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In this study, inhibitory effects of crude silk produced 
by 5th larval instar of moth Plodia interpunctella, as 
well as ethanol, acetone, ethyl acetate, hexane and 
dichloromethane silk extracts were evaluated against 
18 bacterial strains (ATCC strains/isolates) and 6 fun-
gal ATCC strains in vitro. Among the tested extracts, 
the acetone silk extract had the highest activity 
against Gram-negative bacteria, while all the extracts 
showed moderate to high activity against Gram-
positive bacteria and fungi. The dilution of 1/2, 1/4 of 
stock samples showed higher microbial activity. The 
crude silk was not bioactive. This is the first report on 
antimicrobial activity of different extracts of silk of  
P. interpunctella larvae. These results open new ave-
nues for future research in using this major storage 
insect pest in biomedical applications. 
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MICROORGANISMS are well accommodated to different 
environmental stress conditions owing to numerous adap-
tive mechanisms. The number of resistant or less suscept-
ible bacteria to antimicrobial agents is ever-growing, 
causing difficulties in the eradication of bacterial infec-
tions or control of foodborne pathogenic bacteria1. Besides, 
opportunistic infections caused by pathogen Candida  
albicans or mould infections caused by Aspergillus sp. 
are frequent2. Faced with these problems, the search for 
new antimicrobial agents has been intensified in the last 
decades and the naturally occurring compounds isolated 
from bacteria, fungi, lichens, and plants have been inten-
sively studied, resulting in the identification of numerous 
bioactive compounds3–6. However, the chemical com-
pounds produced by insects are still poorly understood 
and they certainly deserve further studies7. 
 Silk is a natural, water-insoluble material constructed 
from fibres, with an important role in the survival and 
protection of its animal producers (not only spiders or 
silkworm)8–10. Larvae of different insect species, mostly 
from orders Hymenoptera, Trichoptera and Lepidoptera, 
possess the ability to spin silk fibres for building the  
cocoons during pupation11,12. Insect silks are under grow-
ing research interest due to special characteristics of con-
stituent fibres, particularly their exceptional strength, 

elasticity and tenacity, as well as biodegradability11,13. 
Moreover, it is known that insects and their products are 
being used in folk medicine14–16. The silk of silkmoth 
Bombyx mori pupae is perhaps the most studied. The re-
cent studies confirmed its antibacterial properties17. The 
silkworm pupae extract has a very complex chemical 
composition containing compounds such as insulin-like 
heterodimeric peptide – bombyxin, omega-3 fatty acids, 
different amino acids, vitamin B2, etc. and is useful in 
antioxidant, anti-ageing cosmetic preparations and sup-
plements18. Besides, ethanol extract of silkworm pupae in 
one in vivo experiment on mice, injected with the alcohol, 
increased the activity of alcohol dehydrogenase and  
increase alcohol detoxification18. Modern scientific tech-
niques provided more knowledge on insect silks produc-
tion, their chemical characteristics, and properties, which 
led to the use of these materials in tissue engineering, 
producing of silk hydrogel for the treatment of breast 
cancer, manufacturing of silk biomaterials for the treat-
ment of the infections, etc.8. 
 Indian meal moth, Plodia interpunctella (Hübner, 
1813) (Lepidoptera: Pyralidae), a notorious worldwide 
distributed pest in animal and human food storages, pro-
duces silk webs. Its larval stages inflict most damage – 
not only by feeding on different substrates, such as cereal 
grain, flour, dried fruits and vegetables, spices, tea, nuts, 
bird food, dry feed, chocolate, etc.19–21, but also by con-
taminating the substrate with excrements and exuviae. 
Additionally, larvae continuously spin a silk net, both  
inside and on the top of the food surface22. 
 While producing the silk by labial glands, P. inter-
punctella larvae incorporate their excreta which consists 
a variety of chemical compounds, which presents the lar-
val defence system, i.e. possess potential antimicrobial 
activity and represent the possible source of new antimi-
crobial compounds for use in biomedicine. The prelimi-
nary research conducted on silken web antimicrobial 
activity in our laboratories gave some confirmative re-
sults23. Recently, Milutinović et al.24 provide significant 
information about P. interpunctella 5th instar larval silk 
extracts (with DMSO and Trypsin) as a potential bioma-
terial usable as a substrate for growing normal human  
fibroblasts MRC-5. Moreover, tested extracts possess cer-
tain anticancer properties against tested HCT-116 colo-
rectal carcinoma cells24. 
 The aims of this study were to extract different bioac-
tive compounds of silk of P. interpunctella larvae in sol-
vents of different polarity (ethanol, acetone, ethyl acetate, 
hexane and dichloromethane) and evaluate the antimi-
crobial effect of these silk extracts as well as the crude 
silk against 18 bacterial strains (ATCC strains/isolates) 
and 6 fungal ATCC strains in vitro. In this study, the  
antimicrobial potential of extracts of P. interpunctella 
silk was further tested. 
 A total of 50 P. interpunctella 5th instar larvae were 
placed in each of 50 dry, sterile, glass Petri dishes (10 cm 
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in diameter) for silk production. During the 48 h, larvae 
freely produced the silken web attaching it to the inner 
surface of the Petri dishes in laboratory conditions, at 
24 ± 3°C, relative humidity 60 ± 10% and 14 : 10 (L : D) 
photoperiod. After that, larvae were removed from the 
Petri dishes and substituted by new 50 larvae which con-
tinue the silk production. Before the transfer of fresh  
larvae into Petri dishes, all visible impurities were  
removed from the silk by fine brush. This procedure was 
repeated five times to collect high-quality silk for further 
experiments. Used larvae originated from Central Serbia 
P. interpunctella population which were grown for ~50 
generations on standard laboratory diet for P. interpunc-
tella in the Laboratory of General and Applied Entomo-
logy at Faculty of Science, University of Kragujevac, in 
thermostat chamber, at 28 ± 1°C, relative humidity 
60 ± 10% and 14 : 10 (L : D) photoperiod25. The collected 
silk was extracted and experimentally analysed in Micro-
biological Laboratory, Faculty of Science, University of 
Kragujevac, Serbia. 
 The silk was extracted by maceration. In 100 ml of the 
each of solvents (ethanol, acetone, ethyl acetate, hexane 
and dichloromethane), 1 g of shredded silk was added.  
 
