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Abstract: Objective This study aimed to investigate the correlation between bitterness and antioxidant activity in Coptis chinensis,
systematically characterize its bitter-active compounds, and establish a corresponding quality control method, using an integration of
electronic sensory techniques, UPLC-Q-TOF-MS/MS, and molecular docking. Methods The bitterness intensity and antioxidant
capacity of C. chinensis. from three geographical origins were quantified via an electronic tongue and in vitro antioxidant assays, and
a subsequent correlation analysis was conducted to explore their relationship. Chemical constituents were identified by UPLC-Q-TOF-

MS/MS, and differential components and potential bitter compounds were screened by integrating plant metabolomics and correlation
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analysis between chemical components and bitterness. Molecular docking was performed to further screen components with strong
binding affinity to the bitter taste receptors TAS2R1, TAS2R7, TAS2R8, and TAS2R14, and their binding modes were summarized.
By integrating these results, the bitter-active compounds responsible for both taste and antioxidant effects were identified.
Subsequently, a high-performance liquid chromatography (HPLC) method was developed for the simultaneous quantification of seven
key bitter-active compounds (groenlandicine, jatrorrhizine, columbamine, epiberberine, coptisine, palmatine, and berberine) for quality
control. Results Correlation analysis confirmed a positive relationship between bitterness intensity and antioxidant capacity across
the three origins. UPLC-Q-TOF-MS/MS analysis led to the identification of 87 chemical constituents, from which origin-specific
differential components and potential bitter-tasting substances were screened. Molecular docking identified 18 components with high
binding affinity to the target bitter receptors, and their specific binding modes were elucidated. Integrated analysis pinpointed the bitter-
active compounds in C. chinensis that contribute to both taste perception and antioxidant activity. A reliable HPLC method for the
simultaneous quantification of the seven key bitter-active compounds was successfully established. Conclusion This study clarified
the bitter-active compounds in C. chinensis and developed a quality control method based on these components. The findings provide
a theoretical foundation and practical reference for elucidating the “bitter taste-efficacy” relationship and for optimizing the quality
control system of C. chinensis.

Key words: Coptis chinensis Franch.; bitter bioactive components; taste-effect relationship; plant metabolomics; quality control;
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Fig.3 Antioxidant capacities of samples from different producing areas (A) and correlation analysis between bitterness and

antioxidant capacity (B)
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Fig. 4 Total ion current chromatograms of C. chinensis under positive (A) and negative(B) modes

*3 IE. ABETEREATAREUERDEEER

Table 3 Identification results of chemical components in C. chinensis under positive and negative ion modes

