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 Abstract   

        A global scientific study found that reducing the excessive and indiscriminate use of 

antimicrobial medicinal drugs in all their forms significantly improved food safety. We made 

aqueous and organic extracts (Ex1, Ex2, and Ex3) from two plants (Origanum majorana and 

Matricaria chamomilla) to create the best alternative form for antimicrobial preventive agents that 

cause food spoilage. Traditional methods determined the most essential compounds in plants, and 

we used the FTIR analysis technique for all treatments to observe impurities such as glycosides, 

alkaloids, flavonoids, carbohydrates, and phenolic substances. This study points to synergistic 

activity for plant extracts (Origanum majorana and Matricaria chamomilla). The safe use of 

antimicrobials that are of natural origin, as much as possible, is necessary to manage the risks in 

order to reduce the emergence of microorganisms resistant to traditional antibiotics. 
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1. Introduction 

In harsh environments, microorganisms can spread, and their impact on human life can be  

positive and negative. Not only do they contribute to human sickness, but they also cause food to 

spoil. Food rotting is an unwanted process that poses a significant challenge for people. Food 

deterioration is accelerated by a variety of causes [1], including antimicrobial peptides (AMPs) 

generated from plants that have been researched for potential bioactivities against a variety of 

human, plant, and food infections [2]. Many beneficial substances, including phenolic compounds, 

which may scavenge free radicals and thus lessen oxidative stress, are found in plant material. 

Flavonoids, phenolic acids, lignans, and stilbenes are examples of phenolic compounds that have 

antioxidant characteristics. Plants use the chemicals mentioned above' ' characteristics as a 

defensive strategy against UV radiation, temperature changes, and mechanical harm [3]. They also 

serve as a significant chemical barrier against herbivores because  they operate physiologically on 

insects [4, 5]. One of the Lamiaceae family's well-researched species is Origanum majorana, it 

has been identified as a plant with valuable pharmacological properties due to its rich chemical 

profile, which may be applied to both the plant's extracts and essential oil fraction and it was found 

that their leaves extract hold magnificent composites such as rosmarinic acid, thymol, tannins, 

flavonoids, triterpenes, and phenol. Numerous researches have specifically looked at the biological 

https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0003-3533-0045
mailto:Ibtisam77@mracpc.uobaghdad.edu.iq


IHJPAS. 2024, 37( 3 ) 

62 
 

activity of the essential oil extracted from the plant's aerial section [6-8]. The Asteraceae family 

includes the well-known medicinal plant species chamomile (Matricaria chamomilla L.), which is 

frequently referred to as the "star among therapeutic species." It is now a very popular and widely 

utilized therapeutic herb in both folk and traditional medicine. Years of conventional and scientific 

use and research have confirmed its multitherapeutic, aesthetic, and nutritional properties Figure 

1. Numerous chemical and biological interactions could result in food deterioration. To prevent 

food from deteriorating due to bacteria and chemicals, in order to keep food quality at the required 

level and to maximize nutritional benefits, food preservation comprises a variety of food 

processing techniques. Food preservation techniques include growing, harvesting, processing, 

packaging, and distribution of food are all examples of food preservation techniques. The main 

goals of food preservation are to provide value-added goods, provide dietary variety, and combat 

improper agricultural planning. [9]. Plants are well-known for their historical use as medical herbs 

to treat disorders of the neurological and gastrointestinal systems. Since consumers worldwide 

wish to explore alternatives to antimicrobial treatments based on natural components, the use of 

synthetic antimicrobial agents for food safety has come under scrutiny recently [10]. 

 
Figure 1. Origanum majorana and its powder on the left Matricaria chamomilla and its powder on the wright. 

 

2.  Materials and Methods 

2.1. Plant Materials:  

The herb was obtained from the local market in Baghdad and was in the form of leaves and 

flowers. Air-dried plant samples were spread out on a paper sheet in a shadowy part of the room, 

kept from direct contact with the sun until their weight became constant, and then ground with a 

French-made electric mill and kept in a polyethylene bag at a laboratory temperature of 25±3 ◦C 

until use. 

