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A large number of bacterial and yeast isolates were obtained

from meat and poultry processing plants by swab and contact plate

sampling methods. Most of the isolates were subjected to a brief

taxonomic study and listed according to their sources. Representa-

tive food spoilage, indicator and pathogenic organisms were identified

to genus and species, and germicide effectiveness studies were per-

formed on them.

The organisms tested were Escherichia coli, Pseudomonas

aeruginosa, Streptococcus faecalis, Micrococcus luteus, Salmonella

derby, spores of Bacillus licheniformis, and yeast of the genus

Candida. The method of preparing cultures and evaluating germicides

was that of Chambers. Each isolate was exposed to varying concen-

trations of four different germicides in both soft (distilled) and hard



(USDA - 500 ppm CaCO3) water, and the bactericidal effectiveness

of each was measured at time intervals varying from 15 to 300

seconds. The four germicides tested were sodium hypochlorite, a

moderately acidic iodophor, a highly acidic iodophor and a quaternary

ammonium compound (QAC).

Results of the germicide studies reflect the similar effective-

ness of hypochlorite and iodophor compounds and the superiority of

both of these types of germicides over the QAC at any given concen-

tration.

The yeasts, however, were considerably more resistant to the

hypochlorite than to the iodophors. This probably was due to the

relatively higher concentration of organic matter in the yeast cells

as opposed to bacterial cells, and reflected the greater susceptibility

of chlorine to the presence of organic matter in the germicide solu-

tion. Also, iodophors have been reported to be highly active against

yeast alcohol and glucose-6-phosphate dehydrogenases.

Spore suspensions were more susceptible to hypochlorite than

to the iodophors, and a marked increase in sporicidal activity was

noted when hypochlorite solutions were buffered down to pH 7.1.
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GERMICIDE EFFECTIVENESS AND TAXONOMIC STUDIES ON
MICROBIAL ISOLATES FROM MEAT AND POULTRY PLANTS

INTRODUCTION

Increasing governmental and consumer concern for food safety

and purity has led food processors to review their in-plant sanitation

procedures and to seek more effective methods of minimizing

product contamination.

Advances made in this area by the dairy industry have exempli-

fied the effectiveness of such programs. Germicides have played an

important role in dairy sanitation, and many of their applications can

be readily adapted to other types of food processing.

Most dairy processing equipment is enclosed within pipes and

vats, while such protection is not available to all forms of food pro-

cessing. Meat and poultry handling equipment necessitate large sur-

face areas which are repeatedly exposed to aerosol, waterborne and

product contact contamination. Transfer and build up on these sur-

faces represent a significant problem to processors both in terms of

reduced shelf life and transmission of pathogenic organisms to the

consumer.

Most fresh beef, pork and poultry meat is processed without

the use of final product decontamination prior to reaching the market.

Increasingly widespread use of prepacking procedures have further
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focused attention on the need for rigorous sanitation at the processing

plant, which must be considered the primary source of contamination.

This study deals with the comparative effectiveness of various

types of germicides in the destruction of bacterial, yeast and spore

contamination obtained from meat and meat processing surfaces.

Both soft and hard water were used as germicide diluents to repre-

sent the extremes found in processing plant conditions.

A typical spectrum of representative spoilage, indicator and

pathogenic isolates was selected for use in the germicide tests. The

selected isolates were exposed to different germicides for periods of

15, 30, 60, 120 and 300 seconds under varying conditions of germi-

cide concentration and water hardness. Bacterial spores underwent

exposures lasting as long as 20 minutes.

Properties of various germicides are discussed, and their

relative efficiency against the common microflora of meat and

poultry are compared.
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REVIEW OF LITERATURE

Contamination of Meat and Poultry

Source of Contamination

Organisms from the soil, air, water, and waste materials

contribute to the microbial load on the external surfaces of animals.

These organisms are transmitted to the meat by contact with the

workers and equipment associated with the slaughtering and process-

ing operation (100, p. 176).

