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Abstract: Objective To establish the best drying method for Cichorium intybus leaves based on the content of chlorogenic acid
and cichoric acid and extracts; and optimize the best processing technology of C. intybus leaves, to lay a foundation for the
development and application of C. intybus leaves. Methods An HPLC method for the simultaneous determination of chlorogenic
acid and cichoric acid was established, the chromatographic column was an Agilent Zorbax Eclipse XDB-Cis column (250 mm x 4.6
mm, 5 um) with acetonitrile (A)-0.4% phosphoric acid water (B) as mobile phase gradient elution. The flow rate was 1 mL/min, the
column temperature was 30 ‘C, and the detection wavelength was 334 nm. The optimum drying method of C. intybus leaves was
determined by chlorogenic acid, cichoric acid, and extracts multi-index comparison. The cutting length, drying temperature, and
drying time of chicory leaves were investigated by central composite design-response surface methodology. The content of
chlorogenic acid, cichoric acid, and the crude extract and the color value, and appearance properties of decoction pieces were

comprehensively analyzed as evaluation indicators according to weight. Results The best drying method for chicory leaves was
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far-infrared drying. The processing conditions of C. intybus leaves pieces were as follows: the cutting length was 7 mm, the drying

temperature was 50 “C, and the drying time was 17 h. Conclusion The optimized processing technology of C. intybus leaves has a

high comprehensive score, not only retains the active ingredients to the maximum extent but also has a good color, reproducibility,

stable and reliable process.

Key words: central composite design-response surface methodology; Cichorium intybus L.; drying method; processing technology;

chlorogenic acid; cichoric acid; chromatic value; comprehensive analysis; far-infrared drying
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Fig. 1 HPLC of mixed reference substances (A) and C.
intybus leaf samples (B)
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Table 1 Content and comprehensive score of three components of C. intybus
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S5 AT 40 CH S3h
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S7 WASMRFE 40 CTHE 17 h

8.55 0.178 6 0.805 5 31.095 4 100.00 1
10.16 0.120 4 0.7505  28.9012 86.62 6
9.04 0.017 8 0.1509  28.6782 53.27 7
10.54 0.176 2 0.770 3 27.238 5 92.37 3
9.76 0.1750 0.6362  29.634 4 91.90 4
10.85 0.157 8 0.7078  28.3549 89.66 5
10.62 0.1670 0.755 1 29.568 6 94.37 2
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Fig. 2 Determination of three components at different

drying temperatures
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Table 2 Comprehensive scoring results with CCD-RSM experimental design and different experimental conditions

RIS Xymm Xo/C Xs/h LR TR/ % HERY%  BHY% SRRV 53 AT
1 10 (0) 45 (0) 15 (0) 0.084 1 0.378 5 23.889 8 58.62 35.34
2 5(-1)  45(0) 17 (+1) 0.124 2 0.4115 26.9517 60.38 36.99
3 10 (0) 50 (+1) 13 (-1) 0.1192 0.429 7 26.206 4 47.33 30.29
4 5(-1)  40(-1) 15(0) 0.120 7 0.3372 244550 39.38 25.86
5 15(1)  50(+1)  15(0) 0.1303 0.4317 28.824 8 44.10 29.33
6 10 (0) 40 (-1)  17(+1) 0.126 1 0.583 8 26.009 5 62.80 37.99
7 5(-1)  45(0) 13 (-1) 0.107 2 0.366 4 284122 52.16 33.24
8 10 (0) 45 (0) 15 (0) 0.079 5 0.333 4 225570 56.19 33.79
9 15(+1)  45(0) 17 (+1) 0.166 3 0.313 8 263515 33.94 23.62

10 10 (0) 45 (0) 15 (0) 0.095 6 0.426 5 24.8813 52.72 32.64
11 10 (0) 50 (+1) 17 (+1) 0.118 4 0.4429 26.200 2 55.65 34.44
12 10 (0) 40(-1)  13(-1) 0.085 7 0.392 1 23.683 4 60.62 36.29
13 10 (0) 45 (0) 15 (0) 0.092 3 0.401 7 24928 1 57.50 35.04
14 15(+1)  45(0) 13 (-1) 0.1350 0.261 8 253872 42.53 27.66
15 10 (0) 45 (0) 15 (0) 0.1019 0.529 0 247627 66.48 39.51
16 5(-1)  50(+1)  15(0) 0.152 6 0.443 3 29.8526 58.35 36.71
17 15(+1)  40(-1)  15(0) 0.026 6 0.070 2 26.704 0 22.60 17.99
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T stof SIZ 8 445 B AT 3 KT R TR0 o e S TR RS 43 T
gELATRN, 3 AR FN S I RS R R R R
IR X >X0> X5, Xos Xa? TR0 98 B ot = 1R 52 2
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Fig.3 Appearance character and powder color of decoction pieces
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Table 3 Appearance score and chromatic value measurement results with different experimental conditions

