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Chitosan, an inexpensive, non-toxic, biodegrable polymer, has been studied for its 

antimicrobial activity. Recent evidence has shown that exposure to chitosan inhibits the 

growth of lactic acid bacteria in beer. This study investigated the effect of chitosan (0.5 g/L) 

on the growth rate of four strains: Lactobacillus brevis CCC 96S1L, Lactobacillus brevis 

BSO31h, Lactobacillus casei CCC B9657, and Pediococcus claussenii CCC B1098NR and 

assessed the permeability of the cellular membrane. A turbidity assay confirmed a 

decreased growth rate in all strains exposed to chitosan. A fluorescent staining assay showed 

that chitosan disrupted the structure of the cellular membrane. Although the pH assay 

showed a decrease in intracellular pH soon after the bacteria were exposed to chitosan, some 

complications arose in the assay which interfered with meaningful interpretation of the 

results. Overall, the florescent staining and turbidity assays demonstrated that chitosan 

exerted its effect by disrupting the cellular membrane. However, further investigation needs 

to done to determine the exact mechanism of chitosan’s antimicrobial activity. 

 

 
Chitosan is a polycationic biopolysaccharide, 

obtained by N-deacetylation of chitin, found naturally 

in the exoskeletons of insects and shells of crustaceans 

(9). It has been used in a range of applications, such as 

a food ingredient, a flocculating agent in wastewater 

treatment, and more importantly, as an antimicrobial 

agent against fungi, bacteria, and viruses (13). Previous 

studies by Rabea et al (13) have well established the 

antimicrobial activity of chitosan against prokaryotes, 

both gram positive and gram negative, as well as 

eukaryotic cells. Garg et al. (6) have demonstrated that 

chitosan decreased turbidity of lactic acid bacteria 

(LAB) that are found in beer. However, the mode of 

action of chitosan is still not yet fully understood. 

The mechanism for the inhibition activity has been 

suggested to involve cell lysis, breakdown of the 

cytoplasmic membrane, and chelation of trace metal 

cations that could be necessary for the microorganism’s 

growth (13). One possible explanation proposed is that 

at low pH, the positively charged NH3
+
 groups on the 

protonated chitosan interact electrostatically with the 

negatively charged phospholipids in the cellular 

membrane, ultimately lead to a change in membrane 

integrity (12, 13). This explanation was examined in the 

study by Li et al. (9) where chitosan increased the outer 

and inner membrane permeability in E. coli, resulting in 

the formation of pores, leakage of intracellular material, 

and eventually cell death. Indirect measurements on the 

membrane integrity were observed through absorbance 

readings of material released from the cells as well as 

transmission electron microscopy. This effect has not 

been experimentally invesitigated in the gram positive 

LAB, therefore our study attempted to examine these 

changes in four strains of LAB whose growth had been 

previously shown to be inhibited in the presence of 

chitosan (6).  

We directly investigated the effect of chitosan in four 

strains of LAB through fluorescence staining and 

changes in the intracellular pH, as indicators of 

membrane permeabilization. Specifically, we examined 

the inhibition of growth of L. brevis, L. casei, and P. 

claussenii. We hypothesized that chitosan would exert 

its antimicrobial effect through manipulation of the cell 

membrane integrity, leading to reduced growth, 

alterations in the cell membrane, as well as changes in 

the intracellular pH. The results from our study support 

our hypothesis as the presence of chitosan led to 

permeabilized cells seen with fluorescence microscopy. 

While the mechanism of inhibition appears to be due to 

membrane permeability, our results from the 

intracellular pH assay were found to be inconclusive.  

 
MATERIALS AND METHODS 

 

Bacterial strains and culture conditions. Four strains of lactic 

acid bacteria were obtained from the MICB 421 culture collection at 
the University of British Columbia Department of Microbiology and 

Immunology. The strains were Lactobacillus brevis CCC 96S1L, 

Lactobacillus brevis BSO31h, Lactobacillus casei CCC B9657, and 
Pediococcus claussenii CCC B1098NR. The bacterial strains were 

grown in De Man, Rogosa and Sharpe (MRS, Sigma, #69966) broth 

adjusted to pH 4 (to prevent precipitation of the dissolved chitosan 
once added to the MRS broth) by concentrated hydrochloric acid, and 

incubated at 30°C for 24 hours.   