Many factors affect the level and type of contamination entering

meat processing plants. Grau, Brown lie and Roberts (34) reported

that the percentage of cattle carrying Salmonella depended upon the

pre-slaughter treatment of the animals. Prolonged holding and

feeding between the farm and slaughter exposes cattle to contamina-

tion common in transport vehicles, holding pens, and abattoirs.

Jensen (50, p. 165-168) indicated that the physiological condition of

ante-mortem beef greatly affects the nature and degree of post-

processing spoilage. The extent of in-plant cross contamination of

the meat is also affected since spoilage begins before the meat leaves

the processing plant.

Sauter, Ardrey and Petersen (77) noted a marked reduction in

shelf life of chickens processed less than two weeks after infection



4

with Escherichia coli, but that the number of E. coli decreased during

refrigerated holding. The authors concluded that the spoilage organ-

isms (predominantly pseudomads) were able to grow more rapidly on

fryers that were infected with E. coli shortly before processing.

Hamdy, Barton and Brown (39) reported that bruised tissues in

poultry were highly susceptible to prolonged survival of Staphylococcus

aureus. Thus, in addition to contamination from skin, feathers,

hides, feet and excreta, the tissues of the meat itself may provide

the vehicles for entry of pathogenic contaminants into the processing

plant environment.

In-Plant Contamination

A study by Gunderson, McFadden and Kyle (36) described the

bacteriology of commercial poultry processing and detailed the

bacterial populations associated with each phase of processing. They

concluded that a decrease in skin contamination occurred during the

evisceration process, probably due to vigorous washing of the car-

casses in the final stages. Holding several eviscerated carcasses in

common receptacles, such as chill tanks, was found to increase and

distribute contamination on all the carcasses. Such storage is

common practice in poultry processing.

The sanitation of individual plants plays an important role in

determining final counts. Surkiewicz, et al. (86) examined nine
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chicken evisceration plants and found that the great majority of

eviscerated chickens yielded aerobic plate counts of 25,000 per

gram (15, 000 or fewer per cm2 of skin surface). Walker and Ayres

(94) in a similar study reported that the skin of live birds had counts

of approximately 1,500 organisms per cm2, while the skin of evis-

cerated carcasses yielded counts of approximately 35,000 per cm2.

They concluded that the processing line was an important avenue for

disseminating microorganisms.

Most poultry processing plants utilize some form of conveyor

system by which the carcasses are hung and moved from the killing

area, through the cleaning and evisceration lines, and on to the

storage or chilling area, a period of exposure which varies up to an

hour, depending upon the size and speed of the operation. Airborne

microorganisms were sampled in a study of a broiler processing

plant by Kotula and Kinner (53). They reported that dressing room

air counts reached 7,000 per ft3 during operation of the plant.

Processing plant workers may also contribute to the pool of

contamination within the plant environment. Hall and Hauser (38)

examined 219 fecal specimens from food handlers in Louisiana and

found 78 percent contaminated with Clostridium perfringens, and

79. 9 percent contaminated with enteropathogenic E. coli, although

no Salmonella or Shigella were isolated from the individuals tested.

Contamination from nasal, suppurative, expectorative and fecal
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sources represent a significant hazard in plants where conditions of

sanitation and worker hygiene are not vigorously pursued (88, p. 33).

Mesophilic Pathogenic and Spoilage Organisms

Ingram and Dainty (46) reported that the microflora of meat and

the spoilage they cause is a function of temperature. Under warm

conditions the predominant species are clostridia, which grow in

meat under reducing conditions (e.g., within the muscle) so rapidly

that they precede spoilage at the surface. Clostridia are more fre-

quently being cited as the cause of outbreaks of gastroenteritis.

