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Article Type ABSTRACT

Research Paper Background and Obijective: Natural dyes have attracted much attention due to their antibacterial
properties and various applications, especially in textiles, and also due to the environmental pollution
of synthetic dyes. The aim of this study is to determine the antibacterial properties and effectiveness
of natural dyes by analyzing common dyes against common bacterial strains.

Methods: In this laboratory study, sufficient extracts of natural dyes (Hibiscus Sabdariffa, Nigella
sativa, and Lawsonia Inermis) were created for analysis. The dried plant components were
pulverized, followed by adding 2g of the resulting dry plant powder of each plant to 100 ml of
distilled water, and boiling for 15 minutes at 60°C. The extract was then strained using a muslin cloth
and filter paper. A standard Agar Well Diffusion method determined the initial effects on antibacterial
properties.

Findings: The antibacterial activity of three aqueous plant extracts (Hibiscus Sabdariffa, Nigella
sativa, Lawsonia Inermis) showed that each sample had a wide range of effects against bacteria from
this experiment. Nigella sativa and Hibiscus Sabdariffa extracts had strong antibacterial activity
against all bacteria in this study, while Lawsonia Inermis extract had weak antibacterial activity. It
appeared from the well diffusion technique that Nigella sativa seeds inhibited E. coli and the
inhibition zone was 20 mm and after diluting the concentration, the inhibition zones were 22 and 31
mm at 25 and 50%, respectively, with no inhibition zone at 75% concentration. Regarding Hibiscus
Sabdariffa, the inhibition zone was 13 mm against staphylococcus aureus at 100%, and inhibition
zone was 12 mm against klebsiell Sp., while the inhibition zone for Nigella sativa for the same

Received: bacteria was 11 mm. The Lawsonia Inermis extracts had no inhibition zone for all bacteria. In general,

all extracts showed moderate antibacterial activity against bacteria and fungi. The extracts were

characterized using Fourier transform infrared spectroscopy (FTIR), UV-Vis spectroscopy and
atomic force microscopy (AFM).

Conclusion: The results of the study showed that plant extracts, due to their antibacterial properties

Accepted: against different species, can be effective in treating infections caused by resistant bacteria.
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Introduction

Natural dyes, also known as plant extracts, have become increasingly popular due to the environmental
pollution caused by synthetic dyes. Several countries have enforced environmental standards due to the
harmful reactions caused by synthetic dyes; this has led to a growing interest in the use of natural dyes. The
worldwide concern for eco-friendly and biodegradable dyes has further increased the demand for natural
dyes, particularly in the cosmetic and food industries. Plants have served as a primary source of dyes since
the beginning of human civilization (1). In Irag, many plants have been used for both natural dyes and
therapeutics for centuries.

The knowledge of plant usage was widespread in ancient civilizations, where plants were the primary
therapeutic agents used by humans. Nowadays plants play a significant role in the world, and their potential
to produce numerous benefits for society, especially for medicinal purposes, and approximately 50%
of all drugs in clinical use derive from natural products. The medical power of plants is due to their
photochemical, which can cause definite physiological actions in the human body to act against diseases
and prevent them.

Natural dyes have garnered significant attention for their potential antibacterial properties, which can be
leveraged in various applications, particularly in textiles. The natural anthraquinone dye purpurin, derived
from madder plants, disrupts bacterial cell division by targeting the FtsZ assembly, exhibiting notable
antibacterial effects (2). Similarly, natural dyes extracted from sea water bacteria, such as those found on
Marina beach, show promising antibacterial activity against E. coli and S. aureus, with dyed fabrics retaining
their color and antibacterial properties after washing (3). Studies on plant-based dyes, including extracts
from Butea monosperma and Tagetes erecta, demonstrate effective antibacterial action against common
pathogens like E. coli and S. aureus when used on cotton fabrics (4). Additionally, Melia composita leaves
have been identified as a potent source of natural dye with substantial antibacterial efficacy, suitable for
medical textiles (5). Furthermore, medicinal plant extracts such as thyme, clove, and lavender not only
provide durable coloration but also impart antibacterial and antimicrobial properties to wool and cotton
yarns (6).

The application of plant extracts that are recognized for their antimicrobial properties holds great
importance in the field of medical treatments. Over the past few years, numerous research studies have been
conducted in different countries to validate their efficacy. The antimicrobial properties of these plants stem
from the compounds synthesized during their metabolic processes. These compounds contain active
substances, such as phenolic compounds and tannins, which are well-known for their antimicrobial
properties (7).

It has become increasingly important to discover novel antimicrobial agents to combat resistant
microorganisms from diverse sources, particularly those derived from plants. Researchers from various
fields are now exploring the potential of plants as an alternative source for existing drugs by investigating
their antimicrobial properties.

