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Abstract
This study aimed to determine the antibacterial activity of different plant ex-
tracts against ATCC-type pathogens of importance to veterinary medicine. 
Extracts were obtained using the Soxhlet and hydroalcoholic extraction meth-
od. Each requires different conditions, and these methods will likely afford 
different biological activities. Hence, results were compared to determine the 
influence of the extraction process, particularly against the antibacterial ac-
tivity of the extracts of Origanum  vulgare, Rosmarinus  officinalis, Psidium 
guajava, Thymus vulgaris, Eysenhardtia polystachya, Cinnamomum zeylan-
icum, and Syzygium aromaticum. All extracts were assessed for antibacterial 
activity against gram-positive bacteria (Staphylococcus aureus, Bacillus  ce-
reus, and Bacillus  subtilis) and gram-negative bacteria (Escherichia  coli, 
Salmonella  enterica serotype Typhi). The agar well diffusion method was 
performed, and MICs were determined by the broth microdilution method. 
From all plant primary extracts tested, results show that the antibacterial ac-
tion vs. gram-positive bacteria was greatest for the hydroalcoholic extracts 
of Origanum  vulgare, Thymus  vulgaris, and Psidium  guajava, and again, 
Psidium guajava and Eysenhardtia polystachya for the Soxhlet extracts. Only 
the Soxhlet extract of Eysenhardtia polystachya showed a well-defined anti-
bacterial action vs. gram-negative bacteria, although results do not exceed the 
reference drug utilized (enrofloxacin). It is proposed that research on the use 
of the mentioned extracts alone or combined with antibiotics in veterinary 
medicine follows, as well as the isolation and quantification of secondary 
metabolites present.
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Study contribution
Restrictions on the use of antibiotics due to the development of resistance are one of the reasons 
why the search for new treatment alternatives against important pathogens in veterinary medicine 
is more common. The study of the use of plants with antibacterial activity has been increasing; 
however, the complexity of the composition of the extracts makes it necessary to study not only 
the plants but also the methods for obtaining their bioactive compounds. In this study, plant ex-
tracts obtained by two different methods were evaluated for their ability to inhibit the growth of 
pathogenic bacteria. It was shown that hydroalcoholic extracts are the most effective, especially 
against gram-positive bacteria. Since the extracts with good results have a low minimum inhibitory 
concentration, their use as an adjuvant in the treatment of infections caused by gram-positive 
bacteria, especially Staphylococcus aureus, is proposed.

Introduction
Infectious diseases caused by bacteria remain a major threat to veterinary food production units 
and public health in general. Resistant veterinary pathogens to antibiotic treatment are becoming 
increasingly common.(1, 2) Also, bacterial resistance in veterinary medicine may eventually impact 
public health(3, 4) as bacterial resistance in livestock threatens the ecological niche shared with 
humans.(4−6) The antibacterial drug resistance of pathogens significantly burdens the economic 
viability of food production.(7) Antimicrobial resistance (AMR) is recognized as one of the top 
ten threats to public health and is currently causing nearly 2 million human deaths per year. If 
all contributing causes are not addressed, it has been estimated that this figure could increase 
substantially to 10 million deaths by 2050.(8, 9) 

AMR has been associated with the selective pressure caused by the extensive and often 
indiscriminate use of antimicrobials in human and veterinary medicine. In veterinary medicine, 
some precautions have already been taken. For example, the use of growth promoters has been 
canceled or, at least, severely restricted in many countries worldwide.(10−12) Nevertheless, the 
pressure of intensive production of animals for human consumption has led to the increasingly 
accentuated use of antibiotics for therapeutic purposes.(13, 14) The AMR problem is fueled by 
scarce or marginally successful research that seeks to discover or develop new drug entities with 
antibacterial activity.(15) However, the task is urgent. In the field of veterinary production, special 
attention has been given to phytobiotic elements.(16−18) 

Although standardizing a final commercially available preparation can be challenging. Plants’ 
abundance of active principles is often linked to geographic areas and weather conditions.  
Plants produce specialized secondary metabolites to accomplish diverse functions, i.e., to attract 
pollinators, as defensive substances against parasites and predators, or to resist diseases.(19−21) 
Hence, raw plant-derived material to prepare a given herbal remedy needs more uniformity. How-
ever, it is safe to state that the use of commercially viable phytobiotics for controlling and treating 
bacterial infections is a project that may crystallize in the coming years as extraction methods are 
standardized, so plant-based raw materials become chemically homogeneous.(22, 23)

The extraction of phytobiotics is a crucial process in recovering active principles. Nevertheless, 
numerous methods can be found in the literature, i.e., maceration, boiling, percolation, hydro 
distillation, Soxhlet, ultrasound, and microwave.(24−26) The basic principle is solid-liquid extraction 
with solvents and leaching. However, the main factors that can influence the extraction yield 
and selectivity are the solvent, time, temperature, solid-liquid ratio, and particle size of the plant 
material.(27, 28) Hence, it is essential to consider the characteristics of a given extraction to assess 
its efficacy as a source of antibacterial molecules. Considering the above, this work aimed to an-
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alyze the antibacterial activity of plant extracts obtained by two different methods, assessing the 
potential phytobiotic activity inhibiting the growth of ATCC-type strains of Staphylococcus aureus, 
Escherichia coli, Salmonella enterica subsp. Enterica serotype Typhi, Bacillus cereus, and Bacil-
lus subtilis are examples of pathogens of clinical relevance in veterinary medicine.

Materials and methods
Bacterial cultures
The antibacterial activity of the Soxhlet and hydroalcoholic extracts was evaluated against strains 
of Staphylococcus aureus ATCC 6538, Escherichia coli ATCC 10536, Salmonella enterica sub-
sp. Enterica serovar Typhimurium ATCC 14028, Bacillus subtilis ATCC 6633, and Bacillus cereus 
ATCC11778.

Plant material
Oregano (Origanum vulgare), rosemary (Rosmarinus officinalis), guava (Psidium guajava), and 
thyme (Thymus vulgaris) plants, bark of blue-wood (Eysenhardtia polystachya), cinnamon (Cin-
namomum zeylanicum), and clove flowers (Syzygium aromaticum) were obtained from a local 
botanical market. The leaves were air-dried, and each of the plant materials was ground. Milled 
plant material was extracted by the Soxhlet method and hydroalcoholic extraction.

Preparation of bacterial cultures
The bacteria were cultured on Mueller-Hinton agar for 18–24 h at 37 °C. The colonies were sus-
pended in 5 mL of sterile physiological solution at a concentration of 108 CFU (turbidity = 0.5 
McFarland).

Extraction method
Soxhlet extraction was carried out with 30 g of each plant, following the methodology described 
by Alara with a feed-to-solvent ratio of 1:10 g/mL;(29) however, for this study the solvent was 
modified, using water and a heating mantle was used to keep the system under reflux (94 °C); 
the extraction cycles lasted around 1.5 h. At the end of the process, the extract was allowed to 
cool to room temperature of 26 °C. Finally, all extracts were filtered through Whatman No. 1 and 
stored at -20 °C until use. 

Hydroalcoholic extraction was carried out with an ethanol/deionized water mixture (70 % 
v/v) using 30 g of each plant material. The samples were extracted at a room temperature of 
26 °C and solid-to-liquid ratio (1:10 g/mL).(30) In this study, the extract was obtained by simple 
filtration with Whatman No. 1 paper, and the plant material was manually compressed to obtain 
all the remaining solvents. The extract was concentrated in a rotary evaporator and finally stored 
in amber bottles at 8 °C until use.

