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Abstract 19 

Antibiotic resistance in pathogens, such as Acinetobacter baumannii and Pseudomonas aeru- 20 

ginosa, represents a global health threat, highlighting the need for therapeutic alternatives. 21 

AIMS: Investigate the synergistic antimicrobial and antibiofilm potential of Cinnamomum verum 22 

and Punica granatum extracts against multidrug-resistant (MDR) strains of A. baumannii and P. 23 

aeruginosa, along with their phytochemical composition and antioxidant activity. METHODS 24 

AND RESULTS: The extracts were characterized by total phenolic and flavonoid contents, and 25 

their bioactive compounds were identified using HPLC. Antioxidant activity was evaluated by 26 

free-radical scavenging assays. The minimum inhibitory concentration (MIC) and minimum bac- 27 

tericidal concentration (MBC) were determined by microdilution method. Synergistic interac- 28 

tions between the extracts were assessed by the checkerboard microdilution assay. The antibi- 29 

ofilm activity of the extracts was evaluated by their ability to inhibit biofilm formation and to 30 

reduce preformed biofilms of MDR strains. Both extracts exhibited antioxidant activity and an- 31 

tibacterial effects, with minimum bactericidal concentrations as low as 3.3 mg/mL. C. verum 32 

showed 0.935 mg/mL of flavonoids and 2.069 mg/mL of phenolics, while P. granatum showed 33 

0.853 mg/mL and 1.406 mg/mL, respectively. The combination of extracts showed synergistic 34 

antimicrobial interactions, with 12 synergistic combinations (FIC ≤ 0.5), particularly against A. 35 

baumannii. Concentrations of C. verum and P. granatum extracts inhibited biofilm formation in 36 

A. baumannii and P. aeruginosa, with effects comparable to chlorhexidine. CONCLUSIONS: Ex- 37 

tracts of C. verum and P. granatum exhibit relevant antimicrobial and antibiofilm activities, with 38 

synergistic interactions. Their combination represents a promising natural strategy to enhance 39 

antimicrobial efficacy against MDR pathogens. 40 

Keywords: Acinetobacter baumannii; Pseudomonas aeruginosa; Cinnamomum verum; Punica 41 

granatum. 42 
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 69 

1. Introduction 70 

 Bacterial resistance to antibiotics has progressively increased worldwide and is expected 71 

to cause more deaths in the next years. In 2024, the World Health Organization (WHO) published 72 

the updated list of priority resistant bacteria that require new antibiotics, including the species 73 

Acinetobacter baumannii and Pseudomonas aeruginosa (World Health Organization, 2024). 74 

These bacteria belong to the ESKAPE group (Enterococcus faecium, Staphylococcus aureus, 75 

Klebsiella pneumoniae, A. baumannii, P. aeruginosa and Enterobacter spp.) created in 2008. This 76 

group comprises six clinically significant pathogens associated with healthcare-related infections 77 

(HAIs) and is characterized by a high capacity to acquire multiple antimicrobial resistance mech- 78 

anisms, favoring the emergence of multidrug-resistant strains (El-Mahallawy et al., 2016; Mar- 79 

turano,Lowery, 2019).  80 

 Such resistance represents an evolutionary response of bacteria to antimicrobial exposure 81 

(Avershina et al., 2021). In some cases, bacteria exhibit intrinsic resistance, which may result 82 

from mechanisms such as efflux pumps, alterations in the cell wall, or the presence of porins 83 

that limit drug entry (Eichenberger,Thaden, 2019). Conversely, other strains may have acquired 84 

resistance because of genetic mutations or transfers of resistance genes through conjugation 85 

(Eichenberger,Thaden, 2019; Lopatkin et al., 2021). 86 

 Pseudomonas aeruginosa is an aerobic, Gram-negative, opportunistic bacillus belonging 87 

to the Pseudomonadaceae family. It exhibits intrinsic resistance to multiple antibiotics, which is 88 

associated with the low permeability of its outer membrane, the activity of efflux pumps, and 89 

the production of antibiotic-inactivating enzymes. In addition, its ability to form biofilms and to 90 

exchange genetic material further contributes to its resistance profile (Chevalier et al., 2017; 91 

Pang et al., 2019). P. aeruginosa causes several diseases, ranging from acute local to chronic 92 

general infections, which can be fatal (Sadikot et al., 2005). It can cause bloodstream and respir- 93 

atory infections, and to a lesser extent, urinary tract infections (Pelegrin et al., 2021). In addition 94 

to the ability to affect different human organs, when there is the presence of antibiotic re- 95 

sistance mechanisms, these infections become more problematic, making treatment difficult 96 

and representing a threat to susceptible patient populations (Pelegrin et al., 2021). 97 

 Acinetobacter baumannii is an opportunistic Gram-negative bacterium capable of causing 98 

various serious nosocomial infections, especially in patients admitted to intensive care units 99 

(ICUs), including ventilator-associated pneumonia, bloodstream infections, urinary tract infec- 100 

tions, and surgical site infections (Antunes et al., 2014). Furthermore, A. baumannii infections 101 

are related to the limited availability of therapeutic options, inefficient infection control of hos- 102 

pital devices, and negligence in personal protective equipment, factors that favor the occurrence 103 

of cross-infections (De Freitas et al., 2020). There are numerous reports of A. baumannii re- 104 

sistance to various antibiotics, including carbapenems (imipenem, doripenem, and meropenem), 105 

considered drugs of choice, making its eradication particularly difficult, which reinforces the 106 

need for new therapeutic strategies for its control (Aurilio et al., 2022; Ibrahim et al., 2021; 107 

Miyakis et al., 2011).  108 

 One of the resistance mechanisms presented by these pathogens is the formation of bio- 109 

film (Roy et al., 2018). Biofilm is a structured community of microorganisms with a polymeric 110 
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extracellular matrix adhered to an inert or living surface. These structures are more resistant to 111 

antimicrobial agents; therefore, drug concentrations need to be higher for them to be effective 112 

and can be up to four times greater than those used for bacteria that do not have this mecha- 113 

nism (Dunne, 2002; Pokharel et al., 2022). This resistance to several antimicrobials is due to the 114 

difficulty in penetrating the extracellular matrix, as well as the accelerated rate of microbial 115 

growth and physiological changes observed in the growth of the biofilm (Donlan,Costerton, 2002; 116 

Pokharel et al., 2022). 117 

 Faced with increasing bacterial resistance to antibiotics, there is a growing need to develop 118 

new therapeutic strategies. The phytotherapy has gained notoriety for combating infections, 119 

particularly those caused by nosocomial bacteria. Plant extracts have been widely investigated 120 

due to their diverse biological properties, especially their antimicrobial activity (de Lima et al., 121 

2024; Meccatti et al., 2023a, 2022; Dos Santos Liberato et al., 2021; Santos et al., 2023; Da Silva 122 

et al., 2022). The antimicrobial effects of medicinal plant extracts have been reported as part of 123 

integrative treatment strategies, contributing to an expanded therapeutic arsenal, such as anti- 124 

fungal, antibacterial, antiprotozoal and antioxidant action (DS,CS, 2009; Imran et al., 2021; Ku- 125 

mar et al., 2006; Mahlo et al., 2016).  126 

 Plant-derived compounds are rich in phytochemical constituents, such as flavonoids, phe- 127 

nolics, alkaloids, tannins, glycosides, saponins, and terpenoids, which are associated with a wide 128 

range of pharmacological effects. Given the vast diversity of plant species, these natural sources 129 

represent an important target for the discovery of new therapeutic agents. Among them, Cin- 130 

namomum verum and Punica granatum have been extensively studied for their multiple biolog- 131 

ical activities. C. verum has demonstrated antifungal, antimicrobial, anti-inflammatory, antidia- 132 

betic, cardioprotective, antioxidant properties and wound-healing activities (Essid et al., 2017; 133 

Mathew,Abraham, 2006; Meccatti et al., 2023a; Nawaz et al., 2023; Schink et al., 2018). Similarly, 134 

P. granatum is rich in bioactive compounds and exhibits antimicrobial, antioxidant, anti-inflam- 135 

matory, antitumor, anti-obesity, nephroprotective, among others (Arra et al., 2024; Maphetu et 136 

al., 2022; Noreen et al., 2025). These findings reinforce the therapeutic potential of these plant 137 

species; however, despite their known antimicrobial potential, studies specifically evaluating 138 

these extracts against multidrug-resistant strains of A. baumannii and P. aeruginosa remain 139 

scarce, particularly regarding their antibiofilm activity. 140 

 Given the high antimicrobial resistance exhibited by Acinetobacter baumannii and Pseu- 141 

domonas aeruginosa, the combination of antimicrobial agents, such as plant extracts, propolis, 142 

and conventional antibiotics, represents an attractive strategy. These agents contain multiple 143 

bioactive compounds that can act synergistically, enhancing antimicrobial efficacy and poten- 144 

tially reducing resistance development (Meccatti et al., 2023a; Sookkhee et al., 2022). This study 145 

investigated the synergistic antimicrobial and antibiofilm potential of hydroethanolic extracts of 146 

Cinnamomum verum J. Presl and Punica granatum L. against standardized and multidrug-re- 147 

sistant (MDR) strains of Acinetobacter baumannii and Pseudomonas aeruginosa, in addition to 148 

evaluating their phytochemical composition and antioxidant properties. 149 

 150 

2. Materials and Methods 151 

2.1.  Preparation and phytochemical analysis of extracts 152 
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 P. granatum extract was obtained from the seeds of the fruit and C. verum extract using 153 

the bark of the tree (cinnamon stick). To obtain the extracts, 40 g of commercially acquired plant 154 

material were placed in 400 mL of hydroethanolic soluƟon - HE (50% disƟlled water and 50% 155 

absolute ethyl alcohol - Synth, Diadema-SP, Brazil) for 48 h under stirring (70 rpm, COLEMAN, 156 

