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Abstract: Objective To establish a detection method that combines the appearance characteristics (color, odor, taste) and internal
chemical components of Baihe (Lilii Bulbus) to conduct a comprehensive evaluation of the overall quality of lily medicinal materials.
Methods Using intelligent sensory technology to detect the color, odor, and taste of 15 batches Lilii Bulbus from the perspectives of
vision, smell, and taste. At the same time, HPLC fingerprint spectra and multi-index content determinations were established to compare

the content differences of specific components (regaloside C, regaloside A, 2-acetate regaloside A and regaloside E) among medicinal
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materials from the perspective of chemical composition. Multivariate statistical analysis methods such as hierarchical cluster analysis
(HCA), principal component analysis (PCA), and partial least squares discriminant analysis (PLS-DA) were used to analyze the color,
odor, taste, and fingerprint spectra of Lilii Bulbus from different origins, and screen for differential components. Pearson correlation
analysis was used to reveal the correlation between appearance color, odor, taste, and exclusive ingredients. Results The results of the
colorimeter showed that the colors of the 15 batches of Lilii Bulbus medicinal materials were all bright white and lighter, and Zhejiang and
Hunan were whiter than those of Jiangsu. The electronic nose analysis results indicated that sensors W3S, W5C, W6S, and WIS,
corresponding to 15 batches of Lilii Bulbus medicinal materials contained relatively high levels of alkanes and aromatic compounds.
However, Zhejiang Lilii Bulbus also exhibited elevated hydrides. Electronic tongue results revealed that all taste indicators showed obvious
responses except sourness. Intelligent sensory analysis demonstrated that Lilii Bulbus from different regions exhibited significant
differences in color, odor and taste. A total of 15 common peaks were identified in the fingerprint spectra. Content determination results
indicated obvious quality differences among Lilii Bulbus samples from different origins. Among them, Peak 13, peak 6 (regaloside A) and
peak 11 (regaloside E) were the main marker components causing compositional differences of Lilii Bulbus from different producing areas.
The correlation analysis results indicated that yellow blue chromaticity(b®), total color value(E*ab), W1S, W6S, sweetness, astringency,
aftertaste-A in Lilii Bulbus were correlated with regaloside C, regaloside A, 2-acetate regaloside A and regaloside E. Conclusion The
method of integrating intelligent sensory technology with chemical composition research for comprehensive quality evaluation of Lilii
Bulbus medicinal materials is feasible. It can be used to evaluate the comprehensive quality of Lilii Bulbus from different origins, providing
reference for the quality control and application of Lilii Bulbus.

Key words: Lilii Bulbus; comprehensive quality evaluation; quality evaluation through morphological identification; intelligent

sensory technology; HPLC; multivariate statistical analysis; regaloside C; regaloside A; 2-acetate regaloside A; regaloside E
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Intelligent sensory technology multivariate statistical analysis charts for 15 batches of Lilii Bulbus samples
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Fig.2 Superimposed fingerprint chromatogram of 15 batches of Lilii Bulbus samples and control chromatogram (R)
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Table 3 PCA eigenvalue and contribution rate
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1 10.249 68.326 68.326
2 1.669 11.125 79.451
3 1.196 7.976 87.427
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FE/ANT 0, Ui BARAUAAFAEIE LG, AL IGTE A 2K
K VIP A 4 58 7 160 1 2 5 o (B 6-0),

x4 LHEEHENERSEFES

Table 4 Principal component factor score of 15 batches of Lilii Bulbus samples

Fidis 11 W12 T3 TR 150yl FR5 203502 FIRI3E 593 Y
S1 -0.970 —-0.102 —0.267 —3.105 —-0.132 —0.292 —2.427
S2 -1.978 —-0.137 —0.222 —6.332 —-0.177 —0.243 —4.949
S3 0.227 0.900 0.480 0.725 1.163 0.525 0.567
S4 0.260 0.262 -0.318 0.831 0.338 —0.348 0.650
S5 0.777 1.724 0.847 2.489 2.227 0.926 1.945
S6 —1.462 —0.833 —-0.249 —4.681 -1.077 -0.272 —3.659
S7 —0.420 0.261 0.569 —1.343 0.338 0.623 —1.050
S8 —1.266 0.030 0.193 —4.054 0.039 0.211 -3.168
S9 0.185 0.602 —0.001 0.593 0.777 —0.001 0.464
S10 —0.021 0.274 —0.088 —0.067 0.353 —0.096 —0.052
S11 0.780 0.440 0.872 2.497 0.568 0.953 1.951
S12 1.090 0.425 —0.984 3.489 0.549 -1.076 2.727
S13 0.868 0.016 —2.671 2.779 0.020 -2.921 2172
S14 1.136 —2.669 —0.043 3.636 —3.448 —0.047 2.842
S15 0.795 —1.192 1.881 2.544 —1.539 2.057 1.988
i LA VIP>1.0 fEAbRHEGE, 2% H AR oy 8 07
3 - " WRECRI 3 N E, VIP KAAHEFRIRH 13
2 - Sl (VIP=2.144 15) >6 5§ (EHAH A,
. o N VIP=1.618 02) >11 S (EH & E, VIP=
= ‘ ® e ’;w: 2ymTa M @0 Vo N NN N
0 s e 1.614 24), iX 3 AMHLGr 2 5| F =1 H A

