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Abstract 

Background Infections caused by multidrug resistant bacterial pathogens have been recognized as major global 
healthcare threat to medicinal, agricultural and pharmaceutical industries by World Health Organization. In this regard, 
the present study was aimed to isolate endophytes from medicinal plant Polygonatum sibiricum (P. sibiricum) and to 
investigate their antibacterial efficacy, radical scavenging ability and chemical fingerprinting using Gas Chromatogra-
phy–Mass Spectrum (GC–MS) analysis.

Results Two endophytic fungi Talaromyces assiutensis HJ.14 (T. assiutensis) and Fusarium oxysporum HJ.15 (F. oxyspo-
rum) were isolated and identified from the rhizomes of P. sibiricum. Among the extracts screened, ethyl acetate extract 
of F. oxysporum HJ.15 showed maximum antibacterial activity with the zones of inhibition ranging from 10.98 ± 0.19 
to 15.66 ± 1.49 mm and the MIC values ranging from 0.24 to 1.88 µg/mL against the tested bacterial pathogens. In 
addition, it showed significant antioxidant activity with  EC50 values of 6.21–17.97 µg/mL. Further, GC–MS analysis 
revealed the presence of propanoic acid ethyl ester, hexadecanoic acid methyl ester, hexadecanoic acid ethyl ester, 
9-Octadecenoic acid (Z)-methyl ester, 1-Octanol, 2-Undecenal, butanoic acid, 3-hydroxy- and hexanoic acid were the 
most abundant compounds in the active crude extract which was responsible for the significant antibacterial and 
antioxidant properties.

Conclusions In summary, our results clearly suggest that the F. oxysporum HJ.15 will be a promising starting point for 
the isolation of active antibacterial compounds with antioxidant properties.
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1  Background
Globally, severe infections caused by drug-resistant bac-
terial pathogens are the biggest healthcare threats to 
medical and pharmaceutical industries. According to 
global health report around 700,000 people die of infec-
tions that are caused by antibiotic-resistant bacteria in 
2020 [1]. Therefore, maintenance of a healthy antioxi-
dant status is essential for cellular homeostasis. Oxida-
tive stress (OxS) is defined as the condition under which 
the generation of reactive oxygen species (ROS) exceeds 
the capacity of antioxidants to detoxify which is related 
to the pathogenesis of several chronic diseases including 
types 1 and 2 diabetes, cancer, heart disease, schizophre-
nia, parkinson’s disease and alzheimer’s disease [2, 3].

Fortunately, endophytic fungi provide a huge potential 
as a unique resource for the development of novel anti-
biotics which live in plant tissues at some or all stages of 
their life cycle and involve in protecting the host against 
pathogens [4]. Modern studies have shown that endo-
phytic fungi from medicinal plants can produce second-
ary metabolites that are the same or similar to the host 
and are proved to possess antibacterial [5, 6], antioxidant 
[7], antitumor [8] activities (Table 1) [4, 9–14].

The edible rhizome of Polygonatum sibiricum (P. sibiri-
cum) is an important medicinal plant used in strength-
ening the muscle and bone marrow in China [15]. The 
main active components of P. sibiricum are polysaccha-
rides [16], flavonoids [17], steroidal-saponins and poly-
phenols [18] that are scientifically proved to possess 
various biological activities. Therefore, symbionts from 
medicinal plant are known to be an important resource 
of innumerable classes of bioactive compounds including 
anticancer drug, antibacterials and antioxidants [19–21]. 
More recently, Song et al. [22] and Wang et al. [23] have 
reported that endophytic fungi isolated from P. sibiri-
cum were found to possess various biological activities. 
Hence, we aimed to isolate and identify endophytic fungi 
associated with the rhizome of medicinal plant P. sibiri-
cum and to evaluate their antibacterial and antioxidant 
properties. In addition, the active components of the 

extract were identified by Gas Chromatography–Mass 
Spectrum (GC–MS) analysis.

2  Methods
2.1  Plant collection and isolation of endophytic fungi
The uninfected rhizome of Polygonatum sibiricum (P. 
sibiricum) was procured from the alpine area of Sancha 
Township (Enshi, China, 109°45′24″E, 30°10′51″N)  and 
the plant material was identified by Dr Meijun He, Col-
lege of Biological and Food Engineering, Hubei MINZU 
University   (Additional file 1: Fig. S1). The isolation and 
purification of endophytes were carried out by following 
the method Li et al. [10]. Briefly, the rhizome of healthy 
plant was washed under running tap water. Under the 
aseptic condition, the washed young shoots were sur-
face-sterilized in 5 mL of 70% EtOH for 2 min and then 
soaked in 5 mL of 4% sodium hypochlorite for 5 min and 
finally washed with 5 mL of sterile water to remove the 
traces of sodium hypochlorite and ethanol. The dried 
shoots were then ground and inoculated onto potato dex-
trose agar (PDA) medium containing kanamycin with a 
final concentration of 50  µg/mL. The inoculated plates 
were incubated at 25  °C for 7  days were observed daily 
for visible fungal growth. The fungi were later transferred 
to the freshly prepared PDA for purification. Pure isolates 
were identified by observing the color, colony morphol-
ogy, growth pattern and sequencing. The pure fungal iso-
lates were maintained in PDA slants and kept at 4 °C for 
further studies.

2.2  Morphological and molecular characterization 
of endophytic fungus

Colony morphology including color, growth, spore size, 
shape and spore producing structures were observed by 
growing the isolates on PDA and incubated for 7–14 days 
at 28 ± 2  °C [24, 25]. For molecular identification, the 
isolates were grown on potato dextrose broth (PDB) 
at 28 ± 2  °C for 3  days on an orbital shaker at 150  rpm. 
After incubation the biomass was collected and the 
genomic Deoxyribonucleic acid (DNA) was extracted 

Table 1 Secondary metabolites from endophyte fungus and their antibacterial activities reported

Medicinal plants/regions and countries Endophytic fungi Active component Activities References

Pelargonium sidoides/South Africa Aspergillus sp. Extract Antibacterial activity [4]

Zingiber officinale/Duesseldorf, Germany Trichoderma harzianum Pretrichodermamide A Antimicrobial activity [8]

