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reducing sugars during the processing process of Rehmanniae Radix Praeparata (RRP) processed with Amomi
Fructus (AF) and Citri Reticulatae Pericarpium (CRP), and to lay the foundation for revealing the processing
principle of this characteristic variety. Method: The samples of the 0-54 h processing process of RRP processed
with AF and CRP were taken as the research object, and their secondary metabolites were detected by ultra
performance liquid chromatography tandem quadrupole time-of-flight mass spectrometry (UPLC-Q-TOF-MS).
The 0.1% formic acid aqueous solution ( A) -acetonitrile (B) was used as the mobile phase for gradient elution
(0-1 min, 1%-3%B; 1-10 min, 3%-9%B; 10-15 min, 9%-12%B; 15-22 min, 12%-18%B; 22-31 min, 18%-
24%B; 31-35 min, 24%-100%B; 35-36 min, 100%-5%B; 36-40 min, 5%-1%B; 40-45 min, 1%B), column
temperature was 40 °C, injection volume was 3 pL, flow rate was 0.3 mL+min". Electrospray ionization (ESI)
was used to scan and collect MS data in the negative ion mode, the scanning range was m/z 50-1 250. Data
analysis was carried out using PeakView 1.2 software, and the chemical composition of RRP processed with AF
and CRP was identified by combining the literature information and chemical composition databases. The MS
data were normalized by MarkerView 1.2, and then the multivariate statistical analysis was applied to screen the
differential metabolites, and the changes of the relative contents of the differential metabolites with different
processing times was analyzed, finally, correlation analysis was performed between the differential metabolites,
the change of the reducing sugar content was combined to determine the most suitable processing time of RRP
processed with AF and CRP. Result: A total of 121 compounds were identified from RRP processed with AF and
CRP at different processing times, and 12 differential metabolites were screened out by multivariate statistical
analysis, including catalpol, hesperidin, isoacteoside, acteoside, narirutin, echinacoside, isomartynoside,
decaffeoylacteoside, 6-O-E-feruloylajugol, dihydroxy-7-O-neohesperidin, jionoside D, and rehmapicroside.
With the prolongation of processing time, the relative contents of these 12 differential metabolites and reducing
sugars changed slightly at 52-54 h. Conclusion: UPLC-Q-TOF-MS can comprehensively and accurately
identify the chemical constituents of RRP processed with AF and CRP at different processing times, and the
suitable processing time of 52-54 h is determined according to the content changes of different metabolites and
reducing sugars, which provides a basis for revealing the scientific connotation of the processing principle of this
variety.
[Keywords] traditional Chinese medicine processing; Rehmanniae Radix Praeparata processed with
Amomi Fructus and Citri Reticulatae Pericarpium; ultra performance liquid chromatography tandem quadrupole
time-of-flight mass spectrometry (UPLC-Q-TOF-MS) ; differential metabolites; chemical composition;

processing time; correlation analysis
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Table 1 Sample information of Rehmanniae Radix Praeparata
(RRP) processed with Amomi Fructus (AF) and Citri Reticulatae

Pericarpium (CRP) at different processing times

ETE TR S8 i 18] /b ELE TR Sl B il /h
S1 0 S7 36
S2 6 S8 42
S3 12 S9 48
S4 18 S10 50
S5 24 Si1 52
S6 30 S12 54

2.2 R H A BORE S S1~S1225 2.0 g,
K% PRaE 8 T 250 mL B ZEHE R R A, R % in A H
B2 40 mL, R it 32 1 h, @7 AR P 1 h(500 W,
40 kHz) , 2& T U8 4R ok U8 , e 22 08 W 25 T, 3R oK -
CHECO: DA I 2 45 % 5 mL, T 12 000 r-min™ |
4 °CE.0 15 min(B 042 7.55 cm) , 42 0.22 pm 1%
FLUERE L 08, B FE S OTAT 6 0 L TR I . A fR A
il T TR A5 B 10 WL i) BT f 45 4 (QC) FE i o A
FIIZAT 20 QCHE S LU A A5 F2 Bk 10 S AF b
AT 1R QCFE &, LA IS 1) B 1 Fn e 52 1
2.3 XM WCR A HOREBE M B D s BE
OB R TR B R e
T 5-0 B LR RS B OBk o B L b C X
RO B AR PRE B TR, I 50% HY I
AR BE R 0.2 g+ LAY TR A % BE S W

