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Panax ginseng, a medicinal plant, has been used as a blood-nourishing tonic for thousands of years in
Asia, including Korea and China. P. ginseng exhibits adaptogen activity that maintains homeostasis by
restoring general biological functions and non-specifically enhancing the body's resistance to external
stress. Several P. ginseng effects have been reported. Korean Red Ginseng, in particular, has been reported
in both basic and clinical studies to possess diverse effects such as enhanced immunity, fatigue relief,
memory, blood circulation, and anti-oxidation. Moreover, it also protects against menopausal symptoms,
cancer, cardiac diseases, and neurological disorders. The active components found in most Korean Red
Ginseng varieties are known to include ginsenosides, polysaccharides, peptides, alkaloids, polyacetylene,
and phenolic compounds. In this review, the identity and bioactivity of the non-saponin components of
Korean Red Ginseng discovered to date are evaluated and the components are classified into poly-
saccharide and nitrogen compounds (protein, peptide, amino acid, nucleic acid, and alkaloid), as well as
fat-soluble components such as polyacetylene, phenols, essential oils, and phytosterols. The distinct
bioactivity of Korean Red Ginseng was found to originate from both saponin and non-saponin compo-
nents rather than from only one or two specific components. Therefore, it is important to consider
saponin and non-saponin elements together.
� 2020 The Korean Society of Ginseng. Publishing services by Elsevier B.V. This is an open access article

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

Ginseng is a medicinal herb that has long been used as a blood-
enriching and tonifying agent in Korea, China, and other parts of
East Asia. In 1843, ginseng was first named Panax ginseng C.A.
Meyer, meaning ‘cure-all’, by the Russian scientist, C.A. Meyer.
Ginseng and similar herbs are also used in the US, China, Japan, and
Russia but they differ from P. ginseng in terms of their taxonomy,
morphology, and constituents. Globally, there are 6e7 known
species in the genus Panax; however, only three ginseng species are
cultivated and commercially distributed globally [1]. These are P.
ginseng (geographically distributed and cultivated in Far East Asia,
including South Korea and China), American ginseng
(P. quinquefolium L., cultivated in the US and Canada), and Chinese
ginseng (P. notoginseng (Burk) F.H. Chen, produced in the Yunnan
and Guangxi provinces in southern China) [2]. American ginseng
and Chinese ginseng are different species from P. ginseng; thus, the
term ‘ginseng’ is generally only used for P. ginseng.
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The pharmacological histories of American ginseng and Chinese
ginseng are much shorter than that of P. ginseng. Chinese ginseng
has been used medicinally since the 16th century whereas Amer-
ican ginseng has only been used since the early 18th centurywhen it
was first discovered in Canada and became known to Chinese
merchants [3]. At that time, P. ginseng was rare and very expensive
in China, so Chinese ginseng and American ginseng were used as
alternatives. The authentic ginseng, which has a long pharmaco-
logical history and is still recognized as one of the most important
traditional medicines today, is the P. ginseng species [1]. Histori-
cally, after Korea became known internationally by its current
name, the ginseng cultivated and produced in Korea has been called
P. ginseng. It is a global product that is promoted on a backdrop of
the mountainous scenery of South Korea and is currently consid-
ered the ‘ultimate’ ginseng [4,5]. P. ginseng is an intermediate
shade-tolerant perennial plant in the family Araliaceae, genus
Panax.
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Depending on the processing method used, ginseng can be
broadly categorized into fresh ginseng, white ginseng, and red
ginseng. Fresh ginseng is a natural product that takes 4e6 years to
mature and is sourced from the earth; the unique ginseng com-
pounds are preserved, and given that the water content is 70e80%,
the product can decay and be damaged easily during distribution,
so long-term storage is difficult without specialized storage facil-
ities or packaging. White ginseng is produced by sun-drying or hot
air-drying of 4e6-year-old fresh ginseng either in its original state
or after removing the outer layer; its water content accounts for
�14% and it is milky-white or pale yellow in color. Red ginseng is
produced by steam cooking and then drying the fresh ginseng; its
water content accounts for �15.5% and it can be pale red or red-
brown in color. Depending on its quality, red ginseng is divided
into chonsam, jisam, and yangsam [6]. In the process of steaming
and drying fresh ginseng to make red ginseng, there are changes in
the types and concentrations of unique compounds found in
ginseng known as ginsenosides. There are also physical and
chemical changes in polysaccharides, the most abundant com-
pounds in Korean Red Ginseng; notably, starch gelatinization en-
ables long-term storage [4,5,7e14]. Korean Red Ginseng contains a
high concentration (60e70%) of carbohydrates, including starch,
but also includes a number of specific compounds that are not
found in other plants, including ginsenosides, proteins that are
nitrogen-containing compounds, peptides, alkaloids, poly-
acetylenes that are liposoluble, and polysaccharides as well as fla-
vonoids and fatty acids (Table 1) [4,7,15].

