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Industry Summary 
A growing number of outbreaks caused by human enteric pathogens is an increasing concern for 
pork processors and regulatory agencies because of their negative impacts on consumers’ health 
and their trust in the U.S. food system. Despite both pre- and post-harvest critical control measures 
employed by commercial pork operations, recently, approximately 531,000 lbs. of pork products 
(from the whole hog to pork trimming) were recalled due to Salmonella contamination (USDA/FSIS 
2015; USDA/FSIS 2016). The current industry’s approach focuses primarily on antimicrobial 
intervention immediately during harvest such as pre-stunning wash, hot water scalding, hot water 
wash, and singeing (burning hair); however, safety and interventions for further processed pork 
products, especially pork trimming used for ground pork and sausages are lacking. The 2018 
National Pork Board’s RFP cited an under-reviewed, NPB-funded study reporting a great risk of 
Salmonella contamination in pork trimming and suggesting that the industry must focus on pork 
trimming. This concern by the pork industry is confirmed by USDA/FSIS data from Raw Pork 
Products Exploratory Sampling Program Phase II from July 1, 2015 to June 30, 2017, reporting a 
steady increase in Salmonella incidence rate in comminuted pork, from 21.24% in 2015 to more 
than 30.93% in 2017. These data indicate that current methods to reduce microbial load on pork 
carcasses do not prevent recurrence of Salmonella in pork trimming. Therefore, we proposed a 
project to use 3% acetic acid in potential combination with heat-shock and natural antioxidants as 
a clean-label hurdle to control Salmonella in pork trimming used for ground pork and pork sausage 
production. Our overall goal is to provide the pork industry, especially processors using pork 
trimming, with a hurdle, clean-label approach to reduce Salmonella counts in pork trimming and to 
make meat products safer. The beef industry has been using 3% acetic acid to control E. coli. Acetic 
is a GRAS organic acid (generally recognized as safe). Our preliminary data indicated a marked 
reduction of fluorescence signal of lux-modified Salmonella Typhimurium inoculated in pork 
trimming exposed to 3% acetic acid, 55⁰C hot water, and ice slurry. Our three objectives were: (1)to 
determine the efficacy of acetic acid dipping and heat shock in reducing nalidixic acid-resistant (to 
exclude background microflora) Salmonella in pork trimming in a benchtop trial, (2) to determine 
the efficacy of natural antioxidant in maintaining protein functionality and preventing lipid 
oxidation in pork trimming post-treatment, and (3) to determine the efficacy of acetic acid dipping 
and heat shock in reducing nalidixic acid-resistant Salmonella in pork trimming in a pilot scale. 
 
We purchased pork loins and trimming from a local purveyor. We cut the pork loin into 2.5 cm (L) × 
2.5 cm (W) × 1.3 cm (H) cubes and packaged pork trimming into 2.3-kg chubs (5 lbs.). We 
conducted three experiments to fulfill objective 1. We inoculated pork cubes with nalidixic acid-
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resistant Salmonella at 5 log for XLD-agar plating or lux-modified Salmonella at 8 log for 
bioluminescent imaging method. In the first experiment, pork cubes were dipped into 3% acetic acid 
at room temperature (21°C) or 50°C for 15 s to determine whether temperature had an impact on 
efficacy. In the second experiment, we conducted a heat-shock treatment from cold (ice-cold water) 
to hot (50°C) and vice versa to determine if heat shock had an impact on Salmonella survival. In the 
third experiment, we tested both temperature and dipping duration (15, 45, and 75 s). We 
confirmed that dipping pork trimming in 3% acetic acid at 50°C for 75 s was the best treatment to 
reduce Salmonella (up to 1.4-log reduction). Although heat shock for 2 min resulted in 0.4-log 
reduction in Salmonella culture, heat shock did not affect Salmonella survival on pork cubes, 
although warm acetic acid was more effective than room-temperature acetic acid. Therefore, we 
decided not to include heat-shock in our final application because it would add significant water 
and disposal costs and result in almost no meaningful reduction of Salmonella. To fulfill objective 2, 
we also tested meat quality under the effects of temperature and time when dipping pork cubes in 
3% acetic acid. No meaningful effect was found except that surface color was paler; however, such 
an effect only occurred on the surface. Underneath the surface, the analysis of cross-sections had 
similar color and myoglobin composition to surface before treatment application. We do not think 
surface color will have much of an impact on ground meat or sausage color because the inside of 
pork trimming is still not affected. All quality attributes include lipid oxidation and protein quality 
(solubility and water-holding capacity) were not impacted by treatment application. We also 
concluded that no antioxidant is needed because acidic conditions on the surface did not have 
enough time to induce oxidation. Choosing 3% acetic acid at 50°C for 75 s for scale-up application, 
we aimed to answer the question whether a dipping application would be effective in reducing 
Salmonella if the contaminated pieces were to be buried within pork trimming bulks. It is a physics 
question of acetic acid penetration, not a biological question of acetic acid efficacy. We inoculated a 
pork cube with 5 log of nalidixic acid-resistant Salmonella and buried it at the geometrical center of 
a 2.3-kg pork chub, shaped in a plastic bag placed in a perforated cylindrical canister to mimic the 
trimming container in the industry. We tested both simple submersion and submersion with 
shaking. Both methods resulted in only 0.2- to 0.3-log reduction, not a microbiologically meaningful 
reduction. Therefore, we do not recommend dipping large bulks of pork trimming in acetic acids 
because while the surface pieces may be adequately treated, the core pieces may not be treated 
because of lack of acetic acid penetration. We recommend that the processors find ways to treat 
core pieces of trimming bulks, e.g., spreading trimming on conveyor for a dipping or spraying 
application, or loosening the trimming bulks to allow for penetration of acetic acid. It is interesting 
that the inoculated pork cubes at the center did not cross-contaminate the surrounding pieces in a 
meaningful way after Salmonella was allowed to attach to the meat surface. 
 
In conclusion, we confirm that 3% acetic acid at 50°C for 75 s is effective in reducing Salmonella in 
pork trimming without negative impacts on meat quality. Acetic acid is also volatile and will 
evaporate after treatment and during storage; therefore, it is unlikely to affect meat quality. 
Application for the industry will need to consider whether acetic acid can penetrate the center of 
trimming bulks, through either spreading the trimming on a conveyor or in smaller, more loosened 
bulks to allow better penetration or a spray application. We also recommend processors validate a 
spray application to ensure sufficient contact time (75 s). 
 