Ampelopsis grossedentata/enshi, china Alternaria alternata Extract Antibacterial activity [9]

Adiantum capillus/Egypt Chaetomium globosum Extract Antioxidant activity [10]

Euphorbia hirta/china Achaetomium sp. Extract Antioxidant activity [11]

Elaeocarpus sylvestris/Guangxi, China Pseudocercospora sp. Extract Antioxidant activity [12]

Otoba gracilipes/Colombia Fusarium oxysporum Extracts Antioxidant activity [13]
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by cetyltrimethyl ammonium bromide (CTAB) method. 
Polymerase Chain Reaction-mediated amplification 
of the Internal transcribed spacer (ITS) gene was car-
ried out using the fungal universal primers and the PCR 
products were sequenced (Wuhan Aoke Dingsheng). The 
sequencing results were analyzed by Basic Local Align-
ment Search Tool (BLAST) in GenBank (https:// blast. 
ncbi. nlm. nih. gov/ Blast. cgi) to obtain the ITS sequences 
homologous to the strains. The phylogenetic tree was 
constructed using Neighbour Joining method with aid 
of MEGA-X software version 10.2.2 (https:// www. megas 
oftwa re. net).

2.3  Fermentation and extraction of secondary metabolites
The fully-grown spores of endophytic fungi were inocu-
lated into 50 mL of PDB for bioactive secondary metabo-
lites production. The flasks were incubated for 14  days 
at 28 ± 2  °C on a rotary shaker. At the end of fermenta-
tion, the culture broth along with the cells was soaked 
in equal volume of different organic solvents viz., petro-
leum ether, ethyl acetate and methanol at room tempera-
ture followed by ultra-sonication for 30 min. The organic 
phase was then evaporated to dryness and stored at 4 °C 
until use [26].

2.4  Test strains
Eleven strains of bacterial pathogens including Kleb-
siella pneumonia ATCC 13883, Enterococcus faecalis 
ATCC 29212, Bacillus subtilis ATCC 19659, Micrococcus 
luteus ATCC 4698, Bacillus thuringiensis ATCC 10792, 
Methicillin resistant Staphylococcus aureus ATCC 43300 
(MRSA), Multi-drug resistant Pseudomonas aeruginosa 
ATCC 9027, Escherichia coli ATCC 25922, Acinetobacter 
baumannii ATCC 19606, Methicillin resistant Staphylo-
coccus epidermidis ATCC 12228 (MRSE) and Staphylo-
coccus aureus ATCC 29213 were obtained from the Key 
Laboratory of Tropical Marine Biological Resources and 
Ecology, Chinese Academy of Sciences.

2.5  Antibacterial assay
The antibacterial activities of the different extracts of 
the endophytic fungi were assayed by modified filter 
paper disc method [27]. The sterile filter paper discs 
were soaked with 20  μL of crude extract and placed on 
pre-coated bacterial plates (50  μL of freshly prepared 
test cultures, 1 ×  104–6 CFU/mL) of Mueller–Hinton agar 
(MHA). Kanamycin (50 µg/disc) and Dimethyl sulfoxide 
(DMSO) (20 μL/disc) were used as positive and solvent 
controls, respectively. The plates were first incubated at 
4  °C for 10  min to allow proper diffusion of the extract 
into the medium and then incubated at 37  °C for 24  h. 

After incubation period, the inhibition zones were meas-
ured and expressed in terms of millimeter (mm). An 
average inhibition zone was calculated for 5 replicates.

2.6  Determination of minimal inhibitory concentration 
(MIC) and minimum bactericidal concentration (MBC)

The minimal inhibitory concentration (MIC) values of 
the active extracts of the endophytic fungi were deter-
mined using broth micro dilution assay in sterile 96-well 
microtiter plate according to the Clinical and Labora-
tory Standards Institute (CLSI) document M07-A10 
and M100-S25 [28, 29]. Briefly, a two-fold dilution of 
the extract was carried out with double strength Muel-
ler–Hinton broth (MHB). 100 µL inoculum and extracts 
were added into each well to a final volume of 200 μL 
with the final concentration ranging from 0.1 to 100 µg/
mL. Kanamycin was included as positive antibiotic con-
trol. Then, the 96-well microtiter plate was incubated at 
37 °C for 24 h. After incubation period, 40 μL of 0.2 mg/
mL iodonitrotetrazolium chloride dissolved in 99.5% 
ethanol was added into each well and again incubated for 
30 min at 4 °C. The color changed from yellow to purple 
indicating the microbial growth in the well. To determine 
the minimum bactericidal concentrations (MBC) and to 
check the viability of the test microorganisms, the mix-
ture in every well was streaked on nutrient agar and again 
incubated at 37 °C for 24 h [30].

2.7  Antioxidant assay
The antioxidant activities of the extracts of the endo-
phytic fungi were assayed by a modified method of 
Kumar et  al. [31]. Stock solutions of α-diphenyl-β-
picrylhydrazyl (DPPH) (200 μM/L) and extracts of endo-
phytic fungi (50  µg/mL) were prepared in methanol, 
respectively. 3  mL extracts of different concentrations 
added with 1 mL of 200 μM/L DPPH solution and were 
wrapped in aluminum foil and kept at 30  °C for 30 min 
in dark. Meanwhile, 3  mL extracts of different con-
centrations added with 1  mL of ethanol was set to the 
blank groups and 3  mL of ethanol added with 1  mL of 
200  μmol/L DPPH solution was labeled as the control 
groups. All measurements were done under dim light. 
Spectrophotometric measurements were done at 517 nm 
using Spectronic Genesys 5 spectrophotometer. The 
results were expressed as percentage of reduction of the 
initial DPPH absorption by test samples as follows: DPPH 
scavenging effect (%) = [BG − (TG − CG)/BG] × 100.

