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ABSTRACT- Synthetic additives used in agriculture and the food sector are unsafe and cause detrimental effects on the environment 
and human health. Natural products such as essential oils (EOs) and plant extracts are eco-friendly, safe, and have notable antimicrobial 
properties. EOs, being naturally derived, are known to have very few side effects. The antimicrobial properties of EOs like thyme, 
lemongrass, clove, tea tree, and eucalyptus have made them a major component across industries, especially in agriculture and food 
preservation. Similarly, plant extracts rich in bioactive compounds, including flavonoids, alkaloids, tannins, and phenolics, these 
substances are gaining attention for their potential health benefits and antimicrobial properties. In the present study, various essential 
oils are assessed for their antimicrobial effects on Botrytis cinerea, Leuconostoc mesenteroides, and plant extracts on Xanthomonas 
campestris. Botrytis causes grey mold disease in plants like grapes and lettuce, Leuconostoc mesenteroides contributes to wetwood 
disease in trees and food spoilage, and the bacterium Xanthomonas campestris is responsible for causing black rot, a destructive disease 
that affects cruciferous globally. The antifungal and antibacterial properties, as well as the modes of action of these natural agents, have 
been evaluated using different microbiological assays such as well diffusion, disk diffusion, direct contact, and spore germination 
methods. A qualitative and quantitative analysis of the most potent EOs and plant extracts is presented, highlighting their potential as 
sustainable alternatives to synthetic preservatives. 
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Xanthomonas campestris, Natural food preservatives, Postharvest pathogen control. 
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1. INTRODUCTION 

Essential oils are naturally occurring, volatile, and 
aromatic substances obtained from diverse plant parts, 
including stems, bark, leaves, fruits, and seeds. They 
have been used as therapeutic agents since ancient 
times and are now considered a novel alternative to 
synthetic preservatives due to their natural food-grade 
properties Essential oils are generally considered safe 
and have the potential to extend the shelf life of highly 
perishable foods by suppressing the growth of harmful 
pathogens [1]. The fruit processing industry produces 
diverse waste, including fruit peels that can be utilized 
to extract EOs with unique antimicrobial properties 
[2]. 

EOs have been used as a therapeutic agent since 
ancient times [3]. EOs include compound such as 
aromatic hydrocarbons, terpenes, terpenoids, esters, 
alcohols, acids, aldehydes, and ketones. Their 
antimicrobial activity is attributed to these complex 
chemical constituents rather than a single compound. 
This complexity makes it challenging to identify the 
most potent antimicrobial components. Food 
industries primarily use EOs as flavoring agents; 
however, their potential as natural preservatives 
remain underexplored. [4]. By disrupting bacterial cell 
membranes, interfering with enzymatic systems, and 
altering microbial metabolic pathways, EOs offer 
broad-spectrum activity, low toxicity, and 
biodegradability—making them an eco-friendly 
solution for food preservation. 

Botrytis cinerea is a necrotrophic fungus responsible 
for gray mold, posing a major risk to plant health [7]. it 
affects fruits like strawberries and grapes, vegetables 
like lettuce and tomatoes, and flowers. It is one of the 
most significant postharvest pathogens globally, 
causing substantial losses in the fresh fruit industry. 
Synthetic  

 

 

 

 

 

 

 

Table 1: Studied Essential Oils against Botrytis 
cinerea and L.mesenteroids 

 

 

fungicides have traditionally been used to control this 
pathogen but pose hazards to both human health and 
the environment. Additionally, the emergence of 
fungicide-resistant strains has spurred efforts to find 
biological alternatives such as Eos. 

Leuconostoc mesenteroides is a Gram-positive lactic acid bacterium 
commonly found in plant materials, dairy products, and fermented 
foods. While it plays a vital role in lactic acid fermentation and 
probiotic applications, it can spoil food systems under inadequate 
hygiene or storage conditions. Its slime-like secretions alter the 
texture, taste, and appearance of food products. EOs have shown 
promising antibacterial potential against this bacterium 

. 

