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Abstract 

Pathogenic microorganisms are a major source of environmental concerns, according to their capability of prolif-

eration on all surfaces. Antimicrobial drugs of new types are now has been developed to inhibit bacteria adher-

ence and biofilm formation. However, they are generally of synthetic origin and have a lot of disadvantages. Nat-

ural biopolymers as cellulose, hemicellulose, and lignin, look interesting as antibacterial agents. Lignin, a com-

mon plant biopolymer, is known to have antioxidant activity. Nanoparticles have qualities that are either better or 

worse than their bulk materials or parent polymers. The objectives of this article are to recycle cotton stalks into 

environmentally friendly products by extracting lignin from two Egyptian cotton cultivars (by-products): Giza 86 

and Giza 90, using the organosolv technique, and transferring them into lignin nanoparticles. Also, to determine 

whether lignin and lignin nanoparticle bioactivities (i.e., antioxidant and antibacterial) may be used to treat tex-

tiles for medical applications against seven harmful bacteria (Staphylococcus aureus, Staphylococcus sciuri, Ba-

cillus cereus, Salmonella enterica, Salmonella typhi, Escherichia coli, and Pseudomonas aeruginosa) and five 

mycotoxigenic fungi (Aspergillus flavus, Aspergillus ochraceus, Aspergillus niger, Fusarium proliferatum, and 

Penicillium verrucosum). LNPs were studied using Particle Size Analyzer, Fourier Transformer Infrared Spec-

troscopy (FTIR), and transmission electron microscope (TEM). The results revealed that organosolv lignin nano-

particles 90 (OLNP90) had the strongest antioxidant effectiveness with an IC50 of 9.41 µg/mL whereas the min-

imum antioxidant activity for organosolv lignin nanoparticles 86 (OLNP86) was found with an IC50 of 11.66 

µg/mL.  On the other hand, treatment with lignin and lignin nanoparticles had a greater effect on bacteria than 

fungi. Penicillium verrucosum exhibited the greatest inhibition zone (15.5 mm) for OLNP86 with no significant 

differences with Nystatin (15.8 mm), while Salmonella typhi exhibited the greatest inhibition zone (14.7 mm) for 

OLNP86 in comparison of Tetracycline (25.4 mm). Similarly, the study of textiles treated with lignin and nano-

lignin showed a clear effect on bacteria and fungi under study, where Penicillium verrucosum exhibited the great-

est inhibition zone (30.7 mm), while Pseudomonas aeruginosa exhibited the greatest inhibition zone (36.3 mm) 

for OLNP86. As a result, the current study showed that OLNP's antioxidant and antimicrobial characteristics can 

be further utilized in medical textiles (surgical bandages, clothing, bed sheets, and towels), which can be used for 

patients with conditions such as diabetes, high blood pressure, and kidney failure who cannot tolerate antibiotics. 
Key words: cotton stalk; organosolv lignin; lignin nanoparticles; TEM; antioxidants; antimicrobial; textile   

1. Introduction 

The cotton stalk is the main agricultural by-

product of the cotton plant; it is postharvest trash left 

in the field after picking seed cotton [1]. Cotton stalk 

recycle possesses a lot of benefits, including 

environmental protection from GHG (greenhouse 

gases) and insecticides used to prevent pink 

bollworm (which were present during cotton stalk 

storage) [2]. Creating new jobs from uprooting to 

selling, instead of burning or disposing of it in a 

landfill, by turning it from worthless trash to high-

value materials like lignin [2,3]. The cotton stalk 

account for 68,000,000 Bone Dry Metric Tons 

globally [4].  Also, it produced 4.5 tonnes/ha in Egypt 
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in 2019/2020 [5]; hence the cotton stalk yield from 

238095 feddans planted of cotton was 1071482 

tonnes. The main constituents of cotton stalk are 

cellulose (69%), lignin (27%), and hemicellulose 

(14.4%)[3] . 

Lignin, the second most prevalent natural 

polymer, eco- cellulose and hemicellulose; it is made 

up of a propanoid chain and an aromatic ring with 

hydroxyl and methoxy functional groups, the 

solubility of lignin that has processed with 

organosolv has greatly improved [6]; The significant 

antioxidant activity of lignin is dependent on its 

solubility in the reaction system; Organosolv lignin 

has the highest free radical scavenging activity. Low 

antioxidant activity is caused by hydrogen bonding 

between phenolic hydroxyl groups of lignin and 

carbohydrates [7].  Lignin has always piqued 

researchers' curiosity as the second most widely 

distributed natural polymer after cellulose and a 

renewable resource. Lignin became a very intriguing 

topic for researchers and businesses as a result of this. 

However, because of its intricacy and unevenness, it 

has been impossible to determine its specific 

structure, as well as how it may be turned into a 

commonly used raw material, until now. Because of 

the significant changes in the native lignin structure 

that occur during the extraction process, lignin can 

primarily be categorised using separation methods. In 

comparison to other wood components like cellulose, 

lignin's chemistry and structure are poorly 

understood. Due to its many covalent connections, 

resistance to degradation, heterogeneous nature, lack 

of selective and convenient analysis methods, and 

lack of efficient isolation methods, knowledge of this 

complex biopolymer is still delayed [8,9] . 

Nanoparticles have recently gained a lot of 

attention because of their unusual physical and 

chemical properties, which differ from bulk materials 

and single atoms. Nature's nano-dimensionality has 

logically sparked interest in employing nanomaterials 

in the realm of polymers. When good filler dispersion 

is accomplished and the characteristics of the 

nanoscale filler are significantly different or better 

than those of the matrix, this method is highly useful 

in producing high-performance composites. The 

dispersion of nanoparticles inside a polymer matrix 

has been a major problem, limiting commercial 

applications [10,11]. The ultrasonicated lignin 

nanoparticles found by Gilca [8] have a consistent 

spherical form. In general, lignin spherical particles 

are regarded to have the lowest level of toxicity 

because ultrasonication does not cause structural or 

compositional changes in nanoparticles, and its nano 

state is completely biodegradable [9] . 

Lignin's antimicrobial activity is due to its 

phenolic fragments, which contain a C-C double 

bond in the alpha and beta positions of the side chain 

and a methyl group in the gamma position, which 

damage the cell membrane and cause bacterial lysis, 

resulting in the release of cell contents, whereas 

cinnamaldehyde has the ability to penetrate bacteria's 

cell membrane, resulting in the reduction of cell 

contents. [12,13]. Antimicrobial textiles can stop off 

bacteria's routes to prevent bacteria from growing on 

textiles, effectively avoiding pathogen contact with 

the human body and lowering the danger of human 

pathogens and cross-infection rates [14]. The 

reactions of ortho OCH3, -CH2, and aliphatic 

carbonyl groups with free radicals followed a proton-

coupled electron transfer mechanism, whereas the 

reactions of ether bonds in aliphatic side chains, 

carbohydrate impurities, and OCH3 groups in C9 unit 

followed a sequential proton loss electron transfer 

(SPLET) mechanism. Both techniques were used to 

create the conjugated systems. Lignin's antioxidant 

action is primarily determined by the generation of 

phenoxy radicals, which scavenge free radicals 

Lignin antioxidant activity is influenced by extraction 

procedures, source species, and structure [15]. Lignin 

can be used as a natural antioxidant in food, 

medicines, cosmetics, and industrial applications. 

Antimicrobial fabrics can obstruct bacteria's growth 

paths, successfully avoiding pathogen interaction 

with the human body and lowering as well as 

minimizing the risk of human pathogens and cross-

infection rates [14]. 

The main objective of the current study was to 

convert cotton plant stalks into lignin and lignin 

nanoparticles, then apply them to produce 

antimicrobial tissue (using 7 pathogenic bacteria and 

5 pathogenic fungi), as well as study their antioxidant 

activity. 

 

2. Materials and Methods 

2.1. Chemicals and Reagents 

All chemicals and reagents were obtained from 

Sigma chemical Co. (London, Lab. Poole), England 

(Cairo branch). The solvents were purified and re-

distilled before use. 