Contact information 
Thu Dinh 
Department of Animal and Dairy Sciences 
Mississippi State University 
Mississippi State, MS 39762 
Phone: (662) 325-7554 
Fax: (662) 325-8873 
Email: thu.dinh@msstate.edu 
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Key Findings:  
• Acetic acid at 3% and 50°C provides adequate control of Salmonella, more than 1.4-log 

reduction at 75 s. This is the recommended application temperature and time. 
• Heat-shock application on inoculated pork cubes does not reduce Salmonella; however, 

because warm temperature does seem to enhance the efficacy of acetic acid. Heat-shock 
application does reveal that we allowed adequate time for Salmonella attachment because 
there was no wash-out effect. 

• There was no meaningful impact of treatment on meat quality of pork trimming. Oxidation 
was not detected in pork trimming; therefore, antioxidants are not needed. Protein quality 
and water-holding capacity that are important for ground meat binding and meat juiciness 
are not impacted. 

• Dipping large bulks of pork trimming in acetic acids is not recommended because while the 
surface pieces may be adequately treated, the core pieces may not be treated because acetic 
acid may not penetrate deep into a large meat bulk. It is recommended that the processors 
find ways to treat core pieces of trimming bulks, e.g., spreading trimming on conveyor for a 
dipping or spraying application, or loosening the trimming bulks to allow for penetration of 
acetic acid. Salmonella after attaching to meat surface did not cross-contaminate the 
surrounding pieces in a meaningful way. 

 
Keywords 
pork trimming, Salmonella, acetic acid, safety, quality 
 
Scientific Abstract 
Pork loin and pork trimming were purchased from a commercial purveyor to produced 2.5 cm (L) × 2.5 
cm (W) × 1.3 cm (H) cubes and 2.3-kg chubs, respectively. The meat chubs were vacuum-packaged 
and stored similarly. Additional pork loins were prepared similarly and cut into 14 1.3-cm thick chops. 
These chops were further cut laterally into 28 halves per loins to be used in meat quality experiments. 
On the day of the experiments, pork was thawed at 2°C for 24 h and pork cubes were inoculated 5 log 
of nalidixic acid-resistant Salmonella enterica serovar Typhimurium or a cocktail of Salmonella enterica 
serovar Typhimurium and Salmonella enterica serovar Enteritidis inoculum or 8 log of lux-modified 
Salmonella enterica serovar Typhimurium. For the chub, an inoculated cube was placed at the 
geometrical center of the chub mimic bulks of trimming bucket in the industry. Three experiments 
were conducted to determine the effects of temperature (21 or ACC and 50°C or ACH) on efficacy of 3% 
acetic acid in reducing Salmonella in 15-s dipping, the effects of heat shock (cold-to-hot or HSC and 
hot-to-cold or HSH) in reducing Salmonella, and the effects of temperature (21 and 50°C ) and dipping 
time (15, 45, and 75 s) on efficacy of 3% acetic acid in reducing Salmonella. Inoculated pork cubes 
were dipped in 3% acetic acid or ice-cold/50°C water according to the designated treatments. A 
combination of 50°C and 75-s dipping without or with shaking was used in the last experiment with 
pork chubs. A meat quality experiment was also conducted at both temperatures and 3 dipping times. 
In addition to XLD-agar plating and bioluminescent imaging, scanning electron microscopy and 
transmission electron microscopy were also employed to analyze the cellular structure. 
 
At 15-s dipping, there was 0.2-log reduction in Salmonella count with ACC treatment (P = 0.026) and 
0.3-log reduction with ACH treatment (P = 0.003) when using plating method; but IVIS imaging 1.3-log 
reduction (P = 0.001) for both ACC and ACH. No heat shock effect on pork cubes (P ≥ 0.20), although 
there was a heat-shock reduction of 0.4 log in vitro (P ≤ 0.030). When studying the effects of 
temperature and dipping time, there was a 2-way treatment × time interaction (P = 0.03). ACH reduced 
Salmonella 0.5, 0.7, and 1.4 log greater than ACC at 15, 45, and 75 s, respectively (P < 0.001). 
Treatments had an overall effect on lightness (L*; P < 0.001) slightly greater L* value than negative 
control (P ≤ 0.008); but there was no difference at cross-sectional surface. The surface before 
treatment and cross-section surface had similar L* values (60.1 to 60.6; P = 0.120). After treatment, all 
treatment cubes had 2.2- to 2.9-unit less redness than the NEG cubes (P ≤ 0.037). At the cross-
sections after treatment, most treatment cubes had similar redness to that of the NEG cubes (P ≥ 
0.154), except for ACC15 cubes having 2.2 units more (P < 0.001). After treatment, the OMb and DMb 
values of the NEG cubes remained at 66.6% (3 to 5% less; P ≤ 0.037) and 7.3% (2.0 to 3.8% more; P ≤ 
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0.051), respectively, compared with other treatment cubes. Compared with NEG, no treatment 
difference in OMb was found at cross-sectional surfaces (P ≥ 0.244). The NEG was 0.1 mmol/kg trolox 
equivalence more than ACH45 (P = 0.018) but 0.06 to 0.15 mmol/kg more than ACC15, 45 (P ≤ 0.040). 
The NEG cubes had similar TEAC value to that of ACH15 and 75 (P ≥ 0.385). No treatment difference 
was found for TBARS value (0.53 to 0.63 mg MDA/kg meat; P = 0.644), protein solubility (30.92 to 
33.72 mg/g of meat; P = 0.187), and WHC as expressible moisture percentage (1.24 to 1.68%; P = 
0.076). The ACH treatment reduced Salmonella in the geometrically centered cubes by 0.2 log (P = 
0.04). The ACHS treatment similarly (P = 0.198) reduced Salmonella 0.3 log (P = 0.01). All surrounding 
pork pieces, including those of the POS chubs, mostly had no Salmonella counts; only a few pieces 
had 1 to 3 CFU. 
The SEM and TEM images indicated damages in the cell membrane of the Salmonella cells treated with 
3% acetic acid at 50°C for 45 and 75 s. The SEM images showed a less rigid surface of treated cells 
than the POS cells, especially for 75-s treatment. The treated cells had a smoother surface with less 
rigid structural grooves. Moreover, the TEM images clearly revealed structural damages inside the 
treated Salmonella cells and the disappearance of the cell membrane of the treated cells, especially for 
75-s dipping. Some Salmonella cells treated for 75 s appeared to be dead and had no cell membrane. 
Acetic acid at 3% and 50°C provided a meaningful reduction of Salmonella by 1.4-log at 75 s, which is 
recommended for industry application. However, the processors need to find ways to allow acetic acid 
to contact all meat pieces such as spreading trimming on conveyor for a dipping or spraying 
application or loosening the trimming bulks to allow for adequate penetration by acetic acid. 
 