2.4 A% %  Welch Ultimate UHPLC XB-C,, {7,
AL (2.1 mmx100 mm, 1.8 pwm) , ¥ i 40 °C , ¥ i#
0.3 mL-min”, JEFEFE 3 WL, L 0.1% PR K IE W (A)-
NG (B) 2 it 2l AR #E 47 88 B2 P& B (0~1 min, 1%~
3%B; 1~10 min, 3%~9%B; 10~15 min, 9%~12%B;
15~22 min, 12%~18%B; 22~31 min, 18%~24%B;
31~35 min, 24%~100%B; 35~36 min, 100%~5%B;
36~40 min, 5%~1%B ;40~45 min, 1%B) .

2.5 B A MW B IR (ESD , B A
TR A B, W R 4.5 kv, R R KR E
550 °C, L fEHL K -60 V, fif 15 B8 1 35 V, filf 4% fE &=
TG F-15 Vo S A (N, , 5546 i
BBV R SR O 55 mL e min®, AT N
35 mL-min, #1475 Bl m/z 50~1 250, A4 77 XN
BEB il & 9 ¥ 85, 2 5 i i 5 B4 8 (MMDF)
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(HMDB) B SCHEAF B, DDA B K2 il 24 Hb 35 #f
i P AR T R 121 A, W 2,
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Table 2 Identification of chemical components in RRP processed with AF and CRP by UPLC-Q-TOF-MS
WEY t/min EA el TR Sppm B TR f e FE A B 1 mlz
EFmlz
1 090 HER RI/ES CH,N,0, -13 [M-H] 173.105 0 156.078 1.130.675 8
2 1.06 A UIES CH,,0, -1.4 [M-H] 179.055 7 89.026 7.71.017 5.59.019 1
3 1.13 KI5 eSS C,H,0,, 0.8 [M-H]" 665.220 9 383.1202.341.108 7,179.054 8
4 1.17 U [N N C,H,N,O; -44 [M-H] 267.072 0 221.063 9.119.034 9.89.026 2.59.018 2
5 119 HEE=HE S C,H,,0,, 3.7 [M-H] 503.165 8 443.142 6.383.121 3,341.109 4,221.065 1
6 1.26 DL--5#R ELNiES C,H0, 3.1 [M-H] 133.013 8 115.003 9.89.026 2.71.017 7
7 1.35 B S C,H,0,, 47 [M-H] 827.2814  665.223 7.485.156 1.,383.121 4 ,341.108 2.,
179.055 5,113.022 8
8 1,46 5-F A1 SLgems ¥ UES CH,0, 0.2 [M-H] 125.022 8 97.029 1.55.027 3
9 1.61 JHEAE e C,H,0,, -1 [M-HJ 341.1090  212.0958.181.074 4,161.046 9.113.031 5,
96.963 2
10 1.83 frB#R EERINiES CH,0, -0.8 [M-H] 191.020 0 173.008 1,129.018 8.,111.008 4
11 243 4 S C,H,,0, 1.5 [M-H]I 341.108 4 297.091 7.161.044 0.143.033 7.119.035 7
12 2.82 XA H:R A LIRS C,H,0, -0.9 [M-HJ 163.0392 119.053 0.99.922 6.61.987 9
13 283 fpmEr? WiBEmE 2 C (H,,0,,  -0.4 [M+COOH]™ 407.1404  361.116 1,343.112 8,199.059 7.,181.049 4,
169.049 2.,137.023 4,127.038 8
14 2.84 ZHEIR CRIES CH,NO, -07 [M-H] 130.087 8 88.040 5.61.994 6
15 285 EUFEEE EBEBE 28 CJH,,0,, 1.3 [M+COOH]™ 409.149 3 363.122 0,201.076 7.183.065 6.171.064 9
16 290 Hi¥EEC WImBERE S CH,O, 0.1 [M-H] 199.063 7 155.033 8.,137.060 5,109.032 0
17 292 Rk S CH,,0, -1.1 [M-H] 179.056 1 113.023 9.101.026 4.95.016 1.89.026 0
18 2.98 JRIEH [ZRZEN C,H,N; 0.6 [M-H] 134.048 6 107.039 0.92.035 3.65.020 8