Preparation of chitosan. Chitosan (Sigma, #448869) was 
dissolved in 1% (v/v) acetic acid (0.075 g chitosan dissolved in 10 ml 

acetic acid). To get a final chitosan concentration of 0.5 g/L, 500 μl of 

the dissolved chitosan was added to 7 ml of MRS media for a final 

volume of 7.5 ml.  

24-hour growth assay. Each overnight culture was added to MRS 

as untreated (MRS), chitosan treated (MRS + 500 μl chitosan), and 
acetic acid treated (MRS + 500 μl 1% acetic acid) samples so that the 
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turbidity of all the samples were the same (0.2 OD600) at time zero. 

MRS media (7.5 ml), 7 ml MRS + 500 μl chitosan, and 7 ml MRS + 
500 μl 1% acetic acid were prepared and incubated as blanks for the 

untreated, chitosan treated, and acetic acid treated samples, 

respectively. After 24 hours of incubation at 30°C, the turbidity of the 
samples at OD600 was measured by the Spectronic 20 

spectrophotometer. 

Five-hour growth assay. Overnight cultures diluted to 0.15 OD600 

were grown for 3 hours, and 186.6 μl of each bacterial culture was 

added to wells containing either 13.4 μl 1% acetic acid or 13.4 μl 

chitosan solution (final chitosan concentration of 0.5 g/L) in triplets. 
Wells containing 200 μl of each bacterial cultures (in triplet) were the 

untreated samples. Wells containing 200 μl MRS, 186.6 μl MRS + 

13.4 μl 1% acetic acid, and 186.6 μl MRS + 13.4 μl dissolved 
chitosan were used as controls for the untreated, acetic acid treated, 

and chitosan treated samples, respectively. The 96-well plate was 

incubated at 30°C for 5 hours and the turbidity at OD595 was 
measured every 10-15 minutes using a Bio-Rad Microplate Reader 

(Model 3550). 

Fluorescent staining assay. A differential fluorescent staining 
technique was used to allow discrimination between cells with 

perforated and intact membranes. This method was adapted from a 

previous experiment (1). Exponentially growing cells were obtained 
by inoculating fresh MRS media with overnight culture and incubated 

in a 30°C incubator for 3 hours to achieve an initial concentration of 

0.2 OD
600 

units. The four strains were subjected to 500 µl of chitosan 

treatment (final concentration 0.5 g/L) and grown for 24 hours at 

30°C. Control cultures using only L. brevis CCC 96S1L were 

subjected to toluene treatment (100 µl/ml culture), acetic acid 

treatment (66.7 µl/ml culture), or no treatment (for all four strains), 
also grown for 24 hours. Unless otherwise stated, microfuges 

(Eppendorf Model 5424) were operated at 7000 x g. Samples of 1.5 

ml were drawn and microfuged for 10 minutes. The pellets were 
resuspended in 1.5 ml 0.85% NaCl, vortexed for 3 minutes and 

microfuged again for 5 minutes. These washing steps were performed 

twice. After washing, the pellet was resuspended in 1 ml 0.85% NaCl 
and stained with 3 ul of a 1:1 mixture of 20 mM (PI, Cat. No. P4170, 

Sigma-Aldrich) and 0.01% w/v acridine orange (AO, Cat. No. A4921, 

Sigma-Aldrich). Stained samples were vortexed and incubated in the 
dark at room temperature for 15 minutes. Dyes were removed by 

microfuging and resuspending in 1 ml of 0.85% NaCl. Each sample 

was diluted 10
-2 

in sterile saline. A wet mount was prepared from this 
dilution and observed under a Zeiss Axiostar Plus fluorescence 

microscope set with a 490 nm excitation filter and a 510 nm barrier 

filter. Pictures were taken through the eyepiece using a Canon 
Powershot SD790 IS digital camera.  