Introduction 
Current industry practice does not focus on Salmonella in pork trimming, placing most interventions 
during animal harvest. However, these interventions, including constant chilling of the trimming post-
fabrication, may not have enough residual efficacy to prevent Salmonella from proliferating. Our 
overall goal is to provide the pork industry, especially processors using pork trimming, with a hurdle, 
clean-label approach to reduce Salmonella counts in pork trimming and to make meat products safer. 
We reached our research goal by producing reliable scientific data and an applicable method to 
decontaminate pork trimming without jeopardizing its technological quality. To reach this research 
goal, we designed our experiments to answer the following research questions: 
 
Question 1: Will acetic acid, found to be effective at destroying E. coli in beef and Salmonella poultry, 
be effective in pork trimming at reducing Salmonella? If so, how to best apply acetic acid to pork 
trimming? 
 
Question 2: Can water rinse of residual acetic acid be used to apply heat shock to further reduce 
Salmonella? 
 
Question 3: Will the dipping method negatively impact technological quality of pork, such color wash-
out, protein denaturation, lowered pH, lowered water-holding capacity, and increased oxidation? 
 
Question 4: Most importantly, will this technology be feasible for an industry application with pork 
trimming being produced and received in bulk? What is scalability if this technology is proved to be 
effective? 
 
These questions were answered through the accomplishment of the following objectives:  
 
Objective 1: Determine the efficacy of acetic acid dipping and heat shock in reducing nalidixic acid-
resistant (to exclude background microflora) Salmonella in pork trimming in a benchtop trial. 

 
Objective 2: Determine the efficacy of natural antioxidants in maintaining protein functionality and 
preventing lipid oxidation in pork trimming post-treatment. 
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Objective 3: Determine the efficacy of acetic acid dipping and heat shock in reducing nalidixic acid-
resistant Salmonella in pork trimming in a pilot scale. 
 
According to the 2018 RFP and the FSIS data, there is a critical need to develop a clean-label, hurdle 
preventative measure to control Salmonella in pork trimming. The results of this research project will 
allow ground pork and pork sausage processors to reduce the risk of Salmonella contamination in 
their products and prevent the negative financial consequence of not meeting current Salmonella 
performance standards for comminuted pork and being potentially liable for ground pork and pork 
sausage recalls. Pork trimming is used in many meat products, especially processed meats such as 
coarsely ground and emulsified sausages. Safe and wholesome pork trimming is essential to maintain 
the competitiveness of the pork industry in the protein industry landscape. The U.S. pork producers 
will find that our approach is thoughtful, especially in the scale-up experiment, our data are 
confirmative, and the application we propose is financially feasible to reduce Salmonella risk in pork 
trimming.  
 
Materials & Methods 
 
Pork samples and reagents 
Pork loin and pork trimming were purchased from a commercial purveyor. Pork loins were trimmed to 
remove the surrounding muscle, connective tissues, and external fat, leaving only the longissimus 
muscle. This muscle was then cut into 1.3-cm thick chops, which were further cut into 2.5 cm (L) × 
2.5 cm (W) × 1.3 cm (H) cubes. The pork cubes were vacuum-packaged and stored in -20°C freezer 
until further experiments. Pork trimmings were further ground through a kidney plate to 
approximately 2-in cubes and aliquoted into 5-lb chubs. The meat chubs were vacuum-packaged and 
stored similarly. These pork cubes and chubs were used in Salmonella reduction experiments. 
Additional pork loins were prepared similarly and cut into 14 1.3-cm thick chops. These chops were 
further cut laterally into 28 halves per loins to be used in meat quality experiments. 
 
Distilled white vinegar (5% acetic acid) was purchased from a local grocery store and diluted with 
Millipore® filtered water to a concentration of 3% for further use in treatment application. Salmonella 
enterica serovar Typhimurium stock culture (ATCC™ 14028™) and Salmonella enterica serovar 
Enteritidis stock culture (ATCC™ 4931™) were purchased from Thermo Scientific™ (MA, USA). 
Various microbiological supplies were also purchased for Salmonella reduction experiments, including 
Luria–Bertani (LB) powder (BD, NJ, USA), tryptic soy powder (Fisher Scientific, NH, USA) nalidixic acid 
sodium salt (Sigma-Aldrich, MO, USA), and buffered peptone water (BPW) and XLD agar (Thermo 
Scientific™, MA, USA). 
 
Chemical reagents purchased for testing meat quality attributes were 2,2′-Azino-bis(3-
ethylbenzothiazoline-6-sulfonic acid) diammonium salt (ABTS), potassium persulfate, butylated 
hydroxytoluene (BHT), 1,1,3,3-tetramethoxypropane (TMP), thiobarbituric acid (TBA), methanol, 
ethanol (Sigma-Aldrich, MO, USA), trichloroacetic acid (TCA; Fisher Scientific, NH, USA), Coomassie 
blue reagent (Thermo Scientific™, Waltham, MA, USA), bovine serum albumin (BSA; Thermo 
Scientific™, Waltham, MA, USA). Radical ABTS+ was prepared by dissolving ABTS in water at 7 mM in 
2.45 mM potassium persulfate and incubating solution for at least 6 h in the dark. This solution was 
further diluted to an absorbance of 0.8 to 0.85. Trichloroacetic acid (TCA) was prepared in 10% 
solution by adding 100 g of TCA in 1 L of Millipore® filtered water. Malondialdehyde standards were 
prepared by mixing 8.26 µL of 1,1,3,3-tetramethoxypropane in 10 mL of 10% TCA. This solution was 
further diluted to a series of working standards of 0, 2.5, 5, 7.5, 10, 15, 20, 25 µM by 10% TCA. 
Butylated hydroxytoluene was prepared to 15,000 ppm by adding 0.75 g of BHT to 50 mL of ethanol. 
Thiobarbituric acid (TBA) in 10% TCA was prepared to 0.02 M by adding 0.288 g of TBA and 10 g of 
TCA in 100 mL of warm Millipore® filtered water. 
 
