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Quality Evaluation in Processing of Rehmanniae Radix Praeparata Processed with Amomi

Fructus and Citri Reticulatae Pericarpium Based on "Color as Paint, Sweet as Maltose"
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[Abstract] Objective: To study the correlation between the apparent color, comprehensive sweetness
and the content of main components in the preparation of Rehmanniae Radix Praeparata processed with Amomi
Fructus and Citri Reticulatae Pericarpium, so as to lay a foundation for revealing the processing principle of
Rehmanniae Radix. Method: The color of Rehmanniae Radix Praeparata sample powder was measured by

automatic colorimeter, the contents of 14 active components in samples with different heating time points were
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determined by high performance liquid chromatography, including 7 glycosides of catalpol, rehmannia
glycoside D, leonurine glycoside, 5-hydroxymethyl furfural, verbascoside, isoacteoside and hesperidin, and 7
carbohydrates of D-fructose, glucose, sucrose, melibiose, raffinose, manninotriose and stachyose) , and the
mobile phase was acetonitrile-water for gradient elution. The comprehensive sweetness difference of sample was
calculated by the sweetness of saccharides, SPSS 21.0 was used to analyze the relationship between the color,
comprehensive sweetness and the main component contents in the processing of Rehmanniae Radix Praeparata
processed with Amomi Fructus and Citri Reticulatae Pericarpium, the quality comprehensive evaluation index of
Rehmanniae Radix Praeparata by triangular area method was established. Result: During the processing, the
color value of the powder increased, and the apparent color of the sample became darker. the content
determination results showed that the content of glycosides decreased, monosaccharides and comprehensive
sweetness increased with the increase of heating time. The results of correlation analysis showed that
chromaticity value, comprehensive sweetness were significant negatively correlated with the content of iridoid
glycosides (P<0.01) , the chromaticity value was significant positively correlated with the contents of
furaldehyde derivatives, phenylethanoid glycosides, flavonoids and comprehensive sweetness was significant
positively correlated with the contents of furaldehyde derivatives, phenylethanoid glycosides (P<0.01), and the
comprehensive sweetness was positively correlated with the content of flavonoids (P<0.05). After 52 h of
processing, the comprehensive evaluation index of samples reached 0.99. Conclusion: The overall trend of
cluster analysis of powder chromaticity value of Rehmanniae Radix Praeparata is basically consistent with that of
naked eyes, the comprehensive quality evaluation of Rehmanniae Radix Praeparata processed with Amomi
Fructus and Citri Reticulatae Pericarpium can be carried out by combining the three indexes of powder
chromaticity value, comprehensive sweetness and glycosides content.

[Keywords] Rehmanniae Radix; processing; chromaticity; sweetness; characteristic spectrum; high

performance liquid chromatography (HPLC) ; correlation analysis
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Fig. 1 Decoction pieces and powder of Rehmanniae Radix Praeparata processed with Amomi Fructus and Citri Reticulatae Pericarpium
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Fig. 2 HCA of color of samples in process of Rehmanniae Radix
Praeparata processed with Amomi Fructus and Citri Reticulatae
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Fig. 3 OPLS-DA of color of samples in process of Rehmanniae
Radix Praeparata processed with Amomi Fructus and Citri

Reticulatae Pericarpium
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Fig. 4 HPLC of glycosides in Rehmanniae Radix Praeparata

processed with Amomi Fructus and Citri Reticulatae Pericarpium
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®2 WCHENAMEERPELERNIORES B (G+s,n=3)

Table 2

Contents of glycosides in samples of Rehmanniae Radix Praeparata processed with Amomi Fructus and Citri Reticulatae

