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Determination and fingerprint analysis of flavonoids and saponins in Hedysari
Radix before and after honey-processing
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Abstract: Objective To investigate the change patterns of flavonoid and saponin contents in Hongqi (Hedysari Radix, HR) before
and after honey-processing, and to provide a scientific basis for quality control of the honey-processing technology and its processing
mechanism. Methods UV-Vis spectrophotometry was employed to determine the contents of total flavonoids and total saponins in
10 batches of HR and Zhihongqi (Hedysari Radix Praeparata Cum Melle, HRPCM). HPLC was used to establish flavonoid-based and
saponin-based fingerprints, and similarity evaluations were conducted. The contents of six marker components calycosin-7-O-B-D-
glucoside, ononin, calycosin, formononetin, astragaloside IV, and isoastragaloside II were determined by HPLC. Results After
honey-processing of 10 batches of HR, the total flavonoid contents were significantly decreased (P < 0.01), with an average decrease
of 25.8%; the total saponin contents were significantly increased (P < 0.01), with an average increase of 37.93%. Similarity evaluation
of fingerprints indicated that honey-processing did not alter the basic chemical profile of HR. HPLC content determination showed

that after honey-processing, formononetin content was significantly increased in 8 out of 10 batches (P < 0.05, 0.01), with an average
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increase of 30.49%; astragaloside IV and isoastragaloside II contents were significantly increased in 8 and 7 batches, respectively (P <

0.05, 0.01), with average increases of 34.79% and 26.22%; calycosin-7-O-B-D-glucoside and ononin contents were mainly decreased,

calycosin content was mainly increased. Conclusion Honey-processing of Hedysari Radix can alter the active flavonoid and saponin

components, thereby adjusting the structure of its pharmacodynamic material basis.

Key words: Hedysari Radix; honey-processing; flavonoids; saponins; fingerprint; HPLC; calycosin-7-O-B-D-glucoside; ononin;

calycosin; formononetin; astragaloside I'V; isoastragaloside II
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%2 AKEXFRRRMREEIEMNEER (X5,
n=3)

Table 2 Determination results of total flavonoids and total

saponins content in HR before and after honey-processing

(Xts,n=3)
FE i SR/ (pgrg ™) BEF/ (uggh)
S1 181.9+1.4 16305.9£4.0
S2 543.94+4.0 10554.3+3.0
S3 607.7%+1.9 6716.0%£2.0
S4 420.0£2.4 10315.1£3.0
S5 434.612.6 12898.8+3.0
S6 1062.5+£2.3 7 688.5+3.0
S7 633.91+3.2 9084.1£2.0
S8 4753£1.0 11380.4£2.0
S9 671.5%x1.1 12990.7£4.0
S10 1173.7£3.0 11832.6+£4.0
Z1 160.2 £3.0% 18400.2£6.0%
72 429.0+4.8% 14398.1 £6.0%
73 465.5+1.1% 12939.8 £5.0%
74 396.2+3.7% 13 634.8 £4.0%
75 387.8+6.0% 14 769.3 +4.0%
76 866.51+8.8* 12106.4£3.0%
77 564.1+7.2% 14 729.3+4.0%
Z8 344.9+3.8% 14367.2£3.0%
79 103.9+2.8% 14 538.2+4.0%
Z10 885.6+2.3%* 15776.4£6.0%

55X R AR A #P<<0.01,
#P <0.01 vs corresponding batch of HR.
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3-calycosin-7-O-B-D-glucoside; 4-ononin; 5-calycosin; 6-formononetin.
110 HHAEK. 10 RAKX R AT RN EER X RIELEE R)
Fig.1 Flavonoid-based fingerprints of 10 batches of HR and HRPCM and their corresponding reference fingerprint (R)
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Fig.2 Saponin-based fingerprints of 10 batches of HR and HRPCM and their corresponding reference fingerprint (R)
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Fig.3 HPLC of mixed reference substances and HR before
and after honey-processing, focusing on flavonoid

components
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F3 OIOHAK. 10 MRAKUAREIER D IERIELE
TEREIFMER
Table 3 Similarity evaluation results of flavonoid-based
fingerprints of 10 batches of HR and HRPCM

