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Abstract

The purpose of this experiment is to study the bactericidal effects of organic acids in a short time on Escherichia coli in order to screen the best organic acid 
disinfectants for slaughterhouse. Lactic acid, malic acid and citric acid that conform to the standards of food additives were selected, and the sterilization effect of 
different concentrations of organic acids on Escherichia coli was determined by quantitative sterilization test at different times. At same time, the combined (organic 
acids and plus surfactants) disinfection effect was compared. The test results show that lactic acid has the best bactericidal effect on E. coli, 3% lactic acid can achieve 
complete bactericidal effect under 0.5min action time; 0.5% lactic acid combined with 50ppm SDS can achieve complete bactericidal under 0.5min action time. Combined 
with the resultof 540C acceleration test and the result of organic interference test, combined disinfection was applicated in slaughterhouse. The results showed that the 
disinfectant had good bactericidal effect and reduced cross-contamination. In brief, the organic acids have good bactericidal effect and have a good market application 
in the future.
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Microbial contamination is inevitable during the 
slaughtering and processing of broilers, and cross-
contamination among carcass, treated water and equipment 
can also increase the level of microbial contamination of the 
carcass. Escherichia coli is a common food-borne pathogen in 
chicken, and it is also an internationally recognized important 
indicator of food hygiene. In the broiler slaughtering and 
processing, drug-resistant strains in broiler carcasses can also 
be isolated, resulting in cross-contamination in environment 
and carcass. Drug resistant strains can be passed from 
generation to generation through resistant genes or resistant 
plasmids, and even transferred to different strains, which 
makes the resistance of bacteria extremely complex, and the 
development of antibiotic resistant bacteria in animals poses 
a potential risk to humans. Zhao [1] also found that although 
pre-cooling can reduce bacterial contamination in broiler 
chickens, the bacterial contamination rate will increase during 
the subsequent segmentation and conveying process, and 
the cross-contamination of the segmentation and conveying 

process is determined to be the key control point, followed by 
pre-cooling pool water. The same is true of Wang [2], Zeng 
[3], and Rasschaert [4] on bacterial contamination of broiler 
slaughtering and processing.

The disinfectant used in the pre-cooling cleaning process 
in China is sodium hypochlorite [5]. Sodium hypochlorite has 
the advantages of high effi ciency and broad-spectrum, but it is 
unstable when encountering organic matter, greatly reducing 
the content of active chlorine, reducing the sterilization 
ability. However, there is also a certain controversy that the 
toxicity of the reaction product of sodium hypochlorite and 
organic matter. Thus the European Union has prohibited the 
use of sodium hypochlorite in direct contact with food [6], and 
Islamic countries that export livestock and poultry products to 
the EU also has prohibited the use of sodium hypochlorite [7]. 
Therefore, livestock and poultry products which are export to 
the European Union and Islamic countries, must be sterilized 
with chlorine-free chemical disinfectants. Organic acids have 
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good bactericidal effect, non-toxic and harmless to the human 
body, and are not easy to produce drug resistance. They are 
also approved by the US Food and Drug Administration (FDA) 
as “Generally Recognized as Safe” (GRAS) foods Additives [8], 
the US Department of Agriculture regulates 1.5%~2.5% lactic 
acid, citric acid and acetic acid to treat carcasses. The United 
States has used peroxyacetic acid in carcass rinsing and pre-
cooling tanks [9].

In this paper, three organic acids that meet the national 
standards of food additives were selected to study the 
bactericidal effect. At the same time, lactic acid was used in 
combination with SDS, which is an ingredient allowed for food 
disinfectants. Response surface analysis was used to optimize 
the concentration of lactic acid and SDS and processing 
time. Two kinds of disinfectants were tested for stability, 
comparing the bactericidal effect under the conditions of 540C 
acceleration test and interference of organic matter. Finally, 
the best disinfectant was selected for on-site application in the 
slaughterhouse.

 Materials and methods

Materials 

Strains used: Laboratory tests were carried out on twelve 
strains of Escherichia coli (Figure 1, Table 1). In the experiment 
of screening disinfectants, single strain(HB6-1) were used. 

