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Abstract This study evaluated the antimicrobial activities
[diffusion inhibition zone, minimum inhibitory concentra-
tion (MIC), and minimum bactericidal concentration], of
heated ginseng extracts (ethanol and methanol). The
extract yields, ginsenoside compositions, growth inhibitory
effects against Bacillus cereus and Staphylococcus aureus
and bacterial cell membrane potential changes, were also
investigated. Methanol extracts of heated ginseng, showed
higher antimicrobial activity than ethanol extracts. B. cer-
eus was more easily inhibited than S. aureus. Ginseng
heated at 100 °C for 2 and 16 h, showed maximum
antimicrobial activity against B. cereus and S. aureus,
respectively. In the growth inhibitory test, S. aureus and B.
cereus were completely inhibited after 2 and 8 h culture at
the MIC. The cell membrane potential decreased with
increasing concentration of extract, indicating cell meta-
bolism disruption. Ginsenosides Rgs, a potent antibacterial
substance, which were absent in non-heated ginseng, were
produced by heating ginseng at 100 °C for 4 and 8 h,
respectively.
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Introduction

The outbreaks of food poisoning have been recently
increasing owing to environmental changes such as climate
change, and foodborne bacteria are considered to be an
important issue in the food industry [1]. The incidence of
Bacillus cereus and Staphylococcus aureus in food has
been widely reported because they are ubiquitously found
in the environment and thus easily contaminate food [2, 3].
B. cereus and S. aureus produce thermostable enterotoxins
that cause food poisoning, which is accompanied by
symptoms such as vomiting, diarrhea, and stomach cramps
[2, 4]. B. cereus is a gram-positive motile, spore-forming
bacterium, which can germinate and grow even after heat
treatments [5, 6]. B. cereus is present in the soil and can
cause food poisoning in fresh foods, as well as in cooked
foods, such as cooked rice, a common food in Korea [7, 8].
S. aureus is a gram-positive bacterium that is present on the
skin and mucosal surfaces of humans and animals and has
been isolated from kimbap and sushi in Korea [9, 10]. S.
aureus can easily contaminate foods such as meat and dairy
products because it is resistant to various environmental
factors and antibiotics [11].

In the food industry, synthetic additives or chemicals are
widely used to inhibit the growth of microorganisms to
prevent spoilage and extend the shelf life of food. How-
ever, safety and health concerns regarding synthetic addi-
tives have increased, and thus, there is an increasing
demand for safe and effective natural antimicrobials
[12—15]. Therefore, the search for natural antimicrobial
agents has increased to discover new agents with food
applications [16].

Ginseng (Panax ginseng C.A. Meyer) is a widely known
pharmacologically effective plant in East Asian countries,
mainly in Korea, China, and Japan. Many studies have

@ Springer


http://orcid.org/0000-0002-8580-6032
http://crossmark.crossref.org/dialog/?doi=10.1007/s10068-017-0209-9&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s10068-017-0209-9&amp;domain=pdf
https://doi.org/10.1007/s10068-017-0209-9

204

S. Na et al.

reported regarding its physiological activities such as
antiaging, antiobesity, anticancer, antioxidant, antiinflam-
matory, analgesic, and antipyretic activities [17-20].

Ginseng contains an abundance of ginseng saponins
called ginsenosides, which are the pharmacological com-
ponents of ginseng. More than 25 types of ginsenosides
have been identified [21]. Other non-saponin components
such as polysaccharides, nitrogenous compounds, lipid-
soluble components, organic acids, vitamins, minerals, and
phenolic compounds, which have physiological activities,
have also been reported [22-25]. The total amount of
ginsenosides in ginseng increases with heat treatment,
heating produces new ginsenoside types such as Rg; and
Rh, [26]. In addition, heat treatment increases the free
amino acid content of ginseng, and increased anticancer
and antioxidant activities have been observed [24].

