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Abstract 
The objective of this study was to develop inexpensive and facile nanocomposites based on chitosan and organo-clay with the 
antimicrobial affectivity that provide the serious challenges caused by bacterial infections in various products such as food 
packaging materials. The chitosan with octadecylamine montmorillonite (ODA-MMT) nanocomposites by supplementing 1, 
2.5, and 5 w% Nigella arvensis seed (black cumin) extract (CMBC-1, CMBC-2.5, and CMBC-5) were prepared chitosan from 
ionic liquid solutions in the presence of ODA-MMT and black cumin extract suspension. The effect of black cumin with different 
content on the structure and antimicrobial activity of the nanocomposite have been investigated. The interactions between the 
chitosan matrix, ODA-MMT, and black cumin extract at different conditions were characterized both physicochemically (FT-IR, 
SEM, and XRD) and biologically (antimicrobial). The results indicated that the formation of exfoliated nanostructure of nano
composites was provided by loading of nanodispersed clay in matrix. Antimicrobial activity of CMBC nanocomposite film was 
evaluated using disc diffusion method against Gram-negative bacteria Escherichia coli ATCC 25922 and Salmonella enterica 
serotype Typhimurium SL 1344 and Gram-positives Staphylococcus aureus ATCC 25923 and Streptococcus mutans ATCC 
25175. The antimicrobial activity studies of the CMBCs illustrated that the nanocomposites could more strongly inhibit the 
growth of the tested Gram-negative bacteria than Gram-positive bacteria within increased content of black cumin from 1 to 5 w%. 
To our knowledge, this is the first report on the antimicrobial effect of CMBC nanocomposite film. Such biomaterials within 
nontoxic and inexpensive properties will thus have great potential applications in the development of new packing materials that 
can effectively prevent the antimicrobial formation. 
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Highlights 1 Introduction • The biopolymeric chitosan/ODA-MMT nanocomposite film containing 
black cumin extract with different concentrations (CMBC) was prepared. 
• For the first time, significant inhibition against the common food path- Bio-based food packaging materials have gained enormous 
ogen microorganisms was observed using the novel CMBC film. interest among the customers due to high number of advan
• CMBC may have the potential in the development of new antimicrobial 
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biomacromolecules, have attracted increasing attention in the 
last decade, due to their biocompatibility, low cost, 
nontoxicity to environment, and various superior physical 
properties [4]. Chitosan, de-acetylated form of chitin, is the 
second largest biopolymer followed by cellulose [5]. Chitosan 
is composed mainly of repeating units of D-glucosamine and 
N-acetyl-D-glucosamine linked through β-(1–4) bond [6]. 
The antimicrobial properties of chitosan are attributed to its 
cationic nature which interacts with the negatively charged 
microbial cell surface, consequently resulting in membrane 
damage [7]. Chitosan has good biodegradability, biocom
patibility, and mechanical properties; however, its thermal 
gas barrier, stability, and hardness properties are not good 
enough for it to be used in some applications. Thus, chito
san with nanofiller composite technology provides the en
hancement of properties of chitosan [8, 9]. Organo-clays 
are surface-modified fillers with organic surfactants by in 
situ intercalation process. ODA-MMT is also one of com
mercial organo-clay derivate and widely used in producing 
nanocomposite [10]. 

The biopolymer/clay nanocomposite films can be used as a 
carrier of natural active substances (antioxidant and antimicro
bial) which could contribute to the enhancement of shelf life 
and also offer a more control release of any food ingredient 
[11]. Up to date, many studies have been focused on produc
tion of active food package nanocomposite film enriched with 
certain natural antioxidant and antimicrobial agents [12–15]. 
However, still many plants and their fruit-based extracts need 
to be characterized for their antimicrobial properties in pro
duction of food packaging films. 

