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Abstract
Coumestrol (CMS), one of the soybean isoflavonoids which contains several benefits for maintaining skin function includ-
ing antiageing properties. In this study, we evaluated various explant sources and plant genotypes to determine competent 
soybean adventitious root materials for the mass production of CMS, and investigated their skin care efficacies to be used 
as a novel cosmetic ingredient. Adventitious roots were directly induced from in vitro seedling derived from the mature 
seeds, extracts were prepared and refluxed for enzymatic deglycosylation. In vitro cell cytotoxicity was evaluated using nor-
mal human dermal fibroblast and murine B16 melanoma cells after treatment with increasing concentrations of methanol 
soybean adventitious roots extracts for 72 h. Finally, in vitro cell assays on HDF cells were performed to evaluate the effect 
of the soybean adventitious roots extracts in collagen production. The root induction frequency and biomass productivity 
were significantly affected by plant genotypes, explant sources, the type of auxin used and its concentration. The total CMS 
production (per 1 L medium) after 4 weeks of culture in a bulb-type bubble bioreactor (3 L capacity) was the highest in the 
adventitious roots induced from the radicles of Glycine max, ‘Sinhwakong’. Different strengths of Murashige and Skoog 
(MS) medium were tested to develop culture protocols and the highest total CMS production (per 1 L medium) was observed 
at 1/2 MS. The content of coumestrin, the glycoside form of CMS, was higher than that of CMS in the roots cultured in 1/2 
MS medium for 4 weeks in a bioreactor. The final content of CMS in the ethanol extract after enzymatic deglycosylation 
was 81.3-fold higher than non-enzymatic deglycosylation. Almost all the coumestrin in the roots were converted to CMS. 
Further, the enriched CMS root did not exhibit any cell cytotoxicity in normal human dermal fibroblast (HDF) and murine 
B16 melanoma cells (B16) for 72 h. In addition, in vitro collagen production assay on HDF cells showed that the enriched 
CMS root increased the collagen production compared to the coumestrol, daidzein, and non-enzyme-treated sample. Thus, 
enriched CMS root could be potential ingredient for the cosmetic applications
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Introduction

In recent years, the range of applications for high-value 
plant-based bioactive compounds used as active materials 
in pharmaceuticals, health foods, and cosmetic products 
has increased. Phytoestrogens are one such type of bioac-
tive compound in high demand in industry and are usu-
ally extracted from the seeds of leguminous plants, which 
contain three main compounds in four different chemical 
forms: the aglycones, daidzein, genistein, and glycitein. 
The glucosides daidzin, genistin, and glycitin; their malo-
nyl glucoside and acetyl glucoside forms (Wang and Mur-
phy 1994). Coumestrol (CMS), a well-known potent phy-
toestrogen, is a trace isoflavonoid present in Glycine max 
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(commonly known as soybean) belonging to the coumes-
tan family, derived from the precursor daidzein. In natural 
conditions, the CMS level in plants is increased, and it acts 
as phytoalexin under stress conditions, such as drought, 
germination, fungal infection, or exposure to chemical 
compounds to protect plant survival (Simons et al. 2011, 
2012). A recent study confirmed that CMS exerts an anti-
cancer, anti-obesity, and neuroprotective effects without 
the induction of significant side effects (Castro et al. 2012; 
Lee et al. 2013; Taxvig et al. 2013) and is a novel dietary 
compound for the prevention and improvement of UVB-
associated skin ageing (Park et al. 2015). However, the 
amount of CMS in natural plants is very low and mark-
edly affected by harvest time and environmental conditions 
(Tripathi et al. 2016); thus, these factors limit the use of 
CMS in industrial applications.

The plant tissue culture technology has enabled the con-
trolled production of target biomass and bioactive com-
pounds in large quantity as well as the development of a 
pilot-scale production system using bioreactors (Gaid et al. 
2016). Adventitious roots—derived from plant tissues in a 
culture medium—are one of the most attractive materials 
for the production of biomass with bulk of valuable phyto-
chemicals within a limited time and space which does not 
involve genetic modification (Saeed et al. 2017). In vitro 
soybean cultures have been produced using cells (Federici 
et al. 2003; Zacharius and Kalan 1990), somatic embryos 
(Lazzeri et al. 1987) and hairy roots (Theboral et al. 2014). 
These cultures were further used for the production of 
macro compounds such as daidzein, genistein, glycitein, 
and their glycosides. However, there are no reports per-
taining to the production of highly valuable CMS through 
soybean adventitious roots.