Antimicrobial activity of plant extracts by agar well diffusion method
The agar diffusion assay was performed based on Balouiri, to assess the antimicrobial profile of 
plant extracts. Briefly, bacterial inoculum was spread evenly with a sterile cotton swab on a Muel-
ler-Hilton agar plate in sterile Petri dishes. One hundred microliters of each extract were added 
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to 7 mm diameter wells plunged in the agar gel using as a reference value 100 µL of a solution 
of enrofloxacin (Sigma Aldrich, CAS Number: 93106-60-6) at a concentration of 2.5 µg/mL. The 
plates were incubated for 24 h at 37  °C under aerobic conditions. After incubation, confluent 
bacterial growth was observed. The diameter of bacterial growth inhibition was measured in mm 
using a digital Vernier caliper. Only clear halos with no growth around the well were considered, 
and all tests were performed in triplicate.(31)

Determination of the Minimum Inhibitory Concentration (MIC)
The minimum inhibitory concentration of the extracts obtained by Soxhlet method (aqueous 
extracts) and hydroalcoholic extraction (hydroalcoholic extracts) to inhibit bacterial growth was 
performed using the modified method described by CLSI. Tenfold dilutions of an initial volume 
of 200 µL of the extracts were made in 96-well plates. Each dilution was inoculated with the 
different bacteria suspended in nutrient broth at a concentration of 106 CFU/mL, until reaching 
a final volume of 200 µL. Nutrient broth without extract, inoculated with each bacteria, was used 
as a bacterial growth control, and nutrient broth with each extract without bacterial inoculation 
was used as a negative control for bacterial growth. After 24 h of incubation at 37 °C, 30 µL of 
0.02 % (w/v) resazurin solution in distilled water was added and incubated again for an hour. The 
change from blue to pink color was recorded as an indication of bacterial viability. The MIC value 
corresponds to the well before the color change from blue to pink.(32)

Determination of Minimum Bactericidal Concentration (MBC)
The bactericidal capacity of aqueous and hydroalcoholic extracts was performed by inoculating 
100 µL in nutrient broth with agar from the wells corresponding to the MIC, and thereof with a 
higher concentration until no growth was achieved. The plates were incubated for 24 h at 37 °C. 
The value of the minimum bactericidal concentration of the extracts was considered the lowest 
concentration capable of inhibiting total growth for each microorganism.(32)

Statistical analysis
Descriptive statistics analyzed MIC values. The statistical differences in the antibacterial activity 
determined by the inhibition zones and the susceptibility of the different microorganisms tested 
with the extracts obtained by the two methods were analyzed using the following model: 

μ ε

where,
Yijklm is the m-th inhibition zone of the i-th bacteria produced by the j-th extract and the k-th 

extraction method,
Bi it is the i-th bacteria (i = 1, 2, 3, 4, 5),
Ej it is the j-th extract (J = 1, 2, 3, 4, 5, 6, 7, 8),
Mk it is the k-th extraction method (k = 1, 2),
(BE)ij, (BM)ik, (EM)jk y (BEM)ijk are the double and triple interactions between the main 

factors,
εijkm is the distributed random error N (µ, σε).

The software used was SAS software (version 9.4, SAS Institute Inc., Cary, NC, USA) with a signif-
icance level of P< 0.001.
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Results
Antibacterial activity of plant extracts obtained by different extraction 
methods
Soxhlet method and hydroalcoholic extraction were applied to oregano (Origanum vulgare), rose-
mary (Rosmarinus officinalis), guava (Psidium guajava), and thyme (Thymus vulgaris) air-dried 
plant material as well as the bark of blue-wood (Eysenhardtia polystachya), cinnamon (Cinnamo-
mum zeylanicum) and clove flowers (Syzygium aromaticum) samples. All extracts were tested 
against gram-positive bacteria: Staphylococcus aureus ATCC 6538, Bacillus subtilis ATCC 6633, 
and Bacillus cereus ATCC11778, and gram-negative bacteria: Escherichia coli ATCC 10536 and 
Salmonella enterica subsp. Enterica serovar. Typhimurium ATCC 14028. Effectiveness was mea-
sured by comparing the inhibition zone obtained from the extracts and a reference antibacterial 
drug at a known concentration (Enrofloxacin, 2.5 µg/mL).

As shown in the results (Figure  1), all hydroalcoholic extracts showed antibacterial activi-
ty by inhibiting the growth of the microorganisms, however they were more effective against 
gram-positive than against gram-negative bacteria. Used for this test, in some cases equaling 
or improving the effectiveness shown by the reference, as is the case of Thymus vulgaris with  
S. aureus, S. enterica, and B. subtillis, Origanum vulgare with B. subtillis, and most of the extracts 
with B. cereus, except for Eysenhardtia polystachya which did not show any inhibition zone with 
this microorganism.

The hydroalcoholic extracts of Eysenhardtia polystachya and Thymus vulgaris had the larg-
est inhibition zone for E.  coli. However, they did not surpass the standard, whose inhibition 
zone was 20.73 ±0.43 mm. The activity of Thymus vulgaris and Syzygium aromaticum against 
S. enterica were the highest as compared to the rest of the hydroalcoholic extracts with no sig-
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Figure 1. Grouped bars of statistical mean of inhibition zone by extract by extraction method. All components of the model 
were significant (P < 0.001); the R-squared was 0.986, and the observed power for all effects in the model was one.
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nificant difference when compared with enrofloxacin. B. cereus had the largest inhibition zone 
with Origanum vulgare and Syzygium aromaticum (P < 0.001). In addition, the effectiveness 
of many extracts against this latter microorganism by all the hydroalcoholic extracts obtained 
(Cinnamomum zeylanicum, Psidium guajava, Thymus vulgaris, and Rosmarinus officinalis) were 
particularly efficient, exhibiting greater inhibition zone as compared with enrofloxacin.

On the other hand, all Soxhlet extracts inhibited the growth of S.  aureus and B.  subtillis; 
however, for B.  cereus, only Origanum  vulgare, Psidium  guajava, and Rosmarinus  officinalis 
had no effect, highlighting that the rest of the tested extracts (Eysenhardtia polystachya, Syzyg-
ium aromaticum, Cinnamomum zeylanicum, and Thymus vulgaris) showed a more significant 
inhibition zone than the reference. The antibacterial activity of Eysenhardtia polystachya against 
S. aureus stands out. It was statistically significantly higher than the rest of the Soxhlet extracts and 
the antibacterial used as a reference (P < 0.001). Origanum vulgare showed the most signifi-
cant inhibition of B. subtilis, but did not exceed the reference values or the hydroalcoholic extract 
inhibition. Only Eysenhardtia polystachya showed a slight activity against E. coli and S. enterica 
serotype Thyphi. 

In addition, Eysenhardtia polystachya, Syzygium aromaticum, Cinnamomum zeylanicum, 
and Thymus vulgaris showed activity against B. cereus. However, they were not statistically differ-
ent from each other (P < 0.001). Nevertheless, there was a statistically greater difference when 
comparing their values with enrofloxacin, exceeding the diameter of the inhibition zones of this 
reference antibacterial drug (P < 0.05).

Table 2 shows the minimum inhibitory concentrations (MIC) and minimum bactericidal con-
centrations (MBC) of plant extracts tested against gram-positive bacteria (S. aureus, B. subtilis, 
and B.  cereus) and gram-negative bacteria (E.  coli and S.  enterica), determined by two-fold 
dilutions. For the hydroalcoholic extracts, Syzygium aromaticum showed the highest dilution for 
B. subtilis and B. cereus, followed by Thymus vulgaris and Origanum vulgare against S. aureus, 
and finally, Psidium guajava against B. subtilis. Although dilutions obtained with other herbs to 
achieve inhibition of tested bacteria were not as high as the former extracts, they proved to be 
competitive i.e., Syzygium aromaticum and Psidium guajava against S. aureus; Origanum vul-
gare and Rosmarinus officinalis vs. B. subtilis, and Origanum vulgare and Psidium guajava vs. 
B. cereus. 