Pericarpium (X+s,n=3) mg-g’!
HEh e Ho ¥ D 35 B SEREULRER BB SR0THRRE yaty
S1 2.87+0.11 1.57+0.07 2.87+0.15 0.01+£0.01 0.44+0.05 0.05+0.01 -
S2 1.91+0.10 1.29+0.09 1.80+0.08 0.02+0.01 0.26+0.02 0.09+0.05 -
S3 1.00+0.06 0.97+0.05 1.00+0.05 0.06+0.03 0.21+0.02 0.25+0.01 -
S4 0.79+0.05 0.84+0.08 0.70+0.06 0.11+0.05 0.18+0.01 0.40+0.02 -
S5 0.54+0.04 0.76+0.06 0.39+0.02 0.19+0.02 0.13+£0.01 0.41+£0.01 -
S6 0.36+0.03 0.67+0.05 0.32+0.02 0.25+0.02 0.11£0.01 0.45+0.01 0.19+0.01
S7 0.26+0.03 0.58+0.05 0.20+0.02 0.39+0.03 0.11£0.01 0.50+0.02 0.23+0.02
S8 0.17+0.01 0.55+0.04 0.20+0.01 0.58+0.04 0.10+£0.01 0.52+0.02 0.23+0.02
S9 0.00+0.00 0.44+0.03 0.19+0.01 0.65+0.04 0.06+0.01 0.53+0.02 0.23+0.03
S10 0.00+0.00 0.40+0.01 0.19+0.01 0.68+0.04 0.07+0.01 0.51+0.02 0.23+0.03
S11 0.00+0.00 0.39+0.02 0.18+0.01 0.73+£0.03 0.07+0.01 0.52+0.01 0.23+0.03
S12 0.00+0.00 0.38+0.02 0.18+0.01 0.72+0.04 0.06+0.01 0.57+0.02 0.22+0.02
V=" R W B /N B B BT (3 ).

TR TR, I 60% FF RN AR DR K i, HOSR BB (r=0.999 6) , Y=0.636X-2.313 (r=0.999 4) ,
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Fig. 5 HPLC of carbohydrates in Rehmanniae Radix Praeparata

processed with Amomi Fructus and Citri Reticulatae Pericarpium
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1.638~40.962, 0.745~18.632, 0.227~5.678, 1.374~
34.357 pg.

2.4.5 REEERE 24000 TR A XIS,
Fie 2.4.3 T T 83 25 F 7% SR 6 UK, 0 Sk W TR
TR D2 WE R 20 CRERE B OB AR R R
B K 95 B 04 1T LAY RSD 43314 0.5%,0.8%, 0.6%,
0.8%,0.7%,1.1%, 1.1%, 3¢ B 2545 2 B R 4f .
2.4.6 FOEMEIE  ORTE PRI L S3 3 & L% 2.4.2
TR 7 i g W, 00 T 505 0,2,4,8,
12,24 h#% 2.4.3 100 N 35 Z5 00 22 , 1155 D-SL 05 4
AW RERE VB B R RE L ER OB KO0 g
T RSD 43 5l M 0.6%, 0.9%, 0.9%, 0.9%, 1.3%,
1.0%, 1.8% , R WAL A B W 7E 24 h NFREME R IT
247 EEMERE FEHKEEE S S3 6y, %
2.4.2 TR J7 i A R A VR K 2.4.3 T S5
FE T D-SRBE A AR RERE L R R R
5 =W K IR T 3 B g3 o ) o 143.62,63.90,
35.83,61.05,31.11,32.30,62.44 mg-g",RSD 4 %I K
1.4%,0.9%,1.1%,0.9%, 1.1%, 0.9%, 1.5%, % W %
FEEER.

290.2 g, 734 B F R A9 100% JiA R & %) 1 i
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W1 mL (D-FEHE A B R R AR R
88 =B K JROBE T 43 ] 29.456, 13.846,7.223,
12.317,6.245,6.452,12.270 mg) , 4% 2.4.2 T F J7 ¥
T B W R 7o I W 01 N S 8~ L o1 D= <
D-SHE AR R VR N MR CHER b
KT OBE i BE TR 4 i 99.14%, 98.33%,
101.25%, 99.34%, 99.56%, 100.63%, 101.82% , RSD
I35 R 1.4%,1.0%,1.0%,2.0%,2.0%,2.0%,1.3%.

2.4.9 FEMDGE RS M G FR AR S L R 2.4.2
TG J7 % i A A U, % 2.4.3 TIUTS €53 4% 1 DU
FE IR AR bR & i, WL 3. ISR R

() 25 Sk L 58 T DA R e il sk v P R R R R 2
R AR RE A T EE 1.00, SR FIACEE 35 145 1) M ) o) 72 A
i B BQ, B AR N BQ=(T x4+ T,xB+TxC+TxD+
TXE+TxF+TxG)/(TATATAT+TATAT,) , 2
A~G 53 5 R D-544 %%% TERE B B TR
H# =0 K&, 7, 7,.7,7,. 1., 7. T, b
L%ﬁbkéa\ﬂ’aﬁﬂf;ﬁ,ﬁwﬁ 1.75,0.7, 1, 0.33,
0.26,0.1,0.22""%" L3 3 DIFE S A st ] o R Al
Br, BQ A A bR, A3 815 7 2 ¥=0.9x10°X°-0.098 X+
3.793X+52.317(r=0.990) , ¥t W Fifi 3 0 Bk ] i K,
I RE(EL3E n, EHL 52~54 hob o el 2 4 T 2% .