TS-2000A VDRL Shaker, Brazil). Subsequently, the extracts were filtered using quantitative filter 157 

paper (J. Prolab, São José dos Pinhais- PR, Brazil) and stored in an amber bottle, duly labeled. 158 

2.2. Determination of Soluble Solids Content in the Hydroethanolic Extracts 159 

 The soluble solids content (SSC) of the extracts, prepared as described earlier, was deter- 160 

mined for use in the antioxidant activity assay. The procedure was as follows: 25 mL beakers 161 

were weighed, and their respective weights were recorded. Next, 5 mL of the C. verum and P. 162 

granatum hydroethanolic extracts were pipetted into each beaker, which were then placed in 163 

an oven (Fanem LTDA, São Paulo-SP, Brazil) at 60ºC until the solvent evaporated. After removal 164 

from the oven, the beakers were cooled in a desiccator. Subsequently, the samples were 165 

weighed, and the operation was repeated until a constant weight was obtained. The procedure 166 

was performed in triplicate. The amount of soluble solids content in the extracts was calculated 167 

according to the following equation: 168 

 169 

% soluble solids (m/V) = (m − b) × 100/Va 170 

 171 

Where: b = beaker mass; m = final mass of the extract after drying; Va is the volume of 5 mL). 172 

2.3. Determination of the total flavonoid content of extracts  173 

 A stock solution was prepared by placing 100 µL of the extract in a 10 mL volumetric flask 174 

and adding methyl alcohol (Synth, Diadema-SP, Brazil) up to the meniscus. Subsequently, the 175 

procedure was replicated three times. From the stock solution, a 200 µL aliquot was transferred 176 

to a 10 mL flask already containing 5 mL of methanol. Then, 200 µL of aluminum chloride (AlCl3, 177 

Dinâmica, Brazil) was added, and the volume was adjusted to approximately 10 mL with meth- 178 

anol. The resulting solution was stirred and incubated in a water bath at 20 °C for 30 min. Later, 179 

the meniscus was adjusted, and the absorbance was measured at 425 nm using a spectropho- 180 

tometer (Micronal B582, São Paulo, Brazil). The standard calibration curve for total flavonoids 181 

(TF) was made using a calibration curve prepared with different concentrations of quercetin 182 

(Sigma, St Louis, Missouri, USA) and the TF was calculated as mg of quercetin equivalents per 183 

mL of each (mg QE/mL). Analysis was performed in triplicate (Cristina Marcucci et al., 2021; 184 

Meccatti et al., 2023b; Santos et al., 2020). 185 

2.4. Determination of total phenol content of extracts 186 

 A different stock solution was prepared, this time, by adding 200 µL of the extract to a 10 187 

mL volumetric flask containing distilled water under agitation, the volume was completed with 188 

water until close to the meniscus to obtain the stock solution (20 µg/mL). Subsequently, the 189 

procedure was replicated three times. An aliquot of 200 µL of the stock solution was transferred 190 
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to a 10 mL volumetric flask (1:50) containing approximately 5 mL of distilled water, and 800 µL 191 

of the Folin–Ciocalteu (F-C) reagent (Dinâmica, Brazil) was added. The resulting solution was 192 

stirred, and within 1 to 8 min, 1.2 mL of 20% sodium carbonate (Synth, Diadema-SP, Brazil) buffer 193 

solution was added. The volume was completed with water until close to the meniscus, and the 194 

solution was kept in a water bath at 20 °C. After 2 h, the meniscus was adjusted to final volume 195 

at 20 °C, and the absorbance was measured at 760 nm on a spectrophotometer. The standard 196 

calibration curve for total phenol content (TP) was prepared with different concentrations of 197 

gallic acid (Sigma, St Louis, Missouri, USA) and the TP was calculated as mg of gallic acid equiva- 198 

lents per mL of each (mg GAE/mL). Analysis was performed in triplicate(Cristina Marcucci et al., 199 

2021; Meccatti et al., 2023b; Santos et al., 2020). 200 

2.5. High-Performance Liquid Chromatography (HPLC) Analyses of Plant Extracts 201 

 The determination of the content of markers in cinnamic aldehyde and punicalagin was 202 

carried out by HPLC-DAD, from Merck-Hitachi (Darsmtadt, Germany) model D-7000 with auto- 203 

matic injector. Separation was achieved on a Lichrochart column (Merck, Darmstadt, Germany) 204 

(RP-18, 12.5 x 0.4 cm, 5 particle size) using water, formic acid (HPLC grade, Merck, Darmstadt, 205 

Germany) (95:5, V/V) (solvent A) and methanol (HPLC grade, Dinâmica, Brazil) (solvent B). The 206 

elution was carried out with a linear gradient starting with 30% of B and completed with 90% of 207 

B was used, in a chromatographic run of 45 min and 5 min to equilibrate the column, with a flow 208 

rate of 1 mL/min. For both extracts, a sample injection volume of 20 μL were performed. The 209 

detection wavelengths were 280 and 340 nm. A calibration curve was made with the cinnamic 210 

aldehyde standard (Sigma, St Louis, Missouri, USA), between 4.0 to 10.0 μg/mL for its quantifi- 211 

cation in the C. verum extract. For -punicalagin and -punicalagin, two calibration curves were 212 

made, between 5.0 to 10.0 μg/mL, using punicalagin (with both isomers, from Sigma, St Louis, 213 

Missouri, USA) for its quantification in the P. granatum extract. 214 

2.6. Free Radical Suppressive Activity (Antioxidant Activity) of the Hydroethanolic Extracts 215 

 This method is based on the reduction of the 2,2'-diphenyl-1-picrylhydrazyl radical (DPPH, 216 

Sigma-Aldrich, St Louis, Missouri, USA) in absolute ethyl alcohol solution, which presents maxi- 217 

mum absorption in the range 515- 528 nm. For this, the extracts were diluted to 1% V/V, and 218 

subsequently, a dilution of 0.01% V/V was prepared. In 11 test tubes, numbering them from 0 219 

to 10. Different volumes of ethanol (μL) 1000, 960, 920, 880, 840, 800, 760, 720, 680, 640, 600 220 

were added respectively to each tube. Then, 0, 40, 80, 120, 160, 200, 240, 280, 320, 360, 400 μL 221 

of 0.01% extract were added to each tube. Tube number 0 was the control (100% DPPH without 222 

extract). 1000 μL of DPPH was added to it. After 60 seconds, DPPH was added to the remaining 223 

tubes every 1 minute. Therefore, the absorbance was measure at 517 nm, using a spectropho- 224 

tometer after 30 min of adding DPPH in tube 0. The percentage of remaining DPPH versus the 225 

concentration of the extract (g/mL) was plotted and the EC50 (concentration that eliminates 226 

50% of free radicals in g/mL) was calculated using the linear regression. 227 

2.7. Antibacterial Activity of the Hydroethanolic Extracts Against Planktonic Cultures 228 
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 Four multidrug-resistant clinical strains of A. baumannii (named A1, A2, A3 and A4) and 229 

four multidrug-resistant clinical strains of P. aeruginosa (named P1, P2, P3 and P4) were used in 230 

this study (Table 1); the strains were obtained from the clinical laboratories of the Policlin (Poli- 231 

clin Saúde group, São José dos Campos, SP, Brazil) and ValeClin Clinical Analysis Laboratory 232 

(ValeClin Clinical Analysis Laboratory, São José dos Campos, SP, Brazil). The resistance profile of 233 

each strain was obtained through the automated MicroSCAN AutoSCAN 4® system (Table 2). Ad- 234 

ditionally, the reference strains of A. baumannii (ATCC 19606) and P. aeruginosa (ATCC 15442) 235 

were used in this study. The bacterial strains were cultivated (37 °C/24 h) in BHI agar (Brain Heart 236 

Infusion—Kasvi, São José dos Pinhais, PR, Brazil) for subsequent preparation of microbial sus- 237 

pensions in sterile saline solution (0.9% NaCl). 238 

 239 

Table 1. Strains used in this study. 240 

Pseudomonas aeruginosa Acinetobacter baumannii 

#P1 #A1 

#P2 #A2 

#P3 #A3 

#P4 #A4 

ATCC 15442 ATCC 19606 

 241 

Table 2. Antibiotic resistance profile of clinical strains of A. baumannii and P. aeruginosa pro- 242 

vided by the Policlin Group Laboratory and ValeClin Clinical Analysis Laboratory. 243 

 244 

Antibiotic A. baumannii clinical strains 

 A1 A2 A3 A4 

Ertapenem Res Res Res Res 

Imipenem Res Res Res Res 

Meropenem Res Res Res Res 

 P. aeruginosa clinical strains 

 P1 P2 P3 P4 

Amikacin Res Res Sen Res 

Aztreonam Res Inter Res Res 

Cefepime Res Res Res Sen 

Ceftazidime Res Res Res Sen 

Ciprofloxacin Res Sen Res Res 

Colistin Inter Res - - 

Gentamicin Res Res Sen Res 

Imipenem Res Res Inter Res 

Legend: S - Sensitive; I - Intermediate; R - Resistant; - Not evaluated. 245 

 246 

 Microdilution method was used according to Clinical and Laboratory Standards Institute 247 