The antimicrobial activity of ginseng has been investi-
gated in many studies. Ginseng extracts do not inhibit the
growth of Pseudomonas aeruginosa, the causative organ-
ism of cystic fibrosis, but only 0.25% of a ginseng extract
inhibits the swarming motility and biofilm formation of
P. aeruginosa [27]. The less polar ginsenosides, produced
via the heat treatment of ginseng saponins, have antimi-
crobial activities against Fusobacterium nucleatum,
Clostridium perfringens, and Porphyromonas gingivalis,
which cause oral malodor [28]. Another study showed that
white, red, and extruded ginseng have antimicrobial
activities against some gram-positive bacteria and yeast.
The red ginseng extract has a higher antimicrobial activity
than the white ginseng and extruded ginseng extracts,
which is considered to occur because of heat treatment
[29].

In this study, ginseng was heated to increase its
antimicrobial activity against B. cereus and S. aureus.
Ginseng was heated at various temperatures and for various
time periods, and the antimicrobial activity was measured
by the disc diffusion, minimum inhibitory concentration
(MIC), and minimum bactericidal concentration (MBC)
assays. The growth inhibitory effects of heated ginseng on
B. cereus and S. aureus, as well as the effect on the
membrane potential, was also determined according to the
concentration of ginseng extract. This study aimed to test
the possibility of using heated ginseng as a natural
antimicrobial agent.

Materials and methods
Materials
Four-year-old cultivated ginseng was purchased from

Kyungdong market, Seoul, Korea. The water content of
ginseng was measured as 76.83 & 0.47%. All chemicals
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and solvents used in this study were at least of analytical
grade.

Bacterial strains and culture conditions

Bacillus cereus (ATCC 14579) and S. aureus (ATCC 6538)
were maintained in stock culture containing 50% glycerol
at —80 °C. Each culture was transferred to tryptic soy agar
(TSA; Oxoid, Hampshire, England) for activation and
incubated at 37 °C for 24 h. One colony of each strain on
TSA was inoculated into tryptic soy broth (TSB; Oxoid)
and incubated at 37 °C for 24 h.

Heat treatment of ginseng

The antimicrobial activity of ginseng was tested after heat
treatment. The ginseng was washed under running tap
water and heated at 60, 80, 100, or 120 °C for 1 h using an
autoclave. The ginseng was also heated at 100 °C for 1, 2,
4, 8, or 16 h. The heated ginseng was then extracted using
60% ethanol or methanol. The antimicrobial activities of
all the extracts were tested.

Extract preparation and determination
of the extract yield

Heated ginseng was freeze-dried for 3 days and ground to a
fine powder. The powder (15 g) was mixed with 150 mL of
60% ethanol or methanol and then shaken at 200 rpm and
35 °C for 24 h [29]. The extracts were filtered through a
Buchner funnel containing a Whatman no. 2 filter paper
and the solvent was removed by vacuum rotary evaporation
(Eyela, Tokyo, Japan) at 45 °C. The concentrated extracts
were freeze-dried and stored at 4 °C. The extract yield was
measured as the ratio of the weight of dried ginseng extract
(g) relative to the weight of ginseng powder (g).

Disc diffusion assay

To compare the antimicrobial activities of the different
extracts, the inhibitory effects on B. cereus and S. aureus
were determined by the disc diffusion assay. Sterile TSA
was cooled to 50 °C, and the bacterial strains (diluted to 6
log CFU/mL) were transferred to the medium. TSA was
poured into Petri dishes and solidified. Next, 6-mm diam-
eter paper discs were impregnated with 15 pL of the gin-
seng extract dissolved in dimethyl sulfoxide (DMSO)
(400 mg/mL) and placed onto TSA, before incubating at
37 °C for 24 h. The antimicrobial activities were evaluated
by measuring the zone of inhibition including the diameter
of the disc.
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MIC and MBC

To determine MIC and MBC of the ginseng extracts, the
microdilution method was performed. Serial twofold dilu-
tions of the extracts were added directly to a 96-well plate
in the range of 0.346-200 mg/mL with TSB, and 20 pL of
each diluted bacterial strain was inoculated into each well.
The final concentration of each strain was approximately 6
log CFU/mL. The inoculated TSB without any extract was
used as the control. All of the treatment and control tests
included 5% (v/v) DMSO. The 96-well plate containing
samples was incubated at 37 °C for 24 h. The absorbance
was measured at 595 nm using an ELISA reader (BioTek
Instrument Inc., Winooski, VT, USA) to confirm the MIC
that did not increase the absorbance. A non-turbid MIC
well was inoculated with 10 pL of the bacterial suspension
onto TSA medium and cultured at 37 °C for 24 h to
determine MBC at which the bacteria did not grow.

