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Abstract: Products derived from Cannabis sativa have gained increased interest and popularity. As these prod- 16 

ucts become common amongst the public, the heath and potential therapeutic values associated with hemp 17 
have become a premier focus of research. While the psychoactive and medicinal properties of Cannabis prod- 18 
ucts have been extensively highlighted in literature, the antibacterial properties of CBD have not been ex- 19 
plored in depth. This research serves to examine the antibacterial potential of CBD against Salmonella newing- 20 
ton and Salmonella typhimurium. In this study we observed bacterial response to CBD exposure through bio- 21 
logical assays, bacterial kinetics, and fluorescence microscopy. Additionally, comparative studies between 22 
CBD and ampicillin were conducted against Salmonella typhimurium and Salmonella newington to determine 23 
comparative efficacy. Furthermore, we observed potential resistance development of our Salmonella spp. 24 
against CBD treatment. 25 
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1. Introduction 28 
Cannabis sativa, a member of the Cannabis genus and a species of the Cannabaceae 29 

family originated from Central Asia and is one of the oldest psychoactive plants known 30 
to man [1]. Since its discovery, C. sativa has been utilized recreationally, medicinally, and 31 
industrially for numerous applications. Early uses of C. sativa focused on its use as an 32 
industrial material to produce textiles, ropes, and paper products [2-4]. Throughout early 33 
history the use of C. sativa as an industrial product spread from Asia throughout Europe 34 
and Africa [5]. As industrial use of C. sativa became common, its use as a therapeutic 35 
against rheumatic pain, intestinal constipation, disorders of the female reproductive sys- 36 
tem, malaria, and other common health problems, can be traced back to ancient China 37 
where it was one of the oldest pharmaceuticals recorded [6]. Overtime the use of C. sativa 38 
as a therapeutic option was introduced across the western world and by the 19th century 39 
had gained attention from medical science. The first clinical conference on C. sativa in 1860 40 
led to an increased interest in the research and development of medicinal products de- 41 
rived from C. sativa [2]. This interest in C. sativa drastically declined in 1942 when it was 42 
removed from the United States Pharmacopoeia and lost its status due to research sug- 43 
gesting a correlation between C. sativa and ‘insanity’ [7]. This decision eventually led to 44 
the United Nations designating Cannabis as an illegal psychotropic substance in 1971 at 45 
the Convention on Psychotropic Substances [8-9]. These designations and findings dras- 46 
tically reduced research progression on Cannabis and produced a negative stigma on the 47 
substance from the perspective of the public [10-11]. 48 
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 As we move towards the mid-21st century the acceptance of Cannabis and the poten- 49 
tial of its byproducts has increased [12]. Continued research demonstrated the efficiency 50 
of Cannabis in the treatment of conditions including epilepsy, multiple sclerosis, Tourette’s 51 
syndrome, and other neurological diseases [13-15]. Additionally, research has further 52 
characterized the active compounds, tetrahydrocannabinol (THC) and Cannabidiol 53 
(CBD), of Cannabis and their psychological and physiological effects on humans [16-19]. 54 
While clinical research has primarily focused on the efficacy of Cannabis against neurolog- 55 
ical disorders, a current gap in knowledge is the efficacy of Cannabis and its byproducts 56 
as antibacterial agents. The literature that is present does suggest that Cannabis and more 57 
specifically its active compound, CBD shows antibacterial function [20-21]. However, fur- 58 
ther research and characterization of this antibacterial function is crucial to the develop- 59 
ment of novel therapeutics against clinically relevant bacteria [22-23]. 60 

  The increased prevalence and occurrence of antimicrobial resistance is a major 61 
health concern worldwide, making the development of alternative therapies a necessity 62 
[24-27]. The steady decrease in antibiotic efficacy alongside the decreased development of 63 
new antibiotics presents a major obstacle in the treatment of multidrug-resistant bacteria 64 
[28-29]. Antibiotic-resistant and multi-drug resistant bacterial infections account for 65 
roughly 2.8 million infections and 35,000 deaths annually in the United States alone [30]. 66 
Antibiotic-resistant bacterial infections, while a major threat to public health, also present 67 
a major economic burden to the United States resulting in an annual cost of 7.7 billion 68 
dollars [31]. As resistant bacterial species persist, the development of novel antibacterial 69 
treatment methods is essential to the preservation of public health. The purpose of this 70 
research is to determine if CBD extracted from C. sativa demonstrates antibacterial activity 71 
against a common gram-negative bacterial pathogen, Salmonella. CBD, initially not recog- 72 
nized as an active compound of Cannabinoids, has been shown to possess potential ther- 73 
apeutic benefits [32-34]. Cannabis is commonly associated with psychotic effects; we now 74 
know that these effects can be attributed to THC whereas CBD “exhibits no effects indic- 75 
ative of any abuse or dependence potential and to date, there is no evidence of public 76 
health related problems associated with the use of pure CBD” according to the World 77 
Health Organization [35]. Literature suggests that CBD’s antibacterial function is carried 78 
out through the disruption of the cell membrane of both gram-positive and gram-negative 79 
bacteria [36]. The antibacterial activity of CBD against several bacterial pathogens includ- 80 
ing Staphylococcus aureus, Streptococcus pneumoniae, Clostridiosis difficile, Neisseria spp., 81 
Moraxella catarrhalis, and Legionella pneumophila has been observed [20-21]. Study of CBD 82 
as an antibacterial agent requires further determination of the range of bacteria that CBD 83 
exhibits antibacterial activity against. Examining the potential of CBD against a clinically 84 
relevant pathogen such as Salmonella is essential to further expand our knowledge on CBD 85 
as a potential novel therapeutic. 86 

 Salmonella species are one of the most common and prevalent foodborne pathogens 87 
worldwide, found in several food products including poultry, seafood, and other fresh or 88 
processed meats [26-27, 37-39]. Salmonella accounts for 1.35 million infections, 26,500 hos- 89 
pitalizations, and 420 deaths annually in the United States alone [30]. Salmonella is a sig- 90 
nificant spoilage hazard, additionally, the increased prevalence of multi-drug resistant 91 
strains makes Salmonella a major threat to public health [25, 30]. The CDC reported in 2019 92 
that Salmonella typhimurium, one of the species examined in this study, accounted for 59% 93 
of ampicillin-resistant Salmonella infections in the United States [30]. The continued use of 94 
broad-spectrum antibiotics could drastically increase the prevalence of antibiotic and 95 
multi-drug resistant Salmonella strains making the development of novel antibiotic alter- 96 
natives a necessity [31, 40].    97 