Intracellular pH assay. We performed two intracellular pH time 

course assays to determine changes in internal pH of chitosan treated 
L. brevis CCC 96S1L and L. brevis BSO31h strains, which may have 

resulted in the unrestricted passage of H
+ 

ions through pores formed 

by chitosan. This method was adapted from previous experiments (1, 
3, 4). An overnight culture of each strain was diluted 1/4 in fresh 

MRS and grown in a 30°C incubator for 2 hours to achieve a 

concentration of ~0.8 OD
600 

units. Cells in 25 ml of this culture were 

harvested by centrifugation at 7000 x g for 10 minutes at 4°C (Sorvall 

Model RC-5B centrifuge, SS-34 rotor). Harvested cells were washed 

 
FIG. 1. Effect of chitosan on growth rate of four lactic acid bacteria strains. The growth of untreated (●), chitosan treated (■), and 

acetic acid treated (▲) L.brevis CCC 96S1L (A), L.brevis BSO31h (B), L.casei CCC B9657 (C), and P.claussenii CCC B1098NR (D) was 

monitored.  
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and resuspended in 50 mM Tris, pH 9.0, supplemented with 1 mM 

ethylenediaminetetraacetate (EDTA) using centrifugation conditions 
previously described.  

To load the LAB strains with fluorescent probe, cells were 

incubated for 10 minutes at 30°C in the presence of 20 μM 5 (and 6-)-
carboxyfluorescein diacetate succinimidyl ester (cFDASE, Cat. No. 

C1157, Invitrogen; dissolved in dimethyl sulfoxide (DMSO) and 

brought up to appropriate volume using phosphate buffered saline 
[PBS]). In this study, glucose was added to the cells to achieve a final 

concentration of 10 mM and incubated for 30 min at 30°C to 

eliminate nonconjugated cFSE. The cells were washed and 
resuspended in 50 mM K

2
HPO

4 
buffer, pH 7.0. 3 ml of resuspended 

cells were transferred into each of ten labeled Oakridge centrifuge 

tubes for the pH calibration curve and the 25-minute time course pH 
assay. The cells were then centrifuged at    7000 x g for 10 minutes at 

4
o

C (Centra MP4R centrifuge, rotor #810).  

To create a pH calibration curve for the experiment, the cells 
loaded with fluorescent probe were resuspended in Tris MES buffers 

with pH values of 4.0, 5.0, 6.0, 7.0, 8.0 and 9.0. Therefore, 

equilibration of the intracellular pH with extracellular pH was 
achieved by addition of the ionophore valinomycin (1) (Cat. No. 

V0627, Sigma-Aldrich) to a final concentration of 10 μM. The cells 

were diluted 1/25 prior to fluorescence measurements. Fluorescence 

intensity units (FIUs) were measured with a fluorometer (Turner
® 

Quantech
TM 

digital filter fluorometer, Raw Fluorescence Mode) using 

the following specifications: 490 nm (pH-sensitive, NB490) and 360 
nm (pH-insensitive, NB360) excitation wavelengths, and 515 nm 

emission wavelength (SC515). These wavelengths were selected as it 
has been shown that fluorescence intensity units (FIUs) of cFSE at 

490 nm and 360 nm excitation wavelengths are pH-sensitive and pH-

insensitive, respectively (10). The known concentration upper limit 
was set to 1000.00 FIU using cFDASE-loaded L. brevis CCC 96S1L 

and L. brevis BSO31h cells diluted 1/20 while distilled water was 

used as the lower limit blank. The FIUs of cells at each pH were 
measured at each wavelength, and the ratio of FIU

490
/FIU

360 
was 

plotted on a pH calibration curve.  