 
 

Table 1. Test microorganisms 

Bacteria Reference strains 
 

Staphylococcus aureus ATCC 25923 
Bacillus subtilis ATCC 6633 
Escherichia coli ATCC 25922 
 
Strains isolated from human material 
 Staphylococcus aureus LM48 Pyogenic infection 
 Staphylococcus aureus LM65 Skin 
 Enterococcus spp. LM41 Urine 
 Escherichia coli LM56 Wound 
 Escherichia coli LM31 Urine 
 Proteus mirabilis LM46 Pyogenic infection 
 Klebsiella pneumoniae LM50 Urine 
 Pseudomonas aeruginosa LM58 Wound 
 
Strains isolated from food 
  Escherichia coli O157 LM1 Cheese 
 Klebsiella oxytoca LM14 Cheese 
 Proteus spp. LM74 Raw meat 
 Salmonella enterica LM24 Egg 
 Salmonella typhimurium LM25 Egg 
 
Strains of environmental origin 
  Bacillus subtilis LM54 Air sample 
 Micrococcus luteus LM55 Air sample 
 
Fungi 
 Candida albicans ATCC 10231 
 Aspergillus niger ATCC 16888 
 Aspergillus flavus ATCC 9170 
 Aspergillus fumigatus ATCC 204305 
 Penicillium italicum ATCC 10454 
 Penicillium chrysogenum ATCC 24791 

