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Rhizoma Based on the “Spectral Taste” Relationship between
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Biotechnology and Food Science. Tianjin University of Commerce, Tianjin 300314, China}

Abstract: Based on the “spectral flavor™  correlation between taste information and chemical com-
ponents, the bitter substance basis of Atractylodes was efficiently explored in this paper. The bitter
values of 34 batches of samples were determined by electronic ongue technique, the contents of total
flavonoids, total polyalkvnes and total lactones were determined by UV=Vis spectrophotometry, and
the contents of four components, i.e. atractylenolide | , atractylenolide Il , atractylenolide Il and
atractylon were detected by high performanee liquid chromatography (HPLC). The bivariate  “spee-
tral taste” correlation analysis was conducted between the bitter values of Atractylodes and the con-
tents of four components and total flavonoids, total polyalkyne and total lactone in Atractylodes mac-
rocephala Rhizoma.  According to the correlation analysis results, three compounds including atrae-
tylenolide I, atractylenolide I and atractylenolide T were sereened out for melecular docking veri-
fication with bitter taste receptor TAS2Rs. The results showed that the contents of atractylenolide 1 ,
atractylenolide I and atractylenolide I in Atractylodes macrocephala Rhizoma were positively corre-
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lated with bitterness response (p < 0.01) , total lactone of Atractylodes macrocephala Rhizoma was
positively correlated with hitterness response (p < 0.05), the total polyalkyne content was negatively
correlated with the bitterness response(p < 0. 05), the atractylon content and total flavonoids content
had no significant relationship with the bitterness response. The AutoDock Vina software simulation
analysis showed that atractylenolide 1 . atractylenolide Il and atractylenolide Il combined well with
the TAS2Rs bitterness receptor constructed by AlphaFold2 software.  The constituents of total lac-
tones, including atractylenolide 1 | atractylenolide I and atractvlenolide Il , are the main sub-
stance basis for the bitter taste of Atractylodes macrocephala Rhizoma.

Key words: bitter taste; Atractylodes macrocephala Rhizomas; “spectral taste”  relationship;

atractylenolide ; electronic tongue
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BTN A AR Hkm B3 20k, (25500500 8 “okfiies e, ZH, B REhE
TR AL E (2005 KO A 2R A AR SREEST it , HhaARR “skH. fE . ARHE CmkH.
fFE" . EPINRE R H . BEvEET, RWEATERW I mEA ER Y, B, A5 LB (TR
HEAA)HFEEER, BB HIRO A S TAHEEIE i, Wit E B AL R 00 k"
HRAEFZ I A AR M) SR B R . T A SRR AR LR 2R it AR R SR (B
1 SEIEHENS
1.1 (XF|5IKH

SA — 402B B ( H A Insent 23%] )5 Agilent 1260 20 G5 0 EH Agilemt 24 7] )5 5€50aT L4y
YT F i FHUE AR A1) ) ;. ME403/02 BT 43 2 — IO (HERE ) — ) 23 LA R4
7)) AB265 - S+ 5 4rZ 40 K F (B4 Mettler Toledo 237 ) ; SB — 5200DTD #1745 I i PR #L (T i
ZHYRHBRGAR AT s DTS- 1R & E.OHL et i IR & OHLE R 2 6] ) ;. BenchMixer
BV 1000 — E W BEIR 2188 ( Benchmark 257 ) 3 Milli - SAKHLCEHE FifES BAR A ).