 We have performed plate assays, fluorescence microscopy, and growth kinetic stud- 98 
ies to determine the antibacterial activity of CBD extracted from C. sativa against Salmo- 99 
nella typhimurium and Salmonella newington. Additionally, we conducted comparative ki- 100 
netic studies of the two Salmonella strains in the presence of CBD or a common broad- 101 
spectrum antibiotic, ampicillin. Finally, we examined resistance development of S. 102 
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typhimurium and S. newington against CBD treatment over an extended time. The results 103 
of these studies suggest that CBD does exhibit antibacterial activity against these Salmo- 104 
nella species further encouraging research and development of CBD as a potential anti- 105 
bacterial agent. 106 

 107 
2. Results 108 
 109 
2.1 Gas Chromatography  110 

For confirmation of pure CBD in our C. sativa extract, Gas Chromatography (GC) was 111 
conducted. Figure 1 represents our sample (left) in comparison to the internal standard 112 
for CBD (right). In these readings we observe a strong single peak at the 8.23 min retention 113 
time (RT) in our sample. This is consistent with the expected RT of CBD at 8.22 min as 114 
shown in the internal control sample. The absence of other peaks represents the absence 115 
of other compounds or contaminants. Overall, we conclude through the GC analysis that 116 
our sample is pure CBD.   117 
 118 

  119 
Figure 1. GC peaks confirms CBD as primary compound present within our C. sativa extract.  120 

 121 

2.1 Plate Assays 122 

To examine the potential antibacterial activity of our CBD against S. typhimurium and S. 123 
newington the Kirby-Bauer and spot assays were conducted. These assays allow us to 124 
visualize and quantify the inhibitory effects of CBD against our Salmonella strains. Both 125 
assays confirmed inhibitory activity of CBD against S. typhimurium and S. newington. In 126 
the Kirby-Bauer assay we observed zones of inhibition (ZOI) around the CBD treated 127 
disks suggesting inhibition of bacterial growth due to exposure to CBD (Fig.2C). These 128 
results also suggest a dose-dependent inhibition due to CBD treatment with ZOIs 129 
decreasing as CBD concentration decreased (Fig.2A, Fig.2B). The results of the spot assay 130 
further confirmed the dose-dependent nature of CBD’s inhibitory activity. As CBD 131 
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concentration decreased, we see an increase in the density of bacterial colonies in both S. 132 
typhimurium and S. newington (Fig.2D). This data also suggested that S. newington was 133 
more susceptible to CBD treatment than S. typhimurium due to the larger ZOIs (Fig.2B) 134 
and lower colony density (Fig.2D).  135 
 136 

 137 
Figure 2. Plate Assays confirm inhibitory activity of CBD. Quantitative analysis of Kirby-Bauer assay results of S. 138 
typhimurium (Fig.2A) and S. newington (Fig.2B). Images from Kirby-Bauer assay and CBD produced ZOIs against S. 139 
typhimurium and S. newington (Fig.2C). Images from spot assay featuring S. typhimurium and S. newtington treated with 140 
decreasing concentrations (left to right) of CBD (Fig.2D).  141 

 142 

2.2 CBD Extract Reduces Bacterial Growth of Salmonella typhimurium and Salmo- 143 

nella newington 144 

To determine the effect of CBD on S. typhimurium and S. newington, cultures were treated 145 
with CBD at concentrations of 1.25 μg/mL, 0.125 μg/mL, 0.0125 μg/mL, or 0.00125 μg/mL. 146 
The optical density (OD600) was recorded using a spectrometer (Molecular Devices 147 
SpectraMax® ABS Plus) hourly for 6 h. Both S. typhimurium and S. newington cultures 148 
treated with CBD showed a significant reduction in OD600 within 6 h of treatment (Fig.3A, 149 
Fig.3B). It was even observed that in S. newington CBD, at concentration as low as 0.0125 150 
μg/mL, reduced bacterial growth over the 6-h period. These results suggest that S. 151 
newington might have a greater susceptibility to CBD than S. typhimurium whose MIC was 152 
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0.125 μg/mL. The reduction of OD600 signifies that CBD extract does exhibit antibacterial 153 
characteristics. The antibacterial effect on S. typhimurium and S. newington was observed 154 
to be dose-dependent with the OD600 increasing in correlation with decreased 155 
concentrations of CBD.  156 

 157 

 158 

Figure 3. Treatment of lag-phase S. typhimurium(Fig.3A) and S. newington (Fig.3B) with 159 
CBD. The effect of several CBD dilutions on OD600 was recorded in triplicate.    160 
 161 

2.3 Fluorescent DAPI staining of CBD Treated Salmonella Cells  162 

To examine the effect of CBD treatment on Salmonella cells, S. typhimurium and S. 163 
newington samples were treated with CBD at concentrations of 1.25 μg/mL, 0.125 μg/mL, 164 
or 0.0125 μg/mL. These samples were visualized using immunofluorescent 4',6- 165 
diamidino-2-phenylindole (DAPI) staining. This staining technique emits fluorescence 166 
when the stain binds to A-T rich DNA. This stain is membrane impermeable thus, 167 
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fluorescence represents compromised membrane integrity. DAPI staining confirmed that 168 
CBD treatment resulted in degradation of membrane integrity after 5 min and 30 min of 169 
treatment (Fig.4A, Fig.4B). Quantitative analysis using densitometry of these images 170 
showed increased DAPI fluorescence from the 5 min to the 30 min time points (Fig.4C). 171 
These images all indicate that CBD can successfully damage Salmonella cells outer 172 
lipopolysaccharide membranes. 173 
 174 

 175 
Figure 4A. Fluorescence microscopy of CBD treated Salmonella cells stained with DAPI. 176 
Images were acquired at the time points of 5 min. DAPI staining was utilized to assess 177 
membrane integrity following treatment with CBD. 178 
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 179 
 180 
Figure 4B. Fluorescence microscopy of CBD treated Salmonella cells stained with DAPI. 181 
Images were acquired at the time points of 30 min. DAPI staining was utilized to assess 182 
membrane integrity following treatment with CBD. 183 
 184 
 185 
 186 
 187 
 188 
 189 
 190 
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 191 
Figure 4C. Quantitative analysis of membrane integrity via densitometry analysis of 192 
fluorescence after DAPI staining.  193 
 194 

2.4 Comparative Study of CBD and Antibiotic Treatment Against Salmonella 195 

Salmonella infections are typically treated with broad spectrum antibiotics such as 196 
ampicillin, however the development of resistance to these treatments has become more 197 
prevalent thus, increasing the need for alternative treatments. To compare conventional 198 
antibiotics to CBD we conducted comparative kinetic studies to observe antibacterial 199 
activity. In this study Salmonella strains S. typhimurium and S. newington at an OD600 of 200 
0.5 were treated with the minimum inhibitory concentration (MIC) of ampicillin (0.5 201 
μg/mL) or CBD (0.125 μg/mL). Results suggested that CBD and ampicillin both 202 
successfully inhibited Salmonella growth in both strains (Fig.5). In comparison both 203 
treatments resulted in a similar OD600 after 6 h of treatment suggesting CBD was able to 204 
inhibit bacterial growth to an extent similar to ampicillin. 205 

