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Abstract  

Antimicrobial resistance is increasing within the porcine industry with consequential high impact on 

human health, leading to a need for new antimicrobials. Lately, the scientific community has turned 

its interest towards natural compounds, and different essential oils have been tested on spermatozoa 

for preliminary assessment of toxicity before considering them as good substitutes for standard 

antibiotics. The aim of the present work was to investigate the potential antimicrobial effect of 

Melaleuca alternifolia and Rosmarinus officinalis essential oils, already evaluated for toxicity, on 

swine artificial insemination doses deprived of spermatozoa and stored at 16 °C for 5 days. This was 

accomplished by setting up an in vitro model with a standardized quantity of E. coli. Essential oils, 

previously chemo-characterized by means of gas chromatography, were tested at 0.2 and 0.4 mg/ml. 

Analyses, performed at 24 and 120 hours, included optical density evaluation, bacterial DNA 

quantification by qPCR, and colony count. The results demonstrate that both Melaleuca alternifolia 

and Rosmarinus officinalis essential oils, at a concentration of 0.4 mg/ml, are capable of delivering 

similar effects to ampicillin, used as control, on the experimental samples. At the lower concentration, 

M. alternifolia essential oil seemed more effective when compared to R. officinalis. Overall, these 

findings strengthen the hypothesis of the potential use of phyto-complexes as antimicrobial agents 

for reproductive biotechnologies. 
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1. Introduction 

More than the 90% of the global porcine industry uses standard artificial insemination technologies 

in order to satisfy the growing request for porcine meat. This involves, inevitably, the constant 

necessity for the development of advanced and cost effective strategies, especially regarding sperm 

conservation. Although good hygienic practices for ejaculate sampling allow for controlled bacterial 

contamination (Schulze et al., 2015), porcine ejaculates still usually contain 104 and up to 106 

bacteria/ml, mainly Enterobacteriaceae, Alcaligenaceae, and  Xanthomonadaceae (Althouse and Lu, 

2005). Sources of microbial contamination are various and range from the boar genital tract to 

environmental and laboratory pollution (Maes et al., 2008).   

During the liquid phase storage of the seminal material, refrigerated at 16 ±1°C, the bacterial growth 

can alter spermatozoa quality, reducing the viability and motility, alongside a risk for female 

reproductive disorders and embryonic/foetal death (Kuster and Althouse, 2016; Pinart et al., 2017). 

Furthermore, the presence of pathogens such as Brucella suis, Chlamydia spp., Leptospira and 

Mycoplasma spp. cannot be excluded (Maes et al., 2008).  In light of the aforementioned reasons, 

antimicrobials are routinely used in semen extenders, mainly penicillin, streptomycin and 

aminoglycosides, especially gentamicin (Schulze et al., 2017), and their presence is dictated by the 

European Directive 90/429 (“EUR-Lex - 31990L0429 - EN,” n.d.).  

Antimicrobial resistance is increasing within the porcine industry (Aarestrup et al., 2008) with high 

risks to human health (“WHO | Antimicrobial resistance,” n.d.), leading to a necessity to identify 

alternative antimicrobial strategies, especially for reproductive biotechnologies, such as physical 

bacteria removal by colloid centrifugation (Morrell and Wallgren, 2011) and microfiltration of 

seminal plasma (Barone et al., 2016), or the use of antimicrobial peptides (Sancho et al., 2017; 

Schulze et al., 2014). During the last years, the scientific community has turned its interest towards 

natural compounds, and many phyto-extracts like essential oils (EOs) have been tested on 

spermatozoa of different species (Chikhoune et al., 2015; Dávila et al., 2015; Elmi et al., 2019, 2017; 
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Giaretta et al., 2014; Touazi et al., 2018). EOs and their components are capable of exerting a wide 

variety of antibacterial mechanisms of action, some of them still partially unclear. In particularly, 

EOs can affect the structure and the function of bacteria by, amongst others, interfering with 

cytoplasmic membranes and decreasing ATP synthesis (Nazzaro et al., 2013). The essential oil 

derived by the distillation of Melaleuca alternifolia (Maiden & Betche) Cheel (Myrtaceae) leaves, 

commonly known as tea tree oil (TTO), is capable of broad-spectrum antimicrobial activity thanks to 

its multiple components, including more than 100 terpenes and their related alcohols (Brun et al., 