310 8 6-4 2 0 2 4 6 8

t[1]

5 15 #tESHRFIEEIEIEEIRE PCA B E
Fig. 5 PCA score plot of 15 batches of Lilii Bulbus
characteristic chromatogram peak area

FR ) 22 7 TR 2 AR B LAY

234 Zugitatiies HCA. PCA #l PLS-DA
SR8, RPWIFE . WHIAVLIR 3 AN A
JREAFAE 225, AR D 5 R = b A o
Z5, #ITA G TR 1 EE ST .
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Fig. 6 PLS-DA score (A), replacement test (B), VIP value (C) diagram of 15 batches of Lilii Bulbus characteristic

chromatogram peak area

24 HPLC BAWIESENE
241 B [H “2.2.17 i
2.4.2 SPRARIEWEIEIS [H “2.2.27 T,

A 2-ABEARH A EHAH EXRER, %
A 4 FMEEIRIARAERE L T 70% TR
5 MR LRI IS, 4% “2.2.17 TUH i

2.4.3 HHASEBRHIS [F “2.2.3”7 T, ZAFINE o« AXHHE it o B P AR (XD, WA
244 ZMERARFEE FEMNTAAGEC.TAEAH NS (V), ZfilbafEfhsk, 580K S,
=5 KMER
Table 5 Linear relationships
3%y 2B PEVEH/(ug-mL™Y) ESpy r
FHEHC 1.31~26.16 Y=4.79X105X+2.46 X103 0.999 6
THEHA 4.50~90.40 Y=5.31X105X+1.09X103 0.999 5
- FHATA 7.14~142.80 Y=1.46X10°X—8.78 X 10? 0.999 7
THAHE 2.33~46.60 Y=138X10"X—2.72X103 1.000 0
245 FEEERE BURSXTHRRETR, % “2.2.17 IR EISCE 2 5114 101.98%. 102.29%-. 101.06%-

TN B SF A SHEREIE 6 K, HEMAEI T EAH
C. THEHA. 2-4BMTHEEGHA. TAAHE
FHETHAR ) RSD 435118 0.77%-0.73%40.53%+0.39%.
24.6 HEEMHRE BE—H#HSD AERRESR,
% “2.2.37 TR ETATHI 6 bl i,
FellE, HHE ERTHEH C. THAT AL 2-4
HEHAH A EHAH ERRESE 58 0.24,
1.46+ 0.92. 0.49 mg/g, RSD 4378 1.70%- 2.41%-
2.29%. 2.76%.
247 FoEtEilse  BCEES S (ST, 2l T
%J5 0. 2. 4. 8. 16. 24h HEEENE, HHEAERTE
SHC. THEH A 2-2BMFHAH A FH
A E ARG A RSD 20514 2.66% 0.57%-
1.81%- 1.28%.
2.4.8 fFEEEERRLE  BUR—# (S BAEHAR
9 4y, BL) 0.5 g, FFE TR AT & B 50%- 100%-
150% P LB S0 HE L, 4% “2.2.37 TR J7 74
HRGR A, R, RASEEAT C.
THEH A 2-4BEEAEH A, THATE T

101.60%, RSD 454 2.29%-1.56%- 1.71%- 1.48%.
249 FEEIE B1S HEE SRR, o ali%
“2.2.37 T IEM AL SIE R, % “2.2.17 TUR &
WEEATIE, THEEAE C. THEH A,
2-OWBEHRAT AL TAATERNSE, 4RILK
6. BT RATIE, AP E A & B AT
R ZER. AaH 4 ML gt &8s RikRIch
THAH A>2-ATAGH ASTAGH E>TE
HEH Co
25 MEXMSH

T EREETI 4 N E AR SRS
YENFEARIE B FHUOSPA B SR i &, R
Orgin2024 X 15 LM EFHEH C. THEH
AV 2-CEFEHAYT A THEH E WA EAEHE
B ) = il oy IR T B 25 515 43 54T Pearson #H5¢
P, 45 RARW 3 B RECH 0.905 (fE
0.01 Z51, W2, MARMEE), Wl 4 %
Je& P 1 T AAE N FR P 5 20 X AN [ 72 b i A dk
1T IR E VT
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Table 6 Determination results of content of four specific