Fh i O EE SR Fh i O EE AR
s AR p , - I ac R SR A » ) .
1 75 4230 036  33.29 58.62 10 70 4423 1.54 3347 52.72
2 80 47.22 1.27 5584 60.38 11 80 43.19  2.06 3291 55.65
3 58 44.57 1.33 3441 47.33 12 95 4454  3.07 3298 60.62
4 55 4470  3.14 3238 39.38 13 83 42.90 1.94 3254 57.50
5 60 4173  2.15  33.09 44.10 14 80 4250  5.67  30.08 42.53
6 87 3991 0.63 3196 62.80 15 90 4197 032 33.65 66.48
7 83 4231 337 3182 52.16 16 75 51.82 1.73  36.68 58.35
8 85 4412 2.78  31.69 56.19 17 50 4414 7.06  29.12 22.60
9 57 4049 440 30.51 33.94
x4 BEESHSHEXNE Expert 8.0.6 #1221 3 AR 2R 2 (8 58 EAF A 257
Table 4 Correlation between chromatic value and N H:/ \gj ur] E/]_QEEE l“g] *ﬂ f—]?ﬂ% I l“g] 4, JEL
composition ﬂ@ﬁﬁﬂﬁ@ﬁ#m%‘%@_fwﬁH’I‘ﬁﬁ‘]ﬁtﬂ%l%ﬁ%
R Pearson AH¢ &1 VNI . T Design-Expert 8.0.6 #14F,
Z score (L) Z score (a) Z score (b) {:f@J%gE’]:FI;EI ZEONIHIEK 747 mm. F
Zscore SPULPEHD — —0.034  -0406 0161 BEIRE A 48.11 C TR 17 h, TLEA VP
Z score (4RJER) 0.064 -0.230 0.204 23N 39.415 5.
Z score (HER) -0.062  —0.890"  0.251 2.5 TEWIFRE
Zscore G 0312 0075 0208 N T SRR AT B R (B, T2
Z score (ZRErPFIY) 0.154 -0.826™  0.393 HORE Y B K 7 mm. TEREE N 50 C. ok
“p=001 WEA 17 he 1ZHEE I L ZSH0HT LERIE 3
&, RUVIRIBORX A B BUEA RE50m, 45 fit, 250 I9MER 33.75, RSD fE4 2.34%, 13
RIS, B SSNNAE 5 FNME R 2B, BB e R
2.4.6 WM HEHALAL S BIVECE I Design-  4F, Z5RIE 6.
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Table 5 Fitting regression analysis results

HERIE SFHAM BEE HAM FE O PE O BEW|FERE CPAAM BHE ¥WHM FE O PHE BN
Rt 362.62 9 40.29 1.77 0.2323 Xi2 155.80 1 155.80 6.84 0.0347
Xi 146.36 1 14636 6.42 0.0390 * X2? 12.31 1 1231 0.54 0.4862
X2 19.96 1 1996 0.88 0.3804 X3? 6.04 1 6.04 0.27 0.6224
X3 3.88 1 3.88 0.17 0.6923 &= 159.48 7 22.78
XX 0.06 1 0.06 0.00 0.960 6 KA 132.35 3 4412 6.50 0.0511
XX 15.17 1 15.17 0.67 04413 iRz 27.14 4 6.78
XoX3 1.51 1 1.51 0.07 0.8043 pog il 522.11 16
*P<0.05

200
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7 13 32.74 56.74
Xi/mm Xi/mm Xo/C
E4 3PMNERZENZEERMESITFSZmE =4 ihEmEMmESL%k

Fig. 4 Three-dimensional surface map and contour line of effect of interaction between three factors on comprehensive score
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Table 6 Process verification test results
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