SR. 
No: 

Scientific 
Name 

Common 
N a m e  

Origin 

1. Thymus 
vulgaris 

Thyme Mediterranean 
Region 

2. Moringa 
oleifera 

Drumstick 
Tree 

Indian 
subcontinent 

3. Mentha 
piperita 

Peppermint Europe and the 
Middle East 

4. Lavandula 
angustifolia 

Lavender Mediterranean 

5. Cymbopogon 
citratus 

Lemongrass South and 
Southeast Asia 

6. Litsea cubeba Chinese 
Pepper, May 

Chang 

China, 
Indonesia, and 

Vietnam 

7. Cinnamomum 
zeylanicum 

True 
Cinnamon 

Sri Lanka and 
Southern India 

8. Carum carvi Meridian 
Fennel 

Europe, Asia, 
and North 

Africa 

9. Citrus medica Citron South Asia 

10. Curcuma longa Turmeric South Asia 

11. Origanum 
vulgare 

Oregano Europe and 
parts of Asia 

12. Calendula 
officinalis 

Common 
Marigold 

Mediterranean 
Region 

Table 2: Studied Plant E x t r a c t s  against 
Xanthomonas campestris 

 

 

Xanthomonas campestris is a Gram-negative 
phytopathogen causing black rot disease in 
cruciferous crops like cabbage and broccoli [5]. This 
infects plants through natural openings or wounds and 
proliferates in the vascular system, leading to 
systemic infection characterized by vein blackening 
and tissue necrosis. Management strategies for 
Xanthomonas campestris have traditionally relied on 
chemical treatments but are increasingly shifting 
toward biological approaches due to environmental 
concerns and resistant strains. Recent studies have 
explored the use of plant extracts as a sustainable 
alternative to control Xanthomonas campestris, 
offering a promising avenue for reducing the reliance 
on synthetic chemicals in agriculture. 

Various microbiological assays—such as disk 
diffusion assay, direct contact method, well diffusion 
assay, exposure to volatiles, and spore germination 
assay—can be employed to test the antimicrobial 
properties of EOs against pathogens like Botrytis 
cinerea and L mesenteroides. Similarly, plant extracts 
can be evaluated for their efficacy against 
Xanthomonas campestris using similar 
methodologies. Further qualitative and quantitative 
analyses can provide insights into the phytochemical 
properties of both EOs and plant extracts and their 
individual components' roles in pathogen inhibition. 

In conclusion, essential oils and plant extracts 
represent sustainable approaches for mitigating food 
losses caused by pathogens like Botrytis cinerea and 
L. mesenteroides while plant extracts offer potential 

solutions for agricultural challenges posed by 
Xanthomonas campestris. 

2. MATERIAL AND METHODS: 

2.1 Preaparation of different dilutions of EO for 
screening of Botrytis cineria and Leuconostoc 
mesenteroids: 

Eight different types of EOs like lavender, 
calendulda, clove, cinnamon, lemongrass, thyme, 
oregano and tea tree for the screening of antimicrobial 
properties. Then different dilutions (10, 25, 50, 75 
and 100) of all eight EOs were prepared using DMSO 
(10µl EO was added to 990µl of DMSO for 10 
dilution and the same the done for the rest of the 
dilutions). 

2.2 Preparation of Plants Extracts for screening of 
Xanthomonas campestris: 

To create plant extracts, this process involves several key 
steps: 

2.2.1       Initial Preparation: Plant Parts are thoroughly 
washed to remove any debris and then dried completely to 
prevent moisture interference. 
2.2.2 Powdering: The dried plant material is finely 
ground to maximize the surface area for efficient extraction 
of bioactive compounds. 
2.2.3 Extraction Method: A measured amount of the 
powdered plant material is added to separate containers 
filled with pure ethanol. These containers are then agitated 
using a mechanical shaker for an extended period at 
ambient temperature to facilitate the extraction process. 
2.2.4 Purification: Following agitation, the contents 
of ethanol extracts are filtered to eliminate any impurities. 
The filtered extracts are then combined. 
2.2.5 Storage Conditions: The combined extracts are 
stored in a refrigerated environment to maintain their 
effectiveness and prevent contamination. 

 

2.3 Antibacterial Assay 
2.3.2 Disk Diffusion Assay for Botrytis cineria 
and L, mesenteroids: 

Two microbial strains were selected: Botrytis 
cinerea (fungi) and L, mesenteroids (bacteria) and 
they were revived from glycerol stock and grown 
on different mediums. Potato Dextrose Agar 
(PDA) was used for the growth of botrytis. The 
suspension of botrytis was prepared using saline 
solution (NaCl). The saline was poured into the 
fungal culture plate and then it was swirled 

S. 

