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ABSTRACT

This study was conducted to assessed the antibacterial and anti-biofilm activity of grape seed and black seed oils against
clinical isolates of E. coli which obtained from women suffer from urinary tract infections. Different concentrations of
both oils were tested against twelve isolates of E. coli. Biofilm inhibition was measured at doses between 6.25 and 200
pg/mL to determine the anti-biofilm activity. The anti-biofilm capacity of both oils was concentration-dependent, and
the inhibitory effect enhanced with oil concentration. Black seed oil demonstrated 89.37% biofilm inhibition at 200
pg/mL, whereas grapeseed oil demonstrated a maximum inhibition of 95.44%. Significant variations between the
measured concentrations for each oil were shown by statistical analysis. In conclusion, both oils demonstrated a
supportive in vitro anti-biofilm action against clinical isolates of E. coli, with grapeseed oil exhibiting a greater
percentage of inhibition than black seed oil.
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1 INTRODUCTION

Approximately 80% of the world's population, who reside in underdeveloped nations, use natural product therapies for
arange of illnesses [1]. Natural food products offer a variety of herbal remedies for UTIs that meet the criteria of efficacy,
palatability, convenience of use, and consistency in availability [2]. Therapeutic botanicals are plants and their
derivatives with potential medical uses [3].

Numerous bioactive compounds found in these natural products serve as the basis for innovative medications. There
are numerous advantages to using medicinal botanicals, such as reduced costs, more patient acceptance, less side
effects, and natural replenishment [3].

Millions of individuals worldwide suffer from urinary tract infections (UTIs), which are common bacterial infections
that frequently require antibiotic therapy [4].
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The term "UTIs" refers to infections of the kidney (pyelonephritis), bladder (cystitis), or urethra (urethritis) [5].

It is among the most frequently occurring illnesses worldwide, with a high risk of death, morbidity, and financial
difficulties [6].

In light of anatomical and physiological characteristics, women are more exposed than men to urinary tract infections,
which occur more frequently [7].

Urinary tract infections (UTIs) are more common as people age, possibly exceeding 20% in women over 65 [8] due to
weakening immune systems [9] and declining estrogen levels [10]. Men might suffer from prostatitis, cystitis,
epididymitis, urethritis, and other lower-tract disorders [11].

UTIs can be brought on by both Gram-positive and Gram-negative bacteria along with some fungi [5]. Up to 95% of
community-acquired UTIs and 50% of nosocomial UTIs are caused by Uropathogenic Escherichia coli (UPEC), which is
the most common cause of both simple and complex UTIs [6, 12].

According to Memar et al. [13], plant extracts seem to be the most promising replacement to synthetic or chemical
antioxidants and antimicrobials.

The bioactive substances found in grape seeds, such as polyphenols with antioxidant and antibacterial qualities, have
attracted interest. According to studies, such characteristics may help with a number of health issues and enhance food
preservation methods [14-16].

The general mechanisms of phenols are responsible for the antibacterial effects of grape seed extract (GSE), which is
rich in flavan-3-ol polymers like catechin and epicatechin. It has been demonstrated that grape phenolic chemicals
prevent bacteria from growing. According to Furiga et al. [17], the antibacterial activity of the grape plant was found in
the following sequence: flesh, entire fruit, grape extracts, fermented marec, skin, leaves, and seeds.

When it comes to pathogens like Staphylococcus aureus and Escherichia coli, GSEs show strong antibacterial action.
Different grape types do, however, differ from one another [18-24].

With its wide range of bioactive chemicals, Nigella sativa also referred to as black seed or cumin provides possible
medicinal properties that may help reduce such health issues. Uzbekistan, Egypt, Southern Europe, Southwest Asia,
North Africa, India, and Pakistan are the species' main habitats. It has a long history of traditional use, is highly
significant in Greek medicine and Islamic culture, and is renowned for its broad-spectrum pharmacological properties
[25, 26].

The majority of Nigella seeds have more than 30% oil, and some have as much as 40% [27].

