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ABSTRACT 
 

The entomopathogenic fungus (EPF) Beauveria bassiana is commercially used as a microbial 

insecticide against agricultural pests. Some strains of B. bassiana protect crops from pathogens. B. 

bassiana produces bioactive secondary metabolites (SMs) with potential applications. The present 

study aims to monitor the growth and behaviour of B. bassiana in different growth media and the 

effect of different growth media on the production of SMs. The fungal culture was recultivated and 

then inoculated in broth and agar growth media to perform this study. After 12 days of incubation of 

B. bassiana in potato dextrose broth (PDB) and a specific medium at temperatures between 28 - 30℃, 

SMs were extracted from broth cultures using liquid-liquid extraction. To harvest the SMs, the broth 

media of each culture was extracted using ethyl acetate. After the evaporation of the ethyl acetate 

using a rotary evaporator, the crude extracts were obtained. The crude extracts were then subjected 

to 1H-NMR and 2D HSQC analysis using a 600 MHz NMR spectrometer to monitor the presence of 

different SMs in the crude extracts. The analysis revealed that different types of SMs were produced 

by B. bassiana under different media and conditions. However, some SMs were detected in the 1H-

NMR spectrum of the PDB extract that was completely absent in specific Fingal medium, further 

confirmed by the 2D HSQC experiment. In conclusion, this study revealed that modifying the media 

constituents and conditions, such as variable temperatures, could produce different SMs, as predicted 

by the NMR analysis. 
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1.0 Introduction 

 

     Entomopathogens are a unique 

subgroup of fungi that control insects, 

mainly belonging to the Hypocreales order. 

Beauveria bassiana is an example of an 

entomopathogenic fungus that is 

commercially available as a pesticide in 

many countries worldwide (1-3). There 

are over 40 known genera of 

entomopathogenic species. One 

recognizable species is Beauveria sp. (3). 

There are 6 identified species of Beauveria 

fungi, which are Beauveria bassiana, 

Beauveria brongniartii, Beauveria velata, 

Beauveria amorpha, Beauveria 

vermiconia, and Beauveria caledonica, 

based on the research of Gottel et al (2015). 

These species are distinguished from other 

fungi by their physical traits (4,5).  

     Beauveria bassiana is an endophytic 

fungus that can protect plants from 

pathogens without causing harm (6). B. 

bassiana is already commercially 

available as an insecticide or pesticide in 

numerous countries worldwide (3). This is 

due to its ability to produce bioactive 

secondary metabolites (SMs) (7). 

According to reported studies, Beauveria 

sp produces volatile organic compounds 

as its primary SMs, followed by alkaloids, 

non-peptide pigments, non-ribosomally 

synthesized cyclopeptides, cyclopeptides, 

and others (5).  

     B. bassiana produces alkaloids, 

including 2-pyridine derivatives like 

tennelin, bassianin, pyridovericin, 

pyridomacrolidin, and a red pigment 

called oosporein. It also produces non-

ribosomally synthesized peptides such as 

bassianolides and beauveriolides. B. 

bassiana can secrete metabolites like 

lectin and oxalic acid, which may play a 

role in pathogenesis and virulence factors 

(Fig. 1 & Fig. 2) (6).  

B. bassiana is a fungus that appears as 

a white mold when cultured. It produces 

many dry and powdery conidia in unique 

white spore balls on most standard 

cultured medium. The ideal temperature 

for the germination of B. bassiana conidia 

is between 20°C and 30°C, although it can 

range from 0°C to 40°C. The growth      

medium and incubation conditions greatly 

influence the formation of SMs in B. 

bassiana. 

 
 

 
 

Figure 1: Chemical structures of S-(-)-10,11-

dihydroxyfarnesic acid methyl ester (I),  
tennelin (II), bassianin (III), pyridovericin 

(IV), pyridomacrolidin (V) and oosporein (VI). 

 

 
Figure 2: Chemical structures of beauvericin 

(VII), bassianolide (VIII) and beauveriolides 

(IX & X). 
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This is because the ideal medium for one 

fungus may not be effective for another. 

Different pigment colours are produced 

based on the nutrients in the culture media, 

as stated by Kulandaisamy-venal in 2009 

and supported by various sources, 

including Schaerffenberg (2007), Hall 

(2011), and Benz (2015) (8,9). 