A Japanese team led by Shibata and Tanaka embarked on
intensive research on the chemical structure of ginsenosides in
1962 and clarified the chemical structures of the ginsenoside
aglycones, i.e., protopanaxadiol and protopanaxatriol [16e21].
Subsequent research led to the purification of the ginsenosides, i.e.,
saponins, from P. ginseng and the chemical structures of the indi-
vidual saponins were revealed in the late 1960s [19,22,23]. Since
the early 1980s, research has focused on the saponin composition
in red and white ginseng, classified according to the processing
methods used, and each type of ginseng was found to contain
unique saponins [24]. Since the 1960s, when the first studies on the
chemical purification of ginsenosides were performed, the chemi-
cal structures of least 43 saponins have been isolated from P.
ginseng [6]. Now that it is possible to purify individual saponins
from Korean Red Ginseng, the effects of Korean Red Ginseng have
been investigated at the compound level and various effects have
been demonstrated for each saponin. Furthermore, several studies
that used high-quality analytic devices and techniques have
analyzed additional components in Korean Red Ginseng com-
pounds including polysaccharides, polyacetylenes, phenol com-
pounds, essential oils, peptides, alkaloids, and vitamins [6].

The non-saponin fraction has been demonstrated to have
various types of pharmacological activity; this has led to
Table 1
Saponin and non-saponin components existing in Korean Red Ginseng

Common components

Saponin Ginsenosides Pro
Pro
Ole

Non-saponin Saccharides Mo
po

Nitrogen-containing compounds Pro
Fat-soluble components Lip

org
Vitamin Wa
Ash Mi
multifaceted exploratory research on the pharmacology of the
active fraction [25,26]. Although some physiologically active non-
saponin contents of Korean Red Ginseng have been identified in
other herbs and natural products, some contents are unique to
Korean Red Ginseng and are contributing substantially to our un-
derstanding of the efficacy of ginsenosides and the diverse effects
of Korean Red Ginseng [27]. The first research on the non-saponin
compounds in Korean Red Ginseng was performed in Japan in 1914
by Sakai who isolated an aromatic compound from an ether extract
of Korean Red Ginseng and named it panacene. Thereafter, chem-
ical analyses of phytosterols [28] and polyacetylenes [29] were
pursued, but since most of these compounds are also present in
other herbal medicines, they received little attention as active
substances in Korean Red Ginseng. At that time, ginsenosides were
emphasized as unique compounds in Korean Red Ginseng, resulting
in even less research on the effects of non-saponin compounds.
However, from the late 1960s onwards, Korean researchers isolated
maltol and several phenolic compounds from Korean Red Ginseng
and tested their activity [30]. For instance, the alkaloid fraction in
Korean Red Ginseng was reported to suppress the proliferation of
cancer cells [31], as was a petroleum ether extract [32]. This was the
starting point for considerable exploratory research on the active
compounds in Korean Red Ginseng, focusing on non-saponin
compounds. While there has been much research on the saponin
content in Korean Red Ginseng, there has been relatively little
research on its non-saponin content. There is a misperception that
all the effects of Korean Red Ginseng are mediated by saponins;
recently, there has been a surge of marketing claiming that a
stronger saponin effect can be achieved by increasing the absorp-
tion rate of certain saponins. Korean Red Ginseng contains saponin
but facilitates the best effects when ingested with non-saponin
components evenly. In this review, various studies on the physio-
logical effects of non-saponin compounds in Korean Red Ginseng
are evaluated to demonstrate that these compounds also have a
variety of actions.
2. Polysaccharides

Until the 1960s, there was almost no research on the chemistry
or physiological effects of Korean Red Ginseng polysaccharides,
which are macromolecules. With developments in the life sciences,
it was discovered that carbohydrates have important functions as
simple structural molecules or energy sources and as signal
transmitters for biological functions, leading to renewed recogni-
tion of their importance [33]. Polysaccharides are the most abun-
dant compounds in Korean Red Ginseng. Some polysaccharides are
formed from chains of many simple sugars, including mono-
saccharides, such as glucose and fructose, and disaccharides, such
as maltose and sucrose. Pectin is a polysaccharide that has been
isolated from Korean Red Ginseng and is a major constituent of
topanaxadiol (27 types)
topanaxatriol (14 types)
anane (2 types)
nosaccharide, disaccharide, trisaccharide, polysaccharides (including red ginseng
lysaccharide, etc.), crude fiber, pectin
tein, peptide, amino acid, nucleic acids, alkaloid
id, fatty acid, polyacetylenes, phenolic compounds, essential oils, phytosterols,
anic acid, terpenoid
ter-soluble vitamins
nerals



Table 2
Physiological activity of polysaccharides

Components Physiological activity Reference

Panaxans AeU Hypoglycemic activity [36,41]
Decrease in glycogen levels in the liver, promoting insulin secretion [42]

Water-soluble and alkali-soluble fraction Anti-complementary activity [43]
Korean Red Ginseng acidic polysaccharide Immune activity [45e50,53,55,56]

Anticancer activity [49e52]
Hyperlipidemia inhibition [54]
Influenza defense [58]

Crude polysaccharides Immune activity [57]
Influenza defense [58]
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galacturonic acid, glucose, galactose, and arabinose. Pectin is also a
minor constituent of xylose, rhamnose, and galacturonan [33].