Objective 1 
 
Salmonella cultures and inocula 
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Nalidixic acid-resistant Salmonella enterica serovar Typhimurium (ATCC 14028) inoculum was 
prepared by treating 10 mL of 9-log Salmonella culture in TSB with 5 ppm of nalidixic acid and a 5-
ppm increment up to 25 ppm until having a fully-grown culture that is resistant to 25 ppm of nalidixic 
acid. Similar preparation was performed for nalidixic acid-resistant Salmonella enterica serovar 
Enteritidis (ATCC 4931). Both nalidixic acid-resistant stock cultures were stored at -80°C freezer in 
TSB supplemented with 20% glycerol. Prior to the experiment, the frozen culture was thawed, streaked 
onto XLD agar plates with 25 ppm of nalidixic acid, and incubated at 37°C for 24 h. An isolated colony 
from each culture was transferred to a culture tube containing 10 mL of TSB with 25 ppm of nalidixic 
acid and incubated at 37°C for 24 h. On the day of the experiment, Salmonella culture was serially 
diluted using 1% BPW to 6 log and used as inoculum. A cocktail Salmonella was also prepared by 
mixing Salmonella enterica serovar Typhimurium and Salmonella enterica serovar Enteritidis cultures 
in equal volumes in another culture tube. This cocktail culture was then serially diluted using 1% 
BPW to 6 log and used as inoculum. 
 
Bioluminescent Salmonella enterica serovar Typhimurium (ATCC 14028) were constructed by 
electroporation of pXen5-luxCDABE (Caliper Life Sciences, Hopkinton, MA, USA) containing 
ampicillin-resistant gene into bacterial cells (Park et al., 2018). Colonies of successfully transformed 
Salmonella exhibiting bioluminescence were positively selected on solid agar medium containing 
ampicillin (100 μg/mL). This bioluminescent Salmonella enterica serovar Typhimurium were cultured 
in LB broth at 37°C to 9 log and used as inoculum. 
 
Pork sample inoculation 
On the day of the experiments, pork was thawed at 2°C for 24 h. Pork cubes were inoculated with 100 
µL of 6-log of Salmonella inoculum prepared as described previously by spreading this volume evenly 
on 2.5-cm surface of the pork cubes, resulting in 5-log inoculation. These inoculated pork cubes were 
stored at 4°C for 1 h to ensure bacterial attachment. For IVIS imaging, 100 µL of 9-log lux-modified 
Salmonella inoculum was used, resulting in 8-log inoculation. To inoculate the 2.3-kg pork chub, a 
pork cube similarly inoculated with Salmonella cocktail (Salmonella enterica serovar Typhimurium and 
Salmonella enterica serovar Enteritidis) at 5-log level was placed at the geometrical center of the chub 
and surrounded by non-inoculated pork pieces of the chub. The chub was placed in a perforated 
cylindrical cannister (Better Homes & Gardens, Walmart, MS, USA) and shaken gently to ensure that 
meat pieces fit tightly together to create simulation of a trimming bucket in the industry. 
 
Salmonella enumeration, plating, and bioluminescent imaging 
In each experiment, after treatment, pork cubes were retrieved and placed in a sterile Whirlpak® bag 
with 50 ml BPW and homogenized by gentle handshaking for 2 min. A volume of 20 µL of the BPW was 
plated in duplicate onto XLD agar plates with 25-ppm nalidixic acid and the plates were incubated at 
37° C for 24 h. Black colonies with metallic sheen were counted as Salmonella colony-forming units 
(CFU). For bioluminescent imaging, pork cubes were retrieved and placed in a tissue culture plate for 
analysis using the In Vivo Imaging System (IVIS; Lumina XRMS Series III system, Perkin Elmer, 
Waltham, MA, USA). Numbers of CFU (XLD plating method) or relative light units (RLU; IVIS imaging 
method) were converted to common logarithm (log). The difference by subtracting values of treated 
pork cubes from those of POS cubes were reported as log reduction. The NEG cubes were used to 
monitor background Salmonella. 
 
Effects of temperature on efficacy of 3% acetic acid in reducing Salmonella 
To preliminarily determine the effects of temperature on the efficacy of 3% acetic acid in Salmonella 
reduction, either a negative control (NEG), positive control (POS), 3% acetic acid at room temperature 
(21°C; ACC), or 3% acetic acid at 50°C (ACH) treatment was randomly assigned to a pork cube. Two 
inocula were used: 5-log inoculum of nalidixic acid-resistant Salmonella enterica serovar Typhimurium 
and 8-log inoculum of lux-modified Salmonella enterica serovar Typhimurium as described previously. 
The NEG pork cube was not inoculated. The POS was inoculated but was not treated. The ACC and 
ACH cubes were inoculated immediately after the POS cube and were treated with their pre-
determined treatments. At the approximately same time, the ACC and ACH cubes were dipped in 100 
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mL of 3% acetic acid in a plastic cup (Home Sense, Kroger, MS, USA) of either room temperature or 
50°C, respectively, for 15 s. The cubes were subsequently removed from the cup and allowed to sit on 
a metal wire rack (Aleko, Walmart, MS, USA) for 1 min for dripping. The NEG cube and POS, ACC, and 
ACH cubes inoculated with at 5 log were extracted in BPW and prepared for plating as described 
previously; whereas the NEG cube and POS, ACC, and ACH cubes inoculated at 8 log were transferred 
to a tissue cell culture plate for bioluminescent imaging. This experiment was replicated five times. 
 
Effects of heat shock in reducing Salmonella  
Two experiments using either inoculated pork cubes or Salmonella culture were conducted to 
determine the effects of heat shock in Salmonella reduction. For the first experiment, two inocula were 
used at 5 log and 8 log for plating and IVIS imaging, as previously described. Either NEG, POS, cold-
to-hot heat shock (HSC; dipping in ice-cold water and subsequently in 50⁰C water) or hot-to-cold heat 
shock (HSH; vice versa) treatment was randomly assigned to a pork cube. The HSC and HSH cubes 
were inoculated immediately after the POS cube. The HSC and HSH cubes were subsequently treated 
with 100 mL of ice-cold water and 100 mL of 50⁰C water in a plastic cup, each for 15 s according to 
their designated treatments. The cubes were then allowed to drip on a metal wire rack for 1 min. The 
NEG, POS, and treated pork cubes were extracted in BPW for plating or in tissue culture plate for IVIS 
imaging. For the second experiment, 200 µL of 6-log nalidixic acid-resistant Salmonella enterica 
serovar Typhimurium was pipetted into a sterile 2-mL microcentrifuge tube to serve as either POS, 
HSC, or HSH. Ice-cold water was used for cold dipping; whereas 93°C water was used for hot dipping. 
Each HSC or HSH was dipped in ice-cold or hot water for 2 min according to their designated 
treatments. For the culture to reach 50°C, the dipping time was 2 min at a heating rate of 11.1⁰C/min. 
The temperature was monitored by a thermometer placed in 200 µL of water. After the treatment, a 
volume of 20 µL from each tube was directly plated onto XLD agar. Both experiments were replicated 
five times. 
 