2019; Carson et al., 2006).  The International Standard Organization regulates the concentration of 

the 15 principal components of TTO, of which the major compound is terpinen-4-ol (“ISO 

4730:2017(en), Essential oil of Melaleuca, terpinen-4-ol type (Tea Tree oil),” n.d.).  Likewise, 

Rosmarinus officinalis (L.) EO was reported to have antimicrobial properties (El Fawal et al., 2019; 

Khezri et al., 2019; Satyal et al., 2017). Rosemary, belonging to the Lamiaceae family, is endemic 

and extremely common to the Mediterranean Basin and is known for a variety of applications and 

biological activities (Hussain et al., 2010; de Oliveira et al., 2019; Nieto, 2017). The chemical 

composition of rosemary EO is quite variable, with different chemotypes based on the relative 

percentages of α-pinene, 1,8-cineole, camphor, borneol, verbenone, and bornyl acetate (Satyal et al., 

2017). 

Both M. alternifolia and R. officinalis EOs have already been evaluated for toxicity on porcine 

spermatozoa (Elmi et al., 2019, 2017) and were proved to exhibit different patterns of damage, either 

functional or morphological, with concentration-dependent effects. On the basis of such studies, 

objective motility assessed by CASA was the most sensitive parameter and was significantly altered 

starting from 0.8 mg/ml of both EOs. Concentrations lower than 0.6 mg/ml were proved as non-

cytotoxic for porcine spermatozoa, thus potentially useful in the reproductive biotechnology field.   

In light of the afore-mentioned points, the aim of the present work was to investigate the potential 

antimicrobial effectiveness of Melaleuca alternifolia and Rosmarinus officinalis EOs, at non-
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spermicidal concentrations, on swine artificial insemination doses deprived of spermatozoa and 

stored at 16 °C up to 5 days. This was accomplished by setting up an in vitro model with a 

standardized quantity of E. coli.  

 

2. Materials and methods 

The EOs of M. alternifolia (Ma) and R. officinalis (Ro) used in the present study were supplied by 

APA-CT S.r.l. (Via Sacco Nicola, 22, 47122, Forlì, Italy) and their chemo-characterization was 

previously reported by the authors in the aforementioned toxicity studies (Elmi et al., 2019, 2017). 

For experimental purposes, the EOs were reconstituted in 0.5% dimethylsulfoxide (DMSO) with 

Tween 80 (0.02% v/v) to facilitate  diffusion in water-based solutions (Bag and Chattopadhyay, 

2015).  All reagents, unless otherwise specified, were purchased from Sigma-Aldrich (Saint Louis, 

MO, USA). 

 

2.1. Boars and seminal plasma 

Ejaculates from three adult commercial hybrid boars (Large White X Duroc) were included in the 

study. Animals were individually housed, according to national law (D.lgs n.122/2011), with 12:12 

hour light:dark cycle and a minimum of 40 lux during the light period; wood, straw and ice cubes 

were used as environmental enrichment. Boars were fed with a custom formulated diet (Big Verri, 

Cooperativa Agricola “Tre spighe”, Castel Guelfo, Italy) twice a day, with ad libitum water. Semen 

was routinely collected by an experienced technician twice a week using the hand-gloved technique 

and following standard hygienic practices (Elmi et al., 2018). In the present study, sperm poor 

fractions from 9 ejaculates (n=9; 3 from each boar) were used. Upon collection they were immediately 

centrifuged (3000 x g for 20 minutes) in order to obtain seminal plasma (SP).  
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2.2. Bacterial preparation  

E. coli DH5 alpha strain (cod. C2007-1, Clontech Lab. Inc. CA, USA) were cultured in Luria Bertani 

(LB) medium (10g/l Tryptone, 5 g/L Yeast Extract, 5 g/l NaCl) for 16 hours at 37°C. The broth was 

supplemented with glycerol at a final concentration of 15%, aliquoted and stored at -80°C. Upon 

thawing, the number of colony forming units (CFU) of E. coli per ml was calculated using the method 

described below. 