Measurement of bacterial inhibitory effects

To determine the antimicrobial effects of the ginseng
extracts at various concentrations (1/4, 1/2, and 1 x MIC),
100 mL of TSB containing a final inoculum with 2-3 log
CFU/mL of bacteria and the extract was incubated at
150 rpm and 37 °C for 48 h. The viable cells were serially
diluted with 0.85% saline, plated on TSA every 4 h, and
the plates were then incubated at 37 °C for 24 h. Count-
able colonies were expressed as log CFU/mL. A control
experiment without ginseng extracts was also conducted.
Ethanol extracts heated at 100 °C for 2 and 16 h were used
for B. cereus (1/4 MIC, 0.39 mg/mL; 1/2 MIC, 0.78 mg/
mL; MIC, 1.56 mg/mL) and S. aureus (1/4 MIC, 1.56 mg/
mL; 1/2 MIC, 3.125 mg/mL; MIC, 6.25 mg/mL),
respectively.

Measurement of membrane potential changes

The rhodamine 123 fluorescence method was used to
determine the effects of ginseng extracts on the metabolic
activity of bacterial cells [30]. B. cereus and S. aureus were
cultivated in TSB at 37 °C for 24 h. The ethanol extract of
ginseng heated at 100 °C for 16 h was added to B. cereus
and the ethanol extract of ginseng heated at 100 °C for 2 h
was added to S. aureus at 0, 1/4 MIC, 1/2 MIC, and MIC,
respectively, and then cultured for 8 h. The bacterial sus-
pension was washed with phosphate-buffered saline (PBS;
0.1 M, pH 7.4) and rhodamine 123 was added at a final
concentration of 2 pg/mL. The mixture was left in the dark
for 30 min. Next, the suspension was washed thoroughly
and resuspended in PBS. A 100-mL aliquot of the sus-
pension was dispensed into a 96-well plate and the fluo-
rescence intensity was measured using a spectrophotometer

(BioTek Instrument Inc.). Rhodamine 123 fluorescence
was expressed as the mean fluorescence intensity (MFI) at
excitation and emission wavelengths of 480 and 530 nm,
respectively.

High-performance liquid chromatography (HPLC)
analysis of ginsenosides

Each ginseng extract was analyzed using HPLC to inves-
tigate the changes in the ginsenoside contents after heat
treatment. Each ginseng extract (100 mg) was dissolved in
5 mL of distilled water and ginsenosides Rg;, Re, Rf, Rh;
(S, R), Rby, Re, Rfj, Rb,, Rbs, Rd, Rf,, Rg; (S, R), PPT (S,
R), compound K, and Rh; (S, R) were used as analytical
standard materials. The ginsenoside contents were deter-
mined using a Waters SunFire CI8 column
(4.6 x 250 mm, 5 pm) with a mobile phase gradient sys-
tem comprising water (A) and acetonitrile (B). The flow
rate was 1.6 mL/min. The gradient elution conditions were
80% (0 min), 80% (10 min), 68% (40 min), 50% (55 min),
35% (72 min), 10% (82 min), 80% (84 min), and 80%
(90 min). The absorbance was recorded at 203 nm using an
ultraviolet detector (Jasco, Tokyo, Japan).

Statistical analysis

Experimental data were expressed as the mean =+ SD. The
results were analyzed using SPSS statistics software (ver.
23.0, IBM Corp., Armonk, NY, USA). One-way analysis of
variance and Duncan’s multiple range test were used to
detect significant differences between means (p < 0.05).

