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Procedures for dipping of chicken carcasses in trisodium phosphate (TSP), lactic acid (LA) and acetic 
acid (AA) were evaluated to determine their effectiveness for reducing E. coli NCTC 10538 and aerobic 
total counts on the chicken meat surfaces.  Chicken portions were dipped in a suspension of E. coli (7 
log CFU/ml) for 20 s and kept for 90 min to allow E. coli to get attached to the chicken surface. The 
chicken portions were then dipped in 8, 10, and 12% concentration of TSP, 1, 2, and 3% concentration 
of LA, and 0.5, 1, and 1.5% concentration of AA for 20 s each followed by dipping in tap water for 20 s. A 
sterile template 4 x 4 cm was placed on the chicken surface and then swabbed by swab cotton. The 
number of E. coli and aerobic total counts were enumerated. The reduction of E. coli on chicken meat 
surfaces dipped in 8, 10 and 12% of TSP decreased E. coli by 0.5, 1.2 and 1.6 log CFU/ cm2, respectively. 
The reduction of E. coli on chicken meat surfaces dipped in 1, 2 and 3% LA was 0.5, 1.8 and 2.1 log 
CFU/cm2 respectively. The reduction of E. coli on chicken meat surface dipped in 0.5, 1.0 and 1.5% of 
AA had decreased the E. coli counts of 0.7, 1.1 and 1.4 log CFU/ cm2, respectively. The results showed 
that LA was more effective against E. coli and aerobic total counts than TSP and AA. 
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INTRODUCTION 
 
Microbial loads in meat depend on the way the animal is 
slaughtered and eviscerated and the way by which the 
meat is generally handled and stored in terms of time and 
temperature. They also depend on hygienic conditions in 
the slaughterhouses (Brown and Baird-Parker, 1982).  
Shelf lives of fresh red meat, poultry, fish, and milk are 
limited due to the growth of meat spoiling micro-
organisms, which cause the off-odours and slime. The 
spoilage of refrigerated chicken is due to microbial growth 
and metabolic activities of bacteria (Jackson et al., 1997).  
Psychrotrophic bacteria on chicken carcasses generally 
consist of Flavobacterium spp., Shewanella putrefaciens, 
Acintebacter spp. and Pseudomonas spp. Pseudomonas 
spp. is most abundant in fresh and spoiled chicken 
(Arnaut-Rollier et al., 1999), and 80% of the total 
microbial flora on chicken carcasses was found to consist 
of Pseudomonas spp. and B. thermosphancta (Gallo et 
al., 1988)  

Chemicals, salt, low temperature, heat, and irradiation 
processes have been used to eliminate, inhibit or reduce 

pathogens in food and food products. The inhibition acti-
vities of antimicrobials are due to the undissociated form 
of the molecules (Eklund, 1983 and 1985). Antimicrobials 
such as trisodium phosphate (TSP), lactic acid (LA), and 
acetic acid (AA) have been used as food preservatives 
and are generally recognised as safe (GRAS) (Branen et 
al., 1990).  Lactic and acetic acids are commonly used in 
the beef meat industry to reduce the microbial loads in 
the carcasses (Berry and Cutter, 2000).   

TSP has been used as an effective sanitizer in con-
trolling the growth of Salmonella spp. and E. coli (Giese, 
1992), Staphylococcus aureus (Lee et al., 1999), Cam-
plybacter, Listeria monocytogenes and psychrotrophs 
(Slavic et al., 1994).  However, it is less effective against 
total aerobic microorganisms (Lillard, 1994) and may 
cause brown discoloration of meat when used in high 
concentrations (Bhide et al., 2001). Several investigators 
have evaluated the effects of TSP against pathogens 
attached to chicken carcasses. Their results have indi-
cated that dipping or spraying the fresh chicken with TSP 
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                                                                           Experimental Design 
 

Quarter Chicken portion were dipped in suspension of E. coli for 20 seconds 
 
 
 
 

Hold for 90 minutes to allow E. coli to be attached to the chicken surface 
3 Quarters of chicken were dipped in 8.0%, 10%, 12% TSP for 20 sec each  
3 Quarter of chicken were dipped in 1.0%, 2.0%, 3.0% LA for 20 sec each 
3 Quarter of chicken were dipped in 0.5%, 1.0%, 1.5% AA for 20 sec each 