 

2.3. Experimental protocol and samples infection  

Considering the normal proportion of medium/seminal plasma in swine seminal doses the 

experimental samples were prepared by mixing 20% of SP and 80% of Swine Fertilization Medium 

(SFM) (Barone et al., 2016) and adding E. coli (DH5 alpha strain) to a final concentration of 1 x 107  

CFU/ml (Pinart et al., 2017). Ma and Ro EOs were tested at two different concentrations, 0.2 and 0.4 

mg/ml, according to previous spermatozoa toxicity studies carried out by the authors (Elmi et al., 

2019, 2017). Two control samples were prepared: one with Ampicillin (0.8 mg/ml; CTR +) and one 

without any antibiotic (CTR -). The experimental samples were incubated for 5 days in a refrigerated 

bath at 16°C (±1 °C), and optical density, bacterial DNA quantification and colony count were 

performed at 24 and 120 hours. At the same time points the pH of all samples was assessed using a 

pHmeter (SevenExcellence pHmeter, Mettler Toledo, Columbus, Ohio, US). 

 

2.4. Optical Density measurements (OD600)  

To monitor bacterial growth, 1 ml of each sample was collected at the 2 experimental time points and 

the optical density was immediately measured at 600 nm (Koch, 1970) using a spectrophotometer 

(GeneQuant 1300, GE Healthcare, Pittsburgh, PA).  
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2.5. Bacterial DNA quantification (BDQ)  

The bacterial DNA quantification (BDQ) was performed as previously described (Barone et al., 

2016). Briefly, 1 ml of each sample was centrifuged at 14000 x g for 10 minutes (Sigma 3-K30, 

Sigma Laborzentrifugen GmbH, Osterode am Harz, Germany) to collect bacteria. QIAamp DNA 

Stool Mini Kit (Qiagen, Hilden, Germany) was used for the DNA extraction according to a modified 

“Isolation of DNA from stool for pathogen detection” protocol. The pellet was resuspended in 200 

µL of ASL buffer and three glass marbles (ø 3 mm) were added. Subsequently, the sample was 

submitted to a mechanical lysis using Tissue Lyser (Qiagen) (50 Hz, 1 x 5 min and 1 x 3 min), placed 

on ice (3 min), incubated at 95°C for 5 min and placed again on ice. Proteinase K (15 µl) and then 

AL buffer (200 µl) were added to the sample and incubated at 70°C for 10 min. Absolute ethanol 

(200 μl) was added to the lysate and the whole sample was carefully applied to the QIAamp spin 

column. DNA was eluted with nuclease-free water (60 μl). The extracted DNA was 

spectrophotometrically quantified (DeNovix Inc.,Wilmington, DE, USA) and all samples were 

diluted 1:50 to fit in a range from 1400 to 6 pg. The bacterial DNA quantification was performed 

using the FemtoTM Bacterial DNA Quantification Kit (Zymo Research, Irvine, CA, USA), in 

accordance to the manufacturer’s instructions and carried out in CFX96 Touch Thermal Cycler (Bio-

Rad, Hercules,CA, USA). The amplification of DNA was done in duplicate (2 μl /well). Bacterial 

DNA standards comprised a 10-fold dilution series (provided by the kit) ranging from 20000 to 0.02 

pg and were prepared in duplicates. Using standards values, the sample DNA was quantified (CFX 

Data Analysis Software, Bio-Rad) and expressed as DNA starting log quantity (mean ± SD).  

 

2.6. E.coli colony count (CFU count) 

Upon sampling, aliquots were immediately transferred at 4°C to the Section of Parma of the “Istituto 

Zooprofilattico Sperimentale della Lombardia dell'Emilia-Romagna” for the colony count. Ten-fold 

dilutions (from 10-1 to 10-7) in Buffered peptone water (BPW; peptone 10,0 g; NaCl 5,0 g; Na2HPO4 



 
9 

 

3,5 g; KH2HPO4 1,5 g; demineralised water 1 l; pH 7.0 ±  0.2 at 25°C) were performed and then 

samples were tested using a previously described technique (“Enumeration of β-glucuronidase 

positive Escherichia coli,” 2014; ISO 16649-2:2001, 2001), with slight modifications. Each diluted 

sample was pipetted aseptically into a sterile Petri dish, and supplemented with 15 ml of previously 

melted Tryptone Bile Glucuronide agar (TBX; Enzymatic digest of casein 20,0 g; Bile Salts No.3 1,5 

g; 5-bromo-4-chloro-3-indoyl-β-D-glucuronic acid BCIG 144 µM; Dimethyl sulfoxide DMSO 3 ml; 

Agar 15,0 g; demineralised water 1000,0 ml; pH 7.0 ± 0.2 at 25°C). The inoculum and the medium 

were gently mixed and incubated at 44°C ± 1°C for 18-24 h. The typical colonies (blue coloured with 

several shapes) of two successive dilutions were counted, and the weighted mean was calculated in 

order to achieve the CFU E. coli per ml. 