Results and discussion
Comparison of the extract yields

Ginseng samples were extracted using methanol or ethanol
and then treated for 1 h at various temperatures (60, 80,
100, or 120 °C), and for 1, 2, 4, 8, or 16 h at 100 °C. The
extract yield was calculated based on the weight of the
ginseng powder (Table 1). The extract yield from the
methanol extract increased from 28.11% for untreated
ginseng to 30.06, 33.64, 34.28, and 31.96% as the heat
treatment temperature increased from 60 to 80, 100, and
120 °C, respectively. When ethanol was used as the
extraction solvent, there were no remarkable differences
between the ginseng extract yields irrespective of the
heating temperature. In general, the extract yields increased
with the heat treatment period for both the methanol and
ethanol extracts.

Similarly, a previous study obtained extract yields
between 30 and 40% when ginseng was extracted using
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Table 1 Extraction yield (%)

of methanol and ethanol extracts Yield (%)
of heated ginseng Methanol  Ethanol
Control*  28.11 31.96
Temperatureb (°C)
60 30.06 32.48
80 33.64 32.44
100 34.28 32.20
120 31.96 30.04
Time® (h)
1 34.28 32.20
2 35.33 36.36
4 37.08 36.73
8 32.02 42.17
16 37.93 37.34

“Non-heat-treated ginseng
PHeat-treated for 1 h
“Heat treated at 100 °C

60% methanol or ethanol [29], although the extract yields
differed according to the extraction solvent employed,
possibly owing to differences in the solvent extraction
affinity for the target analytes [31].

Antimicrobial activities determined using the disc
diffusion method

The antimicrobial activities of the heat-treated ginseng
extracts were tested using the disc diffusion method
(Table 2). All of the extracts had antimicrobial activities
against B. cereus and S. aureus, but B. cereus was more
sensitive to the ginseng extracts than S. aureus. When
methanol was used as the extraction solvent, the antimi-
crobial activity against B. cereus did not differ among the
ginseng extracts treated at temperatures of 60, 80, 100, and
120 °C. In contrast, the diameter of the zone of inhibition
decreased as the heat treatment temperature increased with
S. aureus. The ethanol extracts had the maximum antimi-
crobial activity against B. cereus when the ginseng was
heated to 100 °C. Compared with B. cereus, the zones of
inhibition obtained with S. aureus increased slightly when
the ethanol extract was heat treated at all temperatures. In
particular, the ethanol extract treated at 100 °C had the
highest antimicrobial activities against B. cereus and S.
aureus. The antimicrobial activities were also determined
for the ginseng extracts treated at 100 °C for 1, 2, 4, 8, and
16 h, which showed that the antimicrobial activity against
B. cereus gradually increased with the heat treatment time.
The methanol and ethanol extracts treated for 16 h had the
greatest antimicrobial activity against B. cereus (13.5 mm).
For S. aureus, only the methanol extract treated at 100 °C
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for 16 h had a higher antimicrobial activity than the non-
heated ginseng extract. The ethanol extracts heated for
>4 h had slightly increased antimicrobial activities com-
pared with the non-heated sample. The antimicrobial
activities of the methanol extracts were generally higher
than those of the ethanol extracts. The maximum antimi-
crobial activity against B. cereus was obtained using the
ginseng extract (methanol and ethanol) heated at 100 °C
for 16 h. For S. aureus, the results were less clear, where
the maximum antimicrobial effects were obtained using the
ethanol and methanol extracts heated for 8 and 16 h,
respectively.

Antimicrobial activities determined based on MIC
and MBC

Table 2 shows MICs against B. cereus and S. aureus
determined for the methanol and ethanol ginseng extracts
heated at various temperatures, and at 100 °C for 1 to 16 h.
The antimicrobial activities against B. cereus did not differ
among the ginseng extracts in methanol treated at various
temperatures. The ginseng extracts in ethanol had the
highest activity after heating at 100 °C, where the MIC
value was 6.25 mg/mL. For S. aureus, the MIC values of
the ginseng extracts in methanol heated at 60, 80, 100, and
120 °C were 12.5, 25, 12.5, and 100 mg/mL, respectively.
The ethanol extracts did not differ in terms of their
antimicrobial activities against S, aureus irrespective of the
temperature, except MIC decreased for the ginseng extract
heated at 120 °C.