Disinfectants: The prescreening was applied to DL-malic 
acid (BR grade, Shanghai Yuanye Biotechnology Co., Ltd.), citric 
acid (AR grade, Sinopharm Chemical Reagent Co.,  Ltd.), and 
DL-lactic acid (AR grade). 10% Sodium Dodecyl Sulfate (SDS) 
solution was purchased from Beijing Solarbio Technology Co., 
Ltd..

The coincidence rate of drug resistance phenotype and 
gene in 12 strains of E. coli was 88%.The drug-resistance of 
-lactams predicted by whole genome sequencing analysis was 
completely consistent with the drug-resistance phenotype(no 
drug-resistance gene was found in the susceptible strains, 

while drug-resistance genes were found in all the resistant 
strains). The coincidence rate of sulfonamides resistance of 
phenotype and resistance gene was 95%, fl orfenicol was 95%, 
aminoglycosides was 90%, polypeptide antibiotic was 90%.
The coincidence degree of both quinolones and tetracyclines 
was less than 90%, the coincidence rate was 75% and 70%, 
respectively.

Methods 

Screening of single organic acids: Different disinfectants 
were chosen for a prescreening of their effectiveness, which 
are allowed to use in food according to Chinese national food 
safety standard (10). In order to screen out the minimum 
concentration of disinfectant which can achieve the bactericidal 
effi ciency in a short time, 36% citric acid, 32% malic acid and 
lactic acid were prepared respectively. 36% citric acid; w as 
diluted to 1/2(18%), 5/8(22 .5%), 3/4(27%), 7/8(31.5%), 1(36%) 
citric acid; 32% malic acid was diluted to 1/2(16%), 5/8(20%), 
3/4(24%), 7/8(28%), 1(32%); lactic acid was diluted to 4%, 3%, 
2%, 1%. 

Strains were cultured at 370C on nutrient agar(Oxoid) 
for 18-24 h. Colony material was passaged in normal saline 
to a concentration of 8 log CFU mL-1, which was verifi ed by 
mcreynolds turbidimeter.

Quantitative s terilization test: 0.5ml of bacterial suspension 
was mixed with 4.5 ml of disinfectant (the control group was 
replaced by normal saline), which were treated for 0.5 min, 
1 min, and 5 min. 50 ul of the mixture was added into 4.95 
ml of sterile water to 100 double dilution and neutralization. 
After that, 100 ul sample solution was inoculated in nutrient 
agar, and evenly coated with a sterile coater, incubating at 
37°C for 18-24 h. The number of colonies was counted and 
the sterilization rate was calculated. The prepared bacterial 
suspension was diluted 104 times and then plated as a positive 
control.

Screening of compound organic acids: According to the 
screening results of single acid, it was found that lactic acid 
had the best bactericidal effect. Therefore, the combination of 
lactic acid (0.1-2%) and SDS (10-500 ppm) was chosen. The 
method was same as above.

Response surface analysis method: To optimize the 
lactic acid concentration, SDS concentration and time control 
conditions, which limited the maximum and minimum 
values for three single factors, the three-level code was 
determined and used (Table 2). Using Design Expert 11 
software, Box-Behnken response surface analysis was used 
to optimize treatment conditions on three factors, including 
lactic acid concentration, time, and SDS concentration, as 
independent variables and bactericidal rate response values 
to obtain the maximum bactericidal rate. According to Table 
3, 17 combination conditions were automatically generated by 
Design Expert11 software, of which 5 groups were repeated 
tests at the center point (Table 4), and 17 independent tests are 
carried out according to this table.

Figure 1: Drug resistance information and source of 12 strains of Escherichia coli.
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Stability test

54°C acceleration test: The single and compound 
disinfectants were stored in a 54°C thermotank for 0 d, 7 d, and 
14 d to conduct a quantitative sterilization test.

Organic matter interference test: In order to simulate the 
organic matter existed in the slaughterhouse, 10%, 15%, and 
20% fetal bovine serum were added to the disinfectants to 
determine the killing effect.