 

2.7. Statistical analyses 

Statistical analyses were performed using the software R 3.0.3 (The R Foundation for Statistical 

Computing) and graphically represented using the software GraphPad Prism v.8 (GraphPad 

Software Inc., San Diego, CA, USA). Descriptive statistics were calculated and reported as mean ± 

SD. Normal distribution of the parameters was tested by Shapiro-Wilk test (p<0.05) and 

logarithmic transformations were performed for optical density and BDQ. Repeated measures 

ANOVAs were performed for optical density and BDQ. Data from the CFU analyses could not be 

normalized, therefore a Poisson repeated measures ANOVA was performed. Time, treatment and 

their interaction were set as factors in all ANOVAs. Post hoc Tukey tests were performed for the 

multiple comparisons. The significance level of all statistical analyses was set at p<0.05.  

 

3. Results 

The results of the descriptive statistics are reported in Table 1. Data of pH were not reported and 

were always within the expected range (6.8 ± 0.5).  The repeated measures ANOVAs highlighted 
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significant differences for all the variables between times (p<0.05), treatments (p<0.05) and their 

interaction (p<0.05).  

 

3.1. Optical Density measurements  

The results of the post hoc Tukey tests are represented in Figure 1. 

The effect of time within each treatment (24 vs 120 h) showed a statistically significant increase for 

CTR- (p<0.001), 0.2 Ro (p<0.001) and 0.2 Ma (p=0.002). No statistical differences were found for 

the other samples (0.4 Ro p=1.000; 0.4 Ma p= 0.545; CTR+ p=1.000).  When comparing the effects 

of the different treatments within the same time point, 0.4 Ro and CTR+ result statistically lower 

than CTR- at 24h, whereas the other treatments showed intermediate results. At 120 hours, all 

samples resulted in statistically differences from CTR-, with 0.4 Ro and 0.4 Ma statistically similar 

to CTR+. 

 

Fig. 1. Box plots for Optical Density (OD600) of the different treatments at 24 and 120 hours.  

CTR- = control without antibiotics; CTR + = control with antibiotic; 0.2 = 0.2 mg/ml; 0.4= 0.4 mg/ml; Ma= Melaleuca 

alternifolia; Ro= Rosmarinus officinalis. Lowercase and uppercase letters indicate differences (p<0.05) between 

treatments at 24 and 120h respectively. Differences (p<0.05) for the same treatment between the 2 time points are 

indicated by connecting lines above boxplots.  

 

3.2. Bacterial DNA quantification  

The results of the post hoc Tukey tests are represented in Figure 2. 

The effect of time within each treatment (24 vs 120 h) did not show any statistical difference.  

Comparison between the treatments at 24 hours showed that 0.4 Ro, 0.4 Ma and CTR+ were 

statistically different from CTR-; 0.4 Ma, moreover, was not statistically different when compared 

to CTR+. At 120 hours, only 0.4 Ma and CTR+ were different from CTR -. 
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Fig. 2. Box plots for bacterial DNA quantification (BDQ) of the different treatments at 24 and 120 

hours.  

CTR- = control without antibiotics; CTR + = control with antibiotic; 0.2 = 0.2 mg/ml; 0.4= 0.4 mg/ml; Ma= Melaleuca 

alternifolia; Ro= Rosmarinus officinalis. Lowercase and uppercase letters indicate differences (p<0.05) between 

treatments at 24 and 120h respectively. 

 

3.3. Colony-count analyses  

The results of the post hoc Tukey tests are represented in Figure 3. 

When comparing the individual treatments between the 2 time points, only CTR- showed a 

statistically significant difference.  

