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1. Introduction

The linseed or flaxseed belongs to the family “Linaceae”. 
Currently, linseed fiber is used for making high grade 
writing paper, cigarette paper, and currency paper 
(Goyal  et  al., 2014). The most common constituent of 
Linum ustitatissimum is omega 3 fatty acids or (α-linolenic 
acid) ALA (Silva Stefani et al., 2019). Moreover, it contains 
about 30% proteins, (80% and 20% globulins and gluten 
respectively) (Arslanoğlu and Aytaç, 2020). Omega-3 
fatty acids are found to very effective in chronic ailments 
such as cardiac diseases, nephrological and urological 

disorders, diabetes mellitus, rheumatism and certain 
type of malignancies like prostate, breast and colonic 
(Dzuvor  et  al., 2018). Flaxseed also contains high-fat 
content, dietary fiber and protein but is poor in starch. It 
contains 30-41% fats, 20-35% dietary fiber, 20-30% protein, 
4-8% moisture, 3-4% ash and 1% simple sugars (Goyal et al., 
2014). The main component of flaxseeds is oil (36-40%).

Diabetes is one of the rapidly growing worldwide 
diseases and it imparts deteriorating effects on human 
health many comorbidities are associated with this 
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isolated and cultured from the wound bandages of the 
patients. The most prevalent microorganisms were E. coli, 
K. pneumonia, S. aureus, and P. aeruginosa. These cultures 
of these organisms were stored in microbiology lab for 
antimicrobial and minimal inhibitory concentration 
activities. The anti-biofilm activity was performed on the 
puss bandages of foot ulcers of diabetic patients by using 
Lu. Cr of different concentrations.

2.2. Preparation of linseed crude extract

The powdered form of Linum ustitatissimum (5 grams) 
was placed in a round bottom flask with 30 mL of 95% 
methanol and placed at room temperature for a week. 
This solution of linseeds was stirred frequently for a week 
and then filtrate was collected by Whatsman filter paper 
(Amin and Thakur, 2014).

2.3. Proximate analysis

Homogenized samples were used to analyze moisture 
content, protein content, fat content, ash content, and fiber 
content by the methods explained by (Shahid et al., 2020)

2.4. Disc diffusion susceptibility method

The antimicrobial activity of the methanolic extract of 
linseed was determined by disc diffusion susceptibility 
method. Different antibiotics (Penicillin (P) 10 µg Cefpirome 
(CPO) 30 µg Vanomycin (VA) 30 µg Amoxycillin (AMC) 
30 µg) were used and carefully placed on the agar plates. 
The plates were then placed in an incubator for 24 hours 
at 37 °C. Zone of inhibitions were developed against each 
antibiotic and the linseed extract (Alahmad et al., 2018).

2.5. Minimal Inhibitory Concentration (MIC)

Minimal Inhibitory concentration was measured by 
taking the plant crude extract in different concentrations 
on the agar plates. These plates were then incubated for 
24 hours in an incubator at 37 °C. The results were observed 
on the plates as a different zone of inhibitions against each 
microorganism (Shad et al., 2016).

2.6. Antibiofilm activity

The antibiofilm activity was demonstrated against the 
wounds of diabetic foot patients. The bandages of these 
patients were taken from different hospitals in Lahore. 
Mixed culture growth of different microorganisms was 
observed on these bandages and was taken on the 96 well 
microtiter plates. Dilutions (12.5 mg/mL, 25 mg/mL, and 
50 mg/mL) of the extract were also placed on these plates. 
These plates were incubated at 37 °C for 24 hours. The 
results were then observed on microtiter plate reader. 
(Al-Mathkhury et al., 2016).