Application in slaughterhouse 

In order to verify the bactericidal effect of the compound 
disinfectant in slaughterhouse, the experiment was carried 
out in two slaughterhouse workshops in Hebei and Anhui. 
According to previous investigations on the key points of 
contamination of food-borne pathogens in the slaughter 
process of broilers, splitting and packaging were identifi ed as 
the key point of contamination. And two workers were selected 
for carcass segmentation. The operation of the experimental 
group was as follows: 30 whole chicken carcasses after pre-
cooling were randomly selected. For each division, a whole 
chicken carcass, the gloves and knives used by the workers were 
disinfected. After soaking for 1 minute, the surfaces of gloves 
and cutting tools were directly scraped with a sterile cotton 
swab, and 30 samples were taken from the surface of gloves 
and knives. Workers use the gloves and knives disinfected 
with compound disinfectant to cut the whole chicken carcass, 
and 30 samples were taken from the surface of the chicken. 
30 whole chicken carcasses on the pre-cooling line were taken 
randomly as the control group. The control group was not dealt 
with disinfectant. Other operation was same as above. After 
sampling, the swabs were placed immediately in the transport 
medium and transported to the laboratory in an ice box for 
testing.

Isolation and purifi cation of Escherichia coli: The sample 
was purifi ed and passaged 2 times by MacConkey. A single 
red colony was picked and inoculated on nutrient agar. The 
purifi ed strains were identifi ed by PCR. The method to extract 

Verifi cation of optimal conditions: In order to judge the 
feasibility of the plan, 12 strains of Escherichia coli with different 
drug resistance phenotype isolated from each process in a 
slaughterhouse in Hebei were randomly selected. The bacterial 
suspension of 12 strains of Escherichia co li was diluted 104 times 
and then plated as a positive control. The experimental method 
was same as quantitative sterilization test.

Table 1: Resistance genes of 12 test bacteria.

 strain drug resistance genes

HB-2-1 sul2_18; aph(3'')-Ib-2;aph(6)-Id-1;blaCTX-M-14b;blaTEM-148;fl oR_2

HB-2-20 dfrA14_1;blaCTX-M-14b;qnrS1_1;tet(A)_1

HB-3-2
sul2_18;dfrA12_8;sul1_33;aph(6)-Id_1;aph(3'')-Ib_2;armA_1;aac(3)-IId_1;aadA2_2;blaCTX-M-64;blaOXA-1;blaTEM-148;catB3_2;fl oR_2;oqxB_1;aac(6')-Ib-cr_1;o-

qxA_1;tet(A)_6;mcr-1.1_1;mph(E)_1;msr(E)_1;mph(A)_2

HB-4-1 sul3_2;sul2_18; dfrA14_1;aph(4)-Ia_1;aph(3'')-Ib_2;aph(6)-Id_1;aph(3')-Ia_3;ant(3'')-Ia_1;aadA2_2;aac(3)-IV_1;blaCTX-M-55;blaTEM-209;fl oR_2;qnrS1_1;mef(B)_1

HB-4-18 sul2_18;aph(3')-IIa_2; rmtB_1;aph(4)-Ia_1;aac(3)-IV_1;blaCTX-M-55; blaCTX-M-14b;blaTEM-209;fl oR_2;oqxB_1;oqxA_1;tet(A)_1;mcr-1.1_1

HB-4-19 mcr-10_1

HB-5-1 sul2_18;dfrA14_5;aph(4)-Ia_1;aph(6)-Id_4;aph(3'')-Ib_2;aph(3')-Ia_3;aac(3)-IV_1;blaCTX-M-65;blaOXA-10;blaTEM-95;fl oR_2;qnrS1_1;lnu(F)_2

HB-5-20 dfrA14_1;ant(2'')-Ia_1;aac(6')-IIa_1;blaVEB-1;qnrS1_1;tet(A)_1

HB-6-1
sul3_2;sul2_18;dfrA12_8;aph(4)-Ia_1;aph(6)-Id_1;aph(3'')-Ib_2;aph(3')-Ia_1;ant(3'')-Ia_1;aac(3)-IV_1;aadA3_1;blaCTX-M-55;blaOXA-1;blaNDM-15;catB3_2;fl oR_2;aac(6')-Ib-

cr_1;mph(A)_2

HB-6-19
sul3_2;dfrA14_1;aph(4)-Ia_1;aph(3'')-Ib_2;aadA23_1;aph(6)-Id_1;aph(3')-Ia_3;aadA2_2;aac(3)-IV_1;blaCTX-M-65;blaOXA-10;blaTEM-95;fl oR_2;qnrS1_1;mcr-1.1-