Collectively, these studies underscore the dual benefits of natural dyes in offering sustainable color
solutions while enhancing the antibacterial functionality of textiles, making them ideal for hygienic
applications and protective clothing.

This study focuses on the preparation of extracts from Nigella sativa seed, Hibiscus Sabdariffa, and
Lawsonia inermis. The extracts were analyzed to determine their properties and their effectiveness against
certain types of both positive and negative bacteria (Staphylococcus aureus, Staphylococcus epidermis,
Escherichia coli, Klebsiella sp., and Candida albicans). The study aims to assess the antibacterial effect of
these extracts.
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Methods

This research was approved by the ethics committee the College of Science Research Ethics Committee
University of Baghdad (Reference Number: BCSMU/0923/0007Bon September 23, 2023), All plant
material used in the experiment was synthesized using green technology (8). The collection included Nigella
sativa seeds, Hibiscus sabdariffa, and Lawsonia inermis.

Nigella sativa, commonly referred to as black seeds, is an annual plant from the Ranunculaceae family,
Genus Nigella, Species N.sativa. Its leaves come in various colors such as white, pink, yellow, pale blue, or
pale purple, and it is found in southwest Asia, northern Africa, and southern Europe (Figure 1a). Hibiscus
sabdariffa, known as Roselle or Karkadeh, is an herb native to West Africa and belongs to the Malvaceae
family, Genus Hibiscus, Species H.sabdariffa. It grows up to 2-2.5 meters tall and has deep three to five-
lobed leaves that range from green to red, with large blooms having a dark center (Figure 1b). Lawsonia
inermis, commonly known as Henna, is from the Lythraceae family, Genus Lawsonia, Species L.inermis,
and indigenous to North Africa and southwest Asia. The plant's leaves are elliptic to lanceolate in shape
(Figure 1c).

Figure 1. Nigella sativa (a), Hibiscus Sabdariffa (b), Lawsonia inermis (©

Extract Preparation: For preparing plant extracts, the approach depends on which part of the plant is under
review; different parts of the plants require different procedures. For Nigella sativa, we utilize its seed to
prepare the extract, and for Hibiscus Sabdariffa and Lawsonia inermis, we utilize the flowers and leaves,
respectively. The adopted method has been well handled and showed a high facility in managing the
procedures and conditions. The process starts with ground dried plant material, then adding 2g of the dry
plant powder of each plant to 150 ml of distilled water, heated to 60° C, and left at the same temperature for
30 minutes. The extract was filtered using the muslin cloth, and then by filter paper. The filtrate plant
extracts were used for the bio-synthesis of NPs directly as soon as possible, as shown in Figure 2 a, b, ¢
(Figure 2). Three different extracts were prepared; the white extract from Nigella sativa, the red extract from
Hibiscus Sabdariffa (Roselle) and the brown extract from Lawsonia inermis (Henna).
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Figure 2. Extracts of Nigella sativa (a), Hibiscus Sabdariffa (b), Lawsonia inermis (c)
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Results

The structural, optical, and morphological properties of such listed samples were described by UV-

visible spectroscopy, FTIR spectroscopy, and Atomic Force Microscopy (AFM). Then, the antibacterial
activity of extract samples was investigated using the agar well diffusion method against different common
bacteria.
Ultraviolet-Visible (UV-Vis) Spectroscopy Analysis: The UV-Vis absorption spectra, covering the
wavelength range of 200 to 1100 nm, for the prepared plant extracts are shown in Figure 3. The spectra
reveal significant absorption in the UV region (200-350 nm), with distinct absorbance peaks. The three dyes
exhibit similar absorption peaks in the Ultraviolet (UV) region, with their intensity increasing and then
decreasing over the visible wavelength region. Nigella sativa white extract displayed the highest absorbance
at 210 nm, indicating a strong presence of UV-absorbing compounds. The red aqueous extract for Roselle
(Hibiscus sabdariffa) showed two peaks at approximately 212 nm and 284 nm, typical of anthocyanin the
red extracts from Hibiscus sabdariffa flowers. These absorption characteristics are attributed to the different
functional groups on the anthocyanins and the colors of the extracts. Additionally, the henna brown extract
(Lawsonia leaves) displayed weak absorption bands at 208 nm and 268 nm, due to the presence of m-* and
n-m* electron transitions in benzene and quinone (Figure 3).
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Figure 3. UV-Vis absorption spectrum of plant extracts prepared from Nigella sativa seeds (white),
Hibiscus sabdariffa flowers (Red), and Lawsonia leaves (Henna)