2.8  Identification of secondary metabolites using GC–MS 
analysis

The active crude extract was analyzed for its chemi-
cal constituents with aid of GC–MS (HP6890GC with 

https://blast.ncbi.nlm.nih.gov/Blast.cgi
https://blast.ncbi.nlm.nih.gov/Blast.cgi
https://www.megasoftware.net
https://www.megasoftware.net
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5973 MS, Agilent Technologies, Santa Clara, CA, USA) 
equipped with a HP-5MS column (30 mm × 0.25 mm with 
film thickness 0.25 μm; Agilent Technologies). Briefly, the 
sample was dissolved in MeOH (2 μL) and injected with 
split ratio of 20:1 with anterior column pressure of about 
7 psi. Analysis was carried out with oven temperature 
programmed at 80 °C (hold 3 min) and raised to 280 °C 
at a rate of 3 °C/min. The injection port temperature was 
250  °C, transfer temperature was 250  °C and ion source 
temperature was 230 °C. Helium was used as carrier gas 
at a flow rate of 1 mL/min. The instrument was calibrated 
to a scan range of m/z 35–500. The spectra of known and 
unknown compounds were identified by comparing their 
mass spectral fragmentation patterns with the NIST98-
MS and the Wiley KnowItAll 2020 Mass Spectral Library 
(http:// www. knowi tall. com) [32].

2.9  Statistical analysis
All experimental data were statistically analyzed by Sta-
tistical Product and Service Solutions (SPSS) 19.0 (IBM, 
Armonk, NY, USA) and the experimental data were 

expressed as mean ± standard deviation (P < 0.05), indi-
cating a significant difference (P < 0.01), indicating a very 
significant difference [33].

3  Results
3.1  Identification of endophytes
Two distinct endophytic fungal isolates HJ.14 and HJ.15 
were isolated and purified from fresh rhizome of Polygo-
natum sibiricum (P. sibiricum). The HJ.14 colonies with 
radial growth rate of 3.73 ± 0.78 mm/d on potato dextrose 
agar (PDA) plates are characterized by felt-like, textured, 
pale-white colonies and white undersides (Fig.  1a–c, 
Additional file 1: Tables S1, S2). The HJ.15 colonies with 
radial growth rate of 12.37 ± 0.11  mm/d on PDA plates 
are characterized by villous colonies, the upper sur-
face is light pink, and the color becomes lighter as the 
circle spreads to the border, the mycelium is very thin 
(Fig.  1d–f, Additional file  1: Tables S1, S2). Microscopi-
cally, the lower part of the mycelium is thick and erect, 
rose red and has many diaphragms. The small conidia are 
mostly unicellular, a few have 1–3 septa; they are ellipti-
cal conidia that produce spores from aerial hyphae. The 

Fig. 1 Morphological characteristics of P. sibiricum-derived endophytic fungi (a) Macroscopic image of F. oxysporum HJ 15 on Potato Dextrose Agar; 
b Microscopic image (40X) of F. oxysporum HJ 15; c mycelial growth rate of F. oxysporum HJ 15; d Macroscopic image of T. assiutensis HJ.14 on Potato 
Dextrose Agar; e Microscopic image (40X) of T. assiutensis HJ.14; f mycelial growth rate of T. assiutensis HJ.14

http://www.knowitall.com
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macroconidia were sickle-shaped or spindle-shaped, con-
sistent with the morphological characteristics of Fusar-
ium [34].

Further, the isolates were confirmed by molecular 
identification in which highly conserved Internal tran-
scribed spacer (ITS) gene sequences of the fungus were 
amplified using ITS universal primers (ITS1 and ITS4) 
by PCR and sequenced. Approximately 571 and 524 bps 
of two sequences (HJ.14 and HJ.15) were  subjected to 
Basic Local Alignment Search Tool (BLAST) analysis. 
HJ.14 showed a high homology (100%) with the previ-
ously submitted sequences of Talaromyces assiuten-
sis (GenBank accession number MW798752.1); HJ.15 
revealed maximum homology (100%) with Fusarium 
oxysporum (GenBank accession number MN749138.1). 
Furthermore, the phylogenetic tree for the HJ.14 and 
HJ.15 isolates constructed using Mega X 10.2.2 soft-
ware as depicted in Fig. 2 confirmed that they belonged 
to T. assiutensis and F. oxysporum, respectively. These 
sequences were further deposited in the GenBank 
of NCBI under the accession numbers MZ514009.1 
(HJ.14), MZ514011.1 (HJ.15) (Additional file  1: 
Table S3).

3.2  Preliminary antibacterial activity
As shown in Fig.  3 and Additional file  1: Table  S4, 
among the extracts screened the ethyl acetate extract 
of F. oxysporum HJ.15 showed significant broad spec-
trum of antibacterial activity against all the 11 bacterial 
strains tested with the zones of inhibition ranging from 
10.98 ± 0.19 to 15.66 ± 1.49 mm. Interestingly, it showed 
highest antibacterial activity against the multidrug-
resistant bacteria such as B. thuringiensis, E. faecalis, S. 
aureus and P. aeruginosa with the zones of inhibition 
ranging from 13.19 ± 0.19 to 15.66 ± 1.49  mm. On the 

other hand, methanol and petroleum ether extracts 
showed moderate and weak activities as compared to 
kanamycin (Additional file 1: Fig. S1).

3.3  Determination of MIC and MBC
Based on the preliminary antibacterial activities, the ethyl 
acetate extract of F. oxysporum HJ.15 was alone individu-
ally tested against selected pathogenic strains to deter-
mine their MIC and MBC values. The resulting MICs and 
MBCs of ethyl acetate extract against the tested patho-
gens is described in Table 2 and Additional file 1: Fig. S2. 
Interestingly, the ethyl acetate extract of F. oxysporum 
HJ.15 showed potential antibacterial activity with MICs 
ranging from 0.24 to 1.88 µg/mL. MIC testing indicated 
that the volume of ethyl acetate extract required to pre-
vent the growth of the test microorganisms was found to 
be as follows: 1.88  µg/mL for S. aureus (ATCC 29213), 
B. thuringiensis (ATCC 10792), K. pneumonia (ATCC 
13883), P. aeruginosa (ATCC 9027) and A. bammannii 
(ATCC 19606) 0.94  µg/mL for M. luteus (ATCC 4698), 
0.24  µg/mL for E. faecalis (ATCC 29212). The MBC of 
ethyl acetate extract ranged from 0.94 to 1.88 µg/mL.