 

 

2.2. Raw Material 
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Two Egyptian cotton cultivars Giza 86 and Giza 

90 were planted in a field trial experiment at Giza 

Agricultural Research Station, Cotton Research Insti-

tute, Agricultural Research Center, Egypt. The cotton 

stalks were collected and preserved after cotton fiber 

harvisting . 

 

2.3. Cotton stalk samples preparation 

All laboratory work procedures were conducted in 

Cotton  Seed Technology and Natural Products  unit, 

Cotton  Chemistry and Textile  Fibers  Department, 

Cotton  Research  Institute, Agricultural  Research  

Center  (ARC), Giza,  Egypt. Cotton stalk from the 

two tested cultivars were dried on the land for two 

weeks before being chopped into splinters 2.5- 4 cm 

in length by then samples milled in a Hammer 

mill/Wood Crusher, using 0.4 mm screen, and finally, 

the milled samples were milled again by strong mix-

ture mill, thereafter the samples subjected to the 

analysis. 

 

2.4. Lignin extraction by organic acids (organosolv 

lignin) 

According to Watkins [16], the formic acid/acetic 

acid treatment process for lignin extraction from Giza 

86 cotton stalks (OL86) and Giza 90 cotton stalks 

(OL90)  began with pulping with 85 percent organic 

acid (ratio of formic acid/acetic acid mixture was 

70:30 by volume) and the fiber to liquid ratio of 1:8 

on a hot plate for 2 h. The fibers were washed in a 

mixture of 80 percent formic acid and hot distilled 

water. In a hot water bath at 80°C for 2 h, 8 mL 35 

percent H2O2 was added to an 85 percent formic ac-

id/acetic acid mixture. After that, they were filtered 

and rinsed with hot water. The lignin was precipitated 

by adding distilled water (5 times the volume of con-

centrated liquor) and filtering the resulting solution. 

Finally, distilled water was used to wash the precipi-

tated lignin before the vacuum drying over P2O5. 

 

2.5. Preparation of lignin nanoparticles  

Gilca [8] technique was used to produce lignin na-

noparticles of various sizes. The ultrasonic horn 

(Sonics & Materials VC600/CV17) was used to treat 

0.7 percent aqueous lignin suspensions for 60 

minutes at 600 W power and 20 kHz frequency, then 

the lignin nanoparticles were dried in mild conditions 

to form Giza 86 organosolv lignin nanoparticles 

(OLNP86) and Giza 90 organosolv lignin nanoparti-

cles (OLNP90). 

2.6. Lignin and lignin nanoparticles characteriza-

tion 

2.6.1. Zeta Potential and Particle Size 

 

Measurement of particle size of organosolv lignin 

(OL86 and OL90) and organosolv lignin nanoparti-

cles (OLNP86 and OLNP90) and nanoparticles zeta 

potential was executed by Zetasizer nano-series 

(Nano ZS) instrument, Malvern, UK Company This 

device allows the determination of the zeta potential 

range (mV) from -200 to 200 mV). In brief, the size 

was measured three times at 25°C / 90O scattering 

angle, with each measurement taking three minutes. 

Cumulative analysis was used to get the mean hydro-

dynamic diameter. The zeta potential measurements 

were carried out automatically with an aqueous dip 

cell. 

 

2.6.2. Transmission  Electron  Microscopy 

The morphological screening of lignin nanoparti-

cles was determined using a transmission electron 

microscope (JEM-1400, JEOL model) at Cairo Uni-

versity Research Park. Freshly prepared Ag-NPs 

were placed on a glow-discharged carbon grid and air 

dried for minutes. The shape and surface roughness 

of the nanostructured samples were then investigated 

using a TEM. 

 

2.6.3. Fourier Transform Infrared Spectroscopy 

(FTIR) 

All organosolv lignin and lignin nanoparticles 

samples were performed in the central authority for 

mineral wealth labs, Giza, Egypt. The samples were 

prepared by milling with anhydrous potassium bro-

mide (KBr) to form very fine powders. Then the 

powders were compressed into two thin pellets for 

analysis. The infrared spectra were recorded with a 

Fourier-transform infrared (FTIR) spectroscopy ana-

lyzer (Model JASCO FTIR-6100) within the scan-

ning range 4000–400 cm-1. The spectra were 

smoothed using 3 or 5 points and the baseline of 

spectra was corrected using the previously recorded 

spectra of the sample. 

 

2.7. Antioxidant activity of lignin and lignin 

nanoparticles 

DPPH radical scavenging performance of organo-

solv lignin and lignin nanoparticles was estimated 

according to [17] with slight modifications. (12.5μL, 

25μL, 50μL, 100μL) of the sample prepared respec-

tively. The volume was completed to 0.5 mL with 

methanol, and all the test tubes were vortexed well. 
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100μL from each bottle was taken into series of test 

tubes and performed the analysis in triplicates. 400μL 

of methanol were added into each test tube, 0.5mL of 

0.1mM of methanolic solution of DPPH was also 

added, all the test tubes were vortexed again, then left 

to be stand for 30 min in the dark at RT.  The trans-

formed sample color from purple to yellow was 

measured in spectrophotometer at 517 nm against the 

blank reagent. Standard Gallic acid was used as 

standard antioxidant. The inhibition ratio was calcu-

lated using the following equation: DPPH scavenging 

performance (% inhibition) = [(-ve control absorption  

 ̶ sample absorption) / -ve control absorption] × 100 

 

2.8. Organosolv lignin and lignin nanoparticles 

antimicrobial activity 

The inhibitory effect of organosolv lignin and lig-

nin nanoparticles was carried out for seven strains of 

pathogenic bacteria. Three Gram-positive bacteria; 

Bacillus cereus EMCC 1080, Staphylococcus aureus 

ATCC 13565, Staphylococcus sciuri 2-6 and four 

Gram-negative bacteria; Salmonella typhi ATCC 

25566, Salmonella enterica SA19992307, Escherich-

ia coli 0157 H7 ATCC 51659 and Pseudomonas ae-

ruginosa NRRL B-272. The stock cultures were 

grown on nutrient agar slant at 37˚C for 24 h and then 

kept in refrigerator till use. Four fungal species were 

used for antifungal assay Aspergillus flavus, Asper-

gillus ochraceus ITAL 14, Aspergillus niger 

IMI288550, Fusarium proleferatum MPVP 328 as 

well as Penicillium verrucosum BFE 500. For 5 days, 

the stock cultures were cultured on potato dextrose 

agar slant at 25 °C. and then kept in refrigerator till 

use [18]. 

 

2.8.1 Disc diffusion technique  

A loop full of each bacterial species' nutrient agar 

slant was inoculated in a tube containing 4 to 5 mL of 

tryptic soy broth (TSB). The broth culture is 

incubated for 2-6 h at 35˚C until the turbidity of the 

standard 0.5 McFarland BaSO4 is fulfilled. The 

standard turbidity density was assessed using a 625 

nm spectrophotometer. The sensitivity of lignin and 

lignin nanoparticles was tested with various bacterial 

cultures, disc diffusion method and the Kirby-Bauer 

technique were used [19]. A petri dish was prepared 

with 20 mL of nutritional agar and bacterial cultures 

from TSB were added by cotton swab. sterile forceps 

was used to put the discs on the prepared Petri dish. 

DMSO  used  as  negative  control, and  tetracycline  

(500  ppm)  used  as  positive  control then the 

incubation done at 37 °C for 24 h. then inhibition 

zone(mm) as clear area without  growth was measured 

including the disc's diameter. 

Fungal strains were grown on potato dextrose agar 

and incubated at 25°C for 5 days. 0.05 mL of each 

fungal culture was inoculated into YES medium petri 

dishes and spread evenly with a sterile L-glass rod. 

the lignin and lignin nanoparticles extracts loaded 

discs were placed on the seeded plates. DMSO used 

as negative control and Miconazole (1000 unit/mL), a 

commercial fungicide, was utilised as a positive 

control. Incubation was at 25°C/24-48 h. 

measurement of the inhibitory zone (mm) done for 

the tested fungus [20] were performed in 3 replicates 

before determining the averages. 