Bryan (12) reported surveys of market foods which indicated a high

incidence of C. perfringens: raw meats, 58 percent; processed

meats, 20 percent; and frozen food, 2 percent. Bryan (11) charac-

terized C. perfringens food-borne illness as usually caused by meat

or poultry which has been heated, and sometimes reheated, and held

at room temperature for several hours. Such unsanitary practice

rarely occurs in a commercial meat processing situation. Greenberg,

et al. (35) reported the isolation of 19,727 putrefactive anaerobic

sporeformers (PAS) from 2,358 samples of raw chicken, beef and

pork in processing plants. The mean level of contamination was 2.8

PAS per gram of meat. The low incidence of these organisms in

refrigerated meat is probably due to the fact that there are relatively
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few psychrophilic Clostridium species, and those that are psychro-

tolerant grow quite slowly (46).

Beef, Pork and Comminuted Meats

Modern methods of processing meat utilize rapid cooling of

carcasses to retard spoilage and the growth of pathogens. Such

treatment is selective for psychrophiles and the predominant micro-

flora of spoiled meat are gram-negative bacteria of the genus

Pseudomonas. Ingram and Dainty (46) reported that many Achromo-

bacter organisms which frequently have been associated with spoiled

meats are regarded now as non-pigmented pseudomonads and the

remainder are classified as Alcaligenes or Acinetobacter. These

organisms are not considered actively proteolytic, nor do they attack

amino acids to any degree.

Jay (49) reported that 56 percent of the organisms isolated from

fresh and spoiled ground beef were Pseudomonas species. Only

Pseudomonas, Achromobacter, Aeromonas and Flavobacterium were

isolated from the spoiled beef, Pseudomonas representing 84.2 per-

cent of the total strains isolated. Brown and Widemann (10) found

that of 189 psychrophilic bacteria isolated from chilled beef and

associated sources, 128 were typical pseudomonads, while only

seven were gram-positive. Four of the seven gram-positive cultures

were found to be Corynebacterium species.
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Kraft, et al. (55), in a study of the incidence of microorganisms

on turkey giblets, liquid egg and meat, found significant numbers of

Microbacterium in fresh beef. Raw ground beef was reported by

Casman, McCoy and Brand ly (14) as unable to support growth of S.

aureus. When the surface of raw beef was inoculated, however,

excellent growth was obtained.

Comminuted meats such as bologna and other processed meats

are frequently prepared in the same processing plants as fresh raw

meat. Kempton and Bobier (52) found that the spoilage of vacuum

packed luncheon meats was not related to the total count of the freshly

processed meats, since the only organisms that multiplied in the

presence of curing agents and under conditions of reduced air and low

temperature were the lactic acid bacteria. Most of these products

are cooked, destroying the lactic acid bacteria and most other vege-

tative cells, thus spoilage of the finished product was attributed to

recontamination during slicing and packaging. Mol, et al. (63) con-

firmed that the lactobacilli and micrococci found in freshly manufac-

tured cooked meats came mainly from the slicing and packaging lines,

and recommended that cooked meats be handled and sliced in an area

strictly separated from raw and cured meats.

Patterson (69) found that a majority of the 164 strains of

staphylococci and micrococci isolated from fresh pork, curing pickle

and maturing bacon were able to grow at 4 C and were tolerant to high
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salt concentrations, a tolerance increased by the presence of nitrates

commonly used in curing and preserving such products. Many of the

original contaminants of the pork sides, Patterson concluded, could

survive the curing process. Thus, the effectiveness of processing

sanitation takes on added significance.

Goepfert and Chung (32) found that Salmonella inoculated on

sliced luncheon meats were able to survive protracted periods of

storage at 5 C, and were able to proliferate within vacuum sealed

pouches at room temperature (23 C) in 48 hours. Such inocula, they

reported, could arise through contact with an inadequately cleaned

slicing machine, although reasonable attention to the sanitation of

such equipment should prevent the occurrence of high initial loads,

and the considerable growth necessary to produce symptoms of the

disease when the meat is consumed.

Weissman and Carpenter (101) reported that the incidence of

Salmonella in 50 pork carcasses was 56 percent and 74 percent in 50

beef carcasses examined in five processing plants in Georgia.

