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ABSTRACT 

THE DETERMINATION AND CONTROL OF THE MlCROBlOLOGlCAL 
QUALITY AND SAFETY OF POULTRY CARCASSES 

Derrick A, Bautista 
University of Guelph, 1997 

Supervisors: 
Professors M.W. Griffiths 

and S. Bahut 

Poultry can be a vehide for the transmission of salmonellosis and the 
contamination af carcasses W primarily from kces. Bactericidal treatments may be 
used to correct the problem. A study was conducted to evaluate the effectiveness 
of several bactericides (Le., chlorine, trisodium phosphate, Avg ard and lacüc 
acid). Response surfaces showed that only ladic acid treatments significantly 
(pe0.05) reduced both the tata1 aerobic bactena and coliforni count. In a pilot scale 
study, lactic aad was used on contaminateci carcasses at a concentration of 4.25% 
(wk) and pH 3.0 mth a dispensing tenperature of 40°C. The treaanent significantly 
(p<O.OS) reduced carcast contamination. To detemine the long tenn effects of 
ladic acid on viability and recovery of pathogens, Salmonella hadar was isolated 
fim poulby and biduminesœnt constnicts obtained by transformation with the I w 
(CDABE) cassette. Vability was detemined by measuring luminescence following 
lactic acid treatment of turkey breast and storage at -12, 0, 5°C and 10°C. The 
ability of the S. hadar (lux') to recuver from the treatrnent was detemined by 
incubathg at 22°C for 10 hm and monitoring light output. The results showed that 
m I i c  acbvity uir;rs significantf y (pe0.05) affected by the lactic acid treatment and 
by &rage temperatures of -12, O and 5°C. The lowest recovery rate was observed 
affer treatment with lacüc acid (pc0.05) and storage at 5°C. 

The implementation of HACCP program is proposed as a method of 
reducing foodborne illness. However, good statistical planning and appropriate 
measurernent techniques are required to verify the control of microbial harards. Key 
areas in a pouby proœssing plant were monitored for ievels of hygiene by a 
conventional swab technique and the ATP (adenosine triphosphate) 
bioluminescence -y. A staüstical design (i.e., randomùed incomplete block) was 
used and the results showed that the hygiene of the process, including the effect 
of Rocks and day of processing, could be predided. 

This thesis demonstrates that implementation of microbiologically-based 
systems for validation of HACCP and the introduction of effective carcass 
decontamination techniques will lead to inpmved safety and quality of poultry meat. 
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1 .O Introduction 

Poultry has been suggeskd to be a heahy alternative to ohor types of rneat 

produds. As a resuit, consurnption of poultry has k e n  on the rise sinœ the eariy 

1980's. The pouitry indwtry has been able to meet the dernands of the public, but 

there has been a growing concern about the ievel of food safety of their products. 

There are many problems that can lead to the producü*on of lowquality and 

unsafe foods. S o m  of these problems are fecal contamination, improper storage 

temperatures and crosscontamination by worken. The Mure  to correct these 

problems during production may lead to foodbome illnesses. 

Outbreaks of foodbome illness can have devastating social and economic 

impacts. This was well dernonstrateci by the unforhinate incident of E. coli 01 57:H7 

tainted hamburgers from "Jack in the B o f  restaurants in the United States in 1993. 

Three young children died due to complications resulting from HUS (haemolyüc 

uremic syndrome) contracteci as a result of eating hamburger patties infecteci with 

E. d i 0 1  57:H7. The outbreak had a negative impact on the consumption of meat 

products and has led to the questioning of the ability of the industry to ensure the 

production of safe highquality foods. Although this was an incident associated with 

beef, it has certainly put the spotiight on al1 sectors of the rneat industry. 

Presently, the production of safe foods by the meat industry is monitored 

through govemment food inspection services. Based on qualitative assessment, 

carcasses are exanined and evaluateû as to their suitability for consumption by the 

1 



general public. Howver, there is increasing debate about the efFectiveness and 

the subjective nature of assessrnent used by the inspection s e ~ œ .  

In an effort to make an impact on the food industry, poultry processors are 

looking at new approaches to improve meat quality and safety of their products. 

1.1 The plans to improve food safety dunng processing of poulty 

Currently, meat inspedors can rejea carcasses for a variety of reasons (e.g., 

disease and other abnormalities) but the rnost controversial issue is carcasses that 

have been condemned due to fecal contamination. These carcasses are rejected 

because feces have spilled onto the surfiace or m i n  the body cavity of the carcass 

during evisceration. The chief reason for condemnation of these birds is the 

potential health risk due to the prescnœ of foodbome pathogens. However, the 

decision for rejedion by govemment inspectors is based on a qualitative analysis. 

Akhough both the Amencan and Canadian mat  inspection agencies have 

played a vital role in ensuring food safety, there has been some concem that the 

examination relies purdy on subjective assessment. Therefore, research has been 

direded to find more quantitative means that can address problerns associated with 

contamination of the carcasses during production. Presently, the poultry industry 

is irnplernenting several strategies to achieve an improvement of pouitry carcass 

hygiene. 

One plan is to implement a Hazard Analysis of Critical Control Points 

(HACCP) program in processing establishments. It is a management program that 



addresses food through prevention and anticipation of potentially hazardous 

situa-ons (The National Advisory Cornmittee on Microbiolog ical Criteria for Foods, 

1992). 

A second plan of the poultry industry is to introduœ bactericidal treatrnents 

as a mathad to decontaminate poultry carcasses during processing. The aim is to 

reduœ the microbial levefs associated with contaminated bbirds and improve the 

quality and sakty of the meat. The bactericidal treatrnent would involve the use of 

a foodgrade chemical(s) that has an antimicrobial eff'ect on food spoilage 

organisms and pathogens, but would not pose a chernical risk to consumem. 

1 .Z Objectives of Research 

The Canadian poultry industry and the Canadian Food lnspecti-on Agency 

(CFIA) are looking towards sanitizing carcasses and adopting HACCP programs 

(ICMSF, 1988). It is expected that these approaches will enable the meat industry 

to improve product quality and safety. The following experirnents were designed to 

invesügate and evaluate processes that can improve the microbiological quality of 

turkey and chicken carcasses. The investigation focused on two main areas. 

First, several bactericides were evaluated as a means to reduœ the 

microbial hazards associated with condemned carcasses. There are numerous 

food-grade chemicals available that can be used as decontaminating agents. 

However, research was concentrateci on four bactericides for implant use. These 

were AvgardN. trisodium phosphate (TSP), chlorine and ladic acid. Flamingo 



Foods, Inc. has played a key role in the developrnent of this process and has 

supplied the University of Guelph with a prototype rnadrine for carcass treatment. 

It utilized a simple design of an insidéloutside washing deviœ that sprayed the 

cavity and the surface of the carcass while the carcas was rotated. After identifying 

the best bactericide(s), fu rther experiments were conducted to O ptimize the 

conditions for use of the bactericide and challenge studies were perfomied to 

determine the efficacy of the treatment. Bacterial bioluminescence (Le., lux) genes 

were used to modily a pathogen to becorne bioluminescent and, thus, act as a 'real- 

tirne" reporter of the effectiveness of the bactericidal treatment. 

Secondly, an observational study was conduc&d to explore a statistical 

method to detmine badine levels of hygiene at a poultry establishment during 

pmœssing. Bath conventional microbiology and the ATP (adenosine triphosphate) 

bioluminescence hygiene test were evaluated as aids to i) rnonitor contamination 

of carcass surfaces ii) to verify HACCP programs. In addition, the ATP 

biol uminescenœ hyg iene test was also evaluated as an alternative to conventional 

microbiological techniques. 



2.0 Literature Review 

2.1 Foodbome ilInesses and pouiüy producdion 

Foodbome illness is an international problem. Reports have shown that the 

incidence of foadbome disease has dramaücally increased sine the 1970's (Bean 

and Griffin, 1990; Notemians and HoogenboomVerdegaal, 1992). According to the 

USDA's Economic Research Service report for 1997, the top seven of more than 

40 recognized foodbome pathogens caused 3.3 to 12.3 million illnesses and up 

to 3 900 deaths in the U.S. annually (Buzby and Roberts, 1997). Foodbome 

illnesses are responsible for large social and economic cos& (Roberts and van 

Ravenmraay, 1 989; Shin et al., 1 992). In 1 997, foodbome pathogens wst  society 

an estimated $35 billion in the United States (Burby aird Roberts, 1997). These 

cos& included medical treatments, producüvity loss, pain and suering of the 

people involved, food industry losses, and losses within the public health sector. 

Reports of the incidence of foodbome diseases show that p o u l t ~ ~  is an 

important vehicle of transmission to hurnans. During 1968 to 1977, poultry 

contributed to 54% of reporteci outbreaks in the United States (Bryan, 1980). In 

1978, poultry was ranked first or second in foods associated with disease in 

Australia, Canada, England and Wales and fourth in the United States (Todd, 

1978). During 1977 to 1984, poultry was the vehicle for 10% of foodborne disease 

outbreaks in the United States (Bryan, 1988). 

Fecal contamination is one of the major sources of foodbome paaiogens 
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during proœssing (James et al., 1992) and occurs when intestinal contents and 

kœs  spill ont0 the carcass during the evisceration proces (Myers et al., 1984; 

Prescott and Gellner, 1984; Rosef et al., 1984). Additional contamination rnay 

occur dunng the slaughtering and the cleaning process, where poultry carcasses 

can corn in contact with intestinal and fecal material of other birds (Mulder et al., 

1987). According to figures collected by the Canadian poultry industry, the direct 

loss in revenue due to h l  contamination has been estimated at $8 miIIion 

annually (Hundt, 1995). 

Although the poultry industry tries to ensure the Safety and quality of its 

produds by routine enmination, there are still instances of improper handling and 

storage procedures that can contribute to the contamination of products. However, 

this is not to say that the poultry processors are totally to blarne. In fad, the Center 

for Disease Control (Anon, 1992b) reported that 3% of m a t  and poultry foodbome 

illness were caused by manufacturing errors and that 97% were due to the 

mishandling of poultry produ- at pobt slaughter (Le., insuffident woking, improper 

refrigeration, etc.) 

Newer policies and methods to improve hygiene may reduœ the incidence 

of foodbome illnesses and increase consumer confidence. In fact, Shin et al., 

(1992) conducted a consumer survey that indicated participants would pay 55 œnts 

to eliminate Salmonella spp. from poultry produds and 81 œnts to eliminate 

TikhineIIa spimlis from pork products for each meal that may be wntaminated. 



2.1.1 Pathogens and their impact on foodborne ilIneses 

There are 40 pathogens that are known to cause foodbome illness. 

Howwer, the fdlowing information will be focused on the most studied pathogens 

associateci with meat produ@. A Iist of cornmon pathogens and their prevalence 

on poultry are reported in Table 2.1. 

2.1 -1 -1 Salmonella spp. in poultry products 

Salmoneila spp. are small, gram negaüve rods with or without flagella. They 

are ubiquitous in nature where the primary resenroin are hurnans and animals. All 

Salmonella spp. can be pathogenic and can produœ symptorns from rnild and 

discomforting gastroenteritis. to more severe cases of dianhea, to death. Reports 

have shown that as little as 100 organismslg of salmonellae have been recovered 

from sarnples of epidemiologically-implicated foods (Blaser and Newman. 1982; 

D'Aoust and P i i c k  1 976). Live poultry can become infècted Ath Salmonella spp. 

by drinking water, eating feed and pedVng in soi1 or litter previously contaminated 

by inkcted birds (Anon., 1980). 

Due to an increased consurnption of poultry over the yean, Salmonella spp. 

have become, and m i n ,  one of the major causes of food borne illness (Bean and 

Grifin, 1990; Sharpe, 1990; Todd, 1980). In Canada, Salmonella spp. were 

responsible for the largest nurnber of food borne illnesses in 1 992 (Todd, 1 992). It 



Table 2.1 : The p m l e n œ  of pathogens or patenüal pethogens in poultry pmduds 

in the United States and ottier countries 

Organism Type of poultry Percent positive 

Salmonella spp. 

Campytobacter 
jejuni 

Chicken 

Turkey 

Chicken 

Turkey 

Chidceri 

C hicken 

Chicken 

Turùey 

Lammerding et al., 1 988; 
Poppe et al., 1991 ; 
Todd, 1992 

Lammerding et al., 1988 

Stem et al.. 1984; 
Temstrom and Molin, 
1 987 

Rayes et al., 1983 

Lillard et al., 1984; 
Temstrom and Molin, 
1987 

Lillard et al., 7984; 
Temstrom and Molin, 
1987 

Bailey et al., 1989; 
Farber et al., 1 989; 
Gen igeorgis et al., 1 989 

Genigeorgis et al.. 1990 



was reporteci that 50% of 56 foodbome related deaths were caused by Salmonella 

spp. (Todd, 1992). Presentiy, hurnan salmonellosis continues to be an important 

public health problem as the annual incidenœ has increased during the past 20 

yean (Anon., 1992b). Unfortunately, the rise continues in spite of inspection and 

control program. 

Between 1973 to 19ï7 in Canada, Salmonella typhimurium, Salmonella 

muenster and Saknonella schwarzengnrnd were the major serotypes isolated from 

broiler chicken and turkey carcasses and were among the predominant causes of 

foodbome disease in this country (Lammerding et al.. 1988). Salmonella 

tvphhurium was the most frequently isolated serotype in broiler chicken from 1983 

to 1 985 (Lammerding et al., 1 988). Salmonella hadar was the most isolated 

serotype in broiler Rocks in 1991 (Poppe et al., 1991). Recently in the United 

Kingdom, outbreaks of salmonellosis were attnbuted to Salmonella entemis 

(Powell, 1997) 

Numerous studies estimating the incidence of Salmonella spp. in North 

America have k e n  published. In 1987, the United States Department of Agricuiture 

(USDA) doairnented that 36% of processed broiler carcasses tested were positive 

for Salmonella spp. (Anon., 1992b).Poppe et al. (1991) isolated Salmonella spp. 

from samples taken from 76.9% of Rocks, 47.4% of litter samples and 12.3% of 

water samples. In 1983 to 1986, Lammerding et al. (1 988) collected samples from 

federally inspded poultry abattoirs across Canada, and isolated Salmondla spp. 

from 60.9% of chicken carcasses and determined S. typhmurim to be the most 



commonly isolated species. 

2.1.1.2 Campylobacter jejuni in poultry produds 

Camp@bacfer@juni is a slender, spirally wrved rod that possesses a single 

polar Ragellum at one or both ends of the cell. it requires microaerophilic conditions 

to survive and proliferate. The symptoms of campylobacteriosis usually consist of 

diarrtiea lasting over several days. Other symptom may indude fever, malaise and 

abdominal pain. Reports show that an infecüve dose between 102 to 1 O9 cfu/mL was 

required to indue these symptoms (Black et aL, 1983; Black et al., 1988). Although 

other Campylobacter spp. can produœ diarrhea and other gastrointestinal 

disorders, Campylobacter jejuni is by far the most important cause of foodbome 

illness from poultry. 

In the United States between 1982 to 1986. C. jejuni was responsible for 

5.02 to 7.1 9 cases per 100 000 people (Tauxe et al., 1988). Surveillance by local 

and sWe public heaith deparbnents suggests that the actual incidence ranges from 

30 to 60 cases per 100 000 individuals (Hopkins et al, 1984; Johnson et al., 1985). 

The prevaienœ of C. jejuni in chicken products has been reported between 8 and 

89% (Stem et al., 1984; Terstrom and Molin, 1 987). In turkey products, prevalence 

was 56 to 64%. Studies by Waldroup et al., (1992) showed that C. jejuni 

populations on post chill broiler carcasses h m  five ditlerent plants ranged from 2.4 

to 4.2 log,, cfu/carcass. 



2.1.1.3 ûther foodbome pathogens of interest in poultry products 

Staphybcoccus aumus is another potentially paoiogenic organism that can 

be found on poultry (DevRese et al., 1975). S. aumus is describeci as a gram 

positive facultatively anaerobic coccus. They are ubiquitous in nature and can be 

frequentiy found as part of the fiora in poultry products. Infections caused by S. 

aureus can indude gastmententis in humans. Sudies of the incidence of S. aureus 

in the general population are few. However, an interesting report by Notemians et 

aL (1 975) found that the number of S. aumus on poultry produds can be as low as 

10 cellslg, but after processing counts can be as high as 1 000 cellslg. They 

attributed the increase in counts to the plucking and eviscerating operations. 

Prevalenœ of S. aurws on pouby has b e n  d e d  Mumen 41 and 73% (Lillard 

et al., 1984; Temstrom and Molin, 1987). 

ClOSttjdium perfnngens is present in soi1 and dust and can corne in contact 

with poultry on farms. These bacteria are gram positive, anaerobic, spore-forming 

rods. The spores can survive inadequate cooking temperatures and initiate growth 

during cooling of foods (Todd, 1980). C. pemngens infections can produœ mild 

discornfort to severe gastroenteritis in humans. Prevalenœ of C. periiingens on 

poultry has been recorded between O and 54% (Lillard et ai-, 1984; Temstrom and 

Molin, 1987) 

mtia m w o g e n e s  is also widely distribW in naîure. it has been found 

in soi1 sarnples, plants and human and animal feœs. The organism is a gram 

positive, rod-shaped bacterium. This organism also produces gastrointestinal 



problems but, the most susceptible individuals include pregnant mmien and 

individuals who are imrnuno-compromiseci. L. monocybgenes is normaliy 

assocîated with ruminant animals (Johnson et al., 1988), however, poultry has been 

reported to be an important vector (Bailey et al.,1989). Prevalenœ of L. 

monocytogenes was determined to be between 13 and 56% and 12 and 18% in 

poultry (Bailey et al., 1989; Farber et al., 1 989; Genigeorgis et al., 1 989) and turkey 

produds (Genigeorgis et al., 1 989), re~pe~ve ly .  

2.2 Current methods to control foodbome illness during poulby 

production. 

2.2.1 Compeütive exdusion and vaccination as a rnethod to control pathogens on 

the farm. 

Salmonella spp. and other pathogens compete for adherenœ sites in the 

intestinal trad. Cornpetitive exdusion is a method where a mixture of 

nonpathogenic bacteris is given to young chicks and allowed to colonize the 

intestinal tract. Sinœ the intestinal tract is heavily lined wiai nonpathogenic 

bactena, paaiogens are unable to adhere andlor colonize. 

M i e s  have shown that competitRre exdusion was successful in preventing 

or reduang infection by Salmonella spp. in broilers and aduit breeder birds (Mead 

and Barrow, 1990). In another study, cornpetitive exclusion in chicks was shown to 

reduœ the level of Salmonella spp. during a 48 hrs trial pend (Impey and Mead, 



1989). m e r  reports have also confirmed the redudion of Salmonella spp. in 

poultry using this technique. (Pivnick and Nunni, 1982; Rantala and Nurmi, 1973; 

Wierup et al., 1 988). 

Vaccination is another method of controlling Salmonella spp. on the fam. 

This involves acquisition of immunity in an animal following exposure to an 

attenuated paaiogen or an antigen of a virulent microorganism. It has been 

proposed that adherenœ factors involved mth bacterial colonization would be 

usenil anügens for vaccines (Zhao et d., 1995). Hovuever, this method is in the early 

stages of development. 

2.2.2 Overview of the Meat Inspection Service 

A bief description of the meat inspeciion pmcüces for poultry production will 

be presented in this thesis. The fdlowing is a summary of the information from 

Wilson (1991) and the Meat Inspection Act (Anon, 1985) on practical m a t  

inspecüon for poultry. 

a) Antemortem inspection 

An inspection is performeû upon amival of the Rock of poultry at the abattoir. 

The R o c k  is examineci visually for abnormalities. Animals plainly showhg symptoms 

of disease or conditions that would cause condemnation of their carcasses during 

slaughter are marked for disposal. These visual markers indude apparent sidrness, 

abnormal mvements, peculiar behaviours and any other abnormalities in 



appearance. Upon confimation by a veterinary inspector, these animals are killed 

and disposed of in a prescribed manner. If the inspector has reason to rate the 

animal(s) as unsatisfactory, the birds are quarantined or treateâ and reasseïsed 

once again before slaughter. If the flock cannot be used for slaughter, they are 

removed frorn further processing and are disposed of accordingly. If birds cannot 

be assesseci within 24 hrs, carcasses may be inspeded one by one on the 

procwsing line by a qualified inspector in the unloading area. 

b) Post Mortern Inspection 

lmmediately after defeathering, the extemal surfaces of the carcasses are 

e-ned. Sorne of the more cornmon characteristics that lead to rejecüon are: a) 

obvious systemic disease b) serious injuries c) bruising d) septic wounds e) 

insufkient bleeding and 9 emaciation with pendulous crop. 

A second inspection is performed &ter evisœration of the carcasses. These 

carcasses are inspected for abnomlities in the visœra, the body cavity (including 

the antefior air sacs), legs, and body. The major visceral organs examined are the 

inMnes, girzard, liver, spleen, heart and lungs. Carcasses with abnormalities are 

remved frorn the line for salvage or further processing. More serious cases are 

condernned and removed from further processing. All inspections are perfomicd 

under the supervision of a veterinary inspedor. 



c) Final Carcass Inspection 

A final inspection is perfonned after the visœra have k e n  rernoved and the 

body cawty has been washed thoroughîy. Again, the mat inspecter will look for any 

abnormalities that might have been misscd in the previous inspections. 

There is sorne controversy about the inability of visual inspection rnethods 

to detect microbial or chernical contamination. Ail inspections are based on the 

inspector's organoleptic assessments. One aspect of the controversy is the 

subpche, nonquantita6Ne nature of inspections and evidenœ of poor repeatability 

between inspecton. This has certainly led to questions about the validity of the 

procedure for determining the quality of poultry carcasses. 

Another concern is the inability to detect pathogens by present inspection 

methodology. Although an attempt is made to nmove potentialiy hazardous fooâs 

at the macroscapic level, microscopie assessment of the meat produds is not used 

by the meat inspection senriœ. Presently. meat inspection services are not 

responsible for any microbial assessrnent of meat produds they analyse at food 

pmœssing establishments. The onus is placed on the food processor to ensure aie 

safety of their food produds. 

2.2.3 Current pradices of quality assurance by the poultry industry: 

microbiological analysis 

Microbiological analysis is performed on end-produds to determine quality 



and &&y of the produd (e.g., packageci poultry carcass pieces). Microbiological 

analysis of aiese producCs is done at either the poultry processing plant or samples 

are sent to a certifiecl laboratory. The analysis usually consists of classical 

miaobiological techniques where aerobic plate counts are utilirecl tc estimte the 

total microbial population and coliforni Ievels. Som shelf-life assessrnent may also 

be perfomied using the same techniques. For these microbiological tests, a least 

72 hrs is required before resulés can be interpreted. In some cases, poultry products 

may be further processed, pacùaged and shipped to the consumer before the 

results are analysed thoroughly. 