 

2.8.2 Minimum inhibitory concentration determina-

tion 

Tube dilution method was utilised [21, 22] to 

determine the minimum inhibitory concentration 

(MIC). The tested bacteria diluted by 10 mL tryptic 

soy broth in accordance with the 0.5 McFarland 

standard to achieve 10^8 CFU mL-1 inoculation. In 

culture tube with 10 concentrations of lignin extracts 

of 5000 ppm to 10 ppm which prepared with DMSO. 

The inculation was done by adding 100µl of bacteria, 

The suspension was incubated at 37°C for 24 h. 

Grouth was visible as turbidity and the minimum 

inhibitory concentration (MIC) was defined as the 

lowest concentration of the extract that prevented the 

development of the test organism, and MIC was also 

evaluated to the fungus using the Perrucci approach 

[23]. Separately dissolved lignin and lignin 

nanoparticles at different concentrations Individually, 

they were dissolved in 0.5 mL of 0.1 percent Tween 

80 (Merck, Darmstadt, Germany) with 9.5 mL of 

melting, 45°C, PDA and placed in a Petri dish (6 cm). 

A 3μL fungal suspension (10^8 CFU mL-1, 0.5 

McFarland standard) was centrally inoculated onto 

the prepared plates and For the plates were incubated 

at 25°C 24-48 h. 

 

2.9. Application of lignin and lignin nanoparticles 

on textiles  

To test the antimicrobial activity of lignin and lig-

nin nanoparticles for economic application, the medi-

cal gauze fabric was cut with an area of 1 cm 2 and 

was sterilized using ultraviolet rays, so the concentra-

tion used was twice the lowest concentration (TWO 

FOLDED MIC) for each of the samples of Giza 86 

lignin and lignin nanoparticles which reflected the 
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best antimicrobial inhibition zone. Lignin and lignin 

nanoparticles were dissolved in DEMSO, then the 

samples were stirred and sonicated until completely 

dissolved.  Gauze samples were soaked in the dis-

solved lignin and lignin nanoparticles samples then 

the solvent (DEMSO) was removed by drying at 60 

°C for 30 minutes (Egyptian patent No. 981/2020 

from this study) . The tests were made against three 

pathogenic Gram-positive bacteria; Staphylococcus 

aureus ATCC 13565, Staphylococcus sciuri 2-6, Ba-

cillus cereus EMCC 1080 and four pathogenic Gram-

negative bacteria; Salmonella enterica SA19992307, 

Salmonella typhi ATCC 25566, Pseudomonas aeru-

ginosa NRRL B-272, as well as Escherichia coli 

0157 H7 ATCC 51659. In addition, there are 5 spe-

cies of mycotoxigenic fungi were also used for anti-

microbial activity test; Aspergillus flavus NRR 3357, 

Aspergillus ochraceus ITAL 14, Aspergillus niger 

IMI288550, Fusarium proliferatum MPVP 328 and 

Penicillium verrucosum BFE 500. 

 

2.10. Statistical analysis: 

Statistical significance was established using Sta-

tistic Version 9 through analysis of variance (ANO-

VA, one-way analysis) (p 0.05) and Randomized 

Complete Block Design (RCBD) with two factor. 
Fisher's LSD (Least significant differences) technique 

(= 0.05) was used to compare significant changes 

between treatments [24]. 

 

3. Results and Discussion 

3.1. Lignin and lignin nanoparticles characteriza-

tion 

3.1.1. Particle size distribution analysis 

The data recorded in Fig. 1 (a – d) illustrates the 

light scattering profile for organosolv lignin (OL86, 

OL90) and their nanoparticles (OLNP86, OLNP90) 

suspensions before and after ultrasound treatment. 

The particle size of OL86 and OLNP86 is shown in 

Fig.1 (a, b), respectively. The particle size was re-

duced from 314.4 nm in OL86 to 197.5 in OLNP86. 

While Fig. 1 (c, d) shows the particle size of OL90 

and OLNP90 which reduced from 318.8 to 209.9. 

The distribution curves could be concluded that using 

the ultrasonic technique was successfully reduced 

lignin particle size. The results in line with those 

found by Gupta et al. [11] and Rahman et al. [25]. 

 

3.1.2. Zeta potential distribution 

Zeta-potential is a measure of the electrostatic 

force on the surface of nanoparticles which indicates 

to some degree their stability [26]. The result in Fig. 

2 (a, b) shows that the surfaces of OLNP86 and 

OLNP90 have a negative charge about -41.7 and -

30.2 mV, respectively. 

 

 

 

 

 
Fig. 1. Size distribution by number of OL86. (a), 

LNP86(b), OL90(c), and LNP90(d). 
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So that, Zeta potential of the nanoparticles indi-

cates the particle electrical surface properties, the 

relatively high negative zeta potential hinder aggrega-

tion among the particles, which induce sufficient 

electrical double layer repulsion. So that, lignin na-

noparticle in pure water, was quite stable, and no 

specific aggregation happened. These results are in 

accordance with Lievonen et al. [27] and Beisl et al. 

[28]. 

 

 

 
Fig. 2. Zeta potential of OLNP86 (a) OLNP90 (b) 

 

3.1.3. Transmission electron microscopy (TEM) 

The morphological characterization by Transmis-

sion electron microscopy (TEM) for OLNP86 and 

OLNP90 is shown in Fig. 3 (a, b) respectively. The 

data confirmed the presence of regular spherical lig-

nin particles of uniform size and smooth surfaces. 

The obtained results showed that all the nanoparticles 

measured by TEM were less than 14.8 and 12.4 nm in 

sizes for OLNP86 and OLNP90, respectively. Their 

sizes for the same cultivar extracted with organic 

acids ranged from 5.67 to 14.8 nm. In this respect, 

Aforementioned results are in accordance with those 

found by Gilca et al. [8], Gupta et al. [11], Lievonen 

et al. [27] and Mishra and Ekielski [29]. 

 

 

Fig. 3. Electron micrographs of OLNP86 (a) and OLNP90 

(b). 

 

3.1.4. Fourier Transform Infrared Spectroscopy 

(FT-IR) 

FT-IR Analysis is a test to study the structural 

analysis to specify functionality of organosolv lignin 

and lignin nanoparticles and study its capability for 

bioactive as antimicrobial and antioxidant activities. 

The data recorded in Fig. (4-7) illustrates the FT-IR 

spectra characteristic bands absorption for different 

presence active groups of OLNP86, OL86, OLNP90 

and OL90, respectively. The result revealed that, both 

organosolv lignin and lignin nanoparticles had aro-

matic structures and the appearance of specific active 

groups such as C-O bands in primary alcohols, Aro-

matic C–O stretching vibrations, C=C of the aromatic 

ring, the phenolic hydroxyl groups, C-H methyl, ar-

omatic methoxy groups and C=CH terminal. While 

lignin nanoparticles were distinguished by presence 

of effective groups which shows the presence of C=C 

aromatic, C≡C stretching, and O=C=O respectively, 

(a) 

(b)

) 
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which increases its antioxidant and antimicrobial ac-

tivities. These results are in harmony with previous 

studies [30,31,32,33]. The bands were ranged from 

400 to 4000 cm-1. It is worthwhile to mentioned that, 

all samples which had bands in common; 819-927, 

1444-1453, 1499-1505, 1594-1600 and 1910-2093 

cm-1 were C=C; 1213-1218 cm-1 were Aromatic C–O 

stretching; 2923-2936 cm-1 were CH bonds of OCHs 

groups; 1499-1600 cm-1 were C=C aromatic ring; 

2913-2921 cm-1 were aromatic ring OCH3; and 3227-

3907 cm-1 were O─H alcohols and phenols. Results 

are close to the findings of Solaiman et al.  [34]. 

Identified types of FTIR active groups were con-

firmed by previous researches [33,35,36,37,38].  