No: 

Scientific Name Common 
N a m e  

Origin 

1. Betula utilis Bhoj Patra Western 
Himalayas 

2. Berberis aristata Indian Barberry Himalayas 

3. Cedrus deodara Himalayan 
Cedar 

Western 
Himalayas 

4. Boswellia 
serrata 

Salai Guggal Western 
Himalayas 

5. Peganum 
hermala 

Hermal Himalayas 
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and L, mesenteroids: 

Two microbial strains were selected: Botrytis 
cinerea (fungi) and L, mesenteroids (bacteria) and 
they were revived from glycerol stock and grown 
on different mediums. Potato Dextrose Agar 
(PDA) was used for the growth of botrytis. The 
suspension of botrytis was prepared using saline 
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slowly, and the culture was carefully scrapped 
using a sterilized grass slide into a petri plate then 
the suspension was transferred into a falcon tube 
following this, the mixture was centrifuged at a 
speed of 1500 to 2000 revolutions per minute for 
a duration of 10 minutes. Subsequently, the 
supernatant was filtered using a glass wool or 25 
mm filter [6]. The final suspension was 
transferred into another falcon tube and stored. 
Then PDA plates were prepared, and botrytis was 
cotton swabbed on each plate and a single 6mm 
disk impregnated with 10µL of crude EOs was 
carefully placed at the centre using forceps on the 
swabbed plate and it was incubated for 3-7 days at 
28ºC. EOs which showed positive results were 
then considered for further analysis. 

Nutrient agar is prepared for Leuconostoc 
meseteroids then it is sterilized through 
autoclaving, and poured into sterile Petri dishes, 
allowing it to solidify under aseptic conditions. 
Using a sterile cotton swab, this bacterial 
suspension is uniformly spread across the surface 
of the solidified agar to create an even bacterial 
lawn. Small sterile filter paper discs, typically 6 
mm in diameter, are impregnated with 10 µL of 
EOs of different concentrations (10, 25, 50, 75 
and 100 µL). These discs are then placed onto the 
inoculated agar surface with sterile forceps. The 
plates are then placed in an incubator to allow for 
microbial growth under controlled conditions 
incubated at 30°C for a duration of 24 hours. 

After incubation, assessment of antimicrobial 
activity is carried out by observing the formation 
of clear circular zones around the discs, known as 
zones of inhibition, which indicate where 
microbial growth has been suppressed. Larger 
inhibition zones suggest stronger antimicrobial 
effects of the EOs against Leuconostoc 
mesenteroides and Botrytis cinerea. against 
Leuconostoc mesenteroides and Botrytis cinerea. 

2.3.3 Agar well Diffusion Assay for Xanthomonas 
campestris:  

For evaluating the antibacterial activity of plant 
extracts against Xanthomonas campestris using the agar 
well diffusion method involves several key steps. Initially, 
nutrient agar medium is prepared according to standard 
microbiological protocols and poured into sterile 9 cm 
petri plates, with 20 ml of medium per plate. The agar is 
allowed to solidify at room temperature. A bacterial 
suspension of Xanthomonas campestris is prepared and 

this suspension is spread evenly across the surface of each 
agar plate. 

After solidification, agar wells are made in each agar plate 
using a sterile cork borer. Prepared concentrations of 
ethanolic plant extracts are applied to each well using a 
micro-pipette. The plates are incubated at the temperature 
of 37°C for the duration of 24 hours. Afterward, the clear 
areas around the antimicrobial agent, known as zones of 
inhibition, are assessed. The diameters of these zones are 
measured in millimeters using a ruler or caliper. This 
process helps evaluate the antibacterial efficacy of the plant 
extracts by determining their ability to inhibit bacterial 
growth. All equipment must be thoroughly sterilized 
before use, and the procedure should be conducted under 
aseptic conditions. The prepared plant extracts should be 
stored at 4°C to preserve their potency. The results are 
analyzed by calculating the average diameter of the 
inhibition zones for each concentration of the plant 
extracts. 

2.4 Qualitative Analysis 

2.4.1. Detection of Flavonoids (Alkaline Reagent 
Test): 

1ml of screened Essential oils and plant extracts were 
added to different test tubes with 2 to 3 drops of sodium 
hydroxide solution. This led to a change in colour to 
yellow. Then Subsequently, a few drops of diluted 
sulfuric acid were introduced to the test tube, this led to 
the formation of a colourless solution. This result 
suggested the detection of flavonoids. 