(CLSI) documents M7-A9 to determine the minimum inhibitory (MIC) and minimum bactericidal 248 
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(MBC) concentrations of the extracts for each bacterial strain. Microbial suspensions were pre- 249 

pared in sterile saline solution (0.9% NaCl) with turbidity adjusted to 108 colony-forming units 250 

per milliliter (CFU/mL) in a spectrophotometer (Micronal, São Paulo, SP, Brazil). The parameters 251 

used were λ = 625 nm and optical density (OD) of 0.08 ± 0.02 for both bacteria tested. From 252 

these stock solutions, dilutions of 106 CFU ml−1 were prepared for testing in planktonic cultures. 253 

In a different 96-well microplates (TPP, Trasadingen, Switzerland) for each bacterial strain, 100 254 

µL/well of Mueller Hinton Broth (Himedia) was added. Next, 200 µL of one of the extracts was 255 

added in the first well, where 10 serial dilutions were carried out. Then, 100 µL/well of the re- 256 

spective bacterial inoculum was added. The microplates were incubated for 24 h at 37 °C. The 257 

MIC of each extract was determined, by eye, in the first well without turbidity, following the well 258 

with apparent microbial growth. In addition, analyses of the vehicle (EtOH:H2O/50:50) were per- 259 

formed to verify whether it interferes with the antimicrobial action of plant extracts. To deter- 260 

mine the MBC, the contents of the wells were seeded onto BHI agar. After incubation (37 °C/24 261 

h), the MBC was determined as the lowest concentration of the extract that inhibited total mi- 262 

croorganism growth. 263 

 264 

2.8. Synergistic Activity of the Hydroethanolic Extracts Combination Using Checkerboard Mi- 265 

crodilution Assay 266 

 The cinnamic aldehyde checkerboard technique was used according to Moreno et al. 267 

(Moreno et al., 2020) with modifications, this method is based on the Microdilution method of 268 

the Clinical and Laboratory Standards Institute. A new bacterial inoculum was prepared and 269 

standardized in saline solution (1 × 106 cells/mL). Eight concentrations of each extract were pre- 270 

pared based on MIC value of each extract for each bacterial strain being diluted in Mueller Hin- 271 

ton broth. Then, 50 µL of the first extract (C. verum hydroethanolic extract) was added along 272 

the x-axis (horizontal) of the microplate, and 50 µL of the second extract (BGP hydroethanolic 273 

extract) was added to the y-axis (vertical) of the microplate. Saline solution and culture medium 274 

were used as control groups. Lastly, 100 µL of the standardized inoculum of each strain was 275 

added totaling 200 µL/well. The microplates were incubated at 37 °C/24 h for further visual 276 

reading. To evaluate the synergistic effect of the extracts, the fractional inhibitory concentration 277 

(FIC) index was adopted, which classifies the combinations as synergistic, additive, indifferent or 278 

antagonistic. The FIC index was calculated using the formula: 279 

 280 

FIC index = FIC 1st + FIC 2nd = (MIC of the 1st extract in combination / MIC of the 1st extract alone) 281 

+ (MIC of the 2nd extract in combination / MIC of the 2nd extract alone). 282 

 283 

 The combination was considered synergistic when FIC ≤ 0.5, additive when FIC > 0.5 and 284 

≤1.0, indifferent when FIC > 1 and ≤ 4 and antagonist when FIC > 4.0. The same formula was 285 

used to calculate the fractional bactericidal concentration index (FBC), using MBC values instead 286 

of MIC. 287 

2.9. Antimicrobial Activity of the Hydroethanolic Extracts by Inhibiting Biofilms Formation 288 

(prevention) 289 
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 A total of 100 μL of pre-determined MBC or synergistic concentrations of pomegranate 290 

and cinnamon extracts were placed in all microplate wells. For this, the extracts were diluted in 291 

BHI broth at the desired concentrations. Subsequently, the inoculum of each bacterial strain was 292 

prepared, where colonies were diluted in sterile physiological solution (NaCl 0.9%), followed by 293 

standardization in a spectrophotometer (B582, Micronal, São Paulo, Brazil) obtaining a concen- 294 

tration of 107 CFU/mL. A total of 100 μL of the standardized suspensions were added to the wells 295 

containing the predetermined MBC and synergistic concentrations. BHI broth and inoculum 296 

were used as a negative control, and chlorhexidine solution (0.03%) as a positive control. The 297 

plates were incubated at 37ºC for 48 h, with treatments being changed after 24 h of incubation. 298 

2.10. Antimicrobial Activity of the Hydroethanolic Extracts Against Biofilms (Treatment of 299 

formed biofilms) 300 

 Biofilms were formed on the bottom of 96-well microplates. 100 μL of BHI broth and 100 301 

μL inoculum at 107 CFU/mL prepared in sterile physiological solution (0.9% NaCl) were added to 302 

these wells. The biofilms were incubated for 48 h, with a change of culture medium after 24 h. 303 

After the biofilm formation period, they were placed in contact with treatments (isolated ex- 304 

tracts) and controls for 24 h in independent experiments and on different plates for each type 305 

of test. The microplate was divided into groups with n = 10 for each treatment with isolated 306 

extracts (MBC, MBC x 2, MBC x 4). As a positive control, a 0.06% chlorhexidine solution was used, 307 

and a negative control was BHI broth together with the inoculum. After treatments, the solu- 308 

tions were discarded, and the biofilm was washed with BHI broth twice before the tests de- 309 

scribed below were carried out. 310 

 After the biofilm incubation period with the treatments, the wells were washed with ster- 311 

ile physiological solution (0.9% NaCl) and the biofilm cell viability test was performed using MTT 312 

solution (3-(4,5-dimethylthiazol- 2-yl)-2,5-diphenyltetrazolium bromide) (Sigma-Aldrich, St Louis, 313 

Missouri, United States). For this, 100 μL of the MTT solution (0.5 mg/mL) were added to each 314 

well and the plate was incubated away from light for 1 h in an oven at 37ºC. After the incubation 315 

period, the solution was removed and the 100 μL of dimethyl sulfoxide (DMSO) (Synth, Diadema- 316 

SP, Brazil) were added. The plate was again incubated away from light in an oven at 37 ºC for 10 317 

minutes and placed in the shaker under constant agitation for 10 minutes. Subsequently, the 318 

plate was read in a microplate reader at 570 nm, and the optical densities obtained were con- 319 

verted, using the formula below, into a percentage of reduction in microorganism viability:  320 

 321 

% Viability Reduction = 100 - (OD Treated Group x 100) / Average OD Control Group) 322 

2.11. Statistical analysis 323 

 Data were analyzed with normality tests: Shapiro–Wilk, Kolmogorov–Smirnov and D’Ago- 324 

stino and Pearson omnibus. Normal data were analyzed with ANOVA and Tukey’s test, otherwise, 325 

with the Kruskal–Wallis test and Dunn’s test. The GraphPad Prism 5.0 program was used, con- 326 

sidering a significance level of 5%. 327 

 328 

3. Results 329 
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3.1. Soluble Solids, total flavonoids, and total phenols content in the Hydroethanolic Extracts 330 

 The quantification of the soluble solids content of C. verum hydroethanolic extract was 331 

26.44 mg/mL and that of P. granatum hydroethanolic extract was from 24.58 mg/mL. In addition, 332 

using the quercetin standard curve, the total flavonoid content in C. verum and P. granatum 333 

hydroethanolic extracts was determined, with the results summarized in Table 3.  334 

 The C. verum hydroethanolic extract contained 0.935 mg/mL (0.094%) of flavonoids, while 335 

the P. granatum hydroethanolic extract had a total flavonoid concentration of 0.853 mg/mL 336 

(0.085%). Similarly, the total phenol content was analyzed using the gallic acid standard curve, 337 

as shown in Table 3.  338 

Table 3. Total flavonoid and total phenol content in the extracts. 339 

Extract  Extraction solvent 
Total flavonoid  

(mg QE/mL) 

Total phenol  

(mg GAE/mL) 

C. verum EtOH: H2O (50:50) 0.935 ± 0.206 2.069 ± 0.174 

P. granatum EtOH: H2O (50:50) 0.853 ± -0.068 1.406± -0.033 

Legend: EtOH:H2O – hydroethanolic. 340 

 341 

 The C. verum hydroethanolic extract exhibited a total phenol content of 2.069 mg/mL 342 

(0.207%), whereas the P. granatum hydroethanolic extract contained 1.406 mg/mL (0.141%). 343 

 344 

3.2. High-Performance Liquid Chromatography (HPLC) Analyses of Plant Extracts 345 

 HPLC chromatographic analysis identified cinnamic aldehyde in C. verum hydroethanolic 346 

extract, as shown in Figure 1A. In contrast, the P. granatum hydroethanolic extract contained 347 

punicalagins, represented as a mixture of α-punicalagin and β-punicalagin, which were quanti- 348 

fied separately (Figure 1B). The chromatogram of the C. verum hydroethanolic extract displayed 349 

a retention time of 9.42 minutes for cinnamic aldehyde, while the chromatogram of the P. gran- 350 

atum hydroethanolic extract showed retention times of 6.5 minutes for α-punicalagin and 9.5 351 

minutes for β-punicalagin. 352 

 353 

Figure 1. A: Chromatogram of the C. verum hydroethanolic extract; B: Chromatogram of the P. 354 

granatum hydroethanolic extract. 355 
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 356 

Fig. 1 a) Chromatogram of the hydroethanolic extract of C.verum (CHE), with the retention time 357 

of cinnamic aldehyde of 9.42 min; b) Chromatogram of the hydroethanolic extract of P. gran- 358 

atum (PHE), the retention time of α-punicalagin (1) is 6.5 min and of β-punicalagin (2), 9.5 min. 359 

