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Quality evaluation in processing of Rehmanniae Radix based on “black as paint
and sweet as maltose”
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Abstract: Objective To study the changes of appearance and internal composition of Dihuang (Rehmanniae Radix, RR) during
steaming, so as to provide a new basis for quality control of RR. Methods The morphological changes of RR were observed by image
processing technology, colorimeter, and texture analyzer during the nine steaming and nine sun-drying process. UPLC/ESI-Q-TOF MS
was used to determine the chemical constituents of raw RR and self-made nine steaming and nine sun-drying RR. The content of
oligosaccharides obtained from one steaming and one sun-drying to nine steaming and nine sun-drying was determined dynamically
by HPLC-ELSD. The correlation analysis was conducted by using multivariate statistical analysis to investigate the correlation between
the morphological characteristics, chemical components, and oligosaccharides of RR. Results Black as paint: With the increase of
steaming and drying times, L*, a*, b* and E* of Rehmanniae Radix Praeparata (RRP) showed a downward trend, and the color gradually
became darker. It was found that the change of color had a certain correlation with the internal chemical components such as citric
acid, 6-O-E-feruloylajugol, daredoside A, martynoside/isomartynoside/isomer. Sweet as maltose: A total of 10 peaks were identified,
among which the content of peaks 3, 6, 8 and 10 decreased (which were disaccharide, trisaccharide, tetrasaccharide and pentaose,
respectively), while the content of six components increased, which were respectively peaks 1, 2, 4, 5, 7 and 9, among them, peak 5
and peak 7 (speculated to be disaccharide and manninotriose) may be used as more superior markers to evaluate the quality of nine
steaming and nine sun-drying RR. In the process of RR reaching nine steaming and nine sun-drying, a variety of internal chemical
components changed. The correlation analysis results of the changes of chemical composition and carbohydrate in RR with color, gloss,
hardness, adhesion and chewiness showed that there were some correlations among the above. Conclusion This study analyzed the
dynamic changes in the appearance and components of RR with different steaming and sun-drying times, further elucidating the
scientific connotation of different steaming and sun-drying times of RR, providing certain experimental basis for the saying “black as
paint and sweet as maltose”.

Key words: Rehmanniae Radix Praeparata; processing; quality evaluation; color; properties; sugars; chemical composition; correlation
analysis; UPLC/ESI-Q-TOF MS; HPLC-ELSD; citric acid; 6-O-E-feruloylajugol; daredoside A; martynoside; isomartynoside
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Fig. 1 Appearance of RR (A) and RRP (B)
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Table 1 Color measurement results of three batches of RR samples with different steaming times (X £ S, n=3)
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37.02£0.09 4.67£0.47 5.45+0.69 37.48+0.15 35.1110.18 4.87+0.09 6.41+0.11 36.03+0.17 37.15+0.09 3.74+0.10 5.49+0.28 37.74+0.09
25.08£0.21 3.3410.30 2.33+0.18 25.25+0.23 25.3310.39 3.67+0.43 5.56+0.36 26.19+0.33 25.39+0.16 3.43+0.16 4.17+0.10 25.96+0.15
24.311£0.54 2.0610.13 2.80+0.47 24.51+0.52 23.2010.25 2.3610.26 3.96+0.07 23.66+0.25 24.07+0.14 2.67+0.21 2.49+0.14 24.34+0.15
23471055 2.441+0.22 1.471+0.48 23.57+0.51 22.41+0.43 2.33+0.12 1.73+0.14 22.60+0.40 23.38+0.16 2.36+0.27 2.28+0.13 23.61£0.15
23.021+0.26 3.27+0.21 1.70+0.24 23.15+0.24 20.33+0.22 3.39+0.23 2.09+0.08 20.72+0.18 22.65+0.13 3.32+0.15 1.24+0.14 22.9210.11
24.9610.15 4.22+0.33 1.81+0.09 25.11+0.14 21.82+0.82 3.45+0.20 2.16+0.13 22.19+0.82 23.47£0.25 3.21+£0.16 1.51£0.14 23.7410.23
22.81£0.20 2.9810.40 2.38+0.52 23.00+0.26 22.4210.25 3.19+0.26 2.27+0.18 22.76+0.24 22.44+0.11 3.41+0.24 2.26+0.16 22.81+0.11
23.051£0.23 3.3310.54 2.94+0.43 23.31+0.35 22.301£0.22 3.52+0.26 1.45+0.11 22.62+0.20 22.40+0.22 3.27+0.16 1.26+0.04 22.68+0.23
23.62£0.35 3.8510.23 2.52+0.28 23.84+0.35 22.7810.36 2.63+0.40 1.20+0.06 22.96+0.32 22.72+0.15 2.59+0.22 1.09+0.24 22.89+0.13
23.34+0.49 4.31+0.14 0.97+0.84 23.45+0.47 22.49+0.13 3.51+0.31 0.92+0.23 22.78+0.16 22.23+0.21 3.29+0.18 1.01+0.34 22.49+0.20
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R2 IHAEFRFERYAMEALKREMAMEMMELER (1=23)

