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Qualitative and Quantitative Analysis of Chrysanthemi Indici Flos from
Different Origins by Using NIRS and TQ Software

HU Xiao-li, BAI Yan" , LEI Jing-wei” , ZHANG Di-wen, HAO Min
(Henan University of Traditional Chinese Medicine, Zhengzhou 450046, China)

[ Abstract | Objective; To conduct qualitative and quantitative analysis of Chrysanthemi Indici Flos from
different origins by using near-infrared spectroscopy ( NIRS) and TQ software. Method: Near-infrared spectra
(NIR) of Chrysanthemi Indici Flos from different origins were collected by near-infrared diffuse reflectance
spectroscopy technique, and discriminant analysis of TQ software was uesd to distinguish the origin of Chrysanthemi
Indici Flos. The content of chlorogenic acid was determined by using HPLC, and the partial least squares ( PLS)
method was used to quantitatively predict the chlorogenic acid in the Chrysanthemi Indici Flos from different
origins. The qualitative and quantitative analysis models were established and verified respectively. Result: The
established qualitative model can quickly and accurately identify the Chrysanthemi Indici Flos from different
origins, and the number of wrong discrimination cases in verification set was 0; the correlation coefficients (R*) of
the quantitative analysis model was 0. 995 38 ; the root mean square error of calibration (RMSEC) was 0. 008 12
and the root mean square error of predication ( RMSEP) was 0. 012 8. Conclusion: The qualitative and quantitative

models could be used to accurately analyze the Chrysanthemi Indici Flos from different origins. This method is
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simple, accurate and could be used for the rapid quality analysis of Chrysanthemi Indici Flos.
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chlorogenic acid; quantitative analysis
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Table 1 Origin of 105 Chrysanthemi Indici Flos sample

No. 7 i No. 7

1~15 i) 1t 2 A 51 ~70 T 1 B
16 ~30 TLVE K 71 ~90 W {5 B
31 ~50 R =] 91 ~105 WL
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2.1 GEZAMGIERCRE B ER 105 £ B 45 16 A
diE i, R, AT 40 H O . INRE O 2R AR Ay R 1B
B, 4y HER 8 em T R B 64 YR, A4 T
4000 ~ 12 000 em ', & B 18 ~ 25 C, AH X} i J&F
35% o KEUAEBIFE T M B K IZ 8 g, A A B
BEGAR R RS, USRS NS, BT R RE
g He BRI A HE T A AR EE A
i3 UK, SR 105 403 B 45 A6 AR & 19 3T 20416
TEE LA 1,

&h—-b

12 000 8 000 4000
v/cm™!

E1 105 EHEHERIIELHEREEEM
Fig.1 NIRS spectra of 105 Chrysanthemi Indici Flos samples

2.2 WM P RER S ENE S % 0k
(6] kg & Bk, R F HPLC 32 10 & B 44 46 h
SRIFTR & o {04 25 : Diamonsil C 4 3% 4% (4. 6
mm x 250 mm,5 pm), i 3 A B EE-0. 2% UK & TR
(28:72) , AR 30 °C, ¥ I % K 327 nm, J 3 1.0
mL-min ™" & JFURR 19 48 B 28R B LG 250 1, 3% 51
50% HI i, #8755 (250 W, 20 kHz) $2H¢ 30 min, 105
193 B 34 A6 i % SRR i L3R 2
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Table 2 Content of chlorogenic acid in 105 Chrysanthemi Indici

Flos samples %

No. %J5FfR || No. )58 || No. ZEJEWEE || No. S

1 0.18 28 0.34 55 0.45 82 0.39
2 0.18 29 0.32 56 0.44 83 0.38
3 0.17 30 0.35 57 0.44 84 0.37
4 0.16 31 0.33 58 0.46 85 0.38
5 0.18 32 0.33 59 0.43 86 0.38
6 0.16 33 0.32 60 0.46 87 0.41
7 0.18 34 0.33 61 0.44 88 0.40
8 0.18 35 0.33 62 0.43 89 0.44
9 0.17 36 0.33 63 0.42 90 0.44
10 0.17 37 0.32 64 0.44 91 0.39
11 0.17 38 0.32 65 0.46 92 0.36
12 0.15 39 0.32 66 0.42 93 0.24
13 0.17 40 0.32 67 0.42 94 0.32
14 0.17 41 0.33 68 0.43 95 0.33
15 0.17 42 0.32 69 0.42 96 0.30
16 0.38 43 0.32 70 0.45 97 0.33
17 0.32 44 0.33 71 0.37 98 0.30
18 0.39 45 0.33 72 0.37 99 0.36
19 0.32 46 0.31 73 0.40 100 0.32
20 0.39 47 0.31 74 0.39 101 0.32
21 0.32 48 0.31 75 0.40 102 0.36
22 0.34 49 0.32 76 0.38 103 0.25
23 0.32 50 0.31 77 0.37 104 0.32
24 0.37 51 0.48 78 0.40 105 0.33
25 0.32 52 0.44 79 0.37
26 0.35 53 0.44 80 0.37