Chemical structures a): cinnamic aldehyde (www.sial.com); b) punicalagin anomers α and β, α- 360 

punicalagin punicalagin α: R1 = OH, R2 = H (CAS # 130518-17-1) and punicalagin β: R1 = H, R2 = 361 

OH (CAS # 30608-10-5). 362 

 363 

 Table 4 shows the cinnamic aldehyde content in C. verum hydroethanolic extract and the 364 

α-punicalagin and β-punicalagin content in the P. granatum hydroethanolic extract, calculated 365 

using the standard calibration curve equation. 366 

 367 

Table 4. Cinnamic aldehyde and punicalagin content in C. verum and P. granatum hydroeth- 368 

anolic extracts calculated by the standard calibration curve equation. 369 

Extracts mg/mL % (m/V) 

C. verum – Cinnamic aldehyde content 0.771 0.077 

P. granatum - α punicalagin  2.246 0.225 

P. granatum - β punicalagin 3.490 0.349 

 370 

3.3 Free Radical Suppressive Activity (Antioxidant Activity) of the Hydroethanolic Extracts 371 

 The concentrations required to eliminate 50% of free radicals (EC₅₀) for the hydroethanolic 372 

extracts of C. verum and P. granatum were 9.11 and 27.02 µg/mL, respectively.  373 

3.4. Antibacterial Activity of the Hydroethanolic Extracts Against Planktonic Cultures 374 

 The C. verum and P. granatum hydroethanolic extracts showed bactericidal activity against 375 

all evaluated strains of A. baumannii and P. aeruginosa, the MBC values are shown in Table 5.  376 
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 377 

Table 5. MBC (mg/mL) of C. verum and P. granatum hydroethanolic extract for ATCC and clinical 378 

strains of A. baumannii and P. aeruginosa provided by the Policlin Group Laboratory and ValeClin 379 

Clinical Analysis Laboratory. 380 

Strains C. verum  P. granatum 

#A1 3.3 6.1 

#A2  3.3 6.1 

#A3 3.3 3.0 

#A4 3.3 6.1 

A. baumannii ATCC  3.3 1.5 

#P1 6.6 3.0 

#P2  6.6 6.1 

#P3 6.6 6.1 

#P4 6.6 6.1 

P. aeruginosa ATCC  6.6 6.1 

Legend: MBC – Minimum Bactericidal Concentration; A – Acinetobacter baumannii; P – 381 

Pseudomonas aeruginosa. 382 

 383 

 It was not possible to identify the Minimum Inhibitory Concentration (MIC) values due to 384 

the turbidity caused by the coloring of the extracts, which made visual reading impossible, there- 385 

fore, in this study, the MBC values were considered for the next tests (C. verum hydroethanolic 386 

extract checkerboard and biofilms). The hydroethanolic vehicle control (50:50) did not show an- 387 

tibacterial action on all strains of A. baumannii and P. aeruginosa analyzed.  388 

3.5. Synergistic Activity of the Hydroethanolic Extracts Combination Using Checkerboard Mi- 389 

crodilution Assay 390 

 The combination of hydroethanolic extracts of Cinnamomum verum and Punica granatum 391 

showed marked synergistic interactions against four MDR strains of Acinetobacter baumannii 392 

(FIC ≤ 0.50), with reductions of up to 1220-fold for P. granatum and 4-fold for C. verum compared 393 

to their individual antimicrobial activities (Table 4). For the other strains (A. baumannii ATCC and 394 

P. aeruginosa) there was no inhibition of bacterial growth (Table 6). 395 

 396 

Table 6. Values of the minimum bactericidal concentration (MBC) of isolated and associated C. 397 

verum and P. granatum hydroethanolic extract, and the synergistic effect of their combination 398 

against clinical strains of A. baumannii. 399 

Strains  

Isolated Extract MBC 
Value (mg/mL) 

Combined Concentra-
Ɵons (mg/mL) FBC Index 

ReducƟon in MBC Eīect 
 

C. verum  P. granatum C. verum  P. granatum C. verum  P. granatum  

#A1 3.3 6.1 0.82 1.52 0.49 4x 4x Syn  

#A1 3.3 6.1 1.6 0.09 0.49 2x 67x Syn  

#A1 3.3 6.1 1.6 0.04 0.49 2x 152x Syn  
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Legend: MBC – Minimum Bactericidal Concentration; FBC: Fractional Bactericidal Concentration 400 

Index. Values are expressed in mg/mL. 401 

 402 

3.6. Antimicrobial Activity of the Hydroethanolic Extracts by Inhibiting Biofilms Formation 403 

(prevention) 404 

 For strain #A1, C. verum exhibited 95% inhibition at concentrations of 3.3 mg/mL and 6.6 405 

mg/mL, while P. granatum at 6.1 mg/mL achieved 96% inhibition, both showing statistically sig- 406 

nificant differences compared to the negative control (p < 0.0001). For strain #A2, C. verum sig- 407 

nificantly inhibited biofilm formation by 91% at concentrations of 1.6 mg/mL and 3.3 mg/mL (p 408 

< 0.0001), and P. granatum at 6.1 mg/mL resulted in a 92% inhibition (p < 0.0001). Regarding 409 

strain #A3, C. verum achieved 92% and 93% inhibition at 1.6 mg/mL and 3.3 mg/mL, respectively 410 

(p < 0.0001). Similarly, for the standard A. baumannii strain ATCC 19606, C. verum inhibited bio- 411 

film formation by 91% and 93% at concentrations of 1.6 mg/mL and 3.3 mg/mL (p < 0.0001). 412 

 For clinical strain #P1, C. verum achieved 91.5% and 85% inhibition at concentrations of 413 

3.3 mg/mL and 6.6 mg/mL, respectively (p < 0.0001). P. granatum demonstrated 93% inhibition 414 

of biofilm formation for clinical strain #P2 at 6.1 mg/mL (p < 0.0001). For strain #P3, C. verum at 415 

3.3 mg/mL and 6.6 mg/mL resulted in 91% and 87% inhibition, respectively (p < 0.0001). Clinical 416 

strain #P4 exhibited 91% biofilm inhibition when treated with 6.1 mg/mL of P. granatum (p < 417 

0.0001). For the standard P. aeruginosa strain ATCC 15442, C. verum showed biofilm inhibition 418 

of 93% and 86% at 3.3 mg/mL and 6.6 mg/mL, respectively (p < 0.0001), while P. granatum at 419 

6.1 mg/mL achieved 92% inhibition (p < 0.0001). These results are illustrated in Figure 2. 420 

 421 

Figure 2. A. baumannii and P. aeruginosa biofilm load reduction after treatment with the iso- 422 

lated extracts to prevent biofilm formation.  423 

 424 

#A1 3.3 6.1 1.6 0.02 0.48 1x 305x Syn  

#A1 3.3 6.1 1.6 0.01 0.48 2x 610x Syn  

#A1 3.3 6.1 1.6 0.005 0.48 2x 1.220x Syn  

#A2 3.3 6.1 1.6 0.04 0.49 2x 1.220x Syn  

#A2 3.3 6.1 1.6 0.02 0.48 2x 305x Syn  

#A3 3.3 3.0 1.6 0.04 0.49 2x 75x Syn  

#A3 3.3 3.0 1.6 0.02 0.49 2x 150x Syn  

#A3 3.3 3.0 1.6 0.01 0.48 2x 300x Syn  

#A4 3.3 6.1 0.82 1.52 0.49 4x 4x Syn  
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 425 

Fig. 2 CLX – chlorhexidine 0.03%. The letters “a”, “b”, “c” and “d” indicate a statistically signifi- 426 

cant difference among the groups (p<0.0001).  427 

 428 

3.7. Antimicrobial Activity of the Hydroethanolic Extracts Against Biofilms (Treatment of 429 

formed biofilms) 430 

 For strain #A1, treatment with C. verum at a concentration of 13.2 mg/mL resulted in a 72% 431 

reduction in biofilm viability compared to the negative control (p < 0.0001). P. granatum at 12.2 432 
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mg/mL led to a 76% reduction (p < 0.0001). In clinical strain #A2, P. granatum at 12.2 mg/mL 433 

achieved an 81% reduction (p < 0.0001). For clinical strain #A3, both C. verum (13.2 mg/mL) and 434 

P. granatum (12.2 mg/mL) induced significant reductions of 72% and 76%, respectively (p < 435 

0.0001). C. verum also caused a 60% and 74% reduction in strain #A4 at concentrations of 6.6 436 

mg/mL and 13.2 mg/mL, respectively (p < 0.0001). In the case of the standard A. baumannii 437 

ATCC strain, both extracts significantly reduced biofilm viability compared to the negative con- 438 

trol (p < 0.0001). 439 

 For P. aeruginosa biofilms, C. verum caused significant reductions of 73% and 80% at con- 440 

centrations of 6.6 mg/mL and 13.2 mg/mL, respectively (p < 0.0001). P. granatum concentra- 441 

tions of 3 mg/mL, 6.1 mg/mL, and 12.2 mg/mL led to reductions in biofilm viability of 73%, 76%, 442 

and 71%, respectively. For strain #P2, C. verum at 6.6 mg/mL reduced biofilm viability by 84%, 443 

while P. granatum at 12.2 mg/mL reduced it by 88.5% (p < 0.0001). For clinical strain #P3, P. 444 

granatum at 12.2 mg/mL achieved a reduction similar to chlorhexidine 0.6%. In strain #P4, P. 445 

granatum at concentrations of 3 mg/mL, 6.1 mg/mL, and 12.2 mg/mL promoted reductions of 446 