FTIR Spectra Analysis: The FT-IR analysis was performed on extracts from Nigella sativa seeds, Hibiscus
sabdariffa flowers, and Lawsonia leaves, covering the infrared spectrum range of 400-4000 cm™. The results
are shown in Figure 4, with subfigures 4a, 4b, and 4c representing the different samples. The FT-IR spectrum
for Nigella sativa (Figure 4a) shows a broad and strong band at 3436 cm™, corresponding to the O-H
stretching vibration in hydroxyl functional groups. Other notable peaks include 2068 cm™, 1635 cm™, and
685 cm™, which refer to alkanes, acids, and alkenes groups, respectively. In Hibiscus sabdariffa (Figure
4b), the strong peak at 3448 cm™ is attributed to the O-H stretch vibration, indicating the presence of
hydroxyl groups commonly found in various organic compounds. Peaks in the range of 1100-1071 cm™
indicate the presence of specific anthocyanins, such as cyanidin-3-O-sambubioside and delphinidin 3-O-
sambubioside, contributing to the plant's distinctive red coloration. Additionally, the region between 1610
and 1620 cm™ is associated with carbon-carbon double bonds (C=C), implying the presence of unsaturated
compounds containing double bonds. The FT-IR spectrum of Lawsonia inermis (Figure 4c) shows a peak
at 3436 cm™1, suggesting the existence of the hydroxyl (OH) functional group. Additionally, the presence
of peaks at 1636 cm™ indicates the presence of a and B-unsaturated carbonyl groups, demonstrating the
stretching vibration of the carbon-oxygen double bond (C=0) (figure 4).
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Figure 4. FT-IR spectra for plant extracts. (4a) Nigella sativa extract, showing the O-H stretching vibration at
3436 cm™ and additional peaks corresponding to alkanes, acids, and alkenes. (4b) Hibiscus sabdariffa extract, identifying
hydroxyl groups at 3448 cm™, anthocyanins in the range of 1100-1071 cm™, and carbon-carbon double bonds between 1610
and 1620 cm™. (4c) Lawsonia inermis extract, indicating hydroxyl groups at 3436 cm™ and a and p-unsaturated carbonyl

groups at 1636 cm™.

Atomic Force Microscope (AFM) Analysis: The AFM images in Figure 5 depict the surface topography
of samples a, b, and c. Sample a show a relatively smooth surface with minimal roughness, sample b exhibits
moderate roughness with distinct textural features, and sample c¢ displays the highest roughness with
pronounced surface peaks and valleys (Figure 5).
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Figure 5. AFM of Nigella sativa(a), Hibiscus Sabdariffa (b), Lawsonia inermis (c)
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Antibacterial activity: The antibacterial activity of extracts from various plants was determined using the
Agar wells diffusion method against different bacteria. This method involves the following steps:

1. The bacteria were cultured in nutrient broth and compared with the McFarland tube at 37° C.

2. 0.1 ml of the previously cultured bacteria was taken and diffused on the surface of Nutrient agar, which
was then left to dry at 37° C for 10 minutes.

3. After drying, 5mm wells were made in the agar plate.

4. The extracts were added to these wells and incubated at 37 degrees Celsius for 18 hours.

5. The antibacterial activity of the extracts was determined by the sample that produced a clear inhibition
zone around the well.

The bacterial strains tested were both Gram-positive and Gram-negative. The results of the inhibition zones
are shown in Table 1.

Our observations indicate that extracts derived from Nigella sativa seeds demonstrate considerable
antibacterial efficacy against Escherichia coli, characterized by an inhibition zone measuring 20 mm in
diameter. In contrast, the antibacterial activity against Staphylococcus and Klebsiella species is notably less
pronounced, with inhibition zones of 11 mm. Additionally, these extracts show effectiveness against various
other bacterial strains. Regarding extracts from the Roselle plant, they reveal significant activity against
Candida albicans, with an inhibition zone of 11 mm, and against Staphylococcus aureus, which has an
inhibition zone of 13 mm. Conversely, the leaves of Lawsonia inermis (Henna) display minimal antibacterial
activity across all bacterial strains tested. Figure 8 illustrates the biological activity against different bacterial
types (figure 6).

Tablel. Antibacterial activity (Inhibition zones mm) of the plants
Bacteria N. sativa (1) Henna (2) Roselle (3)
Genus: Staphylococcus

Species: aureus (a) No inhibition zone  No inhibition zone 13
gp‘zré‘::ssetgf’dhe{'ﬁ]fgl‘;cz‘g) 11 No inhibition zone 12
Ggggz;e?%g?iﬁg;ia 20 No inhibition zone  No inhibition zone
G;Sg;e':'ggs'(ﬂ)'a 11 No inhibition zone 12
SEIIE Cameli No inhibition zone  No inhibition zone 11

Species: albicans (e)

Figure 6. Antibacterial effect of plant extracts
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In the same context, it has been found that the extract of Nigella possesses high antibacterial activity
against E. coli. As a result, we diluted the concentration three times. When the concentration was at 25%,
the inhibition zone increased to 22 mm. Similarly, when the concentration was at 50%, the inhibition zone
increased to 31 mm. However, when the dilution was at 75%, there was no activity observed, as depicted in
Figure 7, which is consistent with prior research (figure 7).