The antimicrobial activity against B. cereus increased
with the heat treatment period. The antimicrobial activities
of the ginseng extract heated at 100 °C for 16 h were four
and eight times higher for the methanol and ethanol
extracts, respectively, compared with the corresponding
unheated ginseng extracts, where both had a maximum
MIC of 1.56 mg/mL. For S. aureus, the antimicrobial
activities of the methanol and ethanol extracts heated at
100 °C for 2 h both had the lowest MIC of 6.25 mg/mL,
which was eight times higher than that determined for the
corresponding unheated ginseng extracts.

In a previous study, white, red, and extruded white
ginseng were extracted with water, methanol, or ethanol
and their antibacterial activities were compared [29], and
the lowest MIC determined for the ethanol and methanol
extracts of red ginseng was 6.25 mg/mL, where the
methanol extracts had the highest antimicrobial activities,
thereby agreeing with our findings.

Growth inhibitory effects of ginseng extracts

The growth inhibitory effects on B. cereus and S. aureus
were analyzed using various concentrations of the ethanol
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Table 2 Antimicrobial activity determined by diameter of inhibition zone, minimum inhibitory concentration (MIC), and minimum bactericidal

concentration (MBC) of ginseng methanol and ethanol extracts

Bacillus cereus

Staphylococcus aureus

Paper disc” (mm) MIC (mg/mL)

MBC (mg/mL)

Paper disc (mm) MIC (mg/mL) MBC (mg/mL)

Methanol
Control® 8.88 + 1.36"*® 6.25 12.50
Temperature(4) (°O)
60 9.17 + 1.474 3.13 6.25
80 9.83 + 1.13* 3.13 6.25
100 958 + 1.11* 3.13 6.25
120 8.58 + 2.01* 3.13 6.25
Time® (h)
1 8.06 + 1.64* 6.25 12.50
2 8.56 + 1.76" 3.13 6.25
4 9.50 & 1.41* 3.13 6.25
8 13.00 + 1.41° 1.56 3.13
16 13.50 + 2.12° 1.56 3.13
Ethanol
Control 8.06 £ 1.50" 12.50 25.00
Temperature (°C)
60 8.67 &+ 1.25B 12.50 25.00
80 8.33 + 0.88" 12.50 25.00
100 9.50 + 1.05® 6.25 12.50
120 9.17 £ 1.2948 12.50 25.00
Time (h)
1 7.88 &+ 1.41% 12.50 25.00
2 8.88 + 1.48" 3.13 6.25
4 10.94 + 1.08" 3.13 6.25
8 12.25 + 1.77¢ 3.13 6.25
16 13.50 & 2.12¢ 1.56 3.13

10.19 =+ 0.92B% 50.00 100.00
10.60 + 1.08% 12.50 25.00
10.50 + 1.128 25.00 50.00
9.80 + 1.6448 12.50 25.00
8.80 £ 2.25% 100.00 200.00
9.31 £ 0.80*° 12.50 25.00
9.31 + 1.44% 6.25 12.50
8.50 &+ 1.31° 12.50 100.00
10.50 + 0.00%¢ 50.00 100.00
11.25 + 1.06° 50.00 100.00
7.88 & 0.794% 50.00 100.00
9.00 + 0.71% 50.00 100.00
9.10 + 0.55% 50.00 100.00
9.40 + 0.89% 50.00 100.00
8.70 + 2.224B 200.00 >200.00
8.44 + 0.73% 25.00 50.00
9.06 £+ 1.57° 6.25 12.50
10.00 + 1.10% 25.00 >200.00
11.50 + 0.71° 100.00 >200.00
11.00 £ 0.00% 50.00 100.00

DDiameter of inhibition zone. Values represent the mean of triplicates + SD, including the diameter of the paper disc (6 mm)

@Non-heat-treated ginseng

®Means with different uppercase and lowercase letters in the same column are significant differences (p < 0.05)