Thus, all of them can be viewed as having remarkable antibacterial activity, requiring small 
concentrations of each extract to show inhibitory effect against these gram-positive bacteria. In 
contrast, for E. coli and S. enterica, only Origanum vulgare and Syzygium aromaticum had a mild 
inhibitory effect (1:64 and 1:32, respectively). Concerning the analysis of MICs and MBCs in Sox-
hlet extracts, the highest dilution was 1:128 for Eysenhardtia polystachya against gram-positive 
bacteria. For the two gram-negative bacteria studied Eysenhardtia polystachya, Syzygium aromat-
icum, Rosmarinus officinalis, and Psidium guajava exhibited inhibitory activity also at 1:128, with 
the former extract being the only one showing a mild degree of inhibition activity against E. coli.
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Discussion
The accelerated increase in bacterial resistance to antibiotics, the growing demand for animal-de-
rived foods, and restrictions on the use of antimicrobials have turned efficient animal produc-
tion into a major challenge. Considering that plants contain a variety of phytobiotic compounds, 
the use of plant-based medicinal preparations with antibacterial activity could be incorporated  
as an alternative to antibiotics or adjunct therapy for infectious diseases in farm animals. Thus, as 
conventional antimicrobials become less effective, these compounds may offer mechanisms of 
action that help mitigate the emergence and hinder the dissemination of resistance. 

In particular, the plant species used in this study have also been shown to have antibacterial 
activity, both in humans and animals. For example, the antibacterial effect of Rosmarinus officina-
lis,(33) Psidium guajava,(34) Eysenhardtia polystachya,(35) Origanum vulgare,(36) and Cinnamo-
mum  zeylanicum against S.  aureus and E.  coli has been reported.(37) Syzygium aromaticum 
against S. aureus and B. subtillis,(38) and Thymus vulgaris against S. aureus, E. coli, S. typhimuri-
um, and B. cereus.(39, 40) The antibacterial activity of secondary metabolites such as terpenoids, 
phenolic compounds, alkaloids, and others has been demonstrated in multiple studies.(41, 42) 

In this study, the results obtained with hydroalcoholic extraction allow us to regard as out-
standing the antibacterial activity of all the extracts against Staphylococcus aureus ATCC 6538  
and Bacillus cereus ATCC11778, taking the inhibition zones of enrofloxacin as reference (±15.93 and  
±9.28 mm, respectively), and considering that it is a highly active antibacterial drug with a break-
ing point ranging from 2.5 µg/mL vs. 0.5 µg/mL. 

Table 2. Minimum inhibitory concentration and minimum bactericidal concentration of plants extracted with 
hydroalcoholic and Soxhlet method against five species

Extract
S. aureus E. coli S. enterica B. subtilis B. cereus

MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC

H
yd

ro
al

co
ho

lic

Thymus vulgaris 1:256 1:256 1:8 1:8 1:8 1:8 1:32 1:32 1:32 1:32

Origanum vulgare 1:256 1:256 1:64 1:64 1:64 1:64 1:128 1:128 1:128 1:128

Syzygium aromaticum  1:128 1:128 1:32 1:32 1:32 1.32 1:512 1:512 1:256 1:256

Psidium guajava 1:128 1:128 1:4 1:4 1:4 1:4 1:256 1:256 1:128 1:128

Cinnamomum zeylanicum 1:32 1:32 1:8 1:8 1:16 1:16 1:16 1:16 1:8 1:4

Eysenhardtia polystachya 1:16 1:16 1:16 1:16 1:16 1:16 1:32 1:32 1:16 1:16

Rosmarinus officinalis 1:8 1:8 1:16 1:16 1:32 1:16 1:128 1:128 1:32 1:32

So
xh

le
t

Thymus vulgaris  1:64 1:64 1:8 1:4 1:4 1:2 1:16 1:16 1:8 1:8

Origanum vulgare 1:64 1:64 1:4 1:4 1:2 1:2 1:32 1:32 1:16 1:16

Syzygium aromaticum 1:128 1:128 1:8 1:8 1:4 1:4 1:128 1:128 1:32 1:32

Psidium guajava 1:32 1:32 1:2 1:2 1:2 1:2 1:128 1:128 1:64 1:32

Cinnamomum zeylanicum 1:8 1:4 1:2 1:2 1:2 1:2 1:8 1:4 1:16 1:16

Eysenhardtia polystachya 1:128 1:128 1:32 1:32 1:16 1:16 1:128 1:128 1:128 1:128

Rosmarinus officinalis 1:128 1:128 1:4 1:2 1:8 1:4 1:4 1:4 1:128 1:128

The five species were: Staphylococcus aureus, Escherichia coli, Salmonella enterica subsp. enterica serovar. Typhimurium, Bacillus 
subtilis, and Bacillus cereus.

Two-fold dilutions from the extracts determined MICs and MBCs.
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The best antibacterial activity was shown by Thymus vulgaris (S. aureus ±27.13 mm, B. sub-
tilis ±22.18 mm, B. cereus ±12.05 mm, and S. enterica ±16.18 mm) and Origanum vulgare 
(S.  aureus ±25.68  mm, B.  subtilis ±26.86  mm, and B.  cereus ±18.36mm). As it has been 
shown, the effectiveness of these extracts is mainly due to the presence of carvacrol and thymol, 
found in considerable quantities. Additionally, these plants have antioxidant and antibacterial prop-
erties.(43−46) 

Coinciding with our results, it has been shown that the essential oils of Thymus  vulgaris 
and Origanum vulgare possess excellent activity against S. aureus with inhibition zones of 24 
to 35 mm and 34 to 35 mm, respectively.(43, 47) Also, our results concur against B. cereus, with 
inhibition zones as high as 37.33 mm.(48) Another study reported excellent antibacterial activity 
for Origanum vulgare and Thymus vulgaris essential oils with MIC and MBC values of 160 µg/mL  
and 320 µg/mL, respectively.(49, 50) To understand the effectiveness of these extracts, further 
studies are necessary to characterize the role of individual phytochemicals (eugenol, cinnamalde-
hyde, thymol, and carvacrol), as well as their interactions.(51−53)

It is possible to highlight the hydroalcoholic extract of Psidium guajava, achieving inhibition zones 
of 21.87 and ±13.37 mm for S. aureus and B. cereus, respectively. Earlier works have accounted for 
these activities in both the essential oil and the solvent extracts.(54−57) The hydroalcoholic extracts 
have better antibacterial activity than aqueous extracts against S. aureus (MIC dilution of 1:128 vs. 
1:32).(58) This finding suggests that the hydroalcoholic extraction of Psidium guajava favors ob-
taining tannins, phenols, flavonoids, terpenoids, and glycosides. In contrast, saponins are soluble 
in water and, therefore, not present in ethanol or methanol extracts. Saponins are important as 
antibacterial drugs since they act as detergents and are considered cytotoxic.(59, 60) 

On the other hand, the results observed in this work coincide with Biswas, who reported 
that two extracts of Psidium guajava obtained with methanol and ethanol had antibacterial ac-
tivity against B. cereus, i.e., inhibition zones of 8.27 mm and 12.3 mm, respectively.(59) For the 
methanol and ethanol extracts vs. S. aureus inhibition zone values were 6.11 mm and 11 mm, 
respectively. It is important to note that none of the extracts of Psidium guajava showed activity 
vs. gram-negative bacteria, as previously reported by Nascimento when studying Escherichia coli 
and Salmonella spp.(61) As for the hydroalcoholic extracts, most of the extracts obtained by Sox-
hlet had higher antibacterial activity against S. aureus compared to the reference enrofloxacin 
(±13.43). In this phase, Eysenhardtia  polystachya stands out, showing an inhibition zone of 
approximately 20.7 mm for S. aureus and 11.32 mm for B. cereus. 

These findings are consistent with a previous study in which both the aqueous and ethanolic 
extract were compared and showed low activities when tested against Phorphyromonas gingivalis 
at a high MIC value for the ethanolic extract, while activity vs. Streptococcus mutans showed a  
lower MIC value for the aqueous extract.(62) The phytochemical analysis of Eysenhardtia  
polystachya has reported the isolation of chalcones, flavonoids, and phytosterols having antibac-
terial activity.(63−67) The inhibition zones observed with the hydroalcoholic extracts were significantly 
lower for Escherichia coli ATCC 10536 (±14.85 mm) and Salmonella enterica subsp. Typhimurium 
ATCC 14028; however, for S. enterica, both Syzygium aromaticum (±15.3 mm) and Thymus vulgaris 
(±16.18 mm) showed competitive zones of inhibition with enrofloxacin (±14.37 mm). 

