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Quality analysis of safflower based on Fourier transform infrared
spectroscopy
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ABSTRACT: Objective To establish a method for evaluating the quality of safflower by Fourier transform infrared
spectroscopy (FTIR). Methods A total of 20 batches of safflower collected from different areas of Xinjiang were
measured by FTIR and fingerprint was established. The infrared spectra of safflower from different sources were
compared and analyzed by statistics and chemical pattern recognition techniques such as cluster analysis and principal
component analysis. Results A total of 12 kinds of wave number segments were selected to form a common pattern of
FTIR infrared fingerprint of safflower. The experimental results of precision, stability and repeatability showed that the
RSDs of common peak wave numbers were 0.00%—0.1%, 0.00%—-4.56% and 0.32%—7.5%, respectively, which met the
requirements of fingerprint. The similarity of 20 batches samples was over 95%, and they could be roughly divided into

3 kinds of categories, with obvious regional differences. Conclusion The established method is simple, feasible, rapid,
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non-polluting and non-destructive, which provides basis and foundation for the identification, internal quality evaluation

and quality control of safflower from different sources.

KEY WORDS: Fourier transform infrared spectroscopy; safflower; cluster analysis; quality analysis
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LI A6 (Carthamus tinctorius L)JE SR, S5H %
B RNy, RIEEEGERN M, BAWE M@, 1k
PR TR, 2 I8 0 i A 98 A A R 14
IO BRI, RIE ML AR IELT AL 25 B 1L 2F 4
REGERWZHE, A THRIEAZG %S, A8, &
16 . REN%ECIE S B2 R N AE BT R ITPN 7 IE A AT,
JELTAE S H A R 25 B AL [ B Ak g S ]

rh 2 b 2 S A A o3 ) B BRI T A #2450, B AR
Horp—Fp sk JLFP A U85 1 B i AT, LSk SR AR X
R B AT IR R A TR R M S S 2 . IR
ARk, HENT AT 2R A FR Ak 2 LY A S 4R SRS AR
b 2 b i S T 32 A, Oy ok S A (i A
ik, Horp, gk E A HZ A 6355 (thin layer
chromatography, TLC)!*" | 2 %0R0HH 4,155 (high performance
liquid chromatography, HPLC)®™" | 254k B 4045 Bt 1k 1% (high
performance capillary electrophoresis, HPCE) "2L) K2 < AH €2,
7% (gas chromatography, GC)!'"* ™94, Jeihi 3945 5841
ik (ultraviolet spectroscopy, UV)., £L4MGiE ik (infrared
spectroscopy, IR). IR, (nuclear magnetic resonance
spectroscopy, NMR)Fl X £k 7 5} 1 (X-rays diffraction,
XRD), HHEl, T M T A2 T & 5 B 0 AH 4,
AReSEPEM LR, Fitt, JF— LR aRee et
TELRE NAE R 1 e B

LLHMETERE S XT 2564 1 A 4 4 EAT I A2, S R
HEEIR(E R, SR AN ambEmES, BRIz,
LT AN S — Tl (o sk G A F AR 200 R A AL FR AR
o, THRIEFRET, Oz AT s Ha SO A R
W) 1280 A I 5 SR A ST I S 4 4T A6 O 1 3 (Fourier
transform infrared spectroscopy, FTIR)X}AS[a]>f 5] 20 4t
LALLM S AL 2 A E AT AT, ST T 4R U, LA
RAACAM IS E . PR SRR BRI S

2 MRS

2.1 UE. MRS

TENSOR27 37 AR 1 Fh Y (1% ] Bruker 23
H]); 769YP-15A Bk & A HILCR T B HTH R 24 8]); 70-1
TELLANTRAE (FI HORALERAL A PR W), Fs RS 36 0
(7fL 200 H, fL42 0.074 mm, WiVl bR 7 L),

CLAEZTMRE S, SR BBR AL X | b IX . B
[R1% E VA A X 0 X S5 R TR SRR A 20 HERE A o
TR (KBr)(PE gk 2li, KEemiJe & ik T AT);
K IR HTAE, KETTRIE XK RE Tk k),
22 LWHE
22,1 HSETaE

$4 AR HlL X R AE ST SR 1 20 LT AEARE 7 B i X
Ab, BT o SR T FD B B T AR S AT I
AT — AL B, R R ARRLAE, B 200 B 2 i
BELTAMEIEIME . G — AL A LA T AR,
74, it FTIR .