A BARMNE T (S 21051010) . HARMNE T (#t5: 20110610) . EHARME (5.
20110611) ., TR IS 21060512) . FTARFEG S 201106451 A AL s FH A W EZSRHEATR
Zvn); BEEE . ZMEClal) I EE Grace 245 ATEE . HedhR . Sk, =Sibek. IRREFENE
TEAK ZFE (A2l ) ey R HE T U e iR R A R 20 v s SR (o i) iy | 5% v ey it
gyl SEnE A K A RS ER K



054 arbrili e Earde

1.2 # #
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Table 1 Informations of samples

Harvesting

Nuo. Sumpling point i
Lire

51 Beidu Village, Anguo City, Hebel Provinee( bl i | |11.1tﬁ|5*'f) 2019, 10. 29
52 D(:ngling Town . [}ingz]‘mu l“_ﬂ:(. Hebei Provinee! ]"]'_|tf'f'j—}_:'}'|'| r[J'}fjiJl-}!"Eﬂl 2009 10,13
S3 Anguo f,:ily . Hehei Provinee( |I1[_”:f'|”£c [}il i) 2019, 10. 21
54 Junxian Village . Wurengiao Town, Anguo City. Hebei Provinee! b | i = 5 ||J'|I_I'J_f'fﬁ-€_lll’q’[jf ) 201910, 21
S5 Anjiaying Village, Bazhou City, Hebei Provinee 397645 85 e 3088 2019, 10. 21
S6  Handan City, Hebei Province (f[-JE 47 HE§1 ) 2019, 10. 21
57 Jian'an Village, Wangdu County, Baoding City, Hebei Province! o AL {8 i AR EL il 42 b ) 2019.10. 21
S8 Tantou Village, Dawunv Town, Angue City, Hebei Provinee! ] b4 % [ A A rfimi L4+ ) 2019, 10, 13
S0 Handan City , Hebei Provinee! 15 25 HESEHT ) 2019, 10. 13
810 Nanshizhuang Village, Zhengzhang Town, Baoding City, Hebei Province U3 30 17 AR RCsT gt E R ) 2019. 10. 21
S11 Dongdi Village , Quyang County , Baoding City, Hebei Provinee ({825 52 7 il 90 EL & B+ 2019. 10. 21
812 Shashi Town, Bozhou City, Anhui Province (€80 S M i #b 181 2019. 10,29
$13 Lumiao Town, Bozhou City, Anhui Province( 5808 52 H 7 2 HD 2019, 10, 21
814 Guantang Town, Bozhou City, Anhui Provinee( % #0825 M h A4 ) 2019. 10. 29
815 Qimen Count, Huangshan City , Anhui Provinee (C3E8UE 81U T B 2019.10.29
816 Yanji Town, Bozhou City, Anhui Provinee{ %2 809528 M s 2610 2019.10.29
817 Jliegou Town, Yucheng County . Shanggiu City . Henan Provinee (0757 3 5 o i Bk B S840 2019, 1013
818 Wolong Town, Yongcheng City . Henan Provinee | ol {545 b i il g ) 2019, 10. 21
S19 Luyi town, Zhoukou City, Henan Provinee o 5 27 15 0007 BEE 1) 2019, 10. 21
820 Yilu town, Dancheng County, Zhoukou City, Henan Province! {0l B85 15 O 07 85 bl 5 or 8410 2019. 10
821 Xuchang City, Henan Province (5 E5 #5521 ) 2019. 10
822 Zhoukou City, Henan Provinee (0] 15 & i) 2019. 10
823 Xinwo Town, Panan County, Jinhua City, Zhejiang Provinee ! #7{0% &R i 5 2 BLrie i ) 2019. 10
524 Baita Town, Xianju County, Jinhua City, Zhejiang Province #7708 50 i il fy B A5 ) 2019, 10
825 Jietou Town, Tiantai County, linhua City, Zhejiang Provineel #7708 5 #1 ii 205 B i 3k 51 2019. 10
826 Shanghu Town, Pan’an County, Jinhua City, Zhejiang Province (HTTT 8 4208 7 4 EL il g ) 2019, 10
427 Shifeng County, Tieling City, Liaoning Provinee (1 T 5 M i1 F £ ) 2019. 10
828 Yangshan Village, Makou Town. Anhua County, Yivang City, Hunan Provinee 358 3 &5 b 284k B2 DVBUE L E ) 2019, 10
829 Yutan Village . Longmen Town, Pingjiang County, Yueyang City . Hunan Provinee ! 38 8 5 H i E 0 8 Tt ) 2019. 10

