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Research progress on chemical composition, pharmacological effects and quality
marker prediction of different processed products of Panax ginseng

QI Menghan'!, LIU Wei?, YU Haixia?, LI Wei!

1. College of Chinese Medicinal Materials, Jilin Agricultural University, Changchun 130118, China
2. College of Pharmacy, Beihua University, Jilin 132013, China

3. Jilin Yatai Pharmaceutical Co. Ltd., Changchun 130118, China

Abstract: Processing and preparation are key techniques for altering the pharmacological properties of Panax ginseng and enhancing
its therapeutic effects. This study systematically reviews the historical evolution and modern processing technologies of ginseng,
compares differences in ginsenosides and non-ginsenoside components among processed products including red ginseng, elucidates
core chemical mechanisms involving directional ginsenoside conversion and the Maillard reaction, and summarizes the multi-target
pharmacological activities of processed ginseng in neuromodulation, cardiovascular protection, metabolic regulation and anti-aging.
Focusing on the screening and prediction of quality markers (Q-Markers) in processed ginseng products, this study identifies rare
ginseng saponins Rgs, RKki, and Rgs, as well as characteristic derivatives of the Maillard reaction—such as arginyl-fructosyl-glucose
(AFG), 5-hydroxymethylfurfural (5-HMF), and maltol as core Q-Markers. Furthermore, these Q-Markers accumulate in large quantities
following high-temperature steaming and processing; their concentrations vary significantly among processed ginseng products such
as sun-dried ginseng, red ginseng, and black ginseng, and can serve as characteristic markers distinguishing raw ginseng from processed
products. They provide an objective and reliable material basis and theoretical foundation for establishing differentiated quality control
standards for processed ginseng products, optimizing processing techniques, refining quality evaluation systems, and ensuring rational
clinical use of ginseng. This lays a scientific foundation for enhancing the specificity of the quality control system for Q-Markers in
processed ginseng products.
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Table 1 Classification of processed Panax ginseng
products and processing methods
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Table 2 Changes in characteristic components of main ginsenosides in P ginseng before and after processing
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Fig.1 Schematic diagram of directional transformation of panaxadiol saponins (A) and triol saponins (B)
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Fig. 2 Schematic diagram of formation of Maillard reaction products during processing of P. ginseng
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B VR B2 B R0 801, R R J I ACRE T iR
TRt 7R LA

324 PiEZIEH AShEHRSELBER
B RA BE PR SR A EEE. NS
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Fig. 3 Pharmacological mechanisms of different active ingredients in processed P. ginseng products

B Rgys PPT A I FE BRI PES (reactive oxygen
species, ROS). M55 A MY EALEF (superoxide
dismutase, SOD). %A MWEG (catalase, CAT) %
PUEABRE T, WCREASOEAR f, [RI s e
FH p53 (tumor protein p53, p53) / 4D FE & A K
BB HIEI ) 1A (cyclin-dependent kinase inhibitor
1A, p21) /200 Jo A 2 A vk S g 40 ) 55 2A
(cyclin-dependent kinase inhibitor 2A, pl6) J#EEH]
Hldf e, (R Rk Bl S, MG, .
W2 B2y, a5,
VAT - PP 2 i 3 22 AH DG RRE 7881, R 2R DA
AFG Ft%ts, VENL S IEHAE R NI, WA
& ROS M- FHIZRAATIRERERS, HIfIEEAHCHE
IR, IR B S0, 1K EyE 1
W RAE G5 A SR AL | ) T RR A
325 HARAER PR £ NS M AR
PRI LA BIETECY, B FTUESE, MHIA e NS
BEMEEHE, J@%’J HARMHI AN SR Bt
Mo ER, Horh, B2, 00w g B A
A *Hiﬁ??ﬁin%, L] AT T
WIS s, 5 dE A, B R R e 1 5 1
o FE AT AR AN S 02, Ak, 422 1 1) maltol
AR PR IERL 51 K A0S, KSR R AL
( argininyl-fructosyl-galactose , AFGA) RefR¥ %l
v GREAL NS RAER TP, NS RH Rgs_f
TW%JMHH?&HE DR R A O B B AR 199,
RefE S R ARG, NS BT ha—f
JE TR IV e & 70 (heat shock protein 70,