3.4  Antioxidant activity
The ability of three different extracts (methanol, ethyl 
acetate extract and petroleum ether) of F. oxyspo-
rum HJ.15 to scavenge DPPH radicals were shown 
in Fig.  4. The results clearly indicated that the ethyl 
acetate extract induced 45.41 ± 0.30–94.47 ± 0.94% of 
radicals scavenging rate followed by methanol extract 
34.82 ± 4.66–62.91 ± 0.53% and petroleum ether 
24.83 ± 0.04–47.59 ± 0.16% from 6 to 16 µg/mL with the 
 EC50 value of 6.21 µg/mL, 11.70 µg/mL and 17.97 µg/mL, 
respectively. The results were compared with that of well-
known antioxidant standard drug ascorbic acid (Addi-
tional file 1: Fig. S3).

Fig. 2 Phylogenetic relatedness of T. assiutensis HJ.14 and F. oxysporum HJ.15
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3.5  GC–MS analyses of active crude extract
The GC–MS spectra of the active ethyl acetate extract 
of F. oxysporum HJ.15 and its chemical constituents are 
depicted in Additional file 1: Table S5 and Figs. S4–S28. It 

can be seen from Additional file 1: Table S5 that there are 
25 volatile compounds detected from the crude extract of 
F. oxysporum HJ.15, including 9 esters (13.91%), 3 alcohols 
(3.04%), 3 aldehydes (2.18%), 6 carboxylic acids (12.56%), 
and 4 other types (3.53%). Of the 25 compounds identi-
fied, the most important compounds are propanoic acid 
ethyl ester, hexadecanoic acid methyl ester, hexadecanoic 
acid ethyl ester, 9-Octadecenoic acid (Z)-methyl ester, 
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Fig. 3 Antibacterial activity of extracts from endophytic fungi

Table 2 Minimum Inhibitory Concentrations (MIC) and 
Minimum Bactericidal Concentrations (MBC) of Fusarium 
oxysporum HJ.15 extracts

Test organisms F. oxysporum HJ.15 
(µg/mL)

Kanamycin (µg/
mL)

MIC MBC MIC MBC

Gram-positive

 B. subtilis 0 0 0.016 0.031

 B. thuringiensis 1.88 1.88 0.063 0.125

 E. faecalis 0.24 0.94 6.250 6.250

 M. luteus 0.94 0.94 0.002 0.002

 MRSA 1.88 0 0.024 6.250

 S. aureus 0 0 3.125 3.125

 S. epidermidis 0 0 0.008 0.008

Gram-negative

 E. coli 0 0 0.031 0.031

 K. pneumonia 1.88 0 0.031 0.063

 P. aeruginosa 1.88 1.88 0.063 0.063

 A. bammannii 1.88 0 0.008 0.016
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Fig. 4 Antioxidant activity of extracts from endophytic fungi F. 
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1-Octanol, 2-Undecenal, butanoic acid, 3-hydroxy and hex-
anoic acid which are crucial for its antibacterial and anti-
oxidant activity (Table 3, Fig. 5).

4  Discussion
The use of life-saving antibiotics has long been plagued by 
the ability of pathogenic bacteria to acquire and develop 
an array of antibiotic resistance mechanisms, the sum 
of which is a formidable threat to antibiotic discovery, 
development and use [35]. The emergence and spread of 
antibiotic resistance have coincided with slow progress 
in the development of new antibiotics which further 
complicates the situation. Consequently, many common 
and once easily treated infectious diseases are becoming 
more challenging to treat [36] and the investigation for 
novel antibiotics against these bacteria is urgent [37].

For the past two decades the endophytic fungi have 
been explored as bio-factories of novel bioactive mol-
ecules. The extracts and pure compounds obtained from 
the culture broths or fungal biomass have exerted sig-
nificant antibacterial activity when tested on the bacterial 
strains resistant to the antibiotics currently in use [38]. 
In the present study, we isolated two endophytic fungi 
T. assiutensis HJ.14 and F. oxysporum HJ.15 from the 
rhizomes of P. sibiricum and tested for their antibacte-
rial efficacy. Among the extracts of endophytes screened, 
the ethyl acetate extracts of F. oxysporum HJ.15 exhibited 
significant antibacterial activity against all the tested type 
strains including multidrug resistant bacterial patho-
gens. Contrarily petroleum ether and methanol extracts 
showed weak antibacterial activity. In addition, the ethyl 
acetate extract exerted good antioxidant activity. Further 
chemical analyses of the active ethyl acetate extract of 
F. oxysporum HJ.15 revealed the presences of propanoic 
acid ethyl ester, hexadecanoic acid methyl ester, hexade-
canoic acid ethyl ester, 9-Octadecenoic acid (Z)-methyl 

ester, 1-Octanol, 2-undecenal, butanoic acid, 3-hydroxy 
and hexanoic acid. These compounds might be respon-
sible for the antibacterial activity of the extract as previ-
ously reported elsewhere. Similarly, Naoko Togashi et al. 
[39] reported that the antimicrobial effect of long-chain 
fatty alcohol 1-Octanol on the growth of S. aureus with 
the MIC value of 256 μg/mL. On the other hand, Villa-
Ruano et  al. [40] reported that the compound 2-unde-
cenal exhibited a moderate growth inhibitory activity 
against H. pylori at 94.7–110.4  μg/mL. More recently, 
Zahara et  al. [41] and Shaaban et  al. [42] reported that 
9-Octadecenoic acid (Z)-, methyl ester, Hexadecanoic 
acid methyl ester were effective against S. aureus, P. aer-
uginosa, K.pneumoniae, and K. pneumoniae with very 
low MIC values. Similarly, other studies conducted by 
Nayak et al. [43], Ma et al. [44] and Yuan et al. [45] the 
compounds propanoic acid ethyl ester, butanoic acid, 
3-hydroxy- and hexanoic acid displayed a strong antimi-
crobial activity against S. aureus, K. pneumoniae and C. 
albicans. By correlating the previous reports, these com-
pounds might be responsible for the significant antibac-
terial activity of the extract of F. oxysporum against tested 
bacteria.