Table 2 Water contents and internal textures determination results of three batches of RRP samples with different steaming

times (n = 3)

7 Lt

B BAKE%  BEIN G BRREHJIN FHE/(N-mm) Ft/ratio  FEPE/mMm O IREEN O PHEHE/MI
1 17.40 65.19 —6.85 13.84 0.31 4.50 19.91 89.79
2 17.74 58.30 —6.44 19.40 0.33 3.75 19.33 72.37
3 18.96 53.33 —4.23 10.54 0.34 351 18.01 64.05
4 19.41 49.71 -5.29 13.58 0.33 3.40 16.36 56.87
5 21.85 33.52 -3.88 6.45 0.26 1.97 8.58 17.02
6 23.40 29.35 -3.42 3.92 0.20 1.79 5.83 10.47
7 23.56 24.48 —2.27 8.33 0.32 3.10 7.95 25.43
8 25.25 23.57 -3.32 8.65 0.31 2.52 7.20 18.12
9 29.58 11.56 -1.16 1.66 0.19 1.66 2.20 3.67

2L 24k

U HKEM TN BRKENZIING FE/(N-mm) A RMrato  #tE/mm  REMEN O IHE /M
1 15.19 63.18 —6.65 9.77 0.27 3.09 17.29 53.96
2 15.22 52.42 —6.04 14.52 0.29 3.70 14.95 55.34
3 15.73 49.11 —5.54 15.68 0.33 3.79 16.12 61.98
4 15.97 42.57 -3.73 12.20 0.31 341 13.15 46.39
5 17.92 26.09 -3.83 23.18 0.44 6.05 11.47 69.72
6 19.29 27.09 —2.77 7.00 0.29 3.23 7.62 24.04
7 19.41 27.29 -3.22 9.37 0.34 3.15 9.36 30.53
8 19.27 23.32 -3.42 7.06 0.25 2.38 5.96 14.57
9 22.00 20.00 -3.42 5.61 0.22 2.04 4.42 9.04