After 72 h of extraction, the samples (silk + solvent) were 
concentrated to solvent-free (dry) product, i.e. solvents 
were removed by vacuum-evaporation at 40°C. The stock 
samples for experiments were prepared by suspending 
150 mg of extracted silk in 3 ml of 10% DMSO. 10% 
DMSO was prepared into liquid nutritive media. The con-
trol set confirmed that 10% of DMSO had no negative 
impact on the growth of microorganisms. Besides, in  
experiments, because of serial two-fold dilutions of sam-
ples, the 10% DMSO was additionally diluted (≤5% 
DMSO). 
 Antimicrobial activity was evaluated against 18 bac-
terial strains (ATCC strains and isolates) and 6 fungal 
ATCC strains (Table 1). The bacterial isolates were ob-
tained from the Institute of Public Health, Kragujevac, 
Serbia. The bacterial ATCC strains and isolates were kept 
in a 20% glycerol/medium stock at –80°C and fungal 
strains in paraffin oil/medium stock at 4°C for further 
use. The bacterial strains were subcultured on nutrient 
agar (Torlak, Serbia) and fungal strains on Sabouraud 
dextrose agar (Torlak, Serbia), twice, before the experi-
ments. 
 The inoculums were prepared in sterile physiological 
saline by the direct colony suspension method26,27. The 
density of the inoculums was determined using a McFar-
land densitometer (BioSan, Latvia). For standardization 
of bacterial inoculums and the inoculum of yeast, 0.5 
McFarland standard was used which indicated the density 
of a bacterial suspension of 1–2 × 108 colony forming 
units (CFU)/ml and yeast suspension of 1–5 × 106 
cells/ml. The initial inoculums were further diluted in  
sterile saline to give a bacterial count of 1 × 106 CFU/ml 
and 1 × 104 cell/ml of yeast. The spore suspensions of  
filamentous fungi were prepared by collecting spores 
from the slant agar directly in sterile physiological saline 
and then diluted at the ratio of 1 : 1000. 
 Antimicrobial activity of silk extracts was tested using 
the microdilution method26,27. The stock samples were 
prepared by suspending 150 mg of extracted silk in 3 ml 
of 10% DMSO. In the 96-well microtiter plates (Sarstedt, 
Germany), a series of double dilutions of the stock sam-
ples in the range from 2–1 to 2–6 (1/2 to 1/64) were prepared 
in Mueller–Hinton broth (Torlak, Serbia) for bacteria and 
Sabouraud dextrose broth (Torlak, Serbia) for fungi.  
The total volume in the wells was 100 μl. 10 μl of  
each bacterial and fungal inoculum was inoculated into 
appropriated wells and incubated at 37°C/24 h for bacte-
ria and yeast and at 28°C/72 h for filamentous fungi.  
After the incubation, the bacterial growth was detected 
spectrophotometrically, measuring the absorbance of an 
inoculated medium at a wavelength of 630 nm using a 
microtiter plate reader (RT-2100C, Rayto, China). The 
control wells containing medium alone and me-
dium + extract were included in the analysis to serve as 
blanks. The growth of filamentous fungi and yeast was 
visually observed. 
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Figure 1. Effect of ethanol (EtOH), acetone (AcOH), ethyl acetate (EtOAc), hexane (Hex) and dichlormethane (DCM) silk extracts on growth of 
Gram-positive bacteria. 
 

 
 Antibacterial activity was defined as the percentage of 
growth inhibition and was calculated according to the  
equation28 
 

 % of growth inhibition  × 100,c s

c

A A
A
−

=   

 
where Ac is the absorbance of the growth control (bacteria + 
medium) and As is the absorbance of a sample. 
 Antibacterial activity of crude silk was assayed by 
mixing 20 mg of silk and 2 ml of liquid nutrient medium, 
Mueller–Hinton broth (Torlak, Serbia). The medium was 
inoculated with 100 μl of a given bacterium (1 × 106 
CFU/ml). After the incubation at 37°C/24 h, the absorbance 
of the tested samples was monitored at a wavelength of 
630 nm. The inhibitory effect of crude silk on bacterial 
growth was determined by comparing the sample absor-
bance data with the absorbance data of growth control. 
 The results of the antibacterial activity of ethanol, ace-
tone, ethyl acetate, hexane and dichloromethane extracts 

of silk of P. interpunctella larvae against a panel of 
Gram-negative and Gram-positive bacterial strains are 
shown in Figures 1 and 2. Serial two-fold dilutions (2–1 to 
2–6) of a stock sample (150 mg of extracted silk sus-
pended in 3 ml of 10% DMSO) were tested. The activity 
depended on the type of extract, the tested dilution of 
stock sample, and bacterial strains. It was expected that 
using the solvents of different polarities, will result in the 
isolation of different groups of silk compounds, which 
will influence the activity of the extract. Among the 
tested silk extracts, acetone extract exhibited the highest 
activity, followed by the ethyl acetate, hexane, dichloro-
methane, and ethanol extract against Gram-negative bac-
teria. On the other side, the tested silk extracts showed 
significant activity against Gram-positive bacteria. In 
general, Gram-positive bacteria were more susceptible to 
the tested extracts than Gram-negative bacteria. 
 Strains of Staphylococcus aureus ATCC 25923, Bacil-
lus subtilis ATCC 6633, and Micrococcus luteus LM55 
showed the highest sensitivity to the extracts. The growth 
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Figure 2. Effect of ethanol (EtOH), acetone (AcOH), ethyl acetate (EtOAc), hexane (Hex) and dichlormethane (DCM) silk extracts on growth of 
Gram-negative bacteria. 
 