27 0.30 54 0.46 81 0.41

®4 EESNMEBEREEERIEIEZFERSH

Table 4 Sample distribution of calibration set and validation set of

quantitative analysis model %
Fefh FERECE/AS RBORE R/ME S E
1 IE % 84 0.48 0.15 0.34
I 21 0.45 0.16 0.33

1A 5 P 43 BT BB D)5 ) 5 B0 R PL( performance
index ) J PEAN 48 B , 15 ) 451 £/, P2 3 100,
SR (3% 5000 B8 g BGF AN (6] O 1 T4 B 7 R R E
TR B S MR WL AR S o SR TQ A b 8 i B /)
T Fe ¥ (partial least squares, PLS) Xt A [6] &% JR /2 &
it 0 B A AL R AT A8 B4, DA IR AE SR TE TR E R
BO(RY), B IE ¥ J7 22 (RMSEC) 1 1l ¥ 7
(RMSEP) R pE 4 46 45, R? A4 1, Bf & 92 I 5
NIR F0 0 F ) AH G M B 4, RMSEC I RMSEP ji /)y
S A 18 T o A R B TR, S [ DG 9 Ak B T
X R f o MR B S e 45 R UL 3R 6 X T e 1 4 BT
BEAY, MSC + Z By S 4 + N-D -3 1% T b B 75 ¥ 58
REUF N TR IR, — B S5+ S-G i
oAb RT3 v ROR SR i o

x5 FAEXERAETENESESHEERNNE

Table 5 Influence of different pretreatment methods on

performance of qualitative analysis model

8 T4 3 T 1% R 151 A PI
constant ( JFU 63 ) 2 91.5
SNV + — i %% +S-G i 2 92.6
SNV + By 1% + N-D ~F- 1% 0 94.7
MSC + — [ 81 %t + S-G - 1 92.5
MSC + B 815 +S-G it 3 90. 6
MSC + —Bir 8l % + N-D ~F- 3% 0 94.4
MSC + B 815 + N-D F- i 0 95.0

RI EBRSTEBBIEESHSH

Table 3 Origin of validation set of qualitative analysis model

No. 7 4 No. )
2,6,9 )b e 53,57,61,67 V0] A
17,21,25 JANIEE % 73,79 ,84,89 AR 15 FH
34,39,43,49 g =00k 94,99,103 FIRIR T

I OG IS A 30T A £ o0 HUR BEGE : (MSC)
PRI — A5 (SNV) , — B (8] 8% (fivst derivative)
B 1B B (second derivative ) UL K S-G F W ik
(‘savitzky-golay filter) Fil N-D -3 j2: (norris derivative
filter) o A BF 5 R J TQ A% A4 b 89 ) 1) 73 v 12
(discriminant analysis) X} AS [\ 7= M B 2§ 46 9 17 5 1

F6 AEAEFLBHFENEESFTERNZ M
Table 6 Influence of different pretreatment methods on

performance of quantitative analysis model

G THAL B 5 vk R? RMSEC RMSEP
— B I+ S-G T 0. 995 38 0.008 12  0.0128
— B BI50 + N-D - 0.990 65 0.01280  0.0127
T IS+ S-G P 0. 993 91 0.011 01 0.014 0
BB + N-D S 0.992 95 0.011 81 0.011 1

2.3.3 GAEBIPCERAYRERE 7R SRR I R
SRR e B LA R R AR R A R P . 3 T R 8 A3 i
78T ARG TE G FELXT 7 A 73 A A 250 R 6 A A
ORZIE o P TR, i 20 A A 2 ) e R B
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74 000 ~7 600 em ', I B 5 0 5 R D, PLOAR 2
SE A 4 BT A R A Rl BT B R 4 000 ~ 6000 -
em ™' LI BEE A R® %3 1, RMSEC il RMSEP >
"™ S v e =
Sre /N AR AU I A A v %
F7 AENEEEIEME S TEE NI l
Table 7 Influence of different spectral ranges on qualitative a ——
analysis model s 0 20

S B /em ! w1/ -
4 000 ~ 10 000 3 9.4
4 000 ~7 600 0 95.0
5 000 ~8 000 2 92.9
6 000 ~8 000 4 90.7

*8 AEXELEEENEESMEERA I
Table 8 Influence of different spectral ranges on quantitative

analysis model

S 1l /em 7! R? RMSEC RMSEP
4 000 ~ 10 000 0.991 33 0.011 60 0.010 7
3 000 ~7 000 0. 994 59 0. 009 80 0.0105
4 000 ~6 000 0. 995 38 0.008 12 0.012 8
5000 ~ 8 000 0. 985 80 0.011 10 0.026 0