This is consistent with a study by El-Maati et al., which investigated the antioxidant and anti-
bacterial power of Syzygium aromaticum extracts obtained with different solvents; their findings 
declare that the extract obtained with 80  % ethanol has a strong antibacterial power against 
Salmonella enterica serovar. Enteritidis PT4 with inhibition zones of 17 mm, determining that the 
antibacterial capacity is strongly related to the content of phenolic compounds in the extracts.(68) 

On the other hand, Rota et al., evaluated extracts from different varieties of thyme and demon-
strated that Thymus vulgaris has a potential effect not only against gram-positive bacteria, but 
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can also have relevant activity against gram-negative bacteria such as S. enteritidis CECT 4155,  
S. typhimurium CECT 443, E. coli serovar. O157:H7 CECT 4267 and E. coli CECT 516, with inhi-
bition zones of 32, 36, 19.6, and 28.3 mm, respectively.(69) 

In contrast, the antibacterial activity of all aqueous extracts obtained by Soxhlet was nearly 
null vs. gram-negative bacteria.(70−72) It is tempting to speculate and attribute this difference to 
the cellular structure of gram-negative bacteria, whose outer membrane is composed of phospho-
lipids, polysaccharides, and selective porins, acting as a protective barrier against a wide range of 
antibiotics and the plant extract.(44, 61) Despite the mesh-like peptidoglycan cell wall of gram-posi-
tive bacteria, they are more permeable to phytochemicals.(73−75) This complies well with reported 
studies claiming that gram-negative bacteria are more resistant to antimicrobials of plant origin as 
compared to gram-positive bacteria.(59, 75−77)

All extracts showed growth inhibition of Bacillus subtilis ATCC 6633. However, only the hy-
droalcoholic and aqueous extracts of Origanum vulgare, Thymus vulgaris, and Syzygium aromat-
icum, showed good antibacterial activity with inhibition zones close to that shown by enrofloxacin 
at a concentration of 2.5 µg/mL (±21.003 mm). The extract of Syzygium aromaticum showed 
good efficacy vs. S. aureus and B. subtilis; Psidium guajava vs. B. subtilis; Rosmarinus officinalis 
vs. S. aureus, and Eysenhardtia polystachya showed good efficacy against S. aureus, B. subtilis, 
and B. cereus, and was the only extract inhibiting E. coli and S. enterica. However, higher concen-
trations were required for this former plant to inhibit the growth of gram-negative bacteria. 

In a study conducted by Alonso-Castro, they found that the antibacterial activity of the ethano-
lic extract of this plant tested against these gram-negative bacteria was good at low concentrations, 
i.e., with MIC values of 1.56 µg/mL and 0.78 µg/mL, respectively.(78) From a physicochemical 
perspective, both extraction techniques rendered consistent results as follows: to inhibit S. aureus, 
the best extracts were Thymus vulgaris, Origanum vulgare, Psidium guajava, and Syzygium aro-
maticum. For gram-negative bacteria, the hydroalcoholic extracts gave better results except for 
the aqueous extracts of Eysenhardtia polystachya against E. coli. For clove, the best results were 
obtained with the hydroalcoholic extract against S. enterica and B. subtilis. Finally, the hydroal-
coholic extracts of Origanum vulgare, Syzygium aromaticum, Psidium guajava, and Eysenhard-
tia polystachya, were active against B. cereus. 

It is clear that the extraction method influences the antibacterial properties of the tested 
plants and how they were assessed, i.e., aqueous extracts diffuse with difficulty in agar plates, but 
when in a liquid medium, the extract-bacteria interaction is favored. In contrast, the hydroalcoholic 
extracts diffuse well in agar plates, improving their performance. Also, variation in antibacterial 
activity can be explained by the quantities of secondary metabolites present in each plant and ex-
tracted with either method.(29, 79−82) As general antibacterial pharmacodynamics for phytobiotics 
extracted by non-polar substances, Odhav et al., suggested that the hydrophobic and hydrogen 
bonding of phenolic compounds to membrane proteins and destruction of electron transport 
systems are the main manner in which bacterial membranes are disrupted.(83) 

In contrast, the antimicrobial activity of aqueous extracts could be due to anionic components 
such as thiocyanate, nitrate, chlorides, and sulfates, and many other compounds naturally pres-
ent in plants.(84, 85) These results show that the complexity of the active compounds present in 
plants makes it necessary to evaluate the antibacterial capacity of their extracts obtained by more 
than one method.(82) Bubonja-Šonje et al., analyzed the different techniques to evaluate the an-
tibacterial activity of plant extracts and phenolic compounds and reported that both the agar well 
diffusion method and the broth microdilution method to determine MIC and MBC are adequate. 
In addition, the CLSI guide suggests the use of complementary methods for the determination of 
antibacterial activity.(32, 86) 
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Finally, although some of the extracts presented in this study can be incorporated into veteri-
nary clinical trials, it remains to be determined whether it is better to isolate the active ingredients 
with an additional extraction or simply use the primary extracts, alone or in combination with 
veterinary antibacterial drugs.

Conclusions
Due to the wide diversity of bioactive phytochemicals medicinal plants possess, their potential 
as a source of new antibacterial agents is evident. Because of the antibacterial drug resistance 
observed worldwide, a significant increase in research is currently occurring. And the immediate 
practical application seems to be for veterinary use. The results obtained in this work allow us to 
conclude that the extracts obtained from Origanum vulgare, Thymus vulgaris, Psidium guajava, 
and Syzygium aromaticum obtained by any of the proposed methods could be promising candi-
dates as antimicrobial agents, since both by the agar well diffusion method and in the determina-
tion of MIC and MBC, they proved to be effective, which provides a solid basis for future research 
aimed at the development of new drugs of plant origin. On the other hand, it is considered to 
continue evaluating the aqueous extract of Eysenhardtia polystachya since in this study, it was the 
only one that showed inhibition in gram-negative bacteria such as E. coli and S. enterica, which 
are considered resistant to many plant extracts.
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All relevant data are within the manuscript and its supporting information files.

Acknowledgments
DGAPA-UNAM Posdoctoral Program. Postdoctoral fellowship SECIHTI. PASPA-DGAPA-UNAM. PA-
PIIT-IT200425 UNAM y Ciencia Básica y de Frontera 2025-SECIHTI-1954.

Conflicts of interest
The authors have no conflict of interest to declare regarding this publication.

Author contributions
Conceptualization: Z Sánchez, L Gutiérrez, H Sumano.
Data curation: J Mendoza, Z Sánchez. 
Formal analysis: J Mendoza, Z Sánchez, E Alfonseca.
Investigation: L Gutiérrez, J Mendoza, Z Sánchez.
Methodology: J Mendoza, Z Sánchez, E Alfonseca.
Project administration: L Gutiérrez, Z Sánchez
Resources: L Gutiérrez.
Validation: L Gutiérrez, J Gracia, H Sumano, E Alfonseca.
Visualization: L Gutiérrez, J Gracia, H Sumano, E Alfonseca.
Writing-original draft: L Gutiérrez, J Mendoza, Z Sánchez
Writing-review and editing: CJ Mendoza, L Gutiérrez, J Gracia, H Sumano, E Alfonseca, Z Sánchez.

https://veterinariamexico.fmvz.unam.mx/


http://veterinariamexico.fmvz.unam.mx Plant extracts against pathogens of importance in veterinary

doi: 10.22201/fmvz.24486760e.2025.1466
Vol. 12  2025

/
16

11
Original Research

References
1.	 Palma E, Tilocca B, Roncada P. Antimicrobial resistance in veterinary medicine: an overview. In-

ternational Journal of Molecular Sciences. 2020;21(6):1914. doi.org/10.3390/ijms21061914.
2.	 Caneschi A, Bardhi A, Barbarossa A, Zaghini A. The use of antibiotics and antimicrobial re-

sistance in veterinary medicine, a complex phenomenon: a narrative review. Antibiotics. 
2023;12(3):487. doi.org/10.3390/antibiotics12030487.