5  Conclusions
Two endophytic fungi were isolated from rhizomes of P. 
sibiricum, which were identified as T. assiutensis HJ.14 
and F. oxysporum HJ.15 based on ITS sequence analysis. 
The ethyl acetate extracts of F. oxysporum HJ.15 exhib-
ited significant antibacterial activities with very low MICs 
and MBCs values against the tested bacterial pathogens. 
In addition, it showed significant DPPH radical scaveng-
ing activity with very low  EC50 values. Further, GC–MS 
analysis showed a few crucial chemical constituents for its 
antibacterial and antioxidant activities were propanoic acid 
ethyl ester, hexadecanoic acid methyl ester, hexadecanoic 

Table 3 Metabolites with antibacterial and antioxidant activities identified by GC–MS of highly potent extracts from Fusarium 
oxysporum HJ.15

RT Retention time, Mol.Wt. Molecular weight, Mol.For. Molecular formula, √, having biological activity; ×, without biological activity

Peak Active metabolites RT (min) Mol.For Mol.Wt Similarity (%) Content (%) Antibacterial 
activity

Antioxidant 
activity

References

1 Propanoic acid, ethyl ester 2.875 C5H10O2 102 97.3 5.184 √  × [28]

2 Hexadecanoic acid, methyl ester 51.281 C17H34O2 270 94 0.769 √  × [27]

3 Hexadecanoic acid, ethyl ester 53.584 C18H36O2 254 90.1 1.709  × √ [39]

4 9-Octadecenoic acid (Z)-, methyl 
ester

57.008 C19H36O2 296 85.4 0.480 √  × [26]

5 1-Octanol 15.178 C8H18O 130 87.7 0.459  × √ [24]

6 2-Undecenal 29.175 C11H20O 168 87.9 0.829 √  × [25]

7 Butanoic acid, 3-hydroxy 10.135 C4H8O3 104 89.8 10.115 √  × [29]

8 Hexanoic acid 11.722 C6H12O2 116 91.8 0.080 √  × [30]
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Fig. 5 GC–MS analysis of the active extract from F. oxysporum HJ 15 showing major volatile compounds; a Chromatogram of the EtoAC extract 
from F. oxysporum HJ 15; b mass spectrum of propanoic acid, ethyl ester; c mass spectrum of hexadecanoic acid, methyl ester; d mass spectrum 
of hexadecanoic acid, ethyl ester; e mass spectrum of 9-Octadecenoic acid (Z)-, methyl ester; f mass spectrum of 1-Octanol; g mass spectrum of 
2-Undecenal; h mass spectrum of butanoic acid, 3-hydroxy; i hexanoic acid
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acid ethyl ester, 9-Octadecenoic acid (Z)-methyl ester, 
1-Octanol, 2-Undecenal, butanoic acid, 3-hydroxy and 
hexanoic acid. Overall, our investigation demonstrated 
the antibacterial and antioxidant capacity of endophytes 
isolated from P. sibiricum rhizomes and provided a good 
starting point for the identification of powerful antibacte-
rial and antioxidant compounds with novel mechanisms of 
action.

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s43088- 023- 00392-7.

Additional file 1. Supplementary tables and figures.

Acknowledgements
We thank all the technicians and faculty in the analytical facility center of 
the Institute of Chinese Herbal Medicines, Hubei Academy of Agricultural 
Sciences, China.

Author contributions
Conceptualization: YL and YLR; Methodology: LYZ and YL; Software and Valida-
tion: HRS, YXF and PSK; Formal analysis, investigation and resources: XHT, YQ 
and PSK; Data curation: YL and MJH; Writing-original draft preparation and 
writing-review and editing: YL, PSK and LYZ; Visualization: KL; Supervision: YL 
and PSK; Project administration and funding acquisition: MJH. All authors read 
and approved the final manuscript

Funding
This research was funded by Hubei Academy of Agricultural Sciences, grant 
number 2022NKYJJ17; Study on key technology of solid beverage process-
ing using Selenium-rich Pueraria thomsonii Benth as raw material, grant 
number D20210018; Hubei Technology Innovation Center for Agricultural 
Sciences—‘2020 key technology research and demonstration project of safe 
and efficient production of genuine medicinal materials’, grant number 2020-
620-000-002-04 and Modern Agricultural Industrial Technology System in 
Hubei Province: Innovation and Demonstration of Production Technology of 
Famous-region drug, grant number HBHZD-ZB-2020-005.

Availability of data and materials
The supplementary data of the findings of this study are available from the 
corresponding author upon request.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no known competing financial interests 
or personal relationships that could have appeared to influence the work 
reported in this paper. Therefore, the authors declare no conflict of inter-
est and approved the final manuscript.

Author details
1 College of Biological and Food Engineering, Hubei MINZU University, 39 
Xueyuan Road, Enshi 445000, China. 2 Institute of Chinese Herbal Medicines, 
Hubei Academy of Agricultural Sciences, 253 Xueyuan Road, Enshi 445000, 
China. 3 Agricultural and Rural Bureau of Enshi Tujia and Miao Autonomous 
Prefectur, No. 21, Lane 1, Wuyang Street, Enshi 445000, China. 4 Administration 
of Xingdoushan National Nature Reserve, Enshi 445000, China. 

Received: 28 September 2022   Accepted: 18 May 2023

References
 1. Dunachie SJ, Day NP, Dolecek C (2020) The challenges of estimating the 

human global burden of disease of antimicrobial resistant bacteria. Curr 
Opin Microbiol 57:95–101. https:// doi. org/ 10. 1016/j. mib. 2020. 09. 013

 2. Arroyave-Ospina JC, Wu Z, Geng Y (2021) Moshage H Role of oxidative 
stress in the pathogenesis of non-alcoholic fatty liver disease: Implica-
tions for prevention and therapy. Antioxidants 10(2):174. https:// doi. org/ 
10. 3390/ antio x1002 0174

 3. Park SK, Hyun SH, In G, Park CK, Kwak YS, Jang YJ, Kim B, Kim JH, Han CK 
(2021) The antioxidant activities of Korean Red Ginseng (Panax ginseng) 
and ginsenosides: a systemic review through in vivo and clinical trials. J 
Ginseng Res 45(1):41–47. https:// doi. org/ 10. 1016/j. jgr. 2020. 09. 006

 4. Rana KL, Kour D, Kaur T, Devi R, Negi C, Yadav AN, Yadav N, Singh K, 
Saxena AK (2020) Endophytic fungi from medicinal plants: biodiversity 
and biotechnological applications. Microbial endophytes, Elsevier, pp 
273–305. https:// doi. org/ 10. 1016/ B978-0- 12- 819654- 0. 00011-9