To assay for changes in intracellular pH associated with different 
treatments, cFDASE-loaded cells were resuspended in Tris MES 

buffer, pH 7.0 (50 mM Tris, 50 mM MES, 140 mM choline chloride, 

1 mM MgCl
2
, 10 mM KCl, 10 mM NaHCO

3
, and 0.5 mM CaCl

2
) and 

placed on ice until required. The cells were diluted 1/50 and placed in 

a glass cuvette. Four separate 25-minute time course assays were 

performed for each of the two strains of lactic acid bacteria: negative 
control, chitosan

 
treatment, acetic acid treatment and positive control 

where cells were freely permeabilized by toluene treatment. The FIUs 

at 490 nm and 360 nm were determined at 5-minute intervals. At 3 
minutes, 10 mM glucose was added directly to the cuvette and 

pipetted up and down for thorough mixing. At 7 minutes, cells were 

treated accordingly: no addition as negative control, addition of 
chitosan

 
to a concentration of 0.5 g/L, addition of acetic acid (80ul/ml 

culture) or addition of toluene (80 ul/ml culture) as a positive control. 

Treatments were added directly to the cuvette and mixed 
continuously by pipetting up and down throughout the time course 

assay. The FIU
490

/FIU
360 

ratios were converted to intracellular pH 

values using the equation determined from the pH calibration curve. 
The time course treatments were carried out two at a time. The 

untreated control and chitosan
 
treatments were run at the same time, 

acetic acid treatment and toluene treatment together in another 25 
minutes course. Therefore, there was approximately a 15-20 minute 

delay in between the two assay groups. 

 

RESULTS 

Growth of LAB strains in the presence and 

absence of chitosan. Figure 1 A shows that both the 

untreated and the chitosan treated L.brevis CCC 96S1L 

samples grew very slowly during the initial 30 minutes. 

At 40 minutes, the growth rate of both samples 

increased dramatically at a similar rate until 60 minutes; 

the growth of the untreated L.brevis CCC 96S1L 

increased at a fairly constant rate with a slight decrease 

at 280 minutes, while the rate of growth of the 

bacterium in the presence of 0.5g/L chitosan increased 

even more during 60-100 minutes yet was decreased at 

100 minutes and eventually reached a plateau at 140 

minutes. Compared to the untreated L.brevis CCC 

96S1L, the acetic acid increased the growth rate of the 

bacterium during the initial 40 minutes, yet had no 

further affect after this time and followed similar trend 

of the untreated bacterium.  

After the initial 12 minutes of slow growth observed 

in the untreated and the treated (acetic acid and 

chitosan) L.brevis BSO31h samples, the chitosan 

treated bacteria had an immediate increase in growth 

rate compared to the gradual increase in the untreated 

cells (Fig. 1 B). At 140 minutes, however, the growth of 

the chitosan treated cells slowed down and reached a 

plateau at 220 minutes (Fig. 1 B). Moreover, acetic acid 

caused alternating increase (0-60 and 155-240 minutes) 

and decrease (60-155 and 240-280 minutes) in the 

growth rate of L.brevis BSO31h (Fig. 1B). The growth 

of the bacterium at 0-60 and 155-240 minutes has a 

very similar trend to the untreated bacterium. However, 

based on Figure 2, the growth of untreated L.brevis 

BSO31h, and the effect of acetic acid on other bacterial 

strains shown in figure 1 (A, C, and D), the decrease in 

bacterial number was probably due to contamination, 

for example, with chitosan or toluene, and errors in 

 
 

FIG. 2. Effect of chitosan on growth of four lactic acid 

bacteria strains. The growth of untreated (white), chitosan 

treated (black), and acetic acid treated (grey) bacteria were 

measured after 24 hours. 
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measurement. Contamination with chitosan would 

inhibit bacterial growth and decrease the slope of the 

turbidity graph. Toluene would lyse bacteria and 

decrease their numbers thus contamination with 

toluene, which was present in the plate, might also 

explain the observed trend.  