Likely due to their structural complexity, research on Korean
Red Ginseng polysaccharides and their activity started much later
than similar research on saponins. In 1984, a research team led by
Hikino and Tomoda first isolated panaxans A, B, C, D, and E from
Korean Red Ginseng and subsequently isolated panaxans F to U,
giving a total of 21 panaxan types [34e40]. Regarding physiological
activity, these polysaccharides showed notable hypoglycemic ac-
tivity in diabetic mice [36,41]. Yang et al also administered poly-
saccharides from Korean Red Ginseng to animals and reported that
they lowered blood glucose, reduced glycogen levels in the liver,
and promoted insulin secretion [42]. The water-soluble and alkali-
soluble (0.5M sodium hydroxide) polysaccharide fractions from
P. ginseng show anti-complementary activity that was strongest for
the acidic polysaccharide fraction [43]. Over a period of 10 years,
Okuda et al isolated acidic polysaccharides from the water extract
of Korean Red Ginseng and found the chemical structure of these
compounds to consist of an a-1, 4-polygalacturonan backbone
similar to pectin with several acetoxy groups [44]. After this, two
new acidic polysaccharides were isolated, ginsenan PA and gin-
senan PB; these had molecular weights of 16,000 and 5,500,
respectively, and their chemical structure consisted of a-arabino-b-
3,6-galactan-type and rhamnogalacturonan-type structural units.

Compared to white ginseng, red ginseng is reported to have far
higher levels of pectin [8]. Heating causes an increase in galactur-
onic acid because esterified galacturonic acid is converted into non-
esterified galacturonic acid [8]. Recently, there has been much
research on the physiological actions of acidic polysaccharides. The
red ginseng polysaccharide fraction inhibits immunotoxicity by
increasing hemolytic plaque-forming cells and the white blood cell
count; also, spleen weight is decreased by cyclophosphamide
treatment [45]. Administering Korean Red Ginseng polysaccharides
to sarcoma 180-bearing mice inhibited cancer development,
increased the number of hemolytic plaque-forming cells that are
involved in the production of antibodies, and increased phagocytic
activity in the reticuloendothelial system; these effects were
strongest in the acidic polysaccharide fraction found in red ginseng
[45,46]. Park et al administered Korean Red Ginseng acidic poly-
saccharide (RGAP) tomice and reported a significant increase in the
peritoneal macrophage count and a significantly increased pro-
duction of antibodies against sheep red blood cells [47]. In a tumor
graft mouse model, RGAP promoted the production of nitric oxide
(NO) by macrophages and increased natural killer (NK) cell acti-
vation. Furthermore, tumorigenesis was greatly suppressed, and
the lifespan of the mice was extended [48].

There have also been studies on suppressing the growth of solid
cancers and lung cancer metastasis where RGAP significantly
increased the phagocytic index of macrophages, significantly
reduced the weight of solid tumors, and suppressed lung cancer
metastasis because of a melanoma cell graft [49]. To investigate
whether RGAP has a protective effect against the immunotoxicity of
anticancer treatment and to explore its role as an adjuvant anti-
cancer treatment, RGAP was administered with or without pacli-
taxel; the RGAP combination therapy group showed significantly
increased NK cell activity in splenocytes and an increase in the
cytotoxicity of macrophages from 15% to 45%, indicating a protec-
tive effect against immunotoxicity. Moreover, paclitaxel þ RGAP
combination therapy significantly increased the lifespan and
reduced the weight of the solid tumors, demonstrating the poten-
tial of RGAP as an adjuvant anticancer therapy [50].

Kwak et al investigated the possibility of using RGAP in com-
bination with cyclophosphamide or 5-fluorouracil as an immune-
enhancing agent and to alleviate the adverse effects of immuno-
toxicity [51]. They reported an extended lifespan and significantly
reduced tumor weight and size in mice graftedwith sarcoma 180 or
Lewis lung/2 lung carcinoma. RGAP inhibited the phagocytic ac-
tivity of Brucella abortus by suppressing the levels of mitogen-
activated protein kinase (MAPK) signaling proteins, extracellular
signal-regulated kinase, Jun N-terminal kinase, and p38 and
inhibited the intracellular replication of B. abortus by enhancing
phagolysosome fusion. This indicates that RGAP could be used
effectively for the control or treatment of Brucella spp. [52].

Byeon et al investigated the mechanisms of immune enhance-
ment of Korean Red Ginseng via RGAP. Regular consumption of
Korean Red Ginseng activated macrophages, promoting immune
protein migration into the nucleus and inducing active secretion of
factors (e.g., NO, reactive oxygen species, and tumor necrosis fac-
tors) that destroy cancer cells, various viruses, and bacteria [53]. In
animals with acute hyperlipidemia, RGAP significantly suppressed
levels of non-esterified fatty acids and triglycerides in the serum
and liver and induced a significant dose-dependent increase, of up
to 80%, in the activity of lipoprotein lipase, a major lipoprotein
hydrolase. This demonstrates that RGAP is effective against hyper-
lipidemia [54].

When RGAP and pidotimod were administered in combination
to immune-deficient mice to test the synergistic immune-
enhancing effect, there were significant increases in concanavalin
A-induced T-cell proliferation in the spleen and in lipopolysac-
charide (LPS)-stimulated B-cell proliferation. Furthermore, NO
production increased from peritoneal macrophages, NK cell activity
increased, and interleukin (IL)-12 and interferon gamma (IFN-g
levels) increased, demonstrating heightened immune activity [55].
In another study, tumor cell death increased when murine B16
melanoma cells were exposed to a combination of
RGAP þ recombinant IFN-g; moreover, IL-1, IL-6, tumor necrosis
factor alpha (TNF-a), and NO productions were stimulated,
showing a synergistic effect on macrophage activity [56]. Crude
polysaccharides obtained after dividing water extract from red
ginseng into a-amylase and amyloglucosidase significantly
increased the intestinal immune system modulating activity and
macrophage stimulating activity [57]. When whole red ginseng