“Heat-treated for 1 h
®Heat-treated at 100 °C

extract, and the results are shown in Figs. 1 and 2. For B.
cereus, the addition of 1/4 of the MIC value of the ethanol
extract heated at 100 °C for 16 h did not inhibit growth
compared with the control. When added at 1/2 of the MIC
value, the increase in the bacterial count was slower than
that in the control. However, at the MIC value, the number
of bacteria decreased gradually and the bacteria were
eliminated completely at 8 h. For S. aureus, the addition of
1/4 of the MIC value for the ethanol extract heated at
100 °C for 2 h inhibited the growth rate of the bacteria, and
the time required to reach the maximum growth concen-
tration was only 8 h. When 1/2 of the MIC value was
added, the number of bacteria decreased from 3.10 to 1.27

log CFU/mL up to 12 h, which was followed by a continual
increase until the maximum growth rate at 36 h. At the
MIC value, the number of bacteria decreased gradually and
complete inhibition was achieved at 20 h.

The factors that might influence the activity of an
antimicrobial include the number of bacteria inoculated,
the source of the bacteria, and the persistence and sensi-
tivity of the antimicrobial agent [32]. The complete inhi-
bition of B. cereus and S. aureus even when the ginseng
extracts were added at only the MIC value appears to be
attributable to the different initial loads of bacteria. The
growth inhibitory test at 2-3 log CFU/mL was more sen-
sitive than the MIC and MBC tests at 7 log CFU/mL.
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Fig. 1 Growth inhibitory effect of ginseng ethanol extract at various
concentrations on B. cereus. Ginseng was heat-treated at 100 °C for
16 h. MIC is the minimum inhibitory concentration
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Fig. 2 Growth inhibitory effect of ginseng ethanol extract at various
concentrations on S. aureus. Ginseng was heat-treated at 100 °C for
2 h. MIC is the minimum inhibitory concentration

Similar results were obtained in a previous study, which
showed that the antimicrobial activity of a ginseng extract
decreased as the number of bacteria increased according to
the disc diffusion method [33].

Changes in the membrane potential with ginseng
extracts

The membrane potential for bacteria was expressed as the
MEFI of rhodamine 123 (Fig. 3). The MFI values decreased
rapidly compared with the control by 27.74, 60.25, and
73.20% for B. cereus, and by 56.61, 91.21, and 94.48% for
S. aureus when treated with the ethanol extract heated at
100 °C for 16 h at 1/4 MIC, 1/2 MIC, and MIC, respec-
tively. The membrane potential affects the production of
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Fig. 3 Changes in the membrane potential of B. cereus and S. aureus
by ginseng ethanol extract. Ginseng was heat-treated at 100 °C for
16 h for B. cereus and 2 h for S. aureus, respectively. MIC is the
minimum inhibitory concentration. Different letters indicate signif-
icant differences (p < 0.05)

ATP via internal and external differences in the membrane
potential of bacterial cells. The fluorescence intensity is
correlated with the bacterial membrane potential. The loss
of fluorescence is caused by depolarization of the cell
membrane due to a reduction in the metabolic activity of
the cell and death of the microorganism [34]. Therefore,
the ethanol extract of ginseng reduced the membrane
potential of the microbial cells and affected their metabolic
activity. The membrane potential decreased further and the
antimicrobial activity increased as the amount of the gin-
seng extract increased.

Changes in ginsenoside compositions and contents
by heat treatment

The ginsenoside contents of the ginseng extracts after
different heating periods are shown in Table 3. Ginseng
was heated at 100 °C for 1, 2, 4, 8, or 16 h, and the heated
ginseng was extracted using methanol and ethanol. The
total ginsenoside contents of the methanol extracts were
higher than those of the ethanol extracts during 0-2 h, but
the total ginsenoside contents of the ethanol extracts were
higher as the heating time increased further. In the
methanol extracts, the amounts of Rg;, Re, and Rf did not
change, but those of Rg,, Rh, Rby, Rc, Rb,, Rbs, Rf,, and
Rh; increased significantly. The amount of Rd decreased,
but those of Rg; (S, R) and compound K, which were not
present in the untreated ginseng, increased as the heating
duration increased. In the ethanol extracts, the ginsenoside
contents increased with the heating time. The amounts of
Rf,, Rgz (S, R), compound K, and Rh,, which were not
detected in the untreated ginseng before heat treatment,
increased with the heating duration.
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Table 3 Changes in ginsenoside content (mg/g) of ginseng extracts by heating at 100 °C as a function of heating time