19 3.4 firFul UES C,H,,0, 12 [M-H] 503.158 1  485.176 1.383.123 4,341.108 4,323.109 9,
210.070 6.179.052 7.161.054 1
20 333 5 [F3ES C,,H,N,O, 08 [M-H] 282.084 3 238.069 6.150.041 4,133.014 7.,108.020 8
21 348 L-FEER CRIES C,H,NO, -09 [M-H] 180.065 2 163.060 8.136.036 6.92.967 7
22 375 BELEE S CH 0, -1.1 [M-HJ 179.055 7 135.046 9.113.023 9.89.026 0.71.016 3
23 376 WArA ULES C, 1,0, 44 [M-H] 449.135 2 287.077 1
24 378 3,5-TRHE-3-HURLWER AT ML CH,0,  -08 [M-H] 147.0658  87.006 9,75.010 7,72.995 8,61.990 7.
57.024 8
25 4.07 BEeEIEIH Y G BERE 1T C H,,0, 3.0 [M+COOH]™ 391.1547  345.1154.229.072 2.185.080 2 .165.054 9.,
149.060 5.,123.045 1
26 433 L-KNAMR IR JIES CH,NO, 05 [M-H] 164.074 5 147.046 5.103.058 7
27 523 HE{FDY WBEBE 1726 C,,H,0,, 5.0 [M-H] 685.227 4 505.162 1.341.1112,179.055 8
28 529 LR T 2 2 CHO, -0.1 [M-HJ 153.019 3 109.029 7.108.021 8
29 544 TR R BERE 128 C, H,,0 22 [M-H] 523.169 1 361.106 8.,343.113 2,179.055 0
30 547 W4 B M EEBE 28 C,H,,0, 1.9 [M+COOH]™ 569.174 8 361.115 3.343.103 9.179.055 3
31 641 FUBFAY W EERE 1728 € H,,0 ) 1.8 [M-H]" 387.130 5 225.075 9.179.054 9
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ZR2
1 1 /min ks K HFR oppm  BFHGE gﬁ; R F BT
32 646 LAFKT KOWHX  C HO0, -14 [M-HI 299.076 9 179.0359
33 6.61 MEE{FCY W B H 2 €, H,,0,, 1.4 [M-H] 509.1912 463.107 3.179.0552.161.043 9
34 710 - - C,H,NO, -0.7 [M-H] 236.055 6 192.065 4.164.071 0.,67.022 7
35 7.3 XWHE T Fofl CH.O, 0.8 [M-H] 109.029 6 84.913 9.41.023 4
36 7.5 FNEAMR IR CH NO, -05 [M-H]J 164.0644  118.400 5,103.000 1,92.200 7,77.100 7.,
42.300 2
37 7.32 JEILARIE T i 2 C,H,0, -1.1 [M-HJ 137.024 1 109.028 6
38  7.44 kankanoside F KOBEWE  C,H,0, 3.3 [M-H] 623.2127 477.165 8
39 7.56 ZH DR WS H2 ¢, 1,0, 3.9 [M-H] 389.147 4 227.091 5.167.016 2.101.024 3
40 7.66 5,7-—)%4k-1(3H)- HAb C,HO, -1.0 [M-HJ 165.018 9 121.028 7.93.035 5.65.006 6
S5 T 0 W P
41 773 K2 HIETE 2L C,H,,0,, 0.3 [M-H] 389.110 5 345.119 5
42 7.7 FEHE TR WAEBERE R CHL0, -0.4 [M-HJ 183.065 6 137.023 6,121.071 9.93.035 3
43 7.89 fpbpERy WG BERE 1728 C JH,,0, 1.1 [M-H] 347.138 4 167.069 7
44 8.00 EM-4AETFm RGBT C (H,,0,, 0.9 [M-H] 375.1319 213.076 7.195.065 3.179.055 6.169.086 7
45 836 BIMMMEBLEEBAAEMT RIEHE  C,H,0, 3.0 [M-H] 461.167 8 315.109 4,297.098 3.161.045 1,135.045 1
46 8.65 8-KF/AKM HimER 2% C H,,0,, 03 [M-HJ] 3751319 213.076 7.195.067 5.179.055 6.,169.086 7,
151.076 2
47 881 HETHI WA BERE 72 ¢ H,0,, 0.5 [M-H] 373.114 0 211.056 1,179.028 7.149.059 2,123.044 5