_1;mef(B)_1;lnu(F)_2

HB-7-1 sul3_2;sul2_18;dfrA14_1;aph(4)-Ia_1;aph(6)-Id_1;aph(3'')-Ib_2;aph(3')-Ia_3;ant(3'')-Ia_1;aadA2_2;aac(3)-IV_1;blaCTX-M-55;blaTEM-209;fl oR_2;qnrS1_1;mef(B)_1

HB-7-20 dfrA14_1;aph(3')-IIa_2;aph(3')-Ia_1;aadA22_1;blaCTX-M-55;tet(A)_1;lnu(F)_2;mph(A)_2

Table 2: Response surface analysis factors and levels.

Factor Code
Level

-1 0 1
Acid concentration

(%)
A 0.1 0.5 1

time
(min)

B 0.5 1 5

SDS concentration (ppm) C 10 50 100

Table 3: PhoA primer sequence [11].

primer upstream (5’-3’) downstream (5’-3’) length

phoA CGATTCTGGAAATGGCAAAAG CGTGATCAGCGGTGACTATGAC 720 bp

Table 4: Experimental design and results of Box-Behnken.

Run
A B C Y

(%) (min) (ppm) (%)
1 0.5 1 50 100
2 0.5 1 50 100
3 0.5 0.5 10 97.38
4 0.1 1 10 84.52
5 0.1 1 100 100
6 0.5 5 10 100
7 0.5 1 50 100
8 0.5 0.5 100 100
9 1 0.5 50 100

10 0.1 5 50 100
11 1 1 10 100
12 0.1 0.5 50 99.46
13 0.5 1 50 100
14 1 5 50 100
15 0.5 1 50 100
16 1 1 100 100
17 0.5 5 100 100
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DNA is as follows. A single colony was picked and inoculated 
into TSB broth. After cultivating for 12-16 h at 37 °C at 180 rpm, 
 the bacterial solution was centrifuged at 10,000 rpm for 1 min. 
500 ul of RNase-free Water was added to dissolve sediment 
with shaking and boiling for 15 min. The bacterial solution was 
centrifuged at 12,000 rpm for 3 min. The total PCR reaction 
system was 20 ul, 2×Taq Master mix 10 ul, the upstream and 
downstream primers (phoA, synthesized by Beijing Biomedicine 
Technology Co., Ltd.) each 0.5 ul (concentration of 10 umol/L), 
ddH2O 8.5 ul, DNA template 0.5ul; PCR reaction conditions: 
pre-denaturation at 94°C for 5 min, denaturation at 94°C for 
20s, annealing at 58°C for 20s, extension at 72°C for 40s, a 
total of 30 cycles, and the fi nal extension at 72°C for 6 min. 
After the reaction, 8 ul reaction product was electrophoresis by 
1.2% agarose gel, and the results were observed by gel imaging 
system. The number of positive PCR results was counted.

Results and analysis

Screening formulation of monoacid: The results of 
the quantitative bactericidal tests showed that the lowest 
concentration of organic acids needed to achieve high 
bactericidal effect in a short time was lactic acid (3%), followed 
by malic acid (25.5%) and citric acid (36%)Figures 2-4.

Experimental design and results

According to the preliminary screening results, the 
concentration of SDS was 10, 50 and 100 ppm, the concentration 
of lactic acid was 0.1%, 0.5% and 1%, and the time was 0.5min, 
1min and 5min. Lactic acid concentration (A), time (B) and SDS 
concentration (C) were taken as independent variables, and 
bactericidal rate (Y) was taken as response value. The response 
surface analysis scheme and test results were shown in Table 
4.

Model establishment and signifi cance test

Response surface analysis was used to regression fi t the 
bactericidal effect of the compound preparation, and the 
standard regression equation of bactericidal rate was obtained. 
The F test was used to conduct variance analysis on the test 
data to evaluate the statistical signifi cance of the model.