In recent years, there has been a growing interest in 
developing novel plant-based materials to be used in the 
cosmetic industry, soybean adventitious roots exhibit a 
suitable phytochemical profile for such purpose. Com-
pounds such as CMS, daidzein, genistein, glycitein, and 
their glycosides are widely used in the cosmetic industry. 
To assess the effects of the soybean adventitious roots 
extracts on cell viability, and its influence in collagen pro-
duction, murine melanoma B16 and human dermal fibro-
blast skin cells were used as in vitro models.

In the present study, we identified the most competent 
soybean adventitious roots for the mass production of 
CMS through the assessment of different explant sources 
and plant genotypes, namely elite cultivars and semi-wild 
soybeans. In addition, we developed a tissue culture pro-
tocol to enhance the biomass using deglycosidase derived 
from Aspergillus aculeatus. Finally, the potential as novel 
plant-based cosmetic material of extracts derived from the 
soybean adventitious roots was evaluated in skin cells.

Materials and methods

Adventitious root induction and continuous 
bioreactor culture

Adventitious roots were directly induced from in vitro 
seedling derived from the mature seeds. Each sterilized 
seed of the two genotypes, ‘Sinhwakong’ (SHK; an elite 
cultivar) and ‘Napjakong’ (NJK; a semi-wild soybean), 
was placed on full strength of Murashige and Skoog 
medium (MS medium; Duchefa, Haarlem, The Nether-
lands) (Murashige & Skoog 1962) supplemented with 
30 g L−1 sucrose and 2.3 g L−1 Gelrite™ (Sigma-Aldrich, 
Merck KGaA, Darmstadt, Germany) for germination. 
After each seedling was grown to ~ 10 cm, the cotyledons, 
hypocotyls, and radicles were excised from the seedlings 
and transferred to full strength of MS medium supple-
mented with different concentration of indole-3-butyric 
acid (IBA; Sigma-Aldrich, Merck KGaA, Darmstadt, 
Germany) and 1-naphthaleneacetic acid (NAA; Sigma-
Aldrich, Merck KGaA, Darmstadt, Germany) to induce 
adventitious roots. The induced adventitious roots were 
propagated in the full strength of MS medium contain-
ing 4 mg L−1 IBA without Gelrite™ in 3-L bulb-type 
bubble bioreactors. The bioreactor culture was initiated 
by inoculation with fresh adventitious roots at a density 
of 4.0 g L−1 and the aeration volume in the bioreactors 
was adjusted to 0.1 vvm (air volume/culture volume per 
min) using air flow meters (RMA series; Dwyer Instru-
ments Inc., Michigan, USA). The adventitious roots were 
maintained by sub-culturing in fresh liquid medium every 
3 weeks in the dark at 22 ± 1 °C.

Determination of optimal MS medium salt strength

To determine the optimal MS medium salt strength for 
the promotion of root growth and CMS accumulation, the 
adventitious roots were inoculated in 3-L bulb-type bubble 
bioreactors supplemented with different strengths of 2 L 
of MS medium (0.25, 0.5, 1.0, and 2.0 X), 4 mg L−1 IBA, 
and 30 g L−1 sucrose and inoculum density of 4 g L−1. The 
other culture conditions were the same as described above.

Determination of the root weight

After culture for 4 weeks in the bioreactor, the roots were 
separated from the liquid culture medium and their fresh 
weight was measured after blotting away the surface water. 
The fresh roots were dried at 60 °C for 24 h and the dry 
weight was recorded.
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Preparation of root extract

The ground dry roots were extracted in 30 volumes of 80% 
(w/v) ethanol at 20–25 °C (room temperature) for 24 h 
with agitation. The resulting extract was filtered through 
a 0.2 µm membrane filter (Advantec 110 mm; Toyo Roshi 
Kaisha Ltd., Tokyo, Japan) and the solvent was evaporated 
to produce a concentrated powder. The CMS contents of 
the obtained powders were determined and their skin care 
efficacies were evaluated.

Determination of extraction yield

The ethanol extracts were transferred to a tared round bot-
tom flask (W1) and evaporated under vacuum in a rotary 
evaporator to a constant weight (W2). The value of the 
extract yield was calculated from the following formula: 
extract yield = (W2 − W1)/initial dry weight used for 
extraction.