 

3.2. Antioxidant activity of lignin and lignin nano-

particles 

The DPPH free radical assay is a spectrophotomet-

ric transfer-based electron assay used to evaluate the 

effect of antioxidants to reduce an oxidant that 

changes color when reduced [34,39]. The concentra-

tion of antioxidants in the sample is related to the 

degree of discoloration (either an increase or decrease 

in probe absorption at a given wavelength). The pre-

sent study reports that OL86, OL90, OLNP86 and 

OLNP90 show free radical scavenging effect to cer-

tain extent. The study revealed that the DPPH radical 

scavenging activity found a dose-response relation-

ship; the activity increased as the concentration in-

creased for various lignin samples. The maximum 

antioxidant activity has been observed at 

(92.12±0.6%) in 100 µg/mL for OLNP90, whereas 

the minimum antioxidant activity was found to be has 

been observed at (53.75±3.4%) in 25µg/mL for 

OLNP86. The strongest antioxidant effectiveness for 

OLNP90 was found with an IC50 of 9.41µg/mL 

whereas the minimum antioxidant activity for 

OLNP86 was found with an IC50 of 11.66µg/mL 

(Table 1). 

 

 
Fig. 4.  FT-IR spectra of OLNP86. 

 
Fig. 5.  FT-IR spectra of OL86. 

 
Fig. 6.  FT-IR spectra of OLNP90 

 
Fig. 7. FT-IR spectra of OL90. 

Table 1: DPPH inhibition ratio (%) as indicators to antioxidant activity for lignin and lignin nanoparticles of Giza 86 and 

90 cultivars. 

DPPH Scavenging free radicals %(Mean±S.E.) 

Concentration(µg/mL) 

 12.5% 25% 50% 100% IC50µg/mL 

OL86 58.28bc±4.6 75.86b±2.04 86.44bc±3.8 91.72b±0.71 10.83ab±1.31 

OL90 65.22b±1.6 70.02c±0.6 82.69c ±1.6 89.66b±2.0 9.59bc±0.24 

OLNP86 53.75c±3.4 60.91d±3.0 68.92d±2.3 75.67c±5.2 11.66a±3.45 

OLNP90 68.25ab±1.7 81.32a ±3.1 88.99b±1.0 92.12b±0.6 9.41bc±0.74 

Gallic acid  77.7a±0.1 83.9a±0.1 99.0a±0.1 99.4a±0.1 8.04c±0.1 

LSD (0.05) 11.06  3.88  3.84  4.28 2.54 

n=3, *S.E.: standard error, different subscripts differ significantly at the 5% level. 
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The end of oxidative propagation processes may 

be influenced by functional groups in lignin, such as 

methoxy and phenolic hydroxyl groups [40,41]. Lig-

nin is a powerful antioxidant [42]. Furthermore, lig-

nin is made up of hydroxycinnamic acid derivatives; 

the antioxidant activity of hydroxycinnamic acid is 

determined by the number of hydroxyl groups in the 

aromatic ring and ortho substitutions with electron-

donating methoxy groups, as shown by zeta potential 

tests, which revealed a value of approximately -41.7 

to -30.2 mV for the studied OLNP solutions. The 

huge specific surface area and small spherical lignin 

nanoparticle size of lignin, on the other hand, all con-

tribute to improved proton capacity for the phenyl 

group of lignin, as shown by Ponomarenko et al. 

[15]. Extraction methods, source species, and struc-

ture all influence lignin's antioxidant activity. As a 

relatively safe and natural antioxidant, lignin can be 

added to food to prevent pathogenic germs [14,43]. 

Finally, we may deduce that lignin's antioxidant ac-

tivity is due to its complex structure, which compris-

es of aromatic rings containing 710ydroxyl and 

methoxy functional groups. And since organosolv 

lignin and lignin nano particles are compounds have 

weak O–H bonds and act as formal hydrogen-atom 

donor and the bond dissociation of the phenolic O–H 

group of α-tocopherol is weak and much smaller than 

that of the ROO–H bond of alkyl hydroperoxides.  

So, these antioxidants can transfer at the same mo-

ment an electron and a proton to ROO˙ and are, 

therefore, very versatile, because they are active also 

in media in which protons are not available. Actually, 

this kind of antioxidants is active by different degrees 

in all media, ranging from polar solvents to water. 

Lignin nanoparticles having more cleavable O–H 

groups than lignin on the surface, On the other hand, 

the numerous phenolic hydroxyl groups in lignin pre-

dominate the free-radical scavenging effect by a pro-

ton-coupled electron transfer mechanism. Moreover, 

ortho substitution of aromatic ring and the structure 

of the side-chain also significantly affect the antioxi-

dant activity. On one hand, the ortho-substituted 

methoxy group with electron-donating properties 

increases the electron cloud density of the phenol 

oxygen atom, which makes the hydrogen atom detach 

more easily and consequently promotes the breaking 

of O−H bonds.  As a result, lignin with higher content 

of phenylpropanoid units has better free-radical scav-

enging activity.  On the other hand, the electronic 

effect of chemical groups in the α-position of the side 

chains exerts a crucial influence on the antioxidant 

resistance. So that behaviors can be shown in Figure 

(8). 

 

 
Fig. 8.  Suggested mode of action for organosolv lignin and 

lignin nanoparticles as antioxidant agents. 

 

3.3. Antimicrobial activity of lignin and lignin na-

noparticles 

Data obtained from the execution of disc diffusion 

technique (Tables 2 and 3) revealed that, all patho-

gens; 5 fungi and 7 bacteria, corresponded to lignin 

applicants (OL86, OLNP86, OL90 and OLNP90). 

The influence of lignin showed in appearance of in-

hibition zones for all tested pathogens. Inhibition 

zones for treated fungi ranged between 8.7±0.76 with 

F. proliferatum and 13.3±1.04 mm with P. verru-

cosum for OL86, and from 9.8±1.89 with A. 

ochraceus to 15.5±1.32 mm with P. verrucosum for 

OLNP86 (Table 2). As to treated bacteria, the inhibi-

tion zones ranged 9.8±0.28 with B. cereus and 13.0 

±0.33 mm with S. typhi for OL86, and from 

11.0±1.00 with S. enterica to 14.7 ±1.28 mm with S. 

typhi for OLNP86 (Table 3). Inhibition zones for 

treated fungi ranged between 7.8±0.28with A. niger 

and 11.7±1.04 mm with P. verrucosum for OL90, and 

from 8.2±0.28with A. niger to 12.2±0.28 mm with P. 

verrucosum for OLNP90 (Table 2). As to OL90 sam-

ple, the inhibition zones ranged 9.0 ±0.48 with Staph. 

Sciuri and 11.2 ±0.76 mm with E. coli, and from 

10.5±1.32 with S. typhi to 14.7 ±1.28 mm with S. 

typhi for LNP90 and from 11.0±1.00 with S. enterica 

to 11.8±0.29 mm with P. aeruginosa for OLNP90 

(Table 3). Comparing the results showed that treat-

ment with lignin and lignin nanoparticles had a great-

er effect on bacteria than on fungi. 
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Table 2: Antifungal activity of lignin and lignin nanoparticles against different fungal strains by Disc Diffusion Method. 

Fungi 

Inhibition Zone (Mean±S.E)(mm) 

Negative control 

(DMSO) 

Positive control 

(Nystatin) 
OL86 OL90 

A. flavus 0 16.0
 
±0.76

 a
 8.8±0.76 lm 9.8±1.04 ij 

A. ochraceus 0 10.8
 
±0.36

 fg
 9.0 ±0.50 kl 9.2 ±1.04 j-l 

A. niger 0 8.8
 
±0.14

 lm
 9.5 ±0.50 i-k 7.8±0.28 n 

F. proliferatum 0 11.2
 
±0.58

 ef
 8.7±0.76 lm 8.2±0.28 mn 

P. verrucosum 0 9.8
 
±1.04

 ij
 13.3±1.04 b 11.7±1.04 de 

Fungi 
Negative control 

(DMSO) 

Positive control 

(Nystatin) 
OLNP86 OLNP90 

A. flavus 0 12.8
 
±0.86

 be
 10.7±1.04 fg 10.0±1.32 hi 

A. ochraceus 0 15.4
 
±1.04

 a
 9.8 1±.89 ij 9.2 ±0.76 j-l 

A. niger 0 15.4
 
±0.76

 a
 12.5±1.32 c 8.2±0.28 mn 

F. proliferatum 0 11.5
 
±0.86

 e
 10.5±1.00 gh 9.0±0.50 kl 

P. verrucosum 0 15.8
 
±1.14

 a
 15.5±1.32 a 12.2±0.28 cd 

LSD (0.05) 0.65 

n= 3, *S.E.: standard error, different subscripts differ significantly at the 5% level, DMSO as a negative control, Nystatin as a positive control 

 

Table 3: Antibacterial activity of lignin and lignin nanoparticles against different bacterial strains by Disc Diffusion Method. 