5 WaNEH AFR wmin FE (XI00) ERE wh) SNE (no)  WAET BEET (mo)
1 Kb CaHinOn 080 -09 6652146 6652144 M-HT 79,0558, 341.1089, 383.120 1, 485.1534, 665,217 4
) ik CsHisNO 081 -08 1041070 1041065 [M]' 103,788 7, 104,106 4
3 TR CisHn0i6 081 10 5220029 500004 [MANH]® 850278, 145048 4, 163059 8, 325114 1, 43123 5,
5221953
4 [-deoxy-1-D-fructose ColiNOr 082 10 2661234 2661234 MFH] 98.0594,230.1029, 248.113 6, 266.123 6
5 B e CHNO, 084 -48 1380350 1380543 [MAH] 92,0490, 136.0392, 138.034 8
6 D-()-ETH CHinOs 084 09 191056 1 1910564 [M-H]" 93,0350, 173.046 2, 191.057 1
7 it CoHiNsQs 085 -17 268.1040 2681036 [MAH] 119.035 1, 136.0612
§ LA 1-BR CeHizOsP 086 30 610370 2610362 [MAH]) 98.983 6, 127.038 4, 215.081 2, 261091 5
9 A CeHsOr 089 10 1910197 1910203 [M-H]" 85.0291,93.034 7, 111.008 7, 191,056 2
10 5% CoHio0s 105 0.7 199,060 1 1990595 [M+H] 134,036 8, 135.045 0, 179.1079, 197,044 8
11 FER CsHs0s 109 -03 1670350 1670349 M-H]” 108.0214
12 R LT CHe0s Ll -48 1550339 1550531 M+H] 109.028 0, 137.0219, 155,071 2
13 3R LR CsHi03 115 -10 153.055 8 153.0556  [M-H]” 108.021 1, 123.045'5
ity BER CieHisOs W) 06 353.0878 3530875 MH) 135,045 0, 179.034 7, 191,055 8
5 FRGHE CieHNOs 125 -16 MBI mNT MFH] 107047 9, 123,042 3, 137,060 2, 161057 1, 255,101 9,
272.0908
6 tryptophan N-glucoside CoHaN:Or 128 06 367.1500 3671516 MAH]" 146059 0, 188069 6, 229006 5, 276123 3 349140 0,
367.151 6
17 UEKH CigHnO7 129 -3 01136 2991133 MH) 1370267
18 DARENDOSIDE A CisHasOn 133 -18 BLIS9 BLISS  MH 80,0245, 1190502, 191.0549, 299.1114,431.1548
19 melicopidine CrthiNOs 136 03 3141023 3140673 MFH] 177.0767, 192.102.2, 270.075 9, 3140673
2 RN CilHN0 144 -38 2050972 2051403 MFH[ 146,058 9, 188.068 5, 203.140 3
2 RERH Ciets0y 152 -19 353.0878 3530876 [MFH] 1910563
w Wam CioHi0s 171 07 195.0652 1950644 [M+H] 145.0282, 163.039.3, 177,055 0
B LOFTRBERR CirHn0s 174 12 367.103 5 3671038 [MEH] 1340379, 19106 3, 193.051 7, 367.1049
TARE-4-0-p-D-H B A Castl0n1 186 36 02007 5212193 [MAH) 1030527, 131048 4, 161059 5, 163074 4, 187.075 7,
u
U1.1354,5212193
2 RIUKR CrHy0s 189 -4 1370244 137041 [M-H 108.021 6,137,040
2% I o0 211 -8 179.035 0 1790345 [M-H] 1340372, 135.045 6, 178.832 6
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B e AR wmin B (X100 ERE (mp)  SHE ) WRET BRET (nf)

W y =y CoHuNO: 239 00 341700 M9 M 191,085 5, 207.0803 , 237,091 6, 265,087 2, 2971136,
341719

3 N CatOss 243 06 681.2400 6812405 [M-H 357.1328,519.193 5

29 RAPH CioHi0s 261 03 177.0546 1710535 [MAH-HOT 1170324, 145.028 1, 149.058 6, 177.053 5

30 S-OJIEBE e CirHx0p 273 08 367.1035 3671036 [M-H] 1340875, 1730460, 191.0567, 193,050 7, 367.1038

31 thalifoline CiHsNO: 339 35 208.097 08091  [MFH] 119,048 1, 151.074 4, 208.096 1

k) A B4 0- B A A a0 351 -06 5212029 5202004 MH] 1580859, 1780643, 329141 1, 359.1520, 52,2038

3 6,1~ A3 4 5 SHE- 1 CoHNO; 359 -4 208.097 208094 [MFH] 103,0516, 1180393, 1500687, 1650902, 208.0944

34 NS /MER CuHaNO; 378 -03 340.1543 301547 MFH 309.009 7, 324.123 5, 340.154 7

35 KEZ CuHx0r 405 -34 3731282 B3 MFH] 312.1027, 343.0810,357.100 3, 373.127 3

36 WAL ERE CuHsNO3 426 -24 192.065°5 1920640 [M+H 119.0476, 149.058 1, 186.448 2, 192.064 0

ki MEEST CulsNO: 432 -06 356.185 6 356182 MFH] 190,085 2, 2061171, 356.186 2

38 NEHIEH CoHiNO: 469 -03 31085 082 MH 248073 1,288,066 6, 289.075 8, 322,109 5

3’ s CoHiNOs 470 00 31074 0095 M 279,098, 307.0850,322.109 5

40 FURENER CoHisNOs 487 09 341230 4139 MJf 280,006 9,294,075 2, 308.091 5, 324.123 9

4 3E R R CHNO S04 -8 144,046 0 1440451 [M-H]" 115.041 6, 1260348, 144,044 9

L) SHETH CuHpNOs 515 07 3521180 3521185 [M+H] 204077 5, 306,078 6, 308092 8, 3360877,
3501185