222 Houthhl &

IS B T VAL R, A IR ek v, B AR
AR A, BULERARCE K F 28, M AR R LR
29 2 mm BEEMEHE R, a0 REait. SIUR
DR S A LG MR, 55— BRI
W5y, R, dETI0E .

223 HIBELIEABRSH

3 3 I A AN R AR IR 20 HELIAEZG M RE B Y
LIAMEIEIE, e SR = R A LA B 12 MR, IF
e NN &5 423 i vos u X [ WD W N il N EA Wiy e 3 spa]
%, AN TRIB BB 038 3 R AR bR, ) D B 0
GIAFR Lo RIS, 36T R 3B BRI 53H .
224 FiEFER
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RSD),

(2) FRE kL
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SR W (2L RSD o
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0.00%~0.1%, FF AR EIG I ER, et mes Rk
. AT W 51 RSD M 0.00%~4.56%, VLBHFEMTE 24 h
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3.2 ZI1EZ5#%F FTIR 540 &iE

AT E AR = M LT AR M I LT A g et 12 A
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(B GBS, 0 O B T I RS 2, [WIRs S, 5 AR
B o A 45 IR STl 72 3500~3200 em ™, {HJE LG
FOARAH, LT AEZGHE PR IE I I LU A58, R, W14 E
RS . 2851.6 cm™ Kb ARIA N 1SR I S BT A i 4
PR3, BLAh, 1738.4 em™ W n] RESEREAYFRILIE . 2921 em™ I
2851 cm™ AbAY 2 AT, T ST AR IR A AN A 4 4
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Fig.l1 FTIR spectrum of Safflower
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Fig.2 The comparison for typical FTIR spectra of safflower samples from different places

3.3 #E& FTIR i EHRIER 5L

AN [ 95 B B 1) 5 3k R AR b, P R I R S 1 I
HIAZR 1 AL B F OPUS6.0 H Bk tr
¥ (quick comparison)” I f8E, T8 BT AN AL B 1
AHRHE T r, XFAAEEAET NI ETE B AT HRUE R,

RGN 20
MFE2A[LIEH, 2.3.4.5. 6 SHEMAMRUERR, N
98.94%~99.83%, L, 3 S 5 SHE G A RUE &S
99.83%; [MAPEMMIX A 8. 9. 13 SHEEMAGHIUE K
99.30%~99.85%; [FIALEFHIX M 7. 11, 14, 15 SHART
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AHLBENE 22, K 96.84%~99.80%, Hith, 14, 15 SFE M AYHH
PR, W 7. 11 SFEA BT AR B AR AL, N
96.76%F1 97.78%, HIRNFREZIN N 7 580 11 SHEA T
A AR 1 b B35 RS A AR A 5 Tl XA BH S 1 25 S B
[FIALFO LI Y 1. 12 SAE S AR R 97.63%, 5 At
FEM B BT SR O, LR R AT AR R M X A LT A
TP Yo 7T R b DX A AR B BRI A WA 7 A R A ) 3 g 12k o

SR AL, FAEAHX A 17, 19, 20 SHEMH A9
PUEER, N 98.62%~99.09% . AT 5, ZIAMGI% AP
PRSI RE R R AR B b I e T T B A0 A i DR 2 XA
TR 152 . 20 HERE S AU B KT 95%,  [R]— 3l
XS 1 FTIR G 1S B AR o 4 v, (R, Rt X
GG X LTI AR B — 2 225, T M DX 1Y
P it BT[] — b DR B 2 S R S A