3.	 Iwu CD, Korsten L, Okoh AI. The incidence of antibiotic resistance within and beyond the agri-
cultural ecosystem: A concern for public health. MicrobiologyOpen. 2020;9(9):e1035. 

	 doi.org/10.1002/mbo3.1035.
4.	 Roncada P, Tilocca B. Antimicrobial resistance in veterinary medicine and public health. Ani-

mals. 2022;12(23):3253. doi.org/10.3390/ani12233253.
5.	 Bava R, Castagna F, Lupia C, Poerio G, Liguori G, Lombardi R, Naturale MD, Mercuri C, Bulotta 

RM, Britti D, Palma E. Antimicrobial resistance in livestock: A serious threat to public health. 
Antibiotics. 2024;13(6):551. doi.org/10.3390/antibiotics13060551.

6.	 Bucini G, Clark EM, Merrill SC, Langle-Chimal O, Zia A, Koliba C, Cheney N, Wiltshire S, Trinity L, 
Smith JM. Connecting livestock disease dynamics to human learning and biosecurity decisions. 
Frontiers in Veterinary Science. 2022;9:1067364. doi.org/10.3389/fvets.2022.1067364.

7.	 Baudoin F, Hogeveen H, Wauters E. Reducing antimicrobial use and dependence in livestock 
production systems: a social and economic sciences perspective on an interdisciplinary ap-
proach. Frontiers in Veterinary Science. 2021;8:584593. doi.org/10.3389/fvets.2021.584593.

8.	 Oladunjoye IO, Tajudeen YA, Oladipo HJ, El-Sherbini MS. Planetary health and tradition-
al medicine: a potential synergistic approach to tackle antimicrobial resistance. Challenges. 
2022;13(1):24. doi.org/10.3390/challe13010024.

9.	 Belem-Kabré WLME, Ouédraogo V, Bayala B, Bancé A, Ouédraogo E, Yaro B, Belemnaba L, 
Compaoré M, Kiendrébeogo M, Ouédraogo N. Anti-biofilm, anti-quorum sensing, and anti-pro-
liferative activities of methanolic and aqueous roots extracts of Carica papaya L. and Cocos 
nucifera L. Advances in Microbiology. 2023;13(4):165–180. 

	 doi.org/10.4236/aim.2023.134010.
10.	 Van Poucke C, Dumoulin F, Yakkundi S, Situ C, Elliott CT, Grutters EM, Verheijen R, Schilt R, 

Eriksson S, van Peteghem C. Banned antibacterial growth promoters in animal feed: Collabora-
tive trial on the liquid chromatography–tandem mass spectrometry method developed in the 
feedstuffs-radius project. Analytica Chimica Acta. 2006;557:204–210. 

	 doi.org/10.1016/j.aca.2005.09.071.
11.	 More SJ. European perspectives on efforts to reduce antimicrobial usage in food animal pro-

duction. Irish Veterinary Journal. 2020;73(1):2. doi.org/10.1186/s13620-019-0154-4.
12.	 Da Silva RA, Arenas NE, Luiza VL, Bermudez JAZ, Clarke SE. Regulations on the use of anti-

biotics in livestock production in South America: a comparative literature analysis. Antibiotics. 
2023;12(8):1303. doi.org/10.3390/antibiotics12081303.

13.	 Situ C, Elliott CT. Simultaneous and rapid detection of five banned antibiotic growth promoters 
by immunoassay. Analytica Chimica Acta. 2005;529:89–96. 

	 doi.org/10.1016/j.aca.2004.08.013.
14.	 Hosain MZ, Kabir SL, Kamal MM. Antimicrobial uses for livestock production in developing 

countries. Veterinary World. 2021;14(1):210. doi.org/10.14202/vetworld.2021.210−221.
15.	 Silver LL. Challenges of antibacterial discovery. Clinical Microbiology Reviews. 2011;24(1):71–

109. doi.org/10.1128/CMR.00030-10.
16.	 Eloff JN, McGaw LJ. Application of plant extracts and products in veterinary infections. In: A 

Iqbal, A Farrukh, editors. New Strategies Combating Bacterial Infection. Weinheim, Baden-Wur-
temberg, DE: Wiley-VCH; 2009. p.205–228. 

https://veterinariamexico.fmvz.unam.mx/
https://doi.org/10.3390/ijms21061914
https://doi.org/10.3390/antibiotics12030487
https://doi.org/10.1002/mbo3.1035
https://doi.org/10.3390/ani12233253
https://doi.org/10.3390/antibiotics13060551
https://doi.org/10.3389/fvets.2022.1067364
https://doi.org/10.3389/fvets.2021.584593
https://doi.org/10.3390/challe13010024
https://doi.org/10.4236/aim.2023.134010
https://doi.org/10.1016/j.aca.2005.09.071
https://doi.org/10.1186/s13620-019-0154-4
https://doi.org/10.3390/antibiotics12081303
https://doi.org/10.1016/j.aca.2004.08.013
https://doi.org/10.14202/vetworld.2021.210-221
https://doi.org/10.1128/cmr.00030-10


http://veterinariamexico.fmvz.unam.mx Plant extracts against pathogens of importance in veterinary

doi: 10.22201/fmvz.24486760e.2025.1466
Vol. 12  2025

/
16

12
Original Research

17.	 Zhu F. A review on the application of herbal medicines in the disease control of aquatic ani-
mals. Aquaculture. 2020;526:735422. doi.org/10.1016/j.aquaculture.2020.735422.

18.	 Kuralkar P, Kuralkar SV. Role of herbal products in animal production: an updated review. Jour-
nal of Ethnopharmacology. 2021;278:114246. doi.org/10.1016/j.jep.2021.114246.

19.	 Cowan M. Plant products as antimicrobial agents. Clinical Microbiology Reviews. 
1999;12(4):564–582. doi.org/10.1128/CMR.12.4.564.

20.	 Pieters L, Vlietinck AJ. Bioguided isolation of pharmacologically active plant components, still 
a valuable strategy for the finding of new lead compounds? Journal of Ethnopharmacology. 
2005;100:57–60. doi.org/10.1016/j.jep.2005.05.029.

21.	 Pant P, Pandey S, Dall’Acqua S. The influence of environmental conditions on secondary metabo-
lites in medicinal plants: a literature review. Chemistry & Biodiversity. 2021;18(11):e2100345. 
doi.org/10.1002/cbdv.202100345.

22.	 Houghton PJ, Howes MJ, Lee CC, Steventon G. Uses and abuses of in vitro tests in ethnophar-
macology: visualizing an elephant. Journal of Ethnopharmacology. 2007;110:391–400. 

	 doi.org/10.1016/j.jep.2007.01.032.
23.	 Nasim N, Sandeep IS, Mohanty S. Plant-derived natural products for drug discovery: current 

approaches and prospects. The Nucleus. 2022;65(3):399–411.
24.	 Skendi A, Irakli M, Chatzopoulou P, Bouloumpasi E, Biliaderis CG. Phenolic extracts from solid 

wastes of the aromatic plant essential oil industry: potential uses in food applications. Food 
Chemistry Advances. 2022;1:100065. doi.org/10.1016/j.focha.2022.100065.

25.	 Vidana-Gamage GC, Choo WS. Hot water extraction, ultrasound, microwave and pecti-
nase-assisted extraction of anthocyanins from blue pea flower. Food Chemistry Advances. 
2023;2:100209. doi.org/10.1016/j.focha.2023.100209.