Fig. 1. The process by which AFG is produced in the red ginseng manufacturing process. AFG, arginine-fructose-glucose; Arg, arginine; Fru, fructose; Glc, glucose; H, hydrogen, N,
nitrogen, OH, hydroxide; CH2OH, hydroxymethyl; O, oxygen; CHO, aldehyde; H2N, amidogen-d2; COOH, carboxylic acid; H2O, water.
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extract and Korean Red Ginseng polysaccharide and saponin frac-
tions were administered orally for 14 days in mice infected with
influenza A and uninfected controls, the survival rate in the group
infected with influenza was 78% higher if they received the poly-
saccharide fraction, 67% if they received the water extract, and 56%
if they received the saponin fraction, indicating that the poly-
saccharide fraction has the greatest survival benefits. Notably, the
polysaccharide fraction was also the most effective at reducing the
accumulation of TNF-a/inducible nitric oxide synthase (iNOS)-
producing dendritic cells in the mouse lung [58]. Accordingly, the
polysaccharide component is attracting attention as the main
active ingredient of ginseng; more analyses and efficacy studies for
physiologically active polysaccharide components are needed in



Table 3
The major amino acids found in Korean Red Ginseng

Amino acids

Aspartic acid Methionine
Threonine Isoleucine
Serine Leucine
Glutamic acid Tyrosine
Glycine Lysine
Alanine Histidine
Valine Arginine
Cystine Proline
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the future. Table 2 summarizes the physiological activity of
polysaccharides.

3. Protein and peptide

The main nitrogen-containing compounds in Korean Red
Ginseng are soluble proteins, peptides, and free amino acids; gly-
coproteins, amines, alkaloids, free nucleosides, and nucleic acid
bases are also present in small quantities. In terms of research on
the nitrogen-containing compounds in Korean Red Ginseng,
although most of their chemical structures have been identified,
there has been little research on their physiological activity. One
reason for this is that most of the nitrogen-containing compounds
in Korean Red Ginseng, such as amino acids, are primary metabo-
lites that are commonly detected in other plants as well. Unlike
saponins, which are secondary metabolites, the nitrogen-
containing compounds are not unique to Korean Red Ginseng.
Nevertheless, a correlation study on the traditional indicators of the
quality of Korean Red Ginseng and on its chemical constituents has
highlighted the importance of nitrogen-containing compounds in
Korean Red Ginseng [59].

Around 60e90% of the nitrogen content in Korean Red Ginseng
root (2e3% of the total content) is soluble nitrogen. Twenty percent
of this is soluble protein that dissipates when the ginseng is boiled
in water. Korean Red Ginseng protects against radiation, such as X-
rays, and the active substance responsible for this is a non-saponin
protein; specifically, it is reported to be a thermostable protein that
is not denatured by heat, even when boiled in water [60]. Korean
Red Ginseng proteins have been shown to provide strong protec-
tion against DNA injury caused by gamma-ray or ultraviolet irra-
diation [61e64]. The initial research on Korean Red Ginseng
peptides began in the 1960s when Gstirner et al obtained five
peptide fractions from soluble Korean Red Ginseng extract and
showed that these fractions had diverse amino acid compositions
representing at least 20 different amino acids; however, these
peptides were not purified and their physiological activity was not
studied [65]. In the late 1980s, there was more focus on the soluble
components of Korean Red Ginseng and more research was con-
ducted to evaluate the chemistry and pharmacological activity of
the peptides in Korean Red Ginseng. Okuda et al found that Korean
Red Ginseng contains adenosine and an acidic substance that in-
hibits epinephrine-induced lipolysis in adipose cells and stimulates
insulin-mediated lipogenesis [66]. This acidic substance was iden-
tified as pyroglutamic acid [67]. Adenosine and pyroglutamic acid
were demonstrated to act as selective modulators that suppress
lipolysis but promote lipid synthesis from glucose. Furthermore, a
novel amino acid derivative was discovered to be a physiologically
active substance in Korean Red Ginseng. The chemical structure of
this substance with a molecular weight of 498 (C18H34N4O12) is
arginine-fructose-glucose (AFG), in which an arginine molecule is
linked to a fructose molecule that in turn binds to a glucose
molecule. In manufacturing red ginseng, the Amadori rearrange-
ment occurs between arginine and maltose or in glucose produc-
tion including the amino sugars AFG and AF (Fig. 1) during the
heating process. As the final product of theMaillard reaction, maltol
is produced from these amino sugars [12,14,68].

The decrease in free sugar and amino acid content in Korean Red
Ginseng is due to the production of amino sugars followed by the
formation of caramel coloring as a product of thermolysis [14]. In
terms of physiological activity, these substances have been shown
to exert anti-obesity effects via inhibiting the enzymatic activity of
sucrase and maltase in the gastric mucosa, consequently sup-
pressing the absorption of starch in the gastrointestinal tract [69].
These physiologically active substances constitute about 5% of
Korean Red Ginseng, which is a higher concentration than that of
white ginseng; this is because of the heating process used to create
red ginseng and the fact that the concentration of these substances
is higher in thicker roots as they have more starch content than
thinner roots [69].