2.2. Plants Extractions: 

- Cold aqueous extract: At cold extract, 25 grams of fresh leaves powders of each plant were 

weighed out and dipped into 300 ml cold distilled water for 24 hour with occasional shaking at 

room temperature then filtered and stored into a clean conical flask and marked Ex1.  

- Hot aqueous Extract: Adding 50 grams of studied plants to 500 ml hot boiling water using shaking 

incubator, for six hours, after gradually cooling it filtered then stored for farther use and named 

Ex2.  

- Organic maceration in methanol (metha), ethanol (etha) and water was used to extract some 

chemicals, especially phenolic compounds.  In a 500 mL conical flask, 100 mL of each type of 

solvents were added to 25 grams of each powdered plant, the flask's mouth was covered, and it 
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was put in shaker incubator for six hours, then it has been cooled, filtered then stored for farther 

use and named Ex3.   

The extracts were then filtered by Whatman No. 1 filter paper, and then a vacuum pressure pump 

(AP-9925 Auto Science) was used. Using the Rotary Vacuum Evaporator RE52 with a 50°C water 

reservoir, the solvent from the extract was evaporated. The residues were eventually gathered and  

stored at 4 °C for biological activity tests [11-13].  

2.3. Treatments preparing 

From the investigated plants, three remedies were created. To investigate the synergistic activity 

of both plants against microbes, the plant extract was prepared separately, as well as an extract 

from a combination of the two plant extracts see Table 1.  

Table 1. Treatments of plants extracts and ciprofloxacin (control)  

No. Treat. Plant Extract 

1 Ex1. (O. majorana) 25 gm.  +(M. chamomilla) 25 gm. +  cold water 300 ml 

2 Ex2. (O. majorana) 25 gm.+(M. chamomilla)25 gm.+ boiling water 300 ml 

3 Ex3. 
(O. majorana) 25gm.+ (M. chamomilla)25gm. + metha 100 ml + etha 100 ml+  water 100 

ml 

4 Con. Aqueous solution of the antibiotic ciprofloxacin 

2.4. Micro-organisms (harmful bacteria and fungi) isolates:  

Some bacterial species that cause food spoilage were determined using visual and biochemical 

testing on samples of ruined foods, selected canned seafood including  tuna and sardines, and 

certain pathogenic microorganisms including some fungi and bacteria were isolated from 

symptomatic parts of infected food,  then transferring some parts of food to peptone Water (PW)  

for 6 hours then specific volume transfer to plates of Nutrient agar (NA) and incubated under 37oC 

for 24 hr  then culture stored, observed colonies of bacteria shifted to solid culture media to acquire 

clear and pure isolates of bacteria, these bacterial strains were purified by subculture on Mueller-

Hinton agar and incubated for 24h in at 37°C which were used to test the interactions of 

successfully isolated bacteria towards treatments. [14, 15].   

2.5. Phytochemical analysis and the active Groups: 

In phytochemical analysis, the Fourier transform infrared spectrophotometer (FTIR) is one of 

the most effective instruments for determining the kinds of chemical bonds (functional groups) 

that are present in compounds. With a scan range of 400 to 4000 cm-1 and a resolution of 4 cm-1, 

various extracts were employed for the FTIR analysis using the Shimadzu FTIR Spectroscope 

(Japan) [16].  

2.6. Bioactivity for extracts:   

2.6.1. Zone Inhibition Measurement 

     Nearly 100 ml of the supplement agar was  spread with a specialized culture of hazardous 

microscopic organisms. Next, the disc diffusion method was employed to validate the antibacterial 

effects. Leaf extracts and the antibacterial medication ciprofloxacin were applied to particular 

areas. On each plate, the inhibition zone was finally evaluated after incubation for 24 hrs. [17, 18]. 

2.6.2. The MIC Evaluate  

The MIC of each concentration against several pathogenic bacteria has been determined through 

research. In response, stocks were also created for it, and the tested concentrations for Ex1, Ex2, 

and Ex3 were 25, 50, 100, 200, 400, and 800 μg/mL. Researchers have also conducted research to 

determine the minimum inhibitory concentration (MIC) of the anti-infection, aiming to evaluate 

the efficacy of the plant extract as an alternative to chemical antibiotics. [18,19]. 