Organic antioxidants with antidiabetic, anti-inflammatory, anti-cancer, and wound-healing characteristics, as well as
antibacterial and antifungal activity, are among the numerous natural constituents with in vitro therapeutic potential
found in N. sativa. also, N. sativa has long been used traditionally to treat bacterial infections [28, 29].

Alkaloids, proteins, saponins, and both volatile and fixed essential oils are abundant in Nigella sativa seeds. In particular,
a significant amount of the biological activity of the seed extracts is attributed to thymoquinone (TQ), the primary
component of the essential oil. O-cymene is the primary component of the fixed oil [30][34]. In the meantime, important
fatty acids and sterols like linoleic and oleic acids, b-sitosterol, and stigma sterol are found in the lipid section of black
seed. According to reports, N. sativa proteins and peptides have a range of bioactive properties, including antibacterial,
anti-cancer, and anti-inflammatory properties [26].

This study was conducted to assessment the activity of these oils extract on the uropathogenic isolates of E. coli.

2  MATERIALS AND METHODS

2.1 Preparation of plants oil extract

2.1.1 Grape seed oil extraction

Grapes were obtained from local markets in Baghdad, Iraq. They were thoroughly washed to remove dust and
impurities, then pressed to extract the seeds. The seeds were collected, washed, and dried, and the oil was subsequently
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extracted using a cold-pressing method according to [31-33]; a process that involves neither heat nor organic solvents,
thereby preserving the active chemical compounds.

2.1.2 Black seed oil extraction

Black seed were purchased from the local market in Baghdad, Iraq, washed and dried at room temperature then grinded
to fine powder. These powder then used in preparation of the oil extract according to the method of [34, 35].

2.2  Preparation of bacterial isolates and inoculum

Twelve clinical E. coli isolates related to a UTIs that had already been identified were reactivated on the proper culture
medium and incubated in suitable aerobic conditions. From each isolate, a new bacterial colony was chosen and
suspended in sterile saline. Before being used in the anti-biofilm test, the turbidity of the bacterial suspension was
corrected to a 0.5 McFarland standard. The standardized antibiotic susceptibility testing protocols advised by CLSI and
EUCAST were followed in the creation of the inoculum [36].

2.3  Minimum Inhibitory Concentration (MIC) assay

Grape seed oil and black seed oil are the test compounds, while the test microorganism was E. coli isolated from women
were infected with urinary tract infections. 96-well microplates were used for this. First, 100 pl of MSA broth growth
media was added to each well. The first well was then filled with 10 pl of supernatant, homogenized with a sampler, and
peptonized. Lastly, 100 pl of the well was mixed with the two solutions.

One hundred microliters were pipetted into the second well, then the third, and finally the fourth. Up until the sixth well,
this procedure was repeated; after that, 100 pl was thrown away. Consequently, the serial dilution approach was used
to create dilutions of 200, 100, 50, 25, 12.5, and 6.25 pg/ml. These six dilutions were therefore created. Finally, the half-
McFarland microbial suspension, that was made to produce 106 CFU/ml, was diluted to a hundred* of its initial volume
using a nutrient broth culture medium. This produced a final volume of 200 pl, which was subsequently added to each
well.

Microbial suspension (control) and culture media were present in Well 7. Before the results were evaluated, the
microplates were incubated for eighteen hours at 37 °C in an aerobic atmosphere after three replications [37].
It was discovered that the first well with no turbidity or growth had the lowest concentration of growth-inhibiting
microorganisms. In order to prevent optical errors in the OD test, all wells were further inspected using ELISAR
equipment at a wavelength of 620 nm. This test was performed three times for each strain.

The following formula was used to determine percentages [38]:
Percentage %= no. of isolates at a given final MIC / total no. of isolates x100

2.4 Biofilm assay

Trypton soy broth mixed with 1% (w/v) glucose was used to dilute the cultures (1:100) overnight. A 96-well
polystyrene microtiter plate was filled with 200ul aliquots of the culture, which were then incubated at 372C for the
entire night. After the biofilms were incubated, they were carefully rinsed twice with ordinary saline, the supernatants
were removed from each well, and they were dried and fixed for an hour at 652C.

