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The steamed Panax ginseng C. A. Mey., Panax notoginseng (Burk.) F. H. Chen, and Panax quinquefolium L. not
only facilitate storage, but also increase the content of rare saponins and enhance their clinical applica-
tion value. The traditional steaming process has high energy consumption, low efficiency, and lacks stan-
dardized operating procedures and unified standards. This paper retrieves the research literature on the
steaming process parameters, rare saponin increments, and efficacy enhancement results of ginseng
plants. By summarizing the effects of different steaming processes on rare saponins and pharmacody-
namics in P. ginseng, P. notoginseng and P. quinquefolium, we explored new steaming methods and estab-
lished a new quality evaluation system to provide guarantee for the effectiveness and safety of clinical
medication and provide scientific basis for its rational use.
� 2024 Tianjin Press of Chinese Herbal Medicines. Published by ELSEVIER B.V. This is anopen access article

under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Panax ginseng C. A. Mey., Panax notoginseng (Burk.) F. H. Chen
and Panax quinquefolium L. have the effects of tonifying vital
energy, generating fluids, quenching thirst, and benefiting the
spleen and lungs (Zhang, 2022). P. notoginseng has the functions
of dispelling blood stasis, stopping bleeding, reducing swelling
and pain, and is used for various internal and external bleeding,
chest and abdominal pain, falling and swelling pain, etc (Duan,
Zhang, Zhang, Zhang, & Li, 2023; Xiao et al., 2002). P. quinquefolium
has the effects of nourishing yin and moistening the lungs, clearing
the heart and calming the mind. It is used for yin deficiency, dry
cough, coughing up blood, restlessness, palpitations, insomnia,
and mental confusion (Liu, Lu, Hu, & Fan, 2020). Fresh ginseng is
the fresh root of ginseng with high water content. Sun-dried gin-
seng is dried from fresh ginseng after natural processing (Sun,
2022). Heating steaming is one of the traditional Chinese medicine
processing methods. P. ginseng steamed can not only prolong the
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storage time, but also produce rare saponins, enhance its efficacy,
and improve its application value (Sun, Pan, & Sung, 2011; Sun
et al., 2011). Red ginseng is steamed and processed from fresh gin-
seng, whose color changes from white to red. It can greatly supple-
ment the vitality, restore the pulse, replenish qi and control blood.
Black ginseng is made from raw ginseng, which is steamed at 98–
100 �C for 3 h, dried in the sun or dried, and repeated for 9 times
(Jin et al., 2015). For example, the content of rare saponins Rh2 in
red ginseng obtained by steaming fresh ginseng at 100 �C for 6 h
increases, and the immune efficacy was significantly improved
(Bai, 2020). After steaming P. notoginseng at 120 �C for 4 h, S-Rg3
and R-Rg3 increased by 11.09 mg/g and 8.61 mg/g, respectively,
enhancing its anti-tumor effect (Sun, Pan, & Sung, 2011; Sun
et al., 2011). In this paper, the effects of different steaming pro-
cesses on rare saponins and efficacy in P. ginseng, P. notoginseng
and P. quinquefolium were summarized by consulting a large num-
ber of literatures, in order to provide reference for the scientific
application of steaming products of ginseng plants.
2. Effect of steaming process on rare saponins and efficacy

Steaming can promote the production of rare saponins. Com-
paring the conversion of saponins among the three medicinal
materials, it can be concluded that after steaming, the three medic-
inal materials were converted to rare ginsenoside 20(S/R)-Rg3, Rk1,
Rg5, Rk3, Rh4, Rh1 and Rh2. We sorted out the general formula of
saponin transformation in the steaming process of P. ginseng, P.
notoginseng and P. quinquefolium as shown in Fig. 1. The total con-
tent of the above seven ginsenosides in steamed P. notoginsengwas
higher than that in steamed P. ginseng and P. quinquefolium. In
addition, ginsenosides Rg6 and F4 can only be detected in high-
temperature steamed ginseng, which have anti-tumor (Chen,
Shen, Zhang, Cheng, & Jia, 2013), hypoglycemic (Zhao et al.,
2023), antioxidant (Pu et al., 2021), and anti-inflammatory effects
(Lee, Lim, Shehzad, Kim, & Kim, 2014; Paik et al., 2019), expanding
the application range of steamed ginseng.

2.1. Effects of steaming process on rare saponins and efficacy of P.
ginseng

Numerous studies have indicated that different steaming times,
temperatures, and other factors may have certain effects on the
conversion of ginsenosides, thereby affecting their efficacy.
According to the presence of hydroxyl groups on the 6-position
carbon, ginsenosides are divided into protopanaxadiol type (PPD)
and protopanaxatriol type (PPT). PPD-type ginsenosides include
Rb1, Rd, Rg3, Rk1 and Rg5, and PPT-type ginsenosides include Re,
Rg6, F4, Rk3 and Rh4. According to research, after heating and
steaming, most of the prototype saponins undergo dehydration
and isomerization at the C-20 position, while rare saponins are also
Fig. 1. General formula of saponin c
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produced after sugar chain breakage at the C-3 and C-6 positions.
The conversion pathways of PPD and PPT type ginsenosides are
illustrated in Fig. 2.

The conversion amount of rare saponins in ginseng under differ-
ent steaming processes was different, resulting in different syner-
gistic results. For example, the content of rare saponins S-Rh2 and
R-Rh2 in red ginseng increased by 0.16 lg/g and 0.05 lg/g respec-
tively compared with the original fresh ginseng after steamed at
100 �C for 6 h, so that red ginseng had better effect on cellular
immunity. Fresh ginseng was steamed at 120 �C for 3 h, which
the contents of Rg3, Rk1, Rg5, Rs5 and Rs4 in steamed ginseng
increased by 6.1%, 2.9%, 3.3%, 0.02% and 0.03% compared with the
original fresh ginseng, which increased the cytotoxicity to liver
cancer cells. Others participated in the heating steaming process
parameters, conversion of rare saponins and synergistic results
were shown in Table 1.

From Table 1, it can be seen that with the extension of heating
steaming temperature and time and the decrease of pH value of the
reaction environment, the content of rare saponins (Rg3, Rh4 and
Rk1) in ginseng was increased, and the tumor inhibition rate,
antioxidant and antibacterial activity were enhanced. The sub-
stance that enhanced the efficacy of ginseng was rare saponins.