IHJPAS. 2024, 37( 3 ) 

64 
 

3.  Results and Discussion 

Three pathogenic microorganisms were noticed, and three species of genera of bacteria were 

chosen to be tested due to their connection with human poisoning and food spoilage. The bacteria 

were diagnosed according to morphology and biochemical tests (Table 2). 

Table 2. Pathogenic tested bacteria that isolated from some food products 

No. Pathogenic bacteria Gram stain Food product 

1 Pseudomonas spp. Negative Milk products 

2 Streptococcus spp. Positive Meat products 

3 Bacillus subtilis Positive Vegetable products 

 

3.1. Phytochemical analysis and the active Groups   

Tanning, alkaloids, flavonoids, glycosides, carbohydrates, sterols, and phenolic substances 

were found during phytochemical screening for plant extracts (treatments). This result is in line 

with research by [20, 21]. Using the FT-IR analytical technique indicated in Table 3 and Figure 

2, the absorbance peaks of the treatment extracts revealed the presence of many functional groups 

with varying absorbance. Because of the existence of hydrogen bonds in flavonoids, the broad 

peak at wave number 3350 cm-1 in FT-IR Figure 2. reveals the presence of a phenolic hydroxyl 

group (OH), which reflects the stretching vibration. The stretching vibration of the aromatic (C-

H) bond is shown by the two medium bands at 2990 cm-1 and 2800 cm-1. A faint band that appears 

at 1688 cm-1 also originates from the stretching vibration of the ketone (C=O) group. The stretching 

vibration of the (C=N) group is responsible for the sharp band's appearance at 1600 cm-1, whereas 

the stretching vibration of the (N-H) group is responsible for that at 1473 cm-1. Finally, the cm-1 

and 1320 cm-1 waves are dedicated to C-H bending alkane and O-H bending carboxylic acids. 

(Table 3 and Figure 2). 

Table 3. Common active groups at treatments (Ex1, Ex2 and Ex3). 

n. Wave number (cm-1 ) The dynamic  groups 

1 3350 O-H, N-H Over lapping amide, carboxylic acid 

2 2990 C-H (-CH3) stretching 

3 2800 C-H (-CH2) stretching 

4 1688 C=O carboxylic acid 

5 1600 C=O amide stretching 

6 1473 N-H bending, 

7 1400 C-O (COO- ), O-H bending, 

8 1320 C-H bending alkanes, 

9 1100 O-H bending carboxylic acids 

 

During the metabolic profiling of aerial sections using Fourier-transform infrared spectroscopy 

(FTIR), we found the existence of primary amides, secondary amides, polymer alcohols such as 

polyvinyl alcohol (PVA), and phenols, indicating the presence of several metabolites and several 

functional groupings attributed to certain peaks. These results agree with studies by [21-23]. 
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Figure 2. FTIR for treatments (A:Ex1, B:Ex2 and C: Ex3). 

 

3.2. Biological activity 

The study's findings demonstrated that the response to specific extracts could vary based on the 

type of bacteria and how they interacted with the extract's active ingredients in one of two ways. 

3.2.1. Inhibition zone test  

The antibacterial activity of Ex1, Ex2, and Ex3 treatments showed a clear effect that was seen 

in all treatments of plant extracts. In addition to the control treatment, Ex1 worked on 

Pseudomonas spp., Streptococcus spp., and Bacillus subtilis, with inhibition zones of 8, 10, and 

11 mm, respectively, while Ex2 inhibition results were 9.8, 11, and 10 mm, and Ex3 recorded 15.5, 

13, and 14 mm. Compared  with ciprofloxacin as the control treatment, it was clear that there are 

various data points pointing that the best treatment is Ex3 with clear inhibition zones, as shown in 

Table 4. 