After staining with 0.1% (w/v) crystal violet for 10 minutes, the plates were gently washed twice before 200 pl of 95%
ethanol was added to perform a quantitative analysis of biofilm formation. Finally, the absorbance of the methylene
blue in the ethanol de-staining solution at 630 nm was measured using a microplate reader.

The following equation was used to determine the percentage of biofilm inhibition [39]:
Biofilm inhibition %= (OD of control - OD of the treatment)/OD of control x 100

2.5 Statistical analysis

Microsoft Excel was used for statistical analysis. Every experiment was carried out in triplicate. To determine the
statistical significance of variations between the measured oil concentrations, data was analyzed using one-way analysis
of variance (ANOVA) without replication. Statistical significance was defined as a p-value < 0.05.
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3 RESULTS

3.1 Minimum Inhibitory Concentration (MIC) assay:

Table (1) indicates that MIC values were expressed as n (%) of the total tested isolates.

Table 1: Comparative distribution of MIC values for grape seed and black seed oils against 12 Uropathogenic
isolates of E. coli

Final MIC | No. of isolates treated with | Percentage No. of isolates treated with | Percentage
(ng/ml) Grape seed oil % Black seed oil %

200 0 0

100 0 0

50 0 8 66.6%

25 3 25% 4 33.3%

12.5 9 75% 0

6.25 0 0

3.2 Biofilm inhibition assay

The results in table (2) show the activity of grape seed oil on E coli biofilm inhibition.

Table 2: The activity of grape seed oil against E. coli biofilm formation

Concentration of Grape seed oil (ng/ml)
Isolates Mean OD * | Mean OD + | Mean OD * | Mean OD + | Mean OD % | Mean OD #*
no. 0D SD SD SD SD SD SD
Control
200 100 50 25 12.5 6.25
1 0.409 + 0.012 + 0.099 + 0.112 + 0.214 + 0.322 + 0.357
0.0006 0.0006 0.0006 0.001 0.001 0.0006 0.0015
) 0.409 + 0.015 + 0.0913 + 0.123 + 0.256 + 0.314 + 0372 %
0.0006 0.001 0.0006 0.0012 0.001 0.001 0.0006
3 0.409 £ 0.0137 0.089 + 0.103 0.215 % 0.332 + 0.356 %
0.0006 0.002 0.001 0.002 0.001 0.002 0.002
4 0.409 £ 0.0131 + 0.089 + 0.125 + 0.226 £ 0.302 + 0.336 %
0.0006 0.004 0.002 0.002 0.001 0.001 0.001
c 0.409 + 0.012 + 0.086 + 0.125 + 0.222 + 0.300 + 0372 %
0.0006 0.002 0.001 0.002 0.002 0.001 0.001
6 0.409 £ 0.017 £ 0.097 0.124 + 0.216 £ 0.345 + 0.382 +
0.0006 0.001 0.002 0.001 0.001 0.003 0.002
; 0.409 £ 0.018 £ 0.018 + 0.162 + 0.222 + 0.352 + 0.378 £
0.0006 0.001 0.002 0.001 0.001 0.001 0.001
8 0.409 + 0.024 + 0.086 + 0.104 + 0.208 + 0.327 + 0.367
0.0006 0.001 0.001 0.001 0.001 0.002 0.002
9 0.409 + 0.027 0.084 + 0.197 + 0.207 0.311 + 0.348 +
0.0006 0.001 0.001 0.002 0.002 0.001 0.001
10 0.409 + 0.0177 0.088 + 0.186 + 0.218 £ 0.314 + 0.374 +
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0.0006 0.002 0.001 0.002 0.001 0.001 0.002

" 0409+ | 0.022+ 0.0807 + 0.188 % 0.208 + 0316+ 0336 ¢
0.0006 0.001 0.002 0.001 0.002 0.001 0.001

" 0409+ | 0.0327+ 0.094 + 0214+ 0.252 + 0311+ 0.354 +
0.0006 0.002 0.002 0.002 0.002 0.001 0.002