R3 AMBEAFIEHFRPEERIORES B (=3)

Table 3 Contents of carbohydrates in Rehmanniae Radix Praeparata processed with Amomi Fructus and Citri Reticulatae Pericarpium

(n=3)
e D-%*E(flis) ﬁﬁ%*ﬁ(ilﬂ) E?-Ftﬁuﬁ(fils) %;‘:*fnﬁ(xlis) ff%?"ﬁl%(flis) ﬁ%:*ﬁ(fn) JK%*%(xlis) BO
/mg* g’ /mg-g’ /mg-g’ /mg-g’ /mg- g’ /mg-g’ /mg-g’

S1 18.54+0.61 28.92+0.85 108.25+2.15 - 94.60+2.05 - 235.93+4.25 54.46
S2 83.80+1.93 41.57+0.75 63.27+1.88 - 62.07+0.87 16.01+0.44 162.37+3.53 67.08
S3 142.1842.65 64.23+0.83 36.12+0.81 61.58+1.69 31.23+0.64 32.26+0.71 61.35+0.77 86.02
S4 172.07+3.17 78.87+1.61 22.66+0.71 64.90+1.74 21.44+0.68 37.27+0.83 34.27+0.86 95.70
S5 190.18+4.23 86.59+2.01 12.79+0.46 76.95+1.86 13.40+0.39 42.10+0.80 14.97£0.45  101.52
S6 185.18+4.35 85.44+1.95 8.12+0.23 75.07+1.97 7.90+0.26 42.37+0.76 6.98+0.25 97.38
S7 195.42+4.21 103.75+2.35 - 82.43+2.31 - 42.77+0.71 1.97£0.06  102.41
S8 197.77+4.24 96.64+1.59 - 79.57+2.16 - 42.80+0.80 - 101.90
S9 199.23+4.65 100.24+2.34 - 74.31+1.59 - 48.97+0.99 - 102.81
S10 198.05+4.36 105.19+2.13 - 97.20+1.49 - 50.30+1.21 - 104.89
S11 203.26+4.85 105.49+2.06 - 88.69+1.37 - 52.47+0.95 - 106.44
S12 197.13+4.36 113.7242.65 - 88.94+1.35 - 55.62+0.79 - 105.39

2.5 REKPEHT CKEFESN SI~S12 B AEAR , BQ, 2 & B Y MR o B4 O i B0 AT A — e b

A0 T 0 T A, K AT AR R R ST AR
R E R 26 B K A SPSS 21.0 8K #E 4T Pearson A
KM BT, 45 R RO A, BQ 55 F I ik i 1 5L it
Iﬁ%ﬁwﬁaé(koon 8, 3 5 1 g I AT A R
HONCBET SR E RS R, DL & BQ 5 R
MTfth@/um RO B R B B (P<0.01)
BQ 5 B i 28 B i 5 IE A DG (P<0.05) . id WY M il ik
R, BQ 5 H M L BRI R .
2.6 bR FRRE SN Y QALY SR = A
T AR, 43 5 DL A (AQ) , BQ M N 7E Jit i
(CQ)3 A4y i 37 QI, Herp CQ LA i 4 25 i oy A8
1k #9E Hr b F , DQ=1-DQ,/DQ,,..+DQ./DQ,, .+
DQ/DQ;,,,tDQ,/DQ, ... 1 DQ, . ., 7 B KA
S Hb BB i B A TR TS K RERT AR R L
P 28 VBT 2 5 5 DQy g e IR RN L I
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HJE PR A0 50 AQ=AQ/AQ,,,,BQ=BQ/BQ,,,,
CQ=DQ/CQ,,, 2 i {87 M il i B i 5 AT 4
3, i B A U a= (AQHBQY)?, b= (AQ
CQ»)'", c=(BQ+CQ*») ", p= (a+b+c)/2, S=[px (p-
a)x(p—b)x<p—c)]”2 QI=S5/0.866,H a,b,c =
e =1, p A KM — 20, S M il ok R AR =
FICTH R, 248 0.866 2 £5 48 i o 1 B B K = M JE
i AR, A 0 A QIR 4, 45 R R B S M =
52 hif,QI % 0.99,
3 iFig
ﬁi%ﬁﬁﬁ’:ﬁ??ﬂmﬁ%Fl*r%fﬁﬁﬁuﬁmmiﬁﬁé
ai L4 SIS PR LAY L A B ROR R T 2
1 8 2 -7K L 2 -0.1% B BR K A W . 25 -0.2%
T4 T2 7K 5 R Ry A B AFL R, B B B € 33 0 3 5 2501
B R4 80k FH 2N -K R s A 25 8 80 28 a4y
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x4 WCRHFRESIAMERERNQI
Table 4 QI of Rehmanniae Radix Praeparata processed with