26.	 Bontzolis CD, Dimitrellou D, Plioni I, Kandylis P, Soupioni M, Koutinas AA, Kanellaki M. Effect 
of solvents on aniseed aerial plant extraction using Soxhlet and ultrasound methods, regarding 
antimicrobial activity and total phenolic content. Food Chemistry Advances. 2024;4:100609. 
doi.org/10.1016/j.focha.2024.100609.

27.	 Alara O, Addurahman N, Ukaegbu C. Soxhlet extraction of phenolic compounds from Vernonia 
cinerea leaves and its antioxidant activity. Journal of Applied Research on Medicinal and Aro-
matic Plants. 2018;11:12–17. doi.org/10.1016/j.jarmap.2018.07.003.

28.	 Oreopoulou A, Goussias G, Tsimogiannis D, Oreopoulou V. Hydroalcoholic extraction kinetics 
of phenolics from oregano: optimization of the extraction parameters.  Food and Bioproducts 
Processing. 2020;123:378–389. doi.org/10.1016/j.fbp.2020.07.017.

29.	 Wendakoon C, Calderon P, Gagnon D. Evaluation of selected medicinal plants extracted in 
different ethanol concentrations for antibacterial activity against human pathogens. Journal of 
Medicinally Active Plants. 2012;1(2):60–68. doi.org/10.7275/R5GH9FV2.

30.	 Balouiri M, Sadiki M, Ibnsouda SK. Methods for in vitro evaluating antimicrobial activity: a review. 
Journal of Pharmaceutical Analysis. 2016;6(2):71–79. doi.org/10.1016/j.jpha.2015.11.005.

31.	 Clinical and Laboratory Standards Institute. Performance standards for antimicrobial suscep-
tibility testing. Twenty-Fourth Informational Supplement. CLSI document M100-S24CLSI. 
Wayne, PA; 2014.

32.	 Bubonja-Šonje M, Knežević S, Abram M. Challenges to antimicrobial susceptibility testing 
of plant-derived polyphenolic compounds. Archives of Industrial Hygiene and Toxicology. 
2020;71:300–311. doi.org/10.2478/aiht-2020-71-3396.

33.	 Pereira GA, Chaves DSDA, Silva TME, Motta REDA, da Silva ABR, da Costa Patricio TC, Fer-
nandes AJB, de Oliveira Coelho SM, Ozarowski M, Cid YP, Karpiński TM. Antimicrobial activity 
of Psidium guajava aqueous extract against sensitive and resistant bacterial strains. Microorgan-
isms. 2023;11(7):1784. doi.org/10.3390/microorganisms11071784.

https://veterinariamexico.fmvz.unam.mx/
https://doi.org/10.1016/j.aquaculture.2020.735422
https://doi.org/10.1016/j.jep.2021.114246
https://doi.org/10.1128/cmr.12.4.564
https://doi.org/10.1016/j.jep.2005.05.029
https://doi.org/10.1002/cbdv.202100345
https://doi.org/10.1016/j.jep.2007.01.032
https://doi.org/10.1016/j.focha.2022.100065
https://doi.org/10.1016/j.focha.2023.100209
https://doi.org/10.1016/j.focha.2024.100609
https://doi.org/10.1016/j.jarmap.2018.07.003
https://doi.org/10.1016/j.fbp.2020.07.017
https://doi.org/10.7275/R5GH9FV2
https://doi.org/10.1016/j.jpha.2015.11.005
https://doi.org/10.2478/aiht-2020-71-3396
https://doi.org/10.3390/microorganisms11071784


http://veterinariamexico.fmvz.unam.mx Plant extracts against pathogens of importance in veterinary

doi: 10.22201/fmvz.24486760e.2025.1466
Vol. 12  2025

/
16

13
Original Research

34.	 Garcia-Campoy E, Muñiz-Ramirez A. Phytochemical and pharmacological study of the Eysen-
hardtia genus. Plants. 2020;9(9):1124. doi.org/10.3390/plants9091124.

35.	 Žitek T, Borjan D, Golle A, Knez Ž, Knez M. Optimization of extraction of phenolic compounds 
with antimicrobial properties from Origanum vulgare. Processes. 2021;9:1032. 

	 doi.org/10.3390/pr9061032.
36.	 Firmino DF, Cavalcante TT, Gomes GA, Firmino NC, Rosa LD, de Carvalho MG, Catunda Jr FE. 

Antibacterial and antibiofilm activities of Cinnamomum sp. essential oil and cinnamaldehyde: 
antimicrobial activities. The Scientific World Journal. 2018;1:7405736. 

	 doi.org/10.1155/2018/7405736.
37.	 Kačániová M, Galovičová L, Borotová P, Valková V, Ďúranová H, Kowalczewski PŁ, Ahl HAHS, 

Hikal WM, Vukic M, Savitskaya T, Grinshpan D, Vukovic NL. Chemical composition, in vitro and 
in situ antimicrobial and antibiofilm activities of Syzygium aromaticum (Clove) essential oil. 
Plants. 2021;10(10):2185. doi.org/10.3390/plants10102185.

38.	 Mokhtari R, Fard MK, Rezaei M, Moftakharzadeh SA, Mohseni A. Antioxidant, antimicrobial activ-
ities, and characterization of phenolic compounds of thyme (Thymus vulgaris L.), sage (Salvia 
officinalis L.), and thyme-sage mixture extracts. Journal of Food Quality. 2023;2023:2602454. 
doi.org/10.1155/2023/2602454.

39.	 Wirtu SF, Ramaswamy K, Maitra R, Chopra S, Mishra AK, Jule LT. Isolation, characterization, and 
antimicrobial activity study of Thymus vulgaris. Scientific Reports. 2024;14:21573. 

	 doi.org/10.1038/s41598-024-71012-2.
40.	 Gorlenko CL, Kiselev HY, Budanova EV, Zamyatnin AA Jr, Ikryannikova LN. Plant secondary 

metabolites in the battle of drugs and drug-resistant bacteria: new heroes or worse clones of 
antibiotics? Antibiotics. 2020;9:170. doi.org/10.3390/antibiotics9040170.

41.	 Chassagne F, Samarakoon T, Porras G, Lyles JT, Dettweiler M, Marquez L, Salam AM, Shabih S, 
Farrokhi DR, Quave CL. A systematic review of plants with antibacterial activities: a taxonomic 
and phylogenetic perspective. Frontiers in Pharmacology. 2021;11:586548. 

	 doi.org/10.3389/fphar.2020.586548.
42.	 Breijyeh Z, Jubeh B, Karaman R. Resistance of gram-negative bacteria to current antibacterial 

agents and approaches to resolve it. Molecules. 2020;25(6):1340. 
	 doi.org/10.3390/molecules25061340.
43.	 Gedikoğlu A, Sökmen M, Çivit A. Evaluation of Thymus vulgaris and Thymbra spicata essential 

oils and plant extracts for chemical composition, antioxidant, and antimicrobial properties. 
Food Science & Nutrition. 2019;7:1704–1714. doi.org/10.1002/fsn3.1007.

44.	 Baser KHC. Biological and pharmacological activities of carvacrol and carvacrol bearings essen-
tial oils. Current Pharmaceutical Design. 2008;14(29),3106–3119. 

	 doi.org/10.2174/138161208786404227.
45.	 Sokmen A, Gulluce M, Askin AH, Daferera D, Tepe B, Polissiou M, Sokmen M, Sahin F. The 

in vitro antimicrobial and antioxidant activities of the essential oils and methanol extracts of 
endemic Thymus spathulifolius. Food Control. 2004;15:627–634. 

	 doi.org/10.1016/j.foodcont.2003.10.005.
46.	 Uysal B, Gencer A, Oksal BS. Comparative antimicrobial, chemical, and morphological study of 

essential oils of Thymbra spicata var. spicata leaves by solvent-free microwave extraction and 
hydrodistillation. International Journal of Food Properties. 2015;18:2349–2359.