ZEI 234k

WH SKEM  BEEIN BOREM AN BE/(N-mm) R MEratio  #dE/mm BREEN IEEE/MI
1 17.96 54.38 -5.59 17.54 0.35 4.46 18.81 84.05
2 17.96 38.00 —5.74 26.90 0.44 4.86 16.68 81.16
3 19.50 31.72 —4.03 9.09 0.25 2.74 7.99 23.29
4 23.41 24.48 -2.32 4.86 0.27 231 6.53 14.73
5 22.62 32.07 -3.17 3.42 0.21 1.63 6.86 11.24
6 23.77 30.51 —2.42 3.31 0.21 2.03 6.42 13.02
7 25.42 23.37 —2.57 4.73 0.25 2.17 5.73 12.62
8 24.83 19.35 —2.22 4.37 0.25 212 4.87 10.30
9 27.31 16.74 -1.36 1.78 0.19 1.75 3.26 5.95
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3-A, BB 10 Mg, SRH 1~10 Xk
W ThRIL. PASEREXT RS (B 3-B) NE%, iR
PEAERT > F B IR A A, m R EHE I H S
[RIAPE, I DA AU FR) DEg TR AR AE ik g T AR R ) o B
oA T 2 R TR M AR R AR AR RN
B SCRRIRIE K SR I T SR, 0 B T ) 5
BE R BEATHEN . BT 7E 16 min AbR 2 437 20
W, HEM 16 min BT HVEIY T AT RE N BLRE, B 1.
2 SUENTRE N ENE RS, T AR IS AR SRR HE
(P H I TR PN o 3~5 S UAE 2 585 FE SERRUE M,
NN —FE; DA, 6. 7 S IEHENA =¥,
8 SUEHEM N IURE, 9. 10 S IEHEN Ny FLHE .
2.5.6 FHERE S EBM T PG E 7R ]
I FE AR LA VIR T AR & EL AR A A 3R S . &5
R, HPRSIRT S R ZE R EOR. fEAE
1 SIS ERAL, 22 R#ERE, HEEaRl Tt
(P<<0.01), FETEVUZE VYA L 2 EE, BEE SR E
TREES, (HEEN EFHES, 2 SigEfEAHE
(& EFERAR, EARERET S EEE LA (P<
0.01), {H Nz L. T 3. 6. 8. 10 UL I
JE & EPERK, EELERN. 4. 5 SIE2EH
HIREFE A HBLE R, 4 5 0Bt A R B 1
o, EEZETE, JRELAE LA REE, 2
JE R T, BRE ETHEaR 5 SRR
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Fig.2 TIC of RR (A), RRP (B) in negative (-), positive (+) ion mode
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®3 EHER. ABABERMERPUFERIEANER

Table 3 Results of identification of chemical components in RR and “nine steaming and nine sun-drying” RRP