430 Tianmu Village, Liantang Town, Guivang County , Chenzhou City, Hunan Provinee (] 7 8 HEH i B B8 BEHEE AR ) 2019. 10
531 Datang Village, Changshou Town, Pingjiang County , Yuevang City . Hunan Provinee! M B A A D) 2019, 10

S32 P'mgj'mllg Cmuﬂ} > ‘I"lw:.'ﬂng [:ily . Hunan |’|u+'i||l:|1{?w]|'¢]-)ﬁ f:l_:.'ilﬁl“ ='F’5ri'£ } 2019, 10
533 F'mgjiallg l:[mm}- B ‘j"urt_'pu.u;: Cill\' . Hunan Provines{ f‘ﬁ'}lg‘]ﬁ .'-F:ﬂ}l[l "TLH—R ] 2019, 10
s34 P'mgjiullg (:(Blllﬂ_\f. ‘I"ur\'uu;_; (:il!' . Hunan Provinees!{ féi']l?:l_ ﬂ ﬁjﬂ!lh ?'F?[E, il 2019, 10

1.3 HHLmB AR &

R AR AR R FESH 0.2 g FHIESE.OHP ., &M 10 mL HEE, 30 CEESRI(240 W,
40 kHz) 30 min, fCESE, B0 10 min(F5H S 000 omin) . BRI, 5.
1.4 BFEMNESZE
1.4.1 #iXRBHMNEAE ASEHASERE T HERERY, KT, WRiBLUKER, Fil,
AR RS A R R LA S mmol/L SALHNEROIF DL, APEFREE 2 35 mL, I 10 mmol/L 54k
7O mL, BT HERGS mL)PEEN . AN EE S mmol/L SAKER,
1.4.2 BFEHEMESEHF AR L Taste Analysis System Application #ff “Foodstuff_sensors”
I, LA HLARAE ] COO FruRiG s, B FESIEEATI AR REHT T HOE . fullidikos; &
PRI 21K, BiK120s, F£240 . FBRIGIIFESLMIARS A 30 s, &1 < REE 1 UCHHR, HEHISE 30
s ECHEVE A e . R VBESR NS IROGER . ZHniAl 2 CHAER . HUG 3 KM S48 LAZHiE e a1
fE, iZJH Taste Analysis System Application #UEFH “Data correction” JETUGLERAEE, #REM “Transfor-
mation for taste information” BEIHRHI R 5t 00 B O (BL 4 Ak MRV (RS B A TR S AIE 20 T -
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1.5 B @ iENE A *E
1.5.1 MRBKBFRAOFE HEFHEEE 4PN AT IS, D0 R R 4 540,20, 0,01,
0.01. 0.02 mg/mL W ARN ., HARNEE T . BANE THE AN RS2 8 SER, T-20 Cab
1.5.2 WEBESEHE 2 CEiik " HERMA. @i : Hypersil C,HPLCHE(4. 6 mm % 250 mm,
5pm); JEATH: AHHO. 1%BERKIETE, BHOAZHS: WiE: | mL/min; BEFERD: 10 pL. PENEREEE
7 0 ~2min, 60% ~T70%B; 2 ~9min, 70%~79% B; 9 ~ 15 min, 79% ~ 95% B. #Ei&: 30 °C; W
WS aARMEE T . EAAPIES I RS A 230 nm, EAPES T 2270 nm.
1.6 BRANERE

32 SR S WA N, IR B E e RO, R A B R A B - —
- TR RT, M GG TR R AR F R A AR S AT A B, e R K
i 7 0] 5 1< 4 344 nm,
1.7 FHERE