I methyl 4-0-feruloylquinate CisHx0p 541 -12 3831337 383132 MFH] 1170329, 145,083, 177053 8

H longifloroside A CrH0 5.56 -18 5792072 S9.1770  MHHCO0]™  335.1070,387.143 5, 417.156 2, 579.1770

Iy FEREEH CuHsNO; 538 0. 3541700 3541709 M+H] 2941492, 331156, 3241227, 338139 7, 380.47 7,
3541709

46 BT CulsNOs 584 -03 356.185 6 3561864 M+H] 165.0869, 190.085 7, 206117 4,356,186 4

41 JERER CoHaNOs 593 -19 384.1442 41451 [MAH) 308.055 1, 310.1077,368.109.4, 384.143 1

I ZENRH CulNO; 599 20 3381387 381412 MFH 2941135, 3080928, 3224087, 3231163, 338.1412

49 berbithine CoHiNOs 601 -03 3401180 301181 MFH 186,054 6,279.0882, 310.071 7, 340.118 1

50° FHBCH CuHxNO; 635 10 3381390 BRI M 250,085 1, 265.073 5, 279.000 2, 280.096 1,
303.1163,338.1412

5l HIER CoHuNOs 642 05 3200917 3201000 [M]f 249.078,9, 262.086 9, 277.0740, 292007 9, 305068 6,
318.0767,320.1010

52 FHTER ColiNOs 647 -0.2 3200917 00003 M 2620869, 292.0978,320.101 3

5 RN CoHisNO: 649 17 336130 361294 M 2920978, 320.094 0, 336.129 4

54 il ie CuHxNO; 679 08 3381387 B8134 M 25,0740, 279.0897, 322.1088, 338.143 4

5 “EME - REE Caut05 736 -03 359.1500 359.1499  [M-H) 159,044, 178.064 4, 192.078 7, 329,138 §

56 EHERE CoHyNOs 738 -13 3702013 302009 [M+H) 190.086 2, 206.1172,370.2009

5 55-ZREERIEE CHax0s 74 24 4651755 4651736 [MFHCOO 320,085 1,334,113 4,335.109.4, 465.173 6

58 ()8 FERERENRIEZ Corbs0y 754 36 4331650 4351646 MFHCOO[  238.8970,336.1242,337.126 8, 435.164 6

59 INEET R CoHigNOs 778 06 31074 A8 M 250,086 0, 279.088 5, 307.0843, 322,107 8

60 SRR CoHx0y 8.04 -44 4351650 351634 [MHHCOO]  238.8996,322.1052,336.124 6, 435.163 4

] Gp (i CsHiNOy 81 -16 3141387 3141363 M+H]) 121,063, 145.0278, 177,053 8, 314.136 3

62 3-HERMER CuHxNO; 825 -14 350.138 7 3501392 [M]f 292,008 3,306.113 1, 334.1077, 350.139 2

63 FRARFAR CuHisNOy 851 -09 3341074 3341086 MFH] 276,0660, 2900817, 304.0612, 319,084 8, 334.1086

64 13-methylberberrubine CuHiNO: 866 -8 336130 361314 MFH 275003 6, 278081 3, 292,099 7, 306076 0, 320096 7,
3361314