L, W _— —BBH (mlz) - PN N

i} i LR GRS WEE R FE0Y BTER ZHHER () et A
1092 HE=H CisHpOs 5031607 5041688 -16  [M—H]" 383.116 5, 221065 0 £
2 L47 BRI CisHzOs  503.1610 5041688  -15  [M—H]" 341.1063 £
3 147 BHR-3-0- AR R CoHxO1s 5931560 5941580 8.1  [M—HJ" 340,084 2 -
4 191 FriEe CeHsOr 1910198 1900197 04  [M—H[ 173008 1, 129.018 8, 111.008 4 Fo4
5 267 B CisHzOn  380.1549 3801536 -0.5  [M+NH* 165.053 2 + -
6 302 frEMa CsHzOn  407.1191 4071195 10 [M—H-+HCOOH] 361.1111,199.058 9, 181.05, 169.049 5 +-
7314 B CoHzOn 3411085 3421158 -12  [M—HJ 281,086 1, 221.063 2, 179.054 8 -
§ 323 Rl CuH1sNsOs 266.0865 2670067 02 [M—H]" 134.0440 y-
9 415 Bk CisHzOy 3911236 3911246 24 [M—H+HCOOH] 3451132, 183,062 4, 165.052 1 -
10 419 g RuE CisHasClOw 4430954 4430962 17 [M—H+HCOOH]™ 397.0877,197.019 8 -
11 442 DM CuMuOn 7042606 7042578 -03  [M+NHJ* 489.158 8, 4711477 T
12 453 % Jppete CaHzOis  569.1722 569723 02 [M—H-+HCOOH]™ 523.167 1, 365.113 2, 343.102 3 y-
13 454 AL CuHpOis 5422077 5422057  -04  [M+NH{* 3451146, 183.064 7 -
14 506 FeFHERN CisHuzOnw 7472356 7472353 04 [2M—H] 373.1114,211.060 1, 149.059 9 -
15 508 #BEHI CisHuOs 3931394 3931402 22 [M—H+HCOOH]™ 347.1325, 167.069 7 +-
16 52 TERM CoHuOs  197.0455 1980527  -0.1  [M—H] 151,039 4,123.0451 -
17 523 L24-%=HE CeHiO:  127.0391 1260315 0.7 [M+H]* 109.0278 oo
18 5.23 5-FH AR CeMsOs  127.0391 1260311 07 [MHH]* 109.0278 T
19 529 5-FHUAE-2-Ikm RIS CeHsOs 1430339 1420261  -0.1  [M+H]* 143.0325 T
20 537 SRFAKMIFASFWALT  CpHuOn 3751296 3751300 03 [M—H] 213,074 5,169,085 2, 151,075 8 y-
21 553 K= CuHzOu 380.1085 3801089 11  [M—H] U5.1174 +-
22 561 [RolmmEE B SRR CaHxnOp 4611658 4621739 -13  [M—HJ] 315.108 7, 135.044 2 T
23 564 FHAT IR CisHuOn 375.1293 375.1246  -11  [M—HJ 2130760, 169.085 4, 151,075 5 oo
24 565 RFEAKIIFSFWALT  CpHuOnp 3751293 3751300 46 [M—H] 213,076, 169.085 4, 151,075 5 y-
25 599 AT CaMzO1;  487.1447 4881528  -20  [M—H]" 179.0337,135.044 8, 133.0299 £+
2% 761 THMA-O-wL-REFHHES  CisHuoOs 3431037 3430262 08 [M—H| 197.0437 +-
21 171 daredoside ALY CoHpO 4751818 4754747 -05  [M—HJ 1610458 oo
28 921 MEHHT CHisOn 7852516 7852633 09  [M—H] 623.2176, 461.160 6, 161.023 0 T
29 .70 MR R R CoHxOr 4610656 4611592  -18  [M—HJ" 161.0418 y-
30 996 HFEH CuoHis0s 1831028 1831027 08  [M—HJ 139.1101 fo4
311071 HEHEE LR ALAZ CHuOn  799.2674 7992570 10 [M—HJ 6232178, 315.105 8 T
321071 WHAETAL CxHiOn  799.2674 8002766 10  [M—H] 623.2178, 160.017 0, 135.043 7 F+
33 1158 HELT = AN CiHuOs 3912328 408574 05 [M+HJ 1931535 T
34 1250 ST CoHyOis 6231980 6242058 03 [M—HJ" 461.164 6, 315.108 5, 297.094 9 o
35 1250 FESRIEHH CaHacOis  623.1980 6231865  -03  [M—H]" 461.164 6,315.108 5,251,055 4, 179.033 3, 1610233 +  +
36 1251 R AL CaHacOis  623.1980 6231865  -03  [M—H]" 477.1385,443.153 5, 315.1085,179.033 3, 1610233 +  +
37 1253 A CoHyOis 6422398 6422380 09 [M-+NH{* 3250927 T
38 1295 HEMIHE LETBLBY CyMsOn 8132843 8132729 25 [M—HJ 491.1726,193.049 7, 175.039 0 £
39 1328 T cpEH 1 CoHxOis 6231980 6231981 03 [M—HJ 461.1641,161.0231 o4
40 1383 FEHER LEETDUD CaMuxOis 6372144 6372138 10 [M—HJ 461.1651,175.0389 T
41 1437 6-0-EMTABAMEERL  CsHpOn 523.18205321821 01  [M—H| 193.0498, 175.0375 ¥ -
42 1481 MHEEIRMEFF S RIEDY CuHoOis 6512296 6512295 02 [M—H] 475.1797,193.049 8, 175,039 2 T
43 1514 MEEIRIEFFH RIEDY CuHoOis 6512298 6512294 06 [M—H] 475.1788,193.048 7, 175,038 7 T

R I S XTI E ), “+7 R AT DU R, =7 RoR AR

* is a compound that has been compared by a reference, “+”” means detectable, “— means undetectable.
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Table 4 Variation of main chemical constituents in steaming and drying process of RR
- JA— AR AR
pAe
6-0-E-FT B8 1% _ AL fEHEHEL FEMBOR ST/ R BT/
QH frk® ... darendoside A FARFGH HIEE T ERIRETA BEERT
S ’ BEEAUA2 T BRI ZEHD  RARHE

0 308766 043178 017020 053270 0.76484 0.63946 267353 048185 044943 0.290 24 1.478 30