Enzymatic deglycosylation of the ethanol extracts

The ethanol extracted root powders were refluxed in 50 
volumes of 2% (w/v) Pectinex ultra SP-L™ (Novozymes, 
Copenhagen, Denmark) at 45 °C with agitation. After 
48 h, the cooled reaction solution was centrifuged and 
lyophilized to yield a concentrated powder. The CMS con-
tents of the powders were determined and the skin care 
efficacies were evaluated.

Determination of CMS contents and total 
production

The content of CMS was determined using a high-per-
formance liquid chromatography (HPLC) system (Waters 
e2695 separation module; Waters Chromatography, Mil-
fold, USA) equipped with a UV detector (Waters 2998 
photodiode array detector; Waters Chromatography, 
Milfold, USA) and a Mightysil RP-18 GP 250–4.6 col-
umn (5 µm, 4.6 × 250 mm; Kanto Chemicals Company 
Inc., Tokyo, Japan). The mobile phase consisted of (A) 
water plus 0.1% acetic acid (w/v) and (B) acetonitrile plus 
0.1% (w/v) acetic acid. The A and B ratio at 0, 65, 70, 
77, and 80 min was set to 95:5, 62:38, 10:90, 95:5, and 
95:5, respectively. The flow rate of the mobile phase was 
1.0 mL min−1 and the injection volume for both samples 
and standards was 10 µL. The CMS content was detected 
at 342 nm and the standards were obtained from Indofine 
Chemical Company Inc. (Hillsboro, USA). The measure-
ments of CMS were integrated by comparison with the 
external standard calibration curve. The value of the total 

production was calculated from the following formula: 
total production = mean of dry weight (g L−1) × mean of 
CMS content (mg g−1 DW).

Cell culture

B16 skin melanoma and Human dermal fibroblast (HDF) 
cell lines were obtained from the Korean Cell Line Bank 
(Seoul, Korea). Arbutin was obtained from Abcam (Cam-
bridge, UK.), α-MSH was purchased from Sigma (St. Louis, 
MO). Dulbecco’s Modified Eagle Medium (DMEM), fetal 
bovine serum (FBS) and Penicillin–streptomycin solution 
were purchased from GenDEPOT (Barker, USA), soluble 
3-(4,5-dimethylthiazol-2yl)-2,5-diphenyltetrazolium bro-
mide (MTT) was purchased from Life technologies (Eugene, 
USA) and Human Collagen Type X (COL10) ELISA kit 
was purchased from Blue Gene (Shanghai, China). Cell lines 
were cultured in DMEM and supplemented with 10% of FBS 
and 1% penicillin–streptomycin at 37 °C in a humidified 
95% air and 5% CO2 atmosphere as described previously 
(Saeed et al. 2017).

Cell viability assay

Effect of enriched CMS Root on cell viability was meas-
ured by MTT assay method (Saeed et al. 2017). Coume-
strol (Sigma-Aldrich, St. Louis, MO, USA), daidzein and 
non-enzyme treated root sample were used as assay control. 
Cells were seeded at a density of 1 × 105 in 96 well plate 
and cultured for 24 h. At 95% confluency, cells were treated 
with various concentratios of enriched CMS Root, coume-
strol, daidzein or non-enzyme treated root sample for 72 h. 
After the incubation period, 10 μL of MTT assay solutions 
(5 mg mL−1 in PBS) was added to each well and further 
incubated at 37 °C for 3 h; then finally, 100 μL dimethyl 
sulfoxide was added to dissolve the formazan crystals. The 
absorbance was measured at 570 nm with an ELISA reader.

Effect on collagen‑I production

HDF cells were used for collagen-I estimation, the cells 
(1 × 104 cells mL−1) were seeded into 40-mm Petri plates 
and incubated for 24 h at 37 °C. The cells were treated with 
enriched CMS Root, coumestrol, daidzein or non-enzyme 
treated root sample and incubated for 72 h at 37 °C. ELISA, 
respectively. After incubation period, the supernatant was 
collected and collagen-1, was estimated using commercially 
available ELISA kit.

Statistical analysis

All data are presented as mean ± standard error. All experi-
ments were independently performed for three times. 
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The mean values of the treatment groups were compared 
with untreated groups using Student’s t test. Statisti-
cal significance was assigned at *p < 0.05, **p < 0.01, 
***p < 0.001***.