65 INEET CoHiNOs 899 05 3361230 3$61274  MJ' 278,084 5, 292.1004, 304,096 3, 306.076 1, 321,098 5,
3361274

6' SEH] CuHoNO: 920 07 3521543 3281 M]F 2780817, 279.089 5, 292,097 2, 2041127, 308.128 7,
3361238, 352,158 1

67 AR CuHigNOy 991 0.1 3341074 341086 [MJ 276,066.0, 290,081 7, 3040612, 319,084 8, 334.1086

68 Fick CuHnO 1059 24 593.186'5 5931863 MFH] 285075 1, 4471275, 593.1863

69 HRZHR-HR CuoHi0s 1060 -45 195.0652 1950644 [M+H] T7.0373,133.008 0, 135.042 5, 163.038 4

70 ZHAERAR CuHiNO: —— 10.90 41 350.138 7 3501382 M+H] 306.108 8, 320.0920, 335,116 8, 350.138 2

1l FAKER CothNOs 1129 -17 366.1700 3661699 [M]' 2498720, 308053 7, 322.143 5, 50136 7, L1445,
366.1699

7 13-F A NEH CuHxNOs 1169 -19 350.138 7 3501375 [MJ 292.006 0, 306.1115,335.1144, 3501375

7 chilenine CoHoNOr 12,03 -18 3841078 3841071 MFH) 149,058 6, 165.053 1, 323,078 2, 338.102 7, 366.098 0,
3841079

4 3-RERNNER CuNOs — 13.98 -17 368.1129 368.1134  [MAH) 292,060 6, 320,055 1, 335,079 1, 338,065 0, 3501024,

368.113 4
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i ainai AFR wmin RE (X100 HRE mp)  EWE ) MAEFER BRET (nf)
o Bt CieH0s 14.84 -05 2870914 2870913 MHH]" 167.0327,245.8778,287.091 3
76 Tataramide B CelNaOs 15,08 23 6252544 6252530 [MAH]" 1210637, 462.192.3, 488.169 4, 625,253 0
7 6{(1,3]dioxolo[4 5-glisoquinoline-S-carbonyl) 23~ CauHiNO; 16,17 -13 3961078 396.108 4 [M+H]" 172,030 2, 190,046 7, 292,059 5, 320056 0, 364082 0,
dimethoxy-benzoic acid methyl ester 396.108 4
B SEWNEE CuHiNOs 162 08 3521180 3521194 [MHH]* 279.0834, 2040774, 322.0724, 3370057, 352.1194
M EREE CisHi0s 16.61 -16 269.045 6 269.0453 [M-H)™ 169.065 1, 269.0452
0 Eh CirH0s 1701 -09 2931758 2931757 [M-H]~ 177,035, 2051237, 2201469, 2211555, 236,405 7
81 NAHEZZER Cie:NO; 1720 05 2740741 2742739 [M-+H]" 106.0858,256.263 1,274.273 9
£ REECEIE CoHoNOs 1748 -11 390.133 6 390.1349 [MAH]" 2328679, 245875 2, 250878 4, 260872 3, 3438526,
390.1349
CARNIIE 53 CieHi0s 1753 02 271095 2710959 [MHH]™ 1670333, 2710959
$  EE CieHn0s 1758 07 2850758 2850757 MHH]™ 179.0310,285.0757
85 ARZAB-CE CioHi0s 18.05 =32 2230965 230419 [MAH]" 1210282, 149.022.6,207.0323, 223,041 9
8 dillapiol CioHi0s 1807 =32 2220887 2220850 M 1770547,207.065 5,222,085 0
§7  I3-HOTE CisH03 1890 -2 2932122 2932118 [M-H]™ 1201031, 1711025, 1831376, 2351680, 275007
R

* reference substance identification.
322 AFEFEHE ERE S ZE R b N
AN [E] 77 ) B B R () 22 e, iR A
PCA. OPLS-DA Fl ¢ & 56 i 176 %of 7= b % 771 4 DTk 1)
W Z RN . I 5-A FiR, PCA 455 B
SAR R 53.9%M 7 ZERIFE AR B 22.5% 0 2, F
WIS 1) PCA B HLA R (406 FE -5 F00il 1
RF v W, B GHIAL BOERE S SR
B, TR R B IERE S 2 0 A AE PC2 A7 ) X 4,
SRR WAL SR AR AL o H R A
EES. NRBHER. WA, B e 2 7