Regression equation: Bacteriostasis=98.90+2.00A+0.3950B
+2.26C-3.87AC.

Variance analysis was conducted on this model, and the 
results were shown in Table 5. The signifi cance test of model 
coeffi cients was shown in Table 6. Table 5 shows that the P 
value of overall model is 0.05, indicating a signifi cant difference 
at different levels of the model equation. Table 6 shows that 
the fi rst ter m  C(P<0.05) and the interaction item AC(P<0.05) 
were statistically signifi cant; the fi rst term A (0.05<P<0.1) was 
statistically signifi cant.

Response surface analysis and parameter optimization

It can be seen from Figure 4 that the concentration of lactic 
acid and the concentration of SDS are the factors that have the 
greatest infl uence on the bactericide rate, with the most obvious 
interaction. With the increase of the concentration of lactic acid 
and SDS, the bactericide rate increased gradually. Based on the 
results and regression equations, the Design Expert11 software 
was used to obtain the optimal test combination for each factor 
(0.5% lactic acid concentration, 1min treatment time, 50 ppm 
SDS concentration), and obtained a predicted response value of 
100% inhibition.

Verifi cation of optimal conditions

12 strains of Escherichia coli with different drug resistance 
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Figure 2: The bactericidal effect of different concentrations of lactic acid on 
Escherichia coli in a short time.
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Figure 3: The bactericidal effect of different concentrations of malic acid on 
Escherichia coli in a short time.
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Figure 4: The bactericidal effect of different concentrations of citric acid on 
Escherichia coli in a short time.
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spectra were sterilized by the optimal combination of 0.5% 
lactic acid concentration, 50 ppm SDS concentration and 1min 
treatment time. Results of the bactericide rate of 12 strains 
was 100%, which was completely consistent with the predicted 
value (100%) Table 7.

Results of stability test

54°C acceleration test. The results shows that the two 
disinfectant have no effect on their bactericidal capacity when 
stored at 54 C for 0 d, 7 d and 14 d (Tables 8,9). According 
to the evaluation criteria of stability test in the disinfection 
technical specifi cation (2002 edition), the effective period of 
bactericidal or bacteriostasis of the two disinfectants in this 
test can be kept at room temperature for at least 1 year.

Organic matter interference test. For 3% lactate monoacid, 
adding 5% fetal bovine serum had a weak effect on the bactericide 
rate, 10% and 15% fetal bovine serum had no interference effect 
after treatment for 5min, and 20% had no interference effect 
after treatment for 10min. For the compound preparation of 
0.5% lactic acid and 50% ppm SDS, 5% a n d 10% fetal bovine 
serum had no interference effect; 15% and 20% had effect, but 
the bactericide rate was still above 90% Table 10.

Results of application in slaughterhouse 

The compound of 0.5% lactic acid and 50 ppm SDS was used 
for disinfection. E. coli isolated from gloves, knives and chicken 
surfaces befo r e and after disinfection were shown in Figures 
5,6. The number of E. coli isolated from gloves and knives were 
signifi cantly reduced after disinfection. The number of E. coli 
on chicken surfaces from Anhui slaughterhouse decreased 
signifi cantly after disinfection. The disinfectant did not reduce 
E. coli on the chicken surface at the Hebei slaughterhouse, but 
neither cause cross-contamination Figure 7.

Discussion 

Domestic and foreign scholars have done relevant 
research on the reduction of bacteria on the surface of animal 
carcasses in the slaughter production chain. Gill [12] used 
4% lactic acid to treat the surface of frozen beef carcasses 
in two slaughterhouses, and found that 4% lactic acid had a 
good reduction effect on the coliforms on the surface of beef 
carcasses. Dean [13] used 4% lactic acid to spray the carcasses 
of broilers and turkeys during processing. The results showed 
that 4% lactic acid could effectively reduce the microorganisms 
on the carcass surface. Dubal [14] treated frozen lamb with 
mono-lactic acid and compound organic acids (Acetic acid and 
propionic acid), and it was found that both could effectively 
reduce Staphylococcus aureus, Listeria monocytogenes, Escherichia 
coli and Salmonella. Qiao [15] studied the bactericidal effects 
of different concentrations of lactic acid on three food-borne 
pathogens and found that 0.9 mg/mL lactic acid had almost 
no inhibitory effect on Bacillus cereus, 0.45 mg/mL lactic acid 
had had little inhibitory effect on Staphylococcus aureus and 
Escherichia coli., and 0.225 mg/mL lactic acid completely lost 
the inhibitory effect on Bacillus cereus, Staphylococcus aureus and 
Escherichia coli.