48 9.29 frehmaglutin A B MK CH,0, 0.5 [M-H] 299.1502 183.101 8.139.111 9
49 945 RAEKEHTF KOBWHK  C,H,O, 43 [M-HI 487.1499 179.0353.161.023 6
50 979 FEE HoAth C,H,0, 0.1 [M-H] 151.040 2 136.020 8,121.029 3,105.055 5
51 10.15 fEFiR WA BER 7% € H,0,, -0.5 [M-HI] 373.1156 211.060 0,193.049 1,167.071 4
52 10.26 FUELR E RS C,H,0, -18 [M-H] 193.054 5 178.025 3.149.063 0.133.028 9
53 1059 PIMETHF RO C,H0, 1.5 [M-H] 487.148 1 325.091 6.179.0353.161.023 6
54 10.87 AR T B ¢ CH,0, 1.4 [M-H] 167.034 9 152.0122.108.023 1,125.024 4
55 1111 M #EHTG E B MY C,H,0, 3.7 [M-H] 4452121 265.144 6.161.045 0
56 12.61 S-RFEEFINM £P=WE  CH,,0;, 0.8 [M-H]" 283.154 7 183.101 6,153.090 6,139.111 4
57 12,65 - - C, 1,0, 1.4 [M-H] 487.1478  323.078 5.179.034 6.161.024 0.135.045 2.,
133.027 8
58 13.46 A AF BB 726 € H,0,, 2.8 [M-HI 389.1474  343.118 1.321.026 5.229.039 0.197.124 6,
139.039 8.116.929 2.61.987 5
59  13.72 darendoside A BWOBEHHR  CH,O, 0.9 [M-H] 431.158 9 293.124 3,161.039 8.137.016 5
60  14.28 4-M1 4 Ik P H: R KN B C,H,0, -04 [M-H] 177.055 4 176.498 7.131.051 0,105.070 2
61 1449 HiE T £B MY C H,O0, -1.0 [M-H] 345.157 8 179.0558.165.094 1.,119.034 5
62 1452 HER B2 C,H, 0, -2.6 [M-H] 367.1177  217.0522,202.028 3.161.023 8,158.038 6,
149.061 0.132.022 5
63 14.94 HiECHiH F ®¥2W% C,H,0,, 48 [M-H] 4452110 265.1447.235.1332,191.141 3 113.024 2
64 1548 MHEHT D WG BB 2¢ ¢, H,NO,, 1.1 [M-H] 496.185 0 166.049 6.122.060 9
65 1579 HLEHiHG B S 2MY CH,0,  -0.7 [M-H] 299.1555 183.102 6,139.112 1
66 15.86 oxyrchmaionoside B %% Ml C H,,0, 0.1 [M-H] 405.208 1 243.161 6.213.148 1.161.039 4
67 1589 1-82JE-2,6,6-= Ik A HLERZE C,H,0, 0.1 [M-H] 183.101 3 137.096 9.83.049 0
2-F O R IR
68  15.93 FRILIE T4 HMmERE 26 C,H,,0,, 0.2 [M-H] 403.124 6 371.100 9.223.060 0.165.054 7
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gk 2
9 1 /min ks K HFR oppm  BFHE gﬁ; R VBT i
69  16.05 S FUELR ENCE N C,H,0, -09 [M-H] 193.050 2 175.036 9.163.042 0.149.059 4.71.020 8
70 16.57 IZRM-3-0-FifE BT #AZE C,,H,,0,; 1.9 [M-H] 593.1578  575.147 4,503.124 7.473.113 7,383.079 9,
353.068 5,191.037 3
71 17.85 FT-2,47 - B2 CH,,0,, 49 [M-H] 623.169 6 533.136 6,503.123 9.413.089 4.,383.077 8
72 18.09 Al EK-7-O-wAMEIT  FANZE C,H,,0, 3.9 [M-H] 433.116 8 271.060 5.151.007 3
731871 HMRET KR CH,0, 46 [M-H] 785.262 4 623.227 6.161.02 3
74 18.89 X E IR By i 2 C,H0, -1.1 [M-H] 137.024 1 136.599 3.92.028 4.75.091 0.65.006 0
75 1934 6-O-F WAL B RIGERRE S C,H, 0, 0.7 [M-H] 497.1713 167.0342.123.045 6