P <0.001
Table (3) shows the activity of black seed oil against E. coli biofilm formation.
Table 3: The activity of black seed oil against E. coli biofilm formation

Isolates Concentration of Black seed oil (ng/ml)

no- oD Mean OD # | Mean OD # | Mean OD # | Mean OD # | Mean OD # | Mean OD
Control SD SD SD SD SD SD

200 100 50 25 12.5 6.25

1 0.409 * 0.053 + | 0.092+ 0.235 + 0.288 = 0.348 = 0.387 =
0.0006 0.001 0.001 0.002 0.001 0.001 0.002

2 0409+ | 0.043+ 0.176 + 0.244 * 0.273 % 0.336 + 0381+
0.0006 0.001 0.002 0.002 0.002 0.001 0.002

3 0409+ | 0.026+ 0.097+ 0.196 * 0.259 % 0.346 + 0.377+
0.0006 0.001 0.002 0.001 0.002 0.004 0.001

4 0409+ | 0.045 + 0.0862 0.234 + 0272 + 0.363% 0.386 *
0.0006 0.002 0.001 0.003 0.001 0.002 0.002

5 0.409 0.063 = 0.092 0.198 = 0.276+% 0.344 + 0373
0.0006 0.0006 0.001 0.002 0.002 0.002 0.002

6 0.409 = 0.044 + 0.084 = 0.186 = 0.264 = 0.327 0.368 =
0.0006 0.001 0.0006 0.002 0.002 0.001 0.001

7 0.409 = 0.036 = 0.092 = 0.208 = 0.258 0.343 0372
0.0006 0.001 0.001 0.002 0.001 0.002 0.002

8 0.409 + 0.044 + 0.088 + 0.199 + 0.256 * 0.327 £ 0.379 %
0.0006 0.002 0.002 0.002 0.001 0.002 0.002

9 0.409 + 0.034 + 0.093 £ 0.206 * 0.287 £ 0.352 0.378 +
0.0006 0.002 0.0006 0.002 0.002 0.002 0.002

10 0.409 = 0.054 + 0.086 = 0.217 0.265 * 0.347 0.362
0.0006 0.002 0.0006 0.002 0.002 0.002 0.0006

11 0.409 + 0.032 0.091 = 0.199 0.238 + 0.315+ 0.376 =
0.0006 0.001 0.0006 0.002 0.001 0.002 0.002

12 0.409 + 0.048 + 0.086 + 0.156 0.228 + 0.316 + 0.366
0.0006 0.001 0.002 0.002 0.001 0.002 0.002

P <0.001
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Comparsion of Grape seed oil and Black seed oil
on E. coli biofilm inhibition
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Figure 1: Comparison of Grape seed oil and Black seed oil on E. coli biofilm inhibition.

4 DISCUSSION

The results in table 1 showed that the MIC distribution among 12 isolates of E. coli of the activity of GSO and BSO. The
MIC values of GSO were ranged from 12.5 to 25 (ug/ml) with the highest percentage of inhibition was 75% at 12.5
(ug/ml), while the MIC values for BSO were ranged from 25 to 50 (pg/ml) with the highest percentage of inhibition was
66% at 50 (ug/ml). this result revealed strong antibacterial activity of grape seed oil than black seed oil.

Table 2 revealed the activity of GSO against biofilm formation of E. coli isolates. The highest reduction in OD reading
was 0.012 + 0.0006 at 200 (ug/ml) comparing to control which was 0.409 * 0.0006, these results indicated that the
highest reduction in biofilm formation of E. coli was occur at 200 (pg/ml), in other words, the higher the concentration
of grape seed oil, the greater the inhibition of biofilm formation.

Also, 95.4% of isolates were inhibited by GSO at 200 (ug/ml) as shown in figure 1.

On the other hand, the results in table 3 demonstrated the activity of BSO against biofilm formation of E. coli isolates.
The highest decreasing in OD reading was 0.026 + 0.001 at 200 (pg/ml) in comparison with control was 0.409 + 0.0006,
these findings showed that the highest reduction of Biofilm formation of E. coli caused by BSO was occur at 200 (pug/ml).
so the inhibition in the biofilm formation of E. coli isolates increases with the increase of BSO concentration.