Methanol Ethanol

Control® 1h 2h 4h 8h 16 h Control 1h 2h 4h 8h 16 h
Rg; 0.698 0.869 0.688 0.7 0.882 0.77 0.111 0.823 0.548 0.692 0.914 0.854
Re 1.415 1.296 1.1 1.279 1.049 0.958 0.237 1.27 0.929 1.348 1.082 1.096
Rf 0.327 0.337 0.287 0.272 0.359 0.441 0.051 0.455 0.253 0.293 0.377 0.541
Rg, + Rh, 0.071 0.056 0.089 0.072 0.139 0.338 0.012 0.057 0.042 0.088 0.135 0.342
Rb, 0.457 0.449 0.457 0.706 0.975 1.047 0.061 0.429 0.36 0.723 0.981 1.294
Rc 0.635 0.681 0.665 1.04 1.425 1.405 0.087 0.64 0.528 1.058 1.431 1.711
Rb, 0.241 0.346 0.296 0.349 0.669 0.689 b 0.346 0.221 0.346 0.665 0.842
Rbs 0.063 0.082 0.066 0.082 0.156 0.167 0.012 0.083 0.054 0.092 0.157 0.207
Rd 0.101 0.139 0.134 0.273 0.385 0.035 0.014 0.129 0.097 0.268 0.401 0.548
Rf, 0.112 b - 0.035 0.16 0.301 - - - - 0.087 -
Rgs (S, R) - - - 0.063 0.321 0.691 - - - 0.084 0.29 0.83
CK - - - - 0.126 0.255 - - - - 0.127 04
Rh, 0.11 0.025 0.052 0.075 0.094 0.111 - 0.034 0.059 0.028 0.101 0.174
Total 4.231 4.281 3.832 4.983 6.814 7.402 0.585 4.264 3.091 5.02 6.824 8.973

“Non-heat-treated ginseng
"Not detected

Similarly, a previous study showed that malonyl-gin-
senosides (mRb;, mRb,, mRc, and mRd) possess malonyl
groups that are readily demalonylated by heat treatment
(36). Thus, the observed increases in the major ginseno-
sides (Rbl, Rb2, and Rc) could be attributable to heat-
induced demalonylation. Increased conversion to minor
ginsenosides such as Rgs with increasing temperature has
also been reported [35]. Another study found that less polar
ginsenosides such as Rgz and Rh, are also produced by
heat treatment, and they can penetrate the bacterial cell
membrane more easily than polar ginsenosides, thereby
affecting bacterial growth [28]. Therefore, it seems that
minor ginsenosides, i.e., less polar ginsenosides, are pro-
duced by the heat treatment of ginseng, which increases the
antimicrobial activity of the extract. However, the gin-
senoside contents determined in this study differed from
those reported by Norajit et al. [29], and this differences
may be associated with the environmental conditions, such
as the ginseng cultivation parameters, as well as the
specific heat treatment and extraction methods employed
[21].

This study aimed to enhance the antimicrobial activity
of ginseng. Ginseng was heat treated at various tempera-
tures and for various time periods, and we compared the
antimicrobial activities of the heat-treated ginseng extracts
against B. cereus and S. aureus. The antimicrobial activi-
ties of the methanol and ethanol extracts were increased by
heat treatment. For B. cereus, the ginseng extract heated at
100 °C for 16 h had the highest antimicrobial activity,

whereas that against S. aureus was highest when the extract
was heated at 100 °C for 2 h. According to HPLC analysis,
minor ginsenosides were formed as the heating period
increased and it is considered that they increased the
antimicrobial activity. Therefore, an ethanol extract of
ginseng with enhanced antimicrobial activity after heat
treatment could be used effectively as a natural antimi-
crobial in grain-based foods that are readily contaminated
by B. cereus and S. aureus.
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