SRS AR RAK SR

K — ST ARSI
1 0.960 0.965 0.972
2 0.954 0.976 0.964
3 0.972 0.986 0.976
4 0.949 0.988 0.982
5 0.713 0.961 0.971
6 0.941 0.903 0.910
7 0.953 0.979 0.968
8 0.969 0.987 0.978
9 0.676 0.891 0.904
10 0.900 0.894 0913
410 TR, RATELSERS AR ESI
MR

Table 4 Similarity evaluation results of saponin-based
fingerprints of 10 batches of HR and HRPCM

X IRIRSUEIE AR R SR

K R— SO HROUEE R U
1 0.869 0.859 0.852
2 0.918 0.990 0.992
3 0.986 0.934 0.929
4 0.868 0.980 0.977
5 0.984 0.992 0.918
6 0.993 0.967 0.904
7 0.996 0.944 0.922
8 0.988 0.999 0.999
9 0.974 0.977 0.944
10 0.989 0.794 0.786

BUEERT 0.8 FFLALL RN R S EIE NSI], 15
10 #LR A HFIFUELE 0.786~0.999, H.r 9 #LFE
AR ALEE R T 0.8

25 AXEZEXRAEERE. EELXFERNTESE
ME

251 @ik [F “24.17 WK

2,52 OFMEAVERIGEIE R “2.4.27 TR
T 71

2,53 MUK EIE [ “2.4.37 TUN R
TSI 73

254 ZMERARFELE N 2527 BT EEHZE
AR IR AR IR P R A ROE R, I
BEB RS, 415 B R 5 S AN [ 1 6] B

W %M “2.5.17 BUN 3l %A dbRe e, LUK
HEIREONRALER (X0, WEHFNPALER (V), 2
FRUERNZE, SEATZMERNE, 5% BE77FE 08 E
BRI Y=8205.7X—19.391, R2=0.9998, %
PEVEH] 6.4~170.4 ug/mL; TAEIET Y=12 789.0
X—7387 9, R2=0.999 8, ZLMEyiH 4.4~117.6
ng/mL; TEFHE Y=37 318.0 X—41.269, R*=
0.999 5, £t 4.9~32.8 pg/mL; THEIER Y=
35 983.0 X—64.547, R2=0.999 8, ZZMEyulH 4.4~
116.0 pg/mL; #EHHF Y=3611.3X—151.67, R*=
0.999 1, £MEEF 35.4~708.0 pg/mL; 3 E4F
Il Y=4 395.7 X—127.32, R*=0.999 1, £
25.8~516.0 ug/mL.

255 FEERGAL  FEEWIBUR SR GIRIR, 1
“2.5.17 TS S A N ESEHERE 6 IR, W E % B 1
WA, ZRER, BEREIRE. TSWEE. &
SR, TOWE R T M R R I
THIAR I RSD 43518 1.60%- 1.75%-+ 1.18%- 1.66%-
1.03%-+ 1.42%, fFEHIEFIUEESR, RKRHZ
ARG 2 FE R U o

2.5.6 FaEtEidEg HA (S AT, 7
“2.5.17 BREFA T T RIS 0. 24 4. 64 8.
12+ 24, 48 h FEREHT, ME 6 Pl sy g A .

SER IR, BERWEIRTE. TCWAAT . BRI,
TEMRAEZR | T8 1 A o i e T UETETAR ) RSD
AN 1.39%1.21%-1.91%-2.67%- 1.80%- 1.88%,
g5 LR AR A AT 48 h WERE T R IT.

257 HEEMRAE BUE—H#HL KK (SD 6 17,
FEBFRE, I “2.5.3”7 TR 71 PAT ) & AR
W, TE “2.5.17 OUN ik s e e, 5%
BB & . SRER, BT TEWIEE .
EBEFEM. AR, EEPEARHEZE I
R HH RSD 3514 1.82%- 1.68%- 1.88%-

1.75%- 1.26%- 1.37%, S5 RFZWZTTEEZ M R I
2.5.8  INFEECRIALS RS E AR 6 £ & Ol
LR (S, Al IE SEVRA X RS, 1218
“2.5.37 TR JTVERAT R, JFAE “2.5.17 Wik
PERBATIE . A REEREIE . AT, B
SN, AR, BRPE AR EREE
SERIIIRE ISR A N 98.71% 99.04%. 98.84%.
98.86%- 99.67%-~ 98.65%, RSD 4754 2.52%-

1.62%- 1.54%. 2.46%-. 1.54%- 1.43%, %50
FERICE ] RSD B/ T 3.0%, R GERA
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259 FEARTREEERSE. BERMGEIE %R

FEar i, SRl 6 R ) 2 B E 45 R L

“2.537 WUR T M B ALIRALIG, KKK K 5.