Thirty-eight percent of fresh pork sausage examined in the same

plants contained Salmonella. The authors noted that incidence of

Salmonella did not vary appreciably from one area to another on the

carcasses, indicating uniform distribution in the fresh meat, prob-

ably during processing.

E. coli, coliforms and enterococci have long been recognized
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as indicators of fecal contamination in food products (58, p. 88-95;

81, p. 131-141; 83, p. 113-131). Insalata, Witzeman and Sunga (48)

found that enterococci were recovered from more samples of pro-

cessed foods than either coliforms or E. coli, and that frozen foods

had the highest occurrence for both fecal streptococci and coliforms.

Lo-rincz and Incze (59) proposed that Streptococcus faecalis replace

E. coli as an indicator of possible fecal contamination in preserved

meat products. The authors observed that the heat and cold resis-

tance of S. faecalis is greater than that of E. coli, thereby making

that organism a better indicator for meat products which undergo

heat treatment and cold storage.

Poultry Contamination

The microflora of spoiled poultry is similar to that previously

described for beef and pork. Walker and Ayres (94) described the

chief spoilage organisms isolated from eviscerated poultry stored at

4.4 C in polyethylene bags as members of the Pseudomonas -

Achromobacter group. Clark (17) characterized the type of growth

prevalent on poultry skin as affected by scalding temperature.

Pseudomonas grew best on skin scalded at 59 C, whereas Achromo-

bacter grew best on unscalded skin. Scalding of birds immediately

after killing makes the feathers easier to pluck, and removes the

outermost layer of skin; the amount of skin removed being a function
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of scald water temperature. Gunderson, et al. (36, p. 12) described

immersion of birds in scald water contaminated with blood, feathers,

feces, dirt, bacteria and other debris as a major source of contami-

nation and recommended the use of spray type scalders.

Clark (18) compared the growth rates of psychrotolerant

pseudomonads and Achromobacter species in five different tissues:

skin, breast muscle, breast muscle lining, leg muscle, and gut

cavity lining. The growth rate was fastest on skin, probably due to

a shorter lag phase on that substrate. Skin is the most likely area

to be contaminated during the handling of the carcasses, and the most

difficult to sanitize once it has been contaminated (36, p. 29).

Barnes and Schrimpton (4) demonstrated that spoilage of

uneviscerated poultry stored at 15 C was due to fecal streptococci,

coli-aerogenes organisms, lactobacilli and clostridia. Walker and

Ayres (94) found that Flavobacterium and micrococci comprised

nearly 25 percent of the initial population of freshly processed poul-

try, but that their numbers decreased to almost zero at the end of

12 days storage at 4.4 C. Yeasts were the only organisms beside

the Pseudomonas - Achromobacter group which flourished during the

storage period, increasing from 1,000 per cm2 to approximately

100,000 per cm2 skin surface after two weeks. Walker and Ayres

(93) reported that the yeasts frequently associated with poultry were

Rhodotorula, Torulopsis, Saccharomyces and Candida. Walker and
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Ayres in another study (95) reported that the number of coliforms,

fecal streptococci and staphylococci isolated from turkeys were

similar to those found in chickens, although generally, greater

numbers per cm 2 were recovered from turkey skin.

Barnes and Impey (3) found Pseudomonas and Acinetobacter

strains to be the most common organisms on poultry carcasses

stored at 1 C.

The method of post processing chilling and storage affects the

survival and activity of spoilage organisms on meat. Kotula,

Thompson and Kinner (54) found that numbers of bacteria in the water

in chill tanks increased, and the numbers on breast skin surfaces

increased significantly during a six-hour chilling period. Brewer

et al. (8) also observed a steady build up of total bacteria in continu-

ous chillers and chill vats, but could not correlate the bacterial

numbers in the chill tanks and those on the skin of birds during shelf

life. The authors also noted that certain species originally on the

birds were reduced nearly 100 percent during chilling or storage,

but they were not the organisms involved in spoilage.