I FE NS IR S (I B TAS2R RO SE B AR ., M AlphaFeld2 35 F1 4% #4) S04 4 b+ 2K
TAS2R1 ZE 10 PDB SCHE, lid AlphaFold2 HUREHET T 3D 2500 TN . A 4> T4 2804 AutoDock Vina
M AANNE | . ARAFED . BARNAESN S TAS2R1 ZAEMAHERTR, HEE2500E et
FOrEE A FE5EAZARES SE, R, FE/AN T 532 a0 SRR g
1.8 HiE4biE

- Jet Fi ik AlphaFold2 Fl AutoDock Vina #F, Pearson 437 FIEE 25 4 fr 38 0k ™ 7 ik H
SPSS v26. 0%, IR HE PG R H Excel 2019, PyMol 2. 5. 2 81 Origin 2021 4.
2 #REITE
2.1 BARZRAIE
2.1.1 FEFEE SHEFEHE, WEE. BEME. 36 hiaEtESio x bR W25 (RSD) 4510
1. 7%, 3.6%. 1.4%, PBI/NT5. 0%, FEHAFETTT.
2.1.2 BFEMNESER WE 1ARRR, ARFH A AR S EILE A 2. 47 ~ 9. 26, fitikie) ER 2
&, HEAME AR, B2 WRERBEIEE, AEEih ik, Ky FrAR T
WAk, WHEREAARR Z, LRI AR R EEAT. AR R ST EAR  HB 0 AR,
1017 22 TR 2 N A 50T 1 A R 1 AR Y SR R A1
2.2 BARFPAFIERERSHNE
2.2.1 ERMEXRF  DUWIE SO RS AR bR (o), IR mBUBLED AR ) , BEFTERPEIS 2087
TN, AARNAE | . AARNE | AIEARNAE LN hy=3.6927x+2.9199, y=52.732x +
10. 037, y = 37.365x + 4.402 9, y = 17.835x + 5.614 6, Z81ETE B 4> 34 14. 875 ~ 461. 029 pg/ml,
0. 502 ~ 8. 573 pg/mL, 0.578 ~ 6. 881 pe/ml., 1.856 ~ 18.963 pe/ml., FHIZEL (40999, JRE
TS 5 AR S0 (o B WL 2.
2.2.2 HEEER ZHRFEE, ARAE L . BARAAEET . QAP IO A R 00 % 5 Sk
RSDZr 71 8%, 1.2%. 1.6%, 1.7%, EEMHESLKRSD 542, 1%, 1.5%, 2.3%. 2.5%, 24 hfaE
P SC 5 RSD 40 51 A 2. 3%, 2.2%., 2.0%. 2.0%, NAbsloldic #8500 RSD 43 5l 41 3. 0%, 2.3%. 3.3%.
2. 1%, /F5. 0%; IEREICE ST 51494, 1%, 98.5% . 97. 8%, 96. 1%, FHHILIE Fikal{r.
2.2.3 H&WUE 4AFMEbREER AW E S RN 2 PR 34 E AR EARNES 1SR AA1E0. 077 ~
1.369 mglg Z 0], FAARMNER L SESWAE0. 068 ~ 1. 872 mg/g 2 0], AARMBEEN SRS 119 ~
3. 770 mglg 6], TEAMTEBALE0. 066 ~ 2. 241 mglg 28], ALK B & 2580850 & REER R ¥
s, M FILAARPAARNE T . AARNET . SARMNE & B3 ST HA =, 5025k
e, PR HTEERA e AP IR0 & B SN ARMIT, 258 "W A
“HEAYT JPHTAOERIE , R BIARAC N S ST AR R
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Fig. 1 Determination results of bitterness{ A}, total lactonet B, total flavonoid({ C) and total polvacetylene(D) in

34 batches of Atractylodes macrocephala Rhizoma
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] T T 1 {4
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B2 SR ATIRSHEL (A ) S ARSI (B ) B HPLC (1514
Fig. 2 HPLC chromatograms of mixed reference solution {0 A ) and Atractylodes macrocephala Rhizoma sample solution (B}