2.4.2. Detection of Phenolic Compounds 
(Ferric Chloride Test): 

To each test tube, 1 mL of the selected essential oils 
and plant extracts was introduced. A few drops of 
10% ferric chloride solution were then added. The 
development of a blue-green coloration indicated 
the existence of phenolic constituents. 

 

2.5        Quantitative Analysis 

2.5.1. Estimation of Total Phenolic 
Content (TPC): 

The total phenolic content in essential oils (EOs) 
and plant extracts was determined using the Folin–
Ciocalteu (FC) method. A stock solution of gallic 
acid was prepared, and various concentrations were 
combined with distilled water to reach a final 
volume of 1 mL in separate test tubes. For the 

sample, 150 µL of each EO and plant extract was 
mixed with 2.4 mL of ethanol. To each test tube, 
150 µL of diluted FC reagent (prepared by mixing 
1 mL of FC reagent with 9 mL of distilled water) 
was added. After a reaction time of 5 minutes, 300 
µL of 7.5% sodium carbonate solution (prepared by 
dissolving 1.5 g of Na₂CO₃ in 20 mL of distilled 
water) was introduced to each tube. The mixtures 
were then incubated in the dark for 30–40 minutes. 
Ethanol or distilled water was used as a blank. 
Absorbance was measured at 765 nm using a 
spectrophotometer, and the total phenolic content 
was quantified using a standard calibration curve of 
gallic acid. 

2.5.2. Estimation of Total Phenolic Content (TPC): 

The total phenolic content in essential oils (EOs) and plant 
extracts was determined using the Folin–Ciocalteu (FC) 
method. A stock solution of gallic acid was prepared, and 
various concentrations were combined with distilled water 
to reach a final volume of 1 mL in separate test tubes [21, 
22]. For the sample, 150 µL of each EO and plant extract 
was mixed with 2.4 mL of ethanol. To each test tube, 150 
µL of diluted FC reagent (prepared by mixing 1 mL of FC  

             

 

 

reagent with 9 mL of distilled water) was added. After a 
reaction time of 5 minutes, 300 µL of 7.5% sodium 
carbonate solution (prepared by dissolving 1.5 g of Na₂CO₃ 
in 20 mL of distilled water) was introduced to each tube. 
The mixtures were then incubated in the dark for 30–40 

minutes. Ethanol or distilled water was used as a blank. 
Absorbance was measured at 765 nm using a 
spectrophotometer, and the total phenolic content was 
quantified using a standard calibration curve of gallic acid. 

2.5.3. Estimation of Total Flavonoid Content (TFC): 

The total flavonoid content of the essential oils and plant 
extracts was analyzed using the aluminum chloride 
colorimetric method. A quercetin stock solution was 
prepared by dissolving 

0.2 g of quercetin in a small amount of ethanol and adding 
distilled water to a final volume of 20 mL. Various 
concentrations were made from this stock, each adjusted to 
1 mL with distilled water, and combined with 3 mL of 
ethanol in individual test tubes [7]. For the samples, 150 
µL of EO or plant extract was mixed with 2.4 mL of 
ethanol. Next, 200 µL of 10% aluminum chloride solution 
(prepared by dissolving 5 g of AlCl₃ in 50 mL of water) 
and 200 µL of 1 M potassium acetate solution (4.9 g of 
CH₃COOK in 50 mL of distilled water) were added to each 
tube. Finally, 5.6 mL of distilled water was added to bring 
the total volume. The blank solution for the standard 
contained 1 mL of quercetin, 3 mL ethanol, 200 µL of 
potassium acetate, and 5.6 mL of distilled water, while the 
blank for the samples included 200 µL AlCl₃, 200 µL 
potassium acetate, and 5.6 mL distilled water. The 
mixtures were incubated in the dark for 30 minutes. 
Absorbance was then recorded at 415 nm using a 
spectrophotometer, and the TFC was calculated using a 
quercetin standard curve. 

