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Introduction 

Members of the Campylobacter genus are highly motile gram-negative cells that usually 

colonizes the gastrointestinal tract of a broad range of animals. Campylobacter strains C. je-

juni and C. coli are prominent human pathogens, being one of the most common causes for 

food-borne diarrhea in humans, and bacterial diarrheal diseases (Tauxe 1992). Points of 

raised concern include the substantially increasing incidence of Campylobacteriosis in most 

developed countries, with an increasing number of antibiotic resistant strains. One natural 

food preservation strategy to combat the growth of Campylobacter is a plant extract rich in 

phenolic compounds: Grape Seed Extract (GSE), which is a by-product derived from grape 

seeds of Vitis vinifera. However, in addition to inhibiting the growth of Campylobacter, we 

also look toward a phenomenon known as sublethal injury. Microorganisms in foods fre-

quently undergo some degree of sublethal injury due to the processing and preservation tech-

niques used for the control of pathogenicity and spoilage of microorganisms. Sublethal in-

jury, may be metabolic injury, or structural injury. In regards to food diagnostics, the sub-

lethal cell physiological state is responsible for two important limitations related to cell enu-

meration and detection. First, the underestimation of contamination levels (Restaino et al., 

2001), secondly, false negative results. Moreover, sublethally damaged subpopulations may 

be capable of repair in appropriate environmental conditions (Bozoglu et al., 2004). There-

fore, a better understanding of the mechanisms involved in sublethal injury is essential for 

studies emphasizing the transition of sublethal into lethal damage, and for improving food 

safety assurance systems. 

Results 
At short exposure times, the initial microbial growth is attributed to the nutrient uptake from 

BB but not from GSE. After 10 h of exposure, a decrease in cell concentration showed GSE 

inhibitory activity. Sublethal injury caused a difference between viable counts on MHB and 

MCCD agar. Figure 2 shows the percentage of sublethal injury toward GSE-exposure time 

compared to the corresponding control in BB. Sublethal damage was maintained in the con-

trol in BB until 10 h of GSE exposure, afterwards, SI increased progressively then de-

creased, suggesting a mechanism of cumulative damage triggering lethal instead of sublethal 

injury. Figure 3 shows the inactivation curves of total and uninjured C. jejuni populations af-

ter direct exposure to GSE. Concentrations of treated cells were reduced after 20 min of 

GSE exposure. Viable cells were not detected after 90 min of GSE exposure.  

According to Figure 4, SI increased toward GSE-exposure time more than the values for 

PBS. In injury profiles, the highest GSE concentration reduced the treatment times critically. 

The Fluorescence/OD ratio increased with GSE exposure time. Compared with the controls, 

these values were significantly higher. This trend indicates a loss of membrane integrity 

caused by the GSE exposure. 

Figure 3. Survival curve of C. jejuni in GSE at 2100 mg GAE/L      and control in PBS (●,○): Viable counts in MHB 

(solid symbols) and MCCD (hollow symbols). Figure 4. Evolution of sublethal injury toward exposure time to GSE at 

2100 mg GAE/L (black line). Control in PBS (red line). 

Materials and Methods 

The preparation of Grape Seed Extract in powdered form was dissolved in PBS, then vor-

texed and centrifuged. The supernatant was collected and sterilized by filtration. In order to 

assess its phenolic content we used the Folin-Ciocalte micro-method and based it on the Gal-

lic acid standard curve. Grape Seed Extract at concentrations of 500 mg Gallic Acid Equiva-

lents per liter (GAE/L) and 2100 mg GAE/L were used to test the sublethal damage induced 

to C. jejuni cells. Direct samples were plated onto nonselective and selective media plates 

and incubated microaerobically in order to create a standard curve of the sublethal damage. 

Finally, untreated and GSE-treated cells were treated with propidium iodide. Fluorescence 

was measured at an excitation wavelength of 495 nm and an emission wavelength of 615 

nm. Fluorescence data were normalized with the optical density at 600 nm. 

Figure 1. Survival curve of C. jejuni in BB supplemented with GSE at 500 mg GAE/L   and control in BB (●,○): Viable 

counts in MHB (solid symbols) and MCCD (hollow symbols). Figure 2. Evolution of sublethal injury toward ex-

posure time to GSE at 500 mg GAE/L (black line). Control in BB (red line). 

Discussion 
 

This work has demonstrated that a relatively small increases in GSE concentration can 

greatly affect the survival curves and sublethal injury profiles of C. jejuni. Additionally, a 

mechanism of injury accumulation that culminates in microbial death has been suggested; 

also, a relationship between membrane damage and loss of viability has been confirmed. The 

results reported here have been contributed with hopes to improve the understanding of the 

mechanisms involved in sublethal injury and therefore, assist in improving food safety assur-

ance systems. 
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Objective 

Our objective is to investigate the occurrence of sublethal injury in Campylobacter jejuni af-

ter exposure to different Grape Seed Extract concentrations. Then after gathering sufficient 

data, we are to evaluate a potential relationship between membrane damage and loss of vi-

ability via the  propidium iodide technique, staining Grape Seed Extract-treated cells. 

 

Figure 5. Permeability of C. jejuni cells to Propidium Iodide after different exposure times to GSE (black). Controls in 

PBS (dark grey) and BB (light grey). 

Hypotheses 

 1. We hypothesize that Campylobacter jejuni would be inhibited via Grape Seed Extract 

  treatment. 

 

 2. We hypothesize that sublethal injury will be observable through those inactivated  

  cells of C. jejuni treated with Grape Seed Extract. 
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