Amomi Fructus and Citri Reticulatae Pericarpium

FfH DQ, DQ, DQ, DQ, AQ BQ CQ QI

S1 731 0.13 049 0.00 0.00 051 020 0.06
S2 500 029 036 000 029 063 024 0.14
S3 297 085 046 000 037 081 037 025
S4 233 146 058 000 031 090 045 0.30
S5 1.70 246 055 0.00 033 095 049 034

S7 1.04 511 061 023 059 096 087 0.65
S8 092 755 061 023 070 096 094 0.75
S9 0.63 849 058 023 077 097 096 0.81
S10 059 887 057 023 083 099 097 0.86
S11 0.57 952 059 023 1.00 1.00 099 0.99
S12 056 935 063 022 093 099 1.00 0.95

P4 G 0 0 K 22 T B K, B 7% 2020 AF R [ 25 )
TEBE 3 AN K DU I K AT 00 A 5 WA 0 e R
225 SCHRLLT ], AR A B e B0 2 ), 1 2 B 28 i 3
Ea I E s SR

F 22 b 9 o] S AR R R R SR A e 0 B T
HULRESD ST A W] ARt FE i S2 H AR A e AR
B A B[R] 3, B S RS AR Sy s R
A3 A ot 2 L BT €2 1 O X LA A DX o A B €2 R
HCA F1 OPLS-DA ]l , 04~ Bk Kz il 2 My 2 6 o 2ok
FEral 4y ok 4 B B, SR S W X Ay SR —
B, % W00 TS R R O (e B A AR Ak
HL5 R o B B 75 (8] 43 A 1 25 5,10 S6,S12 43 314
TAKS A B Bz 5 A T S B R S R I
7 B Bz T SR TR A e S A R AR
NN e C AN E = | o s A D R
TN T i P R B R R TG 9 R B
BH b B A o AR o AR AT BRI L —
A BE

T 25 R B, A A — R (0
Ay, B R KO 2R 4 R R A T RS AR
W53 it o S5 M L D R0 S N A, HL b B i Y B
Gy ST FERRTT, S5-F0 Y AR A8 B A, DAL,
M M R OB S T BRI A AR 4R
BERCH B AEAE RN R T K IR RE b AT
D, 5 SCHR A A — 20 x5 A A ks Bk AT
A R, IVIARE S (50~54 h) o BR 4 kil 15 25 Lk
W AT AR W) R O RE S VB 2 MRS B s AR
/N, BV A B A M TR 2

30 2o 0 e 22 b A S A R A 3ROUL I €8 T A
0 A7 R B i) 228 b 8 I S BT () B 38, A E7 38
Fhi J S A A AL Ge kR fl kSR 2R
FE i WL €078 8 AR R AR E 5 5- 0% WY SR M A
2B D-BLBE & 3G, AR BE b D ORI £R BB
T N REA G, SCHERIRIE W, 2 B AR T o R
FE a0 B A e 5 e Rt 5L RS OB
oA R R I A ) AT O R B (AR b
B HEATIE AL, 0P R GA B 52.92 hiBF, AE
IR BN B KA o R AR v, 2 BRI A 0 3
fift 5 S0 OB SRR B A R B B T LA RE A
BE S HE A, AT A BB W AR S BQ B RS
PRI H anid " RRAE , B AR & 52~54 h, Fi R RE iR
FE# T2 Bk SR T & OB AR Z A ARG I,
A EF M, LR BRSO ¥ A 5
— Al 2

B T 245 10 5 2 W T e 1, G AT e
R N FE TS R A AR SR AT RAE . B R H8 bR
G3 F B D E 2 P 2 PN 09 R AR AR N [F]
MrER M A R AR A B, B2 E T,
AN T R A B IA P e 24 B B A 5T, 17T QI Ry 2
AT ZWA T A 2R B VR R R T A SCRE
GE T A7 Wik B ) 22 b B 0 ) ok R 68 B {E L, BQ 5 AR
MBS AR IFEST T QLA REHMHE ES52h
It QI ik B e (i , BTSN 52 h Ay 004~ Bk 1 il 0 b 3% 114
o A M T 28 50, S I M T 2 B o PR AN B 4t
TR 5 SR S H B RE O €5 R 5 24 K0 A OGP
M E— 2L SR BT
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