I. atractylenolide Mm; 2 atractylenolide I; 3 atractylenolide [; 4 atractylon

2.3 BA=ZXEHSSEMNE

2.3.1 KRMAE LR EECIIAER, BAPIES I 005G R AR S R R By =
0. 718 0x + 0. 165 25 LIYEEE AR, 74 T 0 FE Bk B i A bR S S A 2644 7T My = 2. 454 -
0.040 3; DIWESCREM MO bR, TARF N IR R R E LRGSR EMETREDy = 1. 965 -
0.022 9; £RPEFEE ST 514 0. 10 ~ 0. 90 pg/mL. 0.05 ~ 0.35 pg/mL., 0.10 ~ 0. 50 pg/mL, FHFZERE(r)
k0. 999,

2.3.2 AEFEEE SJKFEHE, ENER. SO R E B SC 5 RSD 46 A 0. 12%.,
0. 14%. 0. 17%, E?;E‘f’iﬁ:!i& RSDAralAh 2, 1%, 2. 3%, 2.4%, 6 hE2EPESCEs RSD 4k 3. 2%, 1. 1%,
3.0%, Hndw Dl fic 22 525 RSD 40 5 A 3. 1%, 1. 1%, 2.7%, /08T 5. 0%; Dkl i & 4 54 104%.
101%., 103%. FEWHAFiknlqy.

2.3.3 SEBWE MEIB-~DIR, HARMEHNEESESMTEL 067 ~ 9. 666 mg/g 2 ], B HHT
SAREE0.431 ~ 1. 718 mg/g 6], BRI E B 404 ~ 5. 272 mg/g 28], W] BN EE 2R 5 }.;-.-3 B
e B R ZE L G B R A A 5 e 2 SR A, R PR SR AL M R R e, R
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AR AL B SRR, AR S NS R TRE R —E MR, TR

22 MMEARRESR P 4 PR BEIE 25 R (mpfe)

Table 2 Determination results of 4 components in 34 hatches of Atractylodes macrocephala Rhizoma sample(mg/g)

Atraetylenalide 1 Auactylenolide I Awactvlenolide I Atractylon Atmerylenolide 1 Avactylenolide I Awactylenolide I Atractylon
U (EANERD) (EANREID  (BARMEID  GERED| T (AREEL) (RN (EARNEND (SRR
81 0. 282 0. 336 0. 456 1.364 || S18 0. 111 0. 068 0119 0. 409
82 0. 375 0.279 0. 529 0.270 || 519 0. 210 0.124 0. 198 0. 511
83 0. 218 0. 210 0.433 0. 410 | 520 0. 157 0. D84 0. 147 0. 280
54 0. 343 0. 467 0. 495 0.218 || 521 0.375 0. 783 1. 936 0. D66
S5 0. 620 0.429 0.972 0. 581 522 0. 288 0.175 0. 428 0. 357
S6 0. 367 0. 408 0.618 0. 848 || 523 0. 430 0. 381 [ 0. 200
=7 0, 365 0. 507 0.674 0. 756 || 524 0. 593 0. 748 1. 678 (. 245
S8 0. 392 0. 831 1. 695 0.511 825 0. 506 0. 448 0. 921 0. 305
59 0. 633 0. 793 1.213 0.650 || 526 0. 365 0.29% 0. 473 0. 207
S10 0. 153 0. 266 0.417 0.876 || 527 0.077 0. 261 1. 560 0,218
S11 0. 140 0. 100 0.220 0.486 || S28 0.612 0. 692 1. 532 0. 451
512 0. 261 0. 143 0.243 0.578 || 529 1. 369 1. 366 1. 588 0. 406
S13 0. 238 0. 138 0.276 0.414 || 830 0. 862 1. 698 3. 652 0.333
S14 0. 163 0. 105 0. 147 0. 482 || 8531 0. 862 1. 698 3. 652 0. 252
S15 0. 453 0. 333 1. 106 0.643 || 532 0. 819 l.6l18 3.321 0. 433
S16 0.214 0. 148 0.327 0.437 || 533 0. 832 1. 730 3.770 0. 401
S17 0. 236 0. 140 0.220 0. 444 || S34 0. 898 1. 872 3. 506 2,241
2.4 BRUFHSSESRFEERNBEXEITRELES T
2.4.1 MRS HILEAR KRR T —
W, ARG AR SRR, BE e
SRR 0 A £ S I LA T B R i T fos0
; ; ; Tonal polyacetylens
(Pearson )tk br, S5 RWIE3. hiETH., A i s 0.368 0
olal Havonan
ANEET . BARNEEDT ., AARNED SR 5% it
. o AR | 005200
%HHEEEE% I—Emi‘t{f} <0.01 } 1 F—:I *,'i:..'xlj‘] EH ITj Atractylenolide 1
WP B IERR(p <0.05), ARBERET  smnayeolide -0.264.0
%HIHE{E%&*H% (p < (.03 ) & ﬁ?ﬁﬁ[ﬁ]ﬁ ,E\ﬁ‘m_ﬁ Atractylenolide 111 e
oW ) 1 {1 TG A R DGR . GEWI ORI | L O
ANEE I . A P R A 76 B Ay o ﬁﬂ :
m Sh- , \3" ; oF
i, L AR A4 RS A T HE A LA AR N R R S
EHABRRS . TR, WA AT S 3 ATV 0002 IR