 206 
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 207 
Figure 5. Comparative efficacy of CBD and antibiotic treatment of Salmonella typhimurium 208 
(Fig.5A) and Salmonella newington (Fig.5B). Salmonella cells were cultured overnight and 209 
then treated with either CBD or ampicillin. OD600 was measured hourly over a 6-h time 210 
period to observe bacterial growth following treatment.  211 
2.5 Developed Resistance of Salmonella to CBD Treatment  212 

A major concern with conventional antibiotic treatments is the development of resistance. 213 
To observe the development of resistance in Salmonella against CBD treatment extended 214 
kinetic studies were conducted over a span of 48 h. Salmonella strains S. typhimurium and 215 
S. newington were treated with ampicillin (MIC 0.5 μg/mL) or CBD (1.25 μg/mL, 0.125 216 
μg/mL, 0.0125 μg/mL, or 0.00125 μg/mL). Results confirmed a developed resistance to 217 
CBD in both Salmonella species (Fig.6). At concentrations of 1.25 μg/mL and 0.125 μg/mL 218 
of CBD resistance development was not observed until the 48 h time point. These results 219 
suggest that CBD was effective in killing Salmonella and decreasing the rate of resistance 220 
development in both Salmonella strains over the initial 24 h time period. At 0.0125 μg/mL, 221 
0.00125 μg/mL, and 0.000125 μg/mL concentrations of CBD there was no significant 222 
reduction in bacterial growth and resistance was developed after only 12 h of exposure in 223 
both Salmonella strains. These results suggest that both Salmonella strains were able to 224 
develop resistance quickly to low concentrations of CBD. 225 
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     226 

227 

 228 
Figure 6. Development of resistance to CBD and ampicillin treatment by S. typhimurium 229 
(Fig.6A) and S. newington (Fig.6B) examined through extend kinetics. Bacterial cultures 230 
were treated with either ampicillin, CBD dilutions, or dH2O. OD600 was recorded over a 231 
period of 48 h. 232 

 233 
1. Discussion 234 

The rapid increase of antibiotic and multidrug resistant bacterium over the early 21st 235 
century is a major threat to public health [30]. Knowing this, the study of potentially effi- 236 
cacious alternative therapeutics has been a topic of growing interest. C. sativa products, 237 
while typically associated with the treatment of neurological disorders, have shown 238 
promise as antibacterial agents against several notable pathogens [20-21]. Of the multiple 239 
metabolites of C. sativa, research suggests that CBD is the most promising [32-34]. This 240 
compound, unlike THC, holds no psychoactive properties but does possess antioxidant, 241 
anti-inflammatory, and antibacterial properties [22, 41, 42]. CBD’s antibacterial potential 242 
has shown some promise; however, research is relatively limited. Further investigation 243 
and confirmation of the specificity of this antibacterial activity is crucial as the field of 244 
medicine searches for new viable therapeutics for resistant bacterial infections.        245 

C. sativa products have exhibited a wide variety of applications in numerous fields. 246 
This study helps expand our knowledge of C. sativa derived CBD as an antibacterial agent 247 
against two common gram-negative pathogenic Salmonella strains. Salmonella spp. have 248 
significance in terms of resistance to antibiotics and standard treatment protocols making 249 
these infections a major threat to the preservation of public health [25, 28, 30]. Discovery 250 
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and development of novel antibacterial agents such as CBD are a major step towards the 251 
future of therapeutics in a world where antibiotics are no longer efficacious and cost ef- 252 
fective [20, 21]. This study serves primarily to determine the antibacterial potential of CBD 253 
against S. typhimurium and S. newington through plate assays, fluorescence microscopy, 254 
and kinetic assays. Additionally, this study examines the comparative antibacterial activ- 255 
ity of CBD and ampicillin as well as resistance development of S. typhimurium and S. 256 
newington against CBD treatments. 257 

 In this study, we confirm that CBD does exhibit antibacterial activity against S. typhi- 258 
murium and S. newington. This inference was derived from a combination of plate assays, 259 
fluorescence microscopy, and bacterial growth kinetic assays and thus allowed us to pro- 260 
pose a potential mechanism of this antibacterial activity. Plate assays consisted of the 261 
Kirby-Bauer assay and the Spot assay, both of which served as initial confirmation of bac- 262 
terial inhibition of S. typhimurium and S. newington. Once this inhibitory activity was ob- 263 
served, a fluorescence microscopy assay for membrane integrity was utilized. This assay 264 
utilized DAPI stain, a membrane impermeable DNA binding stain. Fluorescence of the 265 
DAPI stain confirmed that CBD treatment of S. typhimurium and S. newington resulted in 266 
a loss of membrane integrity and cell death. Thus proofing our hypothesis that the CBD 267 
treatment leads to membrane disruption, and this mechanism has been reported by other 268 
researchers as the antibacterial mechanism of action of CBD [36]. Finally, kinetic assays 269 
were conducted to examine the effect of CBD treatment on lag-phase S. typhimurium and 270 
S. newington over a span of 6 h. Once again, it was observed that CBD was effective in 271 
growth inhibition of both species in 6 h period with a MIC of 0.0125 μg/mL in S. typhi- 272 
murium and 0.125 μg/mL in S. newington. These findings confirm that CBD does possess 273 
antibacterial activity through mechanisms similarly described in other gram-negative bac- 274 
terial species [20 -21, 36].  275 