2.3 Initiatives to improve the control of foodbome illness during poultry 

production 

2.3.1 The Hazard Analysis Critical Control Point (HACCP) program 

In 1971, the Pillsbury" company, the US. Anny Natick Researcti and 

Devefoprnent Laboratones and the National Aeronautics and Spaœ Administration 

needed to develop a system that wuld provide astronauts with pathogen-free food 

(Sperber, 1991). They came to the conclusion that this could not be successfully 

achieved through the conventional method of "finishedprodua' tesüng. They 

discovered that monitoring 'end-products" was not an ideal approadi to ensure 

food safety due to the limitations of sampling regirnes. 

However, a system of ensunng food safety could be achieved by acüvely 

monitoring key areas that could eliminate or control potential hazards within a 



production system. This idea of preventative management was na- Hazard 

Analysis Critical Control Points or HACCP. Pillsburym saw potential for 

incorporating HACCP into the food industry and developed HACCP principles for 

low acid canned foods in 1974. 

Presently, the USDA and Agriculture and Agri-food Canada have developed 

several generic HACCP rnodels for food produdion systems. 

2.3.1 -1 A Brief Description of HACCP and its principles 

HACCP is a management technique that accomplishes food safety by 

anticipation and prevention (Tompkin, 1992). It is designed to prevent the 

occurrence of problem by ensuring that controls are applied at certain points 

where hazardous situations occur in a food process. The hazards may be physical, 

chernical or microbiological. 

The procedure of HACCP applies rational, objective and systernatic methods 

of identifying hazards and risks in a food p m  that mn be controlled. Ultimately, 

based on this philosophy, WCCP should be used not only by food processon but 

also at any point in the food chah (Le., from the f a n  to the consumer's plate). 

Seven principles must be adopted if HACCP is to be implemented by the 

food industry. The fdlawing is an overview of the prinaples of HACCP as described 

in the litemture (Bryan, 1991 ; Sperber 1991 ; Tompicin, 1992; The National Advisory 

Cornmittee on Microbiological Criteria for Foods, 1992). 



Step 1: ldentify Hazards associated mth the process 

All potential hazards in the food chain (Le., food production/food 

processing/foOd preparation) must be identifid and evaluated for their severity. 

Hazards may result from: a) contamination, survival or growth of microorganisrns 

b) chemical contamnati*on c) presenœ of physical hazards in terms of safety to the 

consumer (e.g., bone, metal, glass, etc.). This can be illustrated with flowcharts that 

indicate points of interest along food production systems. Then, a short Iist is 

developed of the hazards with descriptions of appropriate preventive measures. 

Most important is that the hazard analysis and risk assessrnent should be 

geared tomrds identifying specific points in the process as they relate to 

produdion of safe foods. It is imperative that the assessrnent must differentiate 

safety issues from conœms of quality of the product 

Step II: Establish Critical Control Points (CCPs) 

A criocal control point (CCP) is any point in the process where loss of control 

could result in a health risk of the food product. In designating a CCP in a food 

process, the severity and risk associated with that area must be high or at least 

roderate in hm of food safety. S o m  examples of CCPs are refrigeration during 

processing, prevention of cross contamination and employee hygiene. The result 

of monitoring these areas would prevent, or at least minimite, one or more of the 

potential hazards. Note, if the point within a process cannot be controlled, it must 

not be designated as a critical control point. 



To help in the identification of CCPs, decision trees are available in the 

lbrature ('The National Advisory Cornmittee on Microbiological Criteria for Foods, 

1 992). 

Step III: Establish Specifications for each Critical Control Point 

Each of the CCPs have one or several procedures that will prevent, 

eliminate or signficantly rrûnimize the hazard. To ensure control, critical limits (Le., 

upper and lower liniits) should be set for each designated CCP. Some examples of 

cntical limits that should be established are temperature du ring storage, available 

chlorine during chi11 immersion, final water activity (aJ of finished products, etc. 

Critical limits should be set that will reduœ or eliminate the hazards. Specifications 

for each CCP can be constructed by statistical means that would maxihize control 

of the hazards (Anon, 1992a) and should be based on the perkmnœ of 

equipment at each food processing establishment. 

Step IV: Monitoring of each Critical Control Point 

The actual schedule required for monitoring each of the critical control points 

is really dependant on the type of food involved. Continuous 'real-time" monitoring 

should be the prefened method of choiœ to ascertain deviation from specification 

of CCPs. For example, temperature can be easily monitored with recording charts. 

If continuous monitoring is not possible, a statistically vaiid sampling plan for the 

CCPs must be designeci that will reliably identify the loss of control. 



Monitoring procedures for CCPs must be able to detemine deviation from 

specifcations as accurately and as quiddy as possible. This is important because 

lengthy analytid rnethods are of IWe value when results are generated historically. 

Hence, the consensus of the scientific cornrnunity is that current microbiological 

methods are unsuitable as tools for monitoring CCPs. However, this rnay change 

with the advancernent of the rapid ATP bioluminescence assay for detemining 

micmbial lads on meat and poultry products (Bautista et al., 1 994; 1 996; Siragusa 

and Cutter. 1995; Siragusa et al., 1995) and the development of rapid pathogen 

tests. 

Step V: Establish Correcüve Action to be taken if deviation occun a a Critical 

Controt Point 

Courses of W o n  must be decided upon whenever the criteria for the 

maintenance of the Critical Control Point are not met- The course of action should 

be clearly defined beforehand, and the responsibility for adion assigned to an 

individual on the processing line. Furthemiore, these actions must clearly 

demonstrate that the CPPs have been brought under control. 

The produ& that were produad out of CCP specifcaüom should be 

removed from the process, dearly identified and placed on hold until the extent of 

the hazard to the consumer is determined. Then, these products should be dealt 

mth in an appropriate manner (e.g., desfroyed or reworkeâ). 



Step VI: Establish a Record keeping System 

All of the data obtained during monitoring CCPs should be kept on file at 

food processing establishments. This is for the bertefit of the food producer and the 

regulatory agencies responsible for food safety. 

In the case of the food processor, documentation of the HACCP system 

should provide valwble information regarding the quality of the food product and 

possible areas for improvernent In the case of agencies, reviews of the food 

processors can be based on doaimentaton of the HACCP program and CC-. This 

would allow food inspedors to streamline safety audits and be certain that food 

processon are achieving food safety during production. 

Step VII: Establish Verification Procedures that the HACCP program is working 

correcüy 

Procedures c m  be developed to detemine whether or not the HACCP 

system developed for the plant is in cornpliance with the HACCP plan as desig ned. 

According to the National Advisory Cornmittee on Microbiological Criteria for Foods 

(1992), there should be four processes involved in verification of HACCP systems. 

a) Science-based approach: A comprehensive objective approach is 

required to substantiate that the designated CCPs and their critical lirnits are 

improving the safety of the food product. Presenfly, there are no e W v e  

and scientific approaches described in the literature that can venfy that the 

HACCP program is working enectively. 



b) OveMew of the program by the processor: This is a subjective review by 

the on-site staff to detemu'ne whether or not the HACCP program is being 

followed corredly. Specifically, it relates to the CCPs, monitoring of the 

CCPs and corrective measures. 

c) Revalidation of the HACCP program: Processon are constantly changing 

formulations and equipment to meet the demands of food production for the 

public. Therefore, revalidation of the HACCP program is required M e n  a 

product or the processing system has been modifieci from the original 

design. This rnay also include new information that could lead to the 

improvement of the existing HACCP program. 

d) Govemrnent involvement: A third party evaluation of the HACCP program 

is required to ensure that the HACCP program is functioning properly. This 

is to ensure that the monitoring program are perfoming accurately and 

k i n g  condudeci honesüy by the proceesors. 

2.3.1 -2 Pro- genenc HACCP pragrarns for Canadian and Arnerican Poultry 

Processing Plants 

Presently, there are two proposed Generic HACCP rnodels for poultry 

slaughter as presented by the American Food Safety Inspection Service (FSIS) 

(Anon, 1994) and the CFIA (Anon, 1997b). Only Rowcharts of both models with 

designated CCPs are ptesented in Figures 2.1 and 2.2. However, both complete 

HACCP plans are available from the USDA and Agriculture and Agri-Food Canada 



(Anon, 1994; Anon, 1997b). 

According to the Amencan HACCP plan for poultry slaughter, there are 10 

key areas in the pouhy proeessing plant that are considerd critical (Le., CCPs) for 

maintaining food safety. The Canadian HACCP rnodel for poultry identifies 9 key 

areas. but each area has been subdivided into several key points along the 

process. In total. the Canadian HACCP model has 11 key areas critical for 

maintaining food safety. The agencies used different decision trees when 

determining CCPs for poultry processing establishments. 

Monitoring program for both models are based on performance of 

equ ipment (e.g ., temperature reg irnes during scalding . fiow rates du ring chill 

immersion, chlorine levels, etc.) and no microbiological evaluations are used for 

either model. For verifkation procedures, the American d e l  restricts 

rnicrobiological analysis to saniMion pprocedures. Some inioative for microbiological 

testing of E. coli and Salmonella spp. is presented with the 'Mega-Reg" leg islation 

(Anon, 1997a), but it is not part of the HACCP program. 

The Canadian mode1 utilizes microbiological analysis to a larger extent than 

the American model. It is recommended for evaluation of hygiene of equiprnent for 

avisceration, and Salmonella spp. and E. coli testing in the reprocessing and 

chilling areas are required. However. the sampling regirne for microbial evaluation 

by the Canadian d e l  is presented as an undefined number tested on a weekly 

basis. Perhaps. CFlA is still investigaüng the frequency at which microbial analysis 

should be perfamied. 
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Figure 2.1: A flowhart of a poultry processing system indicating CCPs as 

proposed by FSIS (Anon, 1994) 



Figure 2.2: A flowchart of a poultry processing systern indicating CCPs as 

proposed by CFlA (Anon, 1997b) 



Furthemiore, neither d e l  attempts to explain what type of microbiological 

methods should be used for varification proœdures (e.g., conventional or newer 

meaiodologies). For this author, it is disconcerting that rnicrobiological techniques 

play a very small role for evaluating the effecüveness of the proposed HACCP 

program. 

2.3.2 The use of food-grade chernicals to improve carcass hygiene 

It has b e n  proposed that sanitizing carcasses may be a pradical solution 

for the irnprovement of m a t  quality and safety (Wabeck, 1994). The use of 

chmical agents ta decontaminate mat  surfaces has been thoroughly documenteci 

in the literature (Dickson and Anderson, 1992; Snijders et ai., 1985). The basic 

requirements of these bacteriades are that i) they are food grade and ii) have either 

bacteriadal or bacteriostatic action (or both). Some examples of these agents are 

phosphates (TSP) (Bender and Brotsky, 1992), chlorine (Mead, 1989) and lactic 

acid (Smulders et al., 1986). Many types of sanitirers have been proposed for a 

variety of m a t  and food products and al1 have claimed to lead to a reduction of 

pathogenic and spoilage organisms. However, this review is limited to bactericides 

of special interest to the Canadian poultry industry. 

2.3.2.1 Chlorine 

Chlorine has been routinely used to sanitize equipment and foodcontact 



surfaces in the m a t  and food industry. Several reports (Dawson et a/.,1956; 

Ranken et al. 1965) have describeci the use of chlorine to reduœ bacterial levels 

on poultry produds. Presently, chlorine is pemitted for use in waters for chill 

immersion at 20 ppm during processing. 

Pmperties of Chlorine 

Chlorine has a molecular weight of 35.45. The elernent is unstable and is 

highly reactive. The most stable forms of chlorine used in food industrial 

applications are chlorine gas (CIJ, chlorine dioxide (CIO3 and sodium hypochlonte 

(Na-U-CI). Alt of these fom are readily soluble in water. However, the most widely 

used form is sodium hypochlonte (Na-O-CI). It is quite econornical in cornparison 

to other bacteticidal agents. 

Mechanisms of inhibitkm 

Hypochlorite solution ads as a strong oxiduer. This characteristic can cause 

chernical changes, poisoning andfor destruction of microorganisrns (Tastyre and 

Holley, 1986). Secondly, there exists a lethal derivative of sodium hypochlorite in 

aqueous solutions. Mariott (1985) determined that the hypochlorous acid f o m  is 

capable of disrupting protein synthesis, interferes with the functionality of proteins 

along the cell mambnne and can denature DNA (deoxyribonudeic acid) sequenœs 

m i n  the cell. 



Studies using chlorine on meet surfaces 

Chlorine has been studieâ as an antimicrobial agent on a variety of rneat 

surfaces (e.g., beef, larnb. pork, poultry). Unfortunately, the major@ of results 

indicate that chlorine applications are less effective than other bactericidal 

treatments. 

Most reports indicate that chlorine produces between 1 to 2 log,, cfulmL 

reduction in count on carcasses. For example, Kotula et al. (1974) washed beef 

carcasses with 200 mgll chlorine solutions at sevenl temperatures and pH levels, 

and found that the best reduction they wuld achieve was 1 to 2 log,, WmL. 

Skelley et al. (1985) used 200 mg/L sodium hypochlorite solution for 10 min. and 

reported a 1.5 log,, redudion of psychrotrophic bacteria on pork carcasses. Smith 

et al. (1 976) reported only a 1 log,, cfu/mL reduction with a 200 mg/L chlorine 

application on lamb carcasses. Emswiier et el. (1976) used 100 to 400 rngL  

chlorine application that was electrically generated. They reported a reduction of 

1.5 to 1.8 log,, cfu/mL of total aerobic bacteria on beef samples. 

0 t h  reports show that the use of chlorine is not effective at al1 in reducing 

microbial levels in comparison with other methods. Stevenson et al. (1 978) reported 

no differenœ in the populations of culifom. staphylod.  or total aerobic bacteria 

on beef carcasses sprayed with 200 mg/L chlorine and control treatments. Titus et 

al. (1978) nported an initial reduction in plate count with 200 mgR chlorine. but no 

signincant differenœ was evident after 8 days of storage. Johnson et el. (1979) did 

not find any signifmnt differenœ in total plate count and lactic acid bacteria 



between treated and control beef samples. Cutter and Siragusa (1995) used 50, 

100,250, and 500 pprn chlonne applications on beef samples and found that the 

reductions of aerobic bacteria were less than 1 log,, cfulml. 

For chlorine to be effecove, higber concentrations need to be applied to m a t  

surfaces. For example, chlorine at 1 200 pprn was required to achieve a 99% kill of 

mkroorganisms on poultry products (Wabeck. 1994). However, chlorine at higher 

levels can cause certain undesirable organoleptic qualities (Teotia and Miller, 

1975). Furthemion, chlorine c m  be absorbed into poultry proâucts. A report by 

Wabeck (1994) showed that poultry c m  absorb 21 -8 pprn chlorine into the skin and 

4.4 ppm into m a t  tissues after one hour of chill immersion in water containing 50 

pprn chlorine (Wabeck, 1994). 

Geneml Comments 

Generally, hypochlorite solutions are not effedive in the presenœ of high 

concentrations of organic residues (Tastayre and Holley. 1986). This is due to 

inactivation of the available chlorine when it becornes bound to organic residues 

(Siragusa, 1995). Wabeck (1 994) reported that the total available chlonne was 

reduced to half the original concentration after 60 mins during the chill-immersion 

process. Therefore, due to the high organic material found on poultry carcasses 

and generated during processing, chlonne may not be the antimicrobial agent of 

choie for decontamination of poultry carcasses. 

Furthemiore, chlorine solutions have been reported to cause detenoration 



of equiprnent by causing pitting in the metal (Wabeck, 1994). Another issue is the 

health conœm asdated with the buildup of organochlorines from the combination 

of chlorine with proteins during processing. This efhxt may be reduced with 

chlorine dioxide applications. However, chlorine dioxide is more expensive and is 

no more effective than chlorine solutions (Baran et al. 1973; Cutter and Dorsa. 

1 995). 

2.3.2.2 Trisodium phosphate and phosphate blends 

Phosphates are frequently used in the food industry as processing aids or 

additives. Phosphates have been approved for use in rneat produ& to protect 

flavour, increase water binding capacity of m a t  üssues and to retain moisture in 

a variety of food products. In addition. a number of reports have indicated that 

phosphates have antimicrobial properties (Bender and Brotsky, 1992; Kim et al. 

1 994a; 1 994b). 

Due to the frequent use of phosphates in rneat products and their 

antimicrobial properties, several studies have investigated the use of this chernical 

agent as an indirect method of controlling microorganisms. In October 1992, 

trisodium phosphate was approved by FSlS and the USDA as a post chill 

antimicrobial treatment for poultry products (Gesse, 1993). 

Propetties of trisodium phosphate and phosphate blends 

Trisodium phosphate (TSP, Na,PO,) has a molecular weight of 163.94. It 



has GRAS (Generally Regarded As Safe) status. It is available as a powder and the 

maximum solubility of trisodium phosphate in water Q approximately I O  % w h .  The 

pH of a tnsodiurn phosphate solution proportionally increases with increasing 

concentration. 

Phosphate blends have the same components and characteristics as 

trisodium phosphate but have more cornplex structures. 

Mechanisms of inhibitrion 

In aqueous solutions, trisodium phosphate is a strong base which c m  rapidly 

destroy organic matter associated with microorganism. As a result, cellular 

functions becorne disrupted and the cell membrane breaks d o m  (Tastayre and 

Holley, 1 986). In addition, trioodium phosphate is a surfactant which could be useful 

in detaching microorganisms from food surfaces (Kim et al. 1994a; 1994b). 

ûverall, very litüe information is available about the mechanism of inhibition 

by trisodium phosphate and other closely related compounds. 

StudEes using tn'sodium phosphate on meat surfaces 

Trisodium phosphate has been shown to be effective in reducing the 

numbers of SaIrnoneIlle spp. on pouby without compromising flavour characteristics 

(Bender and Brotsky, 1992). Escbkhb d i  0 1  57:H7 and Salmonella typhmurium 

were reduced by 0.51 and 1.39 log,, cfu/mL, respectively, with 1 0% solution of 

trisodium phosphate (Kim et al., 1994a). In another study, Kim et al. (1994b) 



reported that Saîmonella spp. w r e  reduced up to 8% with applications of 10% 

trisodium phosphate. Broiler carcasses treated math at least 4% trisodium 

phosphate solution showed a redudion in the incidence of Salmonella spp. (Bender 

and Brotsky, 1 991). Dickson and Anderson (1 992) obsewed an overall reduction 

of 1 to 1.5 log,o cycles of gramnegative pathogens with trisodium phosphate 

mncentraoons betwen 8 to 10%. However, these results suggest that phosphates 

are no more efficacious than chlorine treatments. 

Reports also show that the effectiveness of phosphate treatments can 

dapend on the type of organism present. Slavik et el. (1 994) reported that, because 

of immediate recovery of Campylobacter spp. after treatment, there was no 

differenœ between control pouttry samples and poultry samples treated with 10% 

trisodium phosphate. Dickson and Anderson (1 992) observed that populations of 

Listena monocytogenes on beef samples were relatively unaffecteci by trisodium 

phosphate at concentrations between 8 to 10%. A similar observation was reported 

by Flores et ai. (1996) for the same organism in sausages. 

General Comrnents 

A problem that must be addressed is the issue of spent trisodium phosphate 

soluüons at the end of the production day. As a raw effluent, trisodium phosphate 

is an environmentai conœm (Wabeck, 1994). A second problem is the selective 

nature of its efhxt on microorganisms. This could lead to an imbalanœ in the 

rniaobial population on foods which wuld sllow tk proliferation of microorganisms 



resistant to trisodium phosphate. It is espccially a conam if certain foodbome 

pathogens are able to wvithstand the effects of the chernical. 

2.3.2.3 Lactic acid 

M c  acid has been used for a variety of purposes in food products (Shelef, 

1994). It has GRAS status and has no known deleterious long term effects on 

human health. Lactic acid has been evaluated as an antimicrobial agent that is 

capable of effectively reducing contamination in food products. Presently, the 

Canadian poukry iindustry and Agricuîture and Agri-Food Canada a n  evaluating the 

use of lactic acid treatments in poultry applications (Hundt, 1996, personal 

communication). 

Pmpertiès of Lactic Acid 

Lactic acid is a carboxylic acid with a molecular weight of 90.08. It is a 

colourless, nonvolatile, viscous liquid that is highly soluble in water. The pK, of 

lactic acid is approximately 3.86 at 22" C and 1 is highly corrosive. It can corrode 

stainless steel unless certain precautionary masures are perfomied (e.g., plastic 

coatings or high grade stainless steel). The pH of ladic acid will be proportional to 

its concentration in solution (e.g., a 1 % solution has a pH of 2.50; a 10% solution 

has a pH of 2.20). 

Lactic acid is wmmercially available as an aqueous solution at 

concentrations between BO to 90% ( w k ) .  



Mechanisms of Inhibition of Bactena 

There are two main theories desaibing the effects of lactic acid on bacterial 

populations. The first theory is related to the direct effects of the pH of lactic acid 

solutions. The second theory is related to the lactate rnoiety of the organic acid, 

which is thought to exert a disnipting effect on intracellular mechanisms. 

Generally, acidic solutions are corrosive and can attack organic matter 

resulting in a disniption of cellular functions associated with the cell membrane 

(Eklund,1 980; Tastayre and Holley, 1986). This effect has been documented for 

various concentrations of lactic acid on bacterial populations (Ingram and Coppock. 

1956). Other reports have also indicated that exposure to low pH will sensitize 

microorganisms, indu- a longer lag phase (Mountney and O'Malley, 1965; 

Smlders and Woolthuis, 1985) and eventually result in the death of the organisms 

(Levine and Feller, 1 940; Van Netten et ab. 1 QM). 

Another interesting effect of lactic acid is its ability to decrease the 

intracellular pH of microorganisrns. When using ladk acid, or salts of lactic acid, 

undissociated f o m  of the lactic acid are able to penetrate into the interior of the 

cell (Gould et al., 1983). If the environment sunounding the bacteria is more acidic 

than the interior of the ceIl, the und issociated acid becomes unstable and releases 

protons. The consequena is a decrease in the intracellular pH and disniption of 

metabolic pathways (Smulders et a/., 19û6). The bacteria will try to compensate for 

the change in intracellular pH by actively removing protons by pumping 

mechanisms found on the cell membranes. Sinœ the bacteria will expend most of 



their energy stabilizing the intracellular pH, this will hamper al1 other cellular 

fundions (Gould et e/.,1983) and, eventually, result in cell starvation. This effect 

seems to be m s t  pronounced at pH values below 5.5 (Srnulden et al., 1986). 