 5. Morehouse NJ, Flewelling AJ, Johnson JA, Gray CA (2019) Isolation of 
antibiotic 3 R, 5 R-dihydroxyhexanoate polymers from endophytic fungi. 
Nat Prod Commun 14(12):1–5. https:// doi. org/ 10. 1177/ 19345 78X19 896

 6. Supaphon P, Preedanon S (2019) Evaluation of in vitro alpha-glucosidase 
inhibitory, antimicrobial, and cytotoxic activities of secondary metabo-
lites from the endophytic fungus, Nigrospora sphaerica, isolated from 
Helianthus annuus. Ann Microbiol 69(13):1397–1406. https:// doi. org/ 10. 
1007/ s13213- 019- 01523-1

 7. Kim JW, Kim JY, Li W, Ryu JY, Kim S, Shim SH (2019) Chromones with lipo-
protein oxidation inhibitory activity from an endophytic fungus Alternaria 
brassicae JS959 derived from Vitex rotundifolia. J Antibiot 72(9):709–713. 
https:// doi. org/ 10. 1038/ s41429- 019- 0198-4

 8. Siridechakorn I, Yue Z, Mittraphab Y, Lei X, Pudhom K (2017) Identifica-
tion of spirobisnaphthalene derivatives with anti-tumor activities from 
the endophytic fungus Rhytidhysteron rufulum AS21B. Bioorg Med Chem 
25(11):2878–2882. https:// doi. org/ 10. 1016/j. bmc. 2017. 02. 054

 9. Manganyi M, Regnier T, Kumar A, Bezuidenhout C, Ateba C (2018) 
Biodiversity and antibacterial screening of endophytic fungi isolated from 
Pelargonium sidoides. South African J Bot 116:192–199. https:// doi. org/ 10. 
1016/j. sajb. 2018. 03. 016

 10. Li Y, Kumar PS, Tan Q, Tan X, Yuan M, Luo J, He M (2021) Diversity and 
chemical fingerprinting of endo-metabolomes from endophytes associ-
ated with Ampelopsis grossedentata (Hand.-Mazz.) WT Wang possessing 
antibacterial activity against multidrug resistant bacterial pathogens. J 
Infect Public Health 14(12):1917–1926. https:// doi. org/ 10. 1016/j. jiph. 2021. 
10. 019

 11. Selim KA, Elkhateeb WA, Tawila AM, El-Beih AA, Abdel-Rahman TM, El-
Diwany AI, Ahmed EF (2018) Antiviral and antioxidant potential of fungal 
endophytes of Egyptian medicinal plants. Fermentation 4(3):49. https:// 
doi. org/ 10. 3390/ ferme ntati on403 0049

 12. Anitha KU, Mythili S (2017) Antioxidant and hepatoprotective potentials 
of novel endophytic fungus Achaetomium sp, from Euphorbia hirta. Asian 
Pac J Trop Biomed 10(6):588–593. https:// doi. org/ 10. 1016/j. apjtm. 2017. 06. 
008

 13. Prihantini AI, Tachibana S (2017) Antioxidant compounds produced by 
Pseudocercospora sp ESL 02, an endophytic fungus isolated from Elaeo-
carpus sylvestris. Asian Pac J Trop Biomed 7(2):110–115. https:// doi. org/ 10. 
1016/j. apjtb. 2016. 11. 020

 14. Caicedo NH, Davalos AF, Puente PA, Rodríguez AY, Caicedo PA (2019) 
Antioxidant activity of exo-metabolites produced by Fusarium oxysporum: 
an endophytic fungus isolated from leaves of Otoba gracilipes. Microbiol 
Open 8(10):e903. https:// doi. org/ 10. 1002/ mbo3. 903

 15. Zhao H, Wang QL, Hou SB, Chen G (2019) Chemical constituents from the 
rhizomes of Polygonatum sibiricum Red and anti-inflammatory activity in 
RAW264: 7 macrophage cells. Nat Prod Res 33(16):2359–2362. https:// doi. 
org/ 10. 1080/ 14786 419. 2018. 14402 20

 16. Liu J, Li T, Chen H, Yu Q, Yan C (2021) Structural characterization and 
osteogenic activity in vitro of novel polysaccharides from the rhizome of 
Polygonatum sibiricum. Food Funct 12(14):6626–6636. https:// doi. org/ 10. 
1039/ D1FO0 0938A

https://doi.org/10.1186/s43088-023-00392-7
https://doi.org/10.1186/s43088-023-00392-7
https://doi.org/10.1016/j.mib.2020.09.013
https://doi.org/10.3390/antiox10020174
https://doi.org/10.3390/antiox10020174
https://doi.org/10.1016/j.jgr.2020.09.006
https://doi.org/10.1016/B978-0-12-819654-0.00011-9
https://doi.org/10.1177/1934578X19896
https://doi.org/10.1007/s13213-019-01523-1
https://doi.org/10.1007/s13213-019-01523-1
https://doi.org/10.1038/s41429-019-0198-4
https://doi.org/10.1016/j.bmc.2017.02.054
https://doi.org/10.1016/j.sajb.2018.03.016
https://doi.org/10.1016/j.sajb.2018.03.016
https://doi.org/10.1016/j.jiph.2021.10.019
https://doi.org/10.1016/j.jiph.2021.10.019
https://doi.org/10.3390/fermentation4030049
https://doi.org/10.3390/fermentation4030049
https://doi.org/10.1016/j.apjtm.2017.06.008
https://doi.org/10.1016/j.apjtm.2017.06.008
https://doi.org/10.1016/j.apjtb.2016.11.020
https://doi.org/10.1016/j.apjtb.2016.11.020
https://doi.org/10.1002/mbo3.903
https://doi.org/10.1080/14786419.2018.1440220
https://doi.org/10.1080/14786419.2018.1440220
https://doi.org/10.1039/D1FO00938A
https://doi.org/10.1039/D1FO00938A


