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Abstract: Objective To study the changes in appearance and chemical composition during the processing in nine steaming and nine
drying of black Xiyangshen (Panacis Quinquefolii Radix, PQR) (bPQR), and to research the heart protective effect of different repeated
steaming and oven-drying samples of PQR, to determine the best times of repeated steaming and oven-drying, and to provide reference
for the processing process of bPQR. Methods To prepare the different repeat steaming and oven-drying samples of PQR. The
chromaticity values of raw and different repeated steaming and oven-drying samples of PQR were measured by the colorimeter. The

HPLC fingerprint of above samples were established and the contents of nine components were determined by HPLC including
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ginsenoside Rgi, Re, Rbi, 20(S)-Rgs, 20(R)-Rgs, Rki, Rgs, 5-hydroxymethylfurfural (5-HMF) and benzo(a)pyrene. The content of
alcohol extract was determined according to the Chinese Pharmacopoeia 2020; The correlation analysis between the above components
and the colormatic values were conducted using Origin 2022 software; To determine the processing node of bPQR using cluster
analysis. To choose the optimal time for bPQR by evaluating the heart protection activity of PQR during nine repeating steaming and
oven-drying based on Zebra fish model. Results With the increase times of repeating steaming and oven-drying, the values of L*, b*
and Ea" showed an overall downward trend, the a* value showed an upward trend and then a downward trend, and the AEq" value
showed an upward trend. The contents of ginsenoside Rgi, Re first increased and then decreased. The content of ginsenoside Rb:
showed a downward trend at the second repeating steaming and oven-drying, and then showed a trend of first rising and then falling.
The contents of ginsenoside 20(S)-Rgs, 20(R)-Rgs, Rki, Rgs and 5-HMF increased at first and at the seventh repeating steaming and
oven-drying showed a downward trend and then again. The content of alcohol extract is fluctuating and mainly showed a downward
trend. There were significant correlation between the values of L*, a*, b, Ex", AE«" and the contents of ginsenoside Rgi, Re, Rbi,
20(S)-Rgs, 20(R)-Rgs, Rki, Rgs and 5-HMF (P < 0.05, 0.01); The values of AE«" were significantly positively correlated with the
contents of ginsenoside 20(S)-Rgs, 20(R)-Rg3, Rki, Rgs and 5-HMF (P < 0.01). The fifth repeating steaming and oven-drying could be
used as processing nodes for bPQR, and its heart repair rate was 96.04%. The fifth repeating steaming and oven-drying was the optimal
time for bPQR. Conclusion Character-chemicals-bioactivities analysis can be used as a new model for studying the processing of
bPQR, and the combination of chroma values and saponins content can be used to control the quality of bPQR.

Key words: Panacis Quinquefolii Radix; black Panacis Quinquefolii Radix; characters-chemicals-bioactivities; heart protective;

processing process; color; saponins; HPLC; fingerprint; ginsenoside; 5-hydroxymethylfurfural; benzo(a)pyrene
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Table 1 Color measured values of raw and different
steaming and oven-drying samples of PQR (S0—S9) (X £ s,
n=>5)

i L a b En’ AEx"
SO 87.67+0.35 1.92£0.03 10.54%0.11 88.32£0.32 -

S1 70.574£0.05 10.35£0.01 21.80%0.11 74.58%0.07 22.14%0.05
S2 64.3940.28 10.62£0.03 19.66£0.05 68.160.25 26.47%0.28
S3 60.74£0.75 11.16£0.16 19.13£0.45 64.65£0.52 29.74%0.83
S4 56.89£0.61 11.01£0.66 15.04£0.33 59.87£0.51 32.4140.64
S5 52.73£0.02 10.34£0.01 12.49£0.03 55.17£0.02 35.9940.02
S6 49.51+0.32 8.34£0.02 9.47£0.08 51.09£0.31 38.71%0.29
S7 46.78%0.56 6.59£0.05 6.56%0.13 47.70%0.52 41.350.51
S8 44.58+0.27 4.95£0.04 4.16%0.09 45.05£0.25 43.67£0.24
S9 43.90+0.37 5.04£0.05 4.21£0.09 44.39£0.35 44.34%0.33

ss s6 s7 S8 $9
1 FFSEMEAFEZRMERDARE (S0—S9)