2.3.4  FERUBAEERE 0o Bk B Y
NIR 5 P 5 8 43 AT A 20 (0 R o e R 0 2 o o 2 40
P A DL 2 A BTk % ( Cumulative ) S ¥4 35 45, R
FRUTT IR 38 w5, JIr 6 2 43 B50RR B AR 26 A o 1 Ol 1
58 o R M A R LUAE 1 SR AR AR A4 3 38 LG IE
¥1J7 22 (RMSECV ) 2 3F- fy 45 #5 , 4§ RMSECV &% /)
B i S A B AR o AR O TP T BT AR AR 11
F R HCh 10 B, B BT R R O S K (E 99. 094
5% ;5 7€ it o3 HT AR 1) 32 43 BOR: 10 B, RMSECV S
He/ME 0,021 93, UL 2,3, 0 P 5 A5 Y 11 3= B
SRR 10,

(=
—

] T

BEBTTRE/%

B %ie 4
B2 EUSHERRNAEHEEERTHOTN

Fig.2 Cumulative changed with change of principal component in

qualitative analysis model

2.3.5 FEAMEgES o BRI S Hod

SEEPERE R AT R R, AR LR ] MSC + B

A+ N-D 73 (1 T4 )7 3% ,4 000 ~7 600 cm

9 63 T BT, 32 B 70 K 103 7 A 28 3 ) 491 S
.40 -

S %ip 4

B3 TESHER RMSECV MEMSHMTL
Fig3 RMSECYV changed with change of principal component in

quantitative analysis model

10, HEREFE L P14 95. 0,6 /AN [A] 77 Ml %) 1T 45 AL+
s AT DL B SR DXy, DL 4L i A AT AR R COR
MSC + Z B S5 + S-G V-1 i fi 4b B 75 % ,4 000 ~
6 000 cm ™' [ O% ¥ V5 [, OB 4> %A 10, R?,
RMSEC , RMSEP 43 %1% 0. 995 38 ,0. 008 12 1 0. 012
8, 4x iR NIR Tl E 5 2 % (HAH XM WL E 5, f 2=
UL 6, I mT LU H 0IAE 5 2 25 (H 3T, 152 Y

T 4 58 R %,
o | re
s :
5
e
oL
- Bl d 17
o WAL TEHE b VTP K s e. T T s o T S 5 e, T4
WA &

B4 REFHEFHEHNNITRE

Fig.4 Discriminant analysis of 6 different origin

THE/%

ZEHI%
B5 #EHNRBFNESSEERAXNE

Fig.5 Correlation of NIR predicted values and reference values of

content of chlorogenic acid
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o it P13 i A P A R v A5 RIS ] 7 3 B 2
AEAE 17 M S, 25 SR UL O, AN (] )™ i BT 4 AE A
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o it P13 o A 20 BT R o 21 7 36 TR A Y
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o % S e fee ], D ) 72 B8P 40 4B T B0 01X 4, %
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Fig.6 Deviation of NIR predicted values and reference values of

content of chlorogenic acid

R ) LA e ) T U i
RO TS TR B b B 5 7L 00 4 55 4 A 51 5 47

Table 9 Discriminant analysis of validation set of different origin in

qualitative model

52 2

2 dh et a a || 57 BB d d
6 e a a || 61  VIREEHIAS d d
9 ik gest a a || 67 RIS d d
17 LGBk b b 73 AL e e
21 JLPEEK b b 79 WEEH e e
25 LBk b b || 84  JHEF{EFH e e
34 g =R c c 89 M FfE A e e
39 R =k c c 94 RN T f f
43 TR =Tk c c 99 i RAR T IE7 f f
49 R =k ¢ c ||103  #iH f f
53 T AR d d

T A R TR RS 20 1R, A ) T R R AR 43 26
R0 BIIEHREZRBRRESHESZES NIR BUE

Table 10 NIR predicted values and HPLC reference values of

validation set in quantitative model %
No. 2% NIR BE| No. ! NIR T3 {8
5 0.18 0.19 55 0.45 0.45
6 0.16 0.17 63 0.42 0.42
15 0.17 0.18 70 0.45 0.42
22 0.34 0.34 74 0.39 0.38
23 0.32 0.33 80 0.37 0.36
24 0.37 0.38 81 0.41 0.39
27 0.30 0.31 85 0.38 0.39
29 0.32 0.33 90 0.44 0.43
34 0.33 0.32 93 0.24 0.24
45 0.33 0.33 95 0.33 0.32
50 0.31 0.32
3 iFig
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