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Rapid determination of seven components in Angelica sinensis based on near
infrared spectroscopy
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Abstract: Objective To established a rapid nondestructive determination method for the multi-marker constituents in Angelica sinensis by near
infrared spectroscopy (NIRS) combined with the partial least squares (PLS) method in order to improve the quality control for A. sinensis. Methods
A total of 108 batches of 4. sinensis from different origins were collected for the research. An Ultra performance liquid chromatography (UPLC)
method was established to measure the content of the seven components in 4. sinensis, which were adopted as the reference value. And the integrating
sphere diffuse reflection mode was employed to collect the NIR spectrum. The quantitative calibration model between the near infrared spectrum and
the reference content of each component to be measured was established by PLS and other chemometrics methods. Each part of the modeling process
was optimized respectively, including the selection of calibration set and validation set, different pretreatment methods and different spectral section.
Results The correlation coefficient for calibration set of chlorogenic acid, ferulic acid, isochlorogenic acid A, ligustilide, butylidenephthalide,
senkyunolide I and levistilide A were 0.937 6, 0.970 2, 0.963 4, 0.991 1, 0.962 4, 0.966 6 and 0.947 6, respectively; The root mean square error of
prediction (RMSEP) were 0.072 1, 0.038 9, 0.011 3,0.483 0,0.017 5, 0.178 0 and 0.097 0, respectively. The predicted values of NIRS models and the
measured values of UPLC showed a good linear relation, which presented a great prediction ability of the models. Conclusion The methods
of NIRS combined with PLS can be applied for the rapid content determination of seven components in 4. sinensis including chlorogenic acid,
ferulic acid, isochlorogenic acid A, ligustilide, butylidenephthalide, senkyunolide I and levistilide A, which is proved to be simple and reliable.
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201203) THEFEERAK (L5 551-08-6) BR4IHN
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2.1 UPLCEMEZ)IH 7 HETHEE

2.1 AR R AR A 2544 Bl
AR AL 0.4 g, BT 150 mL HEHELM A, I
HIONHEE 50 mL, FROEFTE, AL 30 min,
WEAHNRER, HPEANERCRR R, 55,
VL 0.22 pm TRALIERR, FEWIUER, SLIBAE
B VT

2,12 REGEREIE S RS ARIRERR 1.24
mg. FTELER 1.87 mg. FE4JEME A 1.09 mg. A
PG 13.11 mg B4 EE A 1.17 mg & 25 mL =
b, THSIETERL 4.49 mg. VE)IE B 17.12 mg
% 50 mL &=, FPRRWIEMBERZIE,
57, BSR4 53 0.049 6.0.074 8.0.043 6.
0.524 4. 0.046 8. 0.089 8. 0.142 4 mg/mL )%} &
PR