Fig.1 Raw and different steaming and oven-drying
samples of PQR (S0—S9)
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0.42. 0.31. 0.24 0.89 mg/mL VR A Xt HE S Al 47,
B R B S, I AR,
3% Rgiv Re. Rbi. 20(5)-Rgs. 20(R)-Rgs. Rk
Rgs R B E 514 0.03. 0.36. 1.37. 0.21. 0.16.
0.12. 0.45 mg/mL FIRA XA, &H .

2.3.3 LA S RS FREL SO~S9 KL
MARZ 0.5g, IO 40mL HEE, A (200 W, 40
Hz) #£HX 30 min, i, #MEWKHIFE, JEd,
B 25 mL, 2+, DLFFESESR % SmL, 0.22um
JERESES, RPTH.
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I-AZ BT Rg;; 2-AZ BT Re; 3-AZ B Rb;; 11-ASEF 20(5)-Rgy; 12-AS21F 20(R)-Rgy; 14-AS B Rky; 15-AS 21 Rgso
1-ginsenoside Rg;; 2-ginsenoside Re; 3-ginsenoside Rby; 11-ginsenoside 20(S)-Rgs; 12-ginsenoside 20(R)-Rgs; 14-ginsenoside Rk;; 15-ginsenoside Rgs.
2 FEFSEMEAFEZRMER (S0~89,A) KEEXMREER (B) B HPLC
Fig. 2 HPLC chromatogram of raw and different steaming and oven-drying samples of PQR (S0—S9, A) and mix reference
solution (B)
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TR 5 Rgr Y=43 453 723.545 X—19 990.083,

R*=0.9992, Z&M4:7EH] 0.003~0.050 mg/mL; Re Y=
4708 445.960 X—76227.248, R*=0.999 3, £t
0.018~0.730 mg/mL; Rb; Y=28 486 730.952 4 X—
267525.4250, R*=0.9998, ZMEyuil 0.173~2.730
mg/mL; 20(S)-Rg; Y=4564610.147 X+ 18 236.168,
R?=0.9993, 2175 0.021~0.420 mg/mL; 20(R)-
Rgs Y=4490 810.123 X+ 11 242.489, R2=0.999 9,

214V 0.016~0.310 mg/mL; Rk; Y=18 778 392.170
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X+721270.447, R2=0.999 1, £ 0.012~0.240
mg/mL; Rgs Y=15331767.670 X+246 681.723, R2>=
0.999 7, Z&MHER] 0.045~0.890 mg/mL.

242 FEHFEERL B “23.27 WUNREAXIEME
W, % 92317 OUNEIEFARESERE 6 IR, 1HE
Rgi. Re. Rbi. 20(S)-Rgs. 20(R)-Rgs. Rki. Rgsli§
T4 RSD 18, 43 514 0.42%- 0.38%- 0.43%- 2.25%-
2.49%- 1.58%- 2.65%, FHIUASHIRG L RIT.
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2.79%- 2.01%- 2.16%, KHZIEEZTERI.
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B (R VA RTE S I T 24 h WARE .
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[EY/308

24.6 RHIRFIEER DMERL=3 i HiR,
MA5i% 7+ Rgi~ Res Rby. 20(S)-Rgs~ 20(R)-Rg;-
Rk Rgs IS H BR 454 0.190.0.213.0.215.0.206-
0.171. 0.152. 0.155 pg/mL. LUMEMEEL =10 N5E &
MR, M754Z 77 Rgi« Re Rbyi. 20(S)-Rgs. 20(R)-
Rgs. Rki~ Rgs I &R 4378 0.567. 0.638+ 0.752.
0.893. 0.681. 0.593. 0.620 pg/mL.