Results

Adventitious root induction

The adventitious roots were induced from various com-
binations of three explant sources and two genotypes of 
G. max through the inoculation of each explant on full 
strength of MS medium supplement with different con-
centrations of NAA and IBA (0–8.0 mg L−1); the initial 
adventitious root formation was visible after incubation 
for 5 days. Significant differences in root induction fre-
quency were observed depending on the explant sources, 
and auxin types and concentrations. The hypocotyls 
and radicles of both soybean genotypes, SHK and NJK, 
were successfully induced after 2 weeks of inoculation 
(Table 1). However, the final root induction frequency was 
higher when the radicles were used as the original induc-
tion materials instead of the other explant sources. When 
the cotyledons were inoculated on the MS medium supple-
mented with NAA and IBA, the root induction frequency 
was extremely low for the selection of an adventitious root 
line to sub-cultures, and swelling and callus formation 
were visible rather than root induction. In terms of the root 
morphology, different characteristics were observed after 
NAA and IBA treatments (Fig. 1). On IBA-containing 
medium, the adventitious roots emerged directly from each 
explant without callus formation, and developed into fine, 
thin, and long roots with optimal morphological character-
istics for continuous sub-culture in a bioreactor (data not 

shown). In contrast, the media supplemented with NAA, 
the developed adventitious roots were thick and short. 
Suitable root morphologies, with high root induction fre-
quencies of both soybean genotypes, were observed in 
growth medium that contained 4 mg L−1 IBA after 2 weeks 
of inoculation. These results indicated that 4 mg L−1 IBA 
was the optimal auxin composition for adventitious root 
induction from the hypocotyls and radicles of SHK and 
NJK soybean genotypes, as evidenced by the high root 
induction frequency and the optimal morphological char-
acteristics for continuous culture.

Determination of potential soybean cultivars 
for adventitious roots production

The four adventitious root lines induced from each hypoc-
otyl and radicle of SHK and NJK were cultured on full 
strength MS medium containing 4 mg L−1 IBA to deter-
mine the competent soybean adventitious root line for 
mass CMS production. The content of CMS in the roots 
(per g dry weight) was not significantly affected by the 
explant source or genotypes; the CMS content in the four 
different root lines were similar after 4 weeks of bioreactor 
culture (Table 2). However, the yields and the total CMS 
production (per 1 L medium) in the two root lines origi-
nated from SHK were higher than those that originated 
from NJK. In particular, the total CMS production (per 1 
L medium) in the roots induced from the radicles of SHK 
was the highest, almost fourfold greater than that from 
the radicles of NJK. Therefore, the roots induced from the 
radicles of SHK were the most competent soybean adven-
titious root materials for the mass production of CMS, 
according to the final CMS productivity.

Table 1   Adventitious root 
induction frequency on different 
genotypes and explant sources 
of G. max as affected by 
different concentrations of NAA 
and IBA in 1.0 MS semisolid 
medium after 2 weeks of 
cultures

Adventitious root induction frequency; High +  +  +  >  +  +  >  +  > − Low

Genotypes Auxin types Explant sources Conc. (mg L−1)

0 0.5 1.0 2.0 4.0 8.0

Sinhwakong NAA Cotyledon
Hypocotyl − − − −
Radicle  +  +  –  +   +   +  −

IBA Cotyledon − − − −
Hypocotyl − −  +   +  +   +  +   + 
Radicle  +  +  –  +   +  +   +  +   + 

Napjakong NAA Cotyledon − −
Hypocotyl − − −  +   +  −
Radicle  +  +   +  +   +  +   +  +   +  +   + 

IBA Cotyledon −  +  −
Hypocotyl − − −  +  +   +  +  +   +  +  + 
Radicle  +  +   +  +   +  +   +  +   +  +  +   +  + 
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Determination of optimal MS medium salt strength

To develop a protocol for the culture of selected soybean 
adventitious roots for the large-scale production of bio-
mass and CMS, different salt strengths of MS medium 
were tested. Biomass productivity was greatly influenced 

by the total salt strength of the medium and this phe-
nomenon also affected the final total CMS production 
(per 1 L medium) after 4 weeks of culture in a bioreactor 
(Table 3). A large variability in dry weight (between 1.1 
and 5.3 g L−1) was observed within four treatments after 
4 weeks of bioreactor culture and the highest fresh and 

Fig. 1   Adventitious root induction from different explant sources and genotypes of G. max on different concentrations of IBA and NAA in MS 
semisolid medium after 2 weeks of cultures

Table 2   Effect of different 
genotypes and explant sources 
on the extraction yield, content 
of coumestrol, and the total 
production in the G. max 
adventitious roots after 4 weeks 
of bioreactor culture

The G. max adventitious roots were cultured in 1.0 MS liquid medium supplemented with 4 mg L−1 IBA 
and 30 g L−1 sucrose