According to figure 1 C, the growth of both the 

untreated and the treated (acetic acid and chitosan) 

samples of L.casei CCC B9657 were similar to L.brevis 

CCC 96S1L as all three were slow during the initial 23 

minutes but increased at 25 minutes (Fig. 1 A). The 

untreated L.casei continued to grow at a constant rate 

while the growth of the chitosan treated cells was 

inhibited and slowed down at 100 minutes. The growth 

curve of acetic acid treated L.casei had a less steep 

slope compared to the untreated L.casei implying a 

small inhibition of the bacterial growth by acetic acid. 

As figure 1 D shows, the first 12 minutes of growth 

of all three P.claussenii CCC B1098NR samples was 

very similar to L.brevis BSO31h samples (Fig. 1 B). 

The untreated P.claussenii continued to grow at a 

constant rate while the growth of the chitosan treated 

cells was inhibited and slowed down at 45 minutes. 

Initially, acetic acid inhibited the growth of P.claussenii 

but after 120 minutes, the growth rate of the acetic acid 

treated and the untreated P.claussenii cells became 

almost identical.  

According to Figure 2, the growth of all the chitosan 

treated LAB strains were reduced by at least 42% 

compared to their growth in the untreated or acetic acid 

treated samples. The turbidity values  of L. brevis CCC 

96S1L, L. casei CCC B9657, and  P. claussenii CCC 

B1098NR  were greatly reduced by 59%, 62%, and 

59% respectively in the presence of chitosan. On the 

other hand, the turbidity of L. brevis BSO31h was 

reduced only by 42%. Acetic acid only slightly (%5 or 

less) decreased the turbidity of L. brevis BSO31h, L. 

casei CCC B9657, and P. claussenii CCC B1098NR. 

 
 

FIG. 3. Fluorescent staining and visualization of LAB strains. Fluorescent visualization of lactic acid bacterial cells using PI (20 

mM) and AO (0.01% w/v). Treatment samples were subjected to 0.5 g/L chitosan for 24 hours. A-D: L. brevis CCC 96S1L, L. brevis 
BSO31h, L. casei CCC B9657 and P. claussenii CCC B1098NR; E-H: strains A-D and chitosan. Control samples include toluene (100 µl/ml) 

and acetic acid (66.7 µl/ml) treatments. Perforated cells stain red and intact cells stain green. Cells were viewed through a 1000x objective 

lens. Photos represent an average trend over 20 fields. 

 



Journal of Experimental Microbiology and Immunology (JEMI)  Vol. 15: 7 – 14 

Copyright © April 2011, M&I UBC 

 

11 

 

However, acetic acid inhibited the growth of L. brevis 

CCC 96S1L by 20%. 

Fluorescent staining and visualization of cells 

treated with chitosan. The fluorescent staining assay 

helped evaluate membrane permeabliziation through 

differential staining with propidium iodide (PI) and 

acridine orange (AO) and visualization of the intact and 

permeablized cells. These two dyes both bind DNA, 

where PI enters perforated cells and is therefore 

suitable for identification of dead cells while AO is 

used for staining both living and dead cells. Cells with 

intact membrane exclude the red PI dye and therefore 

stain green due to AO, while perforated cells stain red 

(1).  

The chitosan treated cultures displayed varying 

degrees of red fluorescence in the four strains compared 

to the controls with strains only, which fluoresced 

entirely green. L. brevis CCC 96S1L had the greatest 

amount of red cells (91%) while P. claussenii CCC 

B1098NR had the least amount (20%). L. casei CCC 

B9657 and L. brevis BSO31h exhibited reasonable 

levels of red fluorescence of 86% and 81%, 

respectively. In addition, the visualization of the strains 

showed alterations in the morphology of the cells 

subjected to chitosan, appearing smaller, less rod-

shaped, and more spherical compared to the strains 

without chitosan treatment. Since the toluene and 

acetic acid controls have the same effect on all the 

LAB strains, only L. brevis CCC 96S1L was used to 

carry out the controls in the assay. The positive toluene 

control is known to puncture the cellular membrane 

(5), therefore these cells stained exclusively red. The 

acetic acid control resulted in 4% red fluorescence.  

Intracellular pH assay. To determine the effect of 

chitosan on the intracellular pH of L. brevis CCC 

96S1L and L. brevis BSO31h, the intracellular pH of 

each strain was monitored over a period of 25 minutes. 