Siudhs using lac& acid in food pmducts 

As a bactericide, lactic acid has been widely studied on a variety of food 

surfaces (Abul-Raouf et a/., 1 993; Anderson and Marshall. 1990b; Epling et al., 1 993; 

Patterson et a/.,1984; Snijders et aL,1985; Van der Marel et a/., 1988). These 

reports have indicated a significant reduction of microbial populations by low 

concentrations of lactic acid (approximtely 1 to 2%). However, most of these 

reports indicate only a 1 log,, cfu/rnL reduction of aerobic bacteria. In a report by 

Greer and Jones (1991), a lactic acid (1 %) spray was applied on the Iongissimus 

doni muscle of beef carcasses which was subsequently vacuum packageci. The 

treatment was only able to reduœ the bacterial levels by 0.7 log,, W m L  and did 

not have an effect on survival of beef spoilage Pseudomonas spp. It has been 

suggested that these studies need to be reevaluated for their practical application 

on food surfaces, especially, for the m a t  industry. 

S o m  reports indicate that ladic acid can be more effective when combined 

with other bactericides. Som examples are acetic acid or other organic acids 

(Anderson and Marshall, 1 WOa), potassium sorbate (Patterson et el., 1 984) and 

sodium lactate bufFer (pH 3.0) (Zeitoun and Debevere, 1991). These m r e  used on 

a variety of m a t  surfaces. However, such treatrnents have reduced microbial 



counts only by 1 to 2 log,, cfu/mL. 

General Comments 

It has been reportecl that lactic aad treabnents at high concentrations (>3%) 

will cause a notable discatouration of rneat surfaces. However, this effect can be 

m'nimwd by a post treatment proces. The most pradical method would be to use 

water to rinse off the remaining lactic acid. Another disadvantage is that high 

organic material may have adverse effects on the advity of lactic acid (Cherrington 

et aL.1992). This rnay pose a problem during application on certain foods at 

processing establishments. Therefore, R is important that the correct concentration 

be used to overcome the e f k b  of the organic material. 

Unlike other organic aads, lactic acid is one of the fundamental components 

found in musde tissues and blood. It neither has a strong odour nor produœs any 

off flavours in m a t  products (Zeitoun and ûebevere, 1991). 

2.3.3 The use of temperature and pH as factors to influence the efficacy of 

bactericidal solutions 

The effediveness of the sanitizing action of bactericides is related to the 

application temperature. Earlier reports have indicated that treatment of poultfy 

carcasses with hot water can control Salmonella spp., reduœ total microbial 

contamination and extend shelf life (Avens and Miller, 1972; Cox et al., 1974; 

Dawson et al.. 1963; Pickett and Miller, 1966; Teotia and Miller. 1972; Thompson 



et al., 1 979) 

Several recent attempts have been made to increase the efficacy of 

bactericidal îmatments by inueasing the temperature during application. In a report 

by Prasai et al. (1991). hot (55OC), 1 I lactic acid was sprayed on beef carcasses. 

They reported a > 90% reduction in plate count at the üme of treatment. However. 

this only constitutes a reduction of 1 log,, dulmL. In another report, a significant 

reûuction af niicrobial levels was obsenrad when hot beef carcasses were sprayed 

before chilling (Snijders et aL.1985). Anderson and Marshall (1990) observed that 

aerobic plate counts were increasingly reduced as the temperature of a mixed acid 

sanitizer (2% aœtic, 1 % lactic, 0.25% citric and 0.1% ascorbic acids) increased 

from 25 to 70°C. They observed the greatest reduction (2.3 log,, du/mL) of 

Salmonella typhmuflum count with a solution temperature of 70°C. Cherrington 

(1992) observed no change in total count at 20 and 30°C with aœtic acid (0.1%) 

îreatmenîs, but a 4 log,, du/rnL redudion at 40 and 50°C. In the same study, lactic 

acid was found to reduœ Salmonel/a spp. by 6 log,, units. Kelly et al. (1982) 

observed that application of water rinses at 80°C on lamb carcasses was as 

effecove in reducing rnicrobial levels as a chlorine treatment at a concentration of 

95 mgR. They also observed greater reducüons of bactena with 30 mg/L chlorine 

with an application temperature of 65 and 80°C. 

The pH of lactic acid solution has also been investigated as a means of 

improving bactericidal efficacy. Mendonca et al. (1994) indicated a possible 

relationship between high pH and moderate temperatures (up to 45°C). Teo et al. 



(1996) determined that the combination of high pH and high temperatures resulted 

in a significant (p = 0.0001) interaction effect on the rapid death of both E. coli 

0157:H7 and S. enterifid&. Their observations were bas4 on a sodium- 

bicarbonate sodium hydroxide buffer (NaHC03-NaOH). 

Bufkred pH systems have also k e n  used to improve the efficacy of various 

bactericides. For example, lactic acid solutions can be used in conjunction wïth 

sodium lactate to produœ a stable bdkr (Zebun and Debevere. 1990; 1991). The 

buffenng capaaty will alw help maintain the pH of the food product dunng storage. 

Zeitoun and Debeven (1991) reported that best results occurred with sarnples 

treated with 1 0% lactic acidlsodium lactate buffer and stored under modifieci 

atmosphere packaging (MAP). 

2.4 Innovative appro~ches for detemining microbial contamination in food 

products 

2.4.1 Tests for the rapid identification of pathogens 

Identification of bacteria by conventional microbiological techniques can 

take several days before results can be obtained. This may not be suitable for the 

food industry where imrnediate corrective action may be neœssary to resolve 

problem situations. Therefore, there is a neeâ for faster methods of identifying 

pathogens in food produ&. 

For convenience, tesearchers have miniaturized conventional 



miaobiological/biochemical techniques into compact and ueasy to use* diagnostic 

kits. The basic components are multiple inoculation deviœs and containers to 

house the biochemcal tests. S o m  examples of rapid microbiological/biochemical 

diagnostic kits are API, Entarotube, RIB, Minitek, MicrolD, Vnek jr., Biolog and IDS. 

More detailed reviews can be found in Feng (1 992) and Fung (1 994). 

Serological methods have also been developed to aid in the rapid 

identificaüon of microorganisrns. Basically, these rely on the specific interaction of 

antibodies Ath corresponding antigens on target organisrns. The enzyme-linked 

immunosorbent assay (ELISA) developed by Organon Teknika (Durham, NC) uses 

twa monoclonal antibodies specific for Salmonella spp. (Fung. 1994). Another 

system by Tecra (International BioProduds, Redrnond, WA), uses polyclonal 

antibodies to detcct Salmonella spp. (Fung, 1994). Several immunoassays for the 

detection of Salmonella spp. and other paaiogens are available commercially. 

In the area of rnolecular biology, Polymerase Chain Reaction (PCR) 

technology and nucleic acid fingerprinting have been investigated as a possible 

means of identifying organisms. Using probes targeted for specific DNA 

(deo~y~bonudcic acids) sequenœs, the target DNA can be amplified into millions 

of copies. With the aid of gel electrophoresis, a DNA fingerprint of the sequenœ 

can be produced and the pattern used to deterrnine the presenœ of the target 

organism. It is anticipateâ that PCR and DNA fingerptinting will become 

increasingly used in the food industry (Fung, 1994). 

Phagabased assays are also being studied for detection and identification 



of organisms. The assay is based on the ability of a phage to attach and infect a 

specific host (e-g., pathogenic baderia). This characteristic is useful for the 

identification of bacteria. Bioluminescence genes (Baker et al., 1992), fluorescent 

dyes (Hennes and Sutüe, 1995) and ATP bioluminescence (GriRths, 1996) can be 

used to enable phage interaction mth host bacteria to be detected and, thus, 

provide a way for detecting pathogens. 

Although many of these tests are regarded as 'rapid methodsn, most of them 

still rely on cultural methods for resuscitation of injured cells and selective media 

for the amplification of target organisrns. 

2.4.2 Rapid rnicrobiological testing with the ATP bioluminesœnœ assay 

As stated earlier, the major problem associatd with conventional 

rnicrobiological techniques is the incubation time required before the results can be 

interpreted (i.e., up to 72 hm). This technology is inadequate for the food industry 

and needs to be reevaluated as an indicator of the microbiological quality and 

sakty of food produch. 

An alternative for hygiene assessrnent that rnay be widely applicable to the 

food indu* is the AT? bioluminescence assay. ATP is a universal energy transfer 

molecule that is found in al1 living cells. Levels of ATP on food-contact surfaces 

can be used as an indicator of the kvels of hygiene and effectiveness of sanitation 

procedutes. The assay relies on the generation of light from a readion catalysed 

by the luciferase-luciferin complex found in firefly tails (Photinus pyrelîs). 
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Figure 2.3: l llustration of the Adenosine Triphosphate (ATP) bioluminescence 

reaction to generate light (Deluca, 1 976) 



In detail, the enzyme, luciferase, cataiyzes the reacbon of luciferin, and ATP 

to form an excitable enzyme-bound luciferyl-adenylate molecule (McElroy and 

DeLuca, 1981). This enzyme bound cornplex will react with oxygen to form an 

oxyluciferin, carbon dioxide, water and light at 600 nm. An illustration of the 

reaction can be found Figure in 2.3. The arnount of light produced is proporoonal 

to the amount of available ATP (McElroy and Deluca 1981 ; Stanley, 1989). LigM 

emission can be easily measured with a deviœ called a luminometer. 

Several commercial ATP bioluminescence assays are available to detemine 

hygiene at food pmœssing establishments. The assay is based on the association 

of ftee ATP mdecules and level of cleanliness. For example, unclean surfaces will 

be contaminated with microorganisms and food residues that both contain ATP. 

Cleaner surfaces would contain little or no ATP from microorganisms or food 

residues. 

Bautista et ai. (1992) and Seeger and Griffiths (1994) were able to 

demonstrate the usefulness of the ATP bioluminescence hygiene test for food 

processing and food service establishments. Both studies evaluated overall ATP 

content on food contact surfaces to determine efficacy of sanitation procedures. 

Due to the speed of the test (Le., < 2 mins), the researchers stated that the ATP 

bioluminesœnœ hygiene test was a useful indication of plant hygiene. Presently, 

the ATP biolurrinescenœ hygiene test is routinely used in Europe and increasingly 

used in North Amerka. Unfortunately, the hygiene test d a s  not differentiate 

be-n ATP fiom microbial and other sources (e.g ., food residues). 



ûttter studies have modined the hygiene test to detemiine only the microbial 

levels on food produds. By incorporating extraction methods (Bautista et el., 1992; 

1994, Griff~ths, 1991; Siragusa et a1.,1995; Stanley, 1989), bacteria can be 

separateâ from the sample and then, their ATP exbacted. The extracted microbial 

ATP can be assayed with the lucifen'n/luciferase cornplex to generate a light output 

proportional to the level of microorganisms in the sample. 

Several researchers have shown that the ATP bioluminescence method for 

bactanal assessrnent can be used efkctively to enurnerate microorganisms (Brovko 

et al.. 1 991. Lundin, 1 989, Stanley, 1 989; Ugarova et al., 1 991 ). Numerous reports 

have shown aie su- of employing the modfieâ ATP bioluminescence assay for 

bacterial enurneration in food products. Bautista et al. (1992;1994) were able to 

produœ a good correlation (r > 0.80) with plate wunt techniques for milk, poultry 

and beef samples. Siragusa et ai. (1995) were able to use the ATP 

bioluminescenœ assay to determine microbial loads *th better correlations (r > 

0.90) for beef and pork products. 

2.4.3 Geneticalfy engineered bioluminesœnt bacteria as a mode1 system ta 

evaluate responses to environmental stimuli 

Microorganisrns can be genetically rnodified to produce certain 

charaderisüc(s) that are not noml l y  exhibited. This is accomplished by inputting 

a genetic sequenœ into the host microorganism by transduction or transformation 



techniques. For example, organisms have k e n  genetically engineered to induœ 

the production of toxic protein for biological control (Gawron Burke and Baum, 

1991), and improve rumen fermentation (Forsberg et ai., 1986). 

This same technology has also k e n  used to engineer organisms to produœ 

auto-bioluminescenœ (Ulitzur and Kuhn, 1987). Bacterial bioluminescence is under 

the contrd of an operon (lux) that indudes two structural genes that encode for two 

protein subunits of the luciferase enzyme, as weli as genes that encode for 

enyzmes involved in the production of substrates necessary for the reaction. An 

illustration of the complete lux operon is illustrated in Figure 2.4. The lux genes can 

be isolated from a variety of organisrns such as Vibrio lischen (Engebrecht et 

al., 1983), Vbt& harveyi (Cohn et al., 1983) and Xenohabdus luminescens (Meig hen 

and Szittner, 1992). 

The bioluminescence reaction involves the oxidation of a long chain 

aldehyde and reduced riboflavin phosphate in the presenœ of the luciferase 

enzyme. Light (wavelength 490 nm) is produced by the enzyme with the 

concomitant conversion of the aldehyde ta the conesponding fatty acid (Baker et 

al., 1992). A schematic of the reaction is illustrated in Figure 2.5. More importantly, 

this system can be incorporateci into other bacteria capable of expressing these 

genes. 

Chen and Griffiths (1996) and Loessner et al. (1 996) have both successfully 

constructeci bioluminesœnt phenotypes of Salmonella spp. and Liste* spp., 
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Figure 2.4: Organization of the Vibno fishen lux genes (Hastings et al., 1985). 
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Figure 2.5: Illustration of the reactions involved in the production of light from 

bacterial bioluminescence (Engebrecht et al.. 1 983) 



respectively. Both groups of researchers spliced only the lux AB subunits of the 

bioluminescence sequenœ into the genes of host specific bacteriophages. 

Biolumnescent bacteria wwe produced by allowing the modified phages to adsorb 

onto target organism and inject the lux genes. Providing the reducing powers are 

present. the sucœssful resuit is the expression of bioluminescence from the target 

organism. In both studies, however, a substrate, decanal (- 1% w/w in ethanol), 

was required to instigate bioluminescence output sinœ the substrate genes were 

n d  incorpotated into the phage. The goal of both research groups was to identify 

and detect the presence of organism in samples. 

Other researchers used transformation techniques to insert the genetic 

sequenœ into target organisms. This was easily accomplished by splicing the lux 

AB genes onto a plasmid that bacteria could transcribe (Ellison et al., 1991 ; Ellison 

et a1.,1994; Meighen and Szittner, 1992; Szi ier  and Meighen, 1990). Furthemiore, 

studies have s h m  that the bioluminesœnœ output of the engineered bacteria can 

be infiuenced by the environmental conditions (Lampinen et el., 1995; Walker et 

a1.,1992). Speafically, the light output will decrease per unit area, or population of 

modified microorganisms, in times of stress. The opposite will hold tme when the 

organism is grown under favourable conditions. Therefore, by monitoring the level 

of light output, one can determine whether or not the organbm is responding 

positively or negatively to certain stimuli. 

Several reports have described the use of bioluminesœnœ (i.e., lux AB 

subunits only) to interpret response to stimuli. Lampinen et al. (1995) used 
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contmlled luciferase expression to monitor chernicals affecting protein synthesis in 

E. coli K-12. Both Eliison et a/. (1 994) and Duffy et al. (1995) have used 

biolrniinesœnt Selmonella tvphrinun'um constnids to evaluate thermal inactivation. 

In another report, Ellison et al. (1991) ware able to successfully monitor, in 'real 

tirne". the injury and recovery of a bioluminesœnt Salmonella fyphimurïum during 

and after freezing . 

Bacterial bioluminesœnce can be useful to evaluate chernical or physical 

conditions that may influence the sunival of microorganisms. Where it might prove 

to be most useful, is in the studies of the behaviour of pathogens in food products 

during storage. Both Hudson et al. (1996) and Tomicka et al. (1996) have used 

luminescence to monitor suwival in fermented foods. 

2.5 The stnictuie of poutby skin and the effects of mter immersion during 

processing 

The main functions of the skin are to aid in the prevention of water l o s  and 

protect the animal from disease-producing organisms. It is composeci of two main 

layen, the epidermis and the dermis. During processing, chill immersion can cause 

structural tissue changes within these layers which may affect skin colour and 

product safety. 



The epidemis is the outemst skin layer and is cornposed of stratified 

squamow epithelial tissues (Figure 2.6a). The top layer (i.e., stratum comeum) of 

the epidemis consists of hardened dead cells (i.e., laminae) that are constantly 

being sloughed off. The layer just below it (i.e., straturn intermedium) consists of 

new cells which take the place of celk that are lost. These new cells are produced 

from the actively growing and dividing cells of the stratum basale. The membrana 

baslis is a basement membrane that lies beneath the stratum basale. 

The dermis is located belw the epidemis (Figure 2.6b). Blood vessels run 

through the dermis layer to supply oxygen and required nutrients to the live cells 

of the epiderrnis layer. It is primarily composeci of connective tissue and it is this 

layer that binds the skin to the body. It is also comprised of severai parts. The 

stratum supendale and the stratum profundum are the top and bottorn layen of the 

dermis, respedively. The stratum profundum is sub-divided into the stratum 

compactum, stratum laxum and lamina elastica. 

Poultry carcasses are chilled by immersion in cold water (5°C) to reduœ the 

risk of microbial gtowai. Som changes occur that can affect skin tissues during 

chill immersion. For example, the skin tissues can become lighter in colour (Lyon 

and Cason, 1 995) and may increase in mass due to water absorption (Lillard, 1 986; 

Thomas and McMeekin, 1984; Veerkamp et al, 1973). Another important change 
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Figure 2.6a: Cross section of the epidemis of a chicken Xi000 

(Lucas and Stettenheim. 1972) 



Figure 2.6b: Cross section of the skin and subjacent tissues of a chicken XSOO 

(Lucas and Stettenheim, 1972) 



is an increased swdling of the skin tissues and subsequently, the exposure of the 

deep channels and creviœs along the surface (Thomas and McMeekin, 1982). 

At the miaoscopic level, the changes in skin microtopography due to water 

absorption may play a negatke role during chill immersion (Lillard. 1980; Thomas 

and McMeekin, 1980). The exposecl skin channek and crevices rnay allow bacteria 

from the processing chill water to penetrate deep into the skin surface (Notemians 

and Kampelmacher, 1974). Bacteria can becorne lodged W i n  these spaces and 

may be diffiwtt to remove from carcasses (Thomas and McMeekin, 1984). This is 

of importance in regards to fboâ spoilage organisms andlor foodbome pathogens. 

During scalding (Le.. hot mte r  temperature at 60°C), sorne of the top layers 

of the epidemis is removeci fiom the carcas. This may compromise the protecüve 

features of me skin during further processing. 



3.0 The determination of efFmcy of antirnicrobial rinses on turkey 

carcasses using response surface desig ns 

3.1 Introduction 

Carcass contamination can occur at several points throughout the 

processing of pouhy. For example, the immersion of birds during the scalding and 

chilling operations may provide an opportunity for cross-contamination (Mead, 

1990; Mulder, 1994). The defeathering process has also been mentioned to 

contribute to cross contamination by aerial dispersion of microorganisrns (Mead, 

1990; Mulder, 1994). Hudson and Mead (1 989) reported that cross contamination 

from evisceration equiprnent led to 50% of carcasses becoming contaminated with 

Liste& monocybpnesnes Primary proaes~ing, in general, has also been reported to 

increase the frequency of contamination among carcasses (Lamnerding et al.,l988; 

Butzfer and Oosterom. 1991 ; Slavik et al., 1991). 

Several masures have been developed to reduœ "in-process" microbial 

contamination of poultry (Dickson and Anderson, 1992). Most of the current 

mnhods focus on washing and saniozhg procedures that can reduœ the baderial 

levels on the surface of carcasses (Dickson and Anderson, 1992). However, the 

sanitirers must be nontoxic and acüve against microorganisms under routine 

processing conditions (Cherrington et al., 1 992; Slavik et al., 1 991). 

Lactic acid is of particular interest sinœ the mechanism of inhibition has 

been thoroughly studied (Smulders et a1.,1986; Shelef, 1994). It has a broad 
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specificity (Snijders et ai., 1985; El-Khateib et al., 1993; Van der Marel et al., 1989, 

Zeitoun and Debevere, 1990) and has GRAS status (Smulders, 1987). Van der 

Marel et al. (1988) observed that 2% lactic acid was e W v e  in inhibiting post- 

treatmnt colonization by Entembacteriaœae du ring refrigerated storage. 

Chlorine was reported to be effective in controlling microbial levels (Mead 

and Thomas, 1973a; 1973b) and cross contamination (Mead, 1989) in poultry chill 

tanks. Baran et ai. (1 973) recorded residual effects of chlorine dioxide in reducing 

total and coliforrn cuunts in the chiller. 

Phosphates w r e  shown to reduce spoilage and rancidity in broiler 

carcasses (Thompson et a1.,1979). In particular, trisodium phosphate (TSP) has 

been reported to be an effective bactericide for whole bird carcass washing and 

post-chill treatment for reducing Salmonella contamination (Bender and Brotsky, 

1991 ; 1992). On Ocbber 1992, TSP was approveâ for use in poultry processing by 

the USDA (Giesse, 1993). With the approval of TSP for poultry production, other 

commercial phosphate blends, such as Avgardm, have been introduced (Giesse 

1992; 1993). 

Water sprays. with and without bactericides, have also been investigated at 

various pressure, temperature and amcentration combinations for decontanu'nating 

food surfaces (Epling et a1.,1993; Dickson and Anderson, 1992; Smulden and 

Woolthuis, 1985). Results indicate that there may be some mechanical effeds of 

spraying to remve bacteria frorn contaminated food surfaces. Overall, very liffle 

information has been published that illustrates the significant combination efiect 



between cancenfration and spraying of bactericides to improve hygienic quality of 

food surfaces. 

The objective of this study was to determine the effects of pressure, 

concentration and their synergisSc effects during bacterieidal application on 

contaminated turkey carcasses. Response surface designs were used to evaluate 

these effects. This comprehensive statistical approach was used to effectively 

evaluate the microbiological quaiity and safety of contaminated poultry carcasses 

after badericide application. Carcas washing procedures were based on spraying 

technology with short contact time. Antimicrobial agents were limited to lactic acid, 

chlorine, trisodium phosphate (TSP) and a commercial phosphate blend (Le. 

Avgard rY). 

3.2 Materials and Methods 

3.2.1 Sarnple Preparation 

Du ring the experimental period ,washed, postevisce rated, p re-chil led tu rkey 

carcasses (n = 15) were colleded daiiy from a local commercial processing plant. 

