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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

+ 156 -



528 B4 4 ) HEXBAFZRS Vol. 28, No. 4
202242 H Chinese Journal of Experimental Traditional Medical Formulae Feb. ,2022

22 FEREEMEMNE T CIE1976La b ¥4 @
2 R G 6 2,050 R R A S1~S12 Ak AR AR IR B
TR BN SR T A A A R b R ) T
PSP T, R 4 A sl €8 2 11 Sk AR R i AT D
HLOOERESB AL, a b, Hdh LR a
PR LL-2 5 5, o™ 8- E A 5l , & 00 By K I 3
UCHCPE RS G AEE(AE), AN AE=
(AL*+ A%+ AD?) W3R 1, 25 R A MK T F
rir SL, 07 R e ] 2 Ml B R R ok R o R R B
L™, a", b ¥ R Nt s RIS B ARR . JF H>Y
AESLHFS R (0 22 0] 4 R IR G, DA B i)
R AR, AETCH I A bR T LA A A TR
Y= (1.71x10°-3.31x10"X2+1.027x10*X*)/( 1-1.46x%
10'X?+8.48x10°X*~1.247X°) (r=0.996) , B[l >4 Jii1 A it
]2 52.92 hif, AE TR KAE o 8 124K 5ol K B
o 4 A 45 5 5 A SIMCA 14.1 % {1 k47 B 25 40
(HCA), W1 2, 25 3 % BLAD A~ B Bz il 2 b 8 A 4
il B A 4y A A B B, BT AR S S1, I )RR
S2~S5, I ## 5 S6~S9, IV I K 5 S10~S12; F — 4
K JH TF 28 40 £ /Iy — 3 3 -1 591 43 1 (OPLS-DA ) 5 Al
S3 BT A5 R BAE M e AR b, € R Al 22
SR, HEMOEMEZESR S HCAS M —3,
UL 3.

1 BEBENRMERINEEESL

Table 1  Change of chroma value 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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F2 WCHEHRMEFERPERESNRES B (X£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*
i d) FEm Hy # 4 D R S FLMEME  BAAERE STHRRE ety
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
VE = S W R /N R B R S (% 3 )
TR FRE A, M 60% HH BN A ek % T, Bk 8 T (r=0.999 6) , Y=0.636X-2.313 (r=0.999 4) ,

2mL, JH0.45 wm G fLUE B g o, Bp AR
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Fig. 5 HPLC of carbohydrates in Rehmanniae Radix Praeparata
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processed with Amomi Fructus and Citri Reticulatae Pericarpium
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X R AR b, R ] A /N Rk pEAT AR M [ )T, 75
D-JWH R A0 RERE VB OB M R R R
7K I3 OB X B [T 7 A 4 Bk Y=0.744X-3.285

Y=0.492X-1.815 (r=0.999 5) , Y=0.437X-1.003 (r=
0.999 7),Y=0.566X-2.195(r=0.999 9) , Y=0.595X~2.492
(r=0.999 5) , Y=0.850X-4.050(r=0.999 7) , £ ' i [l
M Ik K 1.378~34.442,0.607~15.181, 0.630~15.742,
1.638~40.962, 0.745~18.632, 0.227~5.678, 1.374~
34.357 ug.
245 KEHEIRE B 2.4.1 50 F R A RS E R,
P2 2.4.3 00 F {3 4% 1 i 22 E B 6 YK, i s I i AR,
TEOT D-SbE I BE RERE W TR H R
W K I3 B 04 T R Y RSD 43 1A 0.5%,0.8%,0.6%,
0.8%,0.7%,1.1%,1.1%, & W {L %A% % R4
2.4.6 FUEMIAE B PRI S S3iE i L 2.4.2
TR J7 il g s R, 40 T 5 )5 0,2,4,8,
12,24 h# 2.4 3700 (038 45 {40 2, 1 55 D-2 0% i
PR CRERE EE WE MR CH R O K 5 s I
FLUH) RSD 43 %] >~ 0.6%, 0.9%, 0.9%, 0.9%, 1.3%,
1.0%,1.8% , & W {3 i 1 VA 24 h N AR 1 R4
247 HEEVERE R 5 S33L 6y, 4%
2.4.2 350 J7 i A R S I U i 2.4.3 50T SR
GETHEE D-JME R AR BB B R R R
8 =W K IR T 3 B 43 o) ) oy 143.62,63.90,
35.83,61.05,31.11,32.30,62.44 mg-g*,RSD 43 5| N
1.4%,0.9%,1.1%, 0.9%, 1.1%, 0.9%, 1.5%, % B i%
ik E R R
2.4.8 AR DSOS O B PRI 6 1 B i S3, By
290.2 g, 43 ¥ © 0 5 100% AR A 6 R
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W1 mL(D-AUHE A 0 R R AR R
88 =B K 5B T 43 ) 29.456, 13.846, 7.223,
12.317,6.245,6.452,12.270 mq) , ¥ 2.4.2 T T J7 ¥k
il & HER S IR T, 4% 2.4 3T F (438 & e L 1A
D-JLWE A AW REME B OB R OB R
KI5 OB A |l R 4 ] S 99.14%, 98.33%,
101.25%, 99.34%, 99.56%, 100.63% , 101.82% , RSD
439k 1.4%,1.0%,1.0%,2.0%,2.0%,2.0%,1.3%.