However, about 89.3% of isolates were inhibited by the effect of BSO at 200 (pg/ml) as shown in figure 1.
Statistical analysis showed a significant effect of these oil on biofilm formation (P < 0.001).

The current findings are in agreement with the study of [40] which found that the grape seed extract affected on E. coli
by suppressing quorum sensing with reduction in motility, flagella protein expression and Shiga toxin production.

In the study on White Grape Juice extract (WGJe)[41] found that the extract inhibited the formation of biofilm in E. coli
and P. aeuroginosa with a dose-dependent effect, so its show a bactericidal and bacteriostatic activity in vitro.

Algon et al. [42] found that the methanolic extract of grape seed has the inhibition effect on biofilm formation may be
due to the presence of the chemical constituents as catechin esters of galic acid.

The findings of Mahdi et al. [43] demonstrated that the MIC of black seed oil ranged from 64-502 pg/ml, also found that
the oil of black seed has inhibitory activity against E. coli and its Shiga toxin and can inhibit virulence in E. coli.

Anti-inflammatory, cardioprotective, antibacterial, and anticancer characteristics are among the health benefits of
grape seed oil that are mostly identified by in vitro research. It can also be associated with cellular and molecular
pathways. The components of grape seed oil, including tocophero], linolenic acid, resveratrol, quercetin, procyanidins,
carotenoids, and phytosterols, have been linked to these effects [44].
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According to Yang et al. [45] the yield and the compositions of grape seed oil is differ depending on the cultivar of the
chosen grape, origin and extraction methods [46].

One of the main ingredients of black cumin seed oil, thymoquinone (TQ), has many health benefits. Black cumin seed oil
and its main constituent, TQ, have been thoroughly investigated by researchers. Numerous pharmacological
characteristics, such as anticancer, immunomodulatory, analgesic, antibacterial, antidiabetic, and anti-inflammatory
actions, have been demonstrated by these investigations [47].

On the other hand, Chaieb et al. [48] found that the presence of thymoquinone in the oil of black seed prevent the
formation of biofilm which consider the active chemical compound in BSO.

The antimicrobial activity of several of these phytoconstituents of black seed oil in relation to their functional groups is
noteworthy here. They also account for other medicinal properties like anticancer, hepatoprotective, antioxidant, and
anti-inflammatory activities. The detected functional groups suggest that BSO extracted with 100% ethanol contains
numerous therapeutically active components, such as thymoquinone, or significant phytochemicals, such as phenolic
compounds, flavonoids, and terpenoids [49-52].

The antibacterial mechanism of black seed oil is due to the presence of TQ, which can cause significant biocidal effects,
increase membrane permeability, block efflux pumps, cause oxidative stress, and cause cell death (by generating
reactive oxygen species) [53].

In summary, both oils showed encouraging antibiofilm action against clinical E. coli isolates that was concentration-
dependent.

5 CONCLUSION

The current investigation showed that black seed and grapeseed oils had concentration-dependent anti-biofilm action
against clinical E. coli isolates linked to UTIs. The greatest inhibition, 95.44% for grapeseed oil and 89.37% for black
seed oil, was seen at 200 pg/mL. These results indicate both oils' potential as natural anti-biofilm agents and
recommend for additional research.

STATEMENTS ON COMPLIANCE WITH ETHICAL STANDARDS

Disclosure of conflict of interest

The author declares no conflicts of interest regarding this manuscript.

REFERENCES

[1]  Bukhari S, Nawaz H, Tariq S, Muneer A. In vitro antimicrobial activity of Aloe vera gel on selected urinary
pathogens. Biomedica. 2017;33(1):39-42.

[2] Tama RT, Hossain MS, Rahaman MA, Alam MA, Rahman M-M, Parvin A, et al. Health Sciences Review.

