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Abstract Camelina (Camelina sativa L. Crantz) or false flax is an oil crop from the 

Brassicaceae family. Camelina oil has multiple uses, of which the best known is   

biofuel production. A motivation for this study was the oil’s high content of omega -3, 

omega-6 and omega-9 fatty acids, which are known to have an antimicrobial effect. 

Campylobacter is the most common bacterial cause of human foodborne gastroenteritis 

in the world. We tested the potential antimicrobial effect of free fatty acids (FFA) from 

camelina oil against lactic acid bacteria (LAB) and Campylobacter. The in vitro results 

show that the free fatty acids from camelina oil reduces levels of Campylobacter spp.  

and increases the levels of LAB showing a potential use of camelina oil as a natural 

antimicrobial. 
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Introduction 

Camelina, also known as false flax or gold of 

pleasure, is known to have been cultivated for the first time 

in Scandinavia. Then it spread to other regions towards the 

East and South, reaching as far as current day Romania and 

even further, beyond the Ural Mountains [1]. Camelina 

(Camelina sativa L. Crantz) has recently drawn a lot of 

attention due to its oil, which has a high content of omega-

3, omega-6 and omega-9 fatty acids and has virtually no 

requirements regarding soil and climate. Also, camelina 

provides a high value meal with enough residual lipid 

content (5-10%) that has a protein profile similar to soy 

meal. This makes it ideal as a supplement in rations for 

poultry and other livestock. [2]. 

According to WHO (World Health Organization), 

every year up to 10% of the population falls ill due to 

foodborne diseases including Campylobacteriosis. The most 

common transmission route is believed to be foodborne, 

Campylobacter being prevalent in food animals like 

poultry, cattle, pigs etc. [3]. Despite much research, no 

natural, antibiotic free, nutritional Campylobacter control 

strategies have been successfully identified and imple-

mented in the meat industry [4]. Many studies have shown 

that some natural compounds have bioactivity against 

Campylobacter proliferation, with only a few yielding 

promising results in animal studies [4, 5, 6]. 

Lactic acid bacteria (LAB) are gram-positive micro-

organisms capable of producing a greater or lesser amount 

of lactic acid by degradation of various substrates. LAB 

from intestinal microflora can have beneficial effects, 

such as increasing competition for nutrients, producing 

antimicrobial peptides and reducing the survival and 

growth of harmful bacteria (especially pathogenic); 

furthermore, they can lower cholesterol. Due to their  

presence in food and their contribution to the healthy 

microbiota of mucosal surfaces we also considered the 

effect of camelina oil on LAB for this study. 

Camelina oil contains over 50% polyunsaturated 

fatty acids, particularly linoleic and a-linoleic acids [7, 8, 

9]. Usually camelina oil has in its composition 21 fatty 

acids with chain length from C-14 to C-24 depending on 

climate conditions and on the method and apparatus which 

was used to determine them [10]. The major fatty acids 

present are usually α-linolenic, linoleic, oleic, eicosenoic 

and palmitic. All of these fatty acids, except for eicosenoic 

acid, are known to have an antimicrobial effect [11]. 

Another attempt of assessing the possible anti-

microbial effect of camelina was carried out by a team  

of researchers from India.  By testing seed extracts of 

camelina on different pathogens, they found that metha-

nolic and ethanolic seed extracts have a significant to 

intermediate activity against both gram-positive and gram-

negative pathogens including Escherichia Coli, with 

inhibition zones ranging from 10-12 and 7-9 mm to  

8-14 mm and 7-9 mm. [12]. 

There is proof that extracts of other Brassica plants 

have antimicrobial activity, due to their composition of 

various bioactive compounds like camalexin, phytic acid 

flavonols, sinapic acid and glucosinolates. Camalexin has 

been tested in vitro against various bacteria and fungi 

with positive results [13] [14], showing an antimicrobial 

effect by disrupting the cell membrane [15] [16]. Flavo-

noids such as quercetin are common among Brassica plants. 

Many researchers propose them as potent antioxidants with 

antimicrobial effects, which suggests that the flavonoid is 

able to inactivate microbial adhesion and cell transport 

proteins [17]. 

In this study we had a different approach to assessing 

the antimicrobial effect of Camelina Sativa, by testing  

the oil in vitro directly on the microbial organism. This 

involved recreating the physical and chemical conditions  

of a pig’s small intestine. 
 