Carcasses were weighed, prerinsed with wakr and inoculated with 2 m l  of a fecal 

slurry (1 : 1 0 dilution with sterile water) originally collecteci from the intestines of five 

differerrt carcasses on each day of the expen'ment. Anderson and Marshall (7 99Oa) 

observeci that bacteria from fresh manure wwe more susceptible to acid treatments 

than organisms grown in broth. Therefore, the kcal sluny used in this study may 

accurately reflect a poultry protessing sœnario. 



lnoculum was adrninisted to two areas of the carcass. The areas were the 

inside of the carcass cavity towards the keel bone and on the exterior breast area. 

A seam d e r  (5.08 cm A Richard W.. Bertherville, Que. Prociuct # 724) was used 

to distribute the inoculum on the surface of the carcass. To evaiuate bactericidal 

treatrnents, inoailated birds were suspended on a rofaüng spool in a spray 

chamber. Each carcass was simultaneously sprayed inside and outside with the 

bactericidal treatrnent at 22°C for 10 sec. Tieated carcasses were imrnediately 

placed in a large plastic bag and rinsed with 500 mL sterile water in a mechanical 

shaker (McNab et a1.,1993). The rinse water was retrieved for microbiological 

analyses. Control samplw consisted of the uninoculated carcasses and the 

carcasses inoculated with the fecal slurry. The nurnber of mjcroorganisrns in the 

sluny itself was evaluated on each day. 

3.2.2 Microbiological Analyses 

Serial dilutions (1 1 :99 mL of rinse -ter in 0.1% Peptone Water; Difco Labs.. 

Detroit, MI) were prepared. Undiluted and 1 dilutions were plated ont0 Standard 

Plate Count and MacConkey Agam (Oxoid Ltd., Basingstoke, UK) for the 

detemination of total and coliforni counts, respectively, using the Spiral Plater 

Mode1 D (Spiral Biotech, Inc., Bethesda, MD). Plates were incubated at 37OC for 18 

to 24 hm. lnhibitory efîects of the antimicrobial agents nmaining in the carcass 

rinse were minimal because of the dilution used and the small volume (0.0490 ml) 

required by the Spiral plater to inoculate the plates. The pH of the plating medium 



did not change fdlowing inoculation mth the washes. 

Detedion of Salmonella spp. involved pre-enrichment of 11 mL of the rinse 

solution in 99 mL of 1 .O% Peptone Water incubated at 37°C for 18 to 24 hrs for 

resuscitation of sublethally injured cells. The presnrkhed sample (0.1 ml) was 

pipetîed onto Modifieci Semisolid Rappaport Vassiliadis agar (MSRV; Difco Labs.) 

containing 1 mUL of 2% n ~ v o b i ~ n .  Plates wre i n c u b a  at 37°C for 18 to 24 hn. 

The presenœ of Selmone/la spp. was indicated by a zone of migration, resulting in 

a clearing of the MSRV media around the inoculurn. 

MSRV has k e n  show to be an excellent medium for the isolation and 

detedion of Salmonella spp. (Dusch and Altwegg, 1995). 

3.2.3 Experimental Design for the evaluation of bactericidal efficacy 

The experiment was conduded using a response suace central composite 

design (Cochran and Cox, 1957). The treatments were based on four bacterkidal 

treatments applied at five concentrations and five pressures (Table 3.1). Two 

individual repl icates were perfomied at difrent occasions. Bactericides used were 

a hypochlorite sd~aon (Le., chlorine; Naschem Inc., Mississauga, ON), lactic acid 

(Fisher Çcientific, Fair L m ,  NJ), trisodium phosphate (N+PO,; TSP; Griffith Labs., 

Toronto, ON) and a cornnefcial phosphate blend (Avgardm, Rhone-Poulenc Food 

Ingredients, Cranbury, NJ). For each bactericide, there were 13 pressure by 

concentration treatrnent combinations, induding 5 centre points (Table 3.2). 



Table 3.1: Levels of concentration and pressure used for each bactericide for 

evaluation of efficacy 

Level Lactic acid Chlorine TSP\Avgardm Pressure 
(% w k )  ( P P ~ )  (% w h )  (psi) 



Table 3.2: Example of an experirnental setup of concentrath and pressure for 

response surface design using ladc acid 

Combination of levels based on Treatrnent used 
response surface designs 

Treatment Concentration Pressure Concentration Pressure 
number (% w h )  (psi) 



3.2.4 Statistical Analysis of Data 

Data wre  a n a m  using the General Linear Model of SAS@ (SAS Institute, 

1988) after ernploying log,, transformation to counts. Estimates for the linear, 

quadratic and interaction efiects of each parameter (Le., concentration and 

pressure) were developed to fit the following equation: 

Equation 1: 

y= bacterial level at the certain concentration and pressure 
x, = concentration of bactericide 
x, = spray pressure used to apply bacteride 
p, - estimate for the y - intercept 
p, - estimate for the linear effed of bacteride concentration 
& - estimate for the Iinear efF& of pressure used to administer bactericide 
p,, &mate for the quadratic effect of bactericide concentration 
p, -estirnate for the quadratic effW of pressure used to administer 
bactericide 
p,, - estimate for the interactive effect between concentration and pressure 

used to administer bactericide 
e = error term 



Ail response suraces wre genemted using a software gnphics package, Graffools 

(3-D Vision Corporation: Release 3.3) for response surface modeling. 

3.3 Results and Discussion 

3.3.1 Chlorine 

The effect of concentration and pressure was not significantly different 

(pz0.20) at any chlorine level used in a i s  study (Tables 3.3 a and b). A chlorine 

concentration of 50 ppm resuited in less than a 1 log,, cfu/mL reduction in both the 

total count and coliforni count (Figures 3.1a and 3.1 b). This result is comparable 

with resuiîs obtained by Baran et al. (1973) using chlorine dioxide. However, Kotula 

et al. (1974) obtained a similar reduction of bacteria at louer spraying pressures but 

at a concentration of 200 pprn chlorine and 45 min of application. Emswiler et al. 

(1976) observed a 1 to 2 log,, cfu/mL reduction in total and coliforni counts using 

chlorine dioxide in chill tank water. 

The antimicrobial effed of chlorine is based on the availability of chlorine 

during treatment Kotula et al. (1 974) and Emswiler et al. (1 976) observed residual 

bactericidal effects of chlorine on beef carcasses afbr 45 min and 24 hrs of 

treatrnent. These effects may be due to a film of chlorinatecl wash water that was 

fomied on the carcasses (Emswiler et al., 1976). These findings imply that storing 



Figure 3.1a: Response surface diagram showing the e M  of concentration of 

chlorine and spray pressure on the total count and on turkey 

carcasses inoculated with intestinal contents. 



Figure 3.1b: Response surface diagram showing the effect of concentration of 

chlorine and spray pressure on the coliforni wunt on turkey 

carcasses inoculated with intestinal contents. 



Table 3.3a: Response sumœ rnodels describing total aerobic count at different 

concentrations (x,) and pressures (xJ for each bactericide 

(i) Coenicienfs for msponse surface rnodels 

Chlorine y = 4.35. - 0.0275~~ + 0.0580~~ + 0.0004$ - 0.0005~ + 0.0000x,x2 

TSP y = 4.52" + 0.0195~, + 0.0912~~ + 0.0015X: - 0.0006>(: - 0 . 0 0 1 5 ~ ~ ~ ~  

Avgardm y = 4-80. - 0.0734q + 0.0361~~ + 0 . 0 0 ~  - 0.0003$ - 0 . 0 0 0 1 ~ ~ ~ ~  

Lactic acid y = 9.70. - 1.2329~~ - 0.0678~~ + 0.10414 + O.OOW$ + 0 . 0 0 0 4 ~ ~ ~ ~  

(ii) Signifrcance (Le., p values) of estimates of rissponse surface madel coefficients 

Treatment y-intercept. Linear effect of Quadratic effect of Interactive 

Concentration Pressure Concentration Pressure effect 

Chlorine 0.9129 0.61 15 0.4265 0.4406 0.3431 0.9820 

TSP 0.1215 0.8853 0.2122 0.6592 0.2780 0.3992 

Avgardm 0.9470 O. 5883 0.61 99 0.52û6 0.5459 0.9551 

Lactic acid 0.1215 0.0002 0.3526 0.0001 0.4429 0.9148 

a yintercepts are biased and are not unique estimaton for the model 



Table 3.3b: Response surfece models describing coliforni count at difkrent 

concentrations (x,) and pressures (xJ for each bactericide 

Treatment Model 

(4 Coefficients for msponse surface mode1 

Chlorine y = 1 .O? - 0.0258~~ + O. 1263% - 0.0006~ + 0.0009$ + 0.0001x,x2 

TSP Y = 2.69. + 0.0771 XI + 0.1016w, + 0.0023# - 0.00254 - 0 . 0 0 0 6 ~ ~ ~ ~  

Avgardm Y =  7-13. - 0.1202~~ + 0.0308~~ + 0.0079* - 0.00204 - 0.0002x1x2 

tactic acid y=10.68. - 1.9625~~ - 0 .0434~~  + 0.1270>l: + 0.0000~ + 0 . 0 0 0 4 ~ ~ ~ ~  

(ii) Significance (Le., p values) of esfimates of msponse surface madels 

Treatment y-intercepP Linear effect of Quadratic effect af Interactive 

Concentration Pressure Concentration Pressure e f f d  

Chlorine 0.9021 0-6367 0.5065 0.5017 0.4233 0.9429 

TSP 0.4055 0.8857 0.3057 0.7555 0.705 0.5000 

Avg a rd TY 0.8949 0.6852 0.7381 0.6223 0.6779 0.9536 

Lactic acid 0.5384 0.01 59 O. 5045 0.0001 0.4698 0.8650 

a yintercepts are biased and are not unique esümators for the model 



Table 3.4: The elimination of Wmonel/a spp. from turkey carcasses by carcass 

- - 

Salmonella spp. testing using MSRV medium 
Treatment iY") Chlorine TSP Avgatd Lactic 

1 +\+Pl +\+ +\+ +\+ 

2 +\+ +\+ +\+ +\+ 

3 +\+ +\+ +\- -G 

(')Conditions of concentration and pressure are given in Table 3.2. 
(2)+\+ Presumptive Salmonella spp. isolated from MSRV in both trials. 
+\- Presurnpüve Wmonella spp. isolated from MSRV in first trial but not in second 
trial. 
J+Presumptive Salmonella spp. isolated from MSRV in second trial but not in first 
trial 
-1-Presumptive Salmonella spp. not isolated from MSRV in either trial. 



treated carcasses may inctease the antimicrobial potential of chlorine. The relatively 

low reductions in microbial load in this study may be due to evaporation of the 

chlorine (Teob'a and Miller, 1975), the short contact time andor the low level of 

chlorine used during traahnsnt Emswiler et al. (1 976) observed 1 to 2 log,, cfu/mL 

reduciion in total Mcrobia load at 100 to 400 ppm chlorine. Thiessen et al. (1 984) 

observed greater redudions in total and coliforni counts using chlorine treatrnents. 

Hawever, it has been reported that dilorine cm becorne inadvated in the presenœ 

of organic maüer (Baran et al., 1973; Mead and Thomas, 1973b; Teotia and Miller, 

1975). For example, Baran et al. (1973) reported that levels of active chlorine 

dropped to les$ than 1 to 2 mg/mL upon contact with turkey suhces. 

Presunpüve testhg i n d i e  that chlorine did not eliminate Salmonella spp. 

from carcasses at any of the levels used (Table 3.4). men have reported that 

higher chlorine concentratons are effective. Teotia and Miller (1975) reported that 

up to 3 400 ppm of chlorine was necassary to reduœ Salmonella on iurùey. 

Chlorine dioxide at 1.33 mgR (Thiessen et a1.,1984) and 200 pprn chlorine 

(Momson and Fleet, 1985) were effective against Salmonella spp. on carcasses. 

However, Teotia and Miller (1975) reported that high chlorine concentration had 

caused adverse effeas on the physical appearance and flavour of poultry rneat At 

levels of 60 ppm. chlorine still caused off-flavoun in turkey m a t  (WaSeck et 

al., 1 968). 

Overall , indications are that the chlorine concentration and pressure 

combinations used in this study did not significantiy reduœ microbial load or 



eliminate Salmonella spp. from carcasses. Reports of higher concentration of 

chlorine have shown to be effective (Wabeck, 1994). Unfortunately, regulatory 

limits restrict the level of chlorine between 20 to 50 ppm (Dye and Mead, 1972; 

Morrison and Fleet, 1985). Therefore, higher concentrations of chlorine cannot be 

used due to govemment regulaüons specifying allowable limits for food use. 

3.3.2 Trisodium Phosphate 

Trisodium phosphate caused a -mum 1.8 and 1.7 log,, dulmL reduction 

in total and coliform counts, respecüvely (Figures 3.2a and 3.2b). However, these 

reductions were not signincant ( ~ ~ 0 . 2 0 )  for any of the pressures and concentrations 

used in this study (Tables 3.3 a and b). Comparable resufts were obtained by Kim 

et al. (1  994a). The antirnicrobial properties of TSP may be due to the detachment 

of contaminants from skin surfaces and its high alkalinity (Kim et a1.,1994a). Other 

reports indicate that the antimicrobial efkcts of TSP will be more apparent dunng 

storage of treated carcasses (Thompson et al., 1979; Kim et al., 1994b). 

Presumpüve testing indicated aiat TSP did not affect Salmonella spp. at any 

concentration and pressure combinations (Table 3.4). The inadequacy of this 

treatmnt was also reporteci by Morrison and Fleet (1985). They observed that 

phosphates (3%) used for immersion of carcasses did not significantly reduce the 

total and Salmonella spp. counts compared to untreated controls. 

The results obtained suggest that TSP is not an effective bactericide for 
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Figure 3.2a: Response surface diagram showing the effict of concentration of 

trisodium phosphate and spray pressure on the total aerobic count on 

turkey carcasses inoculated with intestinal contents 



Figure 3.2b: Response surface diagram showing the efkct of concentration of 

trisodium phosphate and spray pressure on the coliforni count on 

turkey carcasses inoculated with intestinal contents 



pouiûy processing at the concentrations and pressures used in this study. Even at 

concentrations of 20%, TSP was still ineffective, as well as difficult to solubilize. 

Avgardm resuîted in a maximum 2.3 and 1.3 log,, cfulmL reductions in total 

and coliforni counts, respecüvely (Figures 3.3 a and 3.3b). However, the effmcy 

of this bactericide was not significant (p>0.20) at any of the pressure and 

concentration combinations (Tables 3.3 a and b). Ward (1992) reportexi that low 

concentrations of Avgardnl reduced bacterial levels by 2 log,o W m L  on chicken 

carcasses. They attributed the reduction to the sensitivity of coliforms. 

Ptesumptive testing indicated that Avgardw may affect the level of 

Salmone/la spp. on carcasses (Table 3.4). Giesse (1993) reported that AvgardTY 

may be less effective at reducing the total microbial load than Salmonella spp. 

Hwver ,  mere wss no distinct pattern of efficacy with increasing concentration of 

Avgardm for both replicates in this study. 

The results indicate that Avgardm would not be highly effective in 

decontaminating poultry carcasses at the concentrations and pressures used in this 

study . 



Figure 3.3a: Response surface diagram showing the effect of concentration of 

Avgardw and spray pressure on the total aerobic wunt on turkey 

carcasses inoculated with intestinal contents 



Figure 3.3b: Response surface diagram showing the e f k t  of conœntration of 

Avgardm and spray pressure on the califon count on turkey 

carcasses inoculated Ath intestinal contents 



3-3.4 Lactic Acid 

The concentration of ladic aad had a significant (pe0.05) impact on total and 

coliforni counts mies 3.3 a and 3b). At a ladic aad concentration of 1.24% (wlw), 

total aerobic bacteria were estirnated to be approximately 2.4 log,, cfulmL lower 

than the initial inoculation level. Snidjers et al. (1985) and Anderson and Marshall 

(1 990b) observed similar results for lactic acid. Microbial levels were even further 

reduced (4.4 log,, du/mL) at 4.25% ( w h )  lactic acid. At the same lactic acid 

concentration. mliform counts were 5.5 log,, cfulmL lower than the original 

inoculateci controls. This is typical since various reports have indicated that 

Enterobacteriaceae are sensitive to higher lactic acid concentrations (Gill and 

Newton. 1982; Snijders, et al., 1985. Van der Marel et al., 1988; Zeitoun and 

Debevere, 1990). The effectiveness of lactic acid is based on the nature of initial 

contamination, concentration of the solution and the stage at which it is applieâ 

(Srnulden, 1987). The high acid concentrations (1.24 to 8.5% whv) used in the 

present study were more effective than the lower concentrations cited in the 

literature (Woolthius et ai., 1 984). ûther researchers demonstrated delayed 

antimicrobial efkds of lactic acid (Snijders et al., 1985; Shelef, 1994; Woolthius et 

al., 1984; Prasai et al., 1 991 ). The delayed effect has b e n  attributed to an increase 

in aadity on the carcass tissues. This would favwr the growth of lactic acid bacteria 

and inhibit gramnegative bacteria (Anderson et al., 1992; Anderson and Marshallb, 

1990b; Siragusa and Dickson 1993). Lactic acid concentrations of 1 to 2% 
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Figure 3.4a: Response surface diagram showing the effect of concentration of 

la& acid and spray pressure on the total count on turkey carcasses 

inoculated with intestinal contents 



Figure 3.4b: Response surface diagram shAng the e f k t  of wncentration of lactic 

acid and spray pressure on the coliforni count on turkey carcasses 

inoculateci with intestinal contents 



have been shown not to produce immediate changes to the sensory quality of 

poultry (Smulders. 1987). 

Presumptive testing for Salmonella spp. indicaed that a lactic acid 

concentration as low as 4.25% (wh) could be efkctive against Salmonella spp. 

(Table 3.4). Other work has also shown that lacb'c acid is effective against 

Salmonella spp. as well as Campylobacier spp. (kat et a1.,1990; Lillard. 1989; 

Prasai et aL,l 991 ; Epling et a1.,1993). In one report, Salmonella spp. were affected 

by a 120 second contact fime, at 37°C in a pre-chill dip (Izat et a/., 1990). 

Van der Marel et al. (1988) had also observed a significant improvement of 

bacterial safety and shelf life of broiler carcasses. They obsenred 1.5 and 1.2 log,, 

cfu/mi redudions of me~ophilic bacteria and Enterobacterîaceae, respectively, on 

chicken carcasses treated with 1 to 2% lactic acid prior to chilling. They used 

similar concentrations of lactic acid but as an immersion treatrnent for 15 sec. 

In this study, the overall mechanical action of spraying with lactic acid was 

more effective than the immersion techniques described by Van der Marel et al. 

(1988) for reduang microbial levels (Figures 3.4 a and b). However, increasing the 

spray pressure did not significantly (p>0.20) improve the efficacy of the lacüc acid 

treafmnt (Table 3.3 a and b). The enhanœd bactericida1 effect of lactic acid in this 

study may be due to the utilization of freshly proceseci, pre-chilled (post- 

evisœmted) carcass. It may also be possible that early application of the 



badenüde to the carcasses may suppress bacterial attachment as well as growth 

(Snijders et al., 1985). 

Lactic acid treatrnent at a concentration >1.24% used in this study caused 

discolouration of the skin tissues. This observation has been previously seen moi 

wncentratÏons greater than 1.25% (Mulder et al., 1987; lzat et al., 1990; Snijders et 

al., 1985). Discolouration of the skin may be the result of oxidation reactions 

(Mendonca et al., 1989) and is more apparent with increasing concentration. 

However, the discoIouration can be reversed with other treatments such as colour 

stabilizers or water immersion dunng the chilling process (Snijders et a1.,1985). 

Although discolouration of the skin occurred in the present study, other semory 

qualities may not have been affect4 sinœ the skin acts as a protedive layer 

preventing penetration of acid residues into the muscle tissues (Van der Marel et 

al., 1 989). 

Sinœ a mximum reducüon in total counts was obtained at 4.25% lactic acid 

in this study (calculated from Table 3.2a and 3.2b), it rnay be possible to use lower 

concentrations of the acid at higher temperatures to enhance the effscts of the 

treatment However, the reduction in the acid concentration and the use of an 

elevated temperature must also be evaluated for its effectiveness and economic 

feasibility and sensory effects. 



3.4 Conclusions 

The resub of this research suggest that lactic acid is the most promising 

bactericide for use in decontarninating carcasses prior to chilling. Application of 

lactic acid could significantly improve the rnicrobiological quality and sakty of 

contaminated poultry carcasses. Furthemiore, the low concentration of lactic acid 

required to reduœ microorganisrns on carcasses would have good economic and 

environmental implications for the pouitry industry. The issues of discolouration can 

be minimized with shorter contact times, imrnediate rinsing water and 

subsequent water chilling. Presumptive tests indicated that lactic acid and Avgardm 

were effective against %l.nonekb spp. However, the srnalier redudions in total and 

coliform munt obtained by chlorine, TSP and Avgardm may have been due to the 

presence of organic material which reduced the efficacy of these compounds. 

Furthemiore, pressure did not signecantly (p>0.05) inRuence the levels of total and 

coliforni count on carcasses for any of the four bactericides. 



4.0 Optjmitation of lactic acid solution used to treat contaminated 

poultry surfaces 

4.1 Introduction 

Due to the steady dedine in the number of slaughtering plants and the rising 

demand for poultry rneat, processors are under pressure to increase productivity 

and capacity of their facilities (Duewer et ai., 1993; Van der Sluis, 1994; Austic and 

Nesheim. 1990). In consequeme, the increased level of processing may intensify 

hygiene problems during mat production (Mead, 1989). One particular area of 

conœm is contamination during poultry processing. 

Contamination of pouby carcasses with fecal material can present problems 

for the meat indu-. As a solution, the rneat industry will either rework the carcass 

(e.g., hot deboning) to retrieve uncontaminated parts or wmpletely remove it from 

the process (Le.. condemned). In either case, there is a loss of revenue. A report 

by Hundt (1995) estimated that h l  contamination constitutes a loss to the poultry 

indusm of neariy $8 million annually. There have been attempts to improve the 

situation through better hygiene pmtices but they have not been entirely 

successful (Mossel, 19û4). 

Sanitizing carcasses has been suggested as a means of improving meat 



quality and safety (Wabeck, 1994). Many types of sanitizers have been proposed 

for a variety of meat products (Siragusa, 1995) but the one that shows the most 

promise is lactic acid (S helef. 1 994; Bauüsta et al., 1 995b). Lactic acid is a GRAS 

substance that has been widely used in other food applications. Som of the major 

uses of lactic acid are fiavour enhancement, prevention of butyric fermentation in 

beer and suppression of crystallization in hard candies (Shelef. 1 994). 