2.1.3 it %H ik Waters Cortecs UPLC
Cis (10 mmX2.1 mm, 1.6 pm); WA A 0.5%H
TREW (A) -2 (B) &G, FHEWN: 0~0.80
min, 7%~10% B; 0.80~3.50 min, 10%~25% B;
3.50~5.50 min, 25%~44% B; 5.50~8.10 min,
44%~53% B; 8.10~8.60 min, 53%~65% B; 8.60~
9.60 min, 65%~68% B; 9.60~10.60 min, 68% B;
10.60~10.61 min, 68%~100% B; 10.61~11.60 min,
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Table 1 Detailed information of 108 batches of A. sinensis samples
Y5 Fk% e eI s P P KR
1 it HRER KA 55 HiM HiR VR SRIURITE)
2 Zitt HIRER KA 56 ikt Hik VR SRIURITE)
3 it EER KA 57 HiM HiR VR SRIURITE)
4 it HRER KA 58  Hi Hik VR SRIURITE)
5 Zidt HilEE KAEE 59 ikt Hl LT 3%
6 Zikt HINIRE: KAEE 60  Zkt Hw LT 3%
7 Zidt HINIRE KAEE 61 ikt Hl LT 3%
8 Zikt HINES KAEE 62 ikt Hw LT 3%
9 Zitt  EPIRI B KAk 63 it Hl FAL T
10 ity HlKE KAk 64  Zi Hik FA T
11 WhH HHR AP 65  ZiM HiR FAL T
12 Zitt  HN AP 66  Zitt Hik RN ]
13 Zitt HW ) 3K 67 T Hl RAIA ]
14 Zitt HW e 3% 68 Pkt Hw P A
15 Zitt HW AT 3% 69 M Hl P
16 wR Hl e T 3% 70 RA HiR RN ]
17 it Hl RN 71 M Hik FAL T
18 Zitt HW R ] 72 ikt Hw PN LN
19 WhH HW ZINT 73 HH Hw PN LN
20 whR HW ZIM T 74 Hikk Hik RN ]
21 whR Hl ZINT 75 ikt Hl PN LN
22 WhH HW ZINT 76 ZiHk Hl PN LN
23 Wwh e ZINTT 77 ikt Hik K]
24 Wwh e Z I 78 ikt HiR K]
25 WA e ZINT 79 #iH Hw PN LN
26 R e Z N 80 M Hw PN LN
27 WhH HHR RN A 81  #iM Hik FA T
28 whR o Hl ) LN 82 i Hl PN LN
29 whR o Hl ) LN 83 M Hl PN LN
30 WhH HHR RN 7] 84  HiM HiR FAL T
31 WhH HHR RN 85  HiM HiR FAL T
32 whR Hl PN 86 KA Hw PN LN
33 whR HR RN A 87 WA Hik RN ]
34 whR HR RN A 88 KA Hik RN ]
35 wH Hl KA 89 KA Hl PN LN
36 whR o Hl FAI 7] 90 WA Hl P A
37 whR o HW RN 7 91 kA Hik RN ]
38 whR o HW RN 7 92 kA Hik RN ]
39 whR HR PN 93 WA Hl PN LN
40 wR HR RN 94  RA HiR RN ]
41 wR HR RN A 95  RA HiR RN ]
42 whR HR KAFI ] 96 WA Hl P
43 whR HR AT 3% 97 WA Hl Z T3
44 WhH HHR e T 3% 98 A HiR ZM T
45 whR HR AT 3% 99 WA Hl Z M1
46 whR HR AT 3% 100 kKA Hl Z T3
47 WhH HHR e 3% 101 kA HiR ZMT
48 WhH HHR e T 3% 102 RA HiR ZMT
49 whR HR AT 3% 103 RA Hl Z M1
50 whR HR AT 3% 104 kA Hl Z M1
51 WhH HH e T 3% 105 Z54 HiR ZMT
52 whR Hl AT 3% 106 RA Hl Z M1
53 Zitt HW AT 3% 107 WA Hl e AN GR AT
54 it Hl e T 3% 108 RA Hl L AT AT
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a-samples-322 nm b-mixed reference substances-322 nm
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1-chlorogenic acid  2-ferulic acid

S-butylidenephthalide

3-isochlorogenic acid A
4-ligustilide
7-levistilide A

6-senkyunolide [

1 HE4% (a, 0 FUEEXIERM (b, d) #) UPLC
Fig. 1 UPLC of A. sinensis (a, ¢) and mixed reference
substance (b, d)

FRRRME (V) SR (X0 #EATLMERA. HH)
2 R B30 BB L3R 20 & F o BRI AE 5% R ELIAIAE 0.999
1L, RPERRRLT.
215 AEEEE. EEME. Bttt WA
AW, SRR 6 IR, IR 2 L, WIE SRR
Y VETHRRAR B, VR NG 5 5% RS AREL A —
MAFES 6 4, B 0.4 g, IR 2117 TR T
R AR AW, 921,37 U (it S HERE
METHE &R &, ENEEWER, E—
POk RVEE R, % BRI &, T 0. 3.
6+ 9 12+ 15, 20, 24 h ZFEFEI 2 25 5573 0 T AR AR
OME, RN EM LR, GiREIR, SRS
(1) RSD $5/NT- 2%, REUASHE R R AF; EEME
RSD ¥J/hF 2%, RAFIEE QMR faE k)
NT 3%, REIFEGAE 24 h NESSE
2.1.6  NFEEICERIRE RS HE O Bk
FI4ARES 6 1, &R0 0.2 g, IR IR SV i
B, % “2.1.17 TURNJ7iER A v, o
0.22 pm FHFLIEMHEE, FERAVIDEIR, HUELIE 2 uL ¥
ANAREEA, % “2.1.37 WiF A3 &k deke, )
S, RS HIENER, &RER, SRR, b
IR FEEIR AL BEARNEE. TR,
TS 1. B IE MBS A IR 2 50 104.86%-
102.52%. 103.49%. 101.51%. 101.80%. 102.83%-
105.06%; RSD 7354 2.03%- 1.70%- 1.93%- 1.60%-
2.10%- 1.61%- 1.87%; KT VEMENE RIF.
2.1.7 FERIIE ECEHIEREM, % “2.117 TUR
T7 S BRI, 1% “2.1.37 TWUN i g kit
B, MEVETIAN, DAAMR— mE T SRR
IR,
2.2 IRLISMEE (NIRS) HIRE