47.	 Alexopoulos A, Kimbaris AC, Plessas S, Mantzourani I, Theodoridou I, Stavropoulou E, Polissiou 
MG, Bezirtzoglou E. Antibacterial activities of essential oils from eight Greek aromatic plants 
against clinical isolates of Staphylococcus aureus. Anaerobe. 2011;17:399–402. 

	 doi.org/10.1016/j.anaerobe.2011.03.024.

https://veterinariamexico.fmvz.unam.mx/
http://Garcia
https://doi.org/10.3390/plants9091124
https://doi.org/10.3390/pr9061032
https://doi.org/10.1155/2018/7405736
https://doi.org/10.3390/plants10102185
https://doi.org/10.1155/2023/2602454
https://doi.org/10.1038/s41598-024-71012-2
https://doi.org/10.3390/antibiotics9040170
https://doi.org/10.3389/fphar.2020.586548
https://doi.org/10.3390/molecules25061340
https://doi.org/10.1002/fsn3.1007
http://dx.doi.org/10.2174/138161208786404227
https://doi.org/10.1016/j.foodcont.2003.10.005
https://doi.org/10.1016/j.anaerobe.2011.03.024


http://veterinariamexico.fmvz.unam.mx Plant extracts against pathogens of importance in veterinary

doi: 10.22201/fmvz.24486760e.2025.1466
Vol. 12  2025

/
16

14
Original Research

48.	 Sateriale D, Forgione G, de Cristofaro GA, Pagliuca C, Colicchio R, Salvatore P, Paolucci M, 
Pagliarulo C. Antibacterial and antibiofilm efficacy of thyme (Thymus vulgaris L.) essential oil 
against foodborne illness pathogens, Salmonella enterica subsp. Enterica serovar. Typhimuri-
um and Bacillus cereus. Antibiotics. 2023;12(3):485. doi.org/10.3390/antibiotics12030485.

49.	 Kačániová M, Vukovič N, Hleba L, Bobková A, Pavelková A, Rovná K, Arpášová H. Antimicrobial 
and antiradicals activity of Origanum vulgare L. and Thymus vulgaris essential oils. Journal of 
Microbiology Biotechnology and Food Sciences. 2012;2(1):263–271.

50.	 Boskovic M, Zdravkovica N, Ivanovica J, Janjica J, Djordjevica J, Starcevica M, Baltic MZ. Anti-
microbial activity of thyme (Tymus vulgaris) and oregano (Origanum vulgare) essential oils 
against some food-borne microorganisms. Procedia Food Science. 2015;5:18–21. 

	 doi.org/10.1016/j.profoo.2015.09.005.
51.	 Lambert RJW, Skandamis PN, Coote PJ, Nychas GJE. A study of the minimum inhibitory con-

centration and mode of action of oregano essential oil, thymol, and carvacrol. Journal of Ap-
plied Microbiology. 2001;91(3):452–462. doi.org/10.1046/j.1365-2672.2001.01428.x.

52.	 Pei RS, Zhou F, Ji BP, Xu J. Evaluation of combined antibacterial effects of eugenol, cinnamalde-
hyde, thymol, and carvacrol against E. coli with an improved method. Journal of Food Science. 
2009;74(7):M379−M383. doi.org/10.1111/j.1750-3841.2009.01287.x.

53.	 Coccimiglio J, Alipour M, Jiang ZH, Gottardo C, Suntres Z. Antioxidant, antibacterial, and cyto-
toxic activities of the ethanolic Origanum vulgare extract and its major constituents. Oxidative 
Medicine and Cellular Longevity. 2016:1–8. doi.org/10.1155/2016/1404505.

54.	 Kim S, Fung DYC. Antibacterial effect of crude water-soluble arrowroot (Puerariae  radix) 
tea extracts on food-borne pathogens in liquid medium. Letters in Applied Microbiology. 
2004;39(4):319–325. doi.org/10.1111/j.1472-765X.2004.01582.x.

55.	 Jaiarj P, Khoohaswan P, Wongkrajang Y, Peungvicha P, Suriyawong P, Saraya ML, Ruangsom-
boon O. Anticough and antimicrobial activities of Psidium guajava Linn. leaf extract. Journal 
of Ethnopharmacology. 1999;67(2):203–212. doi.org/10.1016/S0378-8741(99)00022-7.

56.	 Ibrahim SA, Yang G, Song D, Tse TSF. Antimicrobial effect of guava on Escherichia coli O157:H7 
and Salmonella  typhimurium in liquid medium. International Journal of Food Properties. 
2011;14(1):102–109. doi.org/10.1080/10942910903147833.

57.	 Hoque MDM, Bari ML, Inatsu Y, Juneja VK, Kawamoto S. Antibacterial activity of guava (Psidi-
um guajava L.) and neem (Azadirachta indica A. Juss.) extracts against foodborne pathogens 
and spoilage bacteria. Foodborne Pathogens and Disease. 2007;4(4):481–488. 

	 doi.org/10.1089/fpd.2007.0040.
58.	 Sanches NR, Garcia DA, Simone M, Vataru C, Prado B. An evaluation of antibacterial activities 

of Psidium guajava (L). Brazilian Archives of Biology and Technology. 2005;48(3):429–436. 
doi.org/10.1590/S1516-89132005000300014.

59.	 Biswas B, Rogers K, McLaughlin F, Daniels D, Yadav A. Antimicrobial activities of leaf extracts 
of guava (Psidium guajava L.) on two gram-negative and gram-positive bacteria. International 
Journal of Microbiology. 2013;2013:746165. doi.org/10.1155/2013/746165.

60.	 Arabski M, Węgierek-Ciuk A, Czerwonka G, Lankoff A, Kaca W. Effects of saponins against 
clinical E. coli strains and eukaryotic cell line. Journal of Biomedicine and Biotechnology. 
2012;2012:286216. doi.org/10.1155/2012/286216.

61.	 Nascimento GGF, Locatelli J, Freitas PC, Silva GL. Antibacterial activity of plant extracts and phy-
tochemicals on antibiotic-resistant bacteria. Brazilian Journal of Microbiology. 2000;31(4):247–
256. doi.org/10.1590/S1517-83822000000400003.

62.	 Rosas-Piñón Y, Mejía A, Díaz-Ruiz G, Aguilar MI, Sánchez-Nieto S, Rivero-Cruz JF. Ethnobotan-
ical survey and antibacterial activity of plants used in the Altiplane region of Mexico for the 
treatment of oral cavity infections. Journal of Ethnopharmacology. 2012;141:860–865. 

	 doi.org/10.1016/j.jep.2012.03.020.

https://veterinariamexico.fmvz.unam.mx/
https://doi.org/10.3390/antibiotics12030485
https://doi.org/10.1016/j.profoo.2015.09.005
https://doi.org/10.1046/j.1365-2672.2001.01428.x
https://doi.org/10.1111/j.1750-3841.2009.01287.x
https://doi.org/10.1155/2016/1404505
https://doi.org/10.1111/j.1472-765x.2004.01582.x
https://doi.org/10.1016/S0378-8741(99)00022-7
https://doi.org/10.1080/10942910903147833
https://doi.org/10.1089/fpd.2007.0040
https://doi.org/10.1590/S1516-89132005000300014
https://doi.org/10.1155/2013/746165
https://doi.org/10.1155/2012/286216
https://doi.org/10.1590/S1517-83822000000400003
https://doi.org/10.1016/j.jep.2012.03.020


http://veterinariamexico.fmvz.unam.mx Plant extracts against pathogens of importance in veterinary

doi: 10.22201/fmvz.24486760e.2025.1466
Vol. 12  2025

/
16

15
Original Research

63.	 Beltrami EI, Bernardi M, Fronza G, Mellerio G, Vidari G, Vita-Finzi P. Coatline A and B, two 
C-glucosyl-α-hydroxydihydrochalcones from Eysenhardtia  polystachya. Phytochemistry. 
1982;21:2931–2933.