 An important facet of this study was the comparison between CBD and broad-spec- 276 
trum antibiotic treatment. In this study we examined the comparative kinetics between 277 
CBD treatment and ampicillin treatment of S. typhimurium and S. newington. Results of 278 
these kinetic studies concluded that both CBD and ampicillin at their MIC concentrations 279 
are successful at inhibition of S. typhimurium and S. newington growth. It is important to 280 
note that the MIC concentration of ampicillin (0.5 μg/mL) is significantly higher than the 281 
MIC of CBD (0.125 μg/mL) (Fig. 5). To further investigate the comparative efficacy of a 282 
novel therapeutic agent (i.e. CBD in this study) and a standard treatment (such as ampi- 283 
cillin), it was important to examine the resistance development of the pathogen to the 284 
therapeutic agents. To examine the resistance of S. typhimurium and S. newington against 285 
CBD and ampicillin treatments, extended growth kinetics under different dosages of CBD 286 
were carried out over a 48 h period (see Fig. 6). These results varied across the two strains 287 
of Salmonella that were used. In S. typhimurium, CBD concentrations of 1.25 μg/mL and 288 
0.125 μg/mL, were able to inhibit bacterial growth over the span of 24 h after a single 289 
treatment. These results are similar to the growth kinetics we observed with ampicillin 290 
treatment after 24 h. Whereas lower concentrations of CBD showed a rapid rise in growth 291 
following 12 h of treatment, suggesting a rapid development of resistance. After 48 h of 292 
exposure to CBD treatment S. typhimurium had developed resistance, suggested by rapid 293 
rise in OD600 at the 48 h time point, to all CBD treatments and the ampicillin treatment. 294 
This result is consistent with literature on S. typhimurium, which accounts for 59% of all 295 
ampicillin-resistant Salmonella infections in the United States [30]. These results raise the 296 
question of what mechanism does S. typhimurium develop to resist the antibacterial activ- 297 
ity of CBD. Literature has suggested several mechanisms for S. typhimurium resistance to 298 
antibiotics including the multidrug efflux pump AcrAB, OXA-1 β -lactamase, and other 299 
beta-lactamase genes (bla). Ampicillin, a beta-lactam class antibiotic, kills bacteria through 300 
binding to penicillin-binding-proteins in the cytoplasmic membrane [43-45]. This mecha- 301 
nism of resistance relies on the inner mechanisms of the bacterial cell, whereas we hypoth- 302 
esize that CBDs antibacterial activity is a result of membrane disruption. In this work, we 303 
demonstrated that the antibacterial activity of CBD was generated through membrane 304 
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integrity disruption. Therefore, we suggest that S. typhimurium resistance to CBD might 305 
be conferred through a resistance mechanism different from that of ampicillin-resistance 306 
mechanism of this bacteria. This could be a significant in the application of CBD as a ther- 307 
apeutic agent against ampicillin resistant S. typhimurium or in a potential co-therapy de- 308 
signed with CBD and ampicillin. Co-therapies typically reduce the ability of bacteria to 309 
persist due to bacteria having to rapidly develop multiple resistance mechanisms [27, 46- 310 
49]. This further buttress the need to employ CBD in a potential CBD-antibiotic co-therapy 311 
once the resistance mechanism of CBD is fully understood. The extended kinetics of S. 312 
newington revealed that this strain was more susceptible to CBD treatments of 1.25 μg/mL, 313 
0.125 μg/mL, and 0.0125 μg/mL 24 h after treatment. However, at the 48-h time point there 314 
was a strong development of resistance in all CBD treatments but no resistance develop- 315 
ment to ampicillin. These results suggest that the mechanism of resistance is different be- 316 
tween ampicillin and CBD (Fig. 6). Further study to characterize the resistance developed 317 
by S. typhimurium and S. newington against CBD is important to understand how to re- 318 
sponsibly develop this potential therapeutic agent.    319 

 Previous literature has outlined the potential of CBD against several, mostly gram- 320 
positive bacterial pathogens including Staphylococcus aureus, Streptococcus pneumoniae, and 321 
Clostridiosis difficile [20-21]. This study focused on a relevant gram-negative pathogen, Sal- 322 
monella, whose tolerance of CBD has not previously been studied. As we continue to ex- 323 
plore potential antibacterial agents it is essential that we explore the effectiveness of these 324 
agents against a multitude of diverse bacterial pathogens. Considering this, our study 325 
confirms that CBD does have antibacterial activity against two gram-negative Salmonella 326 
strains, filling a valuable gap in our knowledge of CBD as an antibacterial agent. While 327 
this study illuminates the potential of CBD as a therapeutic and fills a void in current 328 
literature, future work is necessary for further development of this bioactive compound 329 
as a therapeutic agent.  330 

 While our study was successful in determining the presence of CBD’s antibacterial 331 
activity against S. typhimurium and S. newington there were limitations. One limitation is 332 
the specific resistance mechanism of S. typhimurium and S. newington against CBD was not 333 
investigated in this study. This study simply determined the ability of our Salmonella 334 
strains to develop resistance against the CBD treatments administered and did not to de- 335 
fine the mechanism of resistance. The development of CBD as a novel therapeutic option 336 
will require further study and characterization. Some relevant studies for the progression 337 
of CBD as a potential therapeutic include resistance mechanisms to CBD, cytotoxicity of 338 
CBD especially to in co-therapy situations , immunological response to CBD treatment, 339 
CBD function in pathophysiological conditions, and in vivo models. These future studies 340 
will serve to further expand our knowledge of CBD as an antibacterial agent with poten- 341 
tial therapeutic benefit.  342 

 343 
4.0 Materials and Methods  344 

4.1 CBD Extraction  345 
CBD extraction was carried out by Sustainable CBD LLC. C. sativa biomass was 346 

weighed, tagged, and recorded in a receiving trailer for processing. Following storage, the 347 
biomass was reduced to between 200-500 microns and underwent CO2 extraction in an 348 
Apeks Transformer for subcritical extraction (Gibraltar Industries Inc., Buffalo, NY, USA). 349 
Subcritical extraction was carried out at a target pressure of 1,200 psi, chiller temperature 350 
of 20-25°C, Propylene Glycol percentage of 10%, orifice size of 22, resultant separator pres- 351 
sure of 350-400 psi, resultant separator temperature of -6-4°C, for an extraction time of 352 
approximately 2-3 h. Following subcritical extraction, samples were prepared for decar- 353 
boxylation prior to supercritical extraction. Hemp biomass was placed in the oven for ap- 354 
proximately 100 min at 265°C to decarboxylate. Once decarboxylation has been carried 355 
out Apeks Transformer was utilized for supercritical extraction (Gibraltar Industries Inc., 356 
Buffalo, NY, USA). Supercritical extraction was carried out at a target pressure of 1,800 357 
psi, chiller temperature of 37-42°C, propylene glycol percentage of 10%, orifice size of 18, 358 
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resultant separator pressure of 350-400 psi, resultant separator temperature of 0-10°C, for 359 
an extraction time of approximately 1-2 h per pound of material. The resulting material 360 
then underwent winterization through addition of ethanol to the crude extract. This sam- 361 
ple was frozen and then filtered through Buchner funnels and remaining ethanol is evap- 362 
orated using a Heidolph rotary evaporator (Heidolph Instruments GmbH & Co.KG, Kel- 363 
heim, Germany). Distillation was carried out using the Lab Society 5L short path distilla- 364 
tion unit (Lab Society, Boulder, CO, USA) for further refinement. The resulting product 365 
of this procedure is winterized cannabinoid [50]. 366 

 367 
4.2 Gas Chromatography Analysis of CBD  368 
CBD extracts were analyzed by Gas Chromatograph (GC)/ Mass Spectrometry (MS) 369 

using Agilent 6890N GC and Agilent 5975 MS (Agilent Technologies Inc., Santa Clara, CA, 370 
USA) with a Restek Rxi-5Sil MS with integra guard column (15 m, 0.250 mmID, 0.25 μm 371 
df) (Restek Corporation, Centre County, PA, USA). A solution of Restek Qualitative Re- 372 
tention Time Index Standard (Restek Corporation, Centre County, PA, USA) was used to 373 
create the retention time index. The temperature of the injection port was set at 280 °C and 374 
the helium gas flow was constant at 1.1 mL/min. The samples were injected in split mode 375 
(2:1) with a volume of 1μL of sample. The GC oven temperature was programmed as fol- 376 
lows: initial temperature of 70 °C for 4 min, ramp to 200 °C at 20 °C/min, ramp to 300 °C 377 
at 8 °C/min, ramp to 325 °C at 50 °C/min with a 5-minute hold, thus requiring a total run 378 
time of 30.5 min. The MS transfer line was set to 250 °C, source to 230 °C, and quads to 379 
150 °C. The raw data was processed and analyzed using Agilent Enhanced ChemStation 380 
software (Agilent Technologies Inc., Santa Clara, CA, USA). The NIST 2.0 library was used 381 
with AMDIS for compound identification. 382 