Materials and Methods 

Strains and culture conditions 
All the bacteria were obtained from AFBI, Food 

Microbiology Branch culture collection. We used Campy-

lobacter jejuni RCO 39 (a virulent strain isolated from raw 

chicken), Lactobacillus acidophilus (LA5), Lactobacillus 

casei ssp. casei (ATCC 393), Lactobacillus plantarum 299, 

Lactobacillus plantarum 299v, Lactobacillus rhamnosus 

(LGG), Lactobacillus brevis (NCIMB 8561) and Lacto-

bacillus fermentum (NCIMB 6991). 

C. jejuni was grown on Blood Agar Base No. 2 (Oxoid 

Ltd., United Kingdom) supplemented with 5% (vol/vol) 

defibrinated horse blood (Aquilant Scientific N.I.). The strain 

was grown under microaerophilic conditions at 41.5oC  

in 85% N2, 5% O2, and 10% CO2 in a Don Whitley 

MACSVA500 microaerophilic workstation (DAVIDSON 

& HARDY LTD., United Kingdom) for 48 h. To enumerate 

viable microorganisms, suitable 10-fold dilutions were 

made in Maximum Recovery Diluent (MRD) (Oxoid Ltd., 

United Kingdom). One hundred microliters of each of the 

10-fold dilutions were spread on Campylobacter Blood-

Free Selective Agar Base (Modified CCDA – Preston; 

Oxoid Ltd., United Kingdom) without any supplement, and 

plates were incubated under microaerophilic conditions at 

41.5oC for 48 h. 

Lactic acid bacteria (LAB) were grown individually 

in De Man, Rogosa and Sharp (MRS) broth (Oxoid Ltd., 

United Kingdom), incubated at 30°C for 72 h, and one 

milliliter of each solution was used to make the lactic acid 

bacteria mixture. To enumerate viable microorganisms, 

suitable 10-fold dilutions of the mixture were made in 

Maximum Recovery Diluent (Oxoid Ltd., United Kingdom). 

One hundred microliters of each of the 10-fold dilutions 

were spread on MRS agar (Oxoid Ltd., United Kingdom), 

and plates were incubated under normal atmospheric 

conditions at 30oC for 48 h. 

To assess in vitro the potential antimicrobial 

activity of camelina oil we simulated the digestion 
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conditions of a pig’s small intestine in order to release the 

fatty acids from triglycerides. 

In order to recreate the physical and chemical 

conditions in a pig’s small intestine, 13 ml of phosphate 

buffer (pH 6.8) and 6 ml of 50 mg/ml phosphate buffer 

pancreatin solution. (Sigma-Aldrich 8049-47-6) were 

mixed a universal tube. 

C. jejuni were “harvested “from the surface of the 

blood agar plates by flooding the plates with Mueller 

Hinton Broth (Oxoid UK) and scraping off the colonies 

with a sterile glass spreader. The resulting suspension was 

adjusted to an OD600 of 0.6. LAB were grown separately  

in MRS broth (Oxoid, UK). A mixture was prepared 

containing 1 ml of each species. This mixture was 

centrifuged for 20 min at 5250 x g. After centrifugation  

the bacteria were resuspended in MRD. A 10-2 dilution  

of the suspension was made and this was used as the 

inoculum. For Campylobacter the 0.6 OD suspension 

was used as the inoculum. 

200 µl of the inoculum was added in a universal 

tube alongside pancreatin, oil and phosphate buffer. 20 ml 

of solution were used for each replicate, consisting of 13 ml 

phosphate buffer, 6 ml of pancreatin solution and 1 ml of 

camelina resulting in a 5% oil concentration. To determine 

the initial inoculum level, suitable ten-fold dilutions were 

prepared in MRD and spread-plated onto either CCDA 

plates for C. jejuni or MRS plates for LAB. CCDA plates 

were incubated at 41.5°C microaerophilically for 48 h, as 

described previously and MRS plates were incubated 

aerobically at 37°C for 72 h.  

The universal tube with the bacterial culture and  

the pancreatin solution was incubated for 4 hours at 37°C 

on a shaker. In parallel, another universal tube with the 

same bacterial inoculum was incubated in the pancreatin 

solution without camelina oil to serve as a control. 

After the 4 hours of incubation, suitable ten-fold 

dilutions were prepared in MRD from both suspensions and 

were spread–plated onto agar plates as described above. 

After the incubation period, bacterial colonies were 

counted using a Stuart colony counter (Bibby Sterilin, UK). 
 

Statistical interpretation 
All experiments were performed in triplicate and the 

data is presented as mean ± SEM. To measure the statistical 

significance of the infection assays results, we used two 

tailed Student’s t-test. A group difference was assumed to 

be statistically significant when p < 0.05. All results were 

expressed as means ± SD. 
 

Results and Discussions 

All bacterial counts are expressed as log CFU/ml and 

are the means of 3 replicates.   