Lactic acid has several antimicrobial properties. It can denature proteins 

along the bacterial membrane. destabilize its interna1 pH and disnipt cellular 

funcüons within the cell (Eklund, 1980; Tastayre and Holley, 1986; Mountney and 

O'Malley , 1 965; Smulders and Woolthuis, 1 985; Gou Id et ai.. 1 983). To improve the 

efkacy of lactic acid treatments, research has been direded towards studying the 

effects of higher application temperatures (Prasai et d.1991) and combination Ath 

sodium lactate to provide buffering capaaty during storage (Zeitoun and Debevere, 

1990; 1991). 

In light of previous research, the objedwe of this study was to determine the 

optimum pH and application temperature for a lactic acidisodiurn ladate buffered 

solution for the decontamination of poultry carcasses. 



4.2 Materials and Methods 

4.2.1 Microbial efficacy of buffered lactic acid 

4.2.1.1 Sample preparation 

Durhg the experirnental period,washed. post-eviscerated, pre-chilled broiler 

hen carcasses (n=15) were collected daily from a local commercial processing 

plant. Carcasses were pre-rinsed with water and inoculated with 2 mL of a kcal 

slurry (1 :l O dilution with sterile water) originally collectecl from the intestines of two 

different carcasses on each day of the experiment. Anderson and Marshall (1 990) 

obseived that bacteria from fresh manure wwe more susceptible to acid treatments 

than otganisms grown in broth. Therefore, the fixa1 sluny us& in this study may 

more accurately r e W  a poultry proœssing sœnario. 

Inoculation was camed out according to the procedures described in Section 

3.2.7 

4.2.1.2 Microbiological Analyses 

The same microbiological analyses were used as in Section 3.2.2. 



4.2.1.3 Experimental design for the evaluation of bactencidal efficacy of buffered 

lactic scid at various temperature and pH combinations 

The expriment ~ i a s  conduded using a response surface central composite 

design (Cochran and Cox, 1957). The treatments were based on buffered lactic 

acid used at concentration of 4.25% w k  A previous study by Bautista et 

aL,(l 996b) indicated Bat this concentration of lacoc aad was rnost effective against 

total aerobic bacteria and colifomis (see Section 3.0). Treatments were applied at 

nine pH and temperature combinations. Two individual replicates were perfomied 

at different occasions. A summary of pH levels and dispensing temperature for the 

lactic acidlsodium lactate treatment is presented in Table 4.1. There were 13 

treatrnent combinations of pH and application temperatures, including five centre 

points that were used for experimentation with response surface designs (Table 

4.2). 

4.2.1.4 Statistical Analysis of Data 

Data were analyzed using the General Linear Model of the Statistical 

Analysis System SASID (SAS, 1988) after employing a log,, transformation. 

Estimates for the Iinear, quadratic and interadion effects of each paramter (e-g.. 

pH and temperature) were developed to fit the following equation: 



y = bacterial levd at a specific pH and application temperature combination 
x, = pH of lactic acid (4.25% wM) 
x, = application temperature of ladic acid solution ( at 4.25% wEw) 
p, - estimate for the y - intercept 
PI - estimate for the linear efFect by pH of solution 
P2- estimate far the linear effed by temperature of solution 
P ,, - estimate for the quadratic e W  by pH of solution 
p p  - estimate for the quadratic efFkct by temperhire of soluüon 
PI2 - estimate for the interadive effect between pH and temperature of 

solution 
e - error terrn 



Table 4.1: Levels of pH and temperature used to determine maximum efficacy 

of the buffered lactic acid/sodium lactate solution for treatment on 

contaminated carcasses 

I Levei 



Table 4.2: An expen'rnental setup to determine optimal conditions based on pH 

and dispensing temperature by a response surface design 

Combination of levels based on Treatments used 
response surface designs for experirnent 

treatment PH dispensing PH dispensing 
number temperature (OC! ternperature("C) 



4.3 Results and Discussion 

The e M  of pH, and temperature of lactk acid at 4.25% (wh) on total 

aerobic bacterial and coliforni count is illustrateci in Figure 4.1a and 4.1 b, 

respectively, and mahernatically represented in Table 4.3. 

The results indicate that organisms were significantly (pc0.05) a W e d  by 

temperature during application and not significantly (p<0.15) affect4 by pH of the 

lactic acidl sodium lactate solution. However, by removing the quadratic fundion 

of the d e l ,  the pH of the solmon was show to significantly (pc0.05) affect the 

aerobic plate counts. The interadion effect between pH and temperature did show 

a significant synergistic efFect (p < 0.10). However. no significant change of the 

interaction was observeci by removing the quadratic function from the rnodel. 

Therefore, the resulh show th& the efficacy of buffered lacüc acid is dependant on 

the tmqmature during treatrnent and may be influenced by the pH of the solution. 

ûepending on the treatment conditions, the reduction of total aerobic bacteria after 

treaiment varied from 2 to 6 log,, cfu/mL in cornparison with non-treated samples. 

Colifoms were initially reduced by 2 to 3 log,* du/mL after carcasses were 

treated with lactic acid (4.25% whv). This is in contrast to Zeitoun et al. (1994) 

who were only able to achieve a 1 log,, cfu/mL reduction of Enterobacteriaceae 

counts with bukred lactic acid (pH = 3.0) at a concentration of 10% (w/v). For this 



Figure 4.1 a: Response surfaœ diagram showing the effect of tenperature and pH 

of lactic acid on the total aerobic count on chicken carcasses 

inoculated with intestinal contents 



Figure 4.1 b: Response surface diagram showing the effect of temperature and pH 

of lactic acid spray on the coliform count on chicken carcasses 

inocutated with intestinal contents 



Table 4.3: Response surface d e l s  describing total aerobic count and 

colifon count at difFerent temperature (x,) and pH (xJ for ladic acid 

treatments 

(1) CoeRcients for response surfaœ mode1 

Aerobic y = 15.3224. - 0.247297~~- 4 . 5 4 5 1 ~ ~  - 0.0006$ + 0.4569% + O.052T7x,x2 

Coliforni y = 4.4379. - O.O74Qx, - 0.2938~~ + 0.0001< - 0.0001$ - 0.0161~$<~ 

(ii) SigMcanœ (Le., p values) of estimates of msponse surface models 

Treatment y-intercepP Linear effect of Quadraüc effect of Interactive 

Temperature pH Temperature pH effect 
-- - - - - - - - -- - - - - - 

Aero bic 0.2882 0,0268 0.1143 0.331 3 0.2254 0.0635 

Coliforni O. 5444 0.6265 0.9420 0.8798 O ,9998 0.6832 

a y-intercepts are biased and are not unique estimators for the model 



study, the reduction in colifonn wunts were neither significantly (p > 0.20) affected 

by pH nor by temperature of the treatments (Figure 4.1 b and Table 4.3). 

Presumptive Salmonella spp. W n g  resukd in positive identification of the 

organism on carcasses for al1 of the pH and temperature combinations of the lactic 

acidlsodium ladate treatments. Therefore, the results suggest that the efFed of 

lactic acid on Salmonella spp. organisms is based on the concentration of lactic 

acid and is not more effective with pH or temperature adjustrnents. Other studies 

have shown that the bactericida1 effect is based on the concentration of the lactic 

acid treatment (Bautista et ai., 1996b; ZeÏtoun and Debervere, 1991 ; 1994). 

The findings suggest that lactic acid (4.25% w h )  should be dispensed at a 

tempeahire of 60°C and at pH 2.5 (i.e., 0% sodium lactate). Unfortunately, it was 

detemined by some representatives of the poultry industry that the conditions 

prescribed for lactic acid/SOdiurn lactate would not be emomical. This premise was 

baseci on the corrosive nature of lacüc acid on stainless steel equipment and the 

cost associated with operating at high temperatures (Le. 60°C). These opinions 

were based on subjective reviews of previous reports on the use of lactic acid 

utilized during processing (Shelef, 1994; Wabeck, 1994). 

Upon further consultation with the poultry industry, it was decided to use the 

lactic acid/sodium lactate treatment with a dispensing temperature of 40 OC and at 

pH 3.0. 



4.4 Conclusions 

Based on the encouraging results illustrateci in this saidy, lactic acid may 

play a key role in controlling past4sceration confamination. The results show that 

ladic acidlsodiurn lactate treatment can reduœ microbial levels on poultry carcass 

tissues. Although coliforni counts wwe initially reduced, pH and temperature of the 

lactic acidsodium lactate solution did not significantly (p > 0.20) change the 

coliforni population. 

The only drawback seems to be the slight discolouraüon of the skin by l adc  

aud treaûnents. Hcnmver. it should not pose a major problem because preliminary 

wok has shown that chilling water cm be used to minimize discolouration. In 

addiaon, a qualitative assessrnent is required to ascertain whether or not lactic acid 

treatments can impart undesirable qualities onto the m a t  This should help to 

determine the acceptability among consumers. Future work was conducted to 

investigate the reversal of discolouration effects on m a t  surfaces produced by 

lactic acid and an organoleptic assessrnent of poultry subjected to lactic acid 

treatments. 



In-plant application of an optimked lactic acid treatment for 

the improvement of hygiene on fecal contaminated turkey 

Carcasses 

Introduction 

Most badericidal application shidies on food products have been labofatory 

based and few investigations have been perfomied at food processing 

establishments. Reœntly, Avgardm was used to treat poultry products at a 

processing plant The results indicated that Avgardm had an effect on Salmonela 

spp. on poultry products (Rhone-Poulenc, 1994; personal communication). 

However, the resuits îhat were generated were questionable. Also, the results were 

unable to demonstrate significant differenœs between test groups. Nevertheless, 

AvgardTM was approved by the USDA for the treating poultry carcasses (Gesse, 

1 993). 

In light of this situation, more objective and comprehensive statistical 

rnethods should be stressed when new washing techniques are introduced into the 

food indu*. There are many statistical desigm available that could aid with large 

scale expenmnts at food processing establishments (Cochran and Cox, 1957). 

Pouby pmoessors are encouraged to invesügate this approach as a more accu rate 



way of determining of the efficacy of bactericicial treatrnents. 

Due to the encouraging results with lactic acid treatrnents (Section 3.0 and 

4.0), a 'pilot-scale" study was designed to investigate the 'in-plant" application of 

lacüc aadlsodium lactate batment b reduœ mÏaobial levels on condemned turkey 

carcasses. 

5.2 Materials and Methods 

5.2.1 On-site faboratory setup for treatment and microbial analysis 

For batment of carcasses, an a m  with in a commercial poultry processing 

plant was chosen that was not heavily exposed to cross contamination from 

processing and totally removed from the slaughter area. 

Microbiological testing was perfomied in an area that was free from positive 

ventilation, fully endosed, and rernoved from the n o m l  traffic areas used by 

workers. 

5.2.2 Types of carcasses used for analysis of hygiene 

At the plant, several types of carcasses were examined for microbial 

contamination to make an objective cornparison to carcasses treated with lactic 

acid. The following categories were used to difkrentiate between carcasses. To 



make sampling and the treatrnent manageable, the experirnent was restncted to 

turkey hens. 

Healthy carcasses - These are carcasses that have passed initial inspection. 

Sampling occurred at a point right after first inspection. 

Condemned carcasses - These are carcasses that have been condemned by 

meat inspection due to heavy fecal contamination and removed from further 

proœssing. Sampling occurred at a point right after first inspection. 

Regular carcasses - These are carcasses that w r e  passed by initial inspection 

and final inspecüon. Sampling occurred at a point right after carcasses were 

treated with an insideioutside wash. 

Condemned turkey carcasses treated with ladic acid - These are carcasses 

that have been condemned by rneat inspection due to heavy fecal 

contamination, removed from further processing and treated with a prescribed 

lactic acid treatment. Condemned carcasses were taken immediately after 

inspection and treated wiih a prescribed lactk acid solution at a concentration 

of 4.25 % (wh), b a r d  to pH 3.0 with sodium lactate and dispensed at 40°C. 

Condemned carcasses were suspended on a rotating s p d  in a spray chamber 

and treated by spraying both inside and outside with the lactic acid treatrnent 

for 10 sec. 



5.2.3 Sample preparation for microbial analysis 

lmnadiateiy dter sampling or right after the lactic acid treatrnent, carcasses 

were placed in a large plastic bag and rinseû with 500 mL stenle =ter in a 

mechanical shaker (McNab et aiJ993) The rime water was retrieved for 

microbiological analysis. 

5.2.4 Microbial Analysis 

Serial dilutions (1 1 :99 m l  of rinse water in 0.1 % Peptone Water; Difco Labs., 

ûetroii MI) were prepared. Undiluted and IOs2 dilutions vuere plated onto Standard 

Plate Cwnt and Cdiform aga= using Petritilmm (3M, Inc.) for determining total and 

coliforni counts, respectively. Petrifilmsmwere incubated at 37°C for 18 to 24 hm 

before results were analysed. 



5.2.5 €xperirnental Design and Statistical Analysis 

The experirnent was designeci as a randomized incomplete block (Cochrane 

and Cox. 1957). For each day of production. 5 flo&s of poultry were examined for 

each of the carcass types in Secüon 5.2.2. The experiment was replicated over 4 

days giving a total of 80 obsenrations (Le., 5 x 4 x 4 = 80). Data were analyzed 

using the General Linear Model of the Statistical Analysis System S A S  (SAS, 

1988) after employing log,, transformation. 

5.3 Results and Discussion 

A student t-test analysis of microbial analyses (n = 3) perfomied on 2 

difibrent occasions (3 x 2 = 6) from a single carcass rinse showed no significant (p 

> 0.20) difference, indicating that repeatability of microbial analysis was good for 

each carcass sample. The Univariate and General Linear Procedure of SAS@ 

(1 988) indicated that the data were noml ly  distributed. 

Microbial counts on each carcass type Hiere significantiy (p < 0.001) different 

from each other. The Least Square means of aerobic and wliform counts are 

illustrated in Figures 5.1 and 5.2, respectively. me average rnicrobial counts of 

wndemned birds wwe significantiy higher (p < 0.001) than the other carcass types. 



Figure 5.1: Least rnean squares of aerobic plate count from several carcas 

categories under various treatment conditions 

( Means wiai different letters are signifmantly different; pc 0.05) 



Figure 5.2: Least mean square of coliforni count from several carcass categories 

under various treatment conditions 

( Means with different letten are significantly difkrent; pc 0.05) 



The order of contamination associated with each carcass type was condemned 

heaIthy > regular > treated. The lowest daobial counts mre found on birds treated 

with the optimized lactic acid treatment. The overall counts on these carcasses 

were at least 1 log,o du/mL lower than condemned birds and, on average. better 

than regular processed birds. 

Of the studies that used lactic acid a meat processing plants, resutts showed 

a similar reducüon in the level of m'aoorganisms on pork, beef and poultry produds 

(Srnulden, 1987; Van der Marel et al., 1988). A report by Van Netten et aL,(l995) 

demonstrated that 100 du/& of S. typhimutfum were eliminated from pork 

carcasses when treated with 2% lactic acid at 55°C for 60 sec during production. 

5.4 Conclusions 

The results show that a lactic acid/sodium lactate treatment, (Section 4.0) 

can improve the microbiological quality of contaminateci poultry carcasses. 

Hawewr, the reducüon of bacterial munis found in this and m e r  studies still needs 

to be invesügabed for practical significanœ. It may be useful to conduct a shelf-life 

study to determine overall irnprovement in hygiene and safety of poultry products 

treated with lactic acid. 



Although this treatment was mainly intended for use with condemned 

carcasses, it rnay be possible to irnplernent the beatment for al1 carcasses during 

procesçing. WÎth proper engineering, lactic acid treatments could improve the 

quality of carcasses during production. 



6.0 Organoleptic analysis of turkey carcasses treated with lactic 

acid 

6.1 Introduction 

The need for methods to improve carcass hygiene is of importance to the 

poultry industry. Presently, the Canadian poultry industry is investigating the use 

of bacteriades for decontamination of carcasses. One bactericide that is of interest 

is lactic acid. It has been dernonstrateci, in this thesis and by other studies, that 

lactic acid c m  significantiy (pc0.05) reduœ the level of bacteria on m a t  samples 

(BauWa et al., 1996b; Srnulder, 1987; Van Netten, 1995). Unfortunately, lactic acid 

treaiments have b e n  shown to produœ adverse effeds on the organoleptic quality 

of meat products (Reynolds and Carpenter. 1974; Ingham, 1989; Mendonca et 

a!., 1 989). 

Lactic acid treatments at high concentrations (>3%) will cause a notable 

discolou ration of mat  surfaces (Van Netten et a/-, 1 995). At lower concentrations 

(-1.24% wh) ,  lactic acid has been reported to cause odours on the skin and 

muscle tissues of meat samples. 

Other reports show that lactic acid neither produced a strong odour nor 

produced off Ravours in meat produds at concentrations below 1%. Smulden 



(1 987) reported that a concentration of 1 % lactic acid (pH 2.4) did not adversely 

aned the appearanœ of mat, but at a 2% conœntraticn caused the development 

of off-fiavours. Similar results have been reportecl for acid concentrations greater 

than 1.25% (Mulder et al., 1987; kat et al., I W O ;  Snijders et al., 1985). 

The purpose of this study was to evaluate the magnitude of discoiouration 

produced by a range of lactic acid treatments and to determine if a lactic acid 

-nt (4.25% w h ,  buffered to pH 3.0 and dispensed at 40°C; Sec Sedion 4.0) 

produces any undesirable organoleptic characteristics. 

6.2 Materials and Methods 

6.2.1 Evaluation of colour of skin tissues treated with buffered lactic acid 

6.2.1.1 Sample preparation 

Turkey breast skins were used as a medium for analyzing the effects of 

buffered ladic acid treabnents. These skins were obtained from a local turkey 

processing plant. 

Prior to experirnentation, the skins were gently nnsed in lukewann water to 

rernove extraneous material and kept rnoist with sterile distilled watet. The turkey 

skins were eut into 5 x 5 ar? squaresand fasteneci onto a plastic cylinder (diameter 

4 cm) with elastic bands. The skins were kept rnoist with sterîle distilled water until 



ready for treatment. All sarnples w r e  collecteci on the same day. 

6.2.1.2 Experirnental design for oie evaluation of the discolouration e-ct of 

bufkred lactic acid over tirne 

Treatments over a range of temperature and pH values were examined. The 

expriment fdlowed the sarne reS/K)nse su- design descrii>ed previously for the 

optimizéiüon of lactic aad treafments (Section 4.0). The two main adors of interest 

for this design were the temperature and pH of the lactic acid solution (Table 6.1). 

The response surface design induded a Sme fador that desuibed the colour output 

of the hirkey skins befwe treatment, immediately after treatment and at a series of 

subsequent Crne intervals aiter a post-treâtment with water at 10°C (10,20, 30,40, 

50,60,120 rnins). The ligM rdectanœ was rneasured by a chromameter (Minolta, 

Japan. Model CR-200b) using the Hunter scale for L, a, b values. The design was 

perfomied in duplicate. 

6.2.1.3 Statistical analysis of data 

Data were analyzed using the Generai Linear Model of the Statistical 

Analysis System SAS@ (SAS, 1988). Estimates for the linear. quadratic and 

interadion effects of each parameter (i.e., temperature and pH) were developed to 



fit an equation that induded the influence of tirne. The equation is describeâ below. 

Equation 1 : 

y = result of colour detemination (i.e., Hunter L, a or b) 
tirne = measurement at tirne interval 
xl= pH of lacüc acid (at 4.25% w k )  
x2 = application temperature of lactic acid solution (at 4.25% wlw) 
Bo - estimate for the y - interœpt 
pl - estimate for the linear effect by pH of solution 
p,- estimate for the linear efFect by temperature of soluüon 
p ,, - esümate for the quadratic affect by pH of solution 
p, - estimate for the quadratic affect by temperature 
pl, - estimate for the interactive efkct between pH and temperature of 
solution 
s - error terni 



6.2.2 A consumer taste panel survey of turkey carcasses treated with lactic acid 

and regular washing meaiods 

6.2.2.1 Sample preparation and cooking rnethods for turkey carcasses 

From a commercial turkey proœssing plant, fully intact turkey hen 

carcasses were r&rieved prior to the chill immersion area of the processing line for 

each day of experirnentation. Turkey carcasses were refrigerated (4" C) upon 

amval at the laboratory. Carcasses were gently rinsed with water to remove any 

exbaneous material. 

Each of the two carcasses was subjeded to one of two treatments. Using the 

spray chamber describeci earlier, one of the carcasses was subjected to be 

prescribed lactic acid treatment (Section 4.0). The parameten for this treatment 

were defined as a concentration of 4.25% (wk), bufkred with sodium lactate to a 

pH of 3.0 and dispensed at a temperature of 40°C with an application pressure of 

40 psi. Afterwards, the treated carcass was rinsed mth water at a temperature of 

15°C. The other carcass was subjected to nnse treatment with water only at a 

temperature of 1 5 OC. 

Following treabnent, both carcasses were placed into cooking pans (Pyrex, 

Corning, Inc.) and placed into an oven (Dacor Manufacturing, Model W305C) at a 

cooking temperature of 375°C. Both carcasses were cooked for a pend of 4 hrs. 



6.2.2.2 Taste panel survey wmparing control and treated carcasses 

A cornparison between control and treated carcasses was performed using 

a triangle test (Poste, 1991). The survey was anducteci as a consumer taste panel 

on 3 separate days with 3 different test groups for each day. The entire sunrey 

group mnsisted of 54 individual judges. 60th white and dark m a t  were presented 

to each judge who were asked to consume both samples entirely. 

6.2.2.3 Statistical analysis of the triangle test 

Data w r e  analyzed using the General Linear Model procedure of SAS@ 

(SAS, 1988) to determine if the organoleptic quality betwaen carcasses treated with 

lactic acidlsodium lactate and no treatment were significantly différent. 



6.3 Results and Discussion 

6.3.1 Colour evaluation of turkey skins 

The Univariate procedure of S A S  (SAS, 1988) indicated that the data w r e  

nomglly distributed. 

The discolouration produced by the ladic acid treatrnents is described in 

Figures 6.1 to 6.3. The graphs illustrate that lactic acid, at various pH and 

temperature cornbinations, had a significant (p c 0.05 ) effet3 on the L (Le., 

lightness scale) and the a (green-red scale) values immediately after treatment and 

dter 10 mins immersion chilling (Figures 6.1 and 6.2, respectively). However, the 

discolouration w s  reduced to initial, untreated ievels after 20 mins for both Hunter 

L and a values. 