 

Table 4.  Inhibition zone (mm) for bacteria growth treated with treatments 

Tests Pseudomonas spp. Streptococcus spp Bacillus subtilis 

Ex1 8 mm 10 mm 11 mm 

Ex2 .9.8 11 mm 10 mm 

Ex3 15.5 mm 13 mm 14 mm 

Con. 13 mm 10. 5mm 12 mm 

 

3.2.2. Regulating the (MIC) for treatments 

    The (MIC) findings for treatments and the control treatment against the investigated 

microorganisms were 400 μg \ml at Ex1. However, when compared to the control and other 

treatments, Ex3 was clearly the best treatment for all tested bacteria, including Pseudomonas spp., 

Streptococcus spp., and Bacillus subtilis, at 100, 100, and 200 μg \ml (Table 5). 
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Table 5. MIC μg \ml of plants extracts (treatments) against tested bacteria 

Tests Pseudomonas spp. Streptococcus spp Bacillus subtilis 

Ex1 400 400 400 

Ex2 400 400 200 

Ex3 100 100 200 

Con. 200 200 200 

 

The (MIC) findings for treatments and the control treatment against the investigated 

microorganisms were 400 μg \ml at Ex1. However, when compared to the control and other 

treatments, Ex3 was clearly the best treatment for all tested bacteria, including Pseudomonas spp., 

Streptococcus spp., and Bacillus subtilis, at 100, 100, and 200 μg \ml, as shown in Table 5.  

Some studies were supportive of these fallouts and argued that the antibacterial activity of the 

phenolic compounds could be affected by the extraction technique and the solvent's configuration 

[24, 25]. However, the disc's charge also affected the antibacterial activity, and the drying and 

grinding conditions of the plant, along with the oxidation and breakdown of thermolabile 

molecules, influenced the effectiveness of the active components [26-28]. Glycosides, tannins, 

flavonoids, and phenolic compounds must be extracted in a way and with a solvent that preserves 

their biological characteristics in order to maximize the value of these active substances [29, 30]. 

According to this study, the best methods for extracting phenols from plants were aqueous and 

organic, and the extract's antimicrobial activity demonstrated a moderate inhibitory effect against 

some bacteria that cause food spoilage. This paper also highlighted the abundance of phenolic 

compounds in both plants, underscoring the significance of their uses in traditional medicine as 

antimicrobial agents for food safety.  

 

4. Conclusion 

The FTIR test showed that the Origanum majorana and Matricaria chamomilla extracts have 

bioactive chemical groups and secondary metabolites that give them their healing properties. In 

some ways, it could be a viable strategy for sustainability to use the naturally occurring alternative 

antimicrobial agents from these plants' bioactive components as a source of antibiotic 

characteristics, which pharmaceutical firms can then use for drug formulation. 

 

Acknowledgment 

Many  thanks  to  Market Research and Consumer Protection Center,  University  of Baghdad 

for facilitating the work of the practice parts in this article.  

 

Conflict of Interest  

         There is no conflict of interest 

 

Funding 

        There is no funding for the article 

 

Ethical Clearance 

         This research was subject to ethical considerations, and the research was approved by the 

Scientific Committee at the Market Research and Consumer Protection Center /University of 

Baghdad.  

 



IHJPAS. 2024, 37( 3 ) 

67 
 

References 

1. Sevindik, M.; Uysal, I. Food spoilage and Microorganisms. Turk. J. Agric. Food Sci. Technol, 2021, 9, 

1921–1924. DOI: https://doi.org/10.24925/turjaf.v9i10.1921-1924.4658.  

2. Baindara, P.; Mandal, S.M. Plant-Derived Antimicrobial Peptides: Novel Preservatives for the Food 

Industry. Foods. 2022, 11(16), 2415. DOI: https://doi.org/10.3390/foods11162415 

3. Ziarno, M.; Kozłowska, M.; Scibisz, I.; Kowalczyk, M.; Pawelec, S.; Stochmal, A.; Szleszynski, B. 

The effect of selected herbal extracts on lactic acid bacteria activity. Appl. Sci, 2021, 11, 3898. DOI: 

https://doi.org/10.3390/app11093898.  