FEeMMOESEBNELR (X+s,n=3)

xS AREXRA

Table 5 Determination results of six components in HR before and after honey-processing (X £ s,n=3)

I 5

JRE B (ngg ™)

EBEFHERE BETHEW TERAEH TEIER HEICH FEKEHI
S1 336.1+3.2 29.1+0.6 230.1+5.7 118.6+3.4 48.11+0.6 33.6+0.5
S2 148.9+3.4 16.81+0.6 157.4+1.7 231.5+3.1 555+14 46.710.8
S3 324.6+3.8 31.94+0.7 256.71+3.6 2724145 63.0+1.5 37.24+0.9
S4 1743+£3.8 24.1%0.7 136.9+1.9 152.1+4.4 69.5+1.8 36.7£0.7
S5 335.1+2.5 17.7£0.5 157.4+2.7 26.4%0.6 683+1.2 37.6%0.6
S6 164.9+1.8 523+1.5 87.3+2.2 1449+24 73.5+1.8 49.7+1.4
S7 234.84+6.9 16.1+0.3 1204433 204.9+3.7 86.3+1.3 659+1.8
S8 373.3£3.9 28.440.8 259.4+3.6 264.0+5.7 125.6+3.3 116.0+2.6
S9 494114 7.71+0.2 122.1+3.5 36.31+0.8 70.0+2.0 71.3£2.0
S10 375.6+2.7 13.1£0.3 1352+24 96.6t2.1 68.0t1.3 39.2+0.8
Z1 298.2+2.4% 25.9+0.6" 175.5+3.3% 136.5+3.5% 48.8+0.6 35.1£0.5
z2 197.243.7% 16.9£0.5 140.8 £2.4% 239.0+5.7* 87.9+2.6" 89.2+2.6"
Z3 392.242.1% 27.6£0.7% 310.4+5.9% 361.8+5.5% 64.0+1.7 39.1+0.8
74 261.6£3.0% 32.3£0.9% 279.3£1.9% 239.0£5.2% 63.4+0.7% 42.8+1.2%
z5 303.2+1.6" 17.810.3 169.3 £3.2% 128.0£2.7% 88.51+2.3% 52.0+1.5%
Z6 148.6 £3.4% 87.1+£1.7% 82.5+2.1 148.7£3.0 97.6+2.8% 42.3+0.8"
77 219.4+1.2% 21.0+0.6" 110.8+2.4% 199.6+3.9 146.2+3.6* 103.5+3.0%
z8 322.8+2.4% 25.4+0.6" 228.8 +4.2% 270.4+5.2% 151.1+£4.1% 129.8+3.1%
79 109.0£2.6% 8.610.2 109.8 £2.4% 108.2£2.9% 126.2£3.3% 104.5+1.7%
Z10 354.1+3.1% 19.5+0.6" 125.6+3.1% 115.7£2.6% 108.0+2.1% 35.8+0.6"

53X AL R A *P<<0.05 *#P<<0.01.
#P<0.05 #P<0.01 vs corresponding batch of HR.

2.6 GitFESH

AW FT SIS B G R SPSS 30.0 AT HEAT 4t
T X TIFEERL, EARETIESHERLE, 75
HESHAMBARLX £ Xox: ZHIMEHERH
BRI T Z 501 (One-Way ANOVA); 5 54l A 4T
HIER S ATECT ZE AT, WK Wilcoxon FR AT 36
(W-H #&56). bL P<0.05 NZEREHGH-E L,
P<0.01 N7t 22  Giit B R 581 Origin 2022
F1 GraphPad Prism 10 3X 42l 56 i »
3 i
3.1 SLIOHMENIERE

HN R LRI TE L™ X, HURR ) 3 B R B
SAGEKAEZAE T i R SR . IR 21
TERRCSE B BRSSP R AR RERR = He
RO T MR A 22 o SR R s UM O, 1
B ENANEY P BN =y N T A a8 i e M 15 W5