2.2. Effects of steaming process on rare saponins and efficacy of P.
notoginseng

Modern steaming methods of P. notoginseng can be divided into
high-pressure steaming and normal-pressure steaming, and P.
notoginseng can be steamed with water or black bean juice or other
auxiliary materials (Di et al., 2016). Modern researchers have opti-
mized the heating and steaming process of P. notoginseng to con-
vert prototype saponins into rare saponins. This article compares
the effects of different steaming processes on the content changes
of rare saponins in P. notoginseng and the results of enhancing the
activity of rare saponins. Table 2 displays the heating and steaming
process parameters, rare saponin conversion amount and potenti-
ation results of P. notoginseng.

From Table 2, it can be seen that with the increase of steaming
temperature and the acidity of the reaction environment, as well as
the prolonger of time, the content of rare saponins Rh1, Rh4, Rk3,
and Rg3 in P. notoginseng increases to varying degrees, which
enhances its anticoagulant and blood nourishing activities. There-
fore, the enhanced therapeutic effect of P. notoginseng is closely
related to the production of rare saponins.

2.3. Effects of steaming process on rare saponins and efficacy of P.
quinquefolium

Compared to P. ginseng and P. notoginseng, research on P. quin-
quefoliummainly focuses on white ginseng and aboveground parts,
onversion in steaming process.



Fig. 2. Conversion pathways during ginseng steaming process. (A) PPD type ginsenoside (B) PPT type ginsenoside. Blue: Starting compounds; Red: intermediates; Green: final
products.
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with relatively little research on American red ginseng. This article
summarizes the effects of multiple heating and steaming processes
on the content changes of rare saponins in American ginseng, as
well as the synergistic effect of producing rare saponins. The heat-
ing and steaming process parameters, rare saponin conversion
523
amount, and efficiency enhancement results of American ginseng
are illustrated in Table 3.

We can infer from Table 3 that with the increase of heating and
steaming temperature and the prolonger of time, the content of
rare saponins such as Rh1, Rh2, and Rg3 in American ginseng



Table 1
P. ginseng steaming process parameters, rare saponins conversion and synergistic results.

No. Steaming process parameters Rare saponin conversion rates Efficiency References

1 Steamed at 100 �C for 6 h lg/g: S-Rh2: 0.16, R-Rh2: 0.05 The cellular immune function was enhanced. Bai, 2020
2 Steamed at 120 �C for 0, 2, 4, 8 h / The anti-inflammatory effect was improved. Qian et al., 2015
3 Steamed at 120 �C for 2 h mg/g: S-Rg3: 1.281, Rg5: 0.127, Rk1: 0.458, Rk3:

1.669
The testicular damage caused by HS was alleviated. Liu, 2019

4 Steamed at 120 �C for 3 h %: Rg3: 6.1, Rk1: 2.9, Rg5: 3.3, Rs5: 0.02, Rs4:
0.03

The cytotoxic effect on SK-Hep-1 hepatoma cells
was amplified.

Park et al., 2002

5 Steamed at 98 �C for 0.5 h
Steamed at 120 �C for 0.5, 1, 2, 4 h

%: S-Rh1: 0.029, R-Rh1: 0.032, Rg6: 0.041, Rk3:
0.129, Rh4: 0.209, R-Rg3: 0.224, Rk1: 0.443

The tumor inhibition rate of red ginseng steamed at
120 �C was greater than that of red ginseng steamed
at 98 �C, and red ginseng (98 �C) was greater than
fresh ginseng.

Zhang, 2015

6 Steamed at 100 �C for 1.5, 3, 6 h / The secretion of G-CSF after 6 h of steaming was
induced, and the activity of G-CSF is the highest
when steaming for 9 h.

Ding, Tabuchi, & Makino, 2022

7 Steamed at 95 ± 5 �C for 3, 6, 9 h mg/g: Rg3: 1.87, Rg5: 22.21, Rk1: 18.76, Rh1:
0.49

Samples with different steaming times don’t cause
significant changes in body temperature and blood
pressure in rats

Cho, Kim, Lee, & Kim, 2017

8 Heated at 60, 80, 100, 120 �C for 1 h; Heated at
100 �C for 1, 2, 4, 8, 16 h

mg/g: S/R-Rg3: 0.69, CK: 0.255, Rh2: 0.001 Heating at 100 �C for 2 h and 16 h, the antibacterial
activity reached the maximum, respectively.

Na, Kim, Rhee, & Oh, 2017

9 Steamed at 100, 110, and 120 �C for 2 h %: F4: 0.23, Rg5: 0.64, Rg3: 1.32 The effect to induce endothelium dependent
relaxation and free radical scavenging activity was
improved.

Kim et al., 2000

10 *Trap ginseng for 3 d, moisten ginseng for 0.5 h,
steam ginseng for 3 h

/ The H2O2-induced oxidative stress in rat
cardiomyocytes was attenuated.

Li, Zhang, Ji, & Zhao, 2019

11 Soak dried ginseng in garlic juice for 12 h, steam it
at high temperature, pressure for 2 h

%: Rh1: 0.29, Rg3: 0.34, Rh2: 0.96 Enhance the exercise endurance of mice and delay
fatigue.

Zhang, 2016

12 Soak in garlic juice for 12 h, steam for 2 h / Improve anti-fatigue effect. Zhao, 2016
13 P. ginseng, P. quinquefolium, P. notoginseng roots,

stems and leaves were steamed at 120 �C for 12 h,
maintained for 24 h

mg/g: P. ginseng: Rk3: 1.68, Rh4: 3.48, Rg3:
5.77, Rk1: 3.42, Rg5: 10.99;
American ginseng: Rk3: 1.72, Rh4: 2.59, Rg3:
7.17, Rk1: 5.76, Rg5: 17.26;
P. notoginseng: Rk3: 10.31, Rg3: 10.02, Rk1:
6.29, Rg5: 18.62, S-Rh1: 11.63, R-Rh1: 8.5

High temperature steaming of P. notoginseng had
the strongest tumor cell cytotoxicity.

Gu, Zeng, Zhang, Wang, & Zhang, 2021

14 Steamed at 120 �C with glutamic acid, arginine, and
distilled water for 0.5, 1, 2, 4 h; Steamed at 98 �C
with glutamic acid, arginine, distilled water for 2 h

mg/g: R-Rg3: 0.41, S-Rg3: 0.36, Rg5: 0.49, Rg6:
0.32, Rk1: 0.45, Rk3: 0.29, Rh4: 0.27

Ginseng steamed with arginine exhibited higher
antioxidant activity.