64.	 Burns DT, Dalgarno BG, Gargan PE, Grimshaw J. An isoflavone and a coumestan from Ey-
senhardtia  polystachya-Robert Boyle’s fluorescent acid-base indicator. Phytochemistry. 
1984;23:167–169. doi.org/10.1016/0031-9422(84)83100-3.

65.	 Álvarez L, Rios MY, Esquivel C, Chávez MI, Delgado G, Aguilar MI, Villarreal ML, Navarro V. Cy-
totoxic isoflavans from Eysenhardtia polystachya. Journal of Natural Products. 1998;61:767–
770. doi.org/10.1021/np970586b.

66.	 Álvarez L, Delgado G. C- and O-glycosil-α-hydroxydyhydrochalcones from Eysenhardtia 
polystachya. Phytochemistry. 1999;50:681–687. doi.org/10.1016/S0031-9422(98)00576-7.

67.	 Pérez-Gutiérrez PM, Garcia-Campoy AH, Muñiz-Ramirez A. Properties of flavonoids isolat-
ed from the bark of Eysenhardtia polystachya and their effect on oxidative stress in strep-
tozotocin-induced diabetes mellitus in mice. Oxidative Medicine and Cellular Longevity. 
2016;2016:9156510. doi.org/10.1155/2016/9156510.

68.	 El-Maati MFA, Mahgoub SA, Labib SM, Al-Gaby AMA, Ramadan MF. Phenolic extracts of clove 
(Syzygium aromaticum) with novel antioxidant and antibacterial activities. European Journal of 
Integrative Medicine. 2016;8:494–504. doi.org/10.1016/j.eujim.2016.02.006.

69.	 Rota MC, Herrera A, Martínez RM, Sotomayor JA, Jordán MJ. Antimicrobial activity and chemi-
cal composition of Thymus vulgaris, Thymus zygis and Thymus hyemalis essential oils. Food 
Control 2008;19:681–687. doi.org/10.1016/j.foodcont.2007.07.007.

70.	 Dahiya P, Purkayastha S. Phytochemical screening and antimicrobial activity of some medicinal 
plants against multi-drug resistant bacteria from clinical isolates. Indian Journal of Pharmaceu-
tical Sciences. 2012;74,443–450. doi.org/10.4103/0250-474X.108420.

71.	 Akrayi HFS, Salih RMH, Hamad PA. In vitro screening of antibacterial properties of Rhus coriaria 
and Origanum vulgare against some pathogenic bacteria. ARO-The Scientific Journal of Koya 
University. 2015;3(2):36–42. doi.org/10.14500/aro.10085.

72.	 Pezzani R, Vitalini S, Iriti M. Bioactivities of Origanum vulgare L.: an update. Phytochemistry 
Reviews. 2017;16:1253–1268. doi.org/10.1007/s11101-017-9535-z.

73.	 Burt S. Essential oils: their antibacterial properties and potential applications in foods, a review. 
International Journal of Food Microbiology. 2004;94(3):223–253. 

	 doi.org/10.1016/j.ijfoodmicro.2004.03.022.
74.	 Qa’dan F, Thewaini A, Ali DA, Afifi R, Elkhawad A, Matalka KZ. The antimicrobial activities of Psid-

ium guajava and Juglans regia leaf extracts to acne-developing organisms. The American Jour-
nal of Chinese Medicine. 2005;33(2):197–204. doi.org/10.1142/S0192415X05002783.

75.	 Rameshkumar KB, George V, Shiburaj S. Chemical constituents and antibacterial activity of the 
leaf oil of Cinnamomum chemungianum Mohan et Henry. Journal of Essential Oil Research. 
2007;19(1):98–100.

76.	 Stefanello MEA, Cervi AC, Ito IY, Salvador MJ, Wisniewski A Jr., Simionatto EL. Chemical compo-
sition and antimicrobial activity of essential oils of Eugenia chlorophylla (Myrtaceae). Journal 
of Essential Oil Research. 2008;20(1):75–78. doi.org/10.1080/10412905.2008.9699427.

77.	 Tajkarimi MM, Ibrahim SA, Cliver DO. Antimicrobial herb and spice compounds in food. Food 
Control. 2010;21(9):1199–1218. doi.org/ 10.1016/j.foodcont.2010.02.003.

78.	 Alonso-Castro AJ, Zapata-Morales JR, Arana-Argáez V, Torres-Romero JC, Ramírez-Villanueva E, 
Pérez-Medina SE, et al. Pharmacological and toxicological study of a chemical-standardized 
ethanol extract of the branches and leaves from Eysenhardtia  polystachya (Ortega) Sarg. 
(Fabaceae). Journal of Ethnopharmacology. 2018;224:314–322. 

	 doi.org/10.1016/j.jep.2018.06.016.

https://veterinariamexico.fmvz.unam.mx/
https://doi.org/10.1016/0031-9422(84)83100-3
https://doi.org/10.1021/np970586b
https://doi.org/10.1016/S0031-9422(98)00576-7
https://doi.org/10.1155/2016/9156510
https://doi.org/10.1016/j.eujim.2016.02.006
https://doi.org/10.1016/j.foodcont.2007.07.007
https://doi.org/10.4103/0250-474x.108420
https://doi.org/10.14500/aro.10085
https://doi.org/10.1007/s11101-017-9535-z
https://doi.org/10.1016/j.ijfoodmicro.2004.03.022
https://doi.org/10.1142/S0192415X05002783
https://doi.org/10.1080/10412905.2008.9699427
https://doi.org/10.1016/j.foodcont.2010.02.003
https://doi.org/10.1016/j.jep.2018.06.016


http://veterinariamexico.fmvz.unam.mx Plant extracts against pathogens of importance in veterinary

doi: 10.22201/fmvz.24486760e.2025.1466
Vol. 12  2025

/
16

16
Original Research

79.	 Parekh J, Chanda S. In vitro antibacterial activity of the crude methanol extract of Woodford-
ia fructicosa Kurz. flower (Lythraceae). Brazilian Journal of Microbiology. 2007;38:204–207. 
doi.org/10.1590/S1517-83822007000200004.

80.	 Chin FS, Chong KP, Markus A, Wong NK. Tea Polyphenols and Alkaloids Content Using Soxhlet 
and Direct Extraction Methods. World Journal of Agricultural Sciences. 2013;9(3):266–270.

81.	 Azwanida NN. A review on the extraction methods use in medicinal plants, principle, strength, and 
limitation. Medicinal and Aromatic Plants. 2015;4:3. doi.org/10.4172/2167-0412.1000196.

82.	 Bitwell C, Indra SS, Luke C, Kakoma MK. A review of modern and conventional extraction 
techniques and their applications for extracting phytochemicals from plants. Scientific African. 
2023;19:e01585. doi.org/10.1016/j.sciaf.2023.e01585.

83.	 Odhav B, Juglal S, Govinden R. Spices oils for the control of co-occurring mycotoxins-producing 
fungi. European Food Research and Technology. 2002;215:431–437. 

	 doi.org/10.4315/0362-028x-65.4.683.
84.	 Darout I, Cristy A, Skaug N, Egeberg P. Identification and quantification of some potential 

antimicrobial anionic components in miswak extract. Indian Journal of Pharmacology. 
2000;32:11–14.

85.	 Mukhtar S, Ghori I. Antibacterial activity of aqueous and ethanolic extracts of garlic, cinnamon, 
and turmeric against Escherichia coli ATCC 25911 and Bacillus subtilis DSM 3256. Internation-
al Journal of Applied Biology and Pharmaceutical Technology. 2012;3(2):131–136.

86.	 Clinical and Laboratory Standards Institute. Methods for Dilution Antimicrobial Susceptibility 
Tests of Bacteria Isolated form Aquatic Animal; Approved Guideline. CLSI document M49-A. 
Waune, PA, US; 2006.

https://veterinariamexico.fmvz.unam.mx/
https://doi.org/10.1590/S1517-83822007000200004
https://doi.org/10.1016/j.sciaf.2023.e01585
https://doi.org/10.4315/0362-028x-65.4.683