Medicinal plants known as therapeutic plants have been 
thought to be safe as to modern medical cares. Nigella genus 
is from Ranunculaceae family, and there has been 13 species 
described from Turkish flora [16, 17]. Among these species, 
N. sativa, N. arvensis, N. damascene, N. hispanica, 
N. nigellastrum, and  N. orientalis were characterized by anti
microbial and anti-inflammatory properties against pathogen
ic microorganisms [18]. Of the Nigella species that have been 
investigated biologically for many times, the economically 
viable N. arvensis plant is widely produced in many countries 
[19]. Seeds of genus N. arvensis (black cumin) from 
Ranunculaceae family have been used medically in the 
Eastern Europe, Middle East, and Western Asia countries 
due to therapeutic effect for many diseases such as diuretic, 
gastroprotective, immune-modulatory, antidiabetic, antihy
pertensive, anticancer, antimicrobial, anti-inflammatory, 
and antioxidant properties while bioactive compounds 
have been derived in distinctive extract of seeds [20–22]. 
These compounds have important functionality for appli
cations in chemical, pharmaceutical, and food industries. 
However, these compounds have very poor bioavailability 
to an oxidizing environment, as light, moisture, tempera
ture, oxygen, etc. owing to the presence of unsaturated 

bonds in their molecules [23, 24]. Hence, encapsulation 
or immobilization in polymer matrix enhances their bene
fits and stability. 

In the current study, for the first time, chitosan/ODA
MMT-based nanocomposite film enriched with seed extract 
of N. arvensis (black cumin) were produced. Herein, we report 
on the preparation of green nanocomposites of chitosan/ODA
MMT/black cumin, characterization of their hydrogen bond
ing, amorphous transformation and surface morphology, and 
evaluation of bactericidal potential against human and food 
pathogen bacteria. To our knowledge, this is the first reported 
chitosan/ODA-MMT/black cumin nanocomposite that ex
hibits significant antibacterial effect. 

2 Materials and Methods 

2.1 Materials 

Medium molecular weight chitosan (CS) with deacetylation 
degree of ~ 80%, ODA-MMT, and glacial acetic acid were 
supplied by Sigma-Aldrich. For microbial assay, Luria-
Bertani (LB) was purchased from LABM. Other chemicals 
were analytical grade reagent. Black cumin (BC) seeds were 
harvested from Niğde Turkey and stored at 4 °C until ana
lyzed. Samples were firstly ground manually. Then, seeds at 
different concentrations (1, 2.5, and 5%, w/v) were  homoge
nized in distilled water at 50 °C by using reactor. 

2.2 Preparation of Nanocomposite Film 

CS (2%, w/v) was dissolved in acetic acid solution (1%, v/v) at  
60 °C and stirred for 30 min to obtain a homogeneous mixture. 
ODA-MMT (5%, wchitosan/v) was added into the CS gel, and 
the mixture was stirred at 60 °C. The prepared each BC solu
tion at different concentration (1, 2.5, and 5%, w/v) was added 
into the CS/ODA-MMT (CM) gel solutions. The CS/ODA
MMT/BC solution was poured into petri dishes and allowed 
to dry at room temperature for 12 h. CM nanocomposites 
prepared in this study with different black cumin content (1, 
2.5, 5%, w/v) will be referred as CMBC-1, CMBC-2.5, and 
CMBC-5, respectively. 

2.3 Characterization of Chemical Composition 

The hydrogen bonding of pristine BC extract, CS, ODA
MMT, and obtained nanocomposites: CM, CMBC-1, 
CMBC-2.5, and CMBC-5 were evaluated by using Fourier 
transform infrared spectroscopy (FTIR, Perkin Elmer Nicolet 
520 spectrophotometer, Boston, USA). The samples were an
alyzed using 16 scans in the range of 450–4000 cm−1 with 
4 cm−1 resolutions for the FTIR analysis. 
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2.4 Morphology Observations 

Scanning electron microscopy (SEM) (Zeiss, Evo 40) was 
used for the evaluation of the surface morphology of the syn
thesized CM, CMBC-1, CMBC-2.5, and CMBC-5. 
Nanoparticles were mounted onto aluminum pin-type stubs 
(diameter 12 mm) with carbon tape, and then, nanoparticles 
were coated with palladium-gold for the SEM measurements. 

2.5 Amorphous Transformation Properties 

X-ray diffractometer (XRD) were used to determine change in 
the crystal polymorphism of CS, ODA-MMT, and nanocom
posites: CM, CMBC-1, CMBC-2.5, and CMBC-5. The crys
talline structures of samples were obtained using the XRD 
(Panaly t ica l ,  Empyrean)  with  Cu-Kα radia t ion .  
Measurements were carried out at 45 kVand 40mA condition. 
The scanned angle was set from 2° ≤ 2θ ≤ 40°, and the scan 
rate was 1° min−1. All samples were analyzed and recorded in 
triplicate. 