Genotypes Explant sources Extraction yields (%) Coumestrol

Content (mg g−1 DW) Total produc-
tion (mg L−1)

Sinhwakong Hypocotyl 31.0 ± 0.67 0.17 ± 0.01 0.5 ± 0.02
Radicle 34.8 ± 0.64 0.18 ± 0.013 0.8 ± 0.06

Napjakong Hypocotyl 25.1 ± 0.44 0.16 ± 0.00 0.3 ± 0.02
Radicle 24.5 ± 0.14 0.17 ± 0.02 0.2 ± 0.02

Table 3   Effect of MS medium 
salt strength on the biomass, 
content of coumestrol, and the 
total production in the G. max 
adventitious roots after 4 weeks 
of bioreactor culture

The adventitious roots were induced from the radicles of an elite cultivar (Sinhwakong)

MS salt strength Fresh weight (g L−1) Dry weight (g L−1) Coumestrol

Content (mg g−1 DW) Total produc-
tion (mg L−1)

0.25 32.8 ± 0.10 2.6 ± 0.03 0.59 ± 0.00 1.5 ± 0.01
0.5 60.4 ± 0.86 5.3 ± 0.13 0.59 ± 0.01 3.1 ± 0.03
1.0 50.7 ± 0.71 4.2 ± 0.23 0.20 ± 0.01 0.8 ± 0.06
2.0 10.4 ± 0.60 1.1 ± 0.01 0.16 ± 0.00 0.2 ± 0.00
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dry weight, 60.4 g L−1 and 5.3 g L−1, respectively, was 
achieved with 0.5 MS. The content of CMS in the roots 
(per g dry weight) at low salt strengths (0.25 and 0.5 MS) 
was higher than that at high salt strengths (1.0 and 2.0 
MS); the highest total CMS production (per 1 L medium) 
was observed at 0.5 MS and was 15.5-fold higher than that 
at 2.0 MS. Medium salt strength also affected the mor-
phological characteristics of the adventitious roots. The 
roots cultured at 2.0 MS were shorter, thicker, and less 
numerous compared with those cultured at other treat-
ments, whereas the roots cultured at 0.25 MS were too 
thin for continuous subculture (Fig. 2). Therefore, 0.5 MS 
was determined as a suitable medium salt strength for both 
root growth and CMS accumulation in the roots; thus, the 
optimization of bioreactor culture conditions will benefit 
the large-scale production of CMS derived from soybean 
adventitious roots for commercialization.

Enzymatic deglycosylation to CMS

The final content of CMS in the ethanol extract was 
greatly increased after enzymatic deglycosylation by treat-
ment with a pectinase containing β-glucosidase derived 
from Aspergillus aculeatus, which can remove glucoses 
from the glucosides to produce to the aglycone moie-
ties (Table 4). The CMS content in the ethanol extract 
after enzymatic conversion was 81.3-fold higher than that 
of before enzymatic deglycosylation. This high conver-
sion rate indicated that almost all the coumestrin in the 
roots were converted to CMS. Moreover, the conversion 
of coumestrin to coumesterol was also confirmed by the 
HPLC analysis, which suggested a clear indication in the 
rise of peak in coumeserolin the enzyme-treated samples 
compared to the non-enzyme treated (Fig. 3).

In vitro cytotoxicity

To evaluate the cytotoxic effect of enriched CMS Root 
on HDF and B16 cells, we carried out the MTT assay for 
3 days. The cell viability is higher than 95% even at the 
highest concentration of 100 µg mL−1 for both cell lines. 
We compare these result to the MTT result of coumestrol, 
daidzein or root control sample, which shows that coume-
strol alone induce cell death at concentration higher than 
5 µg mL−1 for both HDF and B16 cells (Figs. 4 and 5). 
However, the result of the MTT assay for HDF and B16 is 
similar to those treated with daidzein or non-enzyme treated 
root sample when we compared to those treated with the 
enriched CMS Root sample.

Effect on collagen‑I production

To evaluate the effect of enriched CMS Root sample on col-
lagen-I production in fibroblast cells, ELISA was performed. 
HDF treated with enriched CMS Root sample showed an 
increase in collagen-I production from 2.7  ng  mL−1 to 
3.9 ng mL−1 at 1 μg and 5 μg mL−1, respectively (Fig. 6).