Xia, 2017

15 Steam fermented ginseng powder for 7 h, dried for
8 h, and circulated 5 times

mg/g: Rg3: 2.12, Rg6: 1.27, Rh1: 0.69 Black ginseng total saponins inhibit Hela cells in a
concentration dependent manner.

Liu, 2015

16 Dried at 50 �C, steamed at 140 �C, 3 kg/cm2 for
20 min

mg/g: R-Rh1: 0.14, Rg3: 1.71 The lipolysis and lipid oxidation in C2C12 myotubes
were promoted.

Yu et al., 2016

17 Heat vietnamese ginseng powder at 120 �C for 2, 4,
8, 12, 16 h

/ The 12 h sample had the strongest protective effect
on renal cells

Kim et al., 2019

Note: Unless otherwise specified, the default raw material was fresh ginseng; *Trap ginseng: refers to loss of certain moisture after fresh ginseng is harvested and placed in an indoor cold warehouse for a period of time. Moistening
ginseng: to make fresh ginseng easier to clean, need to have a certain early infiltration time.

W
.Zhao,L.H

an,T.Li
et

al.
Chinese

H
erbal

M
edicines

16
(2024)

521–
528

524



Table 2
P. notoginseng steaming process parameters, rare saponins conversion and synergistic results.

No. Steaming process parameters Rare saponin conversion rates Efficiency References

1 Steamed under high pressure at 120 �C for 0, 2, 4,
8 h

mg/g: Rh1: 4.58, Rh4: 127.26, F2: 4.94, Rk3:
33.57, Rg3: 6.38

The anticoagulant activity was enhanced. Di et al., 2016

2 Steam the stems and leaves at 121 �C for 8 h / The L-glutamic acid-induced cell damage was
alleviated.

Zhang, 2022

3 Steamed at 105, 110, and 120 �C for 2, 4, 6, 8, and
10 h

%: P. notoginseng taproot: Rh1: 0.799, Rh4:
2.066, Rk3: 0.926, S-Rg3: 1.068, R-Rg3: 0.982; P.
notoginseng fibrous root: Rh1: 0.519, Rh4:
1.552, Rk3: 0.668, S-Rg3: 0.620, R-Rg3: 0.582

The blood tonifying effect was enhanced. Wu, 2016

4 Steam the total saponins of P. notoginseng stems
and leaves at 140 �C for 3 h

%: Rk1: 6.97, Rg5: 12.09, Rg3: 1.53, R-Rg3: 2.05,
Rh2: 8.65

The antioxidant and neurotransmitter regulatory
effects were enhanced.

Ma, 2020

5 The moistening temperture was 60 �C for 24 � 27 h,
drying at 40 �C, steaming 6 h

/ More effective in enhancing immunity and
tonifying qi.

Zhou, 2014

6 Steamed for 3 h with water separation / The inhibitory activity of angiotensin-converting
enzyme was reduced.

Sun, Chen, Wang, Liu, & Di, 2016

7 Steamed under high pressure at 110 �C for 3 h / The blood-enriching effect was increased. Wu, 2021
8 Moisturized for 24 h, steamed at 110 �C for 3 h Rh4, S-Rg3, Rg3 adducts close to10 mg/g The tonifying impact was enhanced, the growth of

Lewis lung cancer was prevented and the toxic and
side effects with chemical medications were
reduced.

He, 2016

9 Steamed at 110 �C for 3 h %: S-Rh1: 0.53, R-Rh1: 0.181, Rk3: 0.346, Rh4:
2.244, S-Rg3: 0.361, R-Rg3: 0.148, Rg5: 0.226

The tonifying effect was boosted. Wang, 2020

10 Steam P. notoginseng powder at 120 �C for 2 h / The immunomodulatory, antioxidant and anti-
anemic properties were strengthened.

Hu et al., 2018

11 P. notoginseng powder was heated and steamed at
120 �C in 3 %acidic amino acids for 1 h

All prototype saponins are converted into rare
saponins

The liver protection in mice was enhanced. Zhang, 2021

12 Steam P. notoginseng powder at 120 �C for 5 h / The hematopoietic effect was boosted. Zhou et al., 2020
13 Steam P. notoginseng powder at 120 �C for 2, 6, 9 h / The antiplatelet and anticoagulant effects were

improved.
Lau et al., 2009

14 P. notoginseng rooting powder is steamed under
high pressure at 120 �C for 2, 6, 9, 15, and 24 h

/ The inhibitory action of liver cancer cells was
enhanced.

Toh et al., 2011

15 Steamed at 120 �C for 2 h / The antioxidant activity and hematopoietic function
were strengthened.

Hu et al., 2018

16 Steamed at 120 �C for 4 h mg/g: Rh1: 10.57, Rh2: 0.3, Rh4: 15.6, S-Rg3:
11.09, R-Rg3: 8.61, Rk3: 11.0, Rk1: 10.8, Rg5:
15.3

The antiproliferative and pro- apoptotic effects on
cancer cells were enhanced.

Sun, Pan, & Sung, 2011; Sun et al., 2011

17 Steamed at 120 �C for 6 h / The overall hematopoiesis was promoted and the
progression of renal function was inhibited to
alleviate damage in RA mice.

Gao et al., 2022

Note: Unless otherwise specified, the default raw material was fresh P. notoginseng.
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Table 3
P. quinquefolium steaming process parameters, rare saponins conversion and synergistic results.

No. Steaming process parameters Rare saponin conversion rates Efficiency References

1 Steamed at 120 �C for 2 h / The antioxidant and antiproliferative activities
were enhanced.

An et al., 2020

2 Steamed at 120 �C for 4 h / Antioxidants or inhibitors of NF-jB pathway
can boost the anticancer impacts.

Li, Wang, He, Yuan,
& Du, 2010

3 Steamed at 120 �C for 2 h %: Rg3: 5.84 The anti proliferative effects were significantly
enhanced.

Luo et al., 2008

4 Steamed at 100 �C for 0.5, 1, 1.5, and 2 h / The activity of free radical scavenging, SOD and
CAT was enhanced, and the lipid peroxidation
was inhibited.