Bacteria 

Inhibition Zone (Mean±S.E)(mm) 

Negative control 

(DMSO) 

Positive control 

(Tetracycline) 
OL86  OL90 

B. cereus 0 16.6
 
±0.58

 hi
 9.8±0.28 q 9.3 ±0.76 qr 

Staph. aureus 0 18.0
 
±1.04

 f
 10.80±1.04 op 11.0 ±1.32 n-p 

Staph. sciuri 0 17.
 
7±0.86

 fg
 11.0 ±0.50 n-p 9.0 ±0.48 r 

E. coli 0 18.8
 
±1.14

 e
 11.2 ±0.86 m-o 11.2 ±0.76 m-o 

S. typhi 0 15.5
 
±0.50

 j
 13.0±0.33 l 10.7 ±0.28 o-p 

S. enterica 0 16.0
 
±1.00

 ij
 10.7±0.76 op 10.5±1.00 p 

P. aeruginosa 0 19.2
 
±0.58

 de
 10.7±0.86 op 10.7±0.96 op 

Bacteria 
Negative control 

(DMSO) 

Positive control 

(Tetracycline) 
OLNP86  OLNP90 

B. cereus 0 26.8
 a
 ±1.04 14.2±0.84 k 11.0 ±1.00 n-p 

Staph. aureus 0 25.7
 b

 ±0.58 13.8±0.28 k 11.5±0.50 mn 

Staph. sciuri 0 26.5
 a
 ±1.28 12.5±1.50 l 11.2 ±0.76 m-o 

E. coli 0 18.8
 e
 ±0.86 12.8±1.89 gh 11.0±0.50 np 

S. typhi 0 25.4
 bc

 ±2.02 14.7±1.28 l 10.5±1.32 p 

S. enterica 0 24.8
 c
 ±1.15 11.0±1.00 ij 10.8±0.76 op 

P. aeruginosa 0 18.9
 de

 ±0.76 11.5±0.86 d 11.8±0.29 m 

LSD (0.05) 0.65 

n = 3 *S.E.: standard error, different subscripts differ considerably at the 5% level, DMSO as a negative control, tetracycline as a positive control. 

 

MIC (minimum inhibitory concentration) determi-

nation exhibited in Tables 4 and 5 ranged for treated 

fungi from 1.5±0.36 mg/mL with F. proliferatum to 

8.3±0.81 mg/mL with A. niger for OL86, and be-

tween 1.5±0.50 with A. flavus and 6.7±1.58 mg/mL 

with A. ochraceus for OLNP86. But as to OL90 MIC 

ranged from 4.2±0.36 with A. ochraceus to 8.3±0.58 

mg/mL with A. niger, and OLNP90 ranged from 

2.0±0.50 with A. ochraceus to 5.8±1.44 mg/mL with 

A. niger (Table 4). Bacteria differed in corresponding 

to lignin applicants as to their different sensitivity, as 

to treated bacteria OL86 MIC value ranged from 

3.3±0.48 with E. coli to13.2±0.76 with P. aeruginosa, 

and also OL90 MIC ranged from 4.2±0.36 with E. 

coli to11.7±1.04 with Staph. Sciuri. The MIC of 

OLNP86 ranged from1.7±0.76 with Staph. Sciuri to 
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4.2±1.36 with P. aeruginosa and also, OLNP90 MIC 

ranged from 2.0±0.50 with Staph. Aureus to 6.7±1.14 

with Staph. Sciuri (Table 5). F. proliferatum and A. 

ochraceus were the most sensitive fungi to lignin and 

lignin nanoparticles, and also S. typhi and E. coli were 

the most sensitive bacteria to lignin and lignin nano-

particles. The organic acid method cleaves carbohy-

drate–lignin bonds while the acid catalyst cleaves 

ether-linkages, resulting in purer lignin than other 

low-molecular-weight processes [44]. The results are 

partially compatible with de Melo et al. [45], who 

found that the lignin MIC against Aspergillus flavus 

was 5 mg/mL. The ability of lignin to prevent the 

growth of a number of bacteria has long been known 

[46]. The phenolic components of lignin can impede 

the behavior of several enzymes as well as the growth 

of microorganisms such as E. coli, Saccharomyces 

cerevisiae, Bacillus licheniformis, and Aspergillus 

niger. 

 

 

Table 4: Minimum inhibitory concentration (MIC mg/mL) of lignin and lignin nanoparticles against mycotoxigenic fungi. 

Fungi 
MIC mg/mL (Mean±S.E) 

OL86 OL90 

A. flavus 7.5±0.96 c 9.2±0.44 a 

A. ochraceus 5.8±0.48 e 4.2±0.36 g 

A. niger 8.3±0.81 b 8.3±0.58 b 

F. proliferatum 1.5±0.36 j 6.7±0.48 d 

P. verrucosum 8.0±0.50 bc 7.8±0.52 bc 

Fungi OLNP86 OLNP90 

A. flavus 6.7±1.58 d 5.8±1.44 e 

A. ochraceus 1.5±0.50 j 2.0±0.50 ij 

A. niger 5.0±1.00 f 3.0±0.86 h 

F. proliferatum 2.3±0.36 i 2.2±0.28 i 

P. verrucosum 3.0±1.00 h 3.8±1.02 g 

LSD (0.05) 0.61 

 n = 3, *S. E: standard error, alternative subscripts differ significantly at the 5% level. 

 
Table 5: Minimum inhibitory concentration (MIC mg/mL) of lignin and lignin nanoparticles against pathogenic bacteria. 

n= 3, *S. E: standard error, different subscripts differ significantly at the 5% level. 

 

 

Bacteria 
MIC mg/mL (Mean±S.E) 

OL86 OL90 

B. cereus 4.2±0.48 h 10.8±0.88 c 

Staph. Aureus 5.8±0.48 f 5.8±0.88 f 

Staph. Sciuri 6.7±0.96 e 11.7±1.04 b 

E. coli 3.3±0.48 i 4.2±0.36 h 

S. typhi 4.2±0.88 h 5.8±0.44 f 

S. enterica 4.2±0.48 h 8.3±0.96 d 

P. aeruginosa 13.2±0.76 a 10.7±1.15 c 

Bacteria OLNP86 OLNP90 

B. cereus   2.3 ±0.28 j -l 5.8±1.44 f 

Staph. Aureus                      3.3±0.96 i 2.0l±0.50m 

Staph. Sciuri 1.7±0.76 m 6.7±1.14 e 

E. coli 2.8±0.89 ij     2.2 ±0.28 k-m 

S. typhi 1.8l±0.58m 2.7±1.02 jk 

S. enterica 4.0±1.00 h 4.2±0.76 h 

P. aeruginosa 4.2±1.36 h 5.0±1.00 g 

LSD (0.05)  0.52 
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The existence of a double bond at the C = C posi-

tion of the side chain and a methyl group can explain 

the antifungal activity of lignins. Due to the existence 

of cinnamic acid derivatives and their known antibac-

terial activity, lignin's high phenolic concentration 

supports this hypothesis [47,48]. The antibacterial 

properties of lignin are largely defined by the side 

chain structure and type of functional groups of phe-

nolic compounds. Side chains with oxygen-

containing functional groups (such as hydroxyl 

groups, carbonyl groups, and ester groups) are less 

inhibitory, whereas double bonds and methyl groups 

increase the biocide action of phenolic compounds 

[49,50,51]. The interaction of the nanocomposites 

with the bacterial cell wall can be governed by the 

lignin structure, which aids not only particle stability 

but also selectivity towards different types of bacte-

ria, such as S. aureus (known to have a thicker pepti-

doglycan layer) for Gram-positive bacteria and E. 

coli (contains more fatty acids) for Gram-negative 

bacteria as to Rocca et al. [52]. The suggestion mode 

of action for the organosolv lignin and lignin nano-

particles as antimicrobial agents could be presence of 

the polyphenol structure of lignin in addition to the 

presence of the ortho-substituted methoxy functional 

groups with electron-donating properties may be po-

tentially responsible for its antimicrobial activities. In 

addition, the polyphenolic compounds of lignin cause 

the cell membrane to damage and also cause the lysis 

of bacteria, which also causes the release of cell con-

tents. While lignin cinnamaldehyde penetrates in the 

cell membrane of bacteria which causes the reduction 

in the intracellular pH and causes the ATP depletion, 

this suggestion is in accordance with Mahmood et al. 