3 RESULTS AND DISCUSSION 

3.1. Disk Diffusion Assay for Botrytis cineria 
and Leuconostoc mesenteroids: 

For Botrytis cinerea after incubation of 6 days the 
zone of inhibition was visible in lemongrass, thyme 
and clove EOs and for Leuconostoc mesenteroids the 
zone of inhibition was visible after 48 hrs in thyme, 
clove and cinnamon EOs.
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Fig 1: Zone of Inhibition of crude essential 

oils against Botrytis cinerea: (A) Cymbopogon 
citratus (B) Syzygium aromaticum (C) Thymus 
vulgaris 

 

Fig 2: Zone of Inhibition of crude essential oils 
against Leuconostoc mesenteroids: (A) 
Syzygium aromaticum, (B) Cinnamomum 
zeylanicum, (C) Thymus vulgaris. In thyme, 
clear zones were visible around 50 %, 100% 
concentrations while in 10 %and 25 % the 
zones were insignificant. In clove, clear zones 
were seen at 75 %and 100 % 

Agar well Diffusion assay for 
Xanthomonas campestris 

For Xanthomonas campestris after incubation of 24 
hours out of all the selected ethanolic plant extracts 
the zone of inhibition was visible in herbal ethanolic 
extract concentrations while 10 % to 50 % has 
insignificant zone. In cinnamon, clear zones were 
seen from 50 % to 100 % concentrations and 10 % 
to 25 % did not show any activity. 

Fig 3: Zone of Inhibition in Xanthomonas 
campestris (A) Peganum hermala.  In Peganum 
hermala, clear zones were visible around 100 
% crude ethanolic leaf extract. 

3.2 Qualitative Analysis 
 

3.2.1 Test for Phenols and Flavonoids of 
Essential oils: 

Table 3: Results of Test for Phenols and Flavonoids 
of EOs 

 

 

3.3.2 Test for Phenols and Flavonoids of Plant 
Extract: 

Table 4: Results of Test for Phenols and 
Flavonoids of Plants extracts 

 

 

 

 

 

 

 

 

 

Essential oils Phenols Flavonoids 

Thymus vulgaris ++ ++ 

Syzgium aromaticum ++ ++ 

Cinnamomum 

zeylanicum 

++ ++ 

Cymbopogon citratus -- ++ 

Plant Extract Phenols Flavonoids 

Peganum hermala 

ethanolic extract 

++ ++ 

3.3 Quantitative Analysis                                               

3.4.1 Determination of TPC and TFC of Essential 
oils: 

Table 5: TPC and TFC of EOs 

 

Essential Oils TPC TFC 

Thymus vulgaris 0.3066 µg/µL      0.033 µg/µL 

Syzygium 
aromaticum 

    0.3 µg/µL     0.133 µg/µL 

Cinnamomum 
zeylanicum 

   0.13 µg/µL      0.051 µg/µL 

Cymbopogon 
citratus 

Not Detected     0.426 µg/µL 

 

3.4.2 Determination of TPC and TFC of Plant 
Extract: 

Table 6: TPC and TFC of Plant Extract  

The result of this study shows the promising potential of 
EOs as natural antimicrobial agents against food spoilage 
and postharvest losses caused by Botrytis cinerea and 
Leuconostoc mesenteroides. Among the tested EOs, 
thyme, clove, and cinnamon consistently demonstrated 
significant antimicrobial activity against both pathogens, 
while lemongrass exhibited moderate effects, particularly 
against Botrytis cinerea. The disk diffusion assay showed 
that thyme and clove EOs had the highest inhibitory 
effects across multiple concentrations. These findings 
align with earlier studies that attribute strong 
antimicrobial properties to the presence of phenolic 
compounds like thymol and eugenol in thyme and clove, 
respectively. Cinnamon EO also showed considerable 
activity, especially at higher concentrations, further 
supporting its role in microbial inhibition. 

The phytochemical screening through qualitative tests 
confirmed the presence of both phenols and flavonoids in 
thyme, clove, and cinnamon EOs, correlating well with 
their antimicrobial efficiency. Lemongrass, despite having 
undetectable levels of phenolic compounds, demonstrated 

a significant concentration of flavonoids and exhibited 
strong antifungal activity against Botrytis cinerea. This 
indicates that additional bioactive compounds, like citral, 
might significantly contribute to its efficacy. The results 
were further supported by quantitative evaluations through 
the Total Phenolic Content (TPC) and the Total Flavonoid 
Content (TFC) analyses. Among the tested essential oils 
(EOs), thyme oil had the highest phenolic content, while 
lemongrass oil showed the greatest flavonoid 
concentration. These results underscore the idea that the 
combined action of various bioactive compounds 
contributes to the antimicrobial properties of EOs. This 
highlights not only their effectiveness but also the 
importance of understanding their chemical composition. 
The complex interactions between different EO 
constituents can result in varied biological effects, 
emphasizing the need for precise screening and 
standardization for commercial applications [9]. 