82%, 81%, and 86%, respectively (p < 0.0001). Both extracts showed significant antibiofilm ef- 447 

fects against P. aeruginosa ATCC, with statistical differences compared to the negative control 448 

(p < 0.0001) (Figure 3). 449 

 450 

Figure 3. A. baumannii and P. aeruginosa biofilm load reduction after treatment with the iso- 451 

lated extracts for 24h to reduce mature biofilm. 452 
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 453 

Fig. 3 CLX – chlorhexidine 0.03%. The letters “a”, “b”, “c” and “d” indicate a statistically signifi- 454 

cant difference among the groups (p<0.0001).  455 

3.8. Inhibition of biofilm formation (prevention) of associated extracts on A. baumannii bio- 456 

films  457 

 Given the observed synergistic effect on A. baumannii strains, three synergistic combina- 458 

tions of C. verum and P. granatum were selected to assess their ability to inhibit biofilm 459 
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formation: C. verum 0.82 + P. granatum 1.52 mg/mL, C. verum 1.6 + P. granatum 0.04 mg/mL, 460 

and C. verum 1.6 + P. granatum 0.02 mg/mL. The combination of C. verum 1.6 + P. granatum 461 

0.02 mg/mL demonstrated a 59% inhibition of biofilm formation in clinical strain #A1 (p < 0.0001). 462 

 For strain #A2, the combinations of C. verum 1.6 with 0.04 and 0.02 mg/mL of P. granatum 463 

inhibited biofilm formation by 52.5% and 72%, respectively (p < 0.0001). All selected combina- 464 

tions were effective in inhibiting biofilm formation in strain #A3, with inhibition values of 68%, 465 

61%, and 72%. For strain #A4, all synergistic combinations inhibited biofilm formation, with the 466 

C. verum 1.6 + P. granatum 0.02 mg/mL combination achieving a 71% inhibition (p < 0.0001) 467 

(Figure 4). 468 

 469 

Figure 4. Inhibition of biofilm formation (prevention) of associated extracts on A. baumannii 470 

biofilms 471 
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 472 

Fig. 4 CLX – chlorhexidine 0.03%. The letters “a”, “b” and “c” indicate a statistically significant 473 

difference among the groups (p<0.0001).  474 

 475 

4. Discussion 476 

 Given the urgent need for alternative strategies to combat antibiotic-resistant bacteria, 477 

the present study demonstrated that hydroethanolic extracts of C. verum and P. granatum 478 
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exhibit relevant antimicrobial, antibiofilm, and antioxidant activities. Notably, the combination 479 

of these extracts showed marked synergistic interactions, particularly against MDR Acinetobac- 480 

ter baumannii, highlighting the potential of these natural products as complementary therapeu- 481 

tic agents. The therapeutic effects observed in this study may be attributed to the presence of 482 

diverse chemical constituents in the plant extracts, including flavonoids, phenolics, alkaloids, 483 

tannins, glycosides, saponins, and terpenoids(Amsterdam JD et al., 2012; Dubale et al., 2023; 484 

Talib,Mahasneh, 2010). 485 

 This study identified the presence of total flavonoids and phenols in both C. verum and P. 486 

granatum, with flavonoid values being 0.935 and 0.853 mg/mL, respectively, and P. granatum 487 

values being 2.069 mg/mL for C. verum and 1.406 mg/mL for P. granatum. The amount of total 488 

phenols was quantified in another study using cinnamon, where the aqueous extract presented 489 

0.380 mg/mL, the difference between the values found in our study and that of Singh et al. (2009) 490 

(Singh et al., 2009)can be attributed to the different extraction methods (solvent, distillation 491 

method, pressing and sublimation) and the solvent used (ethanol, water, methanol, among oth- 492 

ers), so different compounds can be extracted (Joshi et al., 2019). In the case of this study, the 493 

solvent used was hydroethanolic, as used by Singh et al. (2009) (Singh et al., 2009) was watery. 494 

The selection of the solvent is essential for the extraction of compounds, when the solvents and 495 

solutes are similar in terms of polarity, the extraction efficiency improves, in addition, the parti- 496 

cle size also affects the result of the extraction, the finer the better the effectiveness (Zhang et 497 

al., 2018). 498 

 What also differentiates the results when using different solvents is the duration of the 499 

extraction in each time range, the higher the ratio of solvent and solute, the higher the extrac- 500 

tion yield (Zhang et al., 2018). This can be observed when comparing the presence of different 501 

compounds in oils and hydroethanolic extracts. Normally, cinnamaldehyde can be extract in po- 502 

lar and unipolar solvents (Susanti et al., 2026). After HPLC analysis, the presence of cinnamalde- 503 

hyde was detected in the methanolic extract from different cinnamon barks, varying from 0.17 504 

to 18.31 mg/g of dry extract (Jayaprakasha et al., 2002; Vangalapati,Prakash, 2012). Varadarajan 505 

et al. (In Vitro Anticancer Effects of Cinnamomum verum J. Presl, Cinnamaldehyde, 4 Hy- 506 

droxycinnamic Acid and Eugenol on an Oral Squamous Cell Carcinoma Cell Line - PubMed, n.d.) 507 

quantified the cinnamic aldehyde content in three different types of extracts, such as ethanolic, 508 

hydroalcoholic and aqueous extracts of Cinnamomum verum J. Presl (bark). In the same type of 509 

extract, we made (hydroethanolic, 70:30), they found a concentration of 0.17238% (w/w) or 510 

1.7238 mg/g of dried extract. In the ethanolic extract, the concentration of cinnamic aldehyde 511 

found was 0.05727% (w/w) or 0.5727 mg/g. In our analysis, the C. verum extract showed a cin- 512 

namic aldehyde concentration of 0.771 mg/mL, the different but similar amount was due to the 513 

different polarities of the solvents. 514 

 As for P. granatum, the extracts obtained from the peel and flowers extracted with a mix- 515 

ture of water and ethanol 70:30 (V/V) demonstrated a total phenolic content of 12.34 μmol 516 

GAE/g (2.1 mg/mL) (Gigliobianco et al., 2022). Another study demonstrated phenolic com- 517 

pounds ranging from 1.29 to 2.17 mg GAE/g (1.29 to 2.17 mg/mL) from methanolic extracts of 518 

Chinese pomegranate seeds(Jing et al., 2012). The total phenolic content found in our study was 519 

1.40 mg GAE/mL for the hydroethanolic extract obtained from pomegranate seeds. In all studies 520 

mentioned, the Folin-Ciocalteu method was used. Total flavonoids ranged from 1.76 to 2.11 mg 521 
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QE/mL and 5.92 to 16.92 mg/mL in the P. granatum methanolic extract of pomegranate seeds 522 

(Orak et al., 2012; Sabraoui et al., 2020), in our study the value found was 0.853 mg/mL in the 523 

hydroethanolic extract. 524 

 Regarding the antioxidant action of cinnamon and P. granatum, using the DDPH radical 525 

scavenging method, which is one of the most used to determine the antioxidant capacity of 526 

different compounds, cinnamon oil showed a strong free radical scavenging capacity with an 527 

EC50 of 4 .78 μg/mL (Mutlu et al., 2023). The EC50 values of the ethanolic and aqueous extract of 528 

cinnamon indicated potent antioxidant action (21.25 and 15.71 μg/mL, respectively). In another 529 

study, the concentration of antioxidant activity (EC50) was 29.01 μg/mL for the aqueous extract 530 

of cinnamon (de Lima et al., 2022). In our study, the EC50 value found for C. verum was 9.11 531 

μg/mL, indicating potent antioxidant action. Regarding P. granatum extract, the EC50 values 532 

obtained were 42 and 65 μg/mL (peel) and 888 and 1,945 μg/mL (seeds) for methanolic extracts 533 

extracted from pomegranates grown in Morocco(Sabraoui et al., 2020). In another study, the 534 

methanolic extract extracted from the pomegranate peel showed 81% antioxidant activity and 535 

23.2% when extracted from the seeds of this fruit (Singh et al., 2002). 536 

 Given the presence of compounds with diverse biological activities, it is extremely im- 537 

portant to increasingly investigate these actions. Previous studies evaluating cinnamon extracts 538 

have reported variable antimicrobial activity depending on the extraction method and tested 539 

microorganisms. For instance, the crude extract of cinnamon leaves and its enriched fractions 540 

showed low activity against Gram-negative bacteria, including Klebsiella pneumoniae and mul- 541 

tidrug-resistant Pseudomonas aeruginosa, with MIC values as high as 1000 mg/mL (de Lima et 542 

al., 2021). In contrast, in the present study, hydroethanolic extracts of C. verum exhibited con- 543 

siderably lower bactericidal concentrations against multidrug-resistant clinical strains of Aci- 544 

netobacter baumannii and P. aeruginosa, with MBC values of 3.3 mg/mL and 6.6 mg/mL, respec- 545 

tively. Other studies have reported MIC values ranging from 0.25 to 0.5 mg/mL for cinnamon 546 

essential oil against MDR A. baumannii strains (Ganić et al., 2022), and even lower values for 547 

emulsified formulations. Although several studies have demonstrated the biological properties 548 

of cinnamon, investigations specifically focusing on hydroethanolic extracts of its seeds remain 549 

limited. This highlights the relevance of the present findings and supports the potential of this 550 

type of extract as an antimicrobial agent against multidrug-resistant pathogens.  551 

 Regarding antibiofilm activity, cinnamon essential oil had a significant effect (inhibitions of 552 

the formation and reduction of pre-formed biofilm) with values of 47–81 and 30–62%, respec- 553 

tively, when tested at concentrations of 0.25-2 mg/mL against A. baumannii strains (Ganić et al., 554 