With Hunter b (yellow-blue) values (Figure 6.3), a significant (p < 0.05) 

change in colour did occur I O  mins after treatment and remained throughout the 

test period. The results indicated that the tissue changed from a yellow to a blue 

colour. Furthemiore, the effect remained significant even after 120 min following 

-nt It should be noted that the overall change in b value is less that 4 units 

and does fluctuate within the range of -2 to 2. Upon visual inspection of the tissues. 

an initial discolouration was observed but the effects were reduced after 10 mins 

of immersion chilling. The colour of the tissues after 50 to 120 mins of immersion 

drilling were comparable to tissues not treated mth lactic acid when determined by 



eye. 

Lactic acid has been shown to a M  the mlour of mat surfaces and this 

efled may be dependent on the concentration of the acid (Cudjoe, 1988; Smulden 

et a1.,1986). Generally, low concentrations (< 2.0 %) of lactic acid are unable to 

severeiy discolour meat surfàces (Snijders et a1.,1985; Woolaiub and Smulden, 

1985). Lactic acid concentrations greater than 2.0% can cause noticeable 

discolouration of poultry (Labots et a1.J 983; Van der Mare! et a/., 1989). 

Most of the reports that described the discolouraüon effects involved the 

lacüc acid treatments in which the acid remained on the surface of food samples 

(Snijder et al., d 985; Smulders and Woolthuis, 1985). In previous studies, 

researchen comrnented that the discolouration effect rnay have resulted from 

oxidafjon readiom (Mendonca et d.,1 989). Another reason could be related to the 

dehydration effects of proteins in skin tissues (Hedrick et al., 1989). Acidic 

conditions are known to decrease water binding capacity of proteins. Several 

reports have indicated that concentration and temperature of lactic acid can 

promote further discolouration of skin tissues (kat et a1.,1990; Kotula and 

Thelappurate, 1994). However, it has been suggested that the problem can be 

remedied with stabilizers such as ascorbic acid and nicotinic acid (Le., niacin). 

For this study, lacüc acid was to be used as a short-term treatment to lower 

bacterial levels and was not intended to be used as a preservative. lmmediate 



Figure 6.1 : The overall effect of buffered lactic acid treahnts (4.25% w h )  on 

Hunter 1 values (i.e., lightness) on turkey skins. 

(' Means with dîfferent letters are significantiy diffsrent; p < 0.05) 



Figure 6.2: The overall effect of buffered lactic acid treatment (4.25% w k )  on 

Hunter a values (Le, green-red) on turkey skins 

C Means Ath different letters are significantly different; p c 0.05) 



Figure 6.3: The overall e W  of buffered lactic acid treatment (4.25%wh) on 

Hunter b values (i.e., yellow - blue) on turkey skins. 

(* Means with different letters are signincantiy different; p c 0.05) 



rinsing with water after the lacüc acid treatment was effective in minimizing the 

changes in L and a Hunter values. Although the Hunter b values had significantiy 

and pemwnently changed over tirne, the overall change was small. Water 

immersion minirnizes the discoloration effect of lactic acid by diluüng the tissues, 

inaeasing the pH and allowing proteins to increase water binding capacity (Hedrick 

et al., 1089). Snijders et al. (1 985) alsa reported that water treatment following lactic 

acid treatrnents was able to minimize discolouration effects. 

6.3.2 A consumer taste panel survey of the 1acti.c acid treatment on turkey 

carcasses 

Using the triangle test for the sensory evaluation, the results from the 

statistical analysis indicated that judges were unable to determine the difference 

between treated and control carcasses (p > 0.30). There were no adverse 

comments from any of the judges for any of the samples. General cornments from 

the judges for treated carcasses anged from 'dry and not as tastÿ to 'a juicier and 

fuller taste". There was no associateci acidic taste (e.g., vinegar taste) or other 

objectionable flavoun idenüfied by any of the judges. 

Gill and Penney (1 985) found that panelists tsuld not idenüfy differences in 

flavour of vacuum packaged lamb treated with 5% ladic acid. Van der Marel et al. 

(1989) also found no deletedous effect of lactic acid (1 .O %) on the taste of grilled 



chicken legs. However, other reports have indicated that lactic acid can impart 

characteristic flavours and off odours on mat  samples (Smulden et al.,1986; 

Kotula and Thelappurate, 1994). In most cases, lactic acid was used as a 

preservative throughout storage of food samples. 

6.4 Conclusions 

The findings of this study suggest that lactic acid could be used to treat 

carcasses without imposing undesirable flavour attributes. Based on the taste 

panel survey, the optimized lactic acid treatrnent for poultry products does not 

adversely affbct the organoleptic quality of skin or musde tissues after cooking. 

Although there was a permanent colour change after lactic acid treatrnents, it was 

not noticeable or unpleasing. This was especially true after cooking. 



7.0 The construction and stability testing of an auto-bioluminescent wild- 

type Salmonella spp. for the purpose of monitoring metrbolic acüvity 

7.1 Introduction 

Conventional microbiological techniques can be inadequate for determining 

the viability and exlent of injury of microorganisms when evosed to certain stimuli 

(e.g., bacteriudal treatmnts). This is because the technique relies on the ability of 

microorganisms to be wmpletely remverable under defined culture conditions. 

There is now substantial evidenœ indicairtg that sub-lethally injured cells can be 

nonsuttuable (Leriche and Carpentier, 1995). As a result, conclusions drawn from 

anümicrobial, challenge, storage and d e r  studies that rely on cultural methods for 

quantification may not be entirely valid. 

A novel approach that could prove to be very useful for monitoring viability 

of organisms is bacterial bioluminescence. The method involves the incorporation 

of a genetic seqwnœ that encodes for enzymes required for the production of light 

by naturally luniinescent bactena into bacteria of interest (Baker et al., 1992; Chen 

and Griffiths, 1996; Meighen and Dunlap, 1993; Stewart and Williams, 1992). The 

luminescenœ genes can be easily incorporated into a target organism by either 

tansfomration (e.g., elecltroporaüon techniques) with plasmids or transduction with 

genetically rnodified, host-specific bacteriop hages. 



The major advantage of bacterial bioluminescence is the abilÏty to mnitor 

the matabolic actMty of the rnodified bacteria diredly in samples and in 'real-tirne". 

For example, the IigM emission decreases with time when the organism is exposed 

to a negative stimulus. The opposite is tnie for favourable conditions. Sinœ the 

sarnples are continuously used and relativeiy undisturbed during analysis, bacterial 

bioluminescence may be more usefui for challenge and storage experirnents than 

cultural techniques. 

The purpose of this study was twofold. First, a study was perfomied to 

determine if Salmonella spp. can be successfully engineered to express the enüre 

lux gene cassette (Le., lux CDABE), thus becoming luminescent. Secondly, based 

on light output, a series of experirnents was performed that evaluated the metabolic 

status of the modified organisrn upon exposure to different conditions. 



7.2 Materials and Methods 

7.2.1 Isolation, enrichment and identification of wildtype Salmonella spp. from 

carcasses at a poultry abattoir 

At a poultry abattoir, condemied carcasses (n = 15) were ewrriined for signs 

of fixa1 contamination. If kcal contamination was present, a 10x1 O c d  area of the 

contaminated skin was excised aseptically from the carcass. The excised samples 

wre immediately placed into 100 mL of 1 % peptone (Difco) and incubated for 18 

to 24 hrs at 37" C, 

To check for the presenœ of Salmonella spp., an al iquot (O. 1 ml) from each 

sample was inoculated on MSRV (Modified Semisolid Rapport Vasilidas, Difco) 

agar. MSRV has been shown to be an excellent medium for the isolation and 

detedon of Salmonella spp. (Dusch and Altwegg, 1995). Only samples producing 

a distinctive migration of growth and a change in colour were further exarnined. 

Presumptive Salmonella spp. on MSRV were streaked ont0 

Salmonella/Shigella agar (BBL Media Products). Only colonies that were able to 

reduce iron (indicated by black dots in the œnter of the colony) w r e  further 

investigated to confinn the presence of Salmonella spp. 

The isolates wwe serologically identifid by Dr. C. Poppe, Health Canada. 

All confirmeâ isolates were saved on BHI (Brain Heart Infusion) agar slants and 

stored at 4 O C. 



7.2.2 Transformation of the lux (CDABE) genes into target organisms 

7.2.2.1 Preparation of E.coli JMlO9 for classical transformation with calcium 

chlonde (CaCIJ 

ESCClekhia d i  JM109 was inoculated into 3 mL of Luria-Bertani (LB) broth 

and incubated ovemight at 37°C. An atiquot (0.5 mL) of the overnight culture was 

inoculated onto 19.5 mL of fresh LB broth and incubated at 37" C for an additional 

75 to 90 mins. 

The subcuiture was cooled on ice for 75 to 90 mins and centrifugeci at 5000 

rpm for 5 mins at 4°C. The supernatant was discarded and the pellet resuspended 

in cold (O°C), 50 mM CaCI, solution and placed on iœ for 30 to 60 mins. The 

suspension was œntnfuged again at 5000 rpm for 5 mins and resuspended in 2 mL 

of cold 50 mM CaCI, solution. The final preparation was dispensed (0.2 ml) into 

sterile eppendorf tubes and stored at 4°C. Cells remain competent for up to 6 

rnonths under these conditions (Sambrook et al., 1989). 

The wmpetent E. coli JM109 were transformed with lux (CDABE). The full 

lux (CDABE) cassette and the expression vector were the generous donation of 

Edward A. Meighen, McGill University, Canada. Meighen and Szittner (1992) had 

sucœssfuliy isdated the lux cassette from Xenomabdus luminescens and inserted 

the DNA fragment into the plasmid p l 7  at the EcoRl site. To 0.2 mL of the 

refrigerated (4°C) and competent E. coli JMI OS in a sterile eppendorf tube, 10 pL 



of plasmid were added. The mumire was cooled on ice for 30 to 60 mins. 

Afterwards, the mixture was heat shocked by placing the tube into a waterbath at 

42°C and all& to incubate for 90 sec. Then, the mixhire nias immadiately cooled 

on ice for an additional 120 sec. To resuscitate the cells, LB broth (0.2 mL) was 

added to the transformed cells and the suspension incubated at 37°C. At 0.5, 1, 5 

and 24 hrs, an aliquot (100 ML) was withdrawn from the transformed sample and 

plated onto LB agar plates containing 50 ~ l m L  ampicillin. Plates were incubated 

for 24 hrs. 

Plates were analysed for light output using a photon counting CCD image 

analyser (BIQ Cambridge Imaging). Any colonies exhibiting light output were 

subcuItured and stored (-20" C) in LB broth containing 15% glycerol. 

7.2.2.2 Amplification of the lux (CDABE) genes in E. coli JM109 

The transformant, E. coü JMlO9 + lux (CDABE), was grown ovemight on LB 

agar containing 50 pg/mL ampicillin at 37OC. An isolate from the LB plate was 

inoculated into 10 mL of LB broth containing 50 ~glmL ampicillin and incubated at 

37°C for an additional 8 hn. The culture was œntrifuged at 4000 rpm for 10 mins. 

The sarnple was decanted and the pellet initially rasuspendeci in 200 pL of an alkali 

solution plus detergent (Solution 1; Sambrook et al., 1989) at 4°C. Then, 400 pL of 

a secondary solution (Solution II; Sambrook et al.,1989) was used to wmpletely 



lyse the cells. Lastiy, 300 pL of neutralizing agent (Solution III; Sarnbrook et 

ai., 1989) was added to the mixture. 

The suspension was œntrifuged at 14 000 rpm for 5 min at 4°C. An aliquot 

(600 p l )  of the supematant was added to an equal volume of phenol:chlorofonn 

solution (600 PL) in a sterile eppendorf tube. This suspension was œnbihiged, 

again, at 14 000 rpm at 4°C for 2 mins. From the supematant, 600 pL was 

retrieved, added to a new eppendorf tube with 600 pL of ethanol(70%) and left to 

stand for 2 rnins. Then, this mixture was œntrifuged, again, at 14 000 rpm for 10 

mins at 4°C. The supematant was decanted and the pellet allowed to air dry. The 

pellet was resuspended in 1 mL of cold (4°C) 70% ethanol, decanted and allowed 

to air dry for 10 rnins. The pellet was redissolved in 50 pL of TE bMer (10 mM 

Tris'%!, 1 mM EDTA; pH 8.0) containing 20 pglml RNase (Boehringemnnheim, 

Inc.). Purified plasmid was stored at -20" C. 



7.2.2.3 Uecboporation of wildtype Salmonella spp. with the lux (CDABE) cassette 

Confirmed Salmonella spp. (Section 7.2.1) isolates were revived and grown 

ovemight in 3 ml LB broth at 37°C. To prepare the œlls for cornpetency, the s a m  

protoc01 for the preparation of E. ooli JM109 was used ( W o n  7.2.2.1 ). However, 

sterile distilled water was used to rasuspend the cells prior to electroporation 

instead of 50 mM CaCI, . 

To 200 pL of diilled (4°C) competent cells, 2 pL of plasmid pT7 + lux CDABE 

were combined in a prechilled electroporation tube (BioradJnc. Cat# 165-2086). 

The electroporation apparatus (BioRad gene pulser, Produd # 1652076) was set 

to 2.5 kV, 25 pF and the pulse controller set to 400 ohms. The cuvette was installed 

into the electroporation apparatus and a pulse was applied to the mixture. SOC 

(see appendix A) medium (800 p l )  was imnediately added and the culture allowed 

to incubate up to 24 hrs at 37" C. After 0.5, 1, 2, 3 and 24 hm, 100 PL of the 

transfo& culture were inoculated onto LB agar plates cantaining ampicillin (50 

Pg/mL)- 

7.2.3 Morp holog ical. biochemical and serotypical characterization of Salmonella 

spp. before and after transformation 

Transformants (lux') were subjected to a series of tests to confirm that the 

modifieci bacteria had not substantially deviated from their original characteristics. 



7.2.3.1 Colonial mrphology 

The parent strain and the lux* transfomiants were inoculateâ ont0 BHI 

(Difco) agar, MSRV (Difco) agar and SSA (BBL). The colonial rnorphology and 

behaviour on each of the aga= was noted. 

7.2.3.2 Cellular rnorphology 

The parent strain and the lux* tranformants wre studied by phase~ontrast 

microscopy, gramstain and scanning electron microscopy. 

The biochemical profiles of the parent strain and lux' transfomnts were 

studied using the Vjek Jr. (Biomerieux Vitek, Inc.) using the GNI (Gram negative 

identification; Pduct  # V 1306) card. Both the parent strain and the transformant 

were analysed in duplicate. 



The lux' transfomnts were tested against Group B and C antisera (Factor 

4 and 6,8 respectively, Difco, Inc.) to venfy that the indicator antigens for the 

Salmonella spp. were present after transformation. 

7.2.4 Stability studies of bioluminescenœ output of the successfully transfomied 

Salmonella spp. 

The following tests wcre conducted to detennine the behaviour of lux' 

transfonnants under various conditions. 

7.2.4.1 Correlation of light output and plate count of lux' transformants 

Transfomiants were grown ovemight in 10 mL of SOB (See appendix A) + 

50 pg/mL anpiallin at 37°C. The ligM output from sefial dilutions (IO0, 1 0a2, 1 O4 and 

IO8) of the ovemight cultures was rnonitored using a Multilite luminometer 

(Biotrace, Inc.. Bridgend, U.K.). Correlations were perfonned on Iight output Ath 

corresponding plate counts for each dilution. 



7.2.4.2 Growth determination based on conductance and light rneasurernents 

Growth of the original Salmonella spp. and the wrresponding lux+ 

tansfomtants was measured by an irnpedifnetric method (Firstenberg-Eden, 1983). 

Both isoiates were inoculated in General Purpose Medium (Biomerieux, Vitek) and 

analysed by conductance measurements (Bactometer; Biomerieux, V i )  over a 24 

h n  period at 37°C. The analysis was performd in duplicate. 

Growth of the lm+ transformants was also determined by light output. Serial 

dilutions (1 0°, 1 02, 1 O3 and 1 04) of the lux' transformants were inoculated (1 0 p l )  

into a micmtitre plate containing 100 VL of LB broth with and without ampicillin (50 

W/mL). LigM output was repeatedly measured using a Galaxy BioOrbit 1258 Plate 

Reader (Mandel ScieMc, Inc., Guelph, Ontario) every 1 O mins over a period of 24 

hrs at 37°C. The experiment was perfomied in duplicate. 

7.2.4.3 The response of bioluminescent output to lactic aad at different levels of pH 

A culture of S. hadar(1ux') was grown in I O  mL of SOB + 50 vg/ml ampicillin 

ovemight at 37°C and subcultured into fresh medium (i.e., SOB + 50 pglmL 

ampiallin) for an additional 90 mins at 37°C. To conœntrak bacterial cells, a filter 

unit was used. It consisted of a 5 mL syringe attached to a Swinnex filter unit 

(Modd Wnnex SX0001300 ; MiIlipore, Inc) containing a m a b l e  glass fibre Rlter 

(Biotrace, Inc. MM Wl00). 



A sample (2mL) of culture was fittered and the membrane was subsequently 

rinsed with 5 mL of one of the buffered lactic acid solutions (pH 2.83. 3.01,4.02, 

4.35, 4.40) for a period of 10 sec. To reduœ the efFects of lactic acid. the filten 

were rinsed with 5 ml of phosphate bufFered saline (PBS). The filter was removed 

from the filter unit and placed into a cuvette containing 5 mL of BHI broth. Filten 

were observeci for bioluminescenœ output at O, 10, 20 and 60 mins by the Multilite 

luminometer (Biotrace, Inc.). The experiment was repeated twice. To serve as a 

control, a non-treated sample was filtered prior to each treatment without any lacüc 

acid. the membrane placed into 5 m l  of BHI broth and the bioluminescence output 

measured by the Muitilite luminometer (Biotrace, Inc.). 

After 24 hrs, total aerobic plate counts were performd on al1 samples in 

duplicate using a Spiml Plater Model O (Spiral Biotech, Inc.. Bethesda, MD) to 

inoculate Standard plate count agar (SPCA alpha grade: Oxoid CM463) 

7.2.4.4 Temperature stability of transformant at 40°C 

A culture of S. hadar (lux') was grown in 10 m l  of SOB + 50 pglmL ampicillin 

overnight at 37OC and subcultured into fresh media (i.e., SOB + 50 pglmL 

ampicillin) for an additional 90 mins at 37°C. Samples of the subculture (100 p l )  



Table 7.1 : Sumnary of physical characteristics of original and transfo& (lux') 

Salmonella hadar 

cellular morphology 

rmtility 

colonial morphology on 
BHI agar 

characteristic grey 
colonies with black 
œnter 

colonial morphology on 
SSA 

growai on MSRV 
wih 2% novobiocin 

Gram negative r d  

Y= 

pale white 
round 
convex 

characteristic grey 
colonies with black 
œnter 

Gtam negative r d  

Y- 

pale white 
round 
convex 



Table 7.2: Se iolog ical tesüng of un modified and transfomied (lux') Salmonella 

hadar 

Type of Salmonella spp. original bacteria 
testing 

1 Group B antisera 1 - 1 - 
1 Group C antisera 1 + 1 + 1 



Table 7.3: Results of biochemical testing of the original and transformed 

Salmonella hadar by Vtek Jr. (Biomerieux Vîek) in du plicate 

GLUCOSE FERMENTATION 

i W&TosE I +/+ I +/+ 

(DP 300) 

UREA 

1 GLUCOSE OXIDATION 1 +/+ 1 +/+ 

original 

4- 

1 MANNITOL 1 +/+ 1 +/+ 

transformant 

4- 

-1- 

1 GLUCOSE 1 +/+ 1 +/+ 

4- 

1 TRYPTOPHAN 1 4- 1 4- 

GROWTH CONTROL 

MALONATE 

1 LYSINE 1 +/+ 1 +/+ 

+/+ 

4- 

I +/+ 

4- 

ESCUUN 

POLYMYXIN B 

- -- - - - - 

4- 

4- 

- - - - - - - - 

4- 

4- 



Table 7.3 : Results of biochemical testing of the original and transfomied 

Salmonella hadar by Viek Jr. (Biomerieu Wtek) in duplicate 

1 SORBITOL 1 +/+ 1 +/+ 1 
original 

1 ONPGa FERMENTATION 1 4- 1 4- 1 

transformant 

1 RHAMNOSE 1 +/+ 1 +/+ 1 

PLANT INDICAN 
L 

LACTOSE 

SUCROSE 

a ONPG : O-Nitrophenyl-PD-galactopyranoside 

-1- 

4- 

4- 

4- 

4- 
I 

4- 



Figure 7.1a: Scanning electron microscopy of original Salmonella hadar isolated 

from a poukry abattoir 

Figure 7.1 b: Scanning electron micrascopy of the transfomied Salmonella hadar 

(lux'). 



Figure 7.2: Relation between plate count and bioluminescence readings of 

Saimonelia hadar (lux' ) 



lime (mn) 

Figure 7.3: The effect of dilutÏon (10' i , o ;  1 O-* @,O; 1 o3 +,O; I O 4  *,*) on light 

output of the Salmonella hadar (lux' ) over time with (closed 

syrnbols) and without (open symbols) ampicillin in LB broth at 



Figure 7.4: Bioluminescence output of Salmonella hadar (lux') More  

treatrnent and during recovery afier exposure ta different pH levels. 



Figure7.5: PlatewuntofSalmonellahadar(lux+)24 hnafterexposureto 

diffkrent pH levels 



Figure 7.6: Bioluminescence output of Salmonella hadar (lux*) over time at 

40°C 



wre dispensed into five sterile eppendorf tubes and treab-d at 40°C in a waterbath. 

Bioluminescence was rneasured before treatment and at 0, 0.5, 1,5 and 10 mins 

using a Multilite luminometer (Biotrace, Inc.). 

7.3 Results and Discussion 

Several presumpüve Salmonella spp. (n-14) were isolated from the poultry 

processing plant. Howver, serotyping by Dr. C. Poppe. Health Canada revealed 

that only 7 isolates were positive for Salmonelia spp. (See Appendix 6). The 

isolates idenafieci wre S. hadar (n=2; Antigens 6.8:zlO:x) and S. hedelberg (n=5; 

Antigens 4x2). An attempt was made to transfomi al1 these species/strains, 

hawever, only one of the isolates, S. hadar 6,821 0:x, was successful ly transfomied 

with the lux (CDABE) cassette. For Salmonella spp. that were unable to be 

transfo&, al1 were resistant to ampicillin. The successful transformant did not 

possess this characteristic. 