Fig. 2   The effects of different MS medium salt strength on the growth of the soybean adventitious roots induced from the radicles of ‘Sinhwa-
kong’ after 4 weeks of bioreactor culture

Table 4   Effect of the enzymatic deglycosylation to coumestrol in the 
ethanol extracts of the G. max adventitious roots

The adventitious roots were induced from the radicles of an elite cul-
tivar (Sinhwakong) and were cultured in 0.5 MS liquid medium sup-
plemented with 4 mg L−1 IBA and 30 g L−1 sucrose for 4 weeks in 
bioreactors

Samples Extraction yields (%) Coumestrol 
(mg g−1 
extract)

Non enzyme-treated samples 33.7 ± 0.04 1.8 ± 0.10
Enzyme-treated samples 5.6 ± 0.20 146.4 ± 2.13
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Discussion

Adventitious root induction

Auxins are the most commonly employed plant growth regu-
lators for adventitious root induction and the application of 
a single auxin or combined auxins is considered to exert 
a major influence on the initial root induction frequency 
and root morphology (Saeed et al. 2017). Bellamine et al. 
(1998) reported that auxin exerts the primary role in root 
formation through its involvement in successive and inter-
dependent phases and that root formation was completely 
inhibited when anti-auxins were supplied in the medium. 
Therefore, there have been numerous reports on the opti-
mization of auxin types and concentrations with different 
explant sources, such as the root, leaf, stem, and petiole, 
for adventitious root induction in many industrially impor-
tant plant species (Saeed et al. 2017; Khan et al. 2015). 
Silja and Satheeshkumar (2015) had reported that Plum-
bago rosea adventitious root induction was observed in all 
media supplemented with various combinations of IAA and 
IBA. Khan et al. (2017) also confirmed that Fagonia indica 
adventitious root induction was observed in all media sup-
plemented with four single auxins. Our results also verified 
the positive effects of auxin for the initial adventitious root 
induction of G. max, even if the induction frequency and 
morphology were dependent on various parameters. Plant 

cells have totipotency, which is the ability to differentiate 
into other cell types. This ability can result in different mor-
phological characteristics based on the medium composi-
tions and can allow the creation of new explant types that fit 
the researcher’s purposes from in vitro or natural materials, 
from organs to undifferentiated cells, or from calluses to 
organs. The characteristics of in vitro explants are stability 
under controlled in vitro conditions, which allows the cul-
tured explants to survive, proliferate, and accumulate phy-
tochemicals for a long time (Federici et al. 2003). Owing to 
these characteristics, in vitro explants, such as adventitious 
roots, cells, calluses, and embryos, can be considered plant 
stem cells and therefore provide alternative raw materials 
for the mass production of biomass and plant-based valuable 
compounds for industrial applications.

Determination of competent soybean adventitious 
roots

A large variability in biomass productivity, morphologi-
cal characteristics, and phytochemical compositions was 
observed in different root lines derived from the same spe-
cies (Jayakodi et al. 2014) and in different explant types 
induced from the same mother plants (Charchoglyan et al. 
2007). Federici et al. (2003) had reported the isoflavone con-
tents of the 40 different cell lines induced from four soybean 
cultivars. A 500-fold variability was observed in the cell 

Fig. 3   HPLC chromatogram profile of the enriched coumesterol produced by the deglycosylation of coumestrin
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lines, between 0.10 mg g−1 dry weight and 46.3 mg g−1 dry 
weight of isoflavones. Therefore, the researchers empha-
sized the importance of cell line selection for the success-
ful production of the target bioactive compounds. Lee et al. 
(2017) had determined the primary metabolite profile and 
gene expression pattern using five adventitious root lines 
derived from five ginseng cultivars with different morpho-
logical characteristics. Their results showed that the trait of 
the mother plants was expressed directly in their adventi-
tious roots. SHK is an elite cultivar soybean that has been 
bred to increase biomass productivity and to accumulate 
health-beneficial compounds. In contrast, NJK is a semi-
wild soybean that shows a low growth rate in natural condi-
tions. Therefore, the four soybean adventitious root lines 
used in this experiment showed different phenomena, the 
root lines induced from SHK showed higher total CMS pro-
duction (per 1 L medium) than those from NJK, because of 
the high biomass productivity influenced from the traits of 
their mother plants. Therefore, the adventitious root lines 
induced from the radicles of SHK soybean were selected as a 
competent material for CMS production, as evidenced by the 
total high CMS productivity and the optimal morphological 
characteristics for continuous bioreactor culture.

