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SHORT COMMUNICATION

Bioactive saponin profiling of endophytic fungi from
Asparagus racemosus

Monika Rania, Sandeep Jaglanb, Vikas Beniwalc and Vinod Chhokara

aDepartment of Bio and Nano Technology, Guru Jambheshwar University of Science and
Technology, Hisar, Haryana, India; bCSIR-Indian Institute of Integrative Medicine, Jammu, Jammu and
Kashmir, India; cDepartment of Microbiology, Central University of Haryana, Mahendergarh,
Haryana, India

ABSTRACT
Thirty-five distinct endophytic fungi were isolated from the roots
of Asparagus racemosus. Five out of 35 isolates were found to be
efficient saponins producers and they were identified as
Aspergillus terreus (E.F-1), Aspergillus flavus (E.F-7), Penicillium sp.
(E.F-12), Talaromyces pinophilus(S-26), and Aspergillus terreus (Y-2)
based on 18 sr RNA sequencing. The crude extracts of endophytic
fungi were screened using High-performance liquid chromatog-
raphy (HPLC) for quantitative analysis of saponin. The crude
extracts of endophytic fungi were also characterised using FT-IR
spectroscopy and mass spectrometry. The IR spectra of all five
endophytic fungi crude extracts revealed the presence of –OH,-
CH Alkyl,-CH3,-C-O-C,-C¼C,-C¼O stretching, which indicated the
presence of saponin. Eight types of saponins recognised by mass
spectrometry were Cyclamine saponin, Aspoligonin A, Sarsapogenin,
Asparacosin A, Schidigera saponinD5, Aspargoside A, Dioscin, and
Protodioscin. Endophytic fungi extracts also exhibited antimicrobial
activity and antioxidant activity.
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1. Introduction

Asparagus racemosus Wild is a diploid spinous under-shrub distributed throughout
India’s tropical and subtropical parts and is commonly called Shatavari. This plant is
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recommended for cure in threatened abortion, lactation in women, and normalising
the uterus and hormone changes that occur during pregnancy (Garg and Gupta 2010).
The roots of this herb are reported to have several biological activities like antiulcer,
anticancer, antioxidant (Parihar and Hemnani 2004), anti-diabetic, antitussive, antihy-
perlipidemic, antistress, antidepressant, antianxiety, immunomodulatory, anti-inflamma-
tory, anti urolithiatic, antibacterial, and antidiarrhea (Mandal et al. 2000). Major
constituents of Asparagus racemosus include lignin, acemannan, oligosaccharides, quer-
cetin, rutin, racemoside, diosgenin, hyperoside, sarsasapogenin, steroidal saponins, and
triterpene saponins (Iqbal et al. 2017). Asparagus racemosus is now considered endan-
gered in its natural habitat and recognised as vulnerable (Bopana and and Saxena
2008). Therefore, there is a need to discover a strategy to decrease the dependency
on plants. Research on endophytic fungi is nowadays focused to overcome this prob-
lem. It is believed that screening for secondary metabolites from endophytic fungi
from medicinal plants is a promising way to overcome the dependency on the plants.
Secondary metabolites producing endophytic fungi are an excellent approach to fulfill
the excessive demand for medicinal plants. Many researchers have proved that endo-
phyte fungi are a new and potential source of novel natural products (Guo et al. 2008;
Suryanarayanan et al. 2009). Secondary metabolites isolated from endophytes belong
to diverse structural classes, including alkaloids, peptides, steroids, terpenoids, phenols,
quinones, saponins, and flavonoids (Gunasekaran et al. 2017). Some endophytic fungi
have developed the ability to produce similar bioactive secondary metabolites as
those from the host plants (Ludwig-M€ulle 2015). Keeping this in view, the present
investigation aimed to isolate, screen, characterisation, and evaluation of the microbial
activity of saponins-producing endophytic fungi from the roots of
Asparagus racemosus.

2. Results and discussions

2.1. Isolation and screening of endophytic fungi

A total number of 35 endophytic fungi were isolated from the roots of Asparagus race-
mosus. After screening crude extracts of the isolates by HPLC (High-Performance liquid
chromatography), only five were found to be efficient saponin producers. Table 1
depicts saponin production in 1mg of crude extract of each isolate. A Maximum
amount of saponin (5441.54 ng/mg) was observed in isolate E.F-1 (Aspergillus terreus).
The retention time was found to be 1.7 ± 0.1min. Figures S1–S7 showed the calibra-
tion curve and chromatogram of all five isolates (extracts) along with the standard.
Wu et al. (2012) reported saponin-producing endophytic fungi G22 (Penicillium sp.)

Table 1. Concentration of saponin in all endophytic fungi extracts.