2.6 Antimicrobial Bioassay 

The following microorganisms including Escherichia coli 
(E. coli) ATCC 25922, Staphylococcus aureus (S. aureus) 
ATCC 25923, Streptococcus mutans (S. mutans) ATCC  
25175, and Salmonella enterica serotype Typhimurium 
(S. typhimurium) SL 1344 were used as the tested microor
ganisms. Stock cultures were prepared and stored with 30% 
glycerol at − 80 °C. When cultured from stock, the strains 
were subcultured before use. All microorganisms were 
subcultured on LB agar culture at 37 °C for 24 h. 

Antimicrobial activities of BC, CS, ODA-MMT, the syn
thesized CM, CMBC-1, CMBC-2.5, and CMBC-5 against the 
tested human pathogen microorganisms were determined by 
using disc diffusion method [25]. For the assay, firstly, the 
stock solutions of CS, ODA-MMT, and BC and their compos
ite CM, CMBC-1, CMBC-2.5, and CMBC-5whichwere used 
directly after the obtained form of the synthesis process. The 
microorganisms’ turbidity was set by 0.5 McFarland standard 
as a reference. The prepared samples were stand under UV 
irradiation for sterilization. The suspension of microorganism 
(100 μL) was inoculated (106 cells/mL) onto petri plate within 
Müller-Hinton agar, and then, filter discs (diameter 6 mm) 
containing samples (20 μL) were placed on the prepared petri 
plate and incubated at 37 °C for 24 h. Gentamicin (20 μg/disc) 
was used as positive control, and the disc containing only 
solvent (acetic acid 1%, v/v) was used as a negative control. 
All tests were repeated in three times. The diameter of inhibi
tion zone was calculated after incubation. The results were 
presented as mean diameter of inhibition zone in mm ± stan
dard deviation (mean ± SD). 

3 Results and Discussion 

The polycationic and hydrophilic properties of CS in acidic 
media provided a good intercalated and exfoliated nanocom
posite form owing to molecules of CS biopolymer were easily 
located and well dispersed into the interlayers of the ODA
MMT silicates by cationic exchange mechanism [26]. It can 
be presumed that the interaction between biopolymer CS and 
exfoliated ODA-MMT sheets ensures the formation of bond
ing in between, which further generates a strong cross-linking 
structure in the final nanocomposite structure (Fig. 1). 

3.1 Structural Analyses of CMBC Nanocomposites 

The structural analyses based on FTIR, XRD, and SEM 
methods were carried out to investigate the morphology, and 
the interactions between nanofillers and chitosan matrix also 
within biomolecules of black cumin extract. 

First, FTIR analysis was performed to confirm the presence 
of chitosan, ODA-MMT nanofillers, and black cumin extract 
in the nanocomposites, and study the interactions between the 
cellulose matrix, ODA-MMT, and black cumin (Fig. 2). The 
absorption peak observed at 3518 cm−1 in the FTIR spectrum 
of pristine ODA-MMT (Fig. 2b) was illustrated to stretching 
vibration of Al-Al-OH groups in the octahedral layer. The 
peaks observed at 1504 cm−1 and 1478 cm−1 were out of plane 
wagging of OH group. The sharp peak at 1012 cm−1 was 
attributed to Si-O stretching vibration. Tetrahedral bending 
modes were observed at 509 cm−1 for Si-O-Al and at 
487 cm−1 for Si-O-Mg [27]. The important differences were 
observed at O-H stretching vibrations when FTIR spectra of 
CM films and pure CS and ODA-MMT were compared. The 
absorption peak shifting illustrated strong interactions be
tween CS matrix and ODA-MMT clay which formed by hy
drogen bonding (Fig. 2b–d). It was also observed at the C-O 
stretching vibration region in the range of 952–1073 cm−1 as a 
wide band for pure CS film, but this range was expanded to 
905–1123 cm−1 interval for the CM film (Fig. 2d). The ab
sorption bands of CM film were related to O-H stretching at 
3478 cm−1, C-H stretching at 2804 cm−1, C-O carbonyl 
stretching from the chitosan at 1586 cm−1, C-O stretching at 
989–1128 cm−1, and O-CH3 stretching at 857 cm−1 from 
asymmetric oxygen bridge. Small absorption bands in the 
range of 1254–1448 cm−1 illustrated the characteristics band 
of C-H for CM (Fig. 2d) and C-H vibrations observed as small 
bands in the range of 486–604 cm−1 [28]. We suggested that 
the hydroxylated edge-edge interaction of the silicate layers 
provided the intercalated and exfoliated structure of CM nano
composite [10]. While hydroxyl functional groups of each CS 
unit can form hydrogen bonds with hydroxylated edge groups 
of the silicate layers, and thus, it leads to the strong interaction 
between CS matrix and ODA-MMT layers. New absorption 
bands were obtained in the FTIR spectra of CMBC film with 
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Fig. 1 Schematic illustration of 
CMBC biofilm preparation 