For the L. brevis CCC 96S1L strain, the internal pH at 

the beginning of four 25-minute course assays ranged 

from 6.4 to 7.3, although these samples were taken 

from the same flask of cFDASE-loaded cells.  The 

addition of 10 mM glucose at 3 minutes showed a 10 

to 12% increase in FIU490, the pH sensitive 

wavelength, and a 4 to 37% increase in FIU360 ,  the pH 

insensitive wavelength (Fig. 5 A and 5 B), resulting in 

a  slight 0.1 to 0.6 units drop in pH (Fig. 4 A). A slight 

drop in the ratio used to calculate pH was observed at 7 

minutes in the chitosan and toluene treated L. brevis 

CCC 96S1L, corresponding to a pH change of 0.2 and 

0.4 units respectively (Fig. 4 A). However, this 

calculated decrease in the FIU490/FIU360 ratio was 

likely due to an increase in FIU360, instead of a drop in 

FIU490. In fact, FIU490 increased slightly after the 

addition of chitosan and toluene in the corresponding 

samples at 7 minutes (Fig. 5 A). Similarly, the 

intracellular pH of acetic acid-treated sample decreased 

by 0.2 units at 7 minutes (Fig. 4 A). However, this was 

also likely due to an increase in FIU360 instead of FIU490 

(Fig. 5 A and B). A slight increase in FIU490 was 

observed for the control culture, while the FIU360 stayed 

relatively constant, resulting in a slight increase in pH 

for the control culture over the 25 minutes of the assay. 

The internal pH of the four treatment samples for L. 

brevis BSO31h also varied at the beginning of the 

experiment. The initial intracellular pH of the control 

and chitosan-treated samples were around 8.2 while 

toluene and chitosan- treated samples were around 7.4, 

although these samples were all taken from the same 

flask of cFDASE-loaded cells (Fig. 4 B). The addition 

of 10 mM glucose at 3 minutes showed a 6 to 13% 

increase in FIU490 and 17 to 43% increase in FIU360 

(Fig. 5 C and 5 D), resulting in a slight 0.2 to 0.4 units 

drop in pH (Fig. 4 B). There was a notable drop in pH 

in the chitosan, acetic acid and toluene-treated samples 

at 7 minutes (Fig. 4 B). However, again, all were due to 

an increase in FIU360 rather than a decrease in FIU490 

(Fig. 5 C and 5 D). The pH of the control sample 

appeared relatively stable (Fig. 4 B), however, both 

 
FIG. 4. Effect of chitosan on the intracellular pH of lactic 

acid bacteria. The pH of cFSE in untreated (●), chitosan treated (■), 

acetic acid-treated (▲), and toluene-treated (X) L.brevis CCC 96S1L 

(A) and L. brevis BSO31h (B). The following additions were made 

at the times indicated by the arrows: a. 10mM glucose; b. untreated 

(control) or 0.5 g/L chitosan. 
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FIU490 and FIU360 were increasing over the course of the 

essay (Fig. 5 C and D). 

 
DISCUSSION 

 

Based on figure 1, the turbidity of all untreated 

strains of the lactic acid bacteria increased over five 

hours while chitosan inhibited the growth of all four 

strains with some being slowed at an earlier time 

compared to others. The results implied that the pH 

assay should detect a change in intracellular pH as early 

as 60 minutes for P. claussenii or as late as 190 minutes 

for L. brevis BSO31h if chitosan depends on membrane 

permeability. However, the result of the pH assay could 

not be used because of inconclusive results. 