4. Kozłowska, M.; Scibisz, I.; Przybył, J.L.; Laudy, A.E.; Majewska, E.; Tarnowska, K.; Małajowicz, J.; 

Ziarno, M. Antioxidant and Antibacterial Activity of Extracts from Selected Plant Material. Appl. Sci, 

2022, 12(19), 9871. DOI: https://doi.org/10.3390/app12199871.  

5. Majeed, O.S. The Effect of the Crude Terpenoids Compounds of Melia azedrach Leaves and Fruits on 

Some Biological Aspects of Whitefly Bemisia tabaci. Ibn AL-Haitham Journal For Pure and Applied 

Sciences, 2023, 36(1), 59-73. DOI: https://doi.org/10.30526/36.1.2951.  

6. Gutiérrez, R.M.P.; Jerónimo, F.F.M.; Soto, J.G.C.; Ramírez, A.M.; Mendoza, M.F.E. Optimization of 

ultrasonic-assisted extraction of polyphenols from the polyherbal formulation of Cinnamomum verum, 

Origanum majorana, and Origanum vulgare and their anti-diabetic capacity in zebrafish (Danio rerio). 

Heliyon, 2022, 8(1), e08682. DOI: https://doi.org/10.1016/j.heliyon.2021.e08682.    

7. Sebastian, D.; Shankar, K.G.; Ignacimuthu, S.; Fleming,  A.T. Detection of synergistic effect of three  

plant extracts against pathogenic bacteria. International Journal of Research and Analytical Reviews, 

2019, 6(2), 438-449.  

8. Amit, S.K.; Uddin, M.M.; Rahman, R.; Islam, S.M.; Khan, M.S. A review on mechanisms and 

commercial aspects of food preservation and processing. Agric & Food Secur, 2017, 6,  51. DOI: 

https://doi.org/10.1186/s40066-017-0130-8.   

9. Bhardwaj, K.; Dubey, W.  Sweet Marjoram (Origanum majorana L.) As A Magical  bioprotective  

Agent Against Food Spoilage: A Review. Carpathian Journal of Food Science and Technology, 2020, 

12, 5-15. DOI: https://DOI:10.34302/crpjfst/2020.12.1.1.     

10. Fradi, A.J. The Effective Concentration of the Crude Extract of Mentha picata and Eucalyptus against 

the Growth of Fusarium oxysporum. Ibn AL-Haitham Journal For Pure and Applied Sciences, 2022,  

35(4), 1-4. DOI: https://doi.org/10.30526/35.4.2848.   

11. Nagappan, R.  Evaluation of aqueous and ethanol extract of bioactive medicinal plant, Cassia 

didymobotrya (Fresenius) Irwin and Barneby against immature stages of filarial vector, Culex 

quinquefasciatus Say (Diptera: Culicidae).  Asian Pac J Trop Biomed, 2012, 2, 707-11. DOI: 

https://doi.org/10.1016/s2221-1691(12)60214-7.  

12. Irfan, S.; Ranjha, M.M.A.N.; Nadeem, M.; Safdar, M.N.; Jabbar, S.; Mahmood, S.; Murtaza, M.A.; 

Ameer, K.; Ibrahim, S.A. Antioxidant Activity and Phenolic Content of Sonication- and Maceration-

Assisted Ethanol and Acetone Extracts of Cymbopogon citratus Leaves. Separations, 2022, 9(9), 244.  

DOI: https://doi.org/10.3390/separations9090244.    

13. Karm, I.F.A. Exam the Synergistic Potency of Tea Leaves Extract (Camellia Sinensis) and Moringa 

Leaves (Moringa Oleifera) as an Inhibitor of the Growing of Some Bacteria that Cause. Alinteri Journal 

of Agriculture Sciences, 2021, 36, 234-238. DOI: https://doi.10.47059/alinteri/V36I2/AJAS21137.     

14. Mustafa, I.; Faisal, M.N.; Hussain, G.; Muzaffar, H.; Imran, M.; Ijaz, M.U.; Sohail, M.U.; Iftikhar, A.; 

Shaukat, A.; Anwar, H. Efficacy of Euphorbia helioscopia in context to a possible connection between 

antioxidant and antidiabetic activities: a  comparative study of different extracts. BMC Complementary 

Medicine and Therapies, 2021, 21(1), 62.  DOI: https://doi.org/10.1186/s12906-021-03237-x.     