1 250948 0.13697 0.46364 058195 116343 071120 270863 047340 092098 0.30542 1.024 89

2 199762 0.07719 031172 082912 095706 142302 256324 058717 134761 0.36801 0.538 24

3 317534 0.026 25 039720 052476 104677 086919 210981 057629 131941 0.23562 0.719 36

4 259876 0.00853 0.27140 043996 076179 072887 3.00547 039408 201362 0.25611 0.521 41

5 283532 0.00367 0.37949  0.606 60 0.65343 0.80364 246683 041852 1.97679 0.25346 0.602 25

6 267092 0.00132 040942 061102 074093 096691 211881 050849  2.04710 0.296 97 0.628 11

7 3.01470 0.00000 0.51347 053895 059596 0.83935 203355 051650 2.07753 0.21564 0.654 35

8 326184 0.00000 045484 060503 057120 0.87948 187670 051143 1.96014 0.22423 0.655 10

9 3.60381 0.00000 046324 054951 054422 099889 160931 050318  1.92957 0.218 67 0.579 60

. o - i B B o SRR S B R T R

i LHE A, HAAT 4 A ZERRIE IR S B, 5 R
MR K

— S0 — S5 8
— SI — S6 7
SI — S7 .
S3 — S8 |
— S4 — 39 4
i |
i
12 36|
! 5 T
1 i 4 I 9
Ao A2 N Y. W WO U Y N =
0 10 20 30 40 50
t/min

SO~S9 AARAFZAMREA LM 1. 2-58: 3. 4. 5-Hk: 6.
7-=Kk; 8-DUBE; 9. 10-TukE.
S0 — S9 represent samples with different steaming times; 1, 2-
monosaccharide; 3, 4, 5-disaccharide; 6, 7-trisaccharide; 8-
tetrasaccharide; 9, 10-pentaose.
3 2~ RAERRENRM (A) MEMER AR
® (B) Ry AIEIEE
Fig.3 Typical chromatograms of oligosaccharide
reference standards with varying degrees of polymerization
(A) and RR from its raw form to processed form after nine

steaming and nine sun-drying (B)

Sk B . 7 SR 5 HE A,
HBEE &MU g I, S8R, IR LU
Wik B . HOCHRIRGE, T EE =R s b
R, M0 7 SUELE 3 JEA SRR IL,
HOH ge = 9 SIERHERHIERE, &g b
Tt LEACWE RS, B2 BT

MFIZ) 16.3%: H—Ji1H, &MHl)EEE EAr
FHER 6 A, B R SERRIE AL 83.7%. #dth
G ET S E LANEREET &S T o2 T
SERE, s 1A “H s RS AR
2.6 HAESH
2.6.1  AMALPEAR K N IR 2 e gt e i A
SIMCA 14.1 B0 HHR 3T gevt 0o AgEita., tl
L AKAEEHIRSET N SIMCA 14.1 B 1E
H 3% LU R V-S-plot K. & 4-A W LLE
HH 5 0 B S L LR [ A% B M 4R Y (variable
importance projection, VIP) >113 MRS HE #
MBI AT AR R R R, AT DAE S S0 2t
B IR AR Bh S5 feAr .
2,62 SEMERZ AT BMBERR G EEE S A
SIMCA 14.1 BT Z 081t 704, 4 PCA 15
S KBAEMEE . UL EG R RE S E V-S-plot
K, HE4-BATUEHE (VIP>1), 7. 8 Sk
BRI AR R B R AR R R R, A
RE “25.67 UNEEEAETT