the addition of BC into the CM film matrix (Fig. 2e–g). For 
pure CM film, O-H stretching vibration seen at 3478 cm−1 was 
disappeared because of O-H stretching vibration of phenolic 
group of black cumin (Fig. 2a). O-H intensity of stretching 
vibration obtained at 3237 cm−1 and 3489 cm−1 for CM films 
was decreased and shifted for the CMBC film. The hydrogen 
bond interaction of phenolic group of black cumin with CM 
film may lead to the decreased formation of this band vibra
tion (Fig. 2e–g). C-H stretching vibration obtained at 
2802 cm−1 for CM films was shifted to 2785 cm−1 for 
CMBC film. Also, the intensity of C-H stretching was in
creased with increased amount of black cumin from CMBC
1 to CMBC-5 (Fig. 2e–g). The obtained shifts in the absorp
tion bands of CMBC present the interactions between black 
cumin and CM film. 

Furthermore, the interaction between ODA-MMT, chitosan 
matrix and black cumin extract has been evaluated by XRD 
analyses (Fig. 3). The XRD pattern of the ODA-MMT shows 
a reflection peak at about 2θ = 7.5, 19.5, 24, 26, and 35.5 (Fig. 

Fig. 2 FTIR spectra of the black 
cumin extract (a), ODA-MMT 
(b), pure chitosan (c), chitosan/ 
ODA-MMT nanocomposites (d), 
and CM nanocomposite entrap
ment with different black cumin 
content (1, 2.5, 5%, w/v) referred 
as CMBC-1 (e), CMBC-2.5 (f), 
and CMBC-5 (g), respectively 

3a). The XRD pattern of CS shows the characteristic crystal
line peaks at around 2θ = 11 and 22.5 (Fig. 3b). After incor
porating CS in ODA-MMT plates, the basal plane of MMT at 
2θ = 7.5 disappears, substituted by a new weakened broad 
peak at around 2θ = 9.5. Also, the sharp peak at about 2θ = 
19.5 of ODA-MMT almost disappeared and a new character
istic peak at about 2θ = 26 was obtained for CM film (Fig. 3c). 
The peak broadening and intensity decrease, and the shifting 
of the lower angle to higher reflection most likely illustrates 
the intercalated or exfoliated structure of nanocomposites [3, 
26]. Comparing CMBC films with CM film (Fig. 3c), it is 
clearly shown that CM without black cumin residue displays 
higher crystalline than that of CMBC films (Fig. 3d). For the 
CM film containing different content of black cumin residue, 
the all of CMBC films exhibits two weak crystalline peaks at 
2θ = 9.5  and  2θ = 11.5 with a strong broad slope around 2θ = 
26, indicating the formation of an amorphous structure (Fig. 
3d–f). With increasing the content of the black cumin from 1 
to 5 mg mL−1, the CMBC film clearly shows intercalated 
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Fig. 3 XRD patterns of the ODA-MMT (a), pure chitosan (b), chitosan/ODA-MMT nanocomposites (c), and CM nanocomposite entrapment with 
different black cumin (BC) content (1, 2.5, 5%, w/v) referred as CMBC-1 (d), CMBC-2.5 (e), and CMBC-5 (f), respectively 

morphology with occasional flocculation. Therefore, on the 
results of XRD patterns and FTIR spectra, it is clearly indicat
ed that the ODA-MMTwas formed intercalated and exfoliated 
structures in CMBC film [26, 29]. 