At 24 hour CTR- showed the highest colony count, statistically different from 0.2 and 0.4 Ma, 0.4 

Ro and CTR+. The sample treated with 0.2 mg/ml of Ro showed statistically different counts in 

comparison to 0.4 Ro, 0.4 Ma and CTR+. At 120h, all the experimental samples, with the exception 

of 0.2 Ro, were statistically different when compared to CTR-.  

 

Fig. 3. Box plots for colony counts (CFU) of the different treatments at 24 and 120 hours.  

CTR- = control without antibiotics; CTR + = control with antibiotic; 0.2 = 0.2 mg/ml; 0.4= 0.4 mg/ml; Ma= Melaleuca 

alternifolia; Ro= Rosmarinus officinalis. Lowercase and uppercase letters indicate differences (p<0.05) between 

treatments at 24 and 120h respectively. Differences (p<0.05) for the same treatment between the 2 time points are 

indicated by connecting lines above boxplots. 

 

4. Discussion  

The present work highlights the antimicrobial effect of M. alternifolia and R. officinalis essential oils, 

at non-spermicidal concentrations, using an in vitro model that mimics swine seminal doses infected 

with 107 CFU/ml E. coli and stored at 16°C up to 5 days.  

The boars enrolled in the present study, housed in an experimental facility with good biosafety 

measures, proved to have a relatively low bacterial contamination in preliminary studies. Moreover, 
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semen collection procedure was performed by trained staff with particular attention towards 

environmental contamination (Kuster and Althouse, 2016; Lopez Rodriguez et al., 2017; Schulze et 

al., 2015). Such conditions led to the decision to add E. coli to the samples in order to create an in 

vitro model capable of showing the potential efficacy of EOs on bacterial growth (Pinart et al., 2017). 

Spermatozoa were not included in the experimental samples in order to be sure to only evaluate 

bacteria without any bias to the interpretation of the results. This was possible since the two EOs used 

in the study were preliminary assessed for spermatozoa toxicity and were proved not to alter morph-

functional parameters at concentrations lower than 0.6 mg/ml (Elmi et al., 2019, 2017). 

The chosen analytical methodologies aimed to quantify the bacteria present in samples, both live and 

dead, by means of qPCR and spectrophotometry, and to quantify bacteria with maintained replication 

capabilities by means of classical bacteriology (colony count). The latter can be challenging when 

the bacterial population is partially unknown, thus the addition of a standardized quantity of a single 

bacterial strain makes the experimental conditions more reproducible.  

The spectrophotometry analyses and bacterial DNA quantification, indicative of all bacteria present 

in experimental samples, showed interesting results. Indeed, both essential oils at a higher 

concentration (0.4 mg/ml) displayed similar effects to a conventional antibiotic throughout the 

entire experimental protocol (Fig. 1 and 2) by two analytical methodologies. The lower 

concentration, on the other hand, seems to induce milder effects since the samples, at 24 h, do not 

show any differences when compared to both controls. This finding was partially expected as it is 

already known that the majority of effects of natural compounds, and in particular essential oils, are 

concentration- dependent (Chouhan et al., 2017). Nonetheless at 5 days, for the OD600 analysis, 

lower concentration of both essential oils started exhibiting differences when compared to controls. 

Both the DNA quantification and the spectrophotometric analyses are not capable of discriminating 

between alive and dead bacteria, thus the relatively higher values at 5 days post incubation were 

expected to be a representation of both. Therefore, it can be deduced by these methods that to add 
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both M. alternifolia and R. officinalis essential oils to the samples had an influence on bacterial 

populations.  

The results of the colony count, only evaluating E. coli, strengthened and further confirmed prior 

results. At each time point, the highest concentration of both oils did not show any statistical 

difference when compared to CTR+ (ampicillin). The samples containing 0.2 mg/ml of Ro showed 

intermediate colony counts between the two controls at both time points, again highlighting milder 

concentration-dependent effects. The same concentration of Ma essential oil determined a relatively 

similar situation at 24h, even if in this case a statistical difference against CTR- could already be 

observed. On the other hand, at 5 days 0.2 mg/ml exhibited the same effects as the conventional 

antibiotic and the higher concentration of both oils. These findings seem to suggest a stronger 

overall effect of the M. alternifolia essential oil, capable of inhibiting E.coli growth earlier and at a 

lower concentration. The colony count proved to be more accurate compared to the other 

methodologies applied, potentially because of selectivity towards E. coli and not other bacteria 

present in the boar ejaculates between 24 hours and 5 days. The control without antibiotic showed a 

reduction in colony count and an increase in DNA and optical density. In the light of this data, it 

can be hypothesized that, during storage, a decrease in nutrients and the incubation temperature 

were not favorable for the E.coli thus suggesting bacterial death or growth limitation (Althouse and 

Lu, 2005).  Nevertheless, it cannot be excluded that other bacterial species, more robust at the 

chosen storage temperature or/and selection by the substrates, increased during the 5-day storage. 