HE S AT LG HY, 5% 28 I RO S5 5 ) 8 i
FREE, BEAEZEMG B BN, i (1~9) A
t[1]s t2]— EAEZEARA, T ENE R o T7 AT
EZS, AR,
2.6.3 HMUMHER SR AR BT R
SPSS 22.0 FAFAF A fill H 5 4 22 oy SR S
SPRAEAR AR A 3B, A A A A5 25080 23 B AT
MATELF- & (https://www.bioinformatics.com.cn)
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x5 MBEHSKERWEIRES 10 MEFEERRSLE (X£s,1=3)
Table 5 Proportion of 10 common peak-peak areas in steaming and drying process of RR (X £ S, n=3)
7R W THIAR o EL/%
KB 15 251 35 451 5 I 65 1% L. 85 1¢ 95l 1054
0 096+046 3.02+0.48 10.29+0.08 0 0 822+045 4971023 66.94+0.69 1.32+0.16 4.29+0.36
1 5234090 808+0.85" 4.29+2.09™ 0.69+0.13 1.214+0.29" 4.91+1.03™ 28.30+10.76™ 42.63+9.64™ 1.74+0.44 2.92+0.44"
2 11.14+1.03™ 13.07+1.15" 1.10£0.68™ 1.1940.15" 2.36+0.23"™ 1.98+0.55" 54.28+6.34" 12.8444.47" 2.05+0.12 -
3 11524367 11.15+1.03" - 1.14+0.09" 2.5640.12" - 69.394+4.06" 2.1940.76" 2.06+0.52 -
4 12.0842.32" 14.03+1.14™ - 1.35£0.20" 2.864+0.24" - 67.31+2.45™ - 2.20+1.00 -
5 10.11+3.45™ 11.29+0.83" - 1.27£0.21" 2.75+0.18" - 72.42+3.25" - 2.16+0.73 -
6 935+2.76" 12.93+1.72" - 1.40£0.14" 2.994+0.33" - 71.1843.64" - 2.16+0.67 -
7 835+410 1351+0.72" - 1.80+£0.62" 2.984+0.29" - 70.3043.60" - 307£171 -
8 7.74+115 116740517 - 1.40+0.19" 3.31+0.55™ - 72.77+£1.29™ - 311+1.20 -
9 6.65+265 13.15+0.62" - 1.1740.22" 3.38+0.34™ - 72.60+2.68™ - 3.05+0.55 -

S "P<0.05 P<0.01; “~7 AR
*P<0.05 "P<0.01 vs compared with RR; “~” unable to check out.
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B4 ETHRDMT (A) MFEXES T (B) BIFHEE
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Fig. 4 V-S-plot diagram of RRP processing based on

character analysis (A) and sugar components analysis (B)

oI, DAIAERAS RS SERE Lo S5 A PER
ZHWARIE, ERILE 6. HE 6 nTHL, E'SFT
B 6-O-E-F BRI 58 7 BB . M 28 EF / S 3
/A5 AR 2 B3 IEAE G (P<0.05. 0.01), 5
daredoside A 2 AR (P<<0.05), S5 EEIHHE
BE AR (P<<0.01), 5 ARR /> TC 5 A 1

ZRIM L

t[2]

O +O0004PHO
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B 5 ETHELRS SRR IEHITIZ PCA E
Fig.5 PCA diagram of processing process of RRP based

on carbohydrate composition analysis

a"5 daredoside A R AR (P<<0.05); b"5471
B\ 6-O-E-PuBRMEHS i Bl . ERIBE B AL HioE
/5 H B/ [F) o A R 2R 3% TEA G (P<<0.01),
iy R H . Mo, IR LR B1/B2.
FEHLEEOR A H D 2R (P<0.05); &/KEY
FEREIR  6-O-E-FiI BRI 15 7 B B . b/ S b
/R o> SRR 2 B2 A DG (P<<0.01), S5i%M
H A 2FHIE (P<0.05);5 PN 5 Hb 32 ZE 26 B
TR . MEL O MEHEAT AR S A, 45 SRS g
M H R REIEMAX (P<0.0D). il E'S
1. 2. 4, 5. 7 5EEREMMEX (P<00D), 59
SIE R (P<0.05), 53, 6. 8. 10 £EFE
1IEMSE(P<0.01);a™5 10 S 2 IEA I (P<0.05),
51 5g2EE0Mx (P<0.01); b5 3. 6. 8.
10 S B B EIEMHX (P<0.01), 52, 4. 5. 7.
9 SIEE B EFMEL (P<0.01), 51 FIELFH
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Fig. 6 Correlation analysis of traits with chemical components and carbohydrate components
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