of S. aureus ATCC 25923, at 2–1 dilution, was 100% 
inhibited with ethanol extract, 99% with acetone extract, 
and 95% with ethyl acetate extract (Figure 1). Concerning 
the mentioned strain, S. aureus LM48 and S. aureus 
LM65 showed lower sensitivity to the tested extracts. The 
highest percentage of growth inhibition was noticed at 2–1 
dilution of all tested extracts and it was in a range of 50–
94% for S. aureus LM48 and from 29% to 81% for S. au-
reus LM65 (Figure 1). Growth of B. subtilis ATCC 6633 
and B. subtilis LM54 was inhibited by all tested  
extracts (Figure 1). Regarding M. luteus LM55, acetone, 
ethyl acetate and dichloromethane extracts were active at 

all tested dilutions. Against Enterococcus spp. LM41, 
ethanol, acetone, ethyl acetate and dichloromethane  
extracts acted at a range of 2–1–2–3 dilutions and the per-
centage of inhibition was up to 89%. The greatest activity 
was exhibited by the acetone extract (Figure 1). 
 Among the Gram-negative bacteria, the most sensitive 
were strains of S. typhimurium LM25, K. oxytoca LM14, 
and K. pneumoniae LM50. The growth of S. typhimurium 
LM25 was, in the highest percentage (96), inhibited by 
the acetone extract. The other extracts also exhibited sig-
nificant activity at different concentrations (Figure 2). On 
the other hand, only 2–1 dilution of tested silk extracts 
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Table 2. Antifungal activity of silk extracts 

 Ethanol Acetone Ethyl acetate Hexane Dichlormethane 
Species extract extract extract extract extract 
 

Candida albicans ATCC10231 1/2 1/2 1/2 1/2 1/2 
Aspergillus niger ATCC 16404 1/2 1/2 1/2 1/2 1/2 
Aspergillus flavus ATCC 9170 1/4 1/4 1/4 1/4 1/4 
Aspergillus fumigatus ATCC 204305 1/4 1/4 1/4 1/4 1/4 
Penicillium italicum ATCC 10454 1/4 1/8 1/4 1/4 1/4 
Penicillium chrysogenum ATCC 24791  1/8 1/8 1/8 1/8 1/8 

Data present dilutions of tested extract which inhibit the growth. 
 
showed significant activity against S. enterica LM24 
(Figure 2). K. oxytoca LM14 was sensitive to almost all 
extracts in all tested dilutions. The tested silk extracts  
exhibited an inhibitory effect in the range of 26–98% 
(Figure 2). The growth of K. pneumoniae LM50 was  
inhibited by the acetone silk extract (76% of inhibition) 
(Figure 2). Double and four-fold dilutions of the silk  
extracts prevented the growth of P. aeruginosa LM58, 
Proteus spp. LM74, P. mirabilis LM46, four strains of E. 
coli and E. coli ATCC 25922 up to 97%. For the other 
tested dilutions (2–3–2–6), low per cent of growth inhibi-
tion (0–11%) was noticed (Figure 2). 
 The crude silk did not show inhibitory effects on bac-
terial growth (data not shown). 
 The results of the antifungal activity of ethanol, ace-
tone, ethyl acetate, hexane and dichloromethane extracts 
of silk of P. interpunctella larvae against 6 tested fungal 
strains are shown in Table 2. The extracts were active in 
2–1–2–3 dilution range. The most sensitive species were  
P. chrysogenum ATCC 24791 and P. italicum ATCC 
10454, moderate sensitivity was shown by А. flavus 
ATCC 9170 and А. fumigatus ATCC 204305, while C. 
albicans ATCC 10231 and А. niger ATCC 16404 were 
the most tolerant. 
 In this study, the antimicrobial (antibacterial and anti-
fungal) activity of P. interpunctella silk extracts and 
crude silk were evaluated. This species is well known as 
a pest of stored food. Because of its huge economic  
importance, several research efforts about this insect pest 
are focused on better understanding its biology and eco-
logy, with the aim to find the possible solution for con-
trol, elimination, and reduction of major economic 
damages caused by it19–21. It is known that the larvae 
form a cocoon of silk which has a protective role during 
the pupation22. In the silk web, the larvae incorporate dif-
ferent chemical compounds that could express different 
biological activities, including antimicrobial one. Accord-
ing to literature, this is the first report on testing of anti-
microbial activity of ethanol, acetone, ethyl acetate, 
hexane and dichloromethane silk extracts as well as crude 
silk against a panel of bacterial and fungal strains. This 
research is a continuation of our earlier, pioneer research 
conducted a few years ago23, where P. interpunctella ace-
tone silk extract was tested against 20 microorganisms 
(10 bacterial strains and 10 fungal strains) resulting in 