HSP70) -p53 8 ¥ o4 35 i 41 4E AL,
MZRE . ZH AR RN
4 AN&/8H&E Q-Marker T 534

Q-Marker s& 5T 25 il 25308 M 1%
360 B T e B T R A TR DU ST PR R S A o T
PraabR, P2 W0 S 24 A S ] it 18] PALE ft 5
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TR ) A it (R AR P 5 B il o 4K 98 Q-Markeer i
EJFEN, EEEYISEG R R L3RR RATIRHE,
A NS Q-Marker HEAT TR, 2254y
Frily, A M EE Q-Marker T ZALHE A
Z B Rgiv Re. Rby FHEMEH, UMKASRL
Rgs+ Rho. Rkiv Rgs AL B AR, o]
454 maltol. ZUIEMMEH RS> (02, B (B
Z) SR IAT R A TR, IR BRI AR R
FEAS [EVAEL 1 i (10 5 8 22 S M) T AR 71000,
41 ETHUFESERUERTHFEHEN Q-
Marker FU

NZ 5SS Panax quinguefolius L.. =t P,
notoginseng (Burk.) F. H. Chen [Fl/& TLIMEI NS )&,
ZHETEAFREAELL, B S g &,
Hi@uzﬁﬁ%ﬁ%ﬁﬁ%ﬁﬁfggﬁ%[%fﬁgﬁﬂ, 3%
HANZ B Rgi Res Rbiw Rd &M B HILAH
g EHE*E#%“Q%%%é%?%EfE/ﬁ? O B A UED O
SR AN [ o [6) 2 10 2 1k B A9 B 5 g 1tk il o A7 AE
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RPARKH RN S =R, AT YR
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8 F B maltol . 5- 2 B L R B C 5-
hydroxymethylfurfural, 5-HMF) %5 XU R S b E4
PLK AFG. FERBRRPET (arginyl-fructose, AF)
SEIHREA MR ERRPE Y, FIRFE A BT A3
1 2 L= ) 3% [RGB 23 M) R AR SRR AE
BARIFAM. Sifee. HisrkmERe s, M6
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NS M) 1) 3 BE ) ot R Al 25 N\ 22
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i R A AR IR A N S 2 R M S 253
HRR IO 7y o M NS ARSI AR T 1k
FEACR AR R BRI S AT S
VDTS, 5 A Q-Marker [0k 23K, AI{EHN
NS AN [ J ] it 22 57 A o B DAY 1) B e FE A

IARZ BT ST RN, Sl st LR AR
M2, ASHERMASRE R BAIIER.
MEGLVEAEER, NS WL, 280+, &
KEERNL s Jus] g H 2 1 TP, et B R E5
L) I Al 2 5 O A R A3 Rk B BN
e REHAA K. ASEH Ress R EMA BH
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TV RS R A s A 48 o 24 28 ) R ) o Bt L
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WA MAGEE R, Skl “baitgon. R4 %
7 RDIRRIE— 8. Bk, FETRRS DR E Q-
Marker, A B T8{E HI1EN T ALY -
4.3 E TR AR Q-Marker Tl

Q-Marker i 1634 N2 A2 R 4F T i . 34 7
MR AT SEHN H AR a e . M et S E &
Kl X AR iR B SE bR T B A Y B
TR NS B REEEE RS EACTE B TN
I S BRI SR R, T B e RO i
(high performance liquid chromatography, HPLC).
R 1= R AR i - R BX B (ultra performance liquid
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JEAE B DL NS A Rgss Rhay Rk Rgs S5 4l
PRI R DS LB BRI T,
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NS ] B s 4ebr . BRbz 4, &M
WAL REIMA R SRR S BRI IR AT A
PEREAEL S, AT HPLC, & 0 - 28 K
DLl QN
chromatography-evaporative light scattering detector,
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SEHUA R, R e TEM AR . LR
Jo R T PR A S i A L ) S S 461081,
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W S5 ARG B e, B e
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Wi By B e 7 AN AR A2 IR A A A L
250, BTFESE T Q-Marker ik i B 2R AEH
PN o TR N N D)5 AN N VN CTE (R E
Tt ABCALIIR R T 7 A, B 77 SRR RAFAE 2GR
A ARk, f2Eietb . 0 AR B RS Bl s 2
HIEH, AZSflmli B R R AERATEY
ES Rk pE i, WHa R A R
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AF SR L RATAAEY, X0 T Bk NS 75|
WIS ARAE, 228 W R & 5 75 5 JE IR R
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FEFREY . IAh, EETEALRE AR, BN
Zrp BRI R T R IR R T E i, AT
[ A O 5205 MU B A S A AR S 004, b 4h,
gia A TB, WX NS AEWE,
A NAGNETTREREZESR, 2RI ERAE
2GR ME . AR R . ARG ST E Q-
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A 5% 24 B i ok 20 M A 2 . ELAER S
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HREBEE R E R SRR NSZIIEIEH 7]
A RIETEEER], REAERKE T2 (epidermal