1 000 7% B # A 56 30 UE A5 AL G ik, 45 SR B R s Y
HABZENG TS, (P<0.001) 50N AE
(Q*>0.5). M OPLS-DA 44K (I 5-B. C. D)
AU, SR HORE S R I R R By, &
AR ] RUX A AN R = U B3 . DL VIP> 1,
P<0.05. FC=1.2 8t FC<<0.8 NFrkfiik 3 =it
BOERE i 1) 22 SR

MNEE PR 510 © %5 e LA B Hh i 3 2
SR 23 N, W Longifloroside A &M E —4n
FRE . PUSEVNEEDR . BB SR BB R, /LT

PER S, XF 15 HEFE AT T OPLS-DA 2087, @it #&%; MEK S 2% 2 I E o ik B A7
A @&k B @&k
Ok QL
10, @y 101 i
@ D
:\; 54 * o % 54 =® @
I 8 o R
g 9 = 0 .
(o] @ 8 ® o >
O oO = > @ o
& 5] o ~ =5
E
-10 S -10-
. ‘ ; £
-20 -10 0 10 20 © 5 = o o ) 4
N PC 1 (53.9%) T score (22.5%)
15 @HK @ Wit
@i 15 @ Wi
£ 10, S 10
< By S.r/ (=]
T @ e 5 3 &
= S
§ 0 : 0 °
sl S ‘- = _ oD ®
5 g 3 a
g 53
& -10 2 10
=
S -5 © -1
% -4 —2 0 2 4 6 % -4 2 0 2 4 6
T score (31.3%) T score (22.5%)
5 AEFFHhFEIER PCA 545 (A) #1 OPLS-DA 547E (B, C,D)

Fig. 5

PCA score plots (A) and OPLS-DA score plots (B, C, D) for C. chinensis from different producing areas
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Fig. 6 Volcano plot of differential components of C. chinensis from different producing areas
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Fig. 7 Heatmap of Pearson correlation analysis between C. chinensis components and E-tongue bitterness intensity
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HORAEGURN D R A PR o

3.4 BEEFRFEMHRS REETIAR
341 FEMELNR 15T, 7 RO Bk

o R IR . AR, AR OBl RN EERL

BOERR CLETT /BRI TR 05 R 2.271 0~
3.7915. 2.4978~3.9280. 2.7945~5.8500. 7.1308~
10296 8. 13904 3~23.251 8. 9.099 3~13.333 5.
37.441 0~57.805 0 mg/g. ELARLE R WE 4.

Ra4 ISHEEERD THEIHNENESR

Table 4 Content determination results of seven components in 15 batches of C. chinensis samples

JiE 5 H/(mg g™t

%

i T S e Sy e AT mT N
S1 3.624 3 3.5375 4.792 0 9.962 5 20.785 3 12.794 5 55.504 0
S2 3.7915 3.9280 5.850 0 10.296 8 232518 13.333 5 57.805 0
S3 3.726 3 3.8023 4.896 5 10.218 3 22.076 5 12.904 5 56.140 0
S4 3.700 0 3.656 8 4793 5 10.023 8 21.297 5 12.818 3 55.772 0
S5 3.546 8 3.502 5 4.707 5 9.9273 19.942 3 12.700 5 54.207 0
S6 3.489 8 3.2410 4.066 5 9.512 5 18.4550 12.501 5 50.742 5
S7 2.527 8 2.6733 3.1150 8.442 5 13.914 8 9.9523 38.134 5
S8 3.017 8 3.126 5 3.726 5 9.061 8 17.362 8 11.5250 494158
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S15 22710 2.497 8 2.794 5 7.130 8 13.904 3 9.099 3 37.441 0
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Fig. 10 PCA plot (A) and two-way ANOVA plot (B) of component contents in C. chinensis from different producing areas
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