Wang et al., 2007

5 Steamed at 100, 120 �C for 1 h;
Steamed at 120 �C for 0.5, 1, 2, 3, 4 h

%: Rh1: 0.049, Rh2: 0.059, Rg3: 1.222 The antiproliferative effects were markedly
increased.

Kim et al., 2007

6 Steamed at 120 �C for 2, 4 h %: Rh2: 1.14, Rg3: 7.74 The antiproliferative activities were obviously
enhanced.

Wang et al., 2009

Note: Unless otherwise specified, the default ingredient was fresh P. quinquefolium.
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increases, and its anti-cancer cell proliferation activity is corre-
spondingly enhanced. The generation of rare saponins is the mate-
rial basis for the enhanced therapeutic effect of American ginseng.
3. Innovative research on steaming process

The research on modern Chinese medicine processing technol-
ogy is based on standard processing techniques, improving and
perfecting traditional techniques. Numerous studies have shown
that the steaming of P. ginseng, P. notoginseng, and P. quinquefolium
produced rare saponins, which enhance their antioxidant, anti fati-
gue, anti-cancer, and cellular immune effects, improved the com-
mercial value of steamed products, promoted the extensive
research and development of steamed ginseng plant health foods
and drugs, developing various high-tech and equipment. Gong
et al. (Gong, Sun, & Zhang, 2013) has developed an automatic pro-
cessing equipment based on a programmable logic controller
(PLC), which integrates steaming and drying, greatly improving
the efficiency of steaming ginseng. Cai et al. used a series of pro-
cesses such as hot immersion to treat raw materials such as Amer-
ican ginseng and longan to make American ginseng and longan
paste (Cai, Zhang, Li, & Xiao, 2003). The product has a nourishing
effect, but in order to improve the appearance and taste of longan
paste, pectin was added on the basis of the original preparation
process to stabilize the product and better exert its health benefits.
Meng et al. used a high-pressure steam sterilization pot to improve
the ginseng processing technology, which can achieve the best
process effect by evenly and quickly transferring temperature
(Meng, Yao, Yu, & Tian, 2021). Xiao & Wang adopted pressure
maintaining steaming, which is easy to control under certain con-
ditions, with less time consumption, low loss, and good quality
(Xiao & Wang, 2012). Li et al. invented a new processing technol-
ogy for steamed P. notoginseng, which can control the heating rate
at each stage, helping to control the quality of steamed P. notogin-
seng and improve its therapeutic effect (Li, Liu, & Xu, 2022). Wang
et al. invented a method for processing American ginseng based on
steam explosion technology (Wang, Ma, & Yu, 2023). The method
used saturated steam to pressurize the freeze-dried American gin-
seng system after rehydration for 1 � 3 min, and then instanta-
neously released pressure for steam explosion treatment. This
invention not only helps to promote the dissolution of chemical
substances, improve biological activity, and has the advantages
of environmental protection and efficiency, but also reduces the
bitterness of American black ginseng, thereby increasing
compliance.
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4. Conclusion and prospect

The steaming process can have a significant impact on the
increment and pharmacological effects of rare saponins in ginseng
plants. After processed, P. ginseng, P. notoginseng, and P. quinque-
folium had longer storage time, increased content of rare saponins,
enhanced efficacy and improved application value (Metwaly, Zhu,
Huang, & Dou, 2019). At present, due to the high energy consump-
tion, low level of automation and intelligence in traditional steam-
ing processes, non-standard steaming methods, inconsistent
process parameters, and lack of standardized operating procedures
and unified standards (Gong, Sun, & Zhang, 2013), the appearance
quality and commercial value of steamed products are affected.

The traditional steaming process requires reform and innova-
tion. By changing production conditions, innovating methods,
establishing standardized and intelligent process flows, and auto-
matically controlling temperature and time, it can provide guaran-
tees for controlling product quality and improving steaming
efficiency.

The fusion and analysis techniques of multidisciplinary meth-
ods were used to study the changes in chemical composition and
efficacy of ginseng plants before and after steaming. Multiple com-
plex data analysis methods were used to analyze the structure–ac-
tivity relationship of the chemical components and biological
activities before and after steaming, in order to identify the rare
saponin components and compositions that change the efficacy
of P. ginseng, P. notoginseng, and P. quinquefolium after steaming.
And this is an indicator component to detect and evaluate the qual-
ity of steamed products and guide the steaming process, which is
of great significance to the standardization of the steaming process
of medicinal herbs and the stability control of the quality of medic-
inal materials. This review summarizes the changes in rare gin-
senosides of P. ginseng, P. notoginseng and P. quinquefolium before
and after steaming, as well as their correlation with pharmacolog-
ical activity. It helps guide the optimization of the steaming pro-
cess of P.ginseng, P. notoginseng and P. quinquefolium, providing
scientific basis for quality control and clinical rational drug use,
and improving the application value of P. ginseng, P. notoginseng,
P. quinquefolium and their steamed products.

CRediT authorship contribution statement

Wenjie Zhao: Writing – original draft. Linlin Han: Writing –
original draft, Writing – review & editing. Tao Li: Supervision.
Jungjoon Lee: Supervision. Yuqing Zhao: Writing – review & edit-
ing, Conceptualization, Project administration.



W. Zhao, L. Han, T. Li et al. Chinese Herbal Medicines 16 (2024) 521–528
Declaration of Competing Interest

The authors declare that they have no known competing finan-
cial interests or personal relationships that could have appeared
to influence the work reported in this paper.
Acknowledgements

This project was supported by the Higher Education Discipline
Innovation Project (111 Project, D18012).
References

An, Q., Guo, M., Shen, Y. J., Zhang, Y., Wang, R. Y., & Guo, L. Zheng, Y. G., & Zhang, D.,
(2020). Comparative study on changes of ginsenosides and activities of
American ginseng before and after steaming. China Journal of Chinese Materia
Medica, 45(18), 4404–4410.

Bai, Y. J. (2020). Effect of ginseng processed by different methods on immune function in
mice. Jilin Agricultural University. Thesis of Master Degree.

Cai, C. H., Zhang, A. Y., Li, W. Y., & Xiao, W. Q. (2003). Processing technology of
Yuhuaqishenguiyuan paste. Food Science, 24(6), 77–78.