Additionally, plant-derived extracts have shown 
promising antimicrobial properties for example, 
ethanolic extracts of Peganum harmala have proven 
effective against Xanthomonas campestris, a bacterium 
that causes significant crop damage. The 
antimicrobial activity of Peganum harmala is believed 
to disrupt bacterial cell walls and inhibit enzymatic 
functions [10]. These findings highlight the potential of 
natural antimicrobial agents in managing plant 
pathogens and emphasize the need to explore a wide 
range of plant extracts and essential oils for applications 
in food preservation and agricultural protection. 

4 CONCLUSION 

Plant-derived essential oils (EOs), such as thyme, 
clove, and cinnamon, have demonstrated notable 
antimicrobial properties against foodborne 
pathogens, including Botrytis cinerea and 
Leuconostoc mesenteroides. Their effectiveness is 
supported by qualitative and quantitative analyses 
of phenolic and flavonoid content, highlighting 
their potential as natural alternatives to synthetic 
preservatives. These findings advocate for the 
integration of EOs into food preservation 
strategies to enhance safety, prolong shelf life, 
and align with consumer preferences for eco-
friendly and clean-label solutions. 

Moreover, ethanolic extracts of Peganum 
harmala have shown antimicrobial activity 
against Xanthomonas campestris, a bacterium 
responsible for significant agricultural damage. 
While these results underscore the potential of 
natural antimicrobials in food safety and crop 
protection, further studies are needed to address 
the stability of EOs and plant extracts, their 
sensor impacts, and effective delivery methods 
within food matrices to enable practical use in 
commercial applications. By supporting such 
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3.3 Quantitative Analysis                                               
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oils: 

Table 5: TPC and TFC of EOs 
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    0.3 µg/µL     0.133 µg/µL 
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zeylanicum 

   0.13 µg/µL      0.051 µg/µL 

Cymbopogon 
citratus 

Not Detected     0.426 µg/µL 

 

3.4.2 Determination of TPC and TFC of Plant 
Extract: 

Table 6: TPC and TFC of Plant Extract  
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combined action of various bioactive compounds 
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highlights not only their effectiveness but also the 
importance of understanding their chemical composition. 
The complex interactions between different EO 
constituents can result in varied biological effects, 
emphasizing the need for precise screening and 
standardization for commercial applications [9]. 

Additionally, plant-derived extracts have shown 
promising antimicrobial properties for example, 
ethanolic extracts of Peganum harmala have proven 
effective against Xanthomonas campestris, a bacterium 
that causes significant crop damage. The 
antimicrobial activity of Peganum harmala is believed 
to disrupt bacterial cell walls and inhibit enzymatic 
functions [10]. These findings highlight the potential of 
natural antimicrobial agents in managing plant 
pathogens and emphasize the need to explore a wide 
range of plant extracts and essential oils for applications 
in food preservation and agricultural protection. 

4 CONCLUSION 
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clove, and cinnamon, have demonstrated notable 
antimicrobial properties against foodborne 
pathogens, including Botrytis cinerea and 
Leuconostoc mesenteroides. Their effectiveness is 
supported by qualitative and quantitative analyses 
of phenolic and flavonoid content, highlighting 
their potential as natural alternatives to synthetic 
preservatives. These findings advocate for the 
integration of EOs into food preservation 
strategies to enhance safety, prolong shelf life, 
and align with consumer preferences for eco-
friendly and clean-label solutions. 

Moreover, ethanolic extracts of Peganum 
harmala have shown antimicrobial activity 
against Xanthomonas campestris, a bacterium 
responsible for significant agricultural damage. 
While these results underscore the potential of 
natural antimicrobials in food safety and crop 
protection, further studies are needed to address 
the stability of EOs and plant extracts, their 
sensor impacts, and effective delivery methods 
within food matrices to enable practical use in 
commercial applications. By supporting such 
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natural interventions, the agricultural and food 
industries can reduce chemical dependency, 
improve public health, and promote 
environmentally responsible practices 
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