76 20.10 - - C,H,NO, 0.7 [M-H] 268.060 9 222.055 5.143.038 0
77 20.59 WEEER pyES C,,H,,0, 22 [M-H] 371.081 9 356.092 0.341.103 2,209.022 9.119.051 2
78 20.98 HLEFIF A B 2 C, H,,0,; 1.8 [M-H]J 523.1715  361.117 5.199.060 8 .181.051 6.179.055 0.,
161.045 2,119.034 4,101.025 8
79 21.06 HLETB R BERE T2 C  H,,0, 1.3 [M+COOH]™ 435226 9 389.220 8.179.055 3.161.045 2
80 2195 TRIAL-7-O-FRE LAY WEIE C,H,0,, 4.6 [M-HI 595.173 3 287.054 7.151.003 1,135.044 4
81 2228  6-O-E-FIBMCILAE WIMEERNZ  C,H,,0, 1.3 [M-H] 523.183 7 361.130 1.193.049 9.175.038 3
A
82 2236 JIIBREZH pES C, H,,0, 47 [M-H] 401.1353 371.113 7,357.134 3.,233.040 4
83 2278 G-O-XfEIEIEAEEME R EERE 1 C,H,0,, 2.4 [M+COOH]™ 511.148 6 465.247 7.306.924 9.238.927 0.179.055 6
S
84 23.15 TEALWEFF" RO E CH,0, 29 [M-H] 623.206 6 461.169 7.315.110 6.161.023 8
85 23.73 Ml & RS C,H,,0, 0.9 [M-H] 271.076 4 117.928 9
86 24.14  6-O-E-UNMEBEIEA 4 K LBEH K C,H, 0, 1.3 [M-H]" 509.174 5 347.1125.179.033 0.161.023 2
B
87 2434 fEHMIKL LB B, WOWHE  C,H 0, 42 [M-H]J 813.293 7 637.242 6.491.180 4,175.039 3.160.015 7
88 2450 it pCES C,H,0, 1.0 [M-H] 447.098 2 301.037 7,271.028 1,255.029 7,.178.998 3,
151.004 9
89 24.61 SAMFFLRRAY ROBEHZE  C,H, 0 2.5 [M-H] 623.206 6  461.169 7.315.110 6.,179.035 0,161.023 7,
135.045 1
90 2470 ZEFMETF puES C,H,0, 22 [M-H] 579.179 1 313.074 0,271.060 6 .151.003 0
91 2479 &MELFE GBS C,H 0 0.9 [M-H] 373.083 2 327.148 8.271.057 4.215.065 8 .145.943 5
92 2575 A" [ EES C,H,,0,, 1.5 [M-H] 609.188 2 325.070 3.301.069 6.286.047 4
93 2581  5,7-FiHk-6,8,47- WA C,H,0, 0.6 [M-H] 343.085 8 298.0122,203.070 7.198.032 0.173.060 7
= S B
94 2583 MR EIES C,H,0, 1.6 [M-H] 301.073 2 285.042 7.,217.050 8.,171.028 9.,151.004 5
95 25.88 3-O-HIALHH I & pES C,H,,0, 0.9 [M-H] 315.047 7 300.0343.269.151 7.136.112 7
96  26.09 3',5,7-=FE3-47-H I C,H,0,, 29 [M-HI 607.176 1 299.055 8
AT -7- 25 T
97 2648 MEMHHKLETTD KWEHH  C,H O, 3.7 [M-H] 637.2202 461.168 9.175.039 4.161.023 7
98  26.76 HLTEHG D BT EMZE  C,H,,0, 0.0 [M-H] 4292154 267.159 3.249.149 1,231.137 8
99 2691 6-O-Xf A BEALAN 7w B RIGEERE S C,H, 0, 0.7 [M-H] 493.175 1 331.120 5.163.039 2,119.049 8
100 2733 PR EEES C.H,0, -42 [M-HI 3452346 330.103 7.179.028 0.165.094 2 ,149.037 2.,
121.100 6
101 27.47 KHIFETF A RmFE CH,0, 3.0 [M-H] 637.224 0 461.167 9.175.039 2
102 28.18 S-Buf &1 B B 4F RBEBE 1T C,H,,0,, 0.7 [M-H]" 523.1834  343.1124.193.048 3.175.037 8.160.014 7,