                               3 Quarter of chicken as control 
       

 
       Control      8%            10%            12%                            Control       1%              2%           3% 
         Trisodium phosphate (TSP)           Lactic acid (LA) 
              

         

           Control      0.5%           1%        1.5%    
                                             Acetic acid (AA) 

 
 Chickens were dipped in tap water for 20 seconds to remove chemical residues 

 
Sterile template was put on chicken surface and the area of 4cm x 4cm was swabbed by sterile cotton swab 

 

Sterile Template
4cm x 4cm 

 
 

Swab was put in 9-ml sterile maximum recovery diluent and the dilution was made  

                          

 

Swab 

9ml (MRD) 

  
 
Figure 1. Illustration of chicken treatments with TSP, LA, and AA. 

 
 
 
concentrations reduced Salmonella and Listeria monocy-
togenes on chicken carcasses (Hwang and Beuchat, 
1995). TSP was also found to be very active against 
gram-negative bacteria such as E. coli, Salmonella, Cam-

pylobacter, coliforms, and pseudomonas (Fratamico et 
al., 1996).  Ramirez et al. (2001) carried out a sensory 
evaluation of poultry meat dipped in 8 to 12% concen-
tration of TSP for 30 s and the results  indicated  that  the 
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sensory quality was not affected by TSP treatment.  

Lactic acid is an antimicrobial agent used to eliminate 
pathogens and reduce the microbial loads in meat 
carcasses. The advantage of using lactic acid is that it 
does not require the use of high pressure spraying to 
eliminate the pathogens from meat carcasses. In addi-
tion, it remains on the meat carcasses, and works as anti-
microbial agent on carcass surfaces (Ramirez et al., 
2001).  

Acetic acid has been used to reduce or inhibit the 
bacterial and yeast growth in food or food products. It is 
also used directly in the pickling of vegetables and other 
foodstuffs. Acetic acid is generally recognized as safe 
(GRAS) as a food ingredient (Anderson et al., 1980).  Bell 
et al. (1986) found that acetic acid reduced the aerobic 
total counts in raw meat. When chicken carcasses were 
washed with 0.5% acetic acid, total counts were reduced 
by 0.76 log CFU/ cm2 (Sakhare et al., 1999). 

The main objective of the present study was to eva-
luate and compare the effectiveness of trisodium phos-
phate, lactic acid, and acetic acid treatment in reducing 
E. coli and aerobic bacteria load on chicken meat sur-
faces.  
 
 
MATERIALS AND METHODS 
 
Culture details 
 
E. coli NCTC 10538 is present in the intestinal tract of most of the 
warm-blood animals and is used as an indicator of faecal 
contamination.  It was obtained from the microbiology lab at 
Queen's University, Belfast. 
 
 
Antimicrobial dipping compounds 
 
Trisodium phosphate (sodium phosphate tribasic dodecahydrate), 
lactic acid (2-Hydroxpropionic acid), and acetic acid were used as 
antimicrobial compounds.   
 
 
Culture preparation 
 
Tryptic soy broth (TSB) was inoculated by a loopful of culture from 
triple sugar iron agar slope (TSA). The broth was incubated for 18 h 
at 37oC to reach the stationary phase. After 18 h, serial decimal 
dilutions were prepared up to 10-4 from the stationary phase culture.  
1 ml of the 10-4 dilution was transferred to 10 ml of TSB and incuba-
ted at 37oC for 18 h.  A 10 ml portion of the resulting station-nary 
phase culture was transferred to a 50 ml centrifuge tube and 
centrifuged at 4000 rpm for 20 min.  The supernatant was removed 
by using a sterile plastic pastette. Sterile phosphate saline buffer 
(PBS) (10 ml) was added to the pellet. PBS was suspended in the 
pellet by withdrawing liquid into the pipette tip and was repeatedly 
ejected until a uniform suspension was obtained. The suspension 
was poured in sterile PBS and made up to 50 ml, and centrifuged 
again at 4000 rpm for 20 min. The supernatant was then removed 
and 10 ml of PBS was added to the pellet and mixed until a uniform 
suspension was obtained. Sterile PBS was added to make it up to 
50 ml. Decimal dilution series were prepared and were spread 
plated (0.1 ml) in duplicate plates on the MacConkey agar for 
enumeration of E. coli.  Plates were incubated at 37oC for 24 h. The 
suspension was found to contain 107 CFU/ml. 