3. Statistical Analysis

The results were evaluated by using one-way ANOVA 
and then followed by Tukey’s Test. The results were mainly 
considered significant (*) if p<0.05, (**) p<0.001, more 
significant (***) if p<0.0001.

debilitating disease. Most commonly diabetes causes 
nephropathy, neuropathy, cardiovascular disorders and 
diabetic foot (Yazdanpanah et al., 2015). About 15 to 25% 
of diabetic patients are affected by foot ulcers (Kasiewicz 
and Whitehead, 2017). Microorganisms that are involved in 
the diabetic foot ulcers are Gram-positive microorganisms 
Staphylococcus aureus (S. aureus), Enterococcus, and 
Gram-negative microorganisms Pseudomonas aeruginosa 
(P. aeruginosa), Escherichia coli (E. Coli), proteus species 
(Banu et al., 2015). If the foot ulcers were not treated on 
time they lead to blood and gangrene infections, therefore 
proper precautionary measures should be adopted to treat 
foot ulcers (Madmoli et al., 2019).

Multi-microbial communities i.e. all types of 
microorganisms (bacteria, fungi, yeast, algae, and protozoa) 
that are present in the same area and are attached to biotic 
and abiotic surfaces are biofilms (Araújo et al., 2004). Most 
of the human body infections are due to these biofilm 
formations. Some of the biofilms play important and 
functional roles like intestinal microbiota. Whereas the 
usual and persuaded process for the lessening of bacterial 
biomass through the reduction of biofilm formation 
(Miquel et al., 2016).

The present research work was carried out to identify 
the possible antimicrobial effect of methanolic extract of 
Linum ustitatissimum (Lu.Cr) on the biofilm of the bandages 
of diabetic foot.

2. Materials and Methods

For testing diverse media, selective reagents, standard 
chemicals, and antibiotic discs were used to check 
sensitivity of isolated strains. All chemicals used were of 
analytical grade (Merck Laboratory and American Sigma 
Laboratories). Chemicals used included; normal saline, 
oxidase reagent, catalase reagent, hand sanitizer, Gram 
staining reagents, etc. Fresh Flaxseeds were collected from 
the local market and air-dried in an oven at a temperature 
(40 °C). Dried seeds were ground to powder form and stored 
in tightly closed plastic bottles to avoid moisture content.

The bandage scraps were collected from the patients 
of 100 diabetic foot cases 55 males and 45 females. The 
average number of bandages were 10 from every patient 
after every 5 days and observed that they contain several 
microorganisms on them. The inclusion criteria were the 
patients of 40 to 55 years. The patient should be diabetic 
for 1-10 years and the age of diabetic foot ulcers should 
be 5-30 days. No antibiotic should be started yet. About 
35 percent of bandages showed no growth. Ethical approval 
of the study was obtained from the Comsats University 
Islamabad, Lahore Campus (Ethical approval number 
CIIT-20-112 dated 01-04-2020). Ethical approval was also 
obtained from the different institute/hospital from where 
the bandages were collected.

2.1. Microbial cultures

The bandages were collected from different hospitals 
and the puss present on the bandages were all together 
placed in petri dishes and identified microorganisms 
present on the bandages. The microorganisms were 
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4. Results

Proximate analysis showed that the methanolic extract 
of Linum ustitatissimum had moisture content of 8.3%, ash 
content 4.33%, crude protein 21.20%, crude fat 49.2%, and 
crude fiber 5.63% (Table 1). The results confirmed higher 
crude fat and crude protein content and low values of 
fiber, ash and moisture content.

4.1. Antimicrobial activity

Different zone of inhibitions was observed with different 
antibiotics and microbes. Revealing that it has significant 
effect on S. aureus and the least effect on K. pneumonia. It 
means that linseeds are effective against S. aureus while 
other microbes were not effective against linseed extract 
as shown in Figure 1.

4.2. Minimal inhibitory concentrations

The effect of the Li.Cr on different microorganisms 
by changing the concentration (10 to 120 mg/mL) was 
observed. The following results have shown that S aureus has 
the best results at a minimum concentration (120 mg/mL). 
S aureus inhibited the growth of microorganisms at the 
minimum concentration extract as shown in Figure 2.