Effects of temperature and dipping time on efficacy of 3% acetic acid in reducing Salmonella 
In this experiment, pork cubes will be treated with ACC and ACH for 15, 45, or 75 s, resulting in 8 
treatments (ACC15, 45, and 75; ACH15, 45, and 75) including NEG and POS, which were randomly 
assigned to eight pork cubes prepared as described previously. Only a 5-log inoculum of nalidixic acid-
resistant Salmonella enterica serovar Typhimurium was used. The ACC and ACH cubes, as described 
previously, were inoculated and treated according to their designated treatments. The cubes were 
dipped in 100 mL of 3% acetic acid in a plastic cup of either room temperature (21°C) or 50°C, 
respectively, for 15, 45, or 75 s. They were then retrieved and allowed to drip on a metal wire rack for 
1 min. After dripping, NEG, POS, and treated pork cubes were extracted in BPW for plating as 
described previously. This experiment was replicated ten times at three different trials, resulting thirty 
replications. 
 
Objective 2 
 
Effects of temperature and dipping time of 3% acetic acid on pork quality 
 
Treatment application and sample collection: There was no Salmonella inoculation in this experiment. 
Either NEG, ACC15, 45, 75, or ACH15, 45, or 75 were randomly assigned to one of the 28 halves 
within a pork loin. The ACC and ACH chop halves were dipped in 100 mL of 3% acetic acid in a plastic 
cup at either room temperature (21°C) or 50°C, respectively, for 15 s, 45 s, or 75 s according to their 
designated treatments. The cubes were subsequently removed from the cup and allowed to sit on a 
metal wire rack for 1 min for dripping. Instrumental color (CIE L*, a*, b*) and reflectance spectra (400 
to 700 nm) were recorded for the surface of the chop halves before and after treatment, as well as at 
half-height (approx. 0.65 cm) cross-sectional surface after treatment. Cross-sectional surfaces were 
allowed to bloom for 30 min before color measurement. The half portions of the chop halves used for 
color measurement were subsequently cubed, frozen in liquid nitrogen, pulverized to finely divided 
powder, and stored in -80 ⁰C for chemical analyses. 
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Surface color (L*, a*, and b*) and myoglobin composition: Surface color of each chop half was measured 
at the 2.54-cm surface before and after treatment and at the cross-sectional surface after treatment 
using a Hunter Lab MiniScan 4500L spectrophotometer (Hunter Associates Inc, Reston, VA, USA) in 
triplicate. Reflectance spectra of 400 to 700 nm by a 10-nm interval and CIE L*, a*, b* values 
(illuminant A, 10° angle, and 25-mm aperture size) were recorded. Hue angle and chroma were 
calculated from a* and b*; whereas percentages of deoxymyoglobin (DMb), oxymyoglobin (OMb), and 
metmyoglobin (MMb) were calculated from the reflectance spectra (AMSA, 2012). 
 
Trolox-equivalent antioxidant capacity (TEAC): Antioxidant capacity was determined using an ABTS+ 
radical cation assay (Re et al., 1999). Antioxidants in 1-g powdered sample were extracted using 4 mL 
of methanol (Szydłowska-Czerniak et al., 2008). A volume of 10 µL of sample extract was added to 200 
µl of ABTS+ radical solution. The reducing reaction was allowed to equilibrate for 5 min and the final 
absorbance was measured at 734 nm using Spectral Max Plus 384 spectrophotometer (Molecular 
Devices, LLC, Sunnyvale, CA) against 10 µL of methanol in 200 µL of ABTS+ as blank. The antioxidant 
capacity was expressed as millimoles of trolox equivalence per kg of meat (mmol/kg). 
 
Thiobarbituric acid reactive substances (TBARS): Lipid oxidation was measured according to a method 
described by Draper, Squires, & Mahmoodi (1993) with modifications. A 1-g powdered sample was 
heated at 90°C with 3 ml of 10% TCA and 30 µL butylated hydroxytoluene (BHT) in a water bath for 30 
min and cooled quickly after heating. The solution was centrifuged at 10,000 × g for 10 min at 4°C. An 
aliquot of 100 µl of the supernatant was heated at 90°C with 200 µL of 0.02-M TBA solution for 30 min 
and cooled quickly after heating. The solution was then centrifuged at 10,000 ×g for 10 min at 25°C. A 
volume of 200 µL of the supernatant was pipetted into a 96 well plate and the absorbance was 
measured at 532 nm against a blank and an MDA standard curve. The TBARS value was calculated as 
mg of MDA per kg of meat. 
 
Protein solubility: Protein solubility was determined using the Bradford protein assay (Joo, Kauffman, 
Kim, & Park, 1999). A 1-g powdered sample was mixed with 10 mL of Millipore® filtered water, 
vortexed vigorously for 5 min, and centrifuged at 15,000 × g for 15 min. The supernatant was diluted 
10 times using Millipore® filtered water. A volume of 10 µL of the diluted supernatant was mixed with 
300 µL of Coomassie blue reagent in a 96-well plate (Costar® 3370, Corning Inc., Corning, NY, USA) 
and incubated for 10 min at room temperature. The absorbance was measured using a 
spectrophotometer at 595 nm and compared with an external calibration curve of BSA. Protein 
solubility was expressed as mg of soluble protein per g of meat (mg/g). 
 
Water-holding capacity (WHC): Water holding capacity was measured by centrifugation as expressible 
juice (Jauregui, Regenstein, & Baker, 1981). Weighs of the insert (with a polypropylene mesh and 0.2-
µm nylon membrane filter at the bottom) and the housing were recorded. A 0.5-g of powdered meat 
sample was weighed into an insert of a centrifugal device. The insert with meat was placed back into 
the housing and the device was centrifuged at 15,000 × g for 30 min. After centrifugation, the insert 
with meat and the housing with expressible juice were removed and weighed. The WHC was calculated 
as the percentage of expressible juice in meat samples. 
 
