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Abstract: Moxa wool, renowned as a treasure trove of traditional Chinese medicine, harbors
pharmacologically active constituents including terpineol, flavonoids, and terpenoids, among which
terpineol exhibits notable anti-inflammatory and analgesic properties. Conventional chemical
methodologies encounter technical challenges such as complex sample preparation, time-consum-
ing analysis, and high costs in determining the content of terpineol in moxa wool. Instead, the use
of terahertz spectroscopy for rapid and non-destructive detection of terpineol in moxa wool not only
improves detection efficiency, but also offers advantages such as high sensitivity and simple
operation. By comparing the characteristic peaks in terahertz spectra with the vibrational modes
obtained from molecular simulations, qualitative detection of terpineol in moxa wool was achieved

through "spectral fingerprints". Quantitative detection was accomplished through the peak area of
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characteristic peaks. After linear fitting using partial least squares (PLS) regression, the correlation

coefficient between the predicted and actual terpineol contents reached 0.99. The research

establishes a novel approach for quality authentication of moxa wool and offering fresh

perspectives for quality assessment in traditional Chinese medicine.

Keywords: terpineol; moxa wool; terahertz; partial least squares method

W ARl B 2 AR AR Y, KR
AHERIN . EEE . WG, HAYE. B
. ik ARG mrE Y. Lok g
o TARE], BarT RS E IR
SRR REZ N 10:1, 20:1, 30: 1%,
PL10 : 1 Rf, Bt 10 kg 3P REINT., LB
WIARTRH (2 9 kg), MITHFESRIZ 1 kg L7
WEAUL, LML BIRE, BT sZs
BER O SRR 2 o WIS S GIORS T 1) EE B A R
Gy, BAZM. s, gt Lt
FATEE & B S A . BUR R RCE IR EY
PRI, P Ao A A o 15 e SR DA ST i

158 3 AT B ARSI P A S A
TR RO (L KR R R
RV A Xy PR B TR R ML
FES PRGN T AR S0 AR TS B fE
F L BRAERTTT il SR BB SR S A T
UEAh, SRR s A R, AR A 4R
(P BAIRE S A ad B . LA & 6 EE R
FeEE R AR B 12 F P 2y sl ki 4R
MM, ZLAMGRERTRE i & iR L B 5 P 1
A RS TRE R BSOS RIBE LR S
T FEIT B SRR, RS I A R
PEPO BRI A A R — T RO R R AR SR AG
DL G5 AR 5

K24 (terahertz, THz )i TR AT b
(] RERAN L, RO R AR, Rl
4 0.1~10 THz [HLEERRES, XA A 30 pm~
3mm, A EEVLE MRS 2 ME RN,
K2z i A IR DT RB R, AN Sl slRE S
BERANEHL B, AT R AR IR 5 e X T HL
OYFRUE, A FIRISSAHEAER, e, Jumse
T1 o R AT R ShBRAT: LA B fib A v s IR
SR Sh W B TR b B KR s
R WK AN, RS 2 o s m Y

AL EOLTEIL SR ST B o1 N2
g, il 02 0 I R 8 i A B Y
Wi, T ARAT A A R 22 E I L SR AR AR S5
For TR, LASER 3 A XA T3 S
M R X ISR o 3 B R S
ARRREAR S, REBA N TR X R AR
FHER “HR80 18, P Al R KR 2% 5 ik o
AT A A

ARSCLILHAWFERT SR, PERERA B kS
TFEDR, R ARG BARL AN [ ZE 5 A
MBS, B, TR A AR
R, IR RS G BRI A T L
Xt LAMERIAHOCIE IR BlJS, FOGARESE
5 GHRREICHE , YoiE A IR 225N 3L
£ RS v o ol T O = 31 e
THEAITE, R E g A g S T AR, SEEl
XSG PR B E BRG] S S L
{915 R B AR OGP ERR Y . 5 B TR AL
XS B, (R b 2 A IR AR R
FIith e

1 SEEHMBEREE

1.1 SEEMHRERG&E

AT 2> 7Rl CoH g0, AHXT 40 1 5 i
h154.25, RICE R RUERCGHT RN R, JLF
AT o 286 PR T B T BT hz T 380500 9 (5
HOE ©0>98%) o LY T P B R B
BEE R A RN T, 2022 4R 77, kR g%
BB 102 1, 20 : 1 F130 2 1,

B a0 T EE SR T EE R A
11 1 RRRIR G, WA TIESRE S, PEE
i HVERE St A TR o SO S F F B 2
MR FE AR T, A ER R 2 mm 1Y



%55 3]

VSIS LN e i s NI e 5 e VA PR ol e 11 ¢

AALES K, KRR DL R E R 70 Hz, BFEE
180 s. K5 5 mg ¥ 45 40 mg HM IR Y) (cyclic
olefin copolymer, COC)IREIIS], HABH, H
S5tEEIHE 2 min, T HIE AL 1 mm & 8
Fo SER BRAURERIE 1% Ll ok, &
il 40 mg COCfE R 5. MWD, A
sl fE 5 AREEAS , X REARIAE AR AR 3 4
AR, B XECRE 5 506 EdE, JFRER
RGBS B4