Figure 7. The antibacterial of N. sativa for different concentrations

Discussion

The present study investigated the structural, optical, and morphological properties of Nigella sativa,
Hibiscus sabdariffa, and Lawsonia inermis extracts using UV-Vis spectroscopy, FTIR spectroscopy, and
Atomic Force Microscopy (AFM). The UV-Vis spectra revealed significant UV absorption, with Nigella
sativa showing the highest absorbance at 210 nm, Hibiscus sabdariffa displaying characteristic peaks at 212
nm and 284 nm, and Lawsonia inermis exhibiting weak absorption bands at 208 nm and 268 nm. FTIR
analysis identified various functional groups, with Nigella sativa showing strong O-H stretching at 3436
cm™, Hibiscus sabdariffa displaying anthocyanins and unsaturated compounds, and Lawsonia inermis
indicating hydroxyl and carbonyl groups. AFM analysis revealed that Lawsonia inermis had the highest
surface roughness, followed by Hibiscus sabdariffa and Nigella sativa. The antibacterial activity, assessed
using the agar well diffusion method, demonstrated that Nigella sativa extracts were most effective against
Escherichia coli with a 20 mm inhibition zone, while Hibiscus sabdariffa showed significant activity against
Candida albicans and Staphylococcus aureus. In contrast, Lawsonia inermis exhibited minimal antibacterial
activity. Additionally, dilution experiments indicated that the antibacterial efficacy of Nigella sativa extracts
against E. coli increased with concentration, with maximum inhibition observed at 50%.

These findings align with previous research which identified significant UV-Vis absorption due to
anthocyanins and chlorogenic acid. UV-Vis measurements were utilized to monitor anthocyanin
degradation, identifying both the initial polyphenols and their degradation products over time (9).
Additionally, the UV-Vis spectra of Hibiscus sabdariffa extracts have shown stable absorption in the visible
region, making it a suitable photosensitizer for dye-sensitized solar cells (10).

In our study, Lawsonia inermis showed weaker absorption bands at 208 nm and 268 nm, attributed to -
m* and n-* electron transitions in benzene and quinone structures. This observation is supported by
research highlighting the use of Lawsonia inermis extracts for assessing the viability of protoscolices from
hydatid cysts, where UV-Vis spectroscopy confirmed the presence of lawsone, a red-orange pigment (11).
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FTIR spectra of Hibiscus sabdariffa exhibit prominent peaks corresponding to hydroxyl (-OH), carbonyl
(C=0), and aromatic C=C bonds. Biofabricated Fe nanoparticles using Hibiscus sabdariffa extract displayed
-OH and C=0 groups from polyphenols like anthocyanins (12), while other studies confirmed amine and
hydroxy!| groups for use as photosensitizers in dye-sensitized solar cells (13). Additionally, OCH and C-OH
groups from sambubioside anthocyanins were identified (14). FTIR spectra of Nigella sativa show peaks
for carbonyl (C=0) and hydroxyl (-OH) groups, reflecting its bioactive compounds like thymoquinone.
These spectra revealed modifications linked to DNA damage and membrane status, crucial for anti-apoptotic
properties (15). FTIR was also used to authenticate Nigella sativa seed oil, highlighting functional groups
and seed oil purity (16). Lawsonia inermis (Henna) FTIR spectra exhibit peaks for quinone structures and
benzene rings, indicating carbonyl (C=0) and hydroxyl (-OH) groups associated with lawsone, the primary
dye agent. These findings support its use as a natural dye (17).

The antibacterial activity observed in our study aligns with previous research. Hibiscus sabdariffa
showed notable inhibition of Staphylococcus aureus and Escherichia coli, consistent with studies in which
methanolic extracts demonstrated strong antibacterial effects (18). Nigella sativa extracts, effective against
Enterococcus fecalis and Pseudomonas aeruginosa, corroborate our findings on its broad-spectrum
antibacterial properties (18). Similarly, Lawsonia inermis exhibited significant antibacterial activity,
particularly in alcoholic extracts, supporting our results on its effectiveness against various pathogens (19).
This comparison highlights the consistency of our findings with existing research on the antibacterial
efficacy of these natural dyes.

Despite these promising results, our study faced several limitations. The variability in extraction methods
could affect the consistency of antibacterial activity. While in vitro results are promising, in vivo studies are
necessary to confirm the efficacy and safety of these natural dyes in practical applications. Lastly, the
specific mechanisms of antibacterial action remain unclear and warrant further investigation to understand
how these natural compounds interact with bacterial cells. Overall, our findings contribute to the growing
body of evidence supporting the use of natural dyes as effective antibacterial agents and pave the way for
further research to optimize their application in clinical and industrial settings.
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