 383 
4.3 Plate Assays for Antibacterial Screening of CBD 384 
To qualitatively determine the antibacterial potential of CBD against Salmonella typhi- 385 

murium and Salmonella newington plate assays were utilized. Prior to the assays, CBD was 386 
serially diluted to the concentrations of 1.25 μg/mL, 0.125 μg/mL, 0.0125 μg/mL, or 0.00125 387 
μg/mL. Bacterial strains S. typhimurium and S. newington were incubated until the late log- 388 
phase (OD>1) in sterile Luria broth (BD Difco, Franklin Lakes, NJ, USA).  389 

To conduct the Kirby-Bauer assay plates were inoculated with overnight cultures of 390 
either S. typhimurium or S. newington and top agar (BD Difco, Franklin Lakes, NJ, USA) to 391 
create a bacterial lawn. These plates are then divided into quarters representing the four 392 
CBD dilutions (1.25 μg/mL, 0.125 μg/mL, 0.0125 μg/mL, or 0.00125 μg/mL).  Sterile paper 393 
discs were soaked in a designated dilution of CBD or treated with dH2O (Control) and 394 
then applied to the agar plates in triplicate. The result is three discs per CBD dilution on 395 
the agar plate. Plates were then incubated at 37°C for 24 h, and bacterial growth was ob- 396 
served to determine zones of inhibition (ZOI) around the CBD treated discs [51-53]. ZOIs 397 
were quantitatively assessed using ImageJ (NIH Image, Bethesda, Maryland). This assay 398 
was completed in triplicate.  399 

For further confirmation of antibacterial activity, spot assays were conducted using 400 
lag-phase S. typhimurium and S. newington cultures (OD>1). Sterile agar plates were inoc- 401 
ulated with a four 10μL aliquots of S. typhimurium or S. newington. Each ‘dot’ was then 402 
inoculated with 10μL of one of the four dilutions (1.25 μg/mL, 0.125 μg/mL, 0.0125 μg/mL, 403 
or 0.00125 μg/mL) of CBD. Each culture was also spotted and treated with 10uL of dH2O 404 
as the control. The plate was then incubated for 24 h at 37°C and observed for inhibition 405 
of bacterial growth [54]. This assay was completed in triplicate.  406 

 407 
4.4 Fluorescence Microscopy of CBD Treated Salmonella Cells  408 
To visualize the effects of CBD treatment on Salmonella cells fluorescence microscopy 409 

was utilized. Salmonella cells were fixed and stained using DAPI (4’,6-diamidino-2-phe- 410 
nylindole) to determine cell membrane integrity. DAPI stain binds exclusively to dsDNA 411 
which is only accessible as a result of compromised membrane integrity and expulsion of 412 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 28 March 2022                   doi:10.20944/preprints202203.0367.v1

https://doi.org/10.20944/preprints202203.0367.v1


 14 of 17 
 

 

the cytoplasmic material including the nucleus out of the cell. Visualization of DAPI flu- 413 
orescence under the fluorescence microscope (Biotek Cytation™ 3 Automated Fluores- 414 
cence Microscope) (Agilent Technologies Inc., Santa Clara, CA, USA) confirms cell mem- 415 
brane damage and hence cell death. Salmonella cells were treated with CBD dilutions (1.25 416 
μg/mL, 0.125 μg/mL, or 0.0125 μg/mL) or left untreated (control). Following treatment 417 
cells were fixed at either 5 min or 30 min and assessed using fluorescence microscopy. 418 

 419 
4.5 Bacterial Growth Kinetics  420 
To study bacterial growth kinetics a 96 well plate (Fisherbrand, Fisher Scientific, 421 

Fair Lawn, NJ, USA) was inoculated with 180μL of overnight bacterial cultures of either 422 
S. typhimurium or S. newington at an OD600≈0.5. The cultures were then incubated at 37°C 423 
with rotary shaking at 121 rpm. Measurements of bacterial density (OD600) were taken 424 
every hour for 6 h and again at the 12 h, 24 h, and 48 h time points using a spectrometer 425 
(Molecular Devices SpectraMax® ABS Plus) (Molecular Devices LLC., San Jose, CA, USA). 426 
This experiment was completed in triplicate.  427 

 428 
4.6 Bacterial Growth Kinetics in the Prescence of CBD  429 
To study how CBD affects bacterial growth kinetics, three 96 well plates were inocu- 430 

lated with overnight bacterial cultures of either S. typhimurium or S. newington at an 431 
OD600≈0.5. These cultures were then treated with varying concentrations of CBD (1.25 432 
μg/mL, 0.125 μg/mL, 0.0125 μg/mL, or 0.00125 μg/mL). The cultures were then incubated 433 
at 37°C with rotary shaking at 121 rpm. Measurements of bacterial density (OD600) were 434 
taken hourly for 6 h and at the 12 h, 24 h, and 48 h time points using a spectrometer (Mo- 435 
lecular Devices SpectraMax® ABS Plus). This experiment was completed in triplicate. 436 

 437 
4.7 Comparative Bacterial Growth Kinetics in the Prescence of Ampicillin or CBD  438 
To study how Ampicillin affects bacterial growth kinetics three 96 well plates were 439 

inoculated with overnight bacterial cultures of either S. typhimurium or S. newington at an 440 
OD600≈0.5. These cultures were then treated with either Ampicillin (0.5 μg/mL) or CBD 441 
(0.125 μg/mL). The cultures were then incubated at 37°C with rotary shaking at 121 rpm. 442 
Measurements of bacterial density (OD600) were taken hourly for 6 h and at 24 h and 48 443 
h time points using a spectrometer (Molecular Devices SpectraMax® ABS Plus). This ex- 444 
periment was completed in triplicate. 445 

 446 
4.8 Statistical Analysis 447 
All experiments were performed on independent biological replicates. Statistical sig- 448 

nificance was determined for control and experimental groups using paired sample t-test. 449 
Data points were excluded if contamination was identified. Statistical analyses were pre- 450 
formed using OriginPro Plus version 2021b (OriginLab Corporation, North Hampton, 451 
MA, USA).      452 