At present, the research on disinfectants has hardly put 
forward the effect on drug-resistant strains. This experiment 
is to screen organic acids for drug-resistant strains. Both of 
the two formulations of disinfectants have a good killing 
effect on drug-resistant strains, and can also kill non-drug-
resistant strains. In order to reduce the contamination rate and 
carrying amount of drug-resistant bacteria in the slaughter 
production chain, three organic acids (lactic acid, malic acid 
and citric acid) that meet the “GB 2760-2014 National Food 
Safety Standard Food Additive Use Standard” and belong to 
natural arganic acid with safety guarantee were screened. SDS 
is the raw materials allowed to be used for food disinfectants, 
which can be directly used to disinfect food, catering utensils, 
tools, equipment or food packaging materials and containers 

Table 5: Variance analysis for fi tted polynomial model of bacteriostasis.

Sources of 
variance

Sum of 
squares

Degrees of 
freedom

The mean 
square

The F 
value

The P 
value

Model 132.94 3 44.31 6.17 0.0077

Loss of quasi 
item

93.41 9 10.38

Error term 0 4 0

The sum 226.35 16

Table 6: Signifi cance test of regression coeffi  cient of bacteriostasis.

Model item Coeffi  cient estimates Standard error The F value The P value

The model 98.90 0.6501 6.17 0.0077

A 2.00 0.9477 4.46 0.0545

C 2.26 0.9477 5.70 0.0329

AC -3.87 1.34 8.34 0.0127

Table 7: Validation results of 12 test bacteria under optimal conditions.

Strain Drug resistance bactericide rate

HB-2-1 Multidrug resistance 100%

HB-2-20 Multidrug resistance 100%

HB-3-2 Multidrug resistance 100%

HB-4-1 Multidrug resistance 100%

HB-4-18 Multidrug resistance 100%

HB-4-19 No resistance 100%

HB-5-1 Multidrug resistance 100%

HB-5-20 Multidrug resistance 100%

HB-5-20 Multidrug resistance 100%

HB-6-19 Multidrug resistance 100%

HB-7-1 Multidrug resistance 100%

HB-7-20 Multidrug resistance 100%

Table 8: 540C Accelerated Test Results of 3% Lactic Acid solution.
0d 7d 14d

0.5min 1min 5min 0.5min 1min 5min 0.5min 1min 5min
HB6-1 100% 100% 100% 100% 100% 100% 100% 100% 100%

Table 9: 540C Accelerated Test Results of mixed solution.
0d 7d 14d

0.5min 1min 5min 0.5min 1min 5min 0.5min 1min 5min
HB6-1 100% 100% 100% 100% 100% 100% 100% 100% 100%
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that directly contact with food. The residue and maximum 
concentration of SDS in food disinfectants are not specifi ed. 
E. coli with multiple drug-resistance (the drug resistance 
spectrum is -lactams-aminoglycosides-tetracyclines-
chloramphenicol-sulfonamides) from precooling water were 
also selected as target microorganism. And it was found 
that lactic acid in bactericidal effect was best, and 3% lactic 
acid can realize the role of disinfection within 30s.As a well-
recognized process optimization method, response surface 
analysis is usually applied to the extraction and fermentation 
of organic matter. Wen [16] optimized the antibacterial method 

from the four levels of lactic acid concentration, chitosan 
concentration, rotation speed, and washing time through Box-
Behnken experimental design, and achieved a reduction of 2.2-
4.3lg CFU/g of Vibrio parahaemolyticus in shrimp. And it didn’t 
change the quality of shrimp smell. In this study, response 
surface analysis was used to obtain the optimal combination 
of lactic acid and SDS for different time, and it was found that 
the inhibitory rate of Escherichia coli was stable at 100% after 
being treated with 0.5% lactic acid and 50 ppm SDS for 1min.