     Metabolomics deals with the whole 

ensemble of metabolites (the metabolome). 

It is a holistic approach to studying 

systematic metabolic changes in 

biospecimens such as cells, tissue, organs, 

or organisms (10.11). Metabolomics 

monitors the global outcome of all 

exogenous and endogenous factors 

without making assumptions about the 

effect of any single contribution to that 

outcome. NMR spectroscopy offers the 

unique potential to screen hundreds of 

metabolites holistically. NMR-based 

metabolomics has emerged as a reliable 

high-throughput analytical technique 

extensively applied to nearly every 

scientific field (12-15). This study utilised 

600 MHz NMR spectrometer Bruker 

Avance III and an untargeted approach to 

analyze a range of metabolites produced 

by B. bassiana. The objective was to 

investigate the SMs produced by B. 

bassiana in different media and conditions 

using metabolic profiling and 1H-NMR. 

The research aimed to explore whether 

different conditions and media can alter 

the production of SMs. The findings will 

benefit future researchers looking to 

obtain specific metabolites of interest 

produced by B. bassiana from particular 

media or conditions. 

 

2.0 Materials and methods 

 

2.1 Fungal culture cultivation  

 

     The Beauveria bassiana fungal culture 

that had already been grown in potato 

dextrose agar (PDA) was obtained from 

the Microbial Metabolite II Laboratory of 

Atta ur-Rahman Institute for Natural 

Discovery Product (Aurins), UiTM 

Puncak Alam. Before being inoculated in 

the media, the Beauveria bassiana culture 

was recultivated again in PDA (Fig. 3).  

 

 
Figure 3: Fungal culture of Beauveria 

bassiana on PDA. 

 

2.2 Growth media preparation 

 

     After 5 days, two broth media were 

prepared. The media used were PDB and 

a specific medium. The specific media 

contains glucose (20g), peptone (10g), 

KH2PO4 (10g), yeast extract (10g), NaCl 

(10g) and glycerol (10mL) into 1 litre (1L) 

distilled water. All the constituents were 

dissolved in 1L water and distributed into 

5 flasks of 250mL Erlenmeyer flask for 

each broth. Three mycelial plugs (0.8 cm 

diameter) were taken from 5-day-old 

fungal cultures of Beauveria bassiana 

culture and were then inoculated into the 

broth media. The media were left in the 

incubator for 12 days at temperatures 

between 28 to 30°C. This experiment was 

performed in 5 replicates. 

 

2.3 Liquid-liquid extraction 

 

     After a 12-day incubation period, the 

broth from each culture was filtered and 

prepared for extraction. The extraction 

method used for this current research was 

liquid-liquid extraction, where ethyl 
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acetate was used as the extraction solvent. 

A rotary evaporator evaporated the ethyl 

acetate to obtain organic crude extracts. 

The crude extracts were then dissolved in 

acetone and transferred into a vial for 

NMR analysis. 

 

2.4 NMR analysis and data collection 

 

     1H-NMR and 2D heteronuclear single 

quantum coherence (HSQC) analysis were 

carried out for preliminary screening or 

identification of SMs to compare the 

production of SMs in different culture 

media. 

 

2.5 NMR Data analysis and secondary 

metabolites identification 

 

     The NMR spectra were run in 

deuterated methanol using 600 MHz NMR 

spectrometer Bruker Avance III, Topspin 

3.1 has been used for NMR experiments, 

and MestReNova version 15 was used for 

processing and plotting the 1H-NMR and 

2D HSQC spectra of each extract for 

detection of a pool of SMs produced by B. 

bassiana in two different media and 

conditions.  

 

3.0 Results and Discussion 

 

     The 1H-NMR spectrum shown in Fig. 4 

exhibited the SMs produced by Beauveria 

bassiana cultivated in the PDB culture 

media. Some of the chemical classes 

predicted through 1H-NMR analysis 

include organic acids, quinine, 2-pyridone 

alkaloid, unsaturated fatty acids, sugar 

alcohols, terpenes, polyketides and fatty 

acid chains. The first SMs class detected 

in the spectrum is the fatty acids chain, 

which was found between δ 1.25 to 1.5. 

Next, polyketides were also detected 

through the 1H-NMR spectrum at a 

frequency between δ 3.4 to 3.7. Other than 

that, terpenes were detected in frequency 

between δ 3.8 to 3.9. In addition, sugar 

alcohols were detected between the 

frequency range of δ 4.5 to 4.6. 