134.037 7
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gR2

et o fmin St KW BTR opm WEER N0 W B iz

103 28.63 Hi4rC WismEwE 2% C, 1,0, 46 [M-H] 719.264 8 523.187 2.341.103 9.193.049 9

104 3040 MBI WimER 2% C,H,0,, 47 [M-HJ 759.351 5 421.207 1.347.139 0.249.149 4

105 31.24 Hh#Eif HKOWHE  C,H, 0 0.6 [M-H]" 651.238 5  505.176 0.265.071 7.193.050 7.175.039 2,
161.022 6

106  31.51  acgineticacid5-0-8-D- %% “Fi2¢  C,H, 0, -05 [M-H] 413218 9 249.158 6,223.160 2

quinovoside

107 32.61 My B 2 C,H,, 0, 2.1 [M-H] 593.196 1 285.075 7

108 3270 SARAER B2 C,H,,0, 1.9 [M-H] 285.075 9 173.006 9.133.064 9.105.070 5.67.018 6

109 32,71 HUECHFH WisEtE2% C, 1,0, 42 [M-H] 613.273 6 347.129 3.167.069 9.165.089 6

110 32.91 fHIRRTT ROBEWE  CH,O0 3.6 [M-H] 651.238 8 193.0503.175.0399.160.016 6

11 3295 FEFHAFC WOWHE  C,yH, 0, 22 [M-H]J 591.2150 429.173 8.161.023 2

112 3298 SHb#EY WOWHE  C,H, 0 45 [M-H] 651.236 8 475.187 0,193.050 0,175.039 3

113 33.39 - - C,H,0, 3.9 [M-H] 5352596 265.071 1.205.049 5,163.039 7,145.028 7.
119.049 6

114 33.44 4D ot C,H,N,0, 33 [M-H] 726.393 7 696.337 4.590.341 6

115 33.56 HLE{HHE C £ WA C,H,0, 22 [M-H] 535.258 9 163.039 7.145.029 3

116 33.72 HLFEHFF R BERE 128 C, H,0,, 3.3 [M-H] 597.252 2 267.154 1.249.149 3.167.068 6

117 33.81 B B MY CH,0, 1.4 [M-H] 267.160 7 223.168 9.205.158 1,153.090 4

118 33.99 pinellic acid Jig Wiy 1R 2 CH,,0, 4.0 [M-H] 329.233 4 311.223 4,229.1450.211.133 8

119 3426 e R S S C,H,0, -0.1 [M-H] 469.186 7 423.162 7.199.110 3

120 34.84 HAEMR IR K CHN,0, 4.0 [M-H] 154.059 2 137.087 4.118.067 1.109.084 6.106.039 3

121 35.65 WilR LU ES CH,,0, 1.0 [M-H] 279.232 8 161.044 0.116.927 2

e V% IS B X 5 84> AL 5- [ a-D-glucopyranosyl- (1-6) - a -D-glucopyranosyloxymethyl] -2-furancarboxaldehyde ; i 4+ B.3'-0-8-D-
glucopyranosyl-catalpol; i, 4 C.6-0x0-4 " -(3-methoxyl-4-hydroxyph-enylglycol-8” ) -feruloyl-ajugol; & 53 D. ¥ (H % I -L- 22 S ok -L- i /A I -L- 52

G - L5 B2 Bk - L -l 2 k- L - s 2 e )

2.7 ASTRLHE R A 0 25 A A A dE
MarkerView 1.2 ¥ 17 0¥ 71 4b B, 60 §5 & Mg | 06 42
YR W 55 g TR S R v AR — Ak A A B S Y
G A SIMCA 14.1 #47 Z e Gt 40 b7, WA 1.
M FE B S3 53 BT (PCA) 15 43 AT R, 45 960 i B[] i A
i ZH PN B PR /0N 36 W AN (] A o) B 1) 2 o 2 — Pk
B B3 A T) e ) B 80 f) 12 2EL A8 31 & =2 T80 A — 2 Y
[y R TG PO D SR N e o - SR A A
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155y UL 1B, 25 SR RPY (Y il 1) 455 780 g 3R
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Fig. 1 Multivariate statistical analysis of RRP processed with AF and CRP at different processing time
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Correlation analysis of different metabolites of RRP
processed with AF and CRP at different processing time
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