C. jejuni and LAB behave differently in the presence 

of camelina oil.  

On one hand, camelina oil inhibits the growth of  

C. jejuni and shows a slight but not significant reduction. 

There was a slightly greater difference between the mean 

of inoculum level counts (5.80 log/CFU) and the mean of 

counts after treatment with camelina oil 5.37 log/CFU, 

with a difference of 0,42 log/CFU, versus LSD=0,38, but 

with p < 0,05 (Figure 1). 
 

 

Figure 1. The effect of camelina oil on Campylobacter 

jejuni in a pig digestion model. Error bars represent SEM. 
 

On the other hand, when LABs were exposed to 

camelina oil a significant growth occurred during the 

incubation period (Figure 2), with 0.49 log/CFU increase in 

the incubated sample containing camelina oil compared to 

the control (pancreatin solution only) (Figure 3). 

Although the reduction of C. jejuni in the presence of 

camelina oil was not statistically significant, the results 

show an antimicrobial effect of camelina oil which, with 

further research, could be enhanced. 
 

 

Figure 2. The effect of camelina oil on lactic acid bacteria 

in a pig digestion model. Error bars represent SEM. 
 

 

Figure 3. Logarithmic reduction comparison of lactic 

acid bacteria and C. jejuni (RCO39) when exposed to 

camelina oil. 
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According to Lee et al. (2002), a synergistic effect 

between linolenic acid and monoglycerides such as 

glycerol laurate or glycerol myristate can occur against 

certain food-borne microorganisms. Bacillus cereus and 

Salmonella typhimurium, both Gram +, were the main 

focus of his research. While the synergistic antimicrobial 

effect on these microorganisms was superior, there  

was evidence that some antimicrobial effect, albeit inferior, 

is also present against other Gram – microorganisms, 

including E. coli. [18] 

In the context of this paper, these findings raise  

the question whether the synergistic effect of the various 

fatty acids in camelina oil combined with other compounds 

has a significantly different impact on microorganisms 

which develop food-borne diseases. Because LABs are 

Gram + bacteria, the cytoplasmic membrane is inside the 

peptidoglycan layer, which could provide, on the one 

hand, protection against the antimicrobial effects of  

the fatty acids in camelina oil and on the other hand, the 

presence of amino-acids and other compounds in camelina 

oil might nourish LAB. However, the addition of other 

substances in an attempt to further inhibit C. jejuni growth, 

in the way Lee added monoglycerides, could adversely 

inhibit the growth of LABs. This is a possible, if not 

compulsory, further direction of research. 

Regarding the limitations of this study, we must 

mention the lack of results on E. coli 11601, Salmonella 

E182 and Streptococcus suis 9683, both strains obtained 

from AFBI, Food Microbiology Branch culture collection. 

The reasons for this may be the structural differences of 

these bacteria, as well as the lack of another compound 

which could enhance the antimicrobial effect of came-

lina oil. 

It is important to mention the inability to produce a 

stable emulsion of camelina oil and RPMI 1640 medium 

(ThermoFisher Scientific). Initially we made various 

attempts, using different concentrations of oil and lecithin. 

The only stable combination was that of 8,1 ml RPMI,  

0,9 g lecithin and 1 ml camelina oil. However, even a 

minimal dilution of this emulsion resulted in an unstable 

compound, which could not be used to further determine 

the MIC (minimum inhibitory concentration). This led to  

a change of perspective, which ultimately resulted in the 

method used in this study. 

In close relation with this issue, the minimum oil 

concentration remains undiscovered. The composition of 

camelina oil may have important variations depending  

on the crop in terms of soil and climate conditions, as well 

as oil extraction methods. Only after a degree of stan-

dardization in camelina crops and oil is ensured, can  

we truly make progress regarding the minimum oil 

concentration and its antimicrobial potential. 

 

 

Conclusions 

 The free fatty acids from camelina oil show 

potential to reduce the numbers of Campylobacter 

jejuni in vitro and further research should be made 

to assess the antimicrobial activity of camelina  

oil in vivo and to determine the mechanism of 

inactivation. 

 Camelina oil had no deleterious effect on the lactic 

acid bacteria studied here so may be used without 

raising concerns about harming probiotic bacteria.  

 Further in vitro research could be carried out to 

determine if a higher level of reduction of C. jejuni 

could be obtained in presence of both camelina oil 

and probiotic LABs. 

 Having an antimicrobial effect, low level of 

glucosinolates and a low content of erucic acid, 

camelina’s position as an industrial crop should be 

reconsidered to a more “feed friendly” crop. 
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