AINHJER AP, B4 ZFEERF TR, HR 4L
M5 BEURLE AN [F) 73 A0 XA B A = s A
T2 0O = = NI el e S Yl P O PANG Y S vl e i
R, FREE AL AR R 83.64%, JREE 1is 1L
AN RO BRI, AT ST DA H R A R L
LRI B, BRI AR AL E B NI L
(A 2R, (RIS SHET T 7 b [B] AR PRS2 R, W]
LR T B SEE, AER L 2R R
JS 53 5 T AR (RO e SR L AT AR ME R R AR B Al
Ja B TR — P R FAR P X AL R, DL
WA FE 8518 1) 3 1
32 REE. REERENEERSN

AW TR SRS G B 10 Al R
AP EHEMSBEEEHT TE. &RE
N, LR TR T BT 181.9~1173.7 ng/g, %«
21 B B T R 5 0 BUAE 103.9~885.6 ng/g. KA
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BEMEEREMEEN TRES (BHtik P<
0.01), “FIIFEMK 25.8%, Ui K T 20 B BH
R EEW A RS BT RES AT 6716
0~16 305.9 pg/g, KAELBHRESIE 12
106.4~18 400.2 pg/g. AKEXFREHSENE
W EA B (B P<0.01), FHFE
37.93%. X—HLGHER, ERISENA R 2 HKF
BEE R s WL W] BEAAAE 22 57

S AR R BRI B B SR R AR K
INADRIAEE T A . BRI ED
TENNFAGE AR 5 R AR A K AR, T A R TR T
NAlgeidt— 2 5% RESERMN, HEFESHHL
TE S BRI 72 Hp ) S 0 5 S SR BRI 214] i
& &1 BT T R S R SRR R ORI
R AR R BHOI R I FA A 2 T B
IR RESE R, R BN 1 s FIR, 36
I3 BRPERCOK [ 2 BEBE v B R A @ KR, 2R AR
BB IS . SRR N B R, SR
T 0 5 P o 7 A T e 12150,
3.3 EYEERGEITN S

PABE R B b E R sl g 45 R BoR, &7
2T B AR SEE AU ETE 0.676~0.972. HIFLK
B, AR AT AT A 0.116 1~0.447 309, i
T SR (RS AE P B 7E 0.49~0.88017),  #AHIF 5T v
BALEEHIRAT T, AP AR 2 2 R
—EM . BeAh, ABFFH AR S s RN
0.676~0.972) 5% & J5 I it A N — B0 GHILEE R
0.891~0.988) Tk I BFEHXT L, el 1=, st
FRRFBMAREAVREZR, H—HiiE
N T ER L ERARBIE, RefS A A FRIR RI4L
K&pkEREETRE, N—22m LT
MRS SR HEEE . R, DUEL TR NS
B, THER AR SEE AL R 8 0.904~
0.982, FHHMIHITE R Ao & IR, HRol
LIRS R B . B R, AEERGR
SNBSSy, HBSS R T EE SR
S IR AR R AR AR, (H LR A A 1l B R 7515 DA
1%%3[]8—19]0

DL B E R s B, 10 #AE LR
(I N ARUEE N 0.868~0.996, & HAAS ]~ AE i
EAF R R — BT . 10 R AR AN
FLLE R 0.794~0.999, FA 9 H#HEAE KT 0.85,
15 10 HLEE RN 0.794 . PUAE LT RExT BB S0 N

ZM, 10 LR AR AIAHBUEE N 0.786~0.999, Hr
9 HEREM KT 0.85, %5 10 HLEESL N 0.786. 459 %
B ST 2 A0 1 22 BORE i P R R T S AR R B 5
NFRTE o NS S AT AR /N T 0.8, FIREER T
AR TE IR R b 5 R A K R N, A
%10 #A R R RAR 5 AR AEEE S,
DU 1) 5 R = 0 i ] e O B AR IR, SRR
I AN T, T SR 4 U8 0 AT e A AL T
SR ARSI AN [R] S5 RS R IR R AR AR = ) M
foma B n] REAEAE 22 5, SRR H R E X IENA
ANl 22 120231,
34 HPLC 22MEER