15. Onuh, O.A.; Odugbo, M.; Oladipo, O.O.; Olobayotan, I. W. Phytochemical Investigation of the Crude 

and Fractionated Extracts of Two Nigerian Herbs, Mitragyna inermis (Wild) and Lawsonia inermis 

(Linn). BioRxiv, 2021, 6, 446752. DOI: https://doi.org/10.1101/2021.06.02.446752.  

https://doi.org/10.24925/turjaf.v9i10.1921-1924.4658
https://doi.org/10.3390/foods11162415
https://doi.org/10.3390/app11093898
https://doi.org/10.3390/app12199871
https://doi.org/10.30526/36.1.2951
https://doi.org/10.1016/j.heliyon.2021.e08682
https://doi.org/10.1186/s40066-017-0130-8
https://DOI:10.34302/crpjfst/2020.12.1.1
https://doi.org/10.30526/35.4.2848
https://doi.org/10.1016/s2221-1691(12)60214-7
https://doi.org/10.3390/separations9090244
https://doi.10.47059/alinteri/V36I2/AJAS21137
https://doi.org/10.1186/s12906-021-03237-x
https://doi.org/10.1101/2021.06.02.446752


IHJPAS. 2024, 37( 3 ) 

68 
 

16. Hameed, R.H.; Mohammed, G.J.; Hameed, I.H. Matricaria chamonbmilla: Bioactive Compounds of 

Methanolic Fruit Extract Using GC-MS and FTIR Techniques and Determination of its Antimicrobial 

Properties. Indian J. Public Health Res. Dev, 2018, 9, 223–228. DOI: https://doi.org/10.5958/0976-

5506.2018.00213.9.  

17.  Bhattacharjee, M. Better visualization and photodocumentation of zone of inhibition by staining cells 

and background agar differently. J. Antibiot, 2015, 68, 657–659 https://doi.org/10.1038/ja.2015.49.  

18. Radji, M.; Agustama, R.A.; Elya, B.; Tjampakasari, C.R.; Sinaga, E.. Antimicrobial activity of green 

tea  extract against isolates of methicillin resistant  Staphylococcus aureus and multi-drug resistant 

Pseudomonas aeruginosa. Asian Pacific Journal of  Tropical Biomedicine, 2013, 3(8), 663-667 . DOI: 

https://doi.org/10.1016/S2221-1691(13)60133-1.   

19. Clinical Laboratory Standards Institute (CLSI). Methods for Dilution Antimicrobial Susceptibility 

Tests for Bacteria That Grow Aerobically: Approved Standard M7-A5. Wayne, Pennsylvania, 2006.  

20. Peerzada, T.; Gupta, J. Distribution of phytochemicals in stems and leaves of Cichorium intybus and 

Matricaria chamomilla: assessment of their antioxidant and antimicrobial potential. BioTechnologia, 

2018, 99, 119– 128. DOI: https://doi.org/10.5114/bta.2018.75655.  

21. Lahreche, T.; Bradaie, M.L.; Hamdi, T. In vitro assessment of antioxidant activity, total phenolic and 

flavonoid contents of sweet marjoram (Origanum majorana L.) Extract. Int. J. Hortic. Agric. Food Sci, 

2020, 4(4), 158-163. DOI: http://dx.doi.org/10.22161/ijhaf.4.4.4.   

22. Alshehri, A.A.; Malik, M.A.  Phytomediated Photo-Induced Green Synthesis of Silver Nanoparticles 

Using Matricaria chamomilla L. and Its Catalytic Activity against Rhodamine B. Biomolecules, 2020, 

10(12), 1604. DOI: https://doi.org/10.3390/biom10121604.   

23. Pakkirisamy, M.; Kalakandan, S.K.; Ravichandran, K. Phytochemical Screening, GC-MS, FT-IR 

Analysis of Methanolic Extract of Curcuma caesia Roxb (Black Turmeric). Pharmacog. J., 2017, 9(6), 

952-6. DOI: http://dx.doi.org/10.5530/pj.2017.6.149.  