4.3. Antibiofilm activity

These results showed the effect of pure linseed extract 
and its comparison with different concentrations to affect 
microorganisms (Table 2). It had observed that the Li.Cr 
has a great inhibitory effect on bacteria. S aureus gave 
the maximum inhibitory effect with a concentration of 
12.5 mg/mL and the mean value for it was 0.043 whereas 
the minimum effect was observed against K. pneumonia 
with a mean value of 0.00715 as shown in Figure 3.

5. Discussion

Seeds of Linum ustitatissimum are an excellent source 
of functional food ingredients i.e. moisture, ash, crude 
fat, crude protein and crude fiber. As Linseeds have a 
high fat and protein content, it helps in strengthening 

our immune system. Infectious diseases are caused by 
the microorganisms like bacteria fungus and viruses, 
these diseases are communicable and spread in the 
community (Nascimento  et  al., 2000; Badiger  et  al., 
2019; Naerender et al., 2016). Diabetic foot ulcers are a 
troublesome disease. Many diabetic patients suffer from this 
disease because of the microvasculature of the extremities 
and neuropathy. Due to hyperglycemia the diameter of 
the vasculature is significantly decreased and peripheral 
neuropathy causes the loss of sensation in the extremities 
especially in the feet. It mostly occurs in those patients who 
have uncontrolled diabetes mellitus (Fadzir et al., 2018). 
The present study explains the antimicrobial potential of 

Figure 1. Inhibitory effect of flaxseed extract on bacterial isolates. 
(A) E. coli, (B) S. aeureus (C) K. pneumonia. The results were mainly 
considered significant (*) if p<0.05, (**) p<0.001, more significant 
(***) if p<0.0001, while non-significance is denoted by “ns”. 

Table 1. Proximate composition of Linum ustitatissimum.

Factors Linum ustitatissimum Mean

Moisture (%) 8.6 8.3 8.0 8.3

Ash (%) 4 5 4 4.33

Protein (%) 19.28 21.89 22.44 21.20

Fat (%) 50.70 46.58 50.32 49.2

Fiber (%) 5.1 6.6 5.2 5.63

Table 2. Showing the prevalence of each bacteria in the observed bandages.

Number of 
patients

Number of 
bandages

No growth E. coli K. pneumonia S. aureus P. aeruginosa

106 1060 212 173 212 365 98
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Lu.Cr against the bacteria like E.coli, S. aureus, K. pneumonia. 
Antimicrobial activity was evaluated by measuring the 
diameter of zone of inhibition of different microbes. The 
maximum antimicrobial activity was observed against gram 

positive bacteria i.e. S. aureus. The antimicrobial profile of 
Lu.Cr against tested bacteria indicated E. coli, K. pneumonia 
was the most susceptible one. It has been observed that 
linseed have the antimicrobial activity against gram 
positive bacteria whereas they are less effective against 
gram negative bacteria (Fadzir et al., 2018; Gaafar et al., 
2013; Homman, 2018). Many experiments showed the 
antimicrobial effect of various microbes.

MIC is the lowest drug inhibitory concentration that 
prevents the growth of a microorganism after incubation 
of 24 hours (Shaban et al., 2020).

Bacteria that grow as biofilm encased in a self-produced 
matrix and protected from host defenses and often 
exhibited reduced antibiotic susceptibility contributing to 
the persistence of biofilm infections (Wang et al., 2009). 
Biofilm inhibition is considered a major drug target for 
the treatment of many bacterial infections (Sánchez et al., 
2016). The microorganisms were isolated in laboratory 
and concluded that they contain gram-positive and 
gram‑negative microorganisms. They were treated by 
using linseed extract. E. coli show low antibiofilm activity 
as compared to other microbes whereas S. aureus showed 
the best antibiofilm activity results (Bazargani and Rohloff, 
2016).

6. Conclusion

Anti-biofilm activity was observed against many 
microbes present on the bandages of diabetic foot ulcers. 
It was revealed that S. aureus showed the best results 
against Lu.Cr while E. coli had a minimum effect against 
extract. Finally, it is plausible to conclude that the linseed 
containing bandages could help to achieve more therapeutic 
killing effect against the topical Gram-positive bacteria.
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