Physical and chemical methods are usually used to reduce 
the microbial contamination rate and carry amount of chicken 
in broiler slaughterhouse. The physical disinfection methods 
include mainly ultraviolet irradiation and high-temperature 
scalding. Usually, when a day’s work is completed, the 
workshop is sterilized by ultraviolet irradiation. 58-620C 
high-temperature water was used to scald the hair in the 
scalding pool, and some heat-labile microorganisms die 
due to high temperature. Chemical methods mainly cover 
chemical disinfectants, and disinfectants are usually added 
to the pre-cooling pool to reduce bacteria. The change of 
bacterial contamination rate caused by cross-contamination 
is an important parameter in the risk assessment model 
of broiler slaughterhouse [17]. Bacteria remaining in the 
pre-cooled washing water can migrate to the surface of the 
uncontaminated chicken, causing cross-contamination. In 
the process of dividing and conveying, the carcass repeatedly 
passes through pollution sources such as processing equipment, 
cutting boards, and workers’ hands. If the disinfection is not 
thorough enough, the number of bacteria on the surface of the 
carcass will increase, which will lead to cross-contamination 
of the product before packaging. The single and compound 
formulas of organic acids selected in this test can achieve 
high-effi ciency bactericidal effects in a short period of time, 
and are less affected by organic matter interference. Therefore, 
the application of sodium hypochlorite in slaughterhouses can 
be considered in the future. Therefore, it can be considered to 
replace sodium hypochlorite in slaughterhouse application in 
the future.

Conclusion

Using quantitative bactericidal test, the best effect of 3% 
lactic acid on multi-drug resistant Escherichia coli was screened. 
Response surface methodology was used to optimize the three 
conditions of lactic acid, SDS and time. After mixing with the 
normal strain (which had no resistance to the 14 detected 
antimicrobial agents) for 1min, zero bacteria remained. The 
strains with different drug resistance were treated for 1min 
without any residual bacteria. This indicates that the treatment 
mode of this formulation can completely and effi ciently kill 
both normal and drug-resistant strains, providing a solution 

Table10: Organic interference test for single and compound disinfectants.

The concentrationof fetal bovine serum 
the bactericide rate of 3% Lactic Acid solution(%) the bactericide rate of mixed solution solution(%)

0.5min 1min 5min 10min 30min 0.5min 1min 5min 10min 30min
5% 97.56 99.61 100 100 100 100 100 100 100 100

10% 82.05 94.36 100 100 100 100 100 100 100 100
15% 75.38 90.26 100 100 100 93.06 96.12 100 100 100
20% 63.08 68.21 97.95 100 100 92.04 93.06 99.18 100 100

Figure 5: Response surface for the cross interaction among factors on 
bacteriostasis.
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Figure 6: Disinfection results of a slaughterhouse in Hebei.
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to the concern that drug-resistant genes of drug-resistant 
strains enter the human body through the food chain.

Through 540C accelerated test and organic interference 
test, it was found that the two formulations had good stability, 
indicating that the bactericidal or bacteriostasis validity of the 
two disinfectants was kept at room temperature for at least 
1 year. The compound disinfectant is little affected by the 
interference of organic matter, 10% of organic matter will not 
affect its effect at all, but the high concentration of organic 
matter will affect the bactericidal power of lactic acid, and the 
low concentration of organic matter has little infl uence on it.

The combination of 0.5% lactic acid and 50 ppm SDS 
applied in the slaughterhouse could reduce the E. coli on the 
knives and gloves, and the bactericidal rate reached 77%, 
which was not the same as the experimental results of organic 
matter interference, which may be related to the E. coli carrying 
rate in the chicken carcass. In a nutshell, the effect of organic 
acid disinfectants is similar to that of traditional disinfection 
methods, but organic acids are safer and less affected by organic 
matter. So they will have a very wide application prospect in 
slaughterhouses in the future.
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