UL Antaris {8 B A543 2T 40 RESCR SRR

*2 EMXHRER

Table 2 Results of linear relation investigation

% 2 VS Fl/ng EVE Py ¥
2R 39.68~297.60 Y=7 405.2 X—290 592 1.000 0
R B0 TR 53.12~664.00 ¥=13 991 X—783 386 0.999 9
LRI A 45.44~568.00 Y=8 495.2 X—405 935 0.999 9
AN 104.88~1311.00 Y=5738.7 X—520 574 0.999 7
TR 17.96~898.00 Y=3 307 X—766 95 0.999 7
HNE N T 113.92~1 424.00 Y=4123.2 X—490 547 0.999 1
BWCHIA T A 37.44~468.00 Y=77243 X—160 116 0.999 7
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Fig. 2 NIRS spectra of A. sinensis

23 H)FP 7T HAVRTHNEEREREEL
KRN 3 (PLS) #5724 AL S T
ZLAME ERIEREA . @B FELL TQ Analyst 9.1 43
MrERAEREAT o 3 IR AER ()45 . AN A TR FE 7
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B (). T2 (RMSEP) AT —5:38 IRAIF
BJ7 % (RMSECV) N EARFRD? . — s T,
RMSEP #1 RMSECV i#k/IN, r 8T 1, BRI
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ERAZ XIS UE AR, BRI RS HL
AT N R, BT IR AR,
230 FEAREEMER B AREE R AR
TEAE R AL DT, o EResgm Fr g Y 1)
HERRFE ARG R . AHIEIE B SR IR 22 R BRI S
e, SE AR IR bR s ) B B KA A
IR IEAEANEGUESE,  HAARUFISIFEERFE & 1 & 20
P& AR RS IEEERE AV R A, B IR 5 B0 A4
B2 2 1 1. STabrtER T 18 B0 WA 3.
232 AFETAABTIERER  EAADGE 5%
%2 Tl K AR B AIRE S A B T 3R), s
Fir et R B AR (b o A R E DO, R T R A
iR BT 2141 1 v 5 AR IR o B R B RRAE
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Table 3 Content distribution of index components in calibration set and validation set of samples

GRLEE

JRE S /(mgg )

ZER MR ReFER A BRI THEFRK FIEAERI O BCYANEE A
RIEE  &AE 1.19 1.04 0.569 1 9.72 0.98 471 1.33
H/ME 0.05 0.03 0 0.77 0.18 0.03 0
FHE 0.35 0.58 0.062 3 5.01 0.54 1.77 0.53
WirsE  mAfE 1.15 0.88 0.525 6 7.96 0.89 3.23 1.22
/ME 0.05 0.03 0.007 7 0.84 0.19 0.10 0.19
“FiME 0.35 0.63 0.054 4 5.21 0.56 1.51 0.54
SN S AR R BU DR Z XD AR #ATEE, X THBRREITURE R FSHERR U

HRIIEC . HECNE (2257, R PR A BTy
Ko ZEXIGIERITRS (—S8. —Hr3H0
ARERATE (S-G BT Norris ) ALEE,
PURRFELRER « THIRBENLIR 2 . SR mfEn b,
KA A AL BT s A B 22 7, WK 4.