Objective 3 
 
Efficacy of 3% acetic acid at 50°C in reducing Salmonella inoculated at the geometrical 
center of pork chubs 
Either NEG, POS, 3% acetic acid dipping at 50°C without (ACH) or with shaking (ACHS) was randomly 
assigned to a pork chub prepared and inoculated as described previously. The Salmonella cocktail was 
used for inoculation. The ACH and ACHS chubs in perforated canisters were dipped into a plastic bag 
containing 8 L of 3% acetic acid at 50°C. During the dipping, canisters were either submerged in acetic 
acid in the bag (ACH) or submerged and hand-shaken gently (ACHS) for 75 s. After treatment, the 
canisters were allowed to drip in on a metal wire rack for 1 min. The NEG, POS, ACH, ACHS pork 
cubes at the geometrical center of the chubs were retrieved and placed in BPW for Salmonella 
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extraction. Four pork pieces surrounding the center cube were also retrieved and analyzed for 
Salmonella. This experiment was replicated ten times. 
 
Scanning Electron Microscopy (SEM) and Transmission Electron Microscopy (TEM) of 
Salmonella cells 
 
Nalidixic acid-resistant Salmonella serovar Typhimurium culture was prepared at 109 log in TSB 
overnight as described previously. One mL of this culture was aliquoted into a 2-mL microcentrifuge 
tube with a snap cap and the tube was centrifuged at 3,500 × g for 5 min to remove TSB leaving the 
pellets of Salmonella cells at the bottom. Three treatments, including positive control (POS), 3% acetic 
acid at 50°C (ACH45) for 45 s, or 3% acetic acid at 50°C (ACH75) for 75 s, were randomly assigned to 
three tubes of Salmonella pellets. The ACH45 and ACH75 tubes received 1 mL of 3 % acetic acid at 50° 
for 45 s and 75 s, respectively. After treatment duration, acetic acid was immediately removed and the 
pellets in the treated tubes were twice washed with 1% BPW and centrifuged at 3,500 × g for 5 min to 
neutralize and remove the acetic acid residue. The POS, ACH45, and ACH75 pellets were incubated in 
1 mL of Karnowsky’s fixative (pH 7.2) for 1 h at room temperature for further preparation of the cells 
for SEM and TEM. 
 
For SEM, fixed pellets were washed three times with sterile water and fixed in 2% osmium tetroxide in 
0.1 M sodium cacodylate buffer on coverslips. The pellets were then dehydrated with gradient 
concentrations of ethanol (Autosamdri®-931, Tousimis) and coated with 20 nm of platinum. The 
coverslips were analyzed on a scanning electron microscope (JEOL JSM-6500F Field Emission 
Scanning Electron Microscope, MA, USA). Three randomly selected areas were analyzed at different 
magnifications to elicit the overall structure of the cells. For TEM, fixed cells were washed and dried 
similarly and embedded in Spurr’s resin (company, state, USA). Ultra-thin sections were cut using a 
Riecher Jung Ultra cut microtome, placed on copper grids, and stained with uranyl acetate and lead 
citrate. The ultra-thin slices were analyzed on a transmission electron microscope (JEOL JSM-1230; 
Jeol USA, MA, USA) at 80 ky. Three randomly selected areas were analyzed at different magnifications 
to reveal structural changes in Salmonella cells. 
 
Results 
 
Objective 1 
In the preliminary experiment, when using plating method at 5-log inoculation, there was 0.2-log 
reduction in Salmonella count with ACC treatment (P = 0.026) and 0.3-log reduction with ACH 
treatment (P = 0.003) and both treatments did not differ (P = 0.320; Fig. 1). When using 8-log 
inoculation of lux-modified Salmonella, IVIS imaging revealed a similar (P = 0.37) 1.3-log reduction (P = 
0.001) for both ACC and ACH (Fig. 2). In the heat shock experiment, there was no reduction of 
Salmonella on pork cubes for both HSC and HSH regardless of whether plating or IVIS imaging was 
used (P ≥ 0.200). When Salmonella culture was used, there was a similar (P = 0.82) reduction (P ≤ 0.03) 
of 0.4 log for HSC and HSH. 
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When studying the effects of temperature and dipping time, there was a 2-way treatment × time 
interaction (P = 0.030; Fig. 3). For 15-s dipping, ACH reduced Salmonella by 0.7 log (P < 0.001), 0.5 log 
greater than ACC (P < 0.001). For 45-s dipping, ACH reduced Salmonella by 1.0 log (P < 0.001), 0.7 log 
greater than ACC (P < 0.001). For 75-dipping, the Salmonella reduction by ACH treatment was 1.4 log 
(P < 0.001); whereas ACC treatment only reduced Salmonella by 0.5 log (P < 0.001), which was less 
than ACH treatment (P = 0.004). 
 

      
 
Objective 2 
Treatment had an overall effect on lightness (L*; P < 0.001; Fig. 4a). Treatment ACC45, ACH15, and 
ACH75 had slightly greater L* value (61.6 to 61.7) than NEG (60.3; P ≤ 0.008); whereas ACC15 and 
ACC75 had an L * value of 59.9 to 60.5, similar to the NEG value (P ≥ 0.453). Across all treatments, 
the surface before treatment and cross-section surface had similar L* values (60.1 to 60.6; P = 0.120; 
Fig. 4b), which was less than L* of surface after treatment (62.1; P < 0.001). 
 

Figure 3: Log reduction of 
nalidixic acid-resistant 
Salmonella (5-log 
inoculation; XLD-plating) on 
pork cubes treated by 
dipping in 3% acetic acid at 
room temperature (21°C; 
ACC) or 50⁰C (ACH) for 15, 
45, or 75 s. 
 

Figure 2: Log reduction of nalidixic acid-resistant 
Salmonella culture in microcentrifuge tube (200 µL, 6 
log/mL; XLD-plating) by dipping culture tubes in ice-
cold water (0°C) and 50⁰C water in either cold-to-hot 
(HSC) or hot-to-cold (HSH) order. Application time 
was 2 min for culture to reach 50⁰C at 11.1⁰C/min. 