Patterson (70) reported that cooked eviscerated carcasses

carried more fecal streptococci than uneviscerated and frozen evis-

cerated carcasses, confirming studies described earlier which indi-

cate low survival rates for virtually all vegetative cells except the

Pseudomonas - Achromobacter group and yeasts.
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Rey and Kraft (72) found fluorescent pigment production,

proteolytic and lipolytic spoilage of chicken stored at 5 C to be

directly related to the availability of oxygen provided by the packag-

ing procedure. Chickens frozen and then defrosted and refrigerated

had a higher proportion of biochemically active psychrophiles on the

surface of the meat than did freshly refrigerated chickens. Such

storage is common practice in current marketing procedures. Heavy

initial contamination with these psychrophiles leads to a significant

reduction in shelf life.

Georgala and Hurst (31) described the presence of food poison-

ing bacteria in frozen foods as survival without growth. The major

problem is the presence of the pathogens in the product before freez-

ing; some can survive.

The greatest concern to poultry processors is Salmonella con-

tamination. Studies performed by Kaufmann and Feeley (51) and

Morris et al. (65) indicated a high level of Salmonella contamination

in commercial chicken raising plants. Their studies indicated that

poultry meal fed to the birds was the primary route of infection. The

poultry meal consisted of rendered offal from processing plants

associated with the poultry raising operations; the same offal which

was removed from the birds on evisceration lines within the process-

ing plants. Morris and Wells (64) found that 14.2 percent of the

samples they tested in a poultry raising plant contained Salmonella.
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They indicated that contamination was reduced by washing procedures

in the plant, but that the carcasses became recontaminated during

evisceration and chilling. Woodburn (107) found that 27 percent of

broiler-fryer type chickens purchased in retail stores in Indiana were

contaminated with Salmonella. Equal numbers of both dressed whole

and cut up chickens were contaminated.

Bryan, Ayres and Kraft (13) reported the incidence of Salmonella

in two commercial turkey processing plants which further processed

chilled, eviscerated and thawed carcasses into turkey rolls, roasts

and similar products, both cooked and uncooked. Salmonella were

isolated from 12 percent of chilled, eviscerated carcasses, 27 per-

cent of finished products, and 24 percent of the processing equipment

tested. Thirty-one percent of rinse samples taken from hands and

gloves of processing personnel were positive for Salmonella.

Recoveries of Salmonella were higher on days when freshly killed

turkeys were processed than when frozen-defrosted carcasses were

processed.

Salmonella derby, an organism tested in the germicide study in

this thesis, was isolated in the above work (13) from chilled evis-

cerated turkey carcasses, processing equipment and finished

(uncooked) product. Morris and Wells (64) found the same serotype

in feces, equipment and housing of chickens, and Morris, et al. (65)

recovered S. derby from the excreta of chicks,
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Isolation Procedures

The recovery of bacterial contamination from meat and poultry

processing plants involves several problems; different techniques

must be applied for evaluation of surface contamination (metal sur-

faces, equipment, gloves, etc.) than can be utilized for recovery of

organisms from meat and skin. Care must be taken to select repre-

sentative samples from processing equipment and products. The

method of processing and preserving meat, as well as the type of

product examined must be considered in the selection of recovery

media and temperature of incubation.

Standard Methods

"Reference Methods for the Microbiological Examination of

Foods" (67) represents a recent effort to standardize the criteria and

techniques utilized by microbiologists in the food industry. This

report describes the problems faced by the food microbiologist when

trying to determine the correct procedure for evaluating contamina-

tion levels. Methods for the detection of Salmonella are compared

from several sources such as the "Bacteriological Analytical Manual"

(91), "Examination of Foods for Enteropathogenic and Indicator

Bacteria" (58), "Recommended Methods for the Microbiological

Examination of Foods" (81), and several other authoritative
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references. The comparison makes clear that, while most methods

are similar, significant differences exist, and universally acceptable

standard methods are needed.