 453 
5. Conclusion  454 

As this facultative anaerobe continues to cause serious public health problems, the 455 
need to investigate Salmonella has received much scientific scrutiny [55-58]. In this study, 456 
we demonstrated the antibacterial activity of CBD against two relevant pathogenic bacte- 457 
ria, S. typhimurium and S. newington. Despite the scarce knowledge of the molecular 458 
mechanisms of CBD’s mode of action, we propose that the antibacterial activity might be 459 
due to membrane integrity disruption, and this was verified through the utilization of 460 
plate assays, fluorescence microscopy, and kinetic studies. These experiments confirmed 461 
that CBD has antibacterial activity against our target bacteria. Additionally, our compar- 462 
ative studies showed that CBD has antibacterial activity similar to ampicillin with a MIC 463 
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roughly one-fifth of ampicillins. Finally, we observed the resistance development of S. 464 
typhimurium and S. newington against CBD treatment. Resistance development was ob- 465 
served after 48 h but results suggest that Salmonella resistance to CBD is conferred through 466 
a different mechanism that antibiotic resistance. These results posed the question of CBD- 467 
antibiotic co-therapy as a potential novel application. This study further progresses our 468 
current knowledge on the effectiveness of CBD as an antibacterial agent and demonstrates 469 
the effectiveness of CBD against gram-negative bacterium, S. typhimurium and S. newing- 470 
ton.  471 

 472 
Author Contributions: Conceptualization, JAA; methodology, LG and JAA; software, LG and JAA; 473 
validation, OA and MS; formal analysis, LG, JAA, OA, JX and MS; investigation, LG, JAA, OA and 474 
MS; resources, JAA, OA, RV and MS; data curation, LG, JAA, OA, JX and MS.; writing—original 475 
draft preparation, LG; writing—review and editing, LG and JAA; visualization, LG and JAA.; su- 476 
pervision, JAA and MS; project administration, OA and MS.; funding acquisition, OA and MS. All 477 
authors have read and agreed to the published version of the manuscript. 478 

Funding: This research was funded by United States Department of Education, Title III- HBGI-RES, 479 
and National Science Foundation; and HBCU-RISE; grant number: 1646729.  480 

Informed Consent Statement: Not applicable.  481 
Data Availability Statement: Data is contained within the article. 482 

Acknowledgments: The authors acknowledge Professor Derrick Dean, Professor Vida Dennis for 483 
their HBCU-RISE grant support. We also acknowledge Alabama State University, C-STEM for sup- 484 
plies and Laboratory space. The authors acknowledge receiving funding from United States Depart- 485 
ment of Education, Title III- HBGI-RES. 486 

Conflicts of Interest: The authors declare no conflict of interest. 487 

Sample Availability: Samples of the compounds are available from the authors. 488 

References 489 
 490 

1. Long, T., Wagner, M., Demske, D. et al. Cannabis in Eurasia: origin of human use and Bronze Age trans-continental connections. 491 
Veget Hist Archaeobot 26, 245–258 (2017). https://doi.org/10.1007/s00334-016-0579-6 492 

2. Zuardi, A.W. (2006) History of cannabis as a medicine: a review. Rev Bras Psiquiatr. 28:153-157. 493 
3. Crini, G., Lichtfouse, E., Chanet, G. et al. Applications of hemp in textiles, paper industry, insulation and building materials, 494 

horticulture, animal nutrition, food and beverages, nutraceuticals, cosmetics and hygiene, medicine, agrochemistry, energy 495 
production and environment: a review. Environ Chem Lett 18, 1451–1476 (2020). https://doi.org/10.1007/s10311-020-01029-2 496 

4. Rehman, M., Fahad, S., Du, G. et al. Evaluation of hemp (Cannabis sativa L.) as an industrial crop: a review. Environ Sci Pollut 497 
Res 28, 52832–52843 (2021). https://doi.org/10.1007/s11356-021-16264-5 498 

5. Aldrich M. (1997) History of therapeutic cannabis. In: Mathre ML, eds. Cannabis in medical practice. Jefferson, NC: Mc Farland: 499 
35-55. 500 

6. Brand, J.E., Zhao, Z. “Cannabis in Chinese Medicine: Are Some Traditional Indications References in Ancient Literature Related 501 
to Cannabinoids”. Frontiers in Pharmacology 8, 1663-9812 (2017). https://doi.org/10.3389/fphar.2017.00108 502 

7. Amar MB (2006) Cannabinoids in medicine: A review of their therapeutic potential. Journal of Ethnopharmacology 105: 1–25. 503 
8. World Health Organization (2019), Annex 1: Extract from the Report of the 41st Expert Committee on Drug Dependence: Can- 504 

nabis and cannabis related substances, p. 4, https://www.who.int/medicines/access/controlled-substances/An- 505 
nex_1_41_ECDD_recommendations_cannabis_22Jan19 pdf 506 

9. Clementi, A. High Time for a Change: How the Relationship Between Signatory Countries and the United Nations Conventions 507 
Governing Narcotic Drugs Must Adapt to Foster a Global Shift in Cannabis Law, 46 Brook. J. Int'l L. 603 (2021). 508 

10. Scadron, T. E., & Koelble, T. ( 2018). Bongalong: Marketing cannabis products in a stigmatized environment. GSB: 2018-5. Cape 509 
Town, South Africa: Graduate School of Business, University of Cape Town. 510 

11. Geiger-Oneto, S. and Sprague, R. (2020), Cannabis Regulatory Confusion and Its Impact on Consumer Adoption. Am Bus Law 511 
J, 57: 735-772. https://doi.org/10.1111/ablj.12171 512 

12. Peters, J. and Chien, J. "Contemporary Routes of Cannabis Consumption: A Primer for Clinicians" Journal of Osteopathic Med- 513 
icine, vol. 118, no. 2, 2018, pp. 67-70. https://doi.org/10.7556/jaoa.2018.020 514 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 28 March 2022                   doi:10.20944/preprints202203.0367.v1

https://doi.org/10.20944/preprints202203.0367.v1


 16 of 17 
 

 

13. Kalant,H. "Medicinal Use of Cannabis: History and Current Status", Pain Research and Management, vol. 6, Article ID 469629, 515 
12 pages, 2001. https://doi.org/10.1155/2001/469629 516 

14. Solimini, R., Rotolo, M.C., Pichini, S., Pacifici, R. “Neurological Disorders in Medical Use of Cannabis: An Update”. CNS & 517 
Neurological Disorders- Drug Targets 16, 527-533(7). 2017. https://doi.org/10.2174/1871527316666170413105421 518 

15. Fiani, B., Sarhadi, K.J., Soula, M. et al. Current application of cannabidiol (CBD) in the management and treatment of neurolog- 519 
ical disorders. Neurol Sci 41, 3085–3098 (2020). https://doi.org/10.1007/s10072-020-04514-2 520 

16. Waskow IE, Olsson JE, Salzman C, Katz MM. Psychological Effects of Tetrahydrocannabinol. Arch Gen Psychiatry. 1970;22(2):97– 521 
107. doi:10.1001/archpsyc.1970.01740260001001 522 