Hyun et al reported that AFG-enriched extracts significantly
increased the LPS content, concanavalin A-induced splenocyte
proliferation, and both the immune cell count and antibody activity
in cyclophosphamide-induced immune-deficient animals [70].
Shao et al also found that AFG had strong immune activity in
cyclophosphamide-induced immune-deficient animals, promoting
splenic lymphocyte transformation and increasing IL-2 production
[71]. Moreover, it has been reported that AF and AFGmay have anti-
diabetic effects by inhibiting carbohydrate absorption in the
stomach, thereby restricting the postprandial elevation of blood
glucose [72]. After long-term AF administration to diabetic mice,
Lee et al observed inhibited glucose absorption and a reduced he-
moglobin A1c level, indicating improved postprandial hyperglyce-
mia [73]. In a double-blind, placebo-controlled study of 60 Koreans
with prediabetes or type 2 diabetes, blood glucose was measured
after consuming an AF dose of 1500 mg/day for 6 weeks; there was
a significant decrease in postprandial blood glucose [74]. When the
antioxidant activity of AF and AFG was measured, both showed
antioxidant effects by increasing the permeability of cell mem-
branes and boosting the scavenging ability of peroxyl and hydroxyl
radicals [12,75]. AFG has also been reported to be effective in the
treatment of renal dysfunction [76]. Following the oral adminis-
tration of 40 mg/kg or 80 mg/kg of AFG in animals, there was a
decrease in serum creatinine and blood urea nitrogen levels and a
considerable improvement of cisplatin-induced renal dysfunction.
Interestingly, after pretreatment with AFG, all oxidative stress
indices showed sustained improvement for 10 days reflecting that
AFG attenuates the cascade initiation steps for nuclear factor kappa
B signals and modulates the participation of the phosphatidylino-
sitol 3-kinase/protein kinase B signal pathway, thereby reducing
cisplatin-induced inflammation and apoptosis.

4. Amino acids

There are 24 amino acids in P. ginseng, and the composition of
amino acids in Korean Red Ginseng varies slightly from report to
report, but a characteristically high arginine content is a ubiquitous
finding. The major amino acids found in Korean Red Ginseng are
shown in Table 3.

The free amino acid content in Korean Red Ginseng is around 2%
with arginine accounting for over 50% of the total amino acid
content [77]. Arginine has been reported to have immune-
enhancing effects. When arginine becomes a precursor of NO or
iNO, it can promote the secretion of Th1 or Th2 cytokines [78,79].
Arginine plays an important role in the synthesis of proline
(involved inwound healing and collagen synthesis) and polyamine,
both of which are important for cell growth and proliferation.



Table 5
The alkaloids found in Korean Red Ginseng

Components

N-Formyl-1-methyl-b-carboline
1-Carbobutoxy-b-carboline
1-Carboethoxy-b-carboline
1-Carbomethoxy-b-carboline
1-(5-Hydroxymethyl-2-furyl)-b-carboline
Norharman

Harman
4-Methyl-5-thiazoleethanol
Spinacine
Choline
a-Pyrrolidone
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Arginine is an essential amino acid for angiogenesis, hemodynamic
maintenance, spermatogenesis, embryo survival, and fetal and
neonatal growth. Moreover, dietary supplementation or intrave-
nous administration of arginine enhances genital, cardiovascular,
pulmonary, renal, gastric, hepatic, and immune function while also
promoting wound healing and improving insulin sensitivity [80].
Pyroglutamic acid selectively modulated opposing metabolic
pathways in rat adipocytes, inhibiting lipolysis and stimulating
lipogenesis [67]. Given that Korean Red Ginseng contains a high
concentration of arginine, which plays an important role in the
body, and glutamic acid, which acts as a selective modulator, we
anticipate more research on the physiological activity of amino acid
derivatives from Korean Red Ginseng.
5. Nucleic acids

Korean Red Ginseng contains nucleic acids such as uracil, gua-
nine, adenine, uridine, adenosine, cytidine, cytosine, thymine, and
orotic acid [81]. Ando et al demonstrated the presence of adenosine
in Korean Red Ginseng powder, which inhibits epinephrine-
induced lipolysis and stimulates insulin-mediated lipogenesis
from glucose [66]. Takaku et al found that adenosine inhibited
lipolysis in rat adipocytes but stimulated lipogenesis [67]. In viewof
these results, adenosine was described as a “selective modulator”.
Table 4 summarizes the major physiological activity of red ginseng
proteins, peptides, amino acids, and nucleic acids.
6. Alkaloids

Given that alkaloids tend to show physiological activity, even in
small quantities, researchers have long been interested in knowing
the presence of alkaloids in Korean Red Ginseng. In 1963, to identify
anti-hypertensive agents in Korean Red Ginseng, choline was first
isolated and identified from Korean Red Ginseng alcohol extract
[82]. The alkaloids in Korean Red Ginseng are shown in Table 5.