Microbiological Sampling of Surfaces

Wilkinson (103) reported that the survival of bacteria on metal

surfaces was closely related to relative humidity and the species

involved. The meat-metal contact surfaces in processing plants are

usually wet during processing operations, representing nearly ideal

conditions for survival of bacterial contamination.

Favero, et al. (26) summarized the four basic methods used in

microbial sampling of surfaces. No single assay procedure was con-

sidered capable of completely recovering all microbial elements on a

surface. The rinse technique was found most accurate for enumerat-

ing viable microorganisms, and the direct surface agar plating

technique was recommended for enumerating particles containing

viable microorganisms.

Fincher (28) described in detail the methods currently favored

for surface sampling and noted that the APHA swab-rinse method was

the most widely used. This method requires that the microbial sus-

pension be plated at several dilutions in suitable growth medium.

Clark (16) reported that the spread plate method of inoculation yielded

significantly higher counts (70-80 percent) than the pour plate method.



17

The author recommended, in a more recent study (19), that

predrying plates before use permitted larger inoculations with equally

good recovery.

Mossel and Moosdijk (66) found no significant difference between

the two methods of counting in 90 percent of the samples studied. The

authors concluded that the slightly higher spread plate counts in the

remaining instances could be accounted for by the increased disrup-

tion of bacterial conglomerates commonly observed in that procedure.

In addition to the standard methods for evaluation of contamina-

tion on meat and skin surfaces in previously mentioned references,

many adaptations and innovative techniques have been described in

the literature. Such variations include skin blending (2), direct

microscopic examination of membrane filters (105), direct harvest-

ing of wash diluent (104) and infrared estimation of microbial popula-

tion on chicken skin (76).

Many factors affect the recovery of contamination from the

plant environment. The scalding operation exposes bacteria on skin

surfaces of poultry to temperatures of approximately 60 C (36, p. 12).

Beuchat and Lechowich (6) reported that the incubation time for maxi-

mum recovery of S. faecalis cells exposed to 60 C was significantly

longer than for unheated cells.

In another study (5) the authors reported that, upon exposure to
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heat, S. faecalis cells became sensitive to increased salt concentra-

tions.

Bacteria exposed to sanitizers may require special recovery

media and conditions to differentiate between those cells which are

injured but viable, and those which are dead (79, 80).

Identification of Isolates

Specific details concerning differentiation of types of organisms

are described in the "Manual of Microbiological Methods" (84) and

"Bergey's Manual of Determinative Bacteriology" (7). In addition,

other taxonomic schemes have been devised which aid in classifying

specific groups of organisms. Cowan and Steel (20) developed diag-

nostic tables for the common medical bacteria which utilize nine

physical and biochemical criteria to characterize most organisms

to the genus level. One of the most useful of those is the glucose

fermentative versus oxidative metabolism test of Hugh and Leifson

(43).

The classification of the gram-negative bacteria associated with

meat spoilage is currently undergoing revision. Until recently, many

investigators differentiated Achromobacter and Alcaligenes from pig-

mented and non-pigmented pseudomonads by the criteria described in

"Bergey's Manual" (90). There has been increasing evidence in the

literature of acceptance of a different set of criteria (47, 89), wherein
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strictly oxidative pigmented and non-pigmented rods which exhibit

polar flagella are classified as Pseudomonas, while peritrichous non-

pigmented species remain as Achromobacter. A new genus, Acineto-

bacter, was proposed to include the nonmotile very short or coccoid

rods often occurring in pairs which had formerly been grouped with

the motile Achromobacter species. The position of Alcaligenes and

Flavobacterium in this new system is uncertain, and biochemical and

morphological features remain to be clearly defined.

Other studies are available in the literature which deal more

specifically with the taxonomy of Pseudomonas (85), aerobic spore-

formers (106), and the yeasts (56, 96, 102).