2022). The antibiofilm activity of cinnamon essential oil was also verified by (Wijesinghe et al., 555 

2021), the minimum concentrations of biofilm inhibition and eradication of the formed biofilm 556 

(MBIC50 and MBEC) were 1.0 and 4.0 mg/mL for the strains P. aeruginosa, S. aureus and K. 557 

pneumoniae. Scanning electron microscopy (SEM) indicated cell shrinkage, cell wall damage and 558 

decreased biofilm density (Wijesinghe et al., 2021). Studies involving the antibiofilm action of C. 559 

verum are scarce in the literature, however our findings corroborate studies involving the es- 560 

sential oil against strains of A. baumannii and P. aeruginosa. In this study, after 24 h treatment 561 

of formed biofilms, viability reductions were 72% for strains #A2 and #A3 when in contact with 562 

C. verum. Regarding the prophylactic action in which it inhibits its formation, C. verum inhibited 563 

biofilm formation of strain #A1 by 95%, while P. aeruginosa had 87.5% inhibition. 564 
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 In relation to P. granatum extract, their antimicrobial action has been reported in the lit- 565 

erature (Dey et al., 2015; Trabelsi et al., 2020). The P. granatum methanol/water extract of pom- 566 

egranate peel and its isolated constituents were active against Mycobacterium tuberculosis and 567 

Klebsiella pneumoniae producing β-lactamases.   568 

 For multidrug-resistant pathogens, total HPLC fractions of P. granatum showed potent an- 569 

timicrobial activity when analyzing the inhibitory zones by the disk diffusion method (Dey et al., 570 

2015). The hydroethanolic extract was able to reduce P. aeruginosa biofilm formation by up to 571 

17–30%, when tested at 10–50 μg/ml. When this extract was applied to preformed biofilm, it 572 

could eradicate the biofilm by approximately 15–19%; and biofilm viability (metabolic activity 573 

measured by MTT assay) was reduced by approximately 13–22%(Joshi et al., 2019). Antibiofilm 574 

effect was also found in mouthwash formulations containing P. granatum bark extract, the for- 575 

mulation resulted in a loss of surface hardness of 34.5% and 36%, after 10 min treatment, of S. 576 

mutans and C. albicans biofilms, respectively (Fernandes et al., 2022). In our study, P. granatum 577 

demonstrated significant antibiofilm activity against both A. baumannii and P. aeruginosa. Bio- 578 

film formation by A. baumannii strain Ab1 was inhibited by up to 96%, while P. aeruginosa 579 

showed 93% inhibition under the same conditions. Following 24 h of treatment on pre-formed 580 

biofilms, a reduction in viability of 83% was observed for the A. baumannii ATCC strain, whereas 581 

P. aeruginosa exhibited a reduction of up to 88.5% when treated with P. granatum. 582 

 The combination of hydroethanolic extracts of Cinnamomum verum and Punica granatum 583 

showed marked synergistic interactions against clinical MDR strains of Acinetobacter baumannii, 584 

as evidenced by 12 synergistic combinations (FIC ≤ 0.5) and substantial reductions in minimum 585 

bactericidal concentrations, reaching up to a 1220-fold decrease. This pronounced effect high- 586 

lights the relevance of combining plant-derived extracts as an effective strategy to enhance an- 587 

timicrobial activity against multidrug-resistant pathogens. 588 

 Synergism between natural compounds has been increasingly recognized as a promising 589 

approach, as it may result from the interaction of multiple bioactive compounds targeting dif- 590 

ferent bacterial pathways. Previous studies have reported that combinations of plant-derived 591 

compounds can significantly reduce MIC/MBC values; for example, associations involving puni- 592 

calagin and other phytochemicals have achieved reductions of up to 128-fold against A. bau- 593 

mannii, along with antibiofilm activity (Aslan,Alim, 2025). Similarly, combinations of plant ex- 594 

tracts have demonstrated up to a four-fold reduction in MIC values, supporting the hypothesis 595 

of multi-target interactions contributing to enhanced antimicrobial efficacy (Jeong et al., 2023). 596 

The strong synergism observed between C. verum and P. granatum extracts in the present study 597 

not only corroborates existing literature but also extends current knowledge by demonstrating 598 

a markedly higher reduction in bactericidal concentrations. This enhanced activity may allow the 599 

use of lower effective doses, which could contribute to reduced toxicity and potentially delay 600 

the development of bacterial resistance. 601 

 In summary, the hydroethanolic extracts of C. verum and P. granatum demonstrated ro- 602 

bust antibacterial, antibiofilm, and antioxidant activities, highlighting their potential as alterna- 603 

tive therapeutic agents against multidrug-resistant pathogens. The observed effects are likely 604 

associated with the rich phytochemical composition of the extracts, including flavonoids, phe- 605 

nols, cinnamic aldehyde, and punicalagin, which play key roles in disrupting microbial resistance 606 

mechanisms and biofilm formation. These findings underscore the importance of continued 607 
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research into plant-based bioactives to address the escalating challenge of antibiotic resistance, 608 

paving the way for the development of innovative and sustainable therapeutic strategies. Future 609 

studies should focus on in vivo validations, formulation optimization, and the investigation of 610 

the mechanisms underlying these synergistic interactions, aiming to bridge the gap between 611 

experimental findings and clinical applications. 612 

5. Conclusions 613 

 Hydroethanolic extracts of Cinnamomum verum J. Presl and Punica granatum L. are rich in 614 

bioactive chemical compounds, including flavonoids and punicalagins, and exhibited significant 615 

antioxidant, antibacterial, and antibiofilm activities against multidrug-resistant strains of Aci- 616 

netobacter baumannii and Pseudomonas aeruginosa. Notably, their combination showed 617 

marked synergistic interactions, particularly against A. baumannii, highlighting their potential as 618 

alternative strategies to combat multidrug-resistant infections. 619 

 620 

References 621 

[1] World Health Organization. Who Bacterial Priority Pathogens List, 2024 2024;72 622 

[2] El-Mahallawy HA, Hassan SS, El-Wakil M, Moneer MM. Bacteremia due to ESKAPE path- 623 

ogens: An emerging problem in cancer patients. J Egypt Natl Canc Inst. 2016;28(3):157– 624 

62. doi: 10.1016/j.jnci.2016.05.002 625 

[3] Marturano JE, Lowery TJ. ESKAPE Pathogens in Bloodstream Infections Are Associated 626 

With Higher Cost and Mortality but Can Be Predicted Using Diagnoses Upon Admission. 627 

Open Forum Infect Dis. 2019;6(12). doi: 10.1093/OFID/OFZ503 628 

[4] Avershina E, Shapovalova V, Shipulin G. Fighting Antibiotic Resistance in Hospital-Ac- 629 

quired Infections: Current State and Emerging Technologies in Disease Prevention, Diag- 630 

nostics and Therapy. Front Microbiol. 2021;12. doi: 10.3389/FMICB.2021.707330/PDF 631 

[5] Eichenberger EM, Thaden JT. Epidemiology and Mechanisms of Resistance of Extensively 632 

Drug Resistant Gram-Negative Bacteria. Antibiotics (Basel). 2019;8(2). doi: 10.3390/AN- 633 

TIBIOTICS8020037 634 

[6] Lopatkin AJ, Bening SC, Manson AL, Stokes JM, Kohanski MA, Badran AH, et al. Clinically 635 

relevant mutations in core metabolic genes confer antibiotic resistance. Science. 636 

2021;371(6531). doi: 10.1126/SCIENCE.ABA0862 637 

[7] Chevalier S, Bouffartigues E, Bodilis J, Maillot O, Lesouhaitier O, Feuilloley MGJ, et al. 638 

Structure, function and regulation of Pseudomonas aeruginosa porins. FEMS Microbiol 639 

Rev. 2017;41(5):698–722. doi: 10.1093/FEMSRE/FUX020 640 

[8] Pang Z, Raudonis R, Glick BR, Lin TJ, Cheng Z. Antibiotic resistance in Pseudomonas aeru- 641 

ginosa: mechanisms and alternative therapeutic strategies. Biotechnol Adv. 642 

2019;37(1):177–92. doi: 10.1016/j.biotechadv.2018.11.013 643 

[9] Sadikot RT, Blackwell TS, Christman JW, Prince AS. Pathogen-host interactions in Pseudo- 644 

monas aeruginosa pneumonia. Am J Respir Crit Care Med. 2005;171(11):1209–23. doi: 645 

10.1164/RCCM.200408-1044SO 646 



 

 

22 

 

[10] Pelegrin AC, Palmieri M, Mirande C, Oliver A, Moons P, Goossens H, et al. Pseudomonas 647 

aeruginosa: a clinical and genomics update. FEMS Microbiol Rev. 2021;45(6). doi: 648 

10.1093/FEMSRE/FUAB026 649 

[11] Antunes LCS, Visca P, Towner KJ. Acinetobacter baumannii: evolution of a global patho- 650 

gen. Pathog Dis. 2014;71(3):292–301. doi: 10.1111/2049-632X.12125 651 

[12] De Freitas CG da S, Staudt KJ, Khün KH, Alves IA, Meneghete MC. PREVALÊNCIA DE 652 

MICRORGANISMOS EM BANDEJAS UTILIZADAS PELA ENFERMAGEM NA ADMINISTRAÇÃO 653 

DE MEDICAMENTOS EM AMBIENTE HOSPITALAR. REVISTA INTERDISCIPLINAR EM 654 

CIÊNCIAS DA SAÚDE E BIOLÓGICAS – RICSB. 2020;3(2):24. doi: 10.31512/ricsb.v3i2.3199 655 