247 HEEMWESEFMH TEHES (S0~S9) JLz&
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Table 2 Contents of seven saponins in raw and different
steaming and oven-drying samples of PQR (S0—S9)

Jo & 53 H %
FE i
Rgi  Re Rbi 20(5)-Rgs 20(R)-Rgs Rki Rgs
SO 0.13 1.26 2.82 0.00 0.05 0.02 0.00
ST 0.03 0.80 4.18 0.11 0.11 0.05 0.11
S2  0.05 1.09 3.54 0.13 0.14 0.08 0.16
S3  0.07 095 4.17 0.23 0.20 0.13 0.20
S4  0.02 0.29 2.40 0.33 0.22 0.19 0.38
S5 0.01 0.13 1.94 0.51 0.37 0.27 1.07
S6 0.01 0.09 1.58 0.55 0.40 0.28 1.13
S7 0.01 0.14 1.49 0.40 0.32 0.21 0.97
S8 0.01 0.07 1.14 0.55 0.43 0.28 1.16
S9 0.01 0.03 0.93 0.64 0.47 0.32 1.21
4.5 7
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o\o 30“
=4 ]
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=15
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El3 Rgi» Re. Rb RESHTK
Fig. 3 Changes in contents of Rg1, Re, Rb1
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1 — 20(R)-Rg;
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© —+— Rgs
= ]
R
i# 0.6 q
E
0.2

SO}S]ISZIS.’:IS4ISS'S6|S7lS8IS9I
VU2 A S [ 28 LR
& 4 20(S)-Rgs. 20(R)-Rgs« Rki. Rgs REDHTL
Fig. 4 Changes in contents of 20(S)-Rgs, 20(R)-Rg3, Rk,
and Rgs

¥ 20(5)-Rgs~ 20(R)-Rgs~ Rk« Rgs iR HUL R
AR, B 7 REKUGEE N, B S FERCES.
Her, WA ANSEH Regs ESPBLEE, £
55 5 ML S R O g .
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25 FFSEMEARZEMERT 5-HMF S8
ME

S W2 eSS R BAT SEIE , T
Z AU (S0~S9) Mkl e, 5-HMF &8 45
R 3, MUKW S, AW 1 A ER
i, ARKIE] 5-HMF, 3 6 IRZ&MLE, 5-HMF & &
=& EJt.
%3 FESEMRRRRMRHERS S-HMF, KHIERE

AR
Table 3 Determination results of 5-HMF, benzo(a)pyrene
and alcohol extract in raw and different steaming and oven-
drying samples of PQR (S0—S9)

S-HMF/ ZR5F8 Rilv| | S-HMF/ SRIFEe/ 2

s S
%  (ngke™) Y% %  (ngke™) Y%

SO 0.00 0.00 5642| S5 0.04 3.19 5587
S1  0.00 237 52.06] S6  0.22 277 5341
S2  0.01 207 52.77| S7  0.21 242 4388
S3  0.01 2.89 51.78) S8  0.29 321 5243
S4  0.02 274  52.16] S9  0.31 294 4130

r 5-HMF
A |
| |
5-HMF
B i
oo .
0 5 10 15
t/min
&5 S5-HMF 3185 (A) RFESEMER (S6,B) B
HPLC

Fig.5 HPLC chromatogram of 5-HMF reference
substance (A) and bPQR (S6, B)

26 FFSEMRARZEEERPEHESENE
Z IR PO Oh 20757, M viESAE
WS AN E ZEHERE S (S0~S9) h IR &, 4553
L2 3, itk L 6. PEEES AR RE S b A F
FIFEE, EAENPESIERE S, HORFHERRE
WANE TS, (HERTERETE 2.07~3.21 pg/ke,
TR T o B AR AE PR FF T <5 mg/kgl'®l
2.7 TFBHEMRARZEMEHREREYNE
ZH (PEZGH) 2020 4R PYEE N 2201 T
FOVES B IR 5 54T 0, 48 LS 3.
B ARG N, B B R ARG B,

| RIeE

t/min
El6 HHLEMBR (A) REESEMESR (S5, B) i
HPLC
Fig. 6 HPLC chromatogram of benzo(o)pyrene standard
(A) and bPQR (S5, B)