Germicides

Evolution of Modern Germicides

Germicides evolved from compounds which were found effective

in controlling foul odors in sewage and garbage, long before micro-

organisms were discovered and recognized as the causative agents of

putrefaction. The association between foul odors and disease led to

the use of disinfecting solutions prior to the establishment of the germ

theory of human disease. But dramatic results achieved early in the

19th century with the use of chloride of lime, carbolic acid (phenol),

tinctures of iodine and similar compounds went ignored, for the most
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part, for many years (57, p. 3-8).

It was not until 1867 when Lister (9, p. 83-85) reported his

successful techniques for the prevention of wound infections by soak-

ing link dressings with phenol that general acceptance of aseptic

procedures began. When Robert Koch (9, p. 101-108) developed the

methods of modern bacteriology in 1881, the significance and poten-

tial of germicides and disinfection were finally recognized, and rapid

progress followed.

Chlorine

Henry first produced chloride of lime (Ca0C1 2) near the end of

the 18th century. Fifty years later the first Royal Sewage Commis-

sion of Great Britain reported the use of chloride of lime for deodor-

izing London sewage (37, p. 465). Semmelweis (9, p. 80-82) had

reported success prior to that time in controlling the spread of human

infection by having doctors wash their hands in chloride of lime solu-

tions, Watt, in 1851, prepared sodium hypochlorite by electrolyzing

a solution of sodium chloride, and in 1881 Koch reported the first

instance in which hypochlorites were used distinctly for the purpose

of destroying microorganisms (37, p. 465). In 1894 Traube estab-

lished the use of hypochlorites as purifying and disinfecting agents in

water supplies. Hypochlorites came into extensive use as disinfec-

tants during World War I and today are used in a wide range of
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applications as disinfectants, sanitizers and germicides (57, p. 278).

Chemical and Physical Properties

Hypochlorites are usually marketed as powders containing

calcium hypochlorite and sodium hypochlorite combined with hydrated

trisodium phosphate, and as liquid sodium hypochlorite solutions

(37, p. 469).

The stability of hypochlorite in solution is affected by tempera-

ture, concentration and pH, the latter being the most important.

According to Sykes (87, p. 382) solutions of about pH 9.5 are the

most stable. More concentrated solutions are less stable than

weaker ones, and all hypochlorites are sensitive to heat and light.

Hypochlorites are formed by the reaction of molecular chlorine

with water according to the following reaction:

(1) C12 + H2O HOC1 + H+ + C1 K = 5 x 10-14

Hypochlorous acid (HOC1) dissociates in water, the degree of

dissociation being determined by the pH of the solution.

(2) HOC1 H+ + OC1- = 2.95 x 10 -8

Oxygen may also be liberated from hypochlorous acid under

certain conditions by the following reaction:

(3) 2H0C1--> 2HC1 + 0
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The free oxygen formed by reaction (3) above may also contri-

bute to the effectiveness of hypochlorite as a germicidal agent (42,

p. 40-45). The bactericidal efficiency of hypochlorite is closely

paralleled with the hypochlorous acid concentration, which increases

with decreasing pH. Alkaline solutions of hypochlorites, in which

OC1 is far in excess of HOC1 definitely do possess germicidal prop-

erties. This may possibly be because as traces of HOC1 are con-

sumed in the bactericidal process, the hydrolysis equilibrium

(equation 2) will shift to the left and HOC1 will continuously be formed

to carry on the germicidal action.

Chlorine is available from various forms found in hypochlorite

solutions in water: hypochlorous acid (HOC1), hypochlorite ion
-

(0C1 ) and elemental chlorine (C12). Because of its electronic con-

figuration, there is a strong tendency for chlorine to acquire extra

electrons and change to inorganic chloride ions, making it a very

strong oxidizing agent. This property is believed to account for its

high germicidal activity.

Chlorine is very corrosive, readily attacks metals and is a

strong irritant to tissues. Chlorine also attacks inorganic and organic

impurities in water, and in the presence of ammonia and other nitro-

genous matter forms chloramines or N-chloro compounds. These

compounds are called combined