growth factor receptor, EGFR). [ W A K K+
A (vascular endothelial growth factor A, VEGFA).
75 S8 F-1a Chypoxia-inducible factor-1a,, HIF-
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activator of transcription 3, STAT3) J& /S 253U )%
B A, @ ok U ek NS BEOULRE 3- BB
(phosphatidylinositol 3-kinase, PI3K) -Akt. X kAHE
T O (forkhead box O, FoxQ). BREEIEFET-1
(hypoxia-inducible factor-1, HIF-1) £545 518 B S2 8
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7 7] 7S 2050 P R A 24 B A 11050, 2 47 ok S 1060 L T
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Rki. Rgs %5 28 Fh+FiU0E JRw i g e i AL &4,
H# 4 GeneCards. AR /KL EHE % (online
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MEEE-EAMEERMS, 7298 H Akt IR
BEAF (tumor necrosis factor, TNF). H4IIN2-1P
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Z & (mammalian target of rapamycin, mTOR).
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I BEHE SRR~ Y) AFG 5 IR RIS 1k 2R (1 I
(AMP-activated protein kinase, AMPK) & [ ({45 &

H1REN—42.68 kiimol, LT %R AS XA,

AFG AJilid Arg83. Lys29. GIn9l ZEMRILFIL A
B LUK IERfRE 45 AT AMPK JETHEC4E, 3
T AMPK A1) B R IA A48 % DACSGE b I BT
PR G008, FLAAHOCHTE THGE, AZ 21 Rgs.

Rki 5 Aktl BEEXHEFTRE G HHRREERTHSR
NS REFHY, NFH-41.84KImol B[ ifae 54
W, VAR EAE R AT SR ACUE B A FENE PR T A
FHROGL, A3 EAE MHESE A 2 THIESE AFG FIFGH
NS BT B REZRERIE, NEAERAS S5
(1% JE Q-Marker $&AE/T /K HE, N ASHH
rn Q-Marker JiiiZ T2 A AT FER VAT T+ Lo

&3 ASZLIEFIRIFFE Q-Marker ZF KT
Table 3 Comparison table of Q-Marker differentiation characteristics of various processed P. ginseng products
M i Ly 5E 5 Q-Marker 3% 53 Q-Marker R
/% WoBEAZLZH MaRbi, Ma- FZBEAZEH Ma-  HASH S HAARER RS S ERNANHG 2K, mERX 6

Rbz. Ma-Rc. Ma-Rd Re. BAERDTAS
E20}

WMEABIEAS BT
Rbi. Rb2. Re. Rd

AZ BT Ry Re. Rbi. Rd

aA% ABEH#H Rgs. Rhow AF. AFG Maltol, 5-HMF. A%

B4 Rk

25 NS BT Rgs. Rki. Rhas Rss AFG. Maltol

Khz  ASEHRI R MEASEH Rgs.
ER Bt

WS HOBEASRT MaRb, Ma- (R EERMERS (A

Rb2. Ma-Rc. Ma-Rd BB | RS

i ABEH Rgs. AFG Maltol, 5-HMF. Fif

E#Z  AFG. 5-HMF ABEH Rgs, BEFH

NS ERE RN LIEH GO B R e B A B H RS
i, BRSNS BN IR R R

EMSAMETERG, HoBEETRESSKR, PHRFRNEE
Hor; WKIBER —BEEEREESEHS, WHESHK S, FARRE
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R ZE T AT RS B R R  [RIESS A OB A IR 2 0 9
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%, KSR BE R R,
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AFG2 RFHEA 2 X T A%

B 5% % A FE 5 A S NRRE, R ) N LAy
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HEMERERA .
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