17. Karniol I, G, Shirakawa I, Takahashi R, N, Knobel E, Musty R, E: Effects of Δ<sup>9</sup>-Tetrahydrocannabinol and Canna- 523 
binol in Man. Pharmacology 1975;13:502-512. doi: 10.1159/000136944 524 

18. Gray, R.A. and Whalley, B.J. (2020), The proposed mechanisms of action of CBD in epilepsy. Epileptic Disorders, 22: S10- 525 
S15. https://doi.org/10.1684/epd.2020.1135 526 

19. Pichini, S., Malaca, S., Gottardi, M., Pérez-Acevedo, A.P., Papaseit, E., Perez-Maña, C., Farré, M., Pacifici, R., Tagliabracci, A., 527 
Mannocchi, G., Busardò, F.P. UHPLC-MS/MS analysis of cannabidiol metabolites in serum and urine samples. Application to 528 
an individual treated with medical cannabis, Talanta, Volume 223, Part 2, 2021, 121772, ISSN 0039-9140, 529 
https://doi.org/10.1016/j.talanta.2020.121772.  530 

20. Appendino, G., Gibbons, S., Giana, A., Pagani, A., Grassi, G., Stavri, M., Smith, E., Rahman, M.M. Antibacterial Cannabinoids 531 
from Cannabis sativa: A Structure−Activity Study. Journal of Natural Products 2008 71 (8), 1427-1430. DOI: 10.1021/np8002673 532 

21. Blaskovich, M.A.T., Kavanagh, A.M., Elliott, A.G. et al. The antimicrobial potential of cannabidiol. Commun Biol 4, 7 (2021). 533 
https://doi.org/10.1038/s42003-020-01530-y 534 

22. van Klingeren, B., ten Ham, M. Antibacterial activity of Δ9-tetrahydrocannabinol and cannabidiol. Antonie van Leeuwen- 535 
hoek 42, 9–12 (1976). https://doi.org/10.1007/BF00399444 536 

23. Iseppi, R.; Brighenti, V.; Licata, M.; Lambertini, A.; Sabia, C.; Messi, P.; Pellati, F.; Benvenuti, S. Chemical Characterization and 537 
Evaluation of the Antibacterial Activity of Essential Oils from Fibre-Type Cannabis sativa L. (Hemp). Molecules 2019, 24, 2302. 538 
https://doi.org/10.3390/molecules24122302 539 

24. Livermore, D.M. Has the era of untreatable infections arrived?, Journal of Antimicrobial Chemotherapy, Volume 64, Issue suppl_1, 540 
September 2009, Pages i29–i36, https://doi.org/10.1093/jac/dkp255 541 

25. WHO. (2020). Antimicrobial Resistance. https://www.who.int/healthtopics/antimicrobial-resistance   542 
26. Ayariga, J.A., Gildea, L., Wu, H. and Villafane, R., 2021. The Ɛ34 Phage Tailspike Protein: An in vitro characterization, Structure 543 

Prediction, Potential Interaction with S. newington LPS and Cytotoxicity Assessment to Animal Cell Line. bioRxiv 544 
27. Gildea, L., Ayariga, J.A., Robertson, B.K., Villafane, R. (2022). P22 Phage Shows Promising Antibacterial Activity under Patho- 545 

physiological Conditions. Archives of Microbiology and Immunology 6 (2022): 81-100.  546 
28. Ardal C, B. M., Laxminarayan R, McAdams D, Outterson K et al. (2019). Antibiotic Development- Economic, regulatory, and 547 

societal challenges. National Review Microbiology.  548 
29. Sharland MGS, H. B., Moja L, Pulcini C, Zeng M et al. (2019). Eml expert committee and antibiotic Working Group. Essential 549 

Medicines list becomes a global antibiotic stewardship tool. Lancet Infectious Disease. (19), 1278-1280.  550 
30. CDC. (2019). Antibiotic Resistance threats in the United States. https://www.cdc.gov/DrugResistance/Biggest-Threats.html  551 
31. Slayton, R. B., Toth, D., Lee, B. Y., Tanner, W., Bartsch, S. M., Khader, K., Wong, K., Brown, K., McKinnell, J. A., Ray, W., Miller, 552 

L. G., Rubin, M., Kim, D. S., Adler, F., Cao, C., Avery, L., Stone, N. T., Kallen, A., Samore, M., Huang, S. S., Jernigan, J. A. (2015). 553 
Vital Signs: Estimated Effects of a Coordinated Approach for Action to Reduce Antibiotic-Resistant Infections in Health Care 554 
Facilities - United States. MMWR. Morbidity and mortality weekly report, 64(30), 826–831. 555 

32. White, C.M. (2019), A Review of Human Studies Assessing Cannabidiol's (CBD) Therapeutic Actions and Potential. The Journal 556 
of Clinical Pharmacology, 59: 923-934. https://doi.org/10.1002/jcph.1387 557 

33. Watt, G., Karl, T. (2017), In vivo Evidence for Therapeutic Properties of Cannabidiol (CBD) for Alzheimer’s Disease. Frontiers in 558 
Pharmocology. 8. https://doi.org/10.3389/fphar.2017.00020 559 

34. Solowij, N., Broyd, S.J., Beale, C., Prick, J.A., Greenwood, L.M., van Hell, H., Suo, C., Galettis, P., Pai, N., Fu, S., Croft, R.J., 560 
Martin, J.H., Yücel, M. (2018) Therapeutic Effects of Prolonged Cannabidiol Treatment on Psychological Symptoms and Cogni- 561 
tive Function in Regular Cannabis Users: A Pragmatic Open-Label Clinical Trial. Cannabis and Cannabinoid Research 3:1, 21-34 562 

35. World Health Organization. (2018) Cannabidiol (CBD): Critical Review Report: Expert Committee on Drug Dependence, Forti- 563 
eth Meeting. 564 

36. Kosgodage, U.S., Matewele, P., Awamaria, B. Kraev, I., Warde, P., Mastroianni, G., Nunn, A.V., Guy, G.W. (2019). Cannabidiol 565 
Is a Novel Modulator of Bacterial Membrane Vesicles. Frontiers in Cellular and Infection Microbiology, 9:2235-2988. 566 
https://doi.org/10.3389/fcimb.2019.00324 567 

37. Bryan, F.L.; Foodborne Diseases in the United States Associated with Meat and Poultry. J Food Prot 1 February 1980; 43 (2): 140– 568 
150. doi: https://doi.org/10.4315/0362-028X-43.2.140 569 

38. Heinitz, M.L., Ruble, R.D., Wagner, D.E., Tatini, S.R; Incidence of Salmonella in Fish and Seafood. J Food Prot 1 May 2000; 63 (5): 570 
579–592. doi: https://doi.org/10.4315/0362-028X-63.5.579 571 