2.4.9 FEMIGE B M FR AR G L R 2.4.2
TR 75 vk i A3 T L % 2.4 3 00T A3 % 11
L THE A PR bR LA B i, WLER 3. IR ST

M 25 S Pk, 55 T DA R R R kP R R R R 2
AR A5 B B 1,00, SR FH A HE B 05 A9 B0 M o Aok R R
a9 BQ, 115 A Xy BQ=(T,xA+T xB+T xC+T,xD+
TXE+TXF+T xG)/(TAT AT AT ATA+TAT,) , X
A~G 433k D-S W A RERE B R AR R
HER = KRS =TT, LT, T T T8 |
I BE 25 4y 1 A L 4y %Ik 175, 0.7, 1, 0.33,
0.26,0.1,0.22%% L3 3. DAFE S A s ] o A Al
B, BQ AL b, 454U A 7 2 Y=0.9x10°X°~0.098X°+
3.793X+52.317(r=0.990) , 1t IA Fiti & i #% bisf & o <
FIEEE{E 380, HL 52~54 h 34 0 i Bk 77 22 .

x3 MpEANIEERPEERSPRES B (0=3)
Table 3 Contents of carbohydrates in Rehmanniae Radix Praeparata processed with Amomi Fructus and Citri Reticulatae Pericarpium
(n=3)

b D-%ﬁ%(i_lrs) %ﬁ%*}%(i_lﬁs) F:E*E(Xis) 1&;‘:*%(%::3) ﬁ%*ﬁ(ﬁﬂ) H%:*ﬁ(fi@ /kﬁ%(i_liw BQ
/mg-g Img-g Img-g Img-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 41.5740.75 63.27+1.88 - 62.07+0.87 16.01+0.44 162.3743.53 67.08
s3 142.18+2.65 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 10152
S6 185.18+4.35 85.44+1.95 8.12+0.23 75.07+1.97 7.90+0.26 42.3740.76 6.98+0.25 97.38
s7 195.42+4.21 103.75+2.35 - 82.43+2.31 - 42.7740.71 1.9740.06  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+4.36 113.72+2.65 - 88.94+1.35 - 55.62+0.79 - 105.39

25 SCHRMEHT B REAL S1~S12 B {E , BQ,
TR Tk i T R ok g TR T A ) R R SRR T B
B R 26 S B A SPSS 21.0 # {4 4T Pearson A
M AT, 45 R W] A, BQ 5 FA I ik bl 1 A it
50 3 UM OC (P<0.01) 5 8 8 {5 5 1k il I A3 A ) 58
R CBETT SR 2R B, DL K BQ 5 ik g
A R R T B 2 I IE A G (P<0.01)
BQ 5 ¥ il 2 i it 5 1F AH G (P<0.05) o i B 4 i 2o
@, BQ 51 R/ BB R .

2.6 A RRAE S QI T R A
W T AR, 43 5 DL A (AQ) L, BQ M2 N AE it i
(CQ)3/ i g oz QI Heh CQ LA % 11 28 i 43 A%
e #PE 4 3, DQ=1-DQ,/DQy 1y + DQ./DQ, ot
DQ/DQ; s tDQ,/DQ o » I DQ, , ¢ 73 ALK AN
S b R v A T T S R IR AT AR R L
P 28 BT 2 5 5 L DQy e g mad IR RN X2 AL
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GO I g KAE 5 % B O B #E AT — kb
B BR 90 5 AQ=AQ/AQ,,.,.BQ=BQ/BQ,,,.
CQ=DQ//CQ ., 2 i A M ] i B i 5 AT 4
Ab B, 3 B UK a= (AQ+BQY)™, b= (AQ+
CQ*)™, c=(BQ*+CQ*)™, p=(a+b+c)/2, S=[px (p-
a)x(p-b)x(p-c)]*?,Q1=5/0.866,=F1 a,b,c k=
R =30, p & A B — 2, S M il R A 5 =
LT, 240 0.866 2 25 4 B Ry 1 e K — B
T AL, M B ) R QI DL R 4, S5 SR R I Y M &
52 hitf,QlI40.99,
3 itig