Meanwhile, unsaturated fatty acids were 

detected at around δ 5.2 to 5.65. 

Moreover, 2-pyridone alkaloids were also 

detected in the spectrum in frequency 

ranges between δ 6.25 to 7.5. In the 

frequencies δ 8.35 to 8.5, quinine was 

detected.  

     Lastly, organic acids were detected in 

frequency ranges between δ 9.55 and 9.25. 

This indicated that this structure possesses 

a high electronegativity charge, making it 

the furthest from TMS. The 1H-NMR 

spectrum shown in Fig.5 exhibited few 

SMs produced by B. bassiana cultivated in 

the specific medium. The secondary 

metabolite chemical classes identified 

through the 1H-NMR spectrum were fatty 

acid chains resonated between δ 0.9 to 1.0. 

In addition to that, polyketides were also 

identified between δ 1.3 and 1.4. The 

frequency ranging from δ 2.0 to 2.5 

indicated for terpenes. On the other hand, 

resonances at the downfield region ranges 

between δ 3.8 to 3.5 confirmed the 

presence of alcohols. Lastly, oosporein, a 

dibenzoquinone fungal toxic secondary 

metabolite, was also indicated between δ 

6.9 to 7.5 

     Based on the stacked 1H-NMR spectra 

(Fig. 6) analysis, some SMs produced by 

B. bassiana cultivated in both media 

cultures overlapped, while others were not 

matched. The chemical classes of 

metabolites identified in both media are 

terpenes, polyketides, and fatty acid 

chains. Meanwhile, oosporein is also 

identified in a specific medium, not the 

PDB. However, organic acid, quinine, 2-

pyridone alkaloid, unsaturated fatty acid 

and sugar alcohol were found in the PDB 

but not in the specific medium. It can be 

concluded that about 70% of the SMs 

produced in each fungal medium are 

different, while the rest were the same. 

The HSQC spectrum shown in Fig. 7 

& 8 depicted the chemical shifts of 1H   
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Figure 4: 1HNMR spectrum of crude extract obtained from B. bassiana incubated in PDB growth 

media. 

 

 
Figure 5: 1HNMR spectra of crude extract obtained from B. bassiana incubated in specific growth 

media.  

 

 
Figure 6: Stack of 1H NMR spectra of both extracts. 
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Figure 7: 2D HSQC spectrum of crude extracts obtained from PDB growth media. 

 

 
Figure 8: 2D HSQC spectrum of crude extracts obtained from a specific growth media.  
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and X-nuclei directly bonded to each other 

and was used to validate further the chemical 

entities identified through 1H NMR spectra. 

From the 2D HSQC spectrum of PDB extract, 

the first compound detected shows the δ 0.96 

proton correlates with δ 10.52 carbon. While 

in the specific medium, δ 1.90 protons 

correlated with δ 6.31 carbon. 

     B. bassiana cultivated in PDB culture 

media produced organic acids, quinine, 2-

pyridone alkaloid, unsaturated fatty acid, 

sugar alcohols, terpenes, polyketides and 

fatty acid chains. A specific medium 

comprising glucose, peptone, KH2PO4, yeast 

extract, NaCl and glycerol produces 

oosporein, alcohols, terpenes, polyketides 

and fatty acid chains. Further confirmation of 

the production of SMs was confirmed through 

2D HSQC experiments. The reported 

literature also supported the production of 

oosporein, quinine and 2-pyridone alkaloids 

by B. bassiana (16-18).  

 

4.0 Conclusion 

 

     Our study focused on the impact of 

different growth media and conditions on 

Beauveria bassiana, a fungus known for its 

potential as a biocontrol agent. We observed 

significant variations in the fungus's growth 

and behaviour across the tested culture media. 

Furthermore, 1H-NMR spectroscopy 

revealed the production of distinct SMs in 

each fungal medium. These findings were 

further confirmed through HSQC 

spectroscopy, a technique that provides 

detailed information about the molecular 

structure of the identified metabolites. 

     This research highlights a crucial link 

between the composition and conditions of 

the growth media and the behaviour and 

metabolic profile of B. bassiana. It also 

reveals that manipulating the culture 

composition can be a powerful tool for 

optimizing the growth, behaviour, and 

production of certain SMs. 
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