Determination of optimal MS medium salt strength

During the culture period, in vitro explants consume water 
and minerals from the culture medium for their survival, 
growth, and development; the absorption capacity of each 
explant is affected by the water potential in the medium 
(Amirouche et al. 1985). Full strength MS medium, which 
is used widely in in vitro cultures, contains high levels 
of nitrogen, potassium, and certain micronutrients (Lee 
and Paek 2012) reported that nitrogen sources in the MS 
medium, such as NH4

+ and NO3
−, are key macroelements 

that influence biomass accumulation. They confirmed that 
these residual nitrogen sources were almost zero in the 0.25 
MS medium at the end of the culture period, which was 
presumably one of the primary reasons for the strong sup-
pression of root growth (Lee and Paek 2012). Therefore, the 
root growth of the soybean adventitious roots cultured at 
0.25 MS, the lowest salt strength, was inhibited because of 
the lack of essential minerals for their anabolism. In contrast, 
the root growth of the roots cultured at 2.0 MS, the highest 
salt strength, was inhibited because of the suppression of the 
absorption of water and minerals from the culture medium 
because of high osmotic stress.
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Fig. 4   Cell viability  of HDF cells after treatment with a Daidzein 
b Coumestrol c non-enzyme treated root sample and d enriched 
CMS root after 24  h. Cells (1 × 105  cells/well) were incubated with 
various concentrations (5–100  μg  mL−1). Cell viability was deter-
mined by 3-(4,5-dimethyl-thiazol-2yl)-2,5-diphenyl  tetrazolium bro-

mide  (MTT) assay. Note that samples a, c, and d did not show any 
toxicity effect up to 100 μg mL−1. Results are expressed as a percent-
age of sample-treated control and presented as mean ± SD of three 
separate experiments. *p < 0.05, **p < 0.01, ***p < 0.001*** versus 
control by Student’s t test
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Fig. 5   Cell viability  of B16 cells after treatment with a Daidzein, 
b Coumestrol, c non-enzyme treated root sample, and d enriched 
CMS root after 24 h. Cells (1 × 105 cells/well) were incubated with 
various concentrations (5–100  μg  mL−1). Cell viability was deter-
mined by 3-(4,5-dimethyl-thiazol-2yl)-2,5-diphenyl  tetrazolium bro-

mide  (MTT) assay. Note that samples a, c, and d did not show any 
toxicity effect up to 100 μg mL−1. Results are expressed as a percent-
age of sample-treated control and presented as mean ± SD of three 
separate experiments. *p < 0.05, **p < 0.01, ***p < 0.001 *** versus 
control by Student’s t test

Fig. 6   Comparative study 
of the effect on collagen-I 
production in HDF cells treated 
with Daidzein, Coumestrol, 
non-enzyme treated root sample 
(1 µg mL−1 and 5 µg mL−1) or 
enriched CMS root (1 µg mL−1 
and 5 µg mL−1) collagen-I 
in cell supernatants were 
estimated by ELISA and results 
ng mL−1 of collagen-I. Results 
are expressed as a percentage 
of sample-treated control and 
presented as mean ± SD of three 
separate experiments. *p < 0.05, 
**p < 0.01, ***p < 0.001 *** 
versus control by Student’s t test
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A low nitrogen content in the medium, within the limits 
tolerated by the plant, often benefits secondary metabolite 
accumulation (Knobloch and Berlin 1983; Phillips and Hen-
shaw 1977). In soybean adventitious roots, nitrogen star-
vation had a positive effect on the accumulation of CMS 
in the roots (per g dry weight) and this undernourishment 
phenomenon probably contributed to the stimulation of plant 
defense mechanisms; the CMS content at low salt strengths 
(0.25 and 0.5 MS) was almost threefold higher than that at 
the higher salt strengths (1.0 and 2.0 MS). Different media 
composition affects not only the accumulation of secondary 
metabolites in the roots, but also the morphological charac-
teristics. Silja and Satheeshkumar (2015) reported that the 
2 × salt media induced callus formation and became thicker, 
darker in colour, and inhibited the proliferation of Plumbago 
rosea adventitious roots compared with that grown in media 
with lower salt strengths. In soybean adventitious roots, the 
roots cultured at 2.0 MS medium were not observed to have 
callus formation, but were observed to swell and inhibit root 
elongation when compared with that at optimal salt strength. 
Earlier reports emphasized that it was necessary to optimize 
the salt strength of the medium to achieve maximum bio-
mass and target compound production in the adventitious 
root cultures of P. rosea (Silja et al. 2015), Periploca sepium 
(Zhang et al. 2011), and Gynura procumbens (Saiman et al. 
2012). The optimization of environmental conditions will 
benefit the large-scale production of CMS derivatives from 
soybean adventitious roots.