Last, the surface morphology of the nanocomposites was 
studied by SEM. Good and random dispersion of ODA-MMT 
with various particle sizes in CS matrix was observed (Fig. 4). 
The dispersion of the ODA-MMT in the CS medium between 

Fig. 4 SEM images of chitosan/ 
ODA-MMT/black cumin 
nanocomposites: CMBC-1 (a, b) 
CMBC-2.5 (c, d), and CMBC-5 
(e, f) 

clay and polymer matrix was observed from SEM images. 
The smoothness of the surfaces is decreased by increased 
BC content into the CM nanocomposite. This is because of 
the coagulation of the BC compounds in case of high contents. 
CS polymer and ODA-MMT interaction, which lead to polar 
groups of clay and polymer, was also observed [30]. At lower 
BC content (1 wt%, Fig. 4a, b), the CMBC-1 shows the exis
tence of intercalated structures. With increasing the content of 
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the BC (2.5 wt% (Fig. 4c, d) and 5 wt% (Fig. 4e, f)), the 
CMBC-2.5 and CMBC-5 clearly show intercalated and exfo
liated morphology. The exfoliated ODA-MMT exhibited a 
structure composed of layers which flattening out in parallel 
to the surface, where each layer had an undefined shape with a 
size range of 10–20 nm. The increased extent of intercalation 
is consistent with the results from XRD discussed earlier. 

3.2 Antimicrobial Activity 

We assessed whether the prepared CMBC nanocomposites 
can inhibit the growth of the common human and food path
ogens. Pristine CS, ODA-MMT, black cumin extract, and all 
the chitosan nanocomposites (CMBC-1, CMBC-2.5, and 
CMBC-5) were screened, and the antimicrobial effect was 
evaluated by disc diffusion test (Fig. 5). The samples contain
ing only black cumin, CS, and ODA-MMT did not show 
significant zone of growth inhibition, and the disc containing 
gentamicin exhibited significantly larger zone of inhibition 
compared to this samples (~ 28 ± 1.2 mm). All the three nano
composites (CMBC-1, CMBC-2.5, and CMBC-5) exhibited 
significantly larger inhibition zones of growth (Fig. 5) com
pared to those of pure CS, ODA-MMT, or black cumin. 
Interestingly, the zone of inhibition for the tested nanocom
posites increased with the increasing content of black cumin 
(i.e., ~ 16.78, 19.26, and 21.49 mm for CMBC-1, CMBC-2.5, 
CMBC-5, respectively) against all tested microorganisms. To 
understand the Bconcentration^ dependence for the 

antimicrobial activity of obtained nanocomposites, we evalu
ated that neither the ODA-MMT nor the CS matrix should be 
regarded as the conventional Bantimicrobial agent,^ since they 
did not show significant antimicrobial activity according to 
our control tests. 

The increased antimicrobial effect with increasing content 
of BC was determined by the disc diffusion assay. The anti
microbial activity studies of the CMBCs illustrated that the 
nanocomposites inhibited strongly the growth of the tested 
Gram-negative bacteria (E. coli and S. typhimurium) than  
Gram-positive bacteria (S. aureus and S. mutans) within in
creased content of black cumin from 1 to 5 w%. According to 
this evaluation, the antimicrobial effect of the CMBC-5 nano
composite against tested Gram-positive bacteria illustrated al
most near value of inhibition zone compared to the effect of 
gentamicin (VI ~ 92%). For our materials without any addi
tional antimicrobial agents, the strong antimicrobial activity is 
presumably related to the exfoliated ODA-MMT nanofillers 
dispersed in the CS matrix, which is corroborated by the ob
servation that CMBC-5 with the highest level of BC provided 
the strongest antimicrobial effect. 

4 Conclusions 

In this work, we have reported the preparation of a series of 
green inexpensive chitosan containing organic modified 
montmorillonite nanocomposites within black cumin extract. 

Fig. 5 Antimicrobial activity of black cumin extract (BC), pristine black cumin concentration 2.5% (w/v); CMBC-5, chitosan/ODA-MMT/

chitosan (CS), ODA-MMT, their films: CM, chitosan/ODA-MMT; black cumin with black cumin concentration 5% (w/v), expressed as in-

CMBC-1, chitosan/ODA-MMT/black cumin with black cumin concen- hibition zones (mm)

tration 1% (w/v); CMBC-2.5, chitosan/ODA-MMT/black cumin with
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For the first time, significant inhibition against the human-
and food-related bacteria was achieved by using the chito
san/ODA-MMT/BC nanocomposites. We believe that the 
exfoliated ODA-MMT nanofillers dispersed in the chitosan 
matrix and bioactive nature of BC is the key factor for the 
peculiar observation. It is expected that our new chitosan
based nanocomposites can be potentially used for applica
tion of those new green nanocomposites as packaging ma
terials, medical textile, or various biomedical devices. 
Besides those applications, such sustainable nanocompos
ites may also have the potential in the development of new 
antibacterial drugs or additives. 
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