[13]. 

 

3.4. Lignin and lignin nanoparticles application on 

textile 

Separated lignin and produced lignin nanoparticles 

were examined as a creative material for single-use 

clinical textiles, especially for patients who cannot 

tolerate antibiotics, such as those with diabetes, high 

blood pressure, and renal failure. The results in Table 

6 and 7 illustrate the inhibition zone for the innova-

tive textile with understudied pathogenic fungi and 

bacteria, the treated textile inhibition zone for fungi 

ranged from 14.5 ±0.58 for OL86 with F. prolifera-

tum and F. proliferatum to 21.7 ±1.14 mm with A. 

niger and between 10.5 ±0.36 for OLNP86 textile 

with A. ochraceus and 30.7 ±1.76mm for with P. ver-

rucosum data indicated noticeable elevation for 

OLNP textile highest inhibition zone to 29.3%. Com-

paring the former data of inhibition zone for under-

studied bacteria, the treated textile inhibition zone 

ranged from 19.0±1.73 for OL86 textile with B. cere-

us and Staph. sciuri to 28.0±1.73 mm with S. enterica 

and between 18.5±0.96 for OLNP86 textile with B. 

cereus and 36.3±0.58 mm for P. aeruginosa data 

indicated noticeable elevation for LNP textile highest 

inhibition zone by 22.9%. 

OL86 textile inhibition zone for gram positive 

bacteria ranged from 19.0±1.73 to 19.2±2.31 mm and 

between 19.2±2.31 to 28.0±1.73 mm for gram nega-

tive bacteria by increasing the inhibition zone for 

gram negative bacteria from 1.04 to 31.4%. Also, 

OLNP86 textile inhibition zone for gram positive 

bacteria ranged from 18.5±0.96 to 29.3 ±2.31 mm 

and between 24.7±2.88 to 36.3±0.58 mm for gram 

negative bacteria by increasing the inhibition zone for 

gram negative bacteria from 25.1 to 19.3%. OLNP86 

had the wider inhibition zone on gram negative bacte-

ria than gram positive bacteria and fungi. 

 

Table 6: Antifungal activity of lignin and lignin nanoparticles of the innovative textile against mycotoxigenic fungi. 

n= 3, *S.E: standard error, different subscripts are significantly different at the 5% level. 

 

  

Fungi 
Inhibition Zone (Mean±S.E)(mm) 

OL86 OLNP86 

A. flavus 14.5±0.58 g 18.5±0.92 f 

A. ochraceus 21.7±1.14 c 10.5±0.36 h 

A. niger 18.5±0.92 e 19.0±1.00 d 

F. proliferatum 14.5±0.58 g 25.2±1.32 b 

P. verrucosum 21.7±1.14 c 30.7±1.76 a 

LSD (0.05) 0.96 
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Table 7: Antibacterial activity of lignin and lignin nanoparticles of the innovative textile against mycotoxigenic fungi. 

  Bacteria 
Inhibition Zone (Mean±S.E)(mm) 

OL86 OLNP86 

B. cereus 19.0 ±1.73 f 18.5 ±0.96 f 

Staph. Aureus 19.2 ±2.31 f 24.0 ±1.00 e 

Staph. Sciuri 19.0 ±1.73 f 29.3 ±2.31 b-d 

E. coli 19.2 ±2.31 f 27.7 ±1.15 d 

S. typhi 19.3 ±1.45 f 24.7 ±2.88 e 

S. enterica 28.0 ±1.73 cd 30.3 ±0.28 b 

P. aeruginosa 24.7 ±4.72 e 36.3 ±0.58 a 

LSD (0.05) 2.84 

 n= 3, *S.E: standard error, different subscripts are significantly different at the 5% level. 

 

The obtained results in this work about the orga-

nosolv lignin effect on fungi and bacteria were in 

conformity with those reported by Gordobil et al. 

[53] and Lobo et al. [43]. Lignin had inhibitory effect 

on Gram-positive bacteria (S. aureus) [54]. Also, 

lignin had antimicrobial against Bacillus aryabhattai 

and Klebsiella sp. and it can be used as potential an-

tioxidant and antibacterial agent [55] and it only acts 

as antifungal in lower concentrations [43]. Lignin 

was higher antibacterial activity than widely used 

antibiotics in some circumstances, that because of its 

strong antioxidant and polyphenolic content. Antimi-

crobial textiles can stop off bacteria's routes to pre-

vent bacteria from growing on textiles, effectively 

avoiding pathogen contact with the human body and 

lowering the danger of human pathogens and cross-

infection rates [14]. 

 

4. Conclusion 

Lignin nanoparticles demonstrated a novel power 

to inhibit bacterial growth over time. Their biodegra-

dability and environmental qualities open up new 

possibilities in the fight against bacterial infections 

like Staphylococcus aureus, Staphylococcus sciuri, 

Bacillus cereus, Salmonella enterica, Salmonella 

typhi, Escherichia coli, and Pseudomonas aerugino-

sa. Due to the hydrogen atom abstraction from the 

phenyl group in LNP, which would eliminate oxygen, 

the radical scavenging activity of the free radical 

DPPH overtime at varied concentrations of OLNP 

reveals strong antioxidation activity even at 12.5 

ppm. Because of its substantial antioxidant and poly-

phenolic content, nanolignin had stronger antibacteri-

al activity than commonly used antibiotics in several 

instances. Antimicrobial fabrics can block bacteria's 

pathways, preventing bacteria from growing on tex-

tiles and reducing the risk of human pathogens and 

cross-infection rates. The different structures and 

properties of lignin make the preparation of nano-

lignin more challenging, posing hurdles to study into 

nanolignin preparation and performance. Meanwhile, 

it opens up more possibilities and potential for nano-

multi-functional lignin and multi-field applications. A 

unique strategy to achieving high value-added lignin 

use is nanometer-sized lignin with high specific sur-

face area and activity. Nano-lignin preparation and 

application are still in their infancy. Future lignin 

research will focus on the scalability and manufactur-

ing of nano-lignin-based products. 

 

5. Conflicts of interest 

There are no conflicts to declare. 

6. References 
[1] Egbuta, M. A., McIntosh, S., Waters, D. L., Van-

cov, T., & Liu, L. (2017). Biological importance 

of cotton by-products relative to chemical con-

stituents of the cotton plant. Molecules, 22(1), 93.  

[2] Ahmed, F. A., Abdel-Moein, N. M., Mohamed, A. 

S., & Ahmed, S. E. (2010). Biochemical studies 

on some cotton by products Part I—Chemical 

constituents and cellulose extraction of Egyptian 

cotton stalks. Journal of American Science, 6(12), 

1306-13. 

[3] Kabissa, J. C. (2016). Cotton and its by-products in 

the United Republic of Tanzania. UNITED NA-

TIONS CONFERENCE ON TRADE AND DE-

VELOPMENT (UNCTAD). 

[4] Fahmy, Y., Fahmy, T. Y., Mobarak, F., El-

Sakhawy, M., & Fadl, M. (2017). Agricultural 

residues (wastes) for manufacture of paper, 

board, and miscellaneous products: Background 

overview and future prospects.  International 

Journal of ChemTech Research, 10(2), 424-448. 

[5] Omar S.  & Olutayo O.  (2020). Report Name, Cot-

ton and Products Annual 2020 Egyptian Produc-

ers Continue to Cut Production on Lower Prices 

Report Highlights. 