Enzymatic deglycosylation to CMS

The content of coumestrin, the glycoside form of CMS, 
was higher than that of CMS in the soybean adventitious 
roots cultured at 0.5 MS medium after 4 weeks of bioreac-
tor culture. Previous studies also confirmed that the major 
isoflavone forms in the soybean callus strains were glyco-
sides and malonyl conjugates (> 95% of the total) (Federici 
et al. 2003; Kim et al. 2012. However, the aglycones showed 
significantly higher estrogenic activity than the glycosides. 
In recent years, many studies have focussed on the conver-
sion from the macro compounds to the more active minor 
compounds via methods, such as heating, acid treatment, 
alkali treatment, and enzymatic conversion. Microbial 
or enzymatic approaches are considered more attractive 
methods because of the mild reaction conditions required 
and environmental compatibility (Chang et al. 2014). Yuk 
et al. (2016) reported that they isolated some strains of 
β-glucosidase-producing microorganisms, which showed a 
high activity for the conversion of major ginsenosides into 
rare ginsenosides. Based on their results, the content of the 
rare ginsenosides was significantly higher than that after 
microbial transformation in the ginseng adventitious roots. 
They emphasized that these findings may not only solve the 

problem of the low productivity of metabolites in adventi-
tious root cultures, but may also result in the development 
of a valuable new method for the manufacture of trace com-
pounds in nature.

Although the content of CMS in soybean adventitious 
roots was low, the content of the glycoside form in the roots 
was high. Aspergillus species are known to be a useful 
source of β-glucosidase, and the enzymatic deglycosyla-
tion of soybean adventitious roots using a β-glucosidase to 
convert the glycosides into CMS was simple and had a high 
conversion rate. These enzymatic approaches increased the 
final productivity of CMS and increased the value of the 
soybean adventitious roots.

Investigation of skin care efficacies

The development of biocompatible and effective compound 
is important for the treatment of particular diseases. CMS 
has been shown to possess diverse skin pharmacological 
effects, including anti-cancer, antioxidant, antiageing, and 
anti-melanogenic effects (Zafar et al. 2017; Montero et al. 
2019; Park et al. 2015). However, it important to assess the 
potential cytotoxic effect of new compounds. In the present 
study we investigated the safety and beneficial effect on 
skin cell of the mass production batch of soybean advan-
tage root contain higher concentrations of bioactive CMS. 
For the study we selected HDF and B16 skin cell lines and 
treated them with different concentration of soybean adven-
titious root extract containing higher concentrations of bio-
active CMS using MTT assay method. Control wells were 
incubated with fresh culture media, and experiments were 
repeated in triplicates. The groups treated with daidzein, 
non-enzyme treated root sample and enriched CMS root did 
not exhibit any significant cytotoxic effecton HDF and B16. 
Soybean adventitious root with enriched CMS has shown to 
be safe to HDF and B16 skin cells. (Figs. 4 and 5). However 
the cell viability of HDF and B16 was more sensitive to 
commercial coumestrol as it decreased with the increase in 
concentrations.

For all the groups treated with daidzein, non-enzyme 
treated root sample and enriched CMS root there were no 
visible changes in the cell morphology between treated cell 
and control groups after 72 h.

CMS has been reported to possess antioxidant, col-
lagen synthesis facilitation and antiageing effect. (Zafar 
et al. 2017; Montero et al. 2019). Among all the biological 
effects of CMS on skin, collagen synthesis are of remarkable 
importance. Collagen represents the main component of the 
extracellular matrix of dermal connective tissue. Our study 
shows that non-enzyme treated root sample and enriched 
CMS significantly increase the collagen-1 production 
(Fig. 6). Hense, the current results suggested that Soybean 
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advantages root can be used as a potential ingredient in cos-
metic formulations.

Conclusion

In an attempt to improve the CMS productivity, we induced 
adventitious roots from the radicles of an elite soybean 
cultivar (‘Sinhwakong’) and investigated the optimal MS 
medium salt strength. The CMS content from the ethanolic 
extracts of the root culture was enriched after deglycosyla-
tion of the extract. Considering the phytochemical profile 
and pharmacological efficacies of soybean adventitious root 
in skin, we have successfully exploited adventitious root 
extract enriched with CMS and found it was non-toxic to 
HDF and B16 cell lines. Thus, the present results suggested 
that the soybean adventitious roots extract act as potential 
antioxidant and protective skin care agents in cosmetics 
products.
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