 
 
 
 
Dipping procedures 
 
For each treatment, 12 chicken quarters with skin, obtained from a 
local supermarket, were used.  These samples were dipped into the 
suspension of E. coli (107 CFU/ ml) for 20 s and put in a tray for 90 
min to allow E. coli to be attached to the skin surface. The samples 
were subjected to one of the following treatments: 8, 10 and 12% 
TSP concentrations for 20 s; 1, 2 and 3% LA concentrations for 20 
s; and 0.5, 1.0 and 1.5% concentrations AA for 20 s.  All samples 
were also dipped in tap water for 20 s. Each treatment was 
repeated four times. The details are shown in Figure 1.  
 
 
Surface swabbing  
 
A sterile template (4 x 4 cm) was put on chicken skin, and the area 
was swabbed by sterile swab cotton. The swab was put in 9 ml 
sterile maximum recovery diluent (MRD) (peptone saline diluent). 
Decimal dilution series were prepared and were spread plated (0.1 
ml) in duplicate on the TSA for total counts and on MacConkey agar 
for enumeration of E. coli.  Plates were incubated at 37oC for 24 h 
for E. coli and at 32oC for 48 h for aerobic total counts. 
 
 
RESULTS AND DISCUSSION 
 
Trisodium phosphate 
 
The results have indicated that dipping chickens in the TSP 
concentrations lowered the E. coli and aerobic total counts on 
chicken carcasses as compared to the control. Dipping chickens in 
8, 10 and 12% concentration of TSP reduced E. coli by 0.5, 1.2 and 
1.6 log CFU/ cm2, respectively, whereas 0.5, 1.0, and 1.7 log CFU/ 
cm2 reduction was observed in aerobic total counts, respectively. 
The effect of TSP may be due to its high pH (pH 10), which affects 
the cell wall and the adherence of bacteria. TSP may also repress 
enzyme synthesis and inhibit enzyme activity of bacteria (Wagner 
and Busta, 1986). Figure 2 shows the corresponding reduction 
curve.  It shows decreased numbers of E. coli and aerobic total 
counts on chicken dipped in 8, 10 and 12% of TSP. The reduction 
of E. coli and aerobic total counts in the 8, 10 and 12% concen-
trations of TSP was statistically significant at P > 0.001 level. The 
least significant differences (LSD) of means were 0.095 for E. coli 
and 0.15 for aerobic total counts. The decreased survival of E. coli 
and aerobic total count in 12% concentrations was highest com-
pared with 8 and 10% concentrations. 

The results obtained from this experiment were similar with those 
obtained in previous studies. Wang et al. (1997) studied the effects 
of 10% TSP spraying on S. Typhimurium and found that the re-
duction was 1.5 - 2.3 log CFU/ cm2. Aerobic bacteria were reduced 
by 1.21 log CFU/ cm2 when chicken wings were treated by dipping 
in 8% trisodium phosphate (Ismail et al., 2001).  Lillard (1994) found 
that the reduction of S. Typhimurium on chicken carcasses was 2 
log CFU/ cm2 when chicken was treated with 10% TSP concen-
tration. Kim et al. (1994) reported that the treatment of chickens by 
dipping them in 10% TSP solution reduced the bacteria by 1.6 to 
1.8 logs CFU/ cm2 as compared to control samples. Slavik et al. 
(1994) evaluated the effectiveness of 10% TSP solution on the 
chicken carcasses inoculated with Campylobacter jejuna and repor-
ted that the reduction was 1.5 log CFU/cm2.  
 
 
Lactic acid 
 
The reduction of E. coli on chicken surface dipped in 1, 2 and 3% 
LA was 0.5, 1.8 and 2.1 log CFU/cm2 respectively. The reduction of 
aerobic total counts was 0.9, 1.4 and 2.1 log CFU/cm2, respectively. 
The effectiveness of lactic acid against microorganisms is due to 
the pH decrease and metabolic inhibition by the undissociated acid
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Figure 2.  Reduction of E. coli and aerobic total counts on chicken carcasses 
dipped in different concentrations of trisodium phosphate solution for 20 s. 
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Figure 3.  Reduction of E. coli and aerobic total counts on chicken 
carcasses dipped in different concentration of lactic acid solutions for 20 s. 