components in 15 batches of samples

RNTRIT R EHA (NEL Bre, B
FE) ARG A NL RN Z RIS, HifE
AR (B 7. ERKRIEMK, EEARA
R PR, MR, THEH C 5
aftertaste-A 2 5RIEFIK, 5 b\ sweetness 2 H1551E
K, 5 a'\ astringency 2KHHK; THEH AL
sweetness ‘& FFEE IEAH%, aftertaste-A AR IEAH %
-t EH AT A 5 sweetness ERIEMAHIE; £H
AH E S L. E'ab. WIS, W6S EIRIEAK, 5
saltness 2 HEEIEAHSE, 5 umami 2R IEAHIC.
LRI AL, H A H b™ E ab W1S.W6S . sweetness
astringency- aftertaste-A S5¥atr k% R %Y, Al IX
SN E R HO T B AR
3 g

e R SR N B IRE . T8, HE.,

ot RS/ (mg g™
THAEHC TAAGTA2-ZBEAESHA TASHE
S1 0.17 1.13 0.70 0.38
S2 0.14 0.93 0.52 0.32
S3 0.21 1.48 0.80 0.51
S4 0.23 1.49 0.94 0.50
S5 0.27 1.58 1.12 0.58
S6 0.12 0.89 0.45 0.29
S7 0.17 1.14 0.71 0.38
S8 0.14 0.97 0.54 0.36
S9 0.18 1.14 0.75 0.42
S10 0.16 1.21 0.71 0.42
S11 0.22 1.40 0.80 0.49
S12 0.24 1.49 1.00 0.52
S13 0.22 1.53 0.87 0.52
S14 0.21 1.49 0.82 0.55
S15 0.20 1.30 0.78 0.47
2

*
a

»

1.0

E'ab 0.6
wss —
r 04
wlS
wsC 0.2
Woés
bitterness _ 0.0
astringency —02
aftertaste-A *

umami
richness

saltiness

sweetness

THAEHC THATA-ZBMEEHAT A THAHE

"P<0.05 *P<0.01

*"P<0.001.

El7 BHEREMERRS 4 MERASHEXERE

Fig. 7 Heat map of intelligent sensory sensors and four specific components
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gidy, I R S BUUGERIE AR 1
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PRIEAT R SRAE W, ST ZG R i VR AR R BE
SEEARPT20, SR 2y Bk, AN Al T s I
R RV R, T2 T R S I E R T
o 2 i 5T VA R DT B 4 ) R A B IR
AN LRI,

AHFUIS “HRRR R Big, X 15 fEE

20 TR A1 WP PR R PN TE AR 2 1 03 HEAT 25 o B VT
fro B RBERRE BN H AR, K,
MRE AT T BT RAE, IS A A
Ry 15 HEEEMNT LA E ab W N R, Wi
15 #E A LM B A Bk, HAFaAE
R CRBARR) BUbig#. “—Fh--4H,
A, EANZH”; AR (CAE 2G04 ) B2
HOCT PR R L o R IR DA A
HE—25 1 PCA Al PLS-DA /3 Mk BARIT, 5 W3]
2R AN RS LT RSN E I LG e W NE R )
g, e RiER, [kEREERIIESL
KA W3S, WSC HEaRmN, BI 15 #tE 52441
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THRBRZWGERIEN T TRy A, WNTAEE
XA W6S WIS AR, BRI 1k &4
BZ AN, PLS-DA 5 PCA 45—, A[FH™
W A5 8. PLS-DA 5 PCA 45 —5, R
HEDBL & e A&WEAEER. B EEEE
TISEIRIR, B TERW, HARRMES AN,
HEE IR T RE S (B 24 80) 2025 AE R 2 ik
W7 HR, MRS EEMRS AL U f
Ky BEIRE SR AR S I B S R IR A O% 3], PLS-
DA 5 PCA &5 34%i, Sl i & SILI5 A
PIRIER 25 . HERERESRGH, SHEEm
P, SRAIRIE S 2 v, i R
FiAR X 3 A= HU H A
XF TN PEA S g3 A, it HPLC @57 15

HE A ZMIRHME RS, #E 15 M EAE, Rl
4G, AR EEGH CO EHEH AL 2-20t
TEHAHFA. TAESGHEE, HT T EENE, %
JriEfaE T HEA RIFME S M. HCA A1 PCA
SRERAF A GAMRERA Z 5% H
PLS-DA £ 153, 13 SI§ CR{GND. FAGH
AT HEH EZERAFHE A AMREZER
M EEE R 4 M TRMERTEEE C £

HHA 2-ABTEAT A, THATEMOE
FRFAE PV (1) 32 1 73 PR IR 25645 40 (R R G 1 2
=, WA AT RIERC T UAE B AR B R AN ]
FEHL A HEAT R S VA . Pearson AH I M 45 R B AR O
PERE AL AR SR R RE R I 2 AR IR
I, K EH &1 C 5 aftertaste-A . b" . sweetness
a’.astringency ‘£ IEFH5¢; T HAH A 5 sweetness.
aftertaste-A A A KME; 2-ABTFTEHAH A 5
sweetness £ IEAH; THAH E S L E'ab W18,
W6S. saltnes. umami £IEMHK. WA EAZAM T
By B R s MR 28tk . 25 b, B
BT )R BB RE S A A O ISR VRN T AT
XA [E = ) B A AT B E PR, D i s AN
REERRESE .
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