Overall, when looking at the experimental design of the study, this phenomenon would apply to all 

samples and, therefore, would not represent a bias to the results. Moreover, the samples containing 

the standard conventional antibiotic (CTR+) were always statistically different when compared to 

the ones without any antimicrobial (CTR-), further confirming this in vitro model itself. Generally, 

the presence and replication of bacteria in seminal doses can induce acidification (Althouse et al., 

2000), which was not found in the experimental samples, including the control without any 
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antibiotic. The chosen experimental concentrations of the EO were not cytotoxic on swine 

spermatozoa, as previously published by the authors (Elmi et al., 2019, 2017), but were also lower 

than the reported Minimal inhibitory concentration (MIC) for E.coli: between 1.52 and 3.125 mg/ml 

for R. officinalis (Hussain et al., 2010; Lagha et al., 2019), and between 2 and 8 mg/ml for M. 

alternifolia (Shi et al., 2018; Zhang et al., 2018). This leads to the hypothesis, somehow already 

formulated and partially demonstrated by other authors (Marini et al., 2018), that essential oils can 

have effects on bacteria also at sub-lethal concentrations. It still has to be acknowledged that MIC 

evaluation for phyto-complexes can be challenging and somehow misleading, as any batch of each 

essential oil can exert highly variable effects based on their specific compositions.  

5. Conclusions  

In conclusion, the results of the present work show that both Melaleuca alternifolia and Rosmarinus 

officinalis essential oils, at the concentration of 0.4 mg/ml, are capable of exerting similar effects to 

ampicillin on swine artificial insemination doses deprived of spermatozoa and spiked with E. coli. 

At lower concentration, M. alternifolia essential oil seemed more efficient than the other tested 

essential oil. Such findings strengthen the hypothesis of the potential use of phyto-complexes as 

antimicrobial agents for reproductive biotechnologies.  
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Table 1 

Descriptive statistics for optical density (OD600), bacterial DNA quantification (BDQ) and colony count (CFU) reported as mean (SD) (n=9). 

 

 

 

 

 

 

CTR- = control without antibiotics; CTR+ = control with antibiotic; 0.2 = 0.2 mg/ml; 0.4= 0.4 mg/ml; Ma= Melaleuca alternifolia; Ro= Rosmarinus officinalis. 

 

 24 h 120 h 

 CTR - 0.2 Ro 0.4 Ro 0.2 Ma 0.4 Ma CTR + CTR - 0.2 Ro 0.4 Ro 0.2 Ma 0.4 Ma CTR + 

OD600 
0.291 

(0.034) 

0.228 

(0.044) 

0.178 

(0.024) 

0.231 

(0.046) 

0.195 

(0.049) 

0.145 

(0.065) 

0.537 

(0.046) 

0.379 

(0.062) 

0.217 

(0.111) 

0.367 

(0.119) 

0.263 

(0.092) 

0.130 

(0.073) 

BDQ 

ng/µl 

15.94 

(6.58) 

12.23 

(3.94) 

7.53 

(3.70) 

11.13 

(3.76) 

6.18 

(2.69) 

7.80 

(2.31) 

34.39 

(12.50) 

28.07 

(15.68) 

24.86 

(20.66) 

25.33 

(13.49) 

16.93 

(16.29) 

10.28 

(4.08) 

CFU count  

CFU x 106/ml 

2.117 

(1.442) 

1.417 

(0.989) 

0.334 

(0.557) 

0.781 

(0.538) 

0.0912 

(0.092) 

0.000 

(0.000) 

1.134 

(0.592) 

0.620 

(0.537) 

0.043 

(0.084) 

0.061 

(0.061) 

0.004 

(0.006) 

0.000 

(0.000) 
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