[3]  Gur S, Turgut-Balik D, Gur N. Antimicrobial activities and some fatty acids of turmeric, ginger root and linseed
used in the treatment of infectious diseases. 2006.

[4] Tama RT, Hossain MS, Rahaman MA, Alam MA, Rahman M-M, Parvin A, et al. Harnessing the power of natural
products against bacterial urinary tract infections: a perspective review for cultivating solutions. Health Sciences
Review. 2024;13:100199.

[5] Chetia B, Gogoi S. Antibacterial activity of the methanolic extract of stem bark of Spondias pinnata, Moringa
oleifera and Alstonia scholaris. I MNELTEEZS. 2011;6(4):163-7.

[6] Foxman B. Urinary tract infection syndromes: occurrence, recurrence, bacteriology, risk factors, and disease
burden. Infectious Disease Clinics. 2014;28(1):1-13.

[71 Behzadi P, Behzadi E, editors. Uropathogenic Escherichia coli: An ideal resource for DNA microarray probe
designing. International Conference on Bioinformatics and Biomedical Engineering; 2017: Springer.

[8] Foxman PB, Barlow PR, D'Arcy MH, Gillespie PB, Sobel M]D. Urinary tract infection: self-reported incidence and
associated costs. Ann Epidemiol. 2000;10(8):509-15.

[9] Behzadi P, Kim C-H, Pawlak EA, Algammal A. The innate and adaptive immune system in human urinary system.
Frontiers Media SA; 2023. p. 1294869.



International Journal of Science and Technology Research Archive, 2026, 11(02), 001-009

Bishop M. Uncomplicated urinary tract infection. EAU Update Series. 2004;2(3):143-50.

Behzadi P, Behzadi E. The microbial agents of urinary tract infections at central laboratory of Dr. Shariati Hospital,
Tehran, Iran. Turk Klin Tip Bilim. 2008;28(4):445.

Khonsari MS, Behzadi P, Foroohi F. The prevalence of type 3 fimbriae in Uropathogenic Escherichia coli isolated
from clinical urine samples. Meta Gene. 2021;28:100881.

Memar MY, Adibkia K, Farajnia S, Kafil HS, Yekani M, Alizadeh N, et al. The grape seed extract: a natural
antimicrobial agent against different pathogens. Reviews and Research in Medical Microbiology.
2019;30(3):173-82.

Kao T-T, Tu H-C, Chang W-N, Chen B-H, Shi Y-Y, Chang T-C, et al. Grape seed extract inhibits the growth and
pathogenicity of Staphylococcus aureus by interfering with dihydrofolate reductase activity and folate-mediated
one-carbon metabolism. Int ] Food Microbiol. 2010;141(1-2):17-27.

Gupta M, Dey S, Marbaniang D, Pal P, Ray S, Mazumder B. Grape seed extract: Having a potential health benefits.
Journal of food science and technology. 2020;57(4):1205-15.

Zhou D-D, Li ], Xiong R-G, Saimaiti A, Huang S-Y, Wu S-X, et al. Bioactive compounds, health benefits and food
applications of grape. Foods. 2022;11(18):2755.

Furiga A, Lonvaud-Funel A, Badet C. In vitro study of antioxidant capacity and antibacterial activity on oral
anaerobes of a grape seed extract. Food chemistry. 2009;113(4):1037-40.

Mirkarimi M, AMIN MSM, Bargrizan M, Abtahi A, IMANI FAA. The antimicrobial activity of grape seed extract
against two important oral pathogens. 2013.

Ghaedi M, Darvishi S, Rezaee MA, Motaharinia Y, Ghavami K, Rahmani MR. Antibacterial activity of extracts of
halgho and rashe grape cultivars against Helicobacter pylori. Journal of Pure and Applied Microbiology.
2013;7(3):1895-901.

Hajati H, Hassanabadi A, Golian A, Nassiri-Moghaddam H, Nassiri M, Safari R. Antibacterial characteristics of
grape seed extract and nano-grape seed extract in in vitro and in vivo assays. Journal of Animal and Poultry
Sciences. 2014;3(4):117-25.