233 AFRDGIEXBRIGEEE  EREaERDeiE X B

LA RRIE . LT, RS BT e R 2
P4 eOS, SF_F i AL T AL
AR I X B ORI AT 5. R T
e, R TR BT IR 22 R AL
RIF X BB R L2 S i F AR R
LR, O RSB B R .
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Table 4 Effects of different spectra pretreatments on models
— i T SRR A ER: ThR B BEARE A
WIS e Y ¢ RSP REY - RSP RNV ¢ RVSE RUSE RSP RSKY ¢ RS RVSECY s RVGEP RWSKCY
FiE 07492 01080 0165 0875 0000 0167 0923 0016 001 0882 1300 1240 09061 00669 01140 09082 03920 060 0802 01360 0246
i 0891 00912 0200 08619 00788 019 0999 00UI 0028 08879 12600 LIT 09102 0036 01050 09179 03320 067 0829 00868 029
MsC 08243 00945 010 0804 00787 047 0903 0029 0020 08978 12400 LIS 09161 008 01010 0906 0300 01 0801 00791 0280
[st dr 0920 0099 01 09730 0085 0157 0900 0021 0005 0899 12800 LI 09755 00399 00%4 09902 0300 062 09809 00972 0206
ItderNors 08923 0006 004 09T 00658 016 0916 0016 0005 09820 0650 100 09528 00343 00908 0969 01070 0600 0901 0081 024
WErSG 09533 0190 060 09949 00845 0181 09154 0032 00469 0970 02460 LI 0902 006 0060 09959 0470 079 0962 0120 0I%
MddertNoris 08618 01080 0150 09603 01060 010 0997 00127 00400 09734 08380 0846 09624 0075 00861 0978 02660 06K 09476 00970 020
#z5 TRMEXESTHER AN
Table 5 Effects of different spectral section on models
[E%y viem™! r RMSEP  RMSECV
2R 8 223.30~3 907.07 0.8922  0.0799 0.1520
10 999.97~5 062.80 0.9507  0.0854 0.1820
10 999.97~10 030.47, 7 905.45~4 289.17 0.9376  0.0721 0.148 0
R B 2 7 905.45~3 907.07 09411  0.0646 0.1530
10 999.97~7 893.46 0.9890  0.0872 0.188 0
10 999.97~8 828.46, 7 539.62~3 903.22 0.9702  0.0389 0.1520
FELRRIR A 7 263.76~4 894.88 0.9661  0.0185 0.038 5
10 999.97~8 339.53 09527  0.0129 0.0453
10 999.97~9 978.25, 5 462.64~4 057.15 09732  0.0181 0.039 8
ARG 6 146.98~3 903.81 09911 04830 0.6530
7459.23~5 112.84 0.9926  0.7450 1.3100
10 999.97~10221.92, 7 008.68~6 946.83, 6 142.19~3 907.07 0.9907  0.4270 1.060 0
TIEHIEIRRK 7 593.60~3 903.01 0.9507  0.028 4 0.087 3
6010.35~4 127.25 09517  0.0349 0.085 1
10 999.97~8 049.73, 7 364.06~6 792.90, 6 235.20~3 903.22 0.9624  0.0175 0.086 1
NS AEE T 8 906.97~3 941.34 0.9638  0.2920 0.654 0
10 999.97~5 428.63 09731  0.1970 0.5710
10 999.97~10 052.43, 7 635.58~5 122.01 09666  0.178 0 0.5410
R4 AP BE A 7 533.63~3 953.33 09438  0.1180 0.407 0
10 999.97~4 876.89 0.9889  0.1290 0.2530
10 999.97~10 136.94, 7 453.02~6 225.69, 5 993.67~3 903.22 0.9476  0.0970 0.2020
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BRI HCRBEAT SN RIS, S5 R AP 4 Fir
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BRY, SEIL T A SRE R BIELRR . AR A
EARNEE. TR FENE S T ARSI K
B A 3t 7 Fhpl o s i, 7 E W . o
FE G TRAC RS AR, AT T S5 — U e A 75 ) Lo
BRI 5E e, HARBAR, AW EAPRF], ke
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PR 1 LW o 2R R >,
AR 2 R AR 0 e, PRI, 457 T
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Fig. 3 Quantitative calibration model of seven components in A. sinensis
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Fig. 4 Comparison of predicted value and measured value of seven components in validation set
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