Page 10 of 10Zhao et al. Beni-Suef Univ J Basic Appl Sci           (2023) 12:58 

 17. Zhao H, Hou D, Sun T, Lin W (2019) Quantitative determination of total 
flavonoids from Polygonatum Sibiricum by spectrophotometry. In: IOP 
Conference series: materials science and engineering. IOP Publishing: p 
022126

 18. Tang C, Yu YM, Qi QL, Wu XD, Wang J, Tang SA (2019) Steroidal saponins 
from the rhizome of Polygonatum sibiricum. J Asian Nat Prod Res 
21(3):197–206. https:// doi. org/ 10. 1021/ np050 394d

 19. Dhakshinamoorthy M, Ponnusamy SK, Kannaian PN, Srinivasan B, Shankar 
SN, Packiam KK (2021) Plant-microbe interactions implicated in the pro-
duction of camptothecin: an anticancer biometabolite from Phyllosticta 
elongata MH458897 a novel endophytic strain isolated from medicinal 
plant of Western Ghats of India. Environ Res 201:111564. https:// doi. org/ 
10. 1016/j. envres. 2021. 111564

 20. Uche-Okereafor N, Sebola T, Tapfuma K, Mekuto L, Green E, Mavumeng-
wana V (2019) Antibacterial activities of crude secondary metabolite 
extracts from Pantoea species obtained from the stem of Solanum mauri-
tianum and their effects on two cancer cell lines. Int J Environ Res Public 
Health 16(4):602. https:// doi. org/ 10. 3390/ ijerp h1604 0602

 21. Caser M, Victorino ÍMM, Demasi S, Berruti A, Donno D, Lumini E, Bian-
ciotto V, Scariot V (2018) Saffron cultivation in marginal alpine environ-
ments: how AMF inoculation modulates yield and bioactive compounds. 
Agronomy 9(1):12. https:// doi. org/ 10. 3390/ agron omy90 10012

 22. Song CG, Ding G, Wu G, Yang J, Zhang MZ, Wang HY, Wei DS, Qin JC, Guo 
LP (2020) Identification of a unique azaphilone produced by Chaeto-
mium globosum isolated from Polygonatum sibiricum. Chem Biodiv 
17(3):1900744. https:// doi. org/ 10. 1002/ cbdv. 20190 0744

 23. Wang JB, Xu ZH, Hu XQ, Yang YM, Su J, Liu YN, Zhou L, Qin JC, Zhang DW, 
Yu HM (2020) Epoxycytochalasin H: an endophytic phomopsis com-
pound induces apoptosis in A2780 cells through mitochondrial damage 
and endoplasmic reticulum stress. Onco Targets Ther 13:4987–4997. 
https:// doi. org/ 10. 2147/ OTT. S2537 16

 24. Basson E, Meitz-Hopkins JC, Lennox CL (2019) Morphological and 
molecular identification of fungi associated with South African apple 
core rot. Eur J Plant Pathol 153(3):849–868. https:// doi. org/ 10. 1007/ 
s10658- 018- 1601-x

 25. Sangeetha J, Unnikrishnan R, Jasmin H, Maxim Steffi S (2020) Isolation 
and morphological identification of culturable endophytic fungal species 
from mangrove ecosystem. Appl Ecol Env Sci 8:128–134. https:// doi. org/ 
10. 12691/ aees-8- 3-8

 26. Kumar PS, Ling C, Zhou Z, Dong Y, Sun C, Song Y, Wong N, Ju J (2020) 
Chemical diversity of metabolites and antibacterial potential of actino-
mycetes associated with marine invertebrates from intertidal regions of 
Daya Bay and Nansha Islands. Microbiology 89(4):483–492. https:// doi. 
org/ 10. 1134/ S0026 26172 00400 62

 27. Imtiaj A, Jayasinghe C, Lee GW, Lee TS (2007) Antibacterial and antifungal 
activities of Stereum ostrea, an inedible wild mushroom. Mycobiology 
35(4):210–214. https:// doi. org/ 10. 4489/ MYCO. 2007. 35.4. 210

 28. CLSI (2015) Methods for dilution antimicrobial susceptibility tests for bac-
teria that grow aerobically. Approved Standard. Clinical and Laboratory 
Standards Institute, Wayne, PA, Tenth Edition

 29. CLSI (2015) Standards for antimicrobial susceptibility testing. In: Twenty-
fifth informational supplement. Clinical and Laboratory Standards 
Institute, Wayne, PA

 30. Rozman NASB, Nor Hamin NSBM, Ring LC, Nee TW, Mustapha MB, Yenn 
TW (2017) Antimicrobial efficacy of Penicillium amestolkiae elv609 extract 
treated cotton fabric for diabetic wound care. Mycobiol 45(3):178–183. 
https:// doi. org/ 10. 5941/ MYCO. 2017. 45.3. 178

 31. Kumar PS, Al-Dhabi NA, Duraipandiyan V, Balachandran C, Kumar PP, 
Ignacimuthu S (2014) In vitro antimicrobial, antioxidant and cytotoxic 
properties of Streptomyces lavendulae strain SCA5. BMC 14(1):291. https:// 
doi. org/ 10. 1186/ s12866- 014- 0291-6

 32. Aminfar P, Abtahi M, Parastar H (2019) Gas chromatographic fingerprint 
analysis of secondary metabolites of Stachys lanata (Stachys byzantine C. 
Koch) combined with antioxidant activity modelling using multivariate 
chemometric methods. J Chromatogr A 1602:432–440. https:// doi. org/ 
10. 1016/j. chroma. 2019. 06. 002

 33. Wen J, Okyere SK, Wang J, Huang R, Wang Y, Liu L, Nong X, Hu Y (2023) 
Endophytic Fungi Isolated from Ageratina adenophora Exhibits Potential 
Antimicrobial Activity against Multidrug-Resistant Staphylococcus aureus. 
Plants 12(3):650. https:// doi. org/ 10. 3390/ plant s1203 0650

 34. Gr Li, Cao Bh, Liu W, Ren Rh, Feng J, Dj Lv (2020) Isolation and Identifica-
tion of Endophytic Fungi in Kernels of Coix lachrymal-jobi L. Cultiv Curr 
Microbiol 77(8):1448–1456. https:// doi. org/ 10. 1155/ 2012/ 382742