Eslami H, Babaei H, Mehrbani SP, Aghazadeh M, Babaei Z, Nezhad SK. Evaluation of antifungal effect of grape seed
extract (GSE) on Candida glabrata and Candida krusei: in vitro study. Biomedical Research (India).
2017;28(21):9163-70.

Farshkhahi F, Delazar A, Memar MY. Antibacterial and antibiofilm activity of grape seed extract against
carbapenem resistant and biofilm producer Enterobacteriaceae. Research Journal of Pharmacognosy.
2018;5(2):33-40.

Aslanimehr M, Alizadeh A, Azmoudeh F. The effects of the grape seed extract on Streptococcus mutans and
Candida albicans: An In Vitro Study. 2020.

Khah MD, Ghanbarzadeh B, Nezhad LR, Ostadrahimi A. Effects of virgin olive oil and grape seed oil on
physicochemical and antimicrobial properties of pectin-gelatin blend emulsified films. Int | Biol Macromol.
2021;171:262-74.

Anwar-ul-Hassan Gilani A-u-HG, Qaiser Jabeen QJ, Khan M. A review of medicinal uses and pharmacological
activities of Nigella sativa. 2004.

Chakrapani I, Anisree S, Karthika V, Kamesh VV, Medikondu N, Ismail Y, et al. Exploring the bioactive potential,
antimicrobial properties and toxicity of peptides and proteins from Nigella sativa for drug discovery. Oxid
Commun. 2023;46:318.

Matthaus B, 0zCaN MM. Fatty acids, tocopherol, and sterol contents of some Nigella species seed oil. 2011.

Aziz MA, Khan AH, Adnan M, Izatullah I. Traditional uses of medicinal plants reported by the indigenous
communities and local herbal practitioners of Bajaur Agency, Federally Administrated Tribal Areas, Pakistan.
Journal of ethnopharmacology. 2017;198:268-81.

Salehi B, Quispe C, Imran M, Ul-Haq I, Zivkovi¢ ], Abu-Reidah IM, et al. Nigella plants-Traditional uses, bioactive
phytoconstituents, preclinical and clinical studies. Front Pharmacol. 2021;12:625386.

Koshak A, Koshak E, Heinrich M. Medicinal benefits of Nigella sativa in bronchial asthma: A literature review.
Saudi pharmaceutical journal. 2017;25(8):1130-6.

Lutterodt H, Slavin M, Whent M, Turner E, Yu LL. Fatty acid composition, oxidative stability, antioxidant and
antiproliferative properties of selected cold-pressed grape seed oils and flours. Food Chemistry.
2011;128(2):391-9.

Shinagawa FB, Santana FCd, Mancini-Filho ]. Effect of cold pressed grape seed oil on rats biochemical markers
and inflammatory profile. Rev Nutr. 2015;28(1):65-76.



[35]

[36]

[37]

[38]

[41]

[42]

International Journal of Science and Technology Research Archive, 2026, 11(02), 001-009

Duba KS, Fiori L. Supercritical CO2 extraction of grape seed oil: Effect of process parameters on the extraction
kinetics. The Journal of Supercritical Fluids. 2015;98:33-43.

Hadi MY, Mohammed GJ, Hameed IH. Analysis of bioactive chemical compounds of Nigella sativa using gas
chromatography-mass spectrometry. Journal of Pharmacognosy and Phytotherapy. 2016;8(2):8-24.

Dinagaran S, Sridhar S, Eganathan P. Chemical composition and antioxidant activities of black seed oil (Nigella
sativa L.). International Journal of Pharmaceutical Sciences and Research. 2016;7(11):4473.

Clinical, Laboratory Standards Institute C. Performance standards for antimicrobial susceptibility testing. Clinical
and laboratory standards institute Wayne, PA; 2020.

Owuama CI. Determination of minimum inhibitory concentration (MIC) and minimum bactericidal concentration
(MBC) using a novel dilution tube method. Afr ] Microbiol Res. 2017;11(23):977-80.