Choline is a precursor of the cell membrane component lecithin
and shows physiological activity in terms of suppressing fat accu-
mulation, lowering blood pressure, and improving memory [83]. In
1986, as part of research on the non-saponins in Korean Red
Ginseng, Han et al became interested in trace alkaloids in Korean
Red Ginseng. They obtained a crude alkaloid fraction from the
ether-soluble fraction, identified positive Dragendorff spots on
thin-layer chromatograms, and, using column chromatography,
purified 3 b-carboline alkaloids for the first time [32]. When alka-
loids were added to cell culture medium, they inhibited DNA and
total protein synthesis, thereby limiting cancer cell proliferation
[84]. The alkaloid fraction showed protective effects against radi-
ation by suppressing radiation-induced chromosome damage and
promoting the repair and regeneration of injured cells [85,86]. The
alkaloid fraction also mitigated the chronic mutagenic effects of
Table 4
Physiological activity of proteins, peptides, amino acids, and nucleic acids

Components Physi

Protein fraction Protection against DNA injury
Peptide fraction Lipolysis inhibition
Arginine-fructose-glucose Anti-obesity effects

Immune activity
Anti-diabetic effects
Kidney injury protection

Arginine Immune activity
Genital, cardiovascular, pulmonary, re
sensitivity enhancement

Adenosine Lipolysis inhibition and lipogenesis sti
radiation by reducing the rate of double-stranded breaks in DNA,
preventing cellular injury, and delaying the repair time of the slow
component [87]. Table 6 summarizes the major physiological ac-
tivity of Korean Red Ginseng alkaloids.

7. Polyacetylenes

The first study on the polyacetylene content in Korean Red
Ginseng was performed in 1964 in Japan by Takahashi et al who
obtained a fraction with a high boiling point (120e152�C) from
Korean Red Ginseng ether extract and isolated the yellow oil pan-
axynol [29]. In 1980, Poplawski et al manufactured an alcohol
extract of Korean Red Ginseng in Poland and identified panaxynol
in the petroleum ether-soluble fraction of the extract [88], while
Dabrowski et al (1980) isolated heptadeca-1-ene-4,6-diyn-3,9-diol
[89]. Kitagawa et al subsequently isolated panaxyol, panaxynol, and
panaxytriol from the ether-soluble fractions of white ginseng and
Korean Red Ginseng in Japan and identified panaxytriol as a unique
constituent of Korean Red Ginseng (Fig. 2) [90]. So far, more than 20
polyacetylene components have been reported from Korean Red
Ginseng (Table 7).

Panaxydol, panaxynol, and panaxytriol are the best-known
polyacetylenes; panaxydol and panaxynol account for over 90% of
the total polyacetylene content. There have been several studies on
their physiological activity, including research on inhibiting cancer
cell proliferation and the mechanisms involved [31,91e95] as well
as on inhibiting lipid peroxidation [96]. Panaxydol shows the
strongest cytotoxicity against cancer cells [97]. Polyacetylenes have
been shown to inhibit NO production in Raw 264.7 cells by blocking
LPS-induced iNOS expression [98]. Panaxydol was reported to
inhibit hypercholesterolemia in rats and mice fed a high-
cholesterol diet [99], whereas panaxynol was shown to improve
memory in a scopolamine-induced animal model of memory
impairment [100]. Choi et al reported that polyacetylene (9R,10S)-
epoxyheptadecan-4,6-diyn-3-one had an analgesic effect by
inhibiting the sodium current in primary sensory neurons [101]. In
another study, panaxydol was administered to mice to investigate
whether it suppressed the formation of benzo(a)pyrene
metaboliteeDNA adducts in the liver; a clear decrease was noted in
benzo(a)pyrene binding. This indicates that panaxynol and
ological activity Reference

[61e64]
[66,67]
[69]
[70,71]
[12,72e75]
[76]
[78,79]

nal, gastric, hepatic, wound healing, and insulin [80]

mulation [66,67,81]



Table 6
Physiological activity of alkaloids

Components Physiological activity Reference

Choline Anti-hypertensive effect [82]
Suppression of fat accumulation, lowering blood pressure, and improving memory [83]

Alkaloid fraction Cancer cell proliferation inhibition [84]
Inhibition of DNA damage by radiation [85e87]
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panaxydol are effective in suppressing genetic mutations and
oncogenesis [102].

These polyacetylenes show inhibitory effects on the prolifera-
tion of cancer cells at low concentrations but show cytotoxicity in
healthy cells at much higher concentrations, indicating that they
have cancer-specific cytotoxicity [102]. Panaxytriol, which is unique
to Korean Red Ginseng, has been reported to inhibit cancer cell
proliferation and to have antitumor effects in animal studies [103e
105]. Lee et al observed that polyacetylenes were involved in the
selective expression of enzymes that take part in benzo(a)pyrene (a
chemical carcinogen) metabolism in the body [106]. Park et al
administered polyacetylene compounds (20e40 mM/kg body
weight) intraperitoneally to healthy mice for 3 days, consecutively,
to assess toxicity; compared with a control group, the group that
received the highest dose (40 mM/kg) showed a 17% decrease in
body weight but no major changes in organ mass or liver tissue,
whereas the group that received the lowest dose (20 mM/kg)
showed a 10% decrease in body weight with an increase in the
weight loss rate in the order of
panaxydol < panaxynol < panaxytriol [107]. Choi et al found that
the polyacetylene compounds in Korean Red Ginseng had an
inhibitory effect on the micronucleus formation induced by various
carcinogens [108]. Table 8 summarizes the major physiological
activity of Korean Red Ginseng polyacetylenes.