Strains Retention time (RT) Mean area
Standard

deviation (SD)
Relative standard
deviation (RSD)%

Saponin
concentration

(ng/mg)

E.F-1 1.8 246455414.333 5026679.87682 2.04 5441.54
E.F-7 1.7 23498483.3333 454854.798041 1.94 518.83
E.F-12 1.7 51216601.3333 546209.563388 1.07 1130.82
S-26 1.6 4215837.6667 72946.1853789 1.73 93.08
Y-2 1.6 7796482 69252.4592993 0.89 172.14
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from Aralia elata. They observed that G22 produced the highest concentration of sap-
onins (2.049mg/mL). Complete details of the five isolates given in Tables S1 and S2.

2.2. Molecular phylogenetic analysis of endophytic fungi

The interpretation of the evolutionary tree of E.F-1, E.F-7, E.F-12, and Y-2 closest to
Aspergillus terreus (GU227345) with 100%, Aspergillus flavus (MT635198.1) with 100%,
Penicillium citrinium (KF758801) with 99.94%, Aspergillus terreus (KX550911.1) 99.81% of
similarity respectively, while S-26 was found closest to Talaromyces funiculosus
(KT148636) and Penicillum purpurogenum (DQ365947) with a similarity of 100% and
was assigned as Talaromyces pinophilus (Figures S8–S12). The obtained sequence data
have been submitted to GenBank under the accession numbers MN744345 (E.F-1),
MN744415 (E.F-7), MN744382 (E.F-12), MN744414 (S-26), and YMN744381(Y-2). The iso-
lates were identified as E.F-1 (Aspergillus terreus), E.F-7 (Aspergillus flavus), E.F-12
(Penicillium sp.), S-26 (Talaromyces pinophilus), and Y-2 (Aspergillus terreus). All five
strains have been deposited at the Institute of Microbial Technology (IMTECH)
Chandigarh with the accession numbers MTCC 13031(E.F-1), MTCC 13032(E.F-7), MTCC
13033 (E.F-12), MTCC 13034(S-26), and MTCC 13040(Y-2). In previous studies, research-
ers isolated PN8 and PN17 saponin-producing endophytic fungi isolated from Panax
notoginseng belonged to Fusarium sp. and Aspergillus sp. respectively with similarity of
99.9% (Jin et al. 2017).

2.3. Antimicrobial assay

Antimicrobial activity of the selected endophytes was performed against nine patho-
genic microorganisms B. subtilis (MTCC-441), E.coli (MTCC-16521), S. aureus (MTCC-
3160), S. entrica (MTCC-1253), S. gordonii (MTCC-2695), P. florescence (MTCC-664), A.
oryzae (MTCC-5341), F. oxyspora (MTCC-10270), and A. niger (MTCC-281). In our study,
five isolated endophytic fungi extracts showed maximum antifungal activity as com-
pared to antibacterial activity this may be due to the antagonistic behavior of endo-
phytic fungi. All the endophytic fungal extracts showed antimicrobial activity against
B.subtilis at MIC 64 mg mL�1, whereas E.F-7, E.F-12, S-26, and Y-2 showed antimicrobial
activity at MIC 64 mg mL�1 against A. niger and A. oryzae. In the case of F. oxyspora
three endophytic fungi extracts (E.F-7, E.F-12, and S-26) showed antimicrobial activity
at MIC 64 mg mL�1 instead E.F-1 and Y-2 showed antimicrobial activity at MIC 128 mg
mL�1. Three endophytic fungi extracts (E.F-12, S-26, and Y-2) showed activity against
S.aureus at MIC 64 mg mL�1. In addition to this E.F-7 showed activity at MIC 128 mg
mL�1 while E.F-1 did not show any antimicrobial activity. S-26 solely showed anti-
microbial activity against S. entrica and E. coli at MIC 64 mg mL�1 whereas E.F-7, E.F-
12, and Y-2 showed activity at MIC 128 mg mL�1 against S. entrica. E.F-1 did not show
any antimicrobial activity against S. entrica (Table S3). No activity was observed against
S. gordonii and P. florescence. In the past, researchers (Huang et al. 2001; Prabavathy
and Nachiyar 2012; Wu et al. 2012; Jin et al. 2017) also reported that endophytic fungi
have antimicrobial capacity against pathogenic microbes like Fusarium sp., Trichoderma
sp., Neurospora sp., Stachybotrys sp., Curvularia sp., Verticillium sp., Yersinia sp.,
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V. anguillarum, Shigella sp., V. parahaemolyticus, C. albicans, P. expansum, A. niger, S.
agalactiae, F.oxyspora, R.solani, S. sclerotiorum, G. fujikuroi, P. grisea, G. zeae, F. oxyspo-
rum, f. vasinfectum, S.aureus, B.subtilis, E.coli, Pseudomonas, Klebsiella, S. typhi, S. typhi-
murium, S. enteritidis, A. hydrophila etc.