[6] Erakovic, S., Jankovic, A., Tsui, G. C., Tang, C. Y., 

Miskovic-Stankovic, V., & Stevanovic, T. (2014). 



PREPARATION, CHARACTERIZATION, ANTIOXIDANT AND ANTIMICROBIAL ACTIVITIES OF LIGNIN ….. 

_______________________________________________________________________________________________________________ 

________________________________________________ 

Egypt. J. Chem. .65., No. 1. (2022) 

715 

Novel bioactive antimicrobial lignin containing 

coatings on titanium obtained by electrophoretic 

deposition. International journal of molecular 

sciences, 15(7), 12294-12322.  

[7] Wen, J. L., Sun, S. N., Yuan, T. Q., Xu, F., & Sun, 

R. C. (2013). Fractionation of bamboo culms by 

autohydrolysis, organosolv delignification and 

extended delignification: Understanding the fun-

damental chemistry of the lignin during the inte-

grated process. Bioresource technology, 150, 

278-286. 

[8] Gilca, I. A., Popa, V. I., & Crestini, C. (2015). Ob-

taining lignin nanoparticles by soni-

cation. Ultrasonics sonochemistry, 23, 369-375. 

[9] Espinoza-Acosta, J. L., Torres-Chávez, P. I., Ramí-

rez-Wong, B., López-Saiz, C. M., & Montaño-

Leyva, B. (2016). Antioxidant, antimicrobial, and 

antimutagenic properties of technical lignins and 

their applications. BioResources, 11(2), 5452-

5481. 

[10] Österberg, M., Sipponen, M. H., Mattos, B. D., & 

Rojas, O. J. (2020). Spherical lignin particles: a 

review on their sustainability and applica-

tions. Green Chemistry, 22(9), 2712-2733.  

[11] Gupta, A. K., Mohanty, S., & Nayak, S. K. (2014). 

Synthesis, characterization and application of lig-

nin nanoparticles (LNPs). Materials Focus, 3(6), 

444-454.  

[12] Aadil, K. R., Mussatto, S. I., & Jha, H. (2018). 

Synthesis and characterization of silver nanopar-

ticles loaded poly (vinyl alcohol)-lignin electro-

spun nanofibers and their antimicrobial activi-

ty. International journal of biological macromol-

ecules, 120, 763-767.   

[13] Mahmood, Z., Yameen, M., Jahangeer, M., Riaz, 

M., Ghaffar, A., & Javid, I. (2018). Lignin as nat-

ural antioxidant capacity. Lignin - Trends and 

Applications. 

 

[14] Liu, W., Wang, M., Xu, L., Zhang, W., Xing, Z., 

Hu, J., Ye M., Li J.  & Wu, G. (2019). Radiation 

technology application in high-performance fi-

bers and functional textiles. In Radiation Tech-

nology for Advanced Materials (pp. 13-73). Aca-

demic Press.  

[15] Ponomarenko, J., Dizhbite, T., Lauberts, M., 

Viksna, A., Dobele, G., Bikovens, O., & Te-

lysheva, G. (2014). Characterization of softwood 

and hardwood lignoboost kraft lignins with em-

phasis on their antioxidant activi-

ty. BioResources, 9(2), 2051-2068. 

[16] Watkins, D., Nuruddin, M., Hosur, M., Tcherbi-

Narteh, A., & Jeelani, S. (2015). Extraction and 

characterization of lignin from different biomass 

resources. Journal of Materials Research and 

Technology, 4(1), 26-32. 

[17] Wright, R. J., Lee, K. S., Hyacinth, H. I., Hibbert, 

J. M., Reid, M. E., Wheatley, A. O., & Asemota, 

H. N. (2017). An investigation of the antioxidant 

capacity in extracts from Moringa oleifera plants 

grown in Jamaica. Plants, 6(4), 48.  

[18] Shallan, M. A., Ali, M. A., Meshrf, W. A., & 

Marrez, D. A. (2020). In vitro antimicrobial, anti-

oxidant and anticancer activities of globe arti-

choke (Cynara cardunculus var. scolymus L.) 

bracts and receptacles ethanolic ex-

tract. Biocatalysis and Agricultural Biotechnolo-

gy, 29, 101774. 

[19] Bauer A. W., Kirby W. M. M., Sherris J. C. and 

Turck M. (1966). Antibiotic Susceptibility Test-

ing by a Standardized Single Disk Method. Amer-

ican Journal of Clinical Pathology, 45(4), 493–

496.  

[20] Medeiros, M. A. N., Oliveira, D. C. N. D., Ro-

drigues, D. D. P., & Freitas, D. R. C. D. (2011). 

Prevalence and antimicrobial resistance of Sal-

monella in chicken carcasses at retail in 15 Bra-

zilian cities. Revista Panamericana de Salud Pú-

blica, 30, 555-560. 

[21] Wiegand, I., Hilpert, K., & Hancock, R. E. (2008). 

Agar and broth dilution methods to determine the 

minimal inhibitory concentration (MIC) of anti-

microbial substances. Nature protocols, 3(2), 

163-175. 

[22] Marrez, D. A., & Sultan, Y. Y. (2016). Antifungal 

activity of the cyanobacterium Microcystis aeru-

ginosa against mycotoxigenic fun-

gi. Journal of Applied Pharmaceutical Sci-

ence, 6(11), 191-198. 

[23] Sokmen, A., Gulluce, M., Akpulat, H. A., 

Daferera, D., Tepe, B., Polissiou, M., ... & Sahin, 

F. (2004). The in vitro antimicrobial and antioxi-

dant activities of the essential oils and methanol 

extracts of endemic Thymus spathulifolius. Food 

control, 15(8), 627-634. 

[24] Anonymous. Statistica 9, supporting 32 bit and 64-

bit computing. StatSoft. Tulsa Okla. USA (2009). 

[25] Rahman, O. U., Shi, S., Ding, J., Wang, D., 

Ahmad, S., & Yu, H. (2018). Lignin nanoparti-

cles: synthesis, characterization and corrosion 

protection performance. New Journal of Chemis-

try, 42(5), 3415-3425. 

[26] Ibrahim, M. M., Agblevor, F. A., & El-Zawawy, 

W. K. (2010). Isolation and characterization of 

cellulose and lignin from steam-exploded ligno-

cellulosic biomass. BioResources, 5(1), 397-418. 

[27] Lievonen, M., Valle-Delgado, J. J., Mattinen, M. 

L., Hult, E. L., Lintinen, K., Kostiainen, M. A., 

Paananen A., Szilvay G. R., Setälä H., & Öster-

berg, M. (2016). A simple process for lignin na-

noparticle preparation. Green Chemistry, 18(5), 

1416-1422. 

[28] Beisl, S., Friedl, A., & Miltner, A. (2017). Lignin 

from micro-to nanosize: applica-

tions. International journal of molecular scienc-

es, 18(11), 2367.  

[29] Mishra, P. K., & Ekielski, A. (2019). A simple 

method to synthesize lignin nanoparti-

cles. Colloids and Interfaces, 3(2), 52. 

[30] Umesh P., & Rajai H. Vibrational spectroscopy 

online. Vibrational Spectroscopy 1(1), 104–119 

(1990). 

[31] Rashid, A. J., Yan, C., Mercaldo, V., Hsiang, H. L. 

L., Park, S., Cole, C. J., De Cristofaro A., Yu J., 

Ramakrishnan C., Lee S. Y., Deisseroth K., 

Frankland P. W., & Josselyn, S. A. (2016). Com-

petition between engrams influences fear memory 

formation and recall. Science, 353(6297), 383-

387. 

https://www.intechopen.com/books/6185
https://www.intechopen.com/books/6185
https://en.wikipedia.org/wiki/StatSoft


 Mohamed A. Ali et. al. 

_____________________________________________________________________________________________________________ 

________________________________________________ 

Egypt. J. Chem. .65., No. 1. (2022) 

716 

[32] Paramanova, S. (2010). Extraction and examina-

tion of residual lignin from sulphate pulp (Disser-

tation). Retrieved from 

http://urn.kb.se/resolve?urn=urn:nbn:se:ltu:diva-

45863. 