#1 FRFEBTEHBEETE%)
Table 1 Transmittance values at the different wave numbers of the sample (%)
e PR /em™!
Al 3435~3425 2915~2925 2845~2855 1732~1742 1628~1638 1510~1520 1433~1443 1376~1386 1250~1270 1045~1065 825~835 617~627
1 0.731 0.922 0.955 0.947 0.826 0.981 0.940 0.932 0.960 0.866 0.996  0.945
2 0.671 0.877 0.923 0.895 0.765 0.928 0.881 0.889 0.917 0.797 0.989  0.922
3 0.585 0.828 0.893 0.864 0.682 0.870 0.836 0.843 0.879 0.736 0.988  0.883
4 0.565 0.823 0.890 0.842 0.668 0.850 0.785 0.801 0.842 0.681 0.986 0910
5 0.612 0.842 0.902 0.866 0.701 0.875 0.830 0.852 0.884 0.728 0.986  0.923
6 0.592 0.847 0.910 0.879 0.697 0.853 0.803 0.830 0.882 0.702 0.992  0.934
7 0.707 0.872 0.922 0.897 0.777 0.918 0.887 0.900 0.926 0.809 0.992  0.926
8 0.698 0.878 0.924 0.896 0.771 0.903 0.866 0.881 0.912 0.783 0.990  0.929
9 0.698 0.888 0.934 0.890 0.772 0.916 0.883 0.895 0.930 0.787 0.990  0.956
10 0.695 0.900 0.940 0.911 0.776 0.922 0.876 0.894 0.930 0.796 0.996  0.956
11 0.683 0.897 0.939 0.917 0.785 0.932 0.768 0.906 0.942 0.816 0.992  0.935
12 0.683 0.901 0.940 0.907 0.770 0.919 0.800 0.879 0913 0.814 0.994  0.925
13 0.480 0.760 0.850 0.826 0.627 0.839 0.794 0.789 0.843 0.628 0.978  0.869
14 0.551 0.789 0.869 0.392 0.656 0.856 0.839 0.811 0.858 0.674 0.982  0.888
15 0.588 0.839 0.905 0.880 0.702 0.891 0.832 0.857 0.903 0.736 0.987 0910
16  0.596 0.833 0.901 0.874 0.704 0.884 0.832 0.849 0.897 0.738 0.990  0.907
17 0.732 0.914 0.949 0.927 0.803 0.940 0.906 0.920 0.950 0.646 0.992  0.934
18  0.600 0.860 0.917 0.899 0.728 0.900 0.847 0.864 0.904 0.749 0.988 0915
19 0.731 0.922 0.955 0.947 0.826 0.981 0.940 0.932 0.960 0.866 0.996  0.945
20 0.671 0.877 0.923 0.895 0.765 0.928 0.881 0.889 0.917 0.797 0.989  0.922
F2 AEHMRELLBHER
Table 2 Results of quick comparison among safflower samples
Las
a 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
1 100 98.21 96.66 97.19 95.81 95.39 96.50 96.05 97.19 97.37 98.69 97.63 96.36 95.54 97.88 96.14 98.85 98.14 99.50 96.72
2 9821 100 99.58 99.80 99.31 98.94 99.62 99.42 99.59 99.34 98.81 99.83 98.99 99.45 99.65 99.58 99.26 99.55 98.17 99.56
3 96.66 99.58 100 99.81 99.83 99.41 99.90 99.77 99.64 98.84 97.73 99.28 99.52 99.72 99.61 98.45 98.57 99.25 96.77 99.61
4 97.19 99.80 99.81 100 99.69 99.35 99.85 99.78 9.75 99.20 98.12 99.59 99.36 99.58 99.62 98.82 98.90 99.35 97.17 99.81
5 95.81 99.31 99.83 99.69 100 99.78 99.86 9.93 99.62 98.97 97.19 98.87 99.67 99.91 99.35 98.04 97.99 99.09 95.87 99.76
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95.39 98.94