Chen, B., Shen, Y. P., Zhang, D. F., Cheng, J., & Jia, B. J. (2013). The apoptosis-inducing
effect of ginsenoside F4 from steamed notoginseng on human lymphocytoma JK
cells. Natural Product Research, 27(24), 2351–2354.

Cho, H. T., Kim, J. H., Lee, J. H., & Kim, Y. J. (2017). Effects of Panax ginseng extracts
prepared at different steaming times on thermogenesis in rats. Journal of
Ginseng Research, 41(3), 347–352.

Di, Y. W., Kang, A., Di, L. Q., Qian, J., Li, J. S., & Shan, J. J. Zhao, X. L., & Bi, X. L., (2016).
Comparative study on contents and pharmacokinetics of raw and steamed
Notoginseng Radix et Rhizoma and its anti-platelet aggregation activity. Chinese
Traditional and Herbal Drugs, 47(1), 95–100.

Ding, K. W., Tabuchi, Y., & Makino, T. (2022). Effect of steam-processing of the Panax
ginseng root on its inducible activity on granulocyte-colony stimulating factor
secretion in intestinal epithelial cells in vitro. Journal of Ethnopharmacology, 287
(6), 114927.

Duan, Y. Y., Zhang, W., Zhang, Y. H., Zhang, X. Y., & Li, Y. M. (2023). Reconstruction of
Chinese materia medica-sanqi. Jilin Journal of Chinese Medicine, 43(2), 225–228.

Gao, M., Zhang, Z. J., Zhang, Y. M., Li, M. H., Che, X. Y., Cui, X. M., ... Xiong, Y. (2022).
Steamed Panax notoginseng attenuates renal anemia in an adenine-induced
mouse model of chronic kidney disease. Journal of Ethnopharmacology, 288(24),
114941.

Gong, B. X., Sun, B. Y., & Zhang, X. L. (2013). Design of ginseng steaming and stoving
of automated machining equipment based on PLC. Manufacturing Automation,
35(11), 54–57.

Gu, C. Z., Zeng, B. X., Zhang, Y. J., Wang, D., & Zhang, Y. J. (2021). Variation of
ginsenosides in raw and processed ginsengs (Panax sp.) and their cytotoxicities.
Chinese Traditional and Herbal Drugs, 52(11), 3391–3397.

He, Y. H. (2016). Study on the steamed notoginseng powder of the preparing method
and the pharmacological action which was based on the theory of prepared
notoginseng can enrich the Blood and Qi. Chengdu University of Traditional
Chinese Medicine. Thesis of Master Degree.

Hu, Y. P., Cui, X. M., Zhang, Z. J., Chen, L. J., Zhang, Y. M., Wang, C. X., ... Xiong, Y.
(2018). Optimisation of ethanol-reflux extraction of saponins from steamed
Panax notoginseng by response surface methodology and evaluation of
hematopoiesis effect. Molecules, 23(5), 1206.

Jin, Y., Kim, Y. J., Jeon, J. N., Wang, C., Min, H. Y., Noh, H. Y., & Yang, D. C. (2015). Effect
of white, red and black ginseng on physicochemical properties and
ginsenosides. Plant Foods for Human Nutrition, 70(2), 141–145.

Kim, K. T., Yoo, K. M., Lee, J. W., Eom, S. H., Hwang, I. K., & Lee, C. Y. (2007). Protective
effect of steamed American ginseng (Panax quinquefolius L.) on V79–4 cells
induced by oxidative stress. Journal of Ethnopharmacology, 111(3), 443–450.

Kim, L. V. H., Thi, H. V. L., Huy, T. N., Hyung, M. K., Ki, S. K., Jeong, H. P., & Minh, D. N.
(2019). Increase in protective effect of Panax vietnamensis by heat processing on
cisplatin-induced kidney cell toxicity. Molecules, 24(24), 4627.

Kim, W. Y., Kim, J. M., Han, S. B., Lee, S. K., Kim, N. D., Park, M. K., ... Park, J. H. (2000).
Steaming of ginseng at high temperature enhances biological activity. Journal of
Natural Product, 63(12), 1702–1704.

Lau, A. J., Toh, D. F., Chua, T. K., Pang, Y. K., Woo, S. O., & Koh, H. L. (2009).
Antiplatelet and anticoagulant effects of Panax notoginseng: Comparison of raw
and steamed Panax notoginseng with Panax ginseng and Panax quinquefolium.
Journal of Ethnopharmacology, 125(3), 380–386.

Lee, J. H., Lim, H., Shehzad, O., Kim, Y. S., & Kim, H. P. (2014). Ginsenosides from
Korean red ginseng inhibit matrix metalloproteinase-13 expression in articular
chondrocytes and prevent cartilage degradation. European Journal of
Pharmacology, 724(5), 145–151.

Li, B. H., Wang, C. Z., He, T. C., Yuan, C. S., & Du, W. (2010). Antioxidants potentiate
American ginseng-induced killing of colorectal cancer cells. Cancer Letters, 289
(1), 62–70.
527
Li, X. H., Zhang, Y., Ji, S. Y., & Zhao, Y. (2019). Protective effects of red ginseng on
H2O2 induced oxidative stress injury in rats cardiomyocytes of H9c2. Jilin
Journal of Chinese Medicine, 39(6), 772–776.

Li, X. Y., Liu, M. N., & Xu, X. F. A new processing technology of cooked Panax
notoginseng with prevention and treatment of Alzheimer ’s disease and its
related products 202211306159.7[P] 2022 China, CN 2023–12-19.

Liu, C. (2015). Study on prepapation and chemical constituents of black ginseng.
Yanbian University. Thesis of Master Degree.

Liu, W. (2019). Isolation and purification of secondary ginsenosides from Panax Ginseng
and its protective effects on heat stress-induced scrotal injury in mice. Jilin
Agricultural University. Thesis of Master Degree.

Liu, H. B., Lu, X. Y., Hu, Y., & Fan, X. H. (2020). Chemical constituents of Panax ginseng
and Panax notoginseng explain why they differ in therapeutic efficacy.
Pharmacological Research, 161, 105263.

Luo, X. J., Wang, C. Z., Chen, J., Song, W. X., Luo, J. Y., Tang, N., ... Yuan, C. S. (2008).
Characterization of gene expression regulated by American ginseng and
ginsenoside Rg3 in human colorectal cancer cells. International Journal of
Oncology, 32(5), 975–983.