2.4. Antioxidant assay

The crude extracts of saponins-producing endophytic fungi were evaluated for their
capacity for antioxidant activity. The result of the antioxidant assay indicates that all
five saponin-producing endophytic fungi possessed antioxidant capacity. Aspergillus
flavus (E.F-7) showed maximum antioxidant activity of 86.66% followed by Penicillium
sp. (E.F-12) which showed 75.4% antioxidant activity and Talaromyces pinophilus (S-26)
showed moderate antioxidant activity of 56.13%. On the other hand, Aspergillus terreus
(Y-2) and Aspergillus terreus (E.F-1) showed comparatively low antioxidant activity of
35.26% and 31.7%, respectively. The antioxidant activity of standard (Caffeic acid) was
87.24%. The antioxidant activity of Aspergillus flavus (E.F-7) was almost equivalent to
caffeic acid (Figure S13). Similar result was also carried out by Li et al. (2015),
Prabukumar et al. (2015), Pan et al. (2017), Gunasekaran et al. (2017), da Silva et al.
(2020), Sharaf et al. (2022)in endophytic fungi. They confirmed that the presence of
saponins, phenols, flavonoids, steroids, tannins, alkaloids, anthraquinone, and terpen-
oid compounds in endophytic fungi showed strong antioxidant activity.

2.5. FT-IR analysis

Figure S14 depicts the IR spectra of all five endophytic fungi extracts. Table S4 shows
the bands with their ranges. The IR spectra of each endophytic fungus extract com-
pared with the IR spectra of saponin standard revealed similar functional groups OH,
C-H, CH3, C¼C, C¼O, C-O, and C-O-C indicating the presence of saponins. The extra
peaks seen in E.F-1 and E.F-7 indicate the purification requirement of crude extract. C-
O-C reveals glycoside linkages. Our results are in agreement with the previous reports
on saponins. They observed –OH, -C¼O, C-H, C¼C, and C-O-C absorption, which veri-
fied the presence of saponin in medicinal plants (Kareru et al. 2008). OH, C¼O, C-H,
C¼C, and C-O were also observed in Sapindus mukorossi indicating the presence of
saponins (Almutairi and Ali 2015). Bajad and Pardeshi (2016) also reported –OH, -CH3,

C¼O, C¼C, and C-O stretching in the crude extract of Sapindus emarginatus. The exist-
ence of O–H stretching, C¼C stretching, CH2, CH3, C–O stretching, ¼CH bending repre-
sented the occurrence of steroidal saponin (PSI, PSII, PSVI, and PSVII) in Paris plant
(Yang et al. 2018).

2.6. Mass spectrometry analysis

By comparing the obtained molecular mass from mass spectrometry of crude extracts
of endophytic fungi with available data, we confirmed the presence of saponins com-
pounds. We have found eight types of saponin compounds in all five endophytic fungi
extracts (Table S5). The mass spectrum of eight saponins compounds was shown
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(Figures S15–S22). In a previous study, thirty-one steroidal saponins were observed
from Dioscorea zingiberensis C.H Wright (Zhu et al. 2010). Timosaponin BII, Diosgenin,
Sarsapogenin, Timosaponin AIII, Mangiferin, Neomangiferin, Icariside I, Icariside II, and
Emodin were detected in Anemarrhena asphodeloides (Sun et al. 2012). A quantitative
comparative study of components present in Dioscorea nipponica and D.panthaica
reveals Protodioscin, Protogracillin, Pseudoprotodioscin, Dioscin, Gracillin, Polyphyllin
V, and Diosgenin (Tang et al. 2013). Rajasekhar et al. (2019) detected eight saponins in
AGAF (Active fraction of A. gonoclados). Jayashree et al. (2015) and Kashyap et al.
(2020) reported saponins (Protodioscin, Sarsapogenin, Asparacosin A, Asparoside B,
Asparenydiol, Aspoligonin A, Schidegera saponin D5, Nysol, Shatavarin I, V, VII, VIII, IX,
X, Nysol, and Ferulic acid) in Asparagus racemosus .Our finding suggests that endo-
phytic fungi produced almost similar bioactive products from Asparagus racemosus
roots (Host plant).

3. Conclusions

The present study supports the hypothesis that endophytes of ethno-healthful plants
may be a good source of medicinal valuable useful secondary metabolites. Asparagus
racemosus’s saponins were also observed in endophytic fungi. This may be due to
long co-evolution (Strobel and Daisy 2003) and gene transfer mechanisms in endo-
phytic fungi from their host plant (Kusari et al. 2009). This is the first study to isolate
similar saponins producing endophytic fungi from the roots of Asparagus racemosus.
Recently researchers extracted several secondary metabolites of plants from endo-
phytic fungus and these metabolites are widely used for the treatment of many severe
diseases (Aly et al. 2011).
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Nomenclature

ng Nanogram
mg Milligram
mL milliliter
mM millimolar
mg mL�1 Microgram per milliliter
m/z Mass to charge
�C Celsius
ppm Parts per million
H Hour
mL Microliter
mm Micrometer
mm millimeter
cm�1 Per centimeter
% Percentage
T Transmission
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