A SR FH R B 8 DN 7 A R R ] 2 b B R
it TP LA TR PR AT o B AUR B S B
B 58 2 0 -7K 2 05 -0.1% B R /K 5 Wi . 2 15 -0.2%
B4 R 7K I R Ry A ) AFL N, B b i €0 33 068 3 2 A5 R
B RA4F 80 FH 2N -7K R sl AR 25 08 80 28 4y
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x4 WCHREHAMEERDQI
Table 4 QI of Rehmanniae Radix Praeparata processed with

Amomi Fructus and Citri Reticulatae Pericarpium

Ff# DQ, DQ, DQ, DQ, AQ BQ CQ QI

S1 731 013 049 000 0.00 051 0.20 0.06
S2 500 029 036 000 029 063 024 0.14
S3 297 085 046 000 037 0.81 037 0.25
S4 233 146 058 0.00 031 0.90 045 0.30
S5 170 246 055 000 033 095 049 0.34
S6 134 331 056 019 051 091 0.74 052
S7 1.04 511 061 023 059 096 0.87 0.65
S8 0.92 755 061 023 070 096 094 0.75
S9 0.63 849 058 023 0.77 097 096 081
S10 059 887 057 023 083 099 097 0.86
S11 057 952 059 023 1.00 100 099 0.99
S12 056 935 063 022 093 099 1.00 0.95

P14 G 0 9 K 2 0 K, B 2% 2020 AF R [ 2 )
TEBE 3N K I I K AT 00 A 5 B2 0 e R
225 SCHRLLT ], AR A B e B0 2 7, 1 2 W 28 i 0
I E W A

F 22 b B o] S AR R R R SR A e 0L B T
HULRE D SLAR A W AR € FE A S2 AR A AR
Bt A B[R] 3, B S B AR S s R
A3 A it 2% B (5 O X L B B X 40 T A B €5 R
HCA Fil OPLS-DA R A1, b4~ Bk F il 24 b 2 4 il 58
FErpnl 4y o 4 B B, SR S B0 X Ay SR —
i, 2 W e T R 0 A A AR fk
FL5 1R €0 3 (825 (8] 43 A 1A 25 5,107 S6,S12 43 3 A
TAKS A~ B B 5 A T S B (R S R
A7 VBRSBTS M v AR
NN R SN E I i e e D R R
o T b R R B 90 R TG U R B
BH b B A o AR o AR BRI L —
A BE

T 25 R B, A A — R (0
B, B R KO 2R 4 i R A T BRI
W53 it o SE B L D5 R4 S N AF , HL b B i Y B
Gy ST FERRT, 5-F0 Y FE AR A8 B A DAL BE
A M R OB S T BRI A AR 4R
BERCH B AERE R R T K IRRE
D, 5 SCH R A — B0 6 R o = AR R Bk AT
A & B, IV IARE 5 (50~54 h) rb BR 4 ik il 15 25 Lk
W AT AR W) R CRE S VBT 2 OBESS s AR
fl/IN, BVAF A f AR M T 2

36 o 0 e 22 b M T A R A 3RO €5 T A
T R B il 22 Hb % Bt A o BB ] 9 38, A BT Wi
Fh J S A A AL GE kR Fl R SR 2R
B WL €078 AR R AR 5 5- 3% WY BRI
25 B I D-SLBE S 3G 0, AR BE b D ORI R BB
o R AT G, SCHRHRIE o, 2 b o il 3ot e
FE O B A i e R 5SS O
B T IR R A G W A Rk 0 B (E AR Ak
AT LA AT R0 I A [R5 #) 52.92 hif, AE
IR BN B KB o R AR v, 2 BRI A Y 3
fift 5 B30 OB SRR B A RO B B T LA RE
FE S HE A, AT ACE BB AT AR Y BQ B RGN,
PR anid " RRAE , B A4 % 52~54 h, i B 3G iR
FE# T2 Bk SR T = B Z A ARG I,
P EF M LR EE 2 SR B AL A
Al R 2

B T 245 00 5 2 W S v, G AT e
MR RIS PR AR A BEAT R AE . H AT, 45 bR R A
A3 W I D AR ) BLR AR SR AN [R] O
MIrER M A R AR A B B2 E T,
ANF T LA F AP e 24 A A B 5T, 1T QI Ry e 2
AT Z WA T A 25 A VR R R T A SCHE
GE T A7 Wik B i 22 b B A ) ok R 6 (R, BQ 5 AR
SIS R L IF AL T QL A R R B % 52 h
It QI Ik B i {E , BTSN 52 h Ay 704 Bk i il 2 ob 3% 1%
i A M T 28 50, S I M T T2 B B PR AN $R 4t
TR SR, A b B R O R (5 24 R0 A OGPk
W E— 20 S B IE
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