Ma, C. (2020). Study on the effects of improving learning and memory and exposure
characteristics in vivo of stem-leaf saponins of Panax notoginseng before and after
steaming process. Shanghai University of Traditional Chinese Medicine. Thesis of
Master Degree.

Meng, D., Yao, H. Y., Yu, T. J., & Tian, Y. (2021). Study on optimization of red ginseng
processing technology. Ginseng Research, 33(6), 13–15.

Metwaly, A. M., Zhu, L. L., Huang, L. Q., & Dou, D. Q. (2019). Black ginseng and its
saponins: Preparation, phytochemistry and pharmacological effects. Molecules,
24(10), 1856.

Na, S., Kim, J. H., Rhee, Y. K., & Oh, S. W. (2017). Enhancing the antimicrobial activity
of ginseng against Bacillus cereus and Staphylococcus aureus by heat treatment.
Food Science and Biotechnology, 27(1), 203–210.

Paik, S. W., Choe, J. H., Choi, G. E., Kim, J. E., Kim, J. M., Song, G. Y., & Jo, E. K. (2019).
Rg6, a rare ginsenoside, inhibits systemic inflammation through the induction of
interleukin-10 and microRNA-146a. Scientific Reports, 9(1), 4342.

Park, H. I., Piao, Z. L., Kwon, S. W., Lee, Y. J., Cho, S. Y., Park, M. K., & Park, J. H. (2002).
Cytotoxic dammarane glycosides from processed ginseng. Chemical and
Pharmaceutical Bulletin, 50(4), 538–540.

Pu, J. Y., Ramadhania, Z. M., Mathiyalagan, R., Huo, Y., Han, Y., Li, J. F., ... Kang, S. C.
(2021). Ginsenosides conversion and anti-oxidant activities in puffed cultured
roots of mountain ginseng. Processes, 9(12), 2271.

Qian, J., An, K., Di, L. Q., Di, Y. W., Li, J., & Liu, T. (2015). Active ingredients and its
pharmacokinetic behavior and anti-inflammatory effects of ginseng with
different steamed times. China Journal of Chinese Materia Medica, 40(19),
3770–3774.

Sun, H. (2022). Study on preparation artwork and anti-cervical cancer activity of heat-
processed hydrolysate of ginsenosides Rb1. Jilin Agricultural University. Thesis of
Master Degree.

Sun, S., Chen, L., Wang, X., Liu, Y. P., & Di, X. (2016). Difference of angiotensin
converting enzyme inhibitory activity and ginsenoside Rg1 in different
processed products of Panax notoginseng content determination of and Rb1.
Journal of Shenyang Pharmaceutical University, 33(2), 127–139.

Sun, S., Qi, L. W., Du, G. J., Mehendale, S. R., Wang, C. Z., & Yuan, C. S. (2011). Red
notoginseng: Higher ginsenoside content and stronger anticancer potential
than Asian and American ginseng. Food Chemistry, 125(4), 1299–1305.

Sun, B. S., Pan, F. Y., & Sung, C. K. (2011). Repetitious steaming-induced chemical
transformations and global quality of black ginseng derived from Panax ginseng
by HPLC-ESI-MS/MS based chemical profiling approach. Biotechnology and
Bioprocess Engineering, 16(5), 956–965.

Toh, D. F., Patel, D. N., Chan, E. C. Y., Teo, A., Neo, S. Y., & Koh, H. L. (2011). Anti-
proliferative effects of raw and steamed extracts of Panax notoginseng and its
ginsenoside constituents on human liver cancer cells. Chinese Medicine, 6(4).

Wang, C. Z., Aung, H. H., Ni, M., Wu, J. A., Tong, R., Wicks, S., ... Yuan, C. S. (2007). Red
American ginseng: Ginsenoside constituents and antiproliferative activities of
heat-processed Panax quinquefolius roots. Planta Medica, 73(7), 669–674.

Wang, C. Z., Li, X. L., Wang, Q. F., Mehendale, S. R., Fishbein, A. B., Han, A. H., ... Yuan,
C. S. (2009). The mitochondrial pathway is involved in American ginseng-
induced apoptosis of SW-480 colon cancer cells. Oncology Reports, 21(3),
577–584.

Wang, D. J., Ma, C., & Yu, H. X. A processing method of American ginseng based on
steam explosion process 202310786354.2[P] 2023 China, CN 2023–09-29.

Wang, J. (2020). Study on processing technology of processed Panax notoginseng and
differences of chemical components and blood-activating and blood-enriching
efficacy before and after processing. Hubei University of Chinese Medicine. Thesis
of Master Degree.

Wu, M. (2021). Study on the component analysis, blood-enriching effect and metabolic
mechanism of steamed Panax notoginseng. Hubei University of Chinese Medicine.
Thesis of Doctor Degree.

Wu, S. (2016). Chemical composition variation and enrich the blood effect of the
‘‘shengdashubu” of Panax notoginseng. Kunming University of Science and
Technology. Thesis of Master Degree.

Xia, J. (2017). Study on the preparation of rare ginsenoside by hydrolysis with acidic
amino acid. Jilin Agricultural University. Thesis of Master Degree.

Xiao, S. M., Chu, Y., Chen, Y. J., Zhao, Q. H., Liao, B. S., Zhang, J. J., ... Chen, S. L. (2002).
Genome-wide identification and transcriptional profiling analysis of PIN/PILS