 
 
 
molecules (Jay 1992).�Figure 3 shows the corresponding reduction 
curve.  Results showed low numbers of E. coli and aerobic total 
counts as compared to control samples.  The reduction of E. coli 
and aerobic total counts in 1, 2 and 3% lactic acid solutions was 
found to be significantly different from control samples.  However, 
the reduction of E. coli was higher when the 3% concentration of LA 
was used.  The LSD  of  means  was  0.095  for  E. coli and 0.15 for 

aerobic total counts. Ramirez et al. (2001) dipped lamb breast car-
cass in 2% lactic acid and E .coli and aerobic total counts were 
found to be reduced by 1.6 and 1.6 log CFU/ cm2, respectively.  
Also, a 2.5 log reduction was observed when the calf carcass 
surface was treated with 2% lactic acid (Woolthuis and Smulders, 
1985). Davidson and Juneja (1990) observed that the treatment 
with 1-2% lactic acid reduced Enterobacteriaceae, and aerobic
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Figure 4. Reduction of E. coli and aerobic total counts on chicken carcasses dipped in 
different concentrations of acetic acid for 20 s.  

 
 
 
plate counts by log 0.3 - 2.7 CFU/ cm2 on beef, veal, pork, and poul-
try.� Aerobic bacteria were reduced by 2.6 log CFU/ cm2 when 
chicken wings were treated by dipping in 2% lactic acid (Ismail et 
al., 2001). Chicken carcasses were washed with 0.25% lactic acid 
and total counts were reduced by 0.76 log CFU/ cm2 (Sakhare et 
al., 1999). 
 
 
Acetic acid 
 
Dipping chicken portions in 0.5, 1 and 1.5% acetic acid solutions 
decreased the E. coli counts by 0.7, 1.1 and 1.4 log CFU/ cm2, res-
pectively. Figure 4 shows the corresponding reduction curve. 
Significant decrease of E. coli and aerobic total count as compared 
to control was noticed at 0.5 1.0 and 1.5% AA solutions. The least 
significant differences (LSD) of means were 0.095 for E. coli and 
0.15 for aerobic total counts. Chicken portion which were dipped in 
0.5, 1.0 and 1.5% concentrations of acetic acid had lower the E. coli 
counts by 0.7, 1.1 and 1.4 log CFU/ cm2, respectively. Also, the 
reduction of E. coli in 1% and 1.5% was higher than the 0.5% 
treatment. Aerobic total count was also reduced by 0.5, 1.0 and 1.6 
log CFU/ cm2, respectively. 
Chicken carcasses were washed with 0.5% acetic acid and total 
counts were reduced by 0.76 log CFU/ cm2 (Sakhare et al., 1999).  
Anderson et al. (1980) observed that the total count was reduced 
by 1.49 log when 3% of acetic acid was sprayed on the beef 
carcass.  When beef portions were dipped in 1.2% acetic acid for 
10 s, the populations of S. Typhimurium, Shigella sonnei, Yersinia 
enterocolytica, E. coli, Pseudomonas aeruginosa, and Strepto-
coccus faecalis were reduced by 65% and the colour and flavour of 
the beef remained similar to the  control samples (Bell et al., 1986). 

Conclusion 
 
Comparing the effects of the three treatments, lactic acid 
was found to be more effective against E. coli than acetic 
acid and trisodium phosphate. The reduction of aerobic 
total counts on chicken surfaces treated with lactic acid 
was highest as compared to those obtained from triso-
dium phosphate and acetic acid treatments.  The reduce-
tion of E. coli by trisodium phosphate and acetic acid 
were similar. However, the reduction of total counts by 
trisodium phosphate was higher than that of acetic acid. 
Lactic acid showed better antimicrobial effects against E. 
coli and aerobic total counts than trisodium phosphate 
and acetic acid. Lowering of E. coli and aerobic total 
counts by the use of trisodium phosphate required higher 
concentrations of trisodium phosphate. However, high 
concentration of TSP can adversely affect the meat quail-
ty due to presence of its residues in food.  

Finally, the use of trisodium phosphate, lactic acid and 
acetic acid to wash or sanitize meat carcasses (beef, 
veal, lamb and poultry) will not eliminate the pathogen 
aerobic total count completely, but will reduce the number 
of most harmful pathogens and microbial loads on meat 
carcasses, which will increase the shelf life and meat 
quality. The major benefit of the use of organic acid to 
wash meat carcasses is that they can reduce the dose of 
irradiation  necessary  to   eliminate   the  pathogens  and 



 
 
 
 
reducing microbial load in meat. 
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