.851 x'1+0.464 x> 0.986 P<<0.01 x'1>x"
LS y=2.57140.689 x1+0.027 x32 y'=0.918 x'1+0.532 x'32 0.938 P<<0.05 x'y>x'3
LTS y=2.209+0.463 x1 y'=0.934 x' 0.840 P<0.05 x'y
G1+G2+G3 B-bitterness2 y=19.868+0.285 x3+0.010 x22 ¥'=0.199 x'3+1.014 x'22 0.984 P<0.01 x'2*>x3
ik y=56.910—5.960 x2+0.199 x,2 y'=-4.039 x2+4.991 x' 0.988 P<<0.01 x'22>x"
AU y=0.018+0.761 x2 y'=0.927 x" 0.824 P<<0.05 x'»
G1+G2+S3 B-bitterness2 y=15.984-+0.010 x22+0.004 x32 ¥'=0.944 x2240.545 x'32 0.892 P<<0.05 x22>x'3
LS y=-10.52040.063 x22—0.072 x5 ¥'=0.908 x'22—0.222 x'32 0.982 P<0.01 x22>x'3
AU y=-1.990-+0.050 x22 y'=0.982 x'2 0.955 P<0.01 x'2*
G2+G3+T3 B-bitterness2 y=40.724-+0.005 x1240.004 x32 y'=0.781 x'1240.705 x'3? 0.789 P<<0.05 x'12>x'3
LS y=1.576 x1—0.752 x3 y'=0.892 x'1 —0.364 x'3 0.927 P<0.01 x1>x"s
Tk y=2.49440.499 x1+0.034 x32 y'=0.781 x'1+0.678 x'32 0.885 P<<0.05 —
S1+G1+T1 B-bitterness2 y=15.683+0.841 x1—0.215 x2—1.927 x3 y'=0.904 x'1 —0.168 x2—0.290 x3 0.997 P<<0.01 x'1>x3>x"
LR y=1.678 x1+2.425 x2+2.587 x3—27.011 y'=0.762 x'1+1.117 ¥'240.477 x'3 0.957 P<0.05 x'2>x'1>x"3
SHAU y=0.868+0.705 x240.021 x22 y'=0.829 x2+0.201 x'22 0.992 P<0.01 x'2>x"2?

EIRTr R y RORBIMEE R, 0 FORAY | WL, xp FoR10r 2 WL, xa RORAL5 3 KB, y SRR bR B ING w7 X R4 5y
1 BRUEAL IR RE s Xy FORALSY 2 ARAEAL I L s RN S 3 AL 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 x5 represents the standardized bitterness of component 3

w2 SRR 3~6 g, SMHER. HE  RIee. SINSLi gy kit T4 5 251 sebr
RIGTHE AR, B2 MAE 400 mL  FIZ5J57E, BRI SLRT, ARSng thoR AL i
G TR IR R R IR N 15 g/Le WRREC  HIlEOKENR, SRS KENR 1 L, 525K
WRETE, AEE, (EMORROIRE, ZUKRUEE SR AR RS 80 BE S Sbmon B 5 5 2: AT
BN RO 59, SORYEFAE- R L TSLR Tt SR SRR
B 8 AR PR BERRFE 9 1.884 3.75. 7.50. 15, 4.2 THTPM JWIKZER I8

30, 60 g/L, IR 74 JLHERE, (Ho2 THTPM s e IR SEVEAR T ik 2 —, Ak
VENREFIRER, HEZRT N BRE ) ) K@it THTPM 24T 76, =Jc& sk (32 41

SOREPTRE I, ZGAREANGRA, BEE TN B, Hrb 30 AR RIREN ST (P<0.05).
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17 BIXDCMM HE L-I FUNRE
Table 17 Single-flavor DCMM bitterness lo-Ie prediction

model

%19 =7TE DCMM & I70-Iz. TUNERY
Table 19

bitterness Izo-Ize prediction model

Three-dimensional superposition DCMM

ST SR RS To AR A R? FE TR A EVE To AR R R?
S1  B-bitterness2  [,=0.0428 L.+1.1549  0.9969 S1+483+S2 B-bitterness2 Izo=1.714 8 Infz.+2.053 8 0.888 2
B 1,=04194+88266  0.9700 TR I20=-0.4867 Ic+0.4318 0.8376
P 1,=-0.481 11409093 0.9187 Wk 120=0.3597 Iz.+5.5627 0.6827

S2  B-bitterness2  [b=0.0736.+1.6278  0.8549 S2+483+T2 ik 120=-0.2125 Ie+2.9321 0.670 1
TR 1,=03393 [.+6.7720  0.9880 TI+T3+T2 120=0.396 3 I.—1.3171 0.8205

S3  B-bitterness2  [,=0.0347 L.+12295  0.9670 R 120=0.169 6 I2e+1.9319 09125
B ,=-03703 I.+1.1300 0.8783 T1+T3+S3 B-bitterness2 Izo=0.947 2 Infze—0.257 4 0.689 6