He G, Wu L, Zheng Q, Jiang X. Antimicrobial susceptibility and minimum inhibitory concentration distribution of
common clinically relevant non-tuberculous mycobacterial isolates from the respiratory tract. Ann Med.
2022;54(1):2499-509.

Haney EF, Trimble M], Hancock RE. Microtiter plate assays to assess antibiofilm activity against bacteria. Nat
Protoc. 2021;16(5):2615-32.

ShengL, Olsen S, Hu ], Yue W, Means W, Zhu M. Inhibitory effects of grape seed extract on growth, quorum sensing,
and virulence factors of CDC “top-six” non-0157 Shiga toxin producing E. coli. Int ] Food Microbiol. 2016;229:24-
32.

Filocamo A, Bisignano C, Mandalari G, Navarra M. In vitro antimicrobial activity and effect on biofilm production
of a white grape juice (Vitis vinifera) extract. Evidence-Based Complementary and Alternative Medicine.
2015;2015(1):856243.

Algon AAA, Raheem A, Albaghdadi AJ, hussein Al-Mousawi A, jasim AL-Kaabi S, Almulla AF. Effect of Black Grape
Seed Extract (Vitis vinifera) on Biofilm Formation of Methicillin-Resistant Staphylococcus aureus and
Staphylococcus haemolyticus. Curr Microbiol. 2019;77:238-45.

Mahdi LH, Abdulrazaq RA, Mater HN, Sulaiman GM, Hasan EK, Mohammed HA, et al. Nigella sativa Seed Oil
Antibacterial and Antibiofilm Activity against Escherichia coli 0157H7 Shiga Toxin-2. Journal of Oleo Science.
2026;75(5):627-39.

Garavaglia ], Markoski MM, Oliveira A, Marcadenti A. Grape seed oil compounds: Biological and chemical actions
for health. Nutr Metab Insights. 2016;9:NMI. S32910.

Yang C, Shang K, Lin C, Wang C, Shi X, Wang H, et al. Processing technologies, phytochemical constituents, and
biological activities of grape seed oil (GSO): A review. Trends in Food Science & Technology. 2021;116:1074-83.

Crews C, Hough P, Godward ], Brereton P, Lees M, Guiet S, et al. Quantitation of the main constituents of some
authentic grape-seed oils of different origin. Journal of Agricultural and Food Chemistry. 2006;54(17):6261-5.

Chatterjee G, Saha AK, Khurshid S, Saha A. A comprehensive review of the antioxidant, antimicrobial, and
therapeutic efficacies of black cumin (Nigella sativa L.) seed oil and its thymoquinone. ] Med Food.
2025;28(4):325-39.

Chaieb K, Kouidhi B, Jrah H, Mahdouani K, Bakhrouf A. Antibacterial activity of Thymoquinone, an active principle
of Nigella sativa and its potency to prevent bacterial biofilm formation. BMC complementary and alternative
medicine. 2011;11(1):29.

Kooti W, Hasanzadeh-Noohi Z, Sharafi-Ahvazi N, Asadi-Samani M, Ashtary-Larky D. Phytochemistry,
pharmacology, and therapeutic uses of black seed (Nigella sativa). Chinese journal of natural medicines.
2016;14(10):732-45.

Gali-Muhtasib H, El-Najjar N, Schneider-Stock R. The medicinal potential of black seed (Nigella sativa) and its
components. Advances in Phytomedicine. 2006;2:133-53.

Kalaichelvi K, Dhivya S. Screening of phytoconstituents, UV-VIS Spectrum and FTIR analysis of Micrococca
mercurialis (L.) Benth. International Journal of Herbal Medicine. 2017;5(6):40-4.

Younus H, Younus H, Sawhney. Molecular and therapeutic: Actions of Thymoquinone: Springer; 2018.

Hossain MS, Sharfaraz A, Dutta A, Ahsan A, Masud MA, Ahmed IA, et al. A review of ethnobotany, phytochemistry,
antimicrobial pharmacology and toxicology of Nigella sativa L. Biomedicine & Pharmacotherapy.
2021;143:112182.