The transfomecl organism was not significantly difkrent in its biochemical, 

serotypical and phenotypical characteristics from the parent strain (Tables 7.1 to 

7.3). The only substantial differenœ was apparent under scanning electron 

microscopy. In Figures 7.1 a and b, it is evident that the long thin strands are in 

more numbers on the parent strain of S. hadar. 



The light output correlated well with plate counts (r = 0.98 p<O.Ol; Figure 

7.2). Growth of the parent strain and the transformant were comparable when 

measured by conductance (Bactometer; Mean Detedion times = 6.2 and 6.7 hm, 

tes-vely). Growth curves by bioluminescence output of the S. hadar (lux+) strain 

menbled typical growth wrves by culhial methods at different ceII concentrations 

(Figure 7.3). Furthemiore, results of growth curves wwe similar with and without 

anpicillin. Therefore, ampicillin was not required to induce bioluminescence in the 

organism. 

lrnmediately after exposure to different pH levels, there was an immediate 

decrease in light output for al1 treatments (Figure 7.4). However, after 20 mins of 

recovery, the S. hadar (lux*) was able to produœ bioluminescence after exposure 

to pH levels. 4.40 and 4.35. There was also recovery of the transformant after 30 

mins from exposure to a pH level of 4.02. Recoveries at the lower pH levels (i.e., 

3.01 and 2.30) were nominal. Plate count of S. hadar after a recovery time of 24 hrs 

for al1 t m i m n b  showed that deaeasing pH levels affecteci the population (Figure 

7.5). 

Bacterial bioluminescence has been used to predict growth and behaviour 

of modifieci organisms. However, certain limitations have been recognized (Duffy 

et a1.,1995; Ellison et al., 1991). The major problems are the effect of exireme pH 

conditions andor temperatures on the bioluminescence readion. Both pH and 



temperature play a vital role in the conformation of proteins. Therefore. luciferase 

enzyme and the bioluminescenœ reaction of modifiecl organisms could be greatly 

affeded under constant acidic andlor exireme temperature conditions. However, the 

treatment described in this study was used for a short pend of time (1 0 sec) and 

recovery occurred under favourable conditions. Furthemiore. colonies from plate 

counts (Le., after a 24 hm recovery) w r e  still able to produce bioluminescence. 

Therefore, the bioluminescence reacüon of S. hadar (lux+) was not pemianently 

damaged by the -nt. The results indicated that the light output of S-hadarat 

40°C was maintained for up to 10 mins (Figure 7.6). 

Previous studies have indicated that the incorporation of the full lux 

(CDABE) gene cassette might be very energy consuming for target organisms 

(Baker et al., 1992). This wuld resutt in a transfo& organism that may exhibit 

odd behaviour. Fortunately, aie transformed S. hadar did not exhibit any senous 

differences frorn the parent strain in bmrs of phenotypical characteristics. The only 

concern is the absence of the long thin strands of the transformant which might 

hamper the adhesion of the organism to surfaces. 

Most important, tk transforrned organism was able to produœ a light signal 

that was responsive to its environment This is cleariy indicated throug hout Figures 

7.2 to 7.6. Note, that in al1 of the studies, when conditions were less than optimal 

the 'real time" response was a decrease in light output. 



Bacterial bioluminescence can be a valuable twl for shidying the rnetabolic 

acovity of organisms. This technique could possibly lead to other uses in research. 

For example. rnicroaerophilic organisms, such as Campylobacter spp., can be 

analyzed for rnetabolic acüvity without disturbing their environment. Bacterial 

bioluminescence could also be used to obtain a better pidure of responses to 

antibiotics. Other researchers should be encouraged to find more uses for this 

technology. 



8.0 The determination of the long-terrn efficacy of an optîmized 

lactic acid treatment under various storage conditions using a 

Salmoneîla hadar (lux' ) 

8.1 Introduction 

Treatment of mat carcasses with bactericides is a rneans by which 

processors can improve the quality and safety of their products. There are a 

number of foodgrade chemicals that have anti-microbial efkcts (See Section 2.0). 

Howwer, many studies that invesügated the efficacy of these materials m r e  unable 

to venfy their performance in an industrial setting. The primary method of 

investigation in these studies was baseâ on the conventional aerobic plate count 

Genetally, conventional microbiology relies on the ability of rnicroorganisms 

to grow from a single cell into a visible colony under aerobic conditions. In the case 

of sublethal injury or in periods of stress, the growth can be hampered and this 

inhibition results in longer recovery or lag times (LerÏche and Carpentier, 1995). 

Therefore, there is a strong possibility that the tnie physiological status of the 

microbial population is not determineci in these studies. 

An alternative to conventional rnicrobiology could be bacterial 

bioluminescenœ. There are many organisms that are naturally luminescent (Baker 



et al., 1992; Meighen and Szittner, 1992). The genes that encode the enzymes 

responsible for bioluminescenœ can be doned into microorganisms of interest by 

molecular techniques (Baker et a1.,1992). The result is a genetically modifieci 

organism that can be easily identifid and d-ed (Duffy et al., 1995; Ellison et al., 

1991). 

Another major advantage of bacterial bioluminescence is the capability to 

rnonitor the metabolic actmty of the microorganism under any given conditions and 

in 'real-time". Metabolic advrty may be a better indication of the organism's ability 

to recover from an injured state or stress situations than conventional cultural 

techniques. Furthemore, this method can be used nondestnictively during storage 

or challenge studies. As a result, more accurate interpretations of the organisrn's 

response to bacterial treabnents can be obtained on a single sample during the 

entire course of study. 

The purpose of this study was to determine the effectiveness of a lactic acid 

treatment against a bioluminesœnt Salmonella hadar strain that had k e n  

genetically modifieci to cany the lux gene (CDABE) cassette. The ligM output was 

used as an indicator for viability and recovery of the organism. 



8.2 Materials and Methods 

8.2.1 Bacterial strain used for study 

A strain of Salmonella hadar was retrieved from a poultry abattoir and 

transfomied to becorne biolunr'nescent with a constitutive lux (CDABE) expression 

camed on plasrnid pT7 (Meighen and m e r ,  1992). The plasmid was a generous 

donation by Dr. E. Meighen, McGill University. 

8.2.2 Preparation of the biolurninescent Salmonella hadar (lux') for artificial 

inoculation ont0 turkey carcasses 

For each experirnental un, a loopful of m e n  culture was inoculated into a 

test tube containing 1.5 ml SOB + ampicillin (50 pglmi). The culture was grown in 

a shaking inaibator for 10 to 12 hm. at 37OC. Afier incubation, 1 mL of the culture 

was spread ont0 petri plaies containing SOB agar + ampicillin (50 pg/mL). The 

plates were incubated at 37°C for about 5 hrs so that there was a complete lawn 

of growth. 



8.2.3 Preparation of turkey samples for araficial inoculation 

On each day of the expeiment, one whole, govemment inspected, grade A 

turkey tom was used for each replicate. Turkey carcasses were obtained from a 

poulby processing plant and transportcd to the laboratory on ice. Carcasses were 

rînsed in tap water to remove any extraneous material and allowed to drain. 

The breast mat, with the skin intact, was removed from the bones and cut 

up into 16 individual squares (approxirnately 5 x 5 c d )  with a thidmess of about 

2 cm Follomhg treatment, each bmst  pieœ was placed into resealable aluminurn 

foi1 pans (10 x 5 x 2 cm3; Alcan, Inc.) lined with bladt absorbent tissue. To prevent 

the sample from drying out, each absorbent tissue in the sample tray was wetted 

with steriie distilled water (about 5 ml)  between readings. 

8.2.4 Inoculation of turkey sarnples with S. hadar (lux') using a sponge impnnt 

technique 

Cleaning sponges (WiashRack Supply, Inc. Toronto, Ont.) were cut into 

dimensions of 2 x 2 x 5 cm3 pieces. Using the lawn of gmwth of S. hadar (lux 

CDABE) generated earlier (Section 8.2.2), the square end (i.e., 2 x 2 cm3 of the 

sponge was pressed fimdy into the prepared culture of the bioluminescent S. hadar 

and irnrnediately transferred onto turkey breast samples (Section 8.2.3). This 

metkod was used for al1 treatment samples exœpt uninoculateci controls. 



8.2.5 An investigation of the viability of S. hadar (lux+) exposed to diWferent 

treatments and storage conditions 

The fbllowing categorïes were used to compare aie viability of S. hadar (lux+) 

on turkey breast samples atter treatment. Bioluminescence output was used as an 

indicator of viability per sample. 

1) NoMnoculated turkey samples (negative control) - Samples of turkey breasts, 

not inoculated with the modifiecl organism, were placed into the resealable 

containers and rnonitored for background readings over tirne. 

II) Inoailated turkey samples with no treatrnent (Le., positive control) - Samples of 

turkey breast. inoculated the modified organism, w r e  placed into the 

resealable containers and monitored for light output over time. 

Inoculated turkey samples treeted with water only (treatment 1) - Samples of 

turkey breast, inoculated mth the modined organism. were ri nsed ofF with water 

sprays desdbed below. Samples were placed into resealable containers and 

rnonitored for light output over time. 

lnoculated turkey samples treated with ladic add (treatrnent 2) - Samples of 

hirkey breast, inoailated with the modifieci organism, and rinsed off with lactic 

acid spray treatment. The lactic aad sduüon was applied at a concentration of 

4.25%, pH 3.0 and heated to a temperature of40°C. Afterwards, samples were 

lightly rinsed with sderile distillecl water at a temperature of 15°C. The samples 



were monitored for light output over tirne. 

For conditions III) and IV), a lawn and garden sprayer (Canadian Tire; mode1 no. 

59395û-2) was used to spray the carcasses. The equiprnent was filled to a volume 

of 2 L and was primed by pumping up the device 20 full strokes. The spray was 

direct& evenly over the samples by a back and forth motion and for a duration of 

I O  sec. 

Following all treatrnents, samples were stored at either -12, 0, 5 or 10°C 

according to the staüstical design ( M o n  8.2.8). For samples stored at 1 0 OC, light 

output was monitored by the BIQ Bioview (Cambridge Imaging, Ltd.) daily far a 

period of 10 days. For samples stored at -12, 0, and 5OC, light output was 

rnonitored by the BIQ Bioview (Cambridge Imaging, LM.) at 7, 14 and 21 days. 

8.2.6 Conditions to investigate the recovery of S. hadar (lux') 

After each of the storage periods, samples were tempered in an incubator at 

22°C to initiate recovery of the bacterium. Bioluminescence was rnonitored and 

recorded at O, 1, 5 and 1 O hrs with the BIQ Bioview (Cambridge Irnaging, LM.) 

8.2.7 Quantification of light output using a CCD image analyzer (BIQ Bioview, 

Cambridge Image, LM.) 



The f-stop on the CCD carnera lens of aie BIQ Bioview was set to an 

aperture of 2.0. The 'Blots and Gels" software package, included with the BIQ 

Bioview, was used to I o d e  and quantify bioluminescence output. The dimension 

of the area for quantification of light output was restricted to 2 x 2 c d  and a 

template was created to fix the sample belween readings. Light emission 

measurements were integrated over 10 sec. 

8.2.8 Staüstical design 

The study was set up as a 4 x 4 factorial design (4 treatments x 4 storage 

temperatures = 16 cornbinations) and replicated over 4 day period. The total 

number of observations was 64 (4 x 4 x 4 = 64). 



8.2.8.1 Analysis of data from the viability study of turkey breast samples inocutated 

with S. hadar (lux') 

Initial analysis of the results indicated that an inverse transformation of the 

bioluminescence output over time was required to improve the interpretation of the 

viability study. An example of the viability curve and the subsequent transformation 

are illustrated in Figure 8.1. 

Figure 8.1 : An example of raw data from the viability study and the subsequent 

transformation of bioluminescent output 



Using the regression procedure of SAS@ (1988), positive slopes (Le., Q) 

were calculateci from the inverse transformations. A statistical evaluation was 

performed to detemine if the beahent combinations had an effect on the redudion 

of metabolic acovity of the organisms over time. The followïng d e l  was used for 

interpretation of the results. 

SLOPE (m,) - rate of the bioluminescent output over tirne for viability 
p, - intercept value 
trial - efFect of experimental nin 
treat - effect of treatment of either negative, positive, water or lactic acid 
temp - effect of storage temperature of either -12, 0, 5,or 10°C 
treat x temp - efFect of the combination of treatment and temperature 
s - error term 



These data wwe analysed using the General Linear Model of SAS@ (SAS Institute, 

1 988). 

8.2.8.2 Analpis of data from the recovery study of turkey sarnples inmlated with 

S. hadar (lux*) 

A log,o transformation of the bioluminescence output over time was 

performed to facilitate analysis of aie data. An example of the initial recovery wrve 

and the subsequent transformation is illustrated in Figure 8.2. 

Figure 8.2: An exarnple of raw data from the recovery study and the subsequent 

transformation of bioluminescent output 



Using the tegression procedure of SAS@ (1988), positive slopes (i-e., nk) 

were calculated from the log,, transformation of data. A statistical evaluation was 

perfomied b determine ifthe -nt combinations had an effect on the recovery 

of organisms over tirne. The following mode1 was used for interptetation of the 

results. 

SLOPE (mR) - rate of the bioluminescent output over time for recovery 
p, - intercept value 
trial - effect of experirnentai fun 
treat - effect of treatrnent of either negative, positive, water or lactic acid 
temp - effect of storage temperature of either -12, 0, 5, or 10°C 
treat x temp - e f k t  of the combination of treatment and temperature 
e - error term 

All data were analysed using the General Linear Model of SAS@ (SAS Institute, 

1988). 



8.3 Results and Discussion 

To remove dm a d a t e û  with the BIQ Bioview (Cambridge Imaging, Ltd.), 

readings obtained from negative controis were subtracted from al1 test 

bioluminesamt readings. A student t-test on two groups (i.e., each group consisted 

of 3 samples) of breast sanples inoculated by the sponge imprint technique showed 

no significant (p > 0.20) difference in light output. Therefore, repeatability of the 

inoculation method on turkey breast samples was good. Both the Univariate and 

General Linear Model procedures indicated that the data were of a n o m l  

distribution and there was no significant (pe0.15) differenœ between trials. 

Initially, an attempt was made to fit a linear expression to the 

bioluminescence data over time for both the viability and recovery studies. 

Hwver ,  the linear mode1 analysis by the Regression analysis procedure of SAS@ 

revealed that most of the data did not follow a significant (p > 0.20) linear trend. 

Therefore, it was necessary to convert the bioluminescence data to fit a nonlinear 

expression to improve the interpretaüon of the results. Transfomtion of the data 

greatly improved the signiftcance values (p < 0.05) when the inverse and log,, 

cfu/mL interpMon of the bioluminescence output were used for the viability and 

recovery studies over tirne, respectively. 

Differences in ligM output from S. hadar (lux') imrnediately after treatments, 



as indicaded by yintercepts values (Figures 8.3 a to d), w r e  signficantly (p < 0.05) 

different Therefore, the S. hadar population was a M e d  by each treatment, 

initially. 

The viability study indicated that there was a significant (p < 0.01) negative 

curvilinear relation between the bioluminescence output and time. Illustrations of 

the viability M i e s  are shom in Figures 8.3 a to d. Bas& on the results in Figure 

8.4, viability of S. hadar (Le., mJ significantly (pc0.05) decreaseâ with treatmnt 

type; Control(+) c waterc Lack acid. Therefore, lactic acid was the most efFective 

treatment for eliminating S. hadar (lux') from turkey carcasses. 

Further analysis determineci that storage temperatures were also important. 

The rate of metabolic activity was significantiy (pe0.05) higher at 10°C than at -12, 

O and 5°C. There were no significant (p>0.15) differences obsened between the 

three lower storage temperatures. There was also no significant (p > 0.20) 

interactive efFect between temperature and treatrnent during the viability study. 

Bactericidal treatrnents and low storage temperatures have been e W v e  in 

reducing microbial contamination. Therefore, i t  is no surprise that the 

bioluminescence output confirms these findings. 



Figure 8.3a: Viability of Salmonella hadar (lux') over time (i.e., based on 

bioluminescence output) after exposure to three different treatrnents 

(control O; water O; lacüc acid 0) and storage at 10°C. 



Figure 8.3b: Viability of Salmonella hadar (lux') over time (i .e., based on 

bioluminescence output) after exposure to three different treatrnents 

(control O; water O; lacüc acid 0) and storage at 5°C 



Figure 8 . 3 ~ :  Viability of Salmonella hadar (lux') over time (Le.. based on 

bioluminescence output) after exposure to three different treatments 

(control O; wakr 0; lactic acid il) and storage at 0°C 



Figure 8.3d: Viability of Salmonella hadar (lux') over time (i.e., based on 

bioluminescence output) after exposure to three different treatments 

(control O; water O; lactic acid 0) and storage at - 12°C. 



Figure 8.4: Least Square rneans on the rates of viability from Salmelia hadar 

(lux') (Le., based on rates of bioluminescence output) affer exposure 

to difkrent treatrnents and storage at various temperatures 

(Std. error = 0.90 (llriux 10d/day) ) 



The recovery study indicated that there was a significant (p e 0.05) positive 

~ ~ l i n e a r  response of the bioluminescenœ output over tirne during resuscitation 

of the samples. Illus$ations of the recovery curves are shown in Figures 8.5 a to d. 

Based on the statistical analysis, the results indicated that the rate of recovery 

(i.e.,rnd of the S. hadar significantly (pc0.05) increased with treatrnent type; 

Control(+) > water r lactic acid. Recovery was slowest for the lactic acid 

treatments. There was a signincant (p c 0.05) interadive effkct between treatment 

and temperature on the rate of recovery of the S. hadar (lux'). Furthemiore, it was 

detemined that temperature had a significant (p c 0.05) effect on the rates of 

recovery of the S. hadar (lux'). Recavery was greatest following storage at -1 2 OC. 

There was no significant (pz0.20) difbrenœ between rates of recovery following 

storage at 10 and O°C, but bath temperatures produceci faster recovery rates than 

storage at 5°C. lngram (1951) has also described an adverse effect of cold 

environrnents on microorganisms, but at - 2°C. 

An explanation of the odd behaviour of the organism during recovery could 

partly be aan'buted to the behaviour of water under cold conditions. Water 

increases in density as ît approaches 4°C (Gillespie et al., 1986). Therefore, it rnay 

be possible that an organisrn at a storage temperature of 5°C would have to 
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operate in a more viscous cytoplasm than at higher temperatures In tum, the 

Figure 8. Sa: Recovery of Salmonella hadar (lux') over time (i .e., based on 

bioluminescenœ output) from exposure to three different treatments 

(control O; water O; lactic acid 0) and from storage at 10 OC. 
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Figure 8.5b: Recovery of Selmonella hadar (lux') over time (i.e.. based on 

biolumniescence output) from exposure to three different treatments 

(control O; water O; lactic acid 0) and from storage at 5°C 



Figure 8 .5~:  Recovery of Salmonella hadar (lux') over tirne (Le., based on 

bioluminescence output) Rom exposure to three different treatrnents 

(control O; water O; lactic acid 0) and from stonge at 0°C 



Figure 8.5d: Recovery of Salmonella hadar (lux') over time (Le., based on 

bioluminescence output) from exposure to three different treatrnents 

(conbol O; water O; ladic acid 0) and from storage at -12OC 



Figure 8.6: Least Square means on the rates of recovery from Salmonella hadar 

(lux+) (Le., baseâ on rates of bioluminescence output) from exposure 

to different treatments and from various storage temperatures 

(Std. error = 0.02 (log du x i  0-2)/hr ). 



cellular functions may be adversely afkcted. Another explanation could be the 

prolikntion of psychrotrophic bactena at 5°C that mukl have a negative e f k t  on 

S. hadar (lux') during &orage and subsequently, during resuscitation. 

At the lower temperatures (Le., - 12 and O O C), recovery is dependant on 

the rate of fredng. Based on the amount of unbound water and the absence of ice 

crystallimtion, loww temperatures could prornote the preservation of the bacterium 

and facilitate a better recovery. This may be especially true at a storage 

temperature of -12OC (Georgala and Hurst, 1963). The functionality of water at 

lower temperatures in food produds has been reviewed by Goff (1992). 

8.4 Conclusions 

In condusion, the lacüc acid treatment was able to improve both hygiene and 

safety of meat produds during storage and thawing. This was clearly show by the 

reduced metaboIic rate of S. hadar (lux') during the viability study and the r d  uced 

metabolic rate during the recovery study. The interpretation of the temperature 

efFect from the recovery study is of paramount value. It presents further evidenœ 

of the danger of thawing poultry or rneat produds that may habour well preserved 

pathogenic bacteria at ambient temperatures (i.e., 22°C). 



Quality assessrnent of a poulby processing facility using ATP 

bioluminescence and conventional microbiological 

techniques 

Introduction 

Program have been developed for the food industry to heip improve food 

safety and quality. One program of interest to the food industry is HACCP. An 

important pait of a HACCP program is the verification procedures that indicate the 

system is functioning properiy (The National Advisory Cornmittee on the 

Microbiological Criteria for Foods, 1992). This is especially important for rnicrobial 

hazards associated with the process (Simonsen et al., 1987). Verification of 

microbial hazards may be achieved by routine analysis of carcasses using 

conventional rnicrobiology (i.e., plate counts). However, an appropriate and 

meaningful sarnpling methcd has yet to be developed. 

Furthemiore, conventional rnethodology only provides information of a 

historical nature whereas it may be desirable to obtain results on a near "real-tirnet' 

basis. A better approach rnay be the use of ATP bioluminescence asays. ATP 

bioluminescence assays can provide data on the microbiological quality of 

canasses in minutes rather than days (Bautista et al., 1994; 1996a; Griffiths 1996; 



Stanley, 1989). Using a simple biochemicaUenzymatic reaction, the contamination 

of a surface can be detemined (Stanley, 1989). In the food industry, hygiene 

monitoring tests ôased on ATP are wideiy used to detemine the level of cleanliness 

of equiprnent Some insigM has been directecl towards aie application of this assay 

for HACCP verification andlor monitoring protocols. 

The objective of this shidy was to develop a system of sampling that could 

effecbively determine the level of hygiene on carcasses during poultry production. 

Both the ATP bioluminescence assay and conventional rnethodology were used to 

evaluate microbial loads on poultry carcasses during processing. 

9.2 Materials and Meaiods 

9.2.1 Sampling Protocol 

At a poultry processing plant. 12 carcasses were examined for each of 4 

Rocks processed on each day. The experiment was repeated on 4 separate days. 

A total of 192 pwltry carcasses was examined (12 x 4 x 4 = 192) during the entire 

study. 