Fig. 3 Correlation between bitterness and components of

IR . YRR . SR, B ERE RS
&5 H T AT R AARNE RS
Y. SHEMNBRHAH . WTRENH HAA RS ERE . BB AR R . AR AR R TE T g
HTHREM ThAL ™, vl fRit E Figah ., WAL ol RE R He R G M W AL R, (R Bizah AL ek
WU CREE . AEEL) DhREM (EBL,

2.4.2 BESW WMHATESIEE, A2 5T A AR TR S WA 56l 53 2 5 B ksl oy
M, AW LLE AR PR S AL A 3 B AR N ARLL R H AR BN ER & BT RE ST, REARS
By, it m @R e, LOFITRRRRE & A PSR R E . irai R uLE 4. Eid
WS pra Rl R, DARRCHE 2 5 I S st g 34 i EESh Sy o 325, BIIS30, S31, S32, S33, S34
AR, 20N —A(128), HAEHEMHA—2(338) . s29pih—24, FEEHA
APIE | &R, v HAH 2 28RS P i . R B R R SR 3R
HoAb X, SRR R R o S AR, DA 3 ok S, HA K R A3, 52~ 54,

Atractylodes macrocephala Rhizoma
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S6. S7. 8§22, 523, S26 W A—2&, LPEH K
JEJBER, SEMRAE B M C A S B s S,
S10 ~ S14, S16 ~ 205 H—2%, FEP=HL R
R, RGBSR A 5C a3 00 5 B AR S5,
S8, 89, S15, S21, S24, 825, S27, S28 A —
e, MR LR R o B B R, (HR
8RS

WA A RFN , SR Rk oy SR
A Sl 0 btele S A AL, T8 R P R SR 1 R R i
SrEREE, MAEFERRE, el i X A
WA B A S A & A . IeAh, TRSZE LR
Al VARSI T Ay REL B R RS LY
NG LA > 2 E A > BT EA > #BK > lE
FIA =~ AR
2.5 BRAEKEASSERZENS FXE
I8 UE

AT T S Y SRR [ SRR A R i
i G2 A BRI A2 R TAS2Rs . TAS2Rs Al
TRl (AU g R ol B GE O i il % Fh oAb S ™
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