http://refhub.elsevier.com/S1674-6384(24)00072-8/h0005
http://refhub.elsevier.com/S1674-6384(24)00072-8/h0005
http://refhub.elsevier.com/S1674-6384(24)00072-8/h0005
http://refhub.elsevier.com/S1674-6384(24)00072-8/h0005
http://refhub.elsevier.com/S1674-6384(24)00072-8/h0015
http://refhub.elsevier.com/S1674-6384(24)00072-8/h0015
http://refhub.elsevier.com/S1674-6384(24)00072-8/h0020
http://refhub.elsevier.com/S1674-6384(24)00072-8/h0020
http://refhub.elsevier.com/S1674-6384(24)00072-8/h0020
http://refhub.elsevier.com/S1674-6384(24)00072-8/h0025
http://refhub.elsevier.com/S1674-6384(24)00072-8/h0025
http://refhub.elsevier.com/S1674-6384(24)00072-8/h0025
http://refhub.elsevier.com/S1674-6384(24)00072-8/h0030
http://refhub.elsevier.com/S1674-6384(24)00072-8/h0030
http://refhub.elsevier.com/S1674-6384(24)00072-8/h0030
http://refhub.elsevier.com/S1674-6384(24)00072-8/h0030
http://refhub.elsevier.com/S1674-6384(24)00072-8/h0035
http://refhub.elsevier.com/S1674-6384(24)00072-8/h0035
http://refhub.elsevier.com/S1674-6384(24)00072-8/h0035
http://refhub.elsevier.com/S1674-6384(24)00072-8/h0035
http://refhub.elsevier.com/S1674-6384(24)00072-8/h0040
http://refhub.elsevier.com/S1674-6384(24)00072-8/h0040
http://refhub.elsevier.com/S1674-6384(24)00072-8/h0045
http://refhub.elsevier.com/S1674-6384(24)00072-8/h0045
http://refhub.elsevier.com/S1674-6384(24)00072-8/h0045
http://refhub.elsevier.com/S1674-6384(24)00072-8/h0045
http://refhub.elsevier.com/S1674-6384(24)00072-8/h0050
http://refhub.elsevier.com/S1674-6384(24)00072-8/h0050
http://refhub.elsevier.com/S1674-6384(24)00072-8/h0050
http://refhub.elsevier.com/S1674-6384(24)00072-8/h0055
http://refhub.elsevier.com/S1674-6384(24)00072-8/h0055
http://refhub.elsevier.com/S1674-6384(24)00072-8/h0055
http://refhub.elsevier.com/S1674-6384(24)00072-8/h0065
http://refhub.elsevier.com/S1674-6384(24)00072-8/h0065
http://refhub.elsevier.com/S1674-6384(24)00072-8/h0065
http://refhub.elsevier.com/S1674-6384(24)00072-8/h0065
http://refhub.elsevier.com/S1674-6384(24)00072-8/h0070
http://refhub.elsevier.com/S1674-6384(24)00072-8/h0070
http://refhub.elsevier.com/S1674-6384(24)00072-8/h0070
http://refhub.elsevier.com/S1674-6384(24)00072-8/h0075
http://refhub.elsevier.com/S1674-6384(24)00072-8/h0075
http://refhub.elsevier.com/S1674-6384(24)00072-8/h0075
http://refhub.elsevier.com/S1674-6384(24)00072-8/h0080
http://refhub.elsevier.com/S1674-6384(24)00072-8/h0080
http://refhub.elsevier.com/S1674-6384(24)00072-8/h0080
http://refhub.elsevier.com/S1674-6384(24)00072-8/h0085
http://refhub.elsevier.com/S1674-6384(24)00072-8/h0085
http://refhub.elsevier.com/S1674-6384(24)00072-8/h0085
http://refhub.elsevier.com/S1674-6384(24)00072-8/h0090
http://refhub.elsevier.com/S1674-6384(24)00072-8/h0090
http://refhub.elsevier.com/S1674-6384(24)00072-8/h0090
http://refhub.elsevier.com/S1674-6384(24)00072-8/h0090
http://refhub.elsevier.com/S1674-6384(24)00072-8/h0095
http://refhub.elsevier.com/S1674-6384(24)00072-8/h0095
http://refhub.elsevier.com/S1674-6384(24)00072-8/h0095
http://refhub.elsevier.com/S1674-6384(24)00072-8/h0095
http://refhub.elsevier.com/S1674-6384(24)00072-8/h0100
http://refhub.elsevier.com/S1674-6384(24)00072-8/h0100
http://refhub.elsevier.com/S1674-6384(24)00072-8/h0100
http://refhub.elsevier.com/S1674-6384(24)00072-8/h0110
http://refhub.elsevier.com/S1674-6384(24)00072-8/h0110
http://refhub.elsevier.com/S1674-6384(24)00072-8/h0110
http://refhub.elsevier.com/S1674-6384(24)00072-8/h0110
http://refhub.elsevier.com/S1674-6384(24)00072-8/h0110
http://refhub.elsevier.com/S1674-6384(24)00072-8/h0120
http://refhub.elsevier.com/S1674-6384(24)00072-8/h0120
http://refhub.elsevier.com/S1674-6384(24)00072-8/h0120
http://refhub.elsevier.com/S1674-6384(24)00072-8/h0130
http://refhub.elsevier.com/S1674-6384(24)00072-8/h0130
http://refhub.elsevier.com/S1674-6384(24)00072-8/h0130
http://refhub.elsevier.com/S1674-6384(24)00072-8/h0130
http://refhub.elsevier.com/S1674-6384(24)00072-8/h0130
http://refhub.elsevier.com/S1674-6384(24)00072-8/h0140
http://refhub.elsevier.com/S1674-6384(24)00072-8/h0140
http://refhub.elsevier.com/S1674-6384(24)00072-8/h0145
http://refhub.elsevier.com/S1674-6384(24)00072-8/h0145
http://refhub.elsevier.com/S1674-6384(24)00072-8/h0145
http://refhub.elsevier.com/S1674-6384(24)00072-8/h0150
http://refhub.elsevier.com/S1674-6384(24)00072-8/h0150
http://refhub.elsevier.com/S1674-6384(24)00072-8/h0150
http://refhub.elsevier.com/S1674-6384(24)00072-8/h0155
http://refhub.elsevier.com/S1674-6384(24)00072-8/h0155
http://refhub.elsevier.com/S1674-6384(24)00072-8/h0155
http://refhub.elsevier.com/S1674-6384(24)00072-8/h0155
http://refhub.elsevier.com/S1674-6384(24)00072-8/h0160
http://refhub.elsevier.com/S1674-6384(24)00072-8/h0160
http://refhub.elsevier.com/S1674-6384(24)00072-8/h0160
http://refhub.elsevier.com/S1674-6384(24)00072-8/h0165
http://refhub.elsevier.com/S1674-6384(24)00072-8/h0165
http://refhub.elsevier.com/S1674-6384(24)00072-8/h0165
http://refhub.elsevier.com/S1674-6384(24)00072-8/h0170
http://refhub.elsevier.com/S1674-6384(24)00072-8/h0170
http://refhub.elsevier.com/S1674-6384(24)00072-8/h0170
http://refhub.elsevier.com/S1674-6384(24)00072-8/h0170
http://refhub.elsevier.com/S1674-6384(24)00072-8/h0190
http://refhub.elsevier.com/S1674-6384(24)00072-8/h0190
http://refhub.elsevier.com/S1674-6384(24)00072-8/h0190
http://refhub.elsevier.com/S1674-6384(24)00072-8/h0190
http://refhub.elsevier.com/S1674-6384(24)00072-8/h0190
http://refhub.elsevier.com/S1674-6384(24)00072-8/h0190
http://refhub.elsevier.com/S1674-6384(24)00072-8/h0185
http://refhub.elsevier.com/S1674-6384(24)00072-8/h0185
http://refhub.elsevier.com/S1674-6384(24)00072-8/h0185
http://refhub.elsevier.com/S1674-6384(24)00072-8/h0175
http://refhub.elsevier.com/S1674-6384(24)00072-8/h0175
http://refhub.elsevier.com/S1674-6384(24)00072-8/h0175
http://refhub.elsevier.com/S1674-6384(24)00072-8/h0175
http://refhub.elsevier.com/S1674-6384(24)00072-8/h0195
http://refhub.elsevier.com/S1674-6384(24)00072-8/h0195
http://refhub.elsevier.com/S1674-6384(24)00072-8/h0195
http://refhub.elsevier.com/S1674-6384(24)00072-8/h0200
http://refhub.elsevier.com/S1674-6384(24)00072-8/h0200
http://refhub.elsevier.com/S1674-6384(24)00072-8/h0200
http://refhub.elsevier.com/S1674-6384(24)00072-8/h0205
http://refhub.elsevier.com/S1674-6384(24)00072-8/h0205
http://refhub.elsevier.com/S1674-6384(24)00072-8/h0205
http://refhub.elsevier.com/S1674-6384(24)00072-8/h0205
http://refhub.elsevier.com/S1674-6384(24)00072-8/h0235
http://refhub.elsevier.com/S1674-6384(24)00072-8/h0235