X 10 HEA B K 10 #EK 20 FE S 6 FhdshntE
B B R R, IR, TRER
10 A S S EREAR, 2 AR, F
PR R BN 154.8 ug/g 7+ 25 202.0 ng/g, 7
30.49%; “EESFFIEE 10 #b 3 fAbE. 4 HERRAR.
3R EZA, FEET R 18.99%, (HAMEZE
K BEFREET 10 #b9 6 HEFFMK. 4 HETH s
TERWAET 10 #Hb 6 fEFEAR. 3 #kFAmr. 1 #EAE,
WA R S SR LA E, IR G & E U
NFE, FIRES ST ISR RN AR %A T R AE
Irfl T 2R AR R IO K. AN IRE
HESFEITE . AT SRR, TRREEX
T2 e 52 411 A 2 BT M R TR T B
ﬁa‘%[ﬂ] R

M2 RN i s BT . ESHH
10 fikb Ay 8 MR EF -, FIREH I 10 #thf
7 R EFE, FRRESES NI E 34.79%M
2622%. SEEETEN LI ARESERN L
Ft, JRIR I K AL R B R Bk R
IR BCCEET ER, N REK AN ThR0E
SEAEAL T P A 012250,
35 AERIERSERSHSEBINAI KB
ST

T 8 70 A L R G R T A A
MIEZEE R . ARG RER, BEXEEBER
B PO S R A SR R, i
XM T BE R EE AT RSB LT X
A RO, WREN AR A RN, 5
TR AL, F IO AN 4> TR R /N,
MRy, W5 Tl iiE b aniu s, it
TN MR A PR R 35 25 B RO, 78 G s T RE A
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W7, B R EEATIE R O RS R 1R
5 s 0 7 08 0 P I 4 3 A 5 ey 1R
TEPE, TTREXTER A AN DI SR A B ot
BRES1, AV SR T R, RE K GBS R
i &8 Bt 34.18%. TEWIfER BT 17.49%, [FIS
B A AT R AE AR R B AY rh IR b 2 AR
ERT A

BHRES W, EXEAEESE
37.93%, HHE KB AT T 1 &= AE
2 EAbES . HEHE R AN R R AR
BTEVAER, BA MR AR, YU . (R
P8 I RS G, e YA ORI,
RN KA ER B AR T2 IR
FErE. EWIN T REE M EE, MEERS
FAFEESE T B SN 280 iR AR E R . B
FFORIESE, BREX GBS EAS, AFT
BTSRRI W, NG R T eI R R e A 1
FRIM P AE— S S S E AR . AL, EELE
Mg RL, AR ERE S S R AR M AR TR T
AR N, TG BRI R AR P RO,

WAL, RER ISR, BRAT IR &IER
PER AT B BRI, 2B R B <R
A7 WA IGE R A A, A SR SR80, 41
X5 H M EEE I, $RE XIS FET 585
5T AR A B A . AR T H g FE (R
PRPERRT R T L, 2 AN R I B
W, TR BRI, WAL RTIER
ZLRC M SRR bR i oy 0831, it T 13-F85E-9-H
AR GEAR SR TR D, WA AR AR T )
BB, SR AT ORI AL, R
5 12 B R B AA AR DA AT R A PR ET B
BEATIRN W o

Z1HS B A G A R A A B 0 £ G MR | &
5, ORI FTIESE . BRI E R R
G4k, AR “JRHINR YRR, SRR
SERRH], BN RN B B 72 5
Wi, PR R A AR AL 3 BRI N B T R
T S B T BE R TR
FOEMNTE, HE SRR A R A E A T
T G A TR R,
RERET ID MEENE &R X—2mn
RE/R LR K G “AMR2E S VBRI SR E Y
£k,

4 LEip

ARFFTME T 10 HEUR % 5K Al 5 e s A
MEFRSEARN, GRERY, BEXELERSE
B, BRFSEAm. EILER L, SRy T
ZLEE LA R 2 L B A 2o £ 1) HPLC FR&U &,
FEXT 4 B2 A 2 PP B R T T S &
WoE, 4REY, EXEEEFHMET. ST
TRENOA TGS, BEFE. TWRERS
HEILAE b, K. REEET LN
TR ZIAFREE R BT ES, R
. FE B IR 2SR .
IR AL A IR TP AR T4 Y
BIHLI], AL TT BES5 P EE i 3 5 S A 2 A
S K. AWFUN I B A T E AL EA S L )
SEMASRAE T AR SRR, o E IR A AN
IRGELHZRE T 27, R T 2] “ 30
[RIRH IR o
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