24. Boudieb, K.; Ait Kaki, S.A.S.; Oulebsir-Mohandkaci, H.; Bennace, A. Phytochemical Characterization 

and Antimicrobial Potentialities of Two Medicinal plants, Chamaemelum nobile (L.) All and 

Matricaria chamomilla (L.). International Journal of Innovative Approaches in Science Research, 

2018, 2(4), 126-139. DOI: https://doi.org/10.29329/ijiasr.2018.173.2.  

25.  Ahani Azari, A.; Danesh, A. Antibacterial effect of Matricaria chamomilla alcoholic extract against 

drug-resistant isolates of Staphylococcus aureus and Pseudomonas aeruginosa. Infect. Epidemiol. 

Microbiol, 2021, 7(1), 29–35. DOI: https://doi.org/10.52547/iem.7.1.29.   

26. Sharifi-Rad, M.; Nazaruk, J.; Polito, L.; Morais-Braga, M.F.; Rocha, J. E.; Coutinho,  H.D.; Salehi, B.; 

Tabanelli, G.; Montanari, C.; Del Mar Contreras, M.; Yousaf, Z.; Setzer, W.N.; Verma, D.R.; Martorell, 

M.; Sureda, A.; Sharifi-Rad, J. Matricaria genus as a source of antimicrobial agents: From farm to 

pharmacy and food applications. Microbiol Res., 2018, 215, 76-88. DOI: 

https://doi.org/10.1016/j.micres.2018.06.010.  

27. Hamza, N.H.; AL-Obaedi, A.I; AIjubory, I.S. Phytochemical Study with Evaluation the Antimicrobial 

Activity of Cressa cretica Plant Against Some Gram-Positive and Gram Negative Bacteria. Ibn AL-

Haitham Journal For Pure and Applied Sciences, 2021, 34(3), 2021. DOI: 

https://doi.org/10.30526/34.3.2674.   

28. Flores, Y.; Pelegrín, C.J.; Ramos, M.; Jiménez, A.; Garrigós, M.C. Use of Herbs and Their Bioactive 

Compounds in Active Food Packaging. Aromat. Herbs Food Bioact. Compd. Process. Appl, 2021, 5, 

323–365. DOI:  https://doi.org/10.1016/B978-0-12-822716-9.00009-3.  

29. Pedrosa, M.C.; Lima, L.; Heleno, S.; Carocho, M.; Ferreira, I.C.F.R.; Barros, L. Food Metabolites as 

Tools for Authentication, Processing, and Nutritive Value Assessment. Foods, 2021, 10, 2213. DOI: 

https://doi.org/10.3390/foods10092213.  

 

 

https://doi.org/10.5958/0976-5506.2018.00213.9
https://doi.org/10.5958/0976-5506.2018.00213.9
https://doi.org/10.1038/ja.2015.49
https://doi.org/10.1016/S2221-1691(13)60133-1
https://doi.org/10.5114/bta.2018.75655
http://dx.doi.org/10.22161/ijhaf.4.4.4
https://doi.org/10.3390/biom10121604
http://dx.doi.org/10.5530/pj.2017.6.149
https://doi.org/10.29329/ijiasr.2018.173.2
https://doi.org/10.52547/iem.7.1.29
https://doi.org/10.1016/j.micres.2018.06.010
https://doi.org/10.30526/34.3.2674
https://doi.org/10.1016/B978-0-12-822716-9.00009-3
https://doi.org/10.3390/foods10092213


IHJPAS. 2024, 37( 3 ) 

69 
 

30. Ali, A.; Ali, M.; Nisar, Z.; Shah, S.M.A., Mustafa, I, Nisar, J.; Asif, R. Antibacterial Activity of 

Economically Important Medicinal Plants in Pakistan Against Different Bacterial Strains. 

Bioinformatics and Biology Insights, 2023, 17, 11779322231189374. DOI: 

https://doi.org/10.1177/11779322231189374.  

 

https://doi.org/10.1177/11779322231189374