8. Phenolic compounds

Han et al revealed that the phenolic compounds, in the non-
saponin fraction, such as maltol, vanillic acid, salicylic acid, ferulic
acid, and caffeic acid have strong antioxidant and anti-fatigue ef-
fects [109,110]. Furthermore, although these phenolic substances
show strong antioxidant activity, purified ginsenosides show no
Fig. 2. The process by which panaxytriol is produced in the red ginseng manufacturing
process. H, hydrogen, HO, hydroxide; O, oxygen.
such activity. Maltol is not detected in fresh ginseng; it is unique to
Korean Red Ginseng, from which it is produced by heat during the
steaming process [111]. During steaming, maltose reacts with
amino acids to produce unstable 4-0-a-D-glucosyl-deoxy-2,3-
diketosaccharide, with further cyclization of a 2-ketone group,
and a C-6-hydroxyl group produces glycoside B; this substance
undergoes further rearrangement and deglycosylation to produce
the aglycone compound maltol [112]. This reaction is known to
follow the Maillard reaction.

Maltol has neuroprotective effects in hypoxia-induced neuro-
retinal cells; this effect is activated by nuclear factor kappa B and
MAPK signaling pathways [113]. In a mouse model of carbon
tetrachloride-induced liver injury, maltol showed a hep-
atoprotective effect by suppressing inflammation, reducing serum
alanine transaminase and aspartate transaminase levels, and
inhibiting cell apoptosis [114]. Similarly, in an animal model of
alcohol-induced liver oxidative injury, maltol showed a hep-
atoprotective effect by increasing the activity of antioxidant en-
zymes [115]. Maltol has also been reported to have a protective
effect against diabetic kidney injuries [116,117] as well as antioxi-
dant effects [118e122]. Maltol ameliorated liver fibrosis by inhib-
iting the activation of hepatic stellate cells and inducing the
apoptosis of activated hepatic stellate cells via the transforming
growth factor-b1-mediated phosphoinositide 3-kinase/Akt
signaling pathway [123].

In addition, p-coumaric acid, another phenolic compound in
Korean Red Ginseng, inhibits platelet aggregation and suppresses
the production of prostaglandins by modulating the metabolism of
arachidonic acid [59]. p-Coumaric acid shows strong activity in
terms of scavenging NO, hydroxide, and peroxynitrite [120e122]. It
also increases cellular reactive oxygen species generation, super-
oxide dismutase activity, and glutathione levels [124]. Moreover, p-
coumaric acid significantly lowers melanin levels, inhibits cellular
tyrosinase activity, and reduces tyrosinase protein expression,
thereby suppressing production of melanin [124]. Phenolic sub-
stances other than this component are not unique to red ginseng;
thus, they cannot be considered distinct active ingredients that can
represent the physiological activity of red ginseng. However,
phenol is a meaningful component of the physiological activities of
red ginseng. Table 9 summarizes the major phenolic compounds
found in Korean Red Ginseng and Table 10 summarizes the major
physiological activity of Korean Red Ginseng phenolic compounds.
9. Essential oils

Korean Red Ginseng contains several volatile compounds with
low or high boiling points. The compounds with a low boiling point
(71e110�C) include panacene, contributing to the distinctive aroma
of Korean Red Ginseng, and b-elemene, a type of b-sesquiterpenoid
[29]. To date, there have been almost no studies on the physio-
logical activity of the compounds that produce the distinctive
aroma of Korean Red Ginseng; however, they are an important
element in terms of sensory quality [125]. These compounds can be
broadly divided into earthy, woody, hay-like, toast-like, and sweet;
moreover, there are differences between fresh, white, and red



Table 7
The major polyacetylenes found in Korean Red Ginseng

Components

Panaxydol
Panaxynol
Panaxytriol
Panaxyne
Panaxyne epoxide
Acetylpanaxydol

Heptadeca-1,8-t-diene-4,6-diyn-3,10-diol heptadeca-1-ene-
4,6-diyn-3,9-diol
10-Acetylpanaxytriol
Panaxydol chlorohydrin
Ginsenoyne A ~ K
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ginseng depending on the processing methods used. The aroma of
fresh ginseng is attributable to panacene, discovered in the initial
studies of aroma compounds, as well as a complex mixture of
several aroma-related compounds including methoxypyrazine and
panasino A and B, which are sesquiterpene alcohols, and ginsenol
[126]. Sensory evaluation of the Korean Red Ginseng aroma from
different regions in the overseas Korean Red Ginseng market found
that Korean Red Ginseng had a stronger aroma than Chinese red
ginseng. Son et al investigated these differences by performing a
pattern analysis of the major aroma-related compounds and a
sensory evaluation of the fractions within these compounds using
gas chromatography of the major headspace components in Korean
and Chinese ginseng (both red and white) [127]. Specifically
regarding characteristic patterns, among the aroma-related com-
pounds identified, the mean b-patchoulene/Y- muurolene ratio
was much higher in Korean Red Ginseng (�1.0) than in Chinese
ginseng (around 0.5) and Korean Red Ginseng had a stronger
ginseng-like, toast-like, or sweet aroma. Park et al identified
approximately 70 aroma-related compounds in fried red ginseng
residue in distilled water and reported that the fragrant aromas,
toasted rice, and refreshing aromas became stronger after frying
whereas any unpleasant aroma was very weak [128].
10. Phytosterols

The main phytosterols in Korean Red Ginseng are stigmasterol
[129] and b-sitosterol; these are mostly found in the unsaponifiable
fraction [28]. There has been very little oil development from red
ginseng because the compounds are present in such small quan-
tities. However, Korean Red Ginseng oil (RGO) has recently been
extracted and research is ongoing. Unlike typical plant oils, RGO has
a very high linoleic acid concentration in fatty acids (18:2). The
phytosterols in RGO include b-sitosterol, stigmasterol, and
Table 8
Physiological activity of polyacetylenes