different bioactivity. The best results were observed 
against bacteria of the genus Bacillus, followed by Sta-
phylococcus aureus ATCC 25923 and a clinical isolate  
of S. aureus, while among fungi, the best results were  
observed against Rhodotorula sp. and Penicillium chry-
sogenum23. 
 The inhibitory effect of silk extracts on different  
human pathogenic bacteria and fungi, as well as contami-
nants of food, is confirmed. The extracts of silk in five 
solvents showed different intensity of activity. The ace-
tone extract was the most active, which means that cer-
tain bioactive compounds of silk, soluble in acetone, 
possess antimicrobial properties. The results showed that 
Gram-positive bacteria were more sensitive than Gram-
negative bacteria (compare Figures 1 and 2). This is 
probably because of the complex structure of the cell wall 
of Gram-negative bacteria which consists of peptidogly   
can layer and lipopolysaccharide–phospholipid layer – 
an outer membrane which can prevent diffusion of   
chemical compounds29. Significantly, the silk extracts 
exhibited activity against foodborne bacteria – S. typhi-
murium LM25, S. enterica LM24, and K. oxytoca LM14, 
as well as against some pathogenic strains K. pneumoniae 
LM50, P. aeruginosa LM58, P. mirabilis LM46 and S. 
aureus LM48. 
 The silk extracts inhibited the growth of the tested fungi. 
The most sensitive were species of the genus Penicillium 
(P. italicum and P. chrysogenum) – common contami-
nants of the food, which is similar to results obtained  
by Vasić et al.23. In that study, the acetone extract of  
P. interpunctella silk have been tested and it was found 
that from 10 fungal strains, five strains did not react. As-
pergillus flavus, A. niger ATCC 16404, Candida albicans 
ATCC 10231, C. albicans (clinical isolate) and Saccha-
romyces boulardii, did not react, whereas Rhodotorula 
sp. and Penicillium chrysogenum expressed very high 
sensitivity, while P. italicum, Trichoderma viride and  
Botrytis cinerea expressed moderate sensitivity. 
 The literature search resulted in not finding similar  
researches on antimicrobial effects of the P. interpunctella 
silk extracts, making it difficult to discuss the results. 
 The results obtained in this study open a new approach 
for the control of pathogenic and foodborne microorgan-
isms and potential application of insect metabolites as  
antimicrobial agents. The next steps will be oriented to 
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the chemical determination of active substances and addi-
tional biological experiments with P. interpunctella silk, 
so that after collecting as much knowledge as possible, 
the silk produced by these food pests can be used in the 
industry of biomaterials, or as protective medicinal  
material for humans. 
 The chemical compounds produced by insects are con-
sidered to be a promising treasure for new bioactive com-
pounds whose investigation should be of great scientific 
and practical interest. Different extracts were prepared in 
order to isolate different silk compounds. The intensities 
of the antimicrobial activity of the compounds extracted 
from this silk were varying. Among the 18 tested bacteri-
al and fungal strains, half of them, both pathogenic and 
foodborne were the most sensitive. The acetone extract 
was the most promising for further research. 
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