FEETREES, DS RERER B, H
9 IRZEME I K.
28 MFSAEZEMEHERT 10 S E2556
TR FE R 2 17

[ i IBM SPSS Statistics 20 %44, %t (o FE{H L*.
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Fig. 7 Correlation analysis of components and chroma of different steaming and oven-drying samples of PQR
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Fig. 8 Clustering results of raw and different steaming and
oven-drying samples of PQR (S0—S9)
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BRI IRRRE, A3 FTTR EIR I 25

2104 FEARUEE  REG AT Bk fd BT 1 A L
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B RRAR 4 T A SRR BT 5 [ RS2k . IR
& T 28 ClHIESEFRAETNE £ 24 hpf, {EAAFR
BB N PR EANEEER, T RS
2105 KLY ¥k 24 hpf IS AET
24 FURRH, o A BB BHPEZHRIZE 2540,
T 8 2%, HHME 3 ATPAT. THMLS T E3 K
TR, PHPEASE T A ZE SRR (30 pg/mL), 457
H 3N T PUPES A IR i S AN [F) Z8 R VO it B
PEVDEE IR WAL BH AN 25 A AN 52 o
BIREIN 3 ngmL. S4BT 28 CIHER:F
48 h, 48 hpf I TE 4 — IR 2457, 15 B WAss T &
HPt 72 hpf O NEFA AL, WdxO0FE, H
ImageView HA4I 5t 5 #0E SV-BA [H]5E, FH3%
THA R FE DA B E

CEFIA B 2R = (B4 2541 SV-BA [A#E —HEAI4] SV-
BA [A]{#)/(%5 F 2 SV-BA [ — #5 A4 SV-BA [H]#H)
2.10.6 RO HT K SIS L BE S 0 IE F AR
TERISE SR I 9, 53R, MRAAEBT S Bl 7
AR PO R, BRI BRSO RATF
MFDEERLE . ORISR O 5 0
MERSE I %, PEMEE . AR RUAS [F) 28 ML R B 15
PO SRR 25, Y a0 mIEE T —
EEE, OREITEST, s mi. OIES
WA . WA 2R LB N, PRS0 O I 45245 B
a0, 2% A E FERE&S, K Ss
F1S6 H O HRIRE G W% (P<0.01), &R ILE
4, BMAPE S SV-BA [HIFERS AW E R,
KR Vi PEE 1 SV-BA [H) PR RS AY H 35 B4 5
FER PP OB R ZFAE 8.59%~96.04%, HH S9
PBE RN, N 8.59%; S5 MBHEFEKmE, N
96.04% .

A-ZHM; B, C-HMEAL: BT & BFRRK S G SV-BA (A,
A-control group; B-model group; C-postive group; Line segment in graph means SV-BA interval of Zebra fish heart.
B9 ZERDECRRIFER (X10 )
Fig. 9 Heart protective effect of Zebra fish in each group (x 10)

x4 REAWDELELNE SV-BA HEMNELER (X+s,n=3)
Table 4 Heart rate and SV-BA interval results of Zebra fish in each group (X £ s,n=3)

2 531 iR /min SV-BA [ffi/um DFEIEERY% | 45 102 /min SV-BA [M#E/um LIEBEEEY%
A 160.50+9.87 148.53+16.71 - S4  139.15£11.13°  163.04+23.15 50.00
R 58.00+5.25%  183.24+4.81% - S5 149.454+16.20"  144.44423.73" 96.04
FHTE  115.20+6.22 151.16£13.51 79.41 S6  150.50+£5.82"  168.28+31.74 37.03

SO 127.33+8.23 157.55+27.07" 63.59 S7  148.20%10.08"  152.56+14.81" 75.94

S1 115.00+35.68  159.62+33.42° 58.47 S8  139.33+£27.50°  169.87+17.48 33.09

S2 132.00+4.24 155.90+8.52 67.67 S9 72.50+17.84 179.77+£21.82 8.59

S3 138.27+6.07 167.80+16.72 38.22

a4 . *P<0.05 #P<0.01; SHEEHLE: *P<0.05

"P<0.01,
#P<0.05 *P<0.01 vs control group; P <0.05 **P<0.01 vs model group.
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Fig. 10 Transformation of Rg: during steaming and oven-drying processing
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