Sampling of chicken carcasses for bactenal content was carieci out using 

a sirnultaneous duat swab technique on the chicken samples. The methoci involved 

swabbing the entire breast area with two cotton tip swabs, simultaneously. To 



ensure adequate sampling, the breast area was swabbed in a horizontal pattern 

and secondiy, swabbed once again in a vertical pattern. In addition, the swabs were 

rotated between the index finger and the aiumb in a back and foith motion. This 

allowed for wmplete use of the entire swab surface. Aiter sampling, one of the 

swabs was placed into 10 ml of 0.1% peptone (Difco, Inc.), the other swab was 

replaced into its container. Both swabs were brought back to the laboratory for 

further analysis by ATP bioluminescence and conventional microbiology. 

9.2.2 Assessrnent of the microbiological quality of proœssed carcasses 

9.2.2-1 Conventional microbiology 

Serial dilutions (2 x 1 9  mL in 0.1% peptone) of the swab sample were 

prepared and 1 m l  of the dilution was dispensed onto Petrifilmm (3M, Inc.) for total 

aerobic counts. The Petrifilmsa were incubated for 24 h n  at 37°C and pink 

colonies counted. 

9.2.2.2 ATP bioluminescence 

The swab (designated for ATP analysis) was immersed in 1 mL of lysing 

solution (Bactex solution, MMWI W, Biotrace Inc.) for 1 min. An aliquot (200 PL) of 

the lysed solution wss placed into a fresh cuvette (Biotrace, Inc.) and combined with 



100 PL of prepared Iuciferin/luciferase solution (MMW100 Biotraœ. Inc.) ; 

diluted 1 : I O  with sterile distilled water. The cuvette was placed into a Multilite 

luminometer (Biotraœ, Inc.) and the light output rneasured. 

9.2.3 Layout of statistical design and analysis 

An illustration of the poultry processing line is depicted in Figure 9.1. To 

determine baseline levels of contamination, carcasses at several key areas, 

idemed as possible CCPs, were sampled to assess microbiological quality. A list 

of the 12 designated areas is provided in Table 9.1 and shown schematically in 

Figure 9.1. The statisücal design w s  set up as a partially balanced incomplete latin 

square. where 4 flocks of poultry were analysed on each experimental day and 

each fi& was analysed for al1 stations listed above. The order of station sampling 

was completely randomized m i n  each flock processeci. The experirnent was 

replicated on 4 separate days (12 x 4 x 4 = 192). 

The results w r e  analyzed using the MlXED procedure of SWjstical 

Analysis System SAS@ (SAS, 1988). 



Figure 9.1: Illustration of the processing steps at a poultry abattoir and W o n s  

identified for poultry hygiene assessment during processing 



Table 9.1 : Summary of stations evaluated at a poultry pr-ing plant 

1) Before shower 1 7) Afterbfore neck removal 

2) After shower luefore shower 2 8) After neck removal\before vacuum 

3) After showr 2before evisceration 9) After vacuumbefore insideoutside wash 

4) After evisceration\before inspecüon 1 0) After insideoutside wash\before 
prechilling 

5) Afte r inspection\before cropper 11) After prechillingbefore chilling 

6) After cropper\before neck breaker 12) After chilling 



9.3 Resub and Discussion 

To test repeatability of the swabbing procedure m i n  a sample, chicken 

carcasses (n=3) were obtained, the breasts separateci from the carcass, and 

analysed for quality by the plate count rnethod in duplicate. Resolts of a student t- 

test showed that there was no signifiant (p>0.20) differenœ in count between 

duplicates. The same resuk was true for the ATP bioluminescence assay. 

Therefore, the repeatability of the sampling procedure. within a sample, was 

sufficient for both the plate count procedure and the ATP bioluminescence assay. 

9.3.1 The analysis of quality of carcasses at stations along the processing Iine by 

conventional rnicrobiology and ATP bioluminescence 

The Least Square means of microbial load on carcasses at each of the 

stations for the entire study are illustrated in Figure 9.2. As indicated by aerobic 

plate counts, the level of contamination on poultry carcasses was constant 

throughout stations 1 to 10. At stations 11 and 12, there was a significant (p4.001) 

decrease in microbial levels on poultry carcasses. This was probably due to the 

chilling of carcasses in the prechill and chill tanks. The Least Square means of the 

microbial load by conventional mcaiodology on carcasses at each of the stations 

for individual days are repofled in Table 9.2. The results show similar trends of 



Station analysed 

Figure 9.2: Least Square rneans of the Mcrobiological quality (Le., as 

detemined by conventional rnethods) of carcasses sampled at 

different stations at a poultry processing plant for the entite study 

(n = 192). 



Table 9.2: Least Square means of the microbial contamination (Le., as 

determined by conventional methods; cfulml) of carcasses 

sarnpled at different stations at a poultry processing plant for 

individual days (Std. error = 0.1 0 log,, cfu/mL) 

Day 1 

4 -66 

4.52 

4.24 

4.60 

4.74 

4.57 

4.69 

4.41 

4.54 

4.33 

3.86 

3.45 

Day 2 

4.58 

4.42 

4.38 

4.39 

4.55 

4.58 

4.31 

4.44 

4.26 

4.15 

4.02 

3.39 

Day 3 

4.36 

4.27 

4.42 

4.68 

4.27 

4.31 

4.10 

4.17 

3.97 

3.70 

3.41 

2.88 

Day 4 

4.20 

4-58 

4.51 

4.55 

4.72 

4.25 

4.48 

4.45 

4.42 

4.33 

3.44 

3.1 5 



Station analysed 

Figure 9.3: Least Square rneans of the overall quality (Le., as detemined by 

the ATP bioluminescence assay) of carcasses sampled at 

different stations at a poultry processing plant for the entire 

study (n = 192). 



Table 9.3: 

Station 

Least Square rneans of the microbial contamination (i.e., as 

determined by the ATP bioluminescence assay; riulbreast area) 

of carcasses sampled at difkrent stations at a poultry 

processing plant for individual days 

(n = 1 92; Std. error = O. 1 7 log rluhreast area). 

Day 1 Day 2 Day 3 

3.34 

3.36 

3.89 

4.07 

3.87 

3.55 

3.15 

3.70 

3.73 

3.66 

2.92 

2.89 



microbial contamination on carcasses. 

Similar signincant mdudions (p<0.001) are also illustrateci at stations 11 and 

12 for poultry carcasses analysed by the ATP bioluminesœnœ rnethod (Figure 

9.3). However, the assay showed some variation in the Least Square rneans 

between staüons 1 to 10 that was not observed when samples were assayed by 

conventional methodology. ATP levels were higher on carcasses sampled at points 

3 and 4 and also at points 8,9 and 10. The higher levels of contamination at station 

3 and 4 were probably due to contamination associated with evisceration of the 

poultry carcass. The higher contamination levels at 8, 9 and 10 are not so easy to 

explain. Sinœ carcasses are inverted during processing (Le., head dom), a 

possible reason could be due to s o m  contents from the crop that rnay have worked 

its way ont0 the neck area. As carcasses are passed through the ne& breaker, 

contamination can be transferred ont0 the carcass and sunounding carcasses. 

The Least Square means of the microbial load determined by the ATP 

bioluminescence assay on carcasses at each of the stations for individual days are 

reported in Table 9.3. The resub show similar trends of contamination levels at al1 

stations throughout the entire study. 



9.3.2 Analysis of overall quality of poultry slaughtered on individual days by 

wnventional rnethods and the ATP bioluminescence assay 

Results of analysis of microbiologid quality and overall quality by 

conventional methods and the ATP bioluminescence assay, respecti-vely, for 

individual days are illustrated in Figures 9.4 and 9.5. There were significant 

(peO.05) difFerenœs of contamination levels on individual days by both 

conventional mcthodology and the ATP bioluminescence assay. However, the 

differences were within 1 log,, (Le., between 3 and 4 log, cfdml) and wuld be 

regarded as small. 

9.3.3 Analysis of quality of chicken flocks on individual days by wnventional 

methodology and the ATP bioluminescence assay 

Least Square means of the quality of flocks analysed on a daily basis by 

conventional methods and the ATP bioluminescence assay are reported in Tables 

9.4 and 9.5, respectively. For all days, fiocks showed significant (pe0.05) 

differences in levels of quality during processing by plate count and the ATP 

bioluminescence assay . 



Time (day) 

Figure 9.4: Least Square rneans of the Mcrobiological quality (Le., as determinad 

by conventional mthods) of carcasses sampled on individual days 

(n = 192). 



Time (day) 

Figure 9.5: Least Square means of the overall quality (Le.. as determined by the 

ATP bioluminescenœ assay) of carcasses sampled on individual 

days (n = 192) 



Table 9.4: has t  Square means of the microbiological quality (Le., as deterrnined 

by conventional methods; cfu/mL) of flocks of poultry processed on 

individual days (n = 192; SM. eror = 0.1 0 cfulml) 

Flock Day 1 Day 2 Day 3 Day 4 

Table 9.5: Least Square means of the overall quality (i.e., as determined by 

the ATP bioluminescence assay; rlulbreast area) of flocks of 

poultry processed on individual days 

(n = 192; Std. enor = 0.13 rlu/breast area) 

1 Flock Day 1 Day 2 



Howe~r. again these differences wen within 1 log,, (Le., between 3 and 4 log10 

auhnL). Therefore, the differences in contamination levels were regarded as srnall. 

80th Renwick et al. (1993) and McNab et al. (1993) also confimecl that 

signincant (pc0.05) levels of contamination were associated with locks. They used 

an automated hydrophobie grid membrane filtration apparatusl interpreter system 

to determine their results. 

According to this limited study, bath the ATP bioluminescence assay and the 

plate count rnethod were able to evaluate the hygienic levels of a pouitry processing 

system. Therefore, if the industry is considering using either technique, it will be 

necessary to implement some staüstical design and analysis. The information 

obtained in this report cannot be achieved with occasional random sampling as 

proposed by the 'Final Rulesn guidelines or by the Canadian Generic HACCP 

mode1 for poultry slaugbr (Anon, 1997a; Anon, 1997b). The sample scheme must 

be planned such that the maximum information can be retrieved for interpretation 

of the system performance. 

Also, one must consider the major advantage of using the ATP 

bioluminescence assay. The ATP bioluminescence assay has proved to be useful 

for the detemination of hygiene of m a t  produ& (Bautista et al.,1994;1996a; 

Siragusa and Cutter, 1995; Siragusa et al., 1995) and equipment sunaces (Bautista 



et aL,1994;Sacger and Gnmths, 1994). The test, as described in this study, can be 

peiformed in less that 5 mins and provides an assessrnent of carcass quality on a 

near 'ml-timen basis. This definitely would be a great help for HACCP program. 

Regression analysis of the Least Square means of conventional 

methodology and the ATP bioluminescence assay for the quality of stations for the 

entire study was satisfactory (n = 12 r=0.69 p4.05). However, it should be noted 

that both assay systems measured two diffèrent parameten (Le., microbial vs. 

overall cleanliness). Thenfore, an exact relationship between the two assessments 

should not be expected and the assay systems should be interpreted individually. 

The data indicated that a good statistical design and analysis can provide 

meaningful interpretation of cornplex systems. From the information gathered in 

this experirnent, a CCP should be established in the areas of prechill and chill 

immersion. It has been recognized that adequate chilling and agitation in the 

prechill and chill tanks are able to reduœ the levels of contamination significantly 

(ICMSF, 1988; Brock, 1991). Upon adopting the necessary specificsüons for this 

CCP, the poultry industry will control and likely reduœ the overall microbial level 

on poultry carcasses. There is some indication that other areas can be effective 

CPPs (e.g ., evisceration area) within a poultry processing system. However, more 

studies are required . 



With the aid of statistical designs, the quality of a poultry process was 

effectively detemiined by both conventional methodology and the ATP 

bioluminescence assay. Although the results were meaningful, it is not an 

exhaustive study. More information can be obtained from an extendeci study at a 

poultry processing plant. The staüstical method helped scale d o m  this 

observational study into a manageable fom. 

The plate count rnethod was able to provide simiiar information as the ATP 

biolumi~nescenœ assay. However, plate count results were obtained after 24 to 48 

hrs of incubation time as opposed to minutes by the ATP bioluminescence assay. 

In a situation where a problem may require immediate attention, the plate count 

method fails. Furthemore, the importance of "real time" evaluation of microbial 

hazards must be recognized. It is only by adopting this philosophy that the food 

industry can assess and correct a microbial problern effectively. 



10.0 General Discussion 

The mat  inspection serviœ and food quality assurance prograrns have 

provided a level of safety to the consumer. Unfortunately, outbreaks of foodbome 

illness continue in spite of their efforts. Therefore, present methods of ensuring 

sakty and quality are not a h y s  reliable and other technologies and philosophies 

should be introduced to provide an increased level of safcty to the consumer. 

These philosophies and techniques can easily complement the meat inspection 

serviœ. 

As presented in this dissertation, bactericidal treatments and verifidon of 

HACCP programs can certainly improve aie level of safety and quality of meat 

products. Based on overall performance. lactic acid treatments should be 

irnplemented to decontaminate poultry surfaces. However. a hig h concentration of 

lactic acid (> 4.0 % w h )  is necessary if food establishments want to achieve a 

significant improvernent of mat surfa- hygiene. The research presented here and 

previous research activities have shown the poor effmcy of lactic acid treatments 

lower than 3% wlw (Bauüsta et aL. 1996b; Greer and Jones, 1991 ; van der Marel 

et al., 1988). Aithough the present study focuses on the application of bactericidal 

treatrnent onto carcasses contaminated with feces, lactic acid may be used as a 

routine treatment to improve the hygiene of all carcasses during production. 

Howevar, further research is required. 



In addition, lactic acid can be regarded as a naturally occurring substance 

with low toxicity. Laclic aad is a fundamental conponent of cabhydrate and amino 

acid metabdism and is readily found in tissues, liquids, secreta and excreta of the 

body (Wagner, 1981). The metabolism of lactic acid is regulated by hormones 

(adrenalin, insulin, glucagon, etc.) and it has been reported that humans produœ 

1 17 to 1449 lactaW24tû7Okg (Connor et al., 1982). Furthermore, lactates have low 

acute toxiaty in animals (Elias, 1987). The oral lethal dose (LD,) in rodents is 2 to 

5 g k g  body weight and dogs can ingest up to i 600 mgkg body weight over 2.5 

mnths without il1 effects. Thus, it has GRAS M u s .  

Consumer acceptanœ of poultry products treated with ladic aad may or may 

not be a problern. The only conœrn is the discolouration the acid produœs on rneat 

surfaces. Although a post treatment with water significantly improved the 

appearance of poultiy carcass surfaces, there was a significant (p < 0.05) 

irreversible change in Hunter b values (Le., yellow - Mue). However, a close visual 

inspection is requireâ before the discoloration becornes apparent. In amparison 

to discoloured carcasses from an airchilling procass, lacüc acid treatrnents may not 

pose an issue with consumen. 

For in-plant use, spraying achnology should be used to administer the lactic 

acid treatment. Spraying is a better approach than other techniques (Le., dipping 

of carcasses in sduüon) because thers is less opportunity for cross contamination. 



Furthermore, the m u e n t  use of a holding tank may harbour the possibility of 

introducing a lacüc acid resistant microorganism ont0 food products. The problem 

could be the opportunistic colonization of the lactic acid resistant organism on the 

product. It is of utrnost importance if the resistant organisms are pathogens. If a 

food processor still wishes to use immersion techniques, they should frequently 

change the bactericidal solution to maximize performance and reduœ the 

prevalenœ of resistant bacteria. 

As for storage and iecovery sWies, the use of bacterial bioluminescence as 

a %al-tim" indicator of metabolic status of S. hadar (lux') provides an innovative 

approacti for evaluating bactericidal efficacy. This especially came to light with the 

results from breast samples treated with lactic acid. Note, if a similar experirnent 

was perfomied with conventional Mcrobiological techniques, certain problems may 

anse that could affect the accuracy of the study. For example, due to the destructive 

nature of conventional microbial techniques, several samples would have to be 

used to accommodate the sampling intenta1 for the shelf-life study. Furthemiore, an 

assumption mxild have to be made that the level of inoculum on the sample would 

be the sarne throughout Unless certain precautions are taken, this is difficult to do 

on a practical basis. Studies using bioluminescent organisms can be perfomied 

nondestructively and only one sample would be necessary per experirnental nin. 

Bactena modified with bioluminescence genes have been used to detect 



Salmonella spp. in food samples (Chen and Griffiths, 1996; Hudson et al., 1996; 

Tomicka et el., 1996) and to evaluate metabolic adivity under diffirent 

environmental conditions (Walker et al., 1992; Ellison et al., 1991 ; Duffy et al., 1995). 

Unfortunately, there were limitations of the instrument (Le., BIQ; Cambridge 

Imaging. M.) used to detemhe the bioluminescence output from poultry samples 

in this study. The minimum fight output from a population of bacteria that could be 

detecteâ conespondeci to about 10 000 dulmL. Therefore, individual assessrnent 

of a single bioluminescent organisrn was not feasible. A microscopie assessrnent 

of individual bioluminescent microorganisms could lead to a clearer picture of 

microbial redudion, metabolic acüvity and response to the environment. The 

present study could only detect light output per unit of sample. However, there is 

a micr~scopic imaging system available h m  a company (Hamamatsu, Inc.) and this 

instrument expand the usefulness of bioluminesœnœ to food microbiologists. 

Recently, the FSlS and CFlA produced several generic HACCP programs 

for mat processing plants. Two W C ?  programs of key interest are the Amencan 

and Canadian Generic HACCP Model for Poultry Slaughter (Anon 1994; Anon 

1997b) (Section 2.5.5.3). 

An aümpt at regulation of microbial hazards is proposed by FSlS with the 

publication of the 'Final Rules" for ma t  proa#sing establishments (Anon.. 1997a). 

Howaver, the frequency rate for miCrobial analysis for poa-hanrest of animals is not 



comprehensive. For example, a broiler is to be sampled for every 22 000 birds 

during proœssing on a weekly basis for E. coli (Anon, 1997a). For smaller volume 

plants, evaluation can be as infrequent as once a year. 

Obviously, this type of hygiene assessrnant for quality and safety is 

unacceptable. Furthemiore, several variables (e.g., seasonality, Rocks of poultry, 

staff, etc.) can influence the outcorne of the result that cannot be covered by the 

'Final Rulesn protocol (Renwick et al., 1991 ; McNab et al., 1993). Therefore, there 

is a necd for statistical designs and analysis that can detenine hygiene at meat 

processing establishments on a routine basis. 

As demonstrated in Section 9.0, the staüstical design proved to be useful 

in determining the baseline values of contamination during processing. This was 

dearly seen using both the ATP bioluminescence assay and conventional microbial 

techniques to assess contamination. Although conventional microbiological 

techniques were able to determine contamination levels of the proœss, food 

processon are enwuraged to see the value of immediate results from the ATP 

bioluminescence assay. The greatest advantage is the "real timen evaluation of 

CCPs that allow for immediate adjustrnents during processing. Furthemore, with 

the developrnent of surface sarnplen (Sharpe et al., 1996). more convenient and 

pracücal sampling methods can be developed to help food processors mare easily 

determine hygiene during processing. 



The results h m  this study provide an interesting look at novel approaches 

for the determination and control of the safety and quality of poultry products. 

Houttever, it is not exhaustive and additional research is required before any of 

these techniques are implemented in meat processing establishments. 

For lactic acid treatments, future work can be directed towards routine 

application of the acid for al1 poultry carcasses. However, further studies must be 

performed to find the right conditions for regular processed birds. The advantage 

of the treatmant could not only improve safety, but extend shelf-life of poultry 

produds, as well. In addition. studies should be perfomied to detemine if bacteria, 

particularly paoiogens, can becorne resistant to the treatment. 

In regards to the S. hadar (lux*), Mure work could involve an investigation 

of patterns of contamination during evisceration of carcasses. This can be easily 

achieved by administering the organism into ked or by oral-gavage. Then, patterns 

of light emissions can be mapped on the carcass. Knowledge of the patterns of 

contamination on carcasses could help with future designs of equiprnent for poultry 

processing . 



11 .O Conclusions 

1) Of the four bacteriades studied, lactic acid was the most effective treatrmnt 

that improved the hygiene of wntaminated carcasses. 

2) In an industrial setting, the lactic acid treatment outlined in Section 4.0 

significantly (pc 0.05) improved the hygiene of contaminated carcasses to 

levels equal to or better than regular processed birds. 

3) A prescribed ladic acid treatment did not impart any significant (p > 0.20) or 

undesirable taste qualities ont0 poultry products following water immersion 

treatments. Water immersion can also be used to minimize the 

discolouration efkcts from the treatment. 

4) Based on bioluminescence studies with a modified S. hadar (lux CDABE). 

lactic acid treatments were able to reduce initial levels of contamination, 

reduce rnetabolic activity and suppress recovery of the organism. 



5) Statistical planning and analysis wuld prove to be useful tools for 

verification of HACCP programs and. when combineci with rapid 

microbiological tests, such as, ATP. bioluminescence, a 'real timen 

evaluation of the program can be achieved. 
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13.0 Appendices 



Appendix A 

Per liter: 

To 950 ml of deionized H,O, add: 

bacto-tryptone 20 ,O 
bacto-yeast extract 5 g 
NaC1 0.3 g 

Shake until the solutes have dissolved. Add 10 ml of a 250 m u  solution of 
KCL. (This solution is made by dissolving 1.86 g of KC1 in 100 ml of deionized 
H.0.) Adjust the pH to 7.0 with 5 NaOH ( -  0.2 ml). Adjust the volume of 
t& solution to 1 liter wi th  deionized &O. Sterilize by autoclaving for 20 
minutes at 15 lb/sq. in. on liquid cycle. 

Just before use, add 5 ml of a stede solution of 2 M MgCl,. (This solution is 
made by dissolving 19 g of MgCI, in 90 ml of deionized H,O. Adjust the 
volume of the solution t o  100 ml with deionized H,O &d stenlize by 
autoclaving for 20 minutes at 15 lblsq. in. on iiquid cycle.) 

SOC M e d i u m  
SOC medium is identical to SOB medium, except that it contains 20 - 
glucose. .Mer the SOB medium has been autoclaved, allow it to cool to 60°C 
or less and then add 20 ml of a sterile 1 M solution of glucose. (This solution is 
made by dissolving 18 g of glucose in 90 ml of  deionized H.O. After the sugar 
has dissolved, adjust the volume of the solution to 100 ml k t h  deionized H,O 
and sterilize by filtration through a 0.22-micron filter.) 

(Sambrook et al.. 1989) 
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