Components Physiological activity Reference

Panaxydol Cancer cell proliferation inhibition [31,91,93e95,97]
Lipid peroxidation inhibition [96]
NO production inhibition [98]
Hypercholesterolemia inhibition [99]
Analgesic effect [101]
Suppressing genetic mutation and
oncogenesis

[102]

Toxicity relief [106e108]
Panaxytriol Cancer cell proliferation inhibition [31,92e95,103e105]

Lipid peroxidation inhibition [96]
NO production inhibition [98]
Toxicity relief [106e108]

Panaxynol Memory improvement [100]
Suppressing genetic mutation and
oncogenesis

[102]

Toxicity relief [106e108]
campesterol; approximately 87.0% of the phytosterol content is b-
sitosterol, differentiating RGO from other plant oils.

RGO promotes the production of peroxyl radicals, improves the
scavenging ability of free radicals, and inhibits oxidative stress in
HepG2 cells [130]. Bak et al administered RGO to HepG2 cells under
hydrogen peroxide-mediated oxidative stress and in an animal
model of carbon tetrachloride-induced liver injury; the restoration
of activity and the expression of antioxidant enzymes such as
peroxide dismutase, catalase, and glutathione peroxidase were
observed [131]. RGO suppresses lipid peroxidation by directly
eliminating reactive oxygen species and simultaneously inducing
cellular antioxidant enzyme activity and expression via the inhi-
bition of MAPK, thereby protecting cells and tissues from oxidative
injury [131]. RGO was found to induce nuclear factor erythroid 2-
related factor 2/antioxidant response element-mediated phase II
enzymes via the apoptosis signal-regulating kinase 1-MAPK 4/7e
Jun N-terminal kinase and p38 MAPK signaling pathways, sug-
gesting that RGO has potential as a natural chemopreventive and
cellular defensive agent [132].

RGO has also been demonstrated to have anti-inflammatory
effects [133]. In a study on the protective effects of RGO against
Ab25e35-induced oxidative stress and neuroinflammation, RGO
protected against Ab-induced cellular injury in an in vitro model of
Alzheimer's disease [134]. RGO protects against B. abortus infection
in vitro and in vivo and was found to be effective in the prevention
and treatment of brucellosis [135]. RGO has shown a strong bene-
ficial effect in terms of hair growth, so it demonstrates potential as
an effective treatment for androgenetic alopecia [136]. Table 11
summarizes the major physiological activity of Korean Red
Ginseng phytosterols.
11. Other trace compounds

The vitamins in Korean Red Ginseng include B-complex vita-
mins (thiamine [B1], riboflavin [B2], cobalamin [B12], niacin, biotin,
pantothenic acid, and folic acid. Minerals in Korean Red Ginseng
include manganese, copper, vanadium, cobalt, arsenic, germanium,
phosphorus, aluminum, and nickel. Germanium has been shown to
have anti-cancer activity and to promote a shift from aged cells to
new cells [137]. Furthermore, the lignans gomisin-A and gomisin-N
have been isolated from red ginseng [138]. Gomisin-A and gomisin-
Table 9
The major phenolic compounds found in Korean Red Ginseng

Components

Maltol Gentisic acid
Salicylic acid Cinnamic acid
Vanillic acid Protocatechuic acid
p-Coumaric acid m-Coumaric acid
Ferulic acid Polyphenol
p-Hydroxybenzoic acid Salicyl alcohol
Caffeic acid p-Hydroxybenzyl alcohol



Table 10
Physiological activity of phenolic compounds

Components Physiological activity Reference

Maltol Antioxidant activity [111,118e122]
Neuroprotective effects [113]
Hepatoprotective effect [114,115,123]
Kidney injury protection [116,117]

p-Coumaric acid Platelet aggregation inhibition
Antioxidant activity

[59]
[120e122,124]

Table 11
Physiological activity of phytosterols

Components Physiological activity Reference

Korean Red Ginseng oil
(including b-sitosterol,
stigmasterol, and campesterol)

Antioxidant activity [130e132]
Hepatoprotective effect [131]
Anti-inflammatory effects [133,134]
Brucellosis infection prevention[135]
Hair growth [136]
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N are the substances responsible for the adaptogenic and anti-
hepatotoxic effects of Schisandra chinensis.

12. Conclusion

The current knowledge on the effects of non-saponins in Korean
Red Ginseng has been discussed and evaluated. The distinct
bioactivity of Korean Red Ginseng was found not to originate from
only one or two specific components but from both saponin and
non-saponin components, suggesting that both components
should be studied collectively. Since Korean Red Ginseng contains
various ingredients, it shows various effects. Therefore, if a variety
of efficacy is desired via ingesting Korean Red Ginseng, it is
important to eat all of its various ingredients. So far, research on
non-saponin components is very poor compared to that of sapo-
nins. Until now, the importance of non-saponins in Korean Red
Ginseng was overlooked due to its structural complexity, the sep-
aration into single components, and purification difficulties. In the
future, it will be necessary to standardize the analysis method for
the non-saponin components discussed above; also, it will be
essential to upgrade the bioactivity verification by methods incor-
porating the latest science and technology. There are many non-
saponin components other than the non-saponins discussed
above. The search for new non-saponin components is also
considered indispensable.
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