[13] Aurilio C, Sansone P, Barbarisi M, Pota V, Giaccari LG, Coppolino F, et al. Mechanisms of 656 

Action of Carbapenem Resistance. Antibiotics (Basel). 2022;11(3). doi: 10.3390/ANTIBI- 657 

OTICS11030421 658 

[14] Ibrahim S, Al-Saryi N, Al-Kadmy IMS, Aziz SN. Multidrug-resistant Acinetobacter bau- 659 

mannii as an emerging concern in hospitals. Mol Biol Rep. 2021;48(10):6987–98. doi: 660 

10.1007/S11033-021-06690-6 661 

[15] Miyakis S, Pefanis A, Tsakris A. The Challenges of Antimicrobial Drug Resistance in Greece. 662 

Clinical Infectious Diseases. 2011;53(2):177–84. doi: 10.1093/cid/cir323 663 

[16] Roy R, Tiwari M, Donelli G, Tiwari V. Strategies for combating bacterial biofilms: A focus 664 

on anti-biofilm agents and their mechanisms of action. Virulence. 2018;9(1):522–54. doi: 665 

10.1080/21505594.2017.1313372 666 

[17] Dunne WM. Bacterial adhesion: seen any good biofilms lately? Clin Microbiol Rev. 667 

2002;15(2):155–66. doi: 10.1128/CMR.15.2.155-166.2002 668 

[18] Pokharel K, Dawadi BR, Shrestha LB. Role of Biofilm in Bacterial Infection and Antimicro- 669 

bial Resistance. JNMA J Nepal Med Assoc. 2022;60(253):836–40. doi: 670 

10.31729/JNMA.7580 671 

[19] Donlan RM, Costerton JW. Biofilms: survival mechanisms of clinically relevant microor- 672 

ganisms. Clin Microbiol Rev. 2002;15(2):167–93. doi: 10.1128/CMR.15.2.167-193.2002 673 

[20] Dos Santos Liberato SF, Da Cruz Vegian MR, Abu Hasna A, De Alvarenga JA, Dos Santos 674 

JG, Tini ÍRP, et al. Antibiofilm action of Persea americana glycolic extract over Acineto- 675 

bacter baumannii and absence of toxicity in Galleria mellonella. J Complement Integr 676 

Med. 2021;19(4):905–11. doi: 10.1515/JCIM-2021-0051 677 

[21] Meccatti VM, Figueiredo-Godoi LMA, Pereira TC, de Lima PMN, Abu Hasna A, Senna LB, 678 

et al. The biocompatibility and antifungal effect of Rosmarinus officinalis against Candida 679 

albicans in Galleria mellonella model. Sci Rep. 2022;12(1). doi: 10.1038/S41598-022- 680 

19425-9, 681 

[22] Meccatti VM, Martins KMC, Ramos L de P, Pereira TC, de Menezes RT, Marcucci MC, et 682 

al. Synergistic Antibiofilm Action of Cinnamomum verum and Brazilian Green Propolis 683 

Hydroethanolic Extracts against Multidrug-Resistant Strains of Acinetobacter baumannii 684 

and Pseudomonas aeruginosa and Their Biocompatibility on Human Keratinocytes. 685 

Molecules. 2023;28(19). doi: 10.3390/MOLECULES28196904 686 

[23] Da Silva LA, Ramos LP, Silva TA, De Lapena SAB, Santos CER, Hasna AA, et al. Effect of 687 

combining Zingiber officinale and Juglans regia extracts on Propionibacterium acnes, 688 



 

 

23 

 

Staphylococcus aureus and Staphylococcus epidermidis: antibiofilm action and low tox- 689 

icity. An Acad Bras Cienc. 2022;94(4). doi: 10.1590/0001-3765202220201133 690 

[24] Santos T da SA, Meccatti VM, Pereira TC, Marcucci MC, Hasna AA, Valera MC, et al. Anti- 691 

bacterial Effect of Combinations of Salvia officinalis and Glycyrrhiza glabra Hydroalcoholic 692 

Extracts against Enterococcus spp. Coatings. 2023;13(9):1579. doi: 693 

10.3390/coatings13091579 694 

[25] de Lima PMN, Pereira TC, de Carvalho LS, dos Santos LF, Oliveira CER, Ramos L de P, et al. 695 

Antimicrobial and synergistic effects of lemongrass and geranium essential oils against 696 

Streptococcus mutans, Staphylococcus aureus, and Candida spp. World J Crit Care Med. 697 

2024;13(3). doi: 10.5492/WJCCM.V13.I3.92531 698 

[26] DS A, CS A. Plant extracts: search for new alternatives to treat microbial diseases. Curr 699 

Pharm Biotechnol. 2009;10(1):106–21. doi: 10.2174/138920109787048607 700 

[27] Imran M, Khan AS, Khan MA, Saeed MU, Noor N, Warsi MH, et al. Antimicrobial activity 701 

of different plants extracts against Staphylococcus aureus and Escherichia coli. Polim 702 

Med. 2021;51(2):69–75. doi: 10.17219/PIM/143424 703 

[28] Kumar VP, Chauhan NS, Padh H, Rajani M. Search for antibacterial and antifungal agents 704 

from selected Indian medicinal plants. J Ethnopharmacol. 2006;107(2):182–8. doi: 705 

10.1016/j.jep.2006.03.013 706 

[29] Mahlo SM, Chauke HR, McGaw L, Eloff J. ANTIOXIDANT AND ANTIFUNGAL ACTIVITY OF 707 

SELECTED MEDICINAL PLANT EXTRACTS AGAINST PHYTOPATHOGENIC FUNGI. Afr J Tradit 708 

Complement Altern Med. 2016;13(4):216–22. doi: 10.21010/AJTCAM.V13I4.28 709 

[30] Essid R, Hammami M, Gharbi D, Karkouch I, Hamouda T Ben, Elkahoui S, et al. Antifungal 710 

mechanism of the combination of Cinnamomum verum and Pelargonium graveolens es- 711 

sential oils with fluconazole against pathogenic Candida strains. Appl Microbiol Biotech- 712 

nol. 2017;101(18):6993–7006. doi: 10.1007/S00253-017-8442-Y 713 

[31] Mathew S, Abraham TE. In vitro antioxidant activity and scavenging effects of Cin- 714 

namomum verum leaf extract assayed by different methodologies. Food and Chemical 715 

Toxicology. 2006;44(2):198–206. doi: 10.1016/j.fct.2005.06.013 716 

[32] Nawaz A, Ali T, Naeem M, Hussain F, Li Z, Nasir A. Biochemical, structural characterization 717 

and in-vitro evaluation of antioxidant, antibacterial, cytotoxic, and antidiabetic activities 718 

of nanosuspensions of Cinnamomum zeylanicum bark extract. Front Chem. 2023;11. doi: 719 

10.3389/FCHEM.2023.1194389 720 

[33] Schink A, Naumoska K, Kitanovski Z, Kampf CJ, Fröhlich-Nowoisky J, Thines E, et al. Anti- 721 

inflammatory effects of cinnamon extract and identification of active compounds influ- 722 

encing the TLR2 and TLR4 signaling pathways. Food Funct. 2018;9(11):5950–64. doi: 723 

10.1039/C8FO01286E 724 

[34] Noreen S, Hashmi B, Aja PM, Atoki AV. Phytochemicals and pharmacology of pomegran- 725 

ate (Punica granatum L.): nutraceutical benefits and industrial applications: a review. 726 

Front Nutr. 2025;12. doi: 10.3389/FNUT.2025.1528897/PDF 727 

[35] Maphetu N, Unuofin JO, Masuku NP, Olisah C, Lebelo SL. Medicinal uses, pharmacological 728 

activities, phytochemistry, and the molecular mechanisms of Punica granatum L. (pome- 729 

granate) plant extracts: A review. Biomedicine and Pharmacotherapy. 2022;153. doi: 730 

10.1016/j.biopha.2022.113256 731 



 

 

24 

 

[36] Arra K, Pasupula R, Anandam S. In Vivo Assessment of Punica granatum Leaf Extract: Anti- 732 

Urolithiatic and Nephroprotective Effects. Natural Product Sciences. 2024;30(2):80–92. 733 

doi: 10.20307/nps.2024.30.2.80 734 

[37] Sookkhee S, Sakonwasun C, Mungkornasawakul P, Khamnoi P, Wikan N, Nimlamool W. 735 

Synergistic Effects of Some Methoxyflavones Extracted from Rhizome of Kaempferia par- 736 

viflora Combined with Gentamicin against Carbapenem-Resistant Strains of Klebsiella 737 

pneumoniae, Pseudomonas aeruginosa, and Acinetobacter baumannii. Plants (Basel). 738 

2022;11(22). doi: 10.3390/PLANTS11223128 739 

[38] Amsterdam JD, Shults J, Soeller I, Mao JJ, Rockwell K, Newberg AB. Chamomile (Matri- 740 

caria recutita) may provide antidepressant activity in anxious, depressed humans: an ex- 741 

ploratory study 2012; https://pubmed.ncbi.nlm.nih.gov/22894890/ (accessed April 6, 742 

2026) 743 

[39] Dubale S, Kebebe D, Zeynudin A, Abdissa N, Suleman S. Phytochemical Screening and 744 

Antimicrobial Activity Evaluation of Selected Medicinal Plants in Ethiopia. J Exp Pharma- 745 

col. 2023;15:51–62. doi: 10.2147/JEP.S379805 746 

[40] Talib WH, Mahasneh AM. Antimicrobial, cytotoxicity and phytochemical screening of Jor- 747 

danian plants used in traditional medicine. Molecules. 2010;15(3):1811–24. doi: 748 