W. Zhao, L. Han, T. Li et al. Chinese Herbal Medicines 16 (2024) 521–528
auxin transporter gene families in Panax ginseng. Chinese Herbal Medicines, 14
(1), 48–57.

Xiao, Y., & Wang, C. L. (2012). Study on constant pressure steam processing of Radix
Ginseng Rubra. Modern Agricultural Science and Technology, 13, 295–297.

Yu, S. Y., Lee, J. H., Cho, M. L., Lee, J. S., Hong, H. D., Lee, Y. C., ... Lee, O. H. (2016).
Effect of high temperature- and high pressure-treated red ginseng on
lipolysis and lipid oxidation in C2C12 myotubes. Journal of Medicinal Food,
19(1), 24–30.

Zhang, H. Y. (2022). Study on the active components of two medicinal and edible
homologous plants with nervous system function. Kunming University of Science
and Technology. Thesis of Master Degree.

Zhang, J. Q. (2015). The effect of organic acids and amino acid on conversion of
ginsenosides in processed ginseng. Jilin Agricultural University. Thesis of Master
Degree.

Zhang, S. L. (2021). The processing method of Panax notoginseng by acidic amino acid
impregnation treatment and the protective effect of processed products on acute
liver injury. Jilin Agricultural University. Thesis of Master Degree.
528
Zhang, X. L. (2016). Study on the constituents and bioactivity of compound black
ginseng. Jilin Agricultural University. Thesis of Master Degree.

Zhao, T. Q. (2016). The research on chemical composition and biological activity of
compound purple red ginseng. Jilin Agricultural University. Thesis of Master
Degree.

Zhao, Y. J., Liu, Y., Deng, J. J., Zhu, C. H., Ma, X. X., Jiang, M., & Fan, D. D. (2023).
Ginsenoside F4 alleviates skeletal muscle insulin resistance by regulating PTP1B
in type II diabetes mellitus. Journal of Agricultural and Food Chemistry, 71(39),
14263–14275.

Zhou, S. H., Jiang, N., Zhang, M., Xiao, X., Liu, Z. Y., Xu, X. H., ... Lv, W. L. (2020).
Analyzing active constituents and optimal steaming conditions related to the
hematopoietic effect of steamed Panax notoginseng by network pharmacology
coupled with response surface methodology. BioMed Research International,
2020, 1–15.

Zhou, X. H. (2014). Study on processing of raw and ripe Panax notoginseng and its
partial pharmacological evaluation. Kunming Medical University. Thesis of
Master Degree.

http://refhub.elsevier.com/S1674-6384(24)00072-8/h0235
http://refhub.elsevier.com/S1674-6384(24)00072-8/h0235
http://refhub.elsevier.com/S1674-6384(24)00072-8/h0240
http://refhub.elsevier.com/S1674-6384(24)00072-8/h0240
http://refhub.elsevier.com/S1674-6384(24)00072-8/h0245
http://refhub.elsevier.com/S1674-6384(24)00072-8/h0245
http://refhub.elsevier.com/S1674-6384(24)00072-8/h0245
http://refhub.elsevier.com/S1674-6384(24)00072-8/h0245
http://refhub.elsevier.com/S1674-6384(24)00072-8/h0280
http://refhub.elsevier.com/S1674-6384(24)00072-8/h0280
http://refhub.elsevier.com/S1674-6384(24)00072-8/h0280
http://refhub.elsevier.com/S1674-6384(24)00072-8/h0280
http://refhub.elsevier.com/S1674-6384(24)00072-8/h0285
http://refhub.elsevier.com/S1674-6384(24)00072-8/h0285
http://refhub.elsevier.com/S1674-6384(24)00072-8/h0285
http://refhub.elsevier.com/S1674-6384(24)00072-8/h0285
http://refhub.elsevier.com/S1674-6384(24)00072-8/h0285

	Effects of steaming process on rare saponins and efficacy of Panax ginseng, Panax notoginseng and Panax quinquefolium
	1 Introduction
	2 Effect of steaming process on rare saponins and efficacy
	2.1 Effects of steaming process on rare saponins and efficacy of P. ginseng
	2.2 Effects of steaming process on rare saponins and efficacy of P. notoginseng
	2.3 Effects of steaming process on rare saponins and efficacy of P. quinquefolium

	3 Innovative research on steaming process
	4 Conclusion and prospect
	CRediT authorship contribution statement
	Declaration of Competing Interest
	Acknowledgements
	References