R ,=02173 .+4.5283  0.9786 T3+T2-+G3 B-bitterness2 Izo=0.916 5 Infze—0.425 6 0.855 0

Tl  B-bitterness2 1,=0.058 7 I.+1.4269  0.839 0 TR 120=0.481 4 [.—2.4453 09233
TR 1,=051451—20379  0.9266 el 120=0.183 9 I2.+1.8972 0.996 0
R 1,=0.19501.+1.8095  0.9958 G2+G3+T3 B-bitterness2 Iz0=0.019 6 I.+1.1008 0.708 5

T2  B-bitterness2  1,=0.0352 L.+0.614 0.974 8 B 120=0.383 4 Inlz.+1.636 1 0.724 6
TR 1,=0.144 1 I.+2.8549  0.9892 S1+G1+TI B-bitterness2 Izo=0.040 9 Ie+1.7079 0.824 3

T3 E:bitternessZ 1,=0.0382 [.+0.9825  0.9653 INAESE, 10 2HA H S5 B 55 45 b A 204 ]
e e R NS, X

, ° ‘ RSN IE. 2008, RSN IR 250 &
e R
. o ‘ Shnrh, EESFRIZEAE . ARSI R
e oy U G AR TG
R 1b=0.1358 [.+0.9818  0.9867 g%ﬁﬁﬁﬁﬁ@ﬁﬁ%@ﬁ%$%%&§z%

G3  B-bitterness2  [,=0.0533 I.+0.7149  0.9493 Bl "B, \ﬁﬁ%mﬂj . DZﬂﬁﬁE%’
ik L=034201,—05349 09694 ﬁ@gﬁﬂ”:ﬁﬁﬁ@‘fﬂ%%f%ﬁ%ﬁ@
- 01304 427137 09966 TERRER TSI . ST I 20 s

#18 BN DCMM FFE Izo-Iz. FUMHEER
Table 18 Binary superposition DCMM bitterness Izo-Ize
prediction model
e RS BVE TrE A R?
S1+S2 B-bitterness2 Iz0=0.038 9 Ize+2.0538 0.9457
TR I20=-0.369 Ie+2.176 7  0.907 5
S1+G1 B-bitterness2 Iz0=0.030 6 Ize+2.1197 0.9533
S3+T1 B-bitterness2 Izo=0.028 1 Ize+1.988 1 0.979 2
TI+T3 &k 120=0.4759 Iz—1.899 4 0.7272
T1+G1 B-bitterness2 I70=0.103 4 Ie+0.897 8 0.901 4
LS 120=0.335 6 Izc+0.401 6 0.845 4
W I20=0.1459 Ize+2.631 1 0.7512

TICE MBS R B PSR, =Einh,
WX HEM R (- InC. I-D KRS HEE
XA TR . 14 HB NG A SR b —4

FKb L P AE .

FER S =Je@ e, SE+ M+ A S
TR BOE RS L EAE IR S BN E T
AR, AT DAEI R BT 308 . SR AR A
5B PR B SRR AR, A RTTE T
o HARARIAR K IR 2 18] R R 7y PR B R 5 B
UE BN HE B0 45 B0 A P e ) 49 S i 8 0 i v
FERIEOL. A%+ + BT 5 e — 4R A A
B AETTRE, B8 3 MR S AME O,
WRoRSEZE AN, Bn)E A RAR RN, HELLL
A A SRR TT R, HAS SR B2 7K P AR
b, JE RGN SR FE KT B, k2D A
4.3 BT EEREBFRXPHRA RN

P o SR RN Sk R i 240 T A7 L 2 A
FRALRI N TR AL A B, X M 24T 1R
B oM AN, AR R RUBRAGLIN N 2
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TR 3 AR B AS SRR S e AR e g, PRIk
S 8 S IG A2 EEET DA B 3 ZH A B 1 P T T A
BEAT T

LT 4 SRR, R S AR B AR T3
e, SRR R DL S5 AN
FHAF, HREAR b o R B B 1S T 3 . 445 ) 5
TR ILRT, 22 SR FH R B R K VA2 i AT HL -
W, ARSI K e R BT N 5t &,
B A AR T 2 e I 48 K I R R R AR AR
B A B A O 0 JIE 7K R D e R A2 I ) AN 5
Ao K ZHURE b ) 25 A JER 88 R i A5 I ) 2L 8 o R
T w0 B A B R R DA e R
TEIIBEIR FE R T TR, o 2 5 0 IR R e 7
EARIA A B RS, 31X 3R W B & W 1 7
1A T AR AR TG Y AR A BN o 1T IR DCMIM
(10 5 R PR £ IR ) A X & SR 2 A R PRI g
PE, —FORIRBERA W B A GIE, AR v B
A BRARA,  — @ s v WRASFALE M [ R4 T 227K
INARRIE JG o A28k
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IS ANF R TR R 25 DCMM R — 6. =08
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