10.3390/MOLECULES15031811 749 

[41] Singh R, Koppikar SJ, Paul P, Gilda S, Paradkar AR, Kaul-Ghanekar R. Comparative analysis 750 

of cytotoxic effect of aqueous cinnamon extract from Cinnamomum zeylanicum bark 751 

with commercial cinnamaldehyde on various cell lines. Pharm Biol. 2009;47(12):1174–9. 752 

doi: 10.3109/13880200903019242 753 

[42] Joshi C, Patel P, Kothari V. Anti-infective potential of hydroalcoholic extract of Punica 754 

granatum peel against gram-negative bacterial pathogens. F1000Res. 2019;8. doi: 755 

10.12688/F1000RESEARCH.17430.2/DOI 756 

[43] Zhang QW, Lin LG, Ye WC. Techniques for extraction and isolation of natural products: a 757 

comprehensive review. Chin Med. 2018;13(1). doi: 10.1186/S13020-018-0177-X 758 

[44] Susanti DY, Nugroho J, Karyadi W, Saputro AD, Masithoh RE, Agustin N, et al. Perfor- 759 

mance of Green Solvent and Microwave in Developing Sustainable Extraction of Func- 760 

tional Compound and Hydrodistillation Essential Oils from Cinnamon. J Trop Agric Sci. 761 

2026;49(S1):145–70. doi: 10.47836/pjtas.49.S1.07 762 

[45] Vangalapati M;, Prakash S. A Review on Pharmacological Activities and Clinical effects of 763 

Cinnamon Species. 2012; 764 

[46] Jayaprakasha GK, Rao LJ, Sakariah KK. Chemical composition of volatile oil from Cin- 765 

namomum zeylanicum buds. Z Naturforsch C J Biosci. 2002;57(11–12):990–3. doi: 766 

10.1515/ZNC-2002-11-1206 767 

[47] In Vitro Anticancer Effects of Cinnamomum verum J. Presl, Cinnamaldehyde, 4 Hy- 768 

droxycinnamic Acid and Eugenol on an Oral Squamous Cell Carcinoma Cell Line - PubMed 769 

n.d.; https://pubmed.ncbi.nlm.nih.gov/33568591/ (accessed May 3, 2026) 770 

[48] Gigliobianco MR, Cortese M, Nannini S, Di Nicolantonio L, Peregrina DV, Lupidi G, et al. 771 

Chemical, Antioxidant, and Antimicrobial Properties of the Peel and Male Flower By- 772 

Products of Four Varieties of Punica granatum L. Cultivated in the Marche Region for 773 



 

 

25 

 

Their Use in Cosmetic Products. Antioxidants (Basel). 2022;11(4). doi: 10.3390/AN- 774 

TIOX11040768 775 

[49] Jing P, Ye T, Shi H, Sheng Y, Slavin M, Gao B, et al. Antioxidant properties and phytochem- 776 

ical composition of China-grown pomegranate seeds. Food Chem. 2012;132(3):1457–64. 777 

doi: 10.1016/J.FOODCHEM.2011.12.002 778 

[50] Orak HH, Yagar H, Isbilir SS. Comparison of antioxidant activities of juice, peel, and seed 779 

of pomegranate (Punica granatum L.) and inter-relationships with total phenolic, Tannin, 780 

anthocyanin, and flavonoid contents. Food Sci Biotechnol. 2012;21(2):373–87. doi: 781 

10.1007/s10068-012-0049-6 782 

[51] Sabraoui T, Khider T, Nasser B, Eddoha R, Moujahid A, Benbachir M, et al. Determination 783 

of Punicalagins Content, Metal Chelating, and Antioxidant Properties of Edible Pome- 784 

granate (Punica granatum L) Peels and Seeds Grown in Morocco. Int J Food Sci. 785 

2020;2020. doi: 10.1155/2020/8885889 786 

[52] Mutlu M, Bingol Z, Uc EM, Köksal E, Goren AC, Alwasel SH, et al. Comprehensive Metab- 787 

olite Profiling of Cinnamon (Cinnamomum zeylanicum) Leaf Oil Using LC-HR/MS, GC/MS, 788 

and GC-FID: Determination of Antiglaucoma, Antioxidant, Anticholinergic, and Antidia- 789 

betic Profiles. Life (Basel). 2023;13(1). doi: 10.3390/LIFE13010136 790 

[53] de Lima LB, Viturino da Silva WA, Silva SL, Felipe dos Santos EC, Barbosa Machado JC, 791 

Procópio TF, et al. Chemical and antibacterial analysis of Cinnamomum verum leaves ex- 792 

tract and fractions against multidrug resistant bacteria. Nat Prod Res. 2022;36(10):2559– 793 

64. doi: 10.1080/14786419.2021.1902323 794 

[54] Singh RP, Chidambara Murthy KN, Jayaprakasha GK. Studies on the antioxidant activity 795 

of pomegranate (Punica granatum) peel and seed extracts using in vitro models. J Agric 796 

Food Chem. 2002;50(1):81–6. doi: 10.1021/JF010865B 797 

[55] de Lima LB, da Silva WAV, dos Santos ECF, Machado JCB, Procópio TF, de Moura MC, et 798 

al. Evaluation of Antioxidant, Antibacterial and Enhancement of Antibiotic Action by 799 

Punica granatum Leaves Crude Extract and Enriched Fraction against Multidrug-Resistant 800 

Bacteria. Chem Biodivers. 2021;18(12). doi: 10.1002/CBDV.202100538 801 

[56] Ganić T, Vuletić S, Nikolić B, Stevanović M, Kuzmanović M, Kekić D, et al. Cinnamon es- 802 

sential oil and its emulsion as efficient antibiofilm agents to combat Acinetobacter bau- 803 

mannii. Front Microbiol. 2022;13. doi: 10.3389/FMICB.2022.989667 804 

[57] Wijesinghe GK, Feiria SB, Maia FC, Oliveira TR, Joia F, Barbosa JP, et al. In-vitro Antibac- 805 

terial and Antibiofilm Activity of Cinnamomum verum Leaf Oil against Pseudomonas ae- 806 

ruginosa, Staphylococcus aureus and Klebsiella pneumoniae. An Acad Bras Cienc. 807 

2021;93(1):1–11. doi: 10.1590/0001-3765202120201507 808 

[58] Dey D, Ray R, Hazra B. Antimicrobial activity of pomegranate fruit constituents against 809 

drug-resistant Mycobacterium tuberculosis and β-lactamase producing Klebsiella pneu- 810 

moniae. Pharm Biol. 2015;53(10):1474–80. doi: 10.3109/13880209.2014.986687 811 

[59] Trabelsi A, El Kaibi MA, Abbassi A, Horchani A, Chekir-Ghedira L, Ghedira K. Phytochemi- 812 

cal Study and Antibacterial and Antibiotic Modulation Activity of Punica granatum (Pom- 813 

egranate) Leaves. Scientifica (Cairo). 2020;2020. doi: 10.1155/2020/8271203 814 

[60] Fernandes GL, Vieira APM, Danelon M, Emerenciano NG, Berretta AA, Buszinski AFM, et 815 

al. Pomegranate Extract Potentiates the Anti-Demineralizing, Anti-Biofilm, and Anti- 816 



 

 

26 

 

Inflammatory Actions of Non-Alcoholic Mouthwash When Associated with Sodium-Fluo- 817 

ride Trimetaphosphate. Antibiotics (Basel). 2022;11(11). doi: 10.3390/ANTIBIOT- 818 

ICS11111477 819 

[61] Aslan R, Alim A. Synergistic antimicrobial and antibiofilm effects of plant-active ingredi- 820 

ents and antibiotics on multidrug-resistant Acinetobacter baumannii. J Appl Microbiol. 821 

2025;136(9). doi: 10.1093/JAMBIO/LXAF211 822 

[62] Jeong JY, Jung IG, Yum SH, Hwang YJ. In Vitro Synergistic Inhibitory Effects of Plant Extract 823 

Combinations on Bacterial Growth of Methicillin-Resistant Staphylococcus aureus. 824 

Pharmaceuticals (Basel). 2023;16(10). doi: 10.3390/PH16101491 825 

[63] Meccatti VM, Santos LF, de Carvalho LS, Souza CB, Carvalho CAT, Marcucci MC, et al. 826 

Antifungal Action of Herbal Plants’ Glycolic Extracts against Candida Species. Molecules. 827 

2023;28(6). doi: 10.3390/MOLECULES28062857 828 

[64] Santos PB do RE dos, Ávila D da S, Ramos L de P, Yu AR, Santos CE da R, Berretta AA, et 829 

al. Effects of Brazilian green propolis extract on planktonic cells and biofilms of multidrug- 830 

resistant strains of Klebsiella pneumoniae and Pseudomonas aeruginosa. Biofouling. 831 

2020;36(7):834–45. doi: 10.1080/08927014.2020.1823972 832 

[65] Cristina Marcucci M, Salatino A, Farias Azevedo de Magalhães Oliveira L, Passarelli Gon- 833 

çalves C. Accessible Methodologies for Quantification of Flavonoids and Total Phenols in 834 

Propolis. Revista Virtual de Química. 2021;13(1):61–73. doi: 10.21577/1984- 835 

6835.20200131 836 

[66] Moreno MA, Zampini IC, Isla MI. Antifungal, anti-inflammatory and antioxidant activity 837 

of bi-herbal mixtures with medicinal plants from Argentinean highlands. J Ethnopharma- 838 

col. 2020;253. doi: 10.1016/j.jep.2020.112642 839 

  840 

 841 