 35. Hobson C, Chan AN, Wright GD (2021) The antibiotic resistome: a guide 
for the discovery of natural products as antimicrobial agents. Chem Rev 
121(6):3464–3494. https:// doi. org/ 10. 1021/ acs. chemr ev. 0c012 14

 36. Namivandi-Zangeneh R, Wong EH, Boyer C (2021) Synthetic antimicrobial 
polymers in combination therapy: tackling antibiotic resistance. ACS 
Infect Dis 7(2):215–253. https:// doi. org/ 10. 1021/ acsin fecdis. 0c006 35

 37. Li Y, Kumar PS, Ran Y, Tan X, Zhao R, Ai L, Yuan M, Zhu J, He M (2022) 
Production of bioactive compounds from callus of Pueraria thomsonii 
Benth with promising cytotoxic and antibacterial activities. Arab J Chem 
15(6):103854. https:// doi. org/ 10. 1016/j. arabjc. 2022. 103854

 38. Radić N, Štrukelj B (2012) Endophytic fungi-The treasure chest of antibac-
terial substances. Phytomed 19(14):1270–1284. https:// doi. org/ 10. 1016/j. 
phymed. 2012. 09. 007

 39. Togashi N, Shiraishi A, Nishizaka M, Matsuoka K, Endo K, Hamashima H, 
Inoue Y (2007) Antibacterial activity of long-chain fatty alcohols against 
Staphylococcus aureus. Molecules 12(2):139–148. https:// doi. org/ 10. 3390/ 
12020 139

 40. Ruegg P (2008) organic dairy farmers use a variety of alternative therapies 
with few differences in bulk tank somatic cell counts identified between 
organic and conventionally medicated herds

 41. Zahara K, Bibi Y, Arshad M, Kaukab G, Al Ayoubi S, Qayyum A (2022) 
In-vitro examination and isolation of antidiarrheal compounds using five 
bacterial strains from invasive species Bidens bipinnata L. Saudi J Biol Scies 
29(1):472–479. https:// doi. org/ 10. 1016/j. sjbs. 2021. 09. 006

 42. Shaaban MT, Ghaly MF, Fahmi SM (2021) Antibacterial activities of hexa-
decanoic acid methyl ester and green-synthesized silver nanoparticles 
against multidrug-resistant bacteria. J basic microbiol 61(6):557–568. 
https:// doi. org/ 10. 1002/ jobm. 20210 0061

 43. Nayak S, Jena AK, Mittal DK, Joshi D (2014) GC–MS analysis of phytocon-
stituents of some wild Zingiberaceae plants methanolic rhizome extracts. 
Res Plant Sci 2(1):1–5. https:// doi. org/ 10. 12691/ plant-2- 1-1

 44. Ma L, Zhang Z, Li J, Yang X, Fei B, Leung PH, Tao XA (2019) A new antimi-
crobial agent: poly (3-hydroxybutyric acid) oligomer. Macromol Biosci 
19(5):1800432. https:// doi. org/ 10. 1002/ mabi. 20180 0432

 45. Yuan X, Yang X, Wang W, Li J, Dong Z, Zhao J, Shao T (2022) The effects of 
natamycin and hexanoic acid on the bacterial community, mycotoxins 
concentrations, fermentation profiles, and aerobic stability of high mois-
ture whole-crop corn silage. Anim Feed Sci Technol 286:115250. https:// 
doi. org/ 10. 1016/j. anife edsci. 2022. 115250

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1021/np050394d
https://doi.org/10.1016/j.envres.2021.111564
https://doi.org/10.1016/j.envres.2021.111564
https://doi.org/10.3390/ijerph16040602
https://doi.org/10.3390/agronomy9010012
https://doi.org/10.1002/cbdv.201900744
https://doi.org/10.2147/OTT.S253716
https://doi.org/10.1007/s10658-018-1601-x
https://doi.org/10.1007/s10658-018-1601-x
https://doi.org/10.12691/aees-8-3-8
https://doi.org/10.12691/aees-8-3-8
https://doi.org/10.1134/S0026261720040062
https://doi.org/10.1134/S0026261720040062
https://doi.org/10.4489/MYCO.2007.35.4.210
https://doi.org/10.5941/MYCO.2017.45.3.178
https://doi.org/10.1186/s12866-014-0291-6
https://doi.org/10.1186/s12866-014-0291-6
https://doi.org/10.1016/j.chroma.2019.06.002
https://doi.org/10.1016/j.chroma.2019.06.002
https://doi.org/10.3390/plants12030650
https://doi.org/10.1155/2012/382742
https://doi.org/10.1021/acs.chemrev.0c01214
https://doi.org/10.1021/acsinfecdis.0c00635
https://doi.org/10.1016/j.arabjc.2022.103854
https://doi.org/10.1016/j.phymed.2012.09.007
https://doi.org/10.1016/j.phymed.2012.09.007
https://doi.org/10.3390/12020139
https://doi.org/10.3390/12020139
https://doi.org/10.1016/j.sjbs.2021.09.006
https://doi.org/10.1002/jobm.202100061
https://doi.org/10.12691/plant-2-1-1
https://doi.org/10.1002/mabi.201800432
https://doi.org/10.1016/j.anifeedsci.2022.115250
https://doi.org/10.1016/j.anifeedsci.2022.115250

	Metabolomics-guided identification of compounds with antibacterial and antioxidant activities from Polygonatum sibiricum-derived endophytic fungi
	Abstract 
	Background 
	Results 
	Conclusions 

	1 Background
	2 Methods
	2.1 Plant collection and isolation of endophytic fungi
	2.2 Morphological and molecular characterization of endophytic fungus
	2.3 Fermentation and extraction of secondary metabolites
	2.4 Test strains
	2.5 Antibacterial assay
	2.6 Determination of minimal inhibitory concentration (MIC) and minimum bactericidal concentration (MBC)
	2.7 Antioxidant assay
	2.8 Identification of secondary metabolites using GC–MS analysis
	2.9 Statistical analysis

	3 Results
	3.1 Identification of endophytes
	3.2 Preliminary antibacterial activity
	3.3 Determination of MIC and MBC
	3.4 Antioxidant activity
	3.5 GC–MS analyses of active crude extract

	4 Discussion
	5 Conclusions
	Anchor 25
	Acknowledgements
	References