[33] Kubovský, I., Kačíková, D., & Kačík, F. (2020). 

Structural changes of oak wood main components 

caused by thermal modification. Polymers, 12(2), 

485. 

[34] Solaiman, M. A., Ali, M. A., Abdel-Moein, N. M., 

& Mahmoud, E. A. (2020). Synthesis of Ag-NPs 

developed by green-chemically method and eval-

uation of antioxidant activities and anti-

inflammatory of synthesized nanoparticles 

against LPS-induced NO in RAW 264.7 macro-

phages. Biocatalysis and Agricultural Biotech-

nology, 29, 101832.  

[35] Bodirlau, R., & Teaca, C. A. (2009). Fourier trans-

form infrared spectroscopy and thermal analysis 

of lignocellulose fillers treated with organic an-

hydrides. Romanian Journal of Physics, 54(1-2), 

93-104. 

[36] CĂPRARU, A. M., Popa, V. I., MĂLUŢAN, T., 

& LISĂ, G. (2009). Contribution to the modifica-

tion and characterization of different types of lig-

nins. Cellulose chemistry and technology, 43, 

409-418. 

[37] You, T., & Xu, F. (2016). Applications of molecu-

lar spectroscopic methods to the elucidation of 

lignin structure. Applications of Molecular Spec-

troscopy to Current Research in the Chemical 

and Biological Sciences, 2016, 235-260. 

[38] Sigma-Aldrich. (2019). IR spectrum table by fre-

quency range IR Spectr. Table Chart. 

[39] Mohamed D. A., Hanafy E.A. & Fouda K. (2018). 

Evaluation of Antioxidant, Anti-inflammatory 

and Anti-arthritic Activities of Yarrow (Achillea 

millefolium). Journal of Biological Sciences. 317-

328. 

[40] Figueiredo, P., Lintinen, K., Hirvonen, J. T., 

Kostiainen, M. A., & Santos, H. A. (2018). Prop-

erties and chemical modifications of lignin: To-

wards lignin-based nanomaterials for biomedical 

applications. Progress in Materials Science, 93, 

233-269. 

[41] Gao, W., & Fatehi, P. (2019). Lignin for polymer 

and nanoparticle production: Current status and 

challenges. The Canadian Journal of Chemical 

Engineering, 97(11), 2827-2842.   

[42] Barsberg, S., Thygesen, L. G., & Sanadi, A. R. 

(2014). Control of lignin solubility and particle 

formation modulates its antioxidant efficiency in 

lipid medium: An in situ attenuated total reflec-

tance FT-IR study. Energy & Fuels, 28(7), 4539-

4544. 

[43] Lobo, F., Franco, A. R., Fernandes, E. M., & Reis, 

R. L. (2021). An overview of the antimicrobial 

properties of lignocellulosic materi-

als. Molecules, 26(6), 1749. 

[44] Iravani, S., & Varma, R. S. (2020). Greener syn-

thesis of lignin nanoparticles and their applica-

tions. Green Chemistry, 22(3), 612-636. 

[45] de Melo, C. M. L., da Cruz Filho, I. J., de Sousa, 

G. F., de Souza Silva, G. A., do Nascimento San-

tos, D. K. D., da Silva, R. S., ... & de Moraes Ro-

cha, G. J. (2020). Lignin isolated from Caesalpin-

ia pulcherrima leaves has antioxidant, antifungal 

and immunostimulatory activities. International 

Journal of Biological Macromolecules, 162, 

1725-1733. 

[46] Lens, J. P., De Graaf, L. A., Stevels, W. M., Dietz, 

C. H. J. T., Verhelst, K. C. S., Vereijken, J. M., & 

Kolster, P. (2003). Influence of processing and 

storage conditions on the mechanical and barrier 

properties of films cast from aqueous wheat glu-

ten dispersions. Industrial Crops and Prod-

ucts, 17(2), 119-130. 

[47] Alves, M. J., Ferreira, I. C., Froufe, H. J., Abreu, 

R. M. V., Martins, A., & Pintado, M. (2013). An-

timicrobial activity of phenolic compounds iden-

tified in wild mushrooms, SAR analysis and 

docking studies. Journal of applied microbiolo-

gy, 115(2), 346-357. 

[48] Aguiar, L. M. D. S., do Nascimento, D. K. D., 

Ramos, B. D. A., de Moura, M. C., Coelho, L. C. 

B. B., Napoleão, T. H., Correia M. T. S., Filho I. 

J. C.,  Maior A. M. S. da Silva T. D., Lima C. S. 

A., de Lorena V. M. B., & de Melo, C. M. L. 

(2019). Antioxidant, antimicrobial and im-

munostimulant properties of saline extract from 

Caesalpinia pulcherrima (L.) Swartz (Fabaceae) 

leaves. Indian Journal of Traditional Knowledge, 

18(2) 281-289. 

 [49] Rahouti, M., Steiman, R., Seigle-Murandi, F., & 

Christov, L. P. (1999). Growth of 1044 strains 

and species of fungi on 7 phenolic lignin model 

compounds. Chemosphere, 38(11), 2549-2559. 

[50 Baurhoo, B., Ruiz-Feria, C. A., & Zhao, X. (2008). 

Purified lignin: Nutritional and health impacts on 

farm animals—A review. Animal Feed Science 

and Technology, 144(3-4), 175-184.   

[51] Qin, L., Li, W. C., Liu, L., Zhu, J. Q., Li, X., Li, 

B. Z., & Yuan, Y. J. (2016). Inhibition of lignin-

derived phenolic compounds to cellu-

lase. Biotechnology for biofuels, 9(1), 1-10.   

[52] Rocca, D. M., Vanegas, J. P., Fournier, K., Becer-

ra, M. C., Scaiano, J. C., & Lanterna, A. E. 

(2018). Biocompatibility and photo-induced anti-

bacterial activity of lignin-stabilized noble metal 

nanoparticles. RSC advances, 8(70), 40454-

40463. 

[53] Gordobil, O., Herrera, R., Yahyaoui, M., İlk, S., 

Kaya, M., & Labidi, J. (2018). Potential use of 

kraft and organosolv lignins as a natural additive 

for healthcare products. RSC advances, 8(43), 

24525-24533. 

[54] Yang, W., Fortunati, E., Dominici, F., Giovanale, 

G., Mazzaglia, A., Balestra, G. M., Kenny J.  & 

Puglia, D. (2016). Synergic effect of cellulose 

and lignin nanostructures in PLA based systems 

for food antibacterial packaging. European Poly-

mer Journal, 79, 1-12. 

 [55] Núñez-Flores, R., Giménez, B., Fernández-

Martín, F., López-Caballero, M. E., Montero, M. 

P., & Gómez-Guillén, M. C. (2013). Physical and 

functional characterization of active fish gelatin 

films incorporated with lignin. Food Hydrocol-

loids, 30(1), 163-172. 
 

http://nopr.niscair.res.in/browse?type=author&value=Correia%2C+Maria+Tereza+dos+Santos
http://nopr.niscair.res.in/browse?type=author&value=Filho%2C+Iranildo+Jos%C3%A9+da+Cruz
http://nopr.niscair.res.in/browse?type=author&value=Filho%2C+Iranildo+Jos%C3%A9+da+Cruz
http://nopr.niscair.res.in/browse?type=author&value=Maior%2C+Ana+Maria+Souto
http://nopr.niscair.res.in/browse?type=author&value=da+Silva%2C+T%C3%BAlio+Diego
http://nopr.niscair.res.in/browse?type=author&value=Lima%2C+Cl%C3%A1udia+Sampaio+de+Andrade
http://nopr.niscair.res.in/browse?type=author&value=Lima%2C+Cl%C3%A1udia+Sampaio+de+Andrade
http://nopr.niscair.res.in/browse?type=author&value=de+Lorena%2C+Virg%C3%ADnia+Maria+Barros
http://nopr.niscair.res.in/bitstream/123456789/47084/3/IJTK%2018%282%29%20281-289.pdf
http://nopr.niscair.res.in/bitstream/123456789/47084/3/IJTK%2018%282%29%20281-289.pdf