1.2 SEIRig&

AHFEAd 7% [ Bruker 2 &) 18 B 25 4
21 4 (Fourier transform infrared, FTIR) Y6i%{Y .
ZANAS L B A verTera JRAR L, 8Bz n]
SEPRHE ST AR e tp 2T AN S RO 2% B B
W X 4 2 2 830 em (0.9 THz) , YGRES:
PR ATIA 0.000 7 ecm (20 MHz), B ETHL& W
AV B R T s AR IR . R RS
(4 6% 38 R 30~4 000 em o S YRS f A
WAz, B 30~680 cm ' (0.9~20.4 THz) ., 5L
MBS AT 0.5 h FUAE 5 S KGRI Rk,
FERE b A 3 AR RS I ) ot FE AU, RADR
IR ZER XN S SR AR

1.3 RERMFFE

i B¢ /N .3 1 ( partial least square, PLS)J&
— R B S ) 2 ou gt ik, s R E
JRG3 SR A T, JEHGE TG o s
A RfEE 2 B R . i KiE R
i, PLS Al BOGIE R0, FEBIR
o 25 56 15 it 2k AF Sy B R A S A A,
PLS X} % 48 #4725 5 43 b, L6 2 JF g r
PLS FHMAEAY 368 3k die /)M W A5 5 F00 A%
Z RN T 2R R BN A A A, A 5T S
) LI S8R . e & 8L (coefficient of
determination) R*. ¥J 75 #1% 2% (root mean square
error, RMSE). N T B iEAL R A, iz Asi Al
I FH TR A BT A, A B B 38 T AR
ZEFNPGE REL . BRI T, TRE REUEE R
1, ¥ MR 2ZEMEAZIT 0, (a AR AY () T 0 R R
e o

1.4 ZEZHIES

% & 17 v B2 ( density functional theory,
DFT) AR 1 426l i I 3 1 43181 F1 43— 9 2
i, AT DAVCEC BT L Y KRR 4% G RR
fiE, KBhg&is 2 IR Rr, FEEHEA
SO SR A BRI SRR, S ik
Pe5h . IR T NREN AT IRR S . BRKHRZL
DA WL N &R 4> iz sl Ah, DFT B4UE v]
B SR I HES 5 R B AR A PR 3. DFT
OB UE W e A8 = R b 0t AR 235 ) 0 b 2%
g™,

A FE R I 2 1 DRk 2% 335 A1 DFT 2 [w] 43
Br Rk 2% FEAE I . R H Gaus—09 B 43 (BT
i D.01, 2w ) . B3LYP 2% 52 B AU A 6-
31G Bt e TSR T A A 2% bk B Hh W e 1Y
(A=

2

)

WERK ST

R T FNWTSE G HIE He )-S5 R s AR TR Y
KFZR, A HBERETHE R T BAUSIE T FATHEE
PR 2L MO o 43 HT KB 4% i Bt AR T BE 53
TR, HIRS FZERF TR NS
SEATE | A A AR s Y. SR DFT i
BEPMM BB 2L FRIE I R B S IR, TR T fifhi
MBS TR ZO IS N RS, 15 A
TR R 22 OGS I & 1(a) fras,  SEbRAs I i
FRAMHBE AR & RS Al 1 (o) . &l 1(a)
WoR, SRR R 4 A ETERE,
S F 5.01, 570, 6.26 fil 6.98 THz, H.
5.01., 6.26 1 6.98 THz (1M eI 73315 i K24
Ko A 4R E 0 (5.12, 6.26 11 7.03 THz) , X3
B DFT BIS 1515 21 09 Kb 24 WOE 5 S K
2RI TS = W) 5

XT3 R BCE RE A IR Sl e % 3t
FHW]: 5.01 THz &b WIS 2 i AN THBE 73+
BEyRsh W BRI S e e m i ny, Wi 1(e) By
785 5.70 THz &b % W2 IS 06 2 e 30 8 B 78—
WEE AP SR, K 1(d) iR
6.26 THz Ab 1% W I 06 S ph 53 PN R AE il v
FFLER SR A, WE 1(e) Fin; 6.98 THz 4K



e 12 o

47 &

5.70

6.98

5.0 5.5 6.0 6.5 7.0

a0 — ) _ —
oSd & wﬁ" R
2.9 fj [T

(c) 5.01 THzAY /> TP shisiak;

(d) 5.70 THz 5 TR SR L

SR/ THz
(a) DFT T3 B R H B R 2% W 0T
0.005
00041515 626
¢ 0,003 _ . b X
= : f‘ ’ S e
= 703 ‘@ Sy & Pe Q«\
=0.002 @ \ J‘ & B
99 f ) S 3
0.001
(e) 6.26 THZHY ST FAREIBEN  (f) 6.98 THZHY 5} T RS
%50 55 60 65 70
$i%/THz

(b) FITR 0 H (AR T B 25 5 1T 1%

B 1 B KR S E RAFEER 5 FHRENEN

Fig.1 Terahertz spectroscopy and molecular vibrational modes of characteristic peaks of terpineol
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Fig. 2 Terahertz spectra and characteristic peak intensity changes of moxa wool with different production ratios
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