The fluorescent staining assay results confirmed 

chitosan’s inhibitory effect on lactic acid bacteria 

through its disruption of the cellular membrane. High 

levels of PI staining were seen for all four strains and 

since PI is only able to enter permeabilized cells, this 

was a clear indication of membrane damage. These 

results correlated with the turbidity results that were 

taken on the cultures after 24 hours, prior to the assay 

(Fig. 2). The reduction in turbidity values observed in 

all chitosan treated cultures were also seen in the 

fluorescent staining as 80 to 90% of the cells stained 

red. One exception was P. claussenii CCC B1098NR, 

which had only 20% red cells even though there was a 

60% reduction in the turbidity value. This low level of 

staining indicated that this stain did not enter P. 

claussenii CCC B1098NR cells as readily as other 

strains of LAB, which might have resulted from a less 

permeabilized membrane due to a difference in the 

membrane structure. Moreover, the disruption of 

membrane permeability might not have been the only 

effect of chitosan; it has been suggested that chitosan 

inhibits various enzymes, acts as a chelating agent that 

selectively binds trace metals (12) and stacks over the 

microbial surface, blocking the transport of nutrients 

(14); these could be examples of mechanisms through 

which chitosan might have inhibited the growth of P. 

claussenii CCC B1098NR cells, yet their effects were 

not picked up by the fluorescence assay.  

Furthermore, the morphological changes in the cell 

membrane of chitosan treated cells after 24 hours 

showed smaller, irregularly shaped cells compared to 

 
FIG. 5. Effect of chitosan on FIU at 490 (A, C) and 360 (B, D) nm. Presented are the raw FIU values collected from the 25-minute 

time course assay of cFSE in untreated (●), chitosan treated (■), acetic acid-treated (▲), and toluene-treated (X) L. brevis CCC (A, B) and L. 

brevis BSO31h (C, D). The following additions were made at the times indicated by the arrows: a, 10mM glucose; b. untreated (control) or 

0.5g/L chitosan. The fluorescence at 490 nm has been determined to be pH-sensitive, while fluorescence at 360 nm is pH-insensitive (1). 
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untreated bacteria, indicating damage to the membrane. 

This could be due to the electrostatic interaction 

between the positive NH3
+
 groups on the protonated 

chitosan and the negatively charged phospholipids of 

the cell membrane (12). This was observed in the study 

by Li et al using transmission electron microscopy 

where chitosan increased the release of cellular 

components of Escherichia coli and caused 

morphological changes, including pore formation, 

separation of the membrane, and irregularly shaped 

cells that were also degraded from bacilliform to a 

spherical shape (9). 

According to figure 1, acetic acid decreased the 

growth rate of L.casei CCC B9657 and P. claussenii 

CCC B1098NR, while it initially increased the growth 

of L.brevis CCC 96S1L. The initial effect of acetic acid 

on L.brevis CCC 96S1L might have masked the effect 

of chitosan (dissolved in acetic acid) and resulted in an 

increased growth rate in the chitosan treated bacterium 

compared to the untreated bacterium. As seen in Fig. 3, 

the acetic acid treated sample had low levels of red 

fluorescence (4%), indicating some disruption of the 

membrane. These observations along with the turbidity 

results showing a reduced growth of LAB in the 

presence of acetic acid only, confirmed that acetic acid 

may have a minor role in inhibiting L.casei CCC B9657 
and P. claussenii CCC B1098NR.  

From the pH assay, it was expected that if chitosan 

perforated the cell membrane of L. brevis CCC 96S1L 

and L. brevis BSO31h then it would lead to an 

imbalance of the H
+ 

gradient inside and outside of the 

cell. Thus, we would expect to detect changes in the 

intracellular pH as it equilibrated with the pH of the 

surrounding buffer. However, several confounding 

results in the assay that interfered with meaningful 

interpretation of the results.  