7 96.50 99.62

8 96.05 99.42

9 97.19 99.59

10 97.37 99.34

11 98.69 98.81

12 97.63 99.83

13 96.36 98.99

14 95.54 99.45

15 97.88 99.65

16 96.14 99.58

17 98.85 99.26

18 98.14 99.55

19 99.50 98.17

20 96.72 99.56

99.41

99.90

99.77

99.64

98.84

97.73

99.28

99.52

99.72

99.61

98.45

98.57

99.25

96.77

99.61

99.35

99.85

99.78

99.75

99.20

98.12

99.59

99.36

99.58

99.62

98.82

98.90

99.35

97.17

99.81

99.78

99.86

99.93

99.62

98.97

97.19

98.87

99.67

99.91

99.35

98.04

97.99

99.09

95.87

99.76

100
99.5
99.72
99.36
99.13
96.84
98.60
99.38
99.63
98.96
97.61
97.58
99.87
95.34

99.64

99.50

100

99.88

99.70

99.10

97.78

99.23

99.51

99.80

99.48

98.51

98.56

99.19

96.62

99.78

99.72
99.88
100
99.79
99.16
97.61
99.00
99.60
99.85
99.45
98.39
98.28
99.25
98.12

99.84

99.36

99.70

99.79

100

99.28

98.55

99.30

99.37

99.54

99.78

99.20

98.93

99.67

97.22

99.75

99.13

99.10

99.16

99.28

100

98.73

99.32

98.15

98.62

98.95

98.82

98.84

99.18

97.43

99.45

96.84 98.60 99.38 99.63 98.96 97.61 97.58 99.87 95.34 99.64

97.78 99.23 99.51 99.80 99.48 98.51 98.56 99.19 96.62 99.78

97.61 99.00 99.60 99.85 99.45 98.39 98.28 99.25 98.12 99.84

98.55 99.30 99.37 99.54 99.78 99.20 98.93 99.67 97.22 99.75

98.73 99.32 98.15 98.62 98.95 98.82 98.84 99.18 97.43 99.4

100 98.98 96.55 96.84 98.76 99.57 99.48 99.09 99.13 97.93

98.98 100 98.35 98.56 99.44 99.12 99.48 99.35 98.57 99.25

96.55 98.35 100 99.85 99.25 97.67 97.31 98.93 95.51 99.33

96.84 98.56 99.85 100 99.27 97.92 97.70 98.97 95.48 99.65

98.76 99.44 99.25 99.27 100 99.37 99.18 99.86 97.74 99.45

99.57 99.12 97.67 97.92 99.37 100 99.15 98.17 99.82 96.95

99.47 99.48 97.31 97.70 99.18 99.15 100 99.25 99.09 98.62

99.09 99.35 98.93 98.97 99.86 98.17 99.25 100 98.00 99.32

99.13 98.57 95.21 95.48 97.74 99.82 99.09 98.00 100 98.64

97.93 99.25 99.33 99.65 99.46 96.95 98.62 99.32 98.64 100
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88.86%, X 2 MEMAT Al LUSBRAL A k(5 H,

FRBE BN 11.14%, EE, X 2 AT AL
FALEFPLAER AR R,

®3 AUEHEREIMS DN

Table 3 principal component analysis of safflower sample
ERT Jr 22 R TTRRE % KBTIIRA/%

1 80.08 80.08

2 8.774 88.85

3 3.022 91.88

4 2.085 93.96

5 1.295 95.26

6 1.504 96.76

7 1.497 98.26

8 1.175 99.43

9 0.383 99.80

10 0.126 99.94

11 0.054 100.0

12 0 100.0
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Fig.3 The plot of PC1xPC2 scores of safflower by PCA analysis
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b DX F DI i A X RE T RN AR IS, Bk B4R
AU IX ARG RO EB TS, FEok b X AR R
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AL, ALK . BEOBIX . DL B35 DR 204 i 1 B
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Fig.4 Dendrogram of safflower from different places
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