39. Park S. Y., C. L. Woodward, L. F. Kubena, D. J. Nisbet, S. G. Birkhold & S. C. Ricke (2008) Environmental Dissemination of 572 
Foodborne Salmonella in Preharvest Poultry Production: Reservoirs, Critical Factors, and Research Strategies, Critical Reviews 573 
in Environmental Science and Technology, 38:2, 73-111, DOI: 10.1080/10643380701598227 574 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 28 March 2022                   doi:10.20944/preprints202203.0367.v1

https://doi.org/10.20944/preprints202203.0367.v1


 17 of 17 
 

 

40. White, D.G., Zhao, S., Sudler, R., Ayers, S., Friedman, S., Chen, S., McDermott, P., McDermott, S., Wagner, D., Meng, J. (2001) 575 
The Isolation of Antibiotic-Resistant Salmonella from Retail Ground Meats. N Engl J Med 2001; 345:1147-1154. DOI: 576 
10.1056/NEJMoa010315 577 

41. Atalay, S.; Jarocka-Karpowicz, I.; Skrzydlewska, E. (2020) Antioxidative and Anti-Inflammatory Properties of Cannabidiol. An- 578 
tioxidants 2020, 9, 21. https://doi.org/10.3390/antiox9010021 579 

42. di Giacomo, V.; Recinella, L.; Chiavaroli, A.; Orlando, G.; Cataldi, A.; Rapino, M.; Di Valerio, V.; Politi, M.; Antolini, M.D.; 580 
Acquaviva, A.; Bacchin, F.; Di Mascio, M.; Leone, S.; Brunetti, L.; Menghini, L.; Carradori, S.; Zengin, G.; Ak, G.; Ferrante, C. 581 
(2021) Metabolomic Profile and Antioxidant/Anti-Inflammatory Effects of Industrial Hemp Water Extract in Fibroblasts, 582 
Keratinocytes and Isolated Mouse Skin Specimens. Antioxidants 2021, 10, 44. https://doi.org/10.3390/antiox10010044 583 

43. Nikaido, H., Basina, M., Nguyen, V., Rosenberg, E.Y. (1998) Multidrug Efflux Pump AcrAB of Salmonella typhimurium Excretes 584 
Only Those β-Lactam Antibiotics Containing Lipophilic Side Chains. Journal of Bacteriology 180, 17 (1998). 585 
https://doi.org/10.1128/JB.180.17.4686-4692.1998 586 

44. Ruiz, J., Capitano, L., Nuñez, L., Castro, D., Sierra, J.M., Hatha, M., Borrego, J.J., Vila, J. (1999) Mechanisms of resistance to 587 
ampicillin, chloramphenicol and quinolones in multiresistant Salmonella typhimurium strains isolated from fish , Journal of 588 
Antimicrobial Chemotherapy, Volume 43, Issue 5, May 1999, Pages 699–702, https://doi.org/10.1093/jac/43.5.699 589 

45. Eguale, T., Birungi, J., Asrat, D. et al. (2017) Genetic markers associated with resistance to beta-lactam and quinolone antimicro- 590 
bials in non-typhoidal Salmonella isolates from humans and animals in central Ethiopia. Antimicrob Resist Infect Control 6, 13 591 
(2017). https://doi.org/10.1186/s13756-017-0171-6 592 

46. Lukacik, P., Barnard, T. J., Keller, P. W., Chaturvedi, K. S., Seddiki, N., Fairman, J. W., Noinaj, N., Kirby, T. L., Henderson, J. P., 593 
Steven, A. C., Hinnebusch, B. J., & Buchanan, S. K. (2012). Structural engineering of a phage lysin that targets gram negative 594 
pathogens. Proc Natl Acad Sci U S A, 109(25), 9857-9862. https://doi.org/10.1073/pnas.1203472109  595 

47. Lin, D. M., Koskella, B., & Lin, H. C. (2017). Phage therapy: An alternative to antibiotics in the age of multi-drug resistance. 596 
World J Gastrointest Pharmacol Ther, 8(3), 162-173. https://doi.org/10.4292/wjgpt.v8.i3.162  597 

48. Ghosh, C., Sarkar, P., Issa, R., & Haldar, J. (2019). Alternatives to Conventional Antibiotics in the Era of Antimicrobial Resistance. 598 
Trends Microbiol, 27(4), 323-338. https://doi.org/10.1016/j.tim.2018.12.010  599 

49. D'Accolti, M., Soffritti, I., Mazzacane, S., & Caselli, E. (2021). Bacteriophages as a Potential 360-Degree Pathogen Control Strat- 600 
egy. Microorganisms, 9(2). https://doi.org/10.3390/microorganisms9020261  601 

50. Sustainable CBD LLC. (2020) Sustainable CBD LLC Standard of Procedures (SOP) 1-6. 602 
51. Kirby, W.M.M., Yoshihara, G.M., Sundsted, K.S., Warren, J.H. (1957). Clinical Usefulness of a Single Disc Method for Antibiotic 603 

Sensitivity Testing. Antibiotics Annual. 1956-1957:892 604 
52. Clinical Laboratory Standards Institute. (2006). Performance Standards for Antimicrobial Disk Susceptibility Tests; Approved 605 

Standards-9th ed. CLSI document M2-A9.  606 
53. Jorgensen, J.H., Turnidge, J.D. (2007). Susceptibility Test Methods: Dilution and Disk Diffusion Methods. Manual of Clinical 607 

Microbiology, (9):1152-1172.  608 
54. Powell, R., Neilan, J., Gannon, F. (1986) Plaque dot assay, Nucleic Acids Research, Volume 14, Issue 3, 11 February 1986, Page 609 

1541, https://doi.org/10.1093/nar/14.3.1541 610 
55. Mittrücker, H.W. and Kaufmann, S.H., 2000. Immune response to infection with Salmonella typhimurium in mice. Journal of 611 

leukocyte biology, 67(4), pp.457-463. 612 
56. Pui, C.F., Wong, W.C., Chai, L.C., Tunung, R., Jeyaletchumi, P., Hidayah, N., Ubong, A., Farinazleen, M.G., Cheah, Y.K. and 613 

Son, R., 2011. Salmonella: A foodborne pathogen. International Food Research Journal, 18(2). 614 
57. Ayariga J. A, Gildea L, Villafane R. Ɛ34 Phage Tailspike Protein is Resistant to Trypsin and Inhibits Salmonella Biofilm For- 615 

mation. Enliven: Microb Microbial Tech. 2022; 9(2): 002.  616 
58. Ayariga, J.A., Abugri, D., Amrutha, B. and Villafane, R., 2022. Capsaicin potently blocks Salmonella typhimurium invasion of 617 

Vero cells. bioRxiv. doi: https://doi.org/10.1101/2022.01.02.474733  618 
 619 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 28 March 2022                   doi:10.20944/preprints202203.0367.v1

https://doi.org/10.20944/preprints202203.0367.v1