We expected the initial intracellular pH for the four 

samples of L. brevis CCC 96S1L to be about the same 

since the samples were taken from the same flask of 

cFDASE-loaded cells prior to any treatments. Contrary 

to our expectation, the initial pH varied from 6.4 to 7. 8 

(Fig. 4 A). The same problem occurred in the 

experiment by Aquino et al. (1), and was speculated to 

possibly rise from the effect of timing of the assay. In 

our experiment, two 25 minutes course assays were run 

at the same time, while the other two treatment samples 

were preserved on ice until needed. The untreated and 

the chitosan-treated samples were assayed first and 

yielded a starting pH within the expected range of 6.0 

to 7.5 for lactic acid bacteria (2) (Fig. 4 A). The cell 

culture in the acetic acid and toluene- treated samples, 

which were assayed later, yielded starting pH values 

that were out of the expected range (Fig. 4A). Thus, we 

speculated that the variation in the starting pH may 

have been due to a stress response as the acetic acid and 

toluene-treated cell cultures were being depleted of 

endogenous energy source. The maintenance of pH 

homeostasis in lactic acid bacteria requires energy and 

depends on a continuous supply of nutrients from the 

surrounding medium (2). Therefore, the cell culture in 

the two later assayed samples may have been low on 

intracellular energy source, compromising the ability of 

the cell to maintain intracellular pH homeostasis and 

yielding varied intracellular pH at the beginning of the 

assay. The same problem occurred in L. brevis 

BSO31h, in which the starting intracellular pH also 

varied (Fig. 4 B). The toluene and acetic-acid treated 

samples, which were assayed first, had a starting 

internal pH of 7.4, which fell within the expected range 

(Fig. 4 B). The initial intracellular pH values in the later 

assayed samples were around 8.2 and out of the 

expected range (Fig. 4 B). This variation in initial pH 

may also have been due to the depletion of intracellular 

energy store as explained previously. 

In both L. brevis CCC 96S1L and L. brevis BSO31h, 

there were a notable decrease in pH after the addition of 

chitosan and toluene in the respective samples at 7 

minutes (Fig. 4 A and 4 B). However, a complication 

arose in the fact that the observed drops in pH were all 

due to a notable increase in the FIU360 instead of any 

significant decrease in FIU490 (Fig. 5). It has been 

previously determined that FIU360 is the pH-insensitive 

wavelength while FIU490 was the pH-sensitive 

wavelength (1). The fact that FIU360 was increasing 

confounded the results. We speculated that the increase 

in FIU360 at 7 minutes might have been due to the 

addition of chitosan and toluene in the respective 

treatments. Specifically, an increase in FIU360 would be 

observed if chitosan and toluene fluoresced at 360 nm. 

Studies of toluene had no indication of the substance 

fluorescing at 360 nm (11). However, studies of 

chitosan found it to have an emission wavelength of 

around 370 nm (8), which is very close to 360 nm. This 

may explain why there was a notable increase after the 

addition of chitosan in both L. brevis CCC 96S1L and 

L. brevis BSO31h. Since FIU360 was critical in 

determining the intracellular pH throughout the assay, 

the fact that chitosan may have interfered with the 

reading of FIU360 decreased the validity of our assay 

results. Therefore, the intracellular pH assay performed 

on L. brevis CCC 96S1L and L. brevis BSO31h may 

have been inappropriate in assessing changes in 

intracellular pH, and therefore inappropriate in 

evaluating the effect of chitosan on cell membrane 

permeability. 

In conclusion, our results from the fluorescence and 

growth assay is consistent with the expectation that 

chitosan inhibits the growth of certain strains of lactic 

acid bacteria by disrupting the membrane integrity of 

the cells.  
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FUTURE EXPERIMENTS 

 

In order to better understand the differences in 

fluorescent staining between the four lactic acid 

bacterial strains, a flourometer could be used to 

measure the excitation wavelengths of the two dyes, PI 

and AO. Rather than visually estimating the amount of 

red and green stains with a microscope, this approach 

would instead give a quantitative measurement and 

therefore an accurate reading of the relative differences 

among the strains. 

In the intracellular pH assay, the addition of chitosan, 

with an emission wavelength of 370 nm (8), may have 

increased FIU360 and therefore was inaccurate in 

reflecting changes in intracellular pH that arose from 

changes in cell membrane permeability. One way to get 

around this problem is to change the pH- insensitive 

wavelength from 360nm to the 440nm, as was used by 

Breeuwer et al (3). This might eliminate the problem of 

any increases in FIU360 that was due to chitosan instead 

of changes in intracellular pH. 
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