Figure 1: Log reduction of nalidixic acid-
resistant Salmonella (5-log inoculation; XLD-
plating) and lux-modified Salmonella (8-log 
inoculation; bioluminescent imaging) on pork 
cubes treated by dipping in 3% acetic acid at 
room temperature (21°C; ACC) and 50⁰C (ACH) 
for 15 s. 
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There was a 2-way treatment × surface interaction (P = 0.002) for redness (a*; Fig. 5). Before 
treatment, no difference in a* value was found (P ≥ 0.076). After treatment, all treatment cubes had 
2.2- to 2.9-unit less redness than the NEG cubes (P ≤ 0.037). At the cross-sections after treatment, 
most treatment cubes had similar redness to that of the NEG cubes (P ≥ 0.154), except for ACC15 
cubes having 2.2 units more (P < 0.001). 
 

     
 
There was 2-way treatment × surface interaction for OMb (P = 0.051) and DMb (P = 0.003; Fig. 6). 
Before treatment, the OMb and DMb values ranged from 65.9 to 66.6% and 5.1 to 8.3%, respectively, 
with no difference among treatments. However, after treatment, the OMb and DMb values of the NEG 
cubes remained at 66.6% (3 to 5% less; P ≤ 0.037) and 7.3% (2.0 to 3.8% more; P ≤ 0.051), 
respectively, compared with other treatment cubes. Compared with NEG, no treatment difference in 
OMb was found at cross-sectional surfaces (P ≥ 0.244). For DMb, only ACC15 and ACH15 had 2.6 to 
3.1% more than NEG (P ≤0.032); whereas other treatments were similar (P ≥ 0.191). The NEG cubes 
had approximately 1.6 to 2.0 % more MMb than ACC15, ACC45, and ACH15 (P ≤ 0.021) but was 
similar to other treatments (P ≥ 0.342). Before-treatment surface had 1.7% more MMb than after-

Figure 5: Redness (a*) of 
pork longissimus muscle 
serving as negative control 
(NEG) or treated with 3% 
acetic acid at room 
temperature (21°C; ACC) or 
50⁰C (ACH) for 15, 45, or 75 
s, on before- and after-
treatment surfaces and post-
treatment cross-sectional 
surfaces. 

Figure 4b: Lightness (L*) of pork longissimus muscle 
on before- and after-treatment surfaces and cross-
sectional surfaces, averaged across negative control 
(NEG) and six treatments of 3% acetic acid dipping at 
room temperature (21°C; ACC) or 50⁰C (ACH) for 15, 
5   75  

Figure 4a: Lightness (L*) of pork longissimus muscle 
serving as negative control (NEG) or treated with 3% 
acetic acid at room temperature (21°C; ACC) or 50⁰C 
(ACH) for 15, 45, or 75 s, averaged across before- and 
after-treatment surfaces and cross-sectional surfaces. 
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treatment surface (P < 0.001) but 1.8% less than cross-sectional surface (P < 0.001). No interaction 
was found for MMb (P = 0.859). 
 

      
 
The NEG was 0.1 mmol/kg trolox equivalence more than ACH45 (P = 0.018) but 0.06 to 0.15 mmol/kg 
more than ACC15, 45 (P ≤ 0.040; Fig. 7). The NEG cubes had similar TEAC value to that of ACH15 and 
75 (P ≥ 0.385). No treatment difference was found for TBARS value (0.53 to 0.63 mg MDA/kg meat; P = 
0.644; Fig. 8), protein solubility (30.92 to 33.72 mg/g of meat; P = 0.187; Fig. 9), and WHC as 
expressible moisture percentage (1.24 to 1.68%; P = 0.076; Fig. 10). 
 

  

  
 

Figure 8: Thiobarbituric acid reactive 
substances (TBARS; mmol 
malondialdehyde/kg of meat) of pork 
longissimus muscle serving as negative 
control (NEG) or treated with 3% acetic 
acid at room temperature (21°C; ACC) 
or 50⁰C (ACH) for 15, 45, or 75 s. 

Figure 7: Trolox equivalence 
antioxidant capacity (TEAC; mmol 
trolox/kg of meat) of pork longissimus 
muscle serving as negative control 
(NEG) or treated with 3% acetic acid at 
room temperature (21°C; ACC) or 50⁰C 
(ACH) for 15, 45, or 75 s. 

Figure 6: Myoglobin 
composition (%) of pork 
longissimus muscle serving 
as negative control (NEG) or 
treated with 3% acetic acid at 
room temperature (21°C; 
ACC) or 50⁰C (ACH) for 15, 
45, or 75 s, on before- and 
after-treatment surfaces and 
post-treatment cross-
sectional surfaces. 
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Objective 3 
The ACH treatment reduced Salmonella in the geometrically centered cubes by 0.2 log (P = 0.040). The 
ACHS treatment similarly (P = 0.198) reduced Salmonella 0.3 log (P = 0.010; Fig. 11). All surrounding 
pork pieces, including those of the POS chubs, mostly had no Salmonella counts; only a few pieces 
had 1 to 3 CFU. 
 

  
 
The SEM and TEM images (Fig. 12 and 13) indicated damages in the cell membrane of the Salmonella 
cells treated with 3% acetic acid at 50°C for 45 and 75 s. The SEM images showed a less rigid surface 
of treated cells than the POS cells, especially for 75-s treatment. The treated cells had smoother 
surface with less rigid structural grooves. Moreover, the TEM images clearly revealed structural 
damages inside the treated Salmonella cells and the disappearance of cell membrane of the treated 
cells, especially for 75-s dipping. Some Salmonella cells treated for 75 s appeared to be dead and had 
no cell membrane. 
 

Figure 10: Water-holding capacity (WHC; g 
of expressible moisture/g of meat) of pork 
longissimus muscle serving as negative 
control (NEG) or treated with 3% acetic acid 
at room temperature (21°C; ACC) or 50⁰C 
(ACH) for 15, 45, or 75 s. 

Figure 9: Protein solubility (mg/g of meat) 
of pork longissimus muscle serving as 
negative control (NEG) or treated with 3% 
acetic acid at room temperature (21°C; 
ACC) or 50⁰C (ACH) for 15, 45, or 75 s. 

Figure 11: Log reduction of nalidixic 
acid-resistant Salmonella (5-log 
inoculation; XLD-plating) on pork 
cubes placed at geometrical center of 
2.3-kg pork chubs treated by dipping 
in 3% acetic acid at 50⁰C for 75 s 
without (ACH) or with handshaking 
(ACHS) 
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Figure 12: Scanning electron microscopy (SEM) images (top – 5,000X; bottom – 50,000X) of 
Salmonella cells for positive control (left), 45-s (center), and 75-s (right) 3% acetic acid treatment at 
50°C. 
 

   

   
Figure 13: Transmission electron microscopy (TEM) images (top – 5,000X; bottom – 50,000X) of 
Salmonella cells for positive control (left), 45-s (center), and 75-s (right) 3% acetic acid treatment at 
50°C. 
 
Discussion 
Acetic acid is an inexpensive and effective intervention in the beef industry to reduce human enteric 
pathogens as applied on warm and cold carcass surfaces (Dorsa et al, 1997; Cutter and Rivera-
Betancourt, 2000; Yoder et al, 2012). In the current study, acetic acid was more effective at 50°C than 
at room temperature, producing 1.4-log reduction. Cutter and Rivera-Betancourt (2000) applied 2% 
acetic acid on surface of beef shortplates by spraying the solution at 862 kPa and 35°C and produced 
3.6-log reduction immediately after treatment and 2.4- to 3.3-log reduction from d 2 to d 35. Yoder et 
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al. (2012) used 2% acetic acid for spraying on beef shortplates for 15 s at 276 kPa and 21 to 26°C 
(room temperature). The authors allowed acetic acid to remained on the surface for 5 min and found a 
3.5-log reduction. Similarly, Eggemberger-Solorzano et al. (2002) combined hot-water washing (172 
kPa, 82°C, 5 s) and 1.8% acetic acid rinse (172 kPa, 3 s) and were able to reduce Salmonella by 2 log. 
These studies employed pressurized spraying of acetic acid, which potentially caused a wash-out effect 
in addition to bactericidal effects. Therefore, the 1.4-log reduction in the current study is reasonable, 
especially obtained from 30 replications. It is worth noting that most studies on acetic acid efficacy in 
reducing Salmonella have been conducted on beef cuts and carcasses. A few researchers such as 
Okrend et al. (1986) used acetic acid at 0.1 to 1% and found that its addition to scalding water at 52°C 
resulted in significantly lower D value of Salmonella from 29 to 4 min. At 1%, death of Salmonella cells 
was instantaneous. Tan et al. (2015) suggested that the mode of action of acetic acid on Salmonella 
was to cause cellular ATP depletion and altered cellular DNA synthesis. The authors found that acetic 
acid-stressed Salmonella had a greater AD/ATP ratio, especially at neutral pH. They also suggested 
that unassociated acetic acid molecules actively participated in ATP depletion. This is important 
because meat medium is pH-neutral by buffering action of proteins. However, the authors also 
concluded that membrane disruption was not one of mechanism through which acetic acid kills 
Salmonella. The author reached this conclusion by using SEM images. Scanning electron microscopy, 
however, does not provide strong evidence of cellular damages in case of acetic acid treatment. In the 
current study, the SEM images seemed to show intact membrane in both positive control and treated 
Salmonella cells, except for a smoother and less groovy surface of the treated cells. Once TEM was 
used to analyze the cross-sectional appearance of Salmonella cells, it was clear that treated cell 
membrane was disappearing and the integrity of the treated cells was compromised (black areas). This 
phenomenon was also observed by Jung et al. (2009), who also used TEM to observe acetic acid-
stressed Salmonella. The authors provided similar images of damaged cells. Some cells, however, were 
able to repair the damages and recovered. 
 
In addition to the use of organic acids as antimicrobials, literature indicated that hot-water wash and 
chilling also have an effect on bacterial survival. Sub-lethal heat shock (30 min at 54⁰C) and cold 
shock (2 h at 48⁰C) induced injury on 44.7%, Salmonella (0.2 log) in vitro (Wesche et al., 2005). In the 
current study, although there was 0.4-log reduction in vitro (Salmonella culture), no reduction was 
found on inoculated pork meat. Most Salmonella strains possess the ability to form fimbria- and 
cellulose-mediated colony under some harsh conditions (Römling et al., 1998), termed rdar 
morphotype, isolated from poultry and produce (Solomon et al., 2005). The rdar morphotype enhances 
the resistance of Salmonella to desiccation and starvation (White et al., 2006). Heat shock proteins are 
also produced under acidic or alkaline conditions, offering protection from thermal stress (Foster, 
1991; Taglicht et al., 1987). Therefore, not all bacteria subjected to a stressor are killed. Sub-lethal 
heat shock at 60⁰C for 10 to 45 min induced more injury to Salmonella Typhimurium (Wuytack et al., 
2003); however, such temperature and time will denature protein and be detrimental to meat quality. 
in the current use of 50°C acetic acid, most meat quality attributes were not affected, especially lipid 
oxidation, protein solubility, and WHC. This indicated that acidic pH did not significantly induce 
hydrolysis of triacylglycerols and denature proteins. A slight change in lightness and redness of 
surface was observed after treatment; however, analysis of cross-sectional surface indicated that such 
a change did not occur inside the meat pieces. Moreover, lightness and redness were only changed by 
a few units, which should not alter color of ground pork or pork sausage in a meaningful way.  
 
As a summary, acetic acid at 3% and 50°C provided a meaningful reduction of Salmonella by 1.4-log 
at 75 s. Although heat-shock treatment on Salmonella culture resulted in 0.4-log reduction, such 
treatment on inoculated pork cubes did not reduce Salmonella. Heat-shock application revealed 
that there was no wash-out effect after Salmonella attached to the surface of meats. Warm 
temperature, as indicated by the data, enhanced efficacy of acetic acid. Dipping large bulks of pork 
trimming in acetic acids was not effective in reducing Salmonella because acetic acid might not be 
able to penetrate into large bulks of meat. Therefore, it is recommended that the processors find 
ways to allow acetic acid to contact all meat pieces such as spreading trimming on conveyor for a 
dipping or spraying application or loosening the trimming bulks to allow for adequate penetration 
by acetic acid. Salmonella after attaching to meat surface did not cross-contaminate the 
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surrounding pieces in a meaningful way, which confirmed the lack of wash-out effect in the heat-
shock experiment. There was no meaningful oxidation or protein denaturation in pork trimming. 
Surface color was paler; however, no meaningful change in color in the whole meat pieces according 
to the analysis of cross-sections. We produced basic scientific data confirming that acetic acid 
damaged bacterial cell membrane and caused damages in cellular structure (SEM and TEM 
images). We also produced applied scientific data that can be used to reduce the risk of Salmonella 
contamination without negative impacts on technological quality of the trimming. This approach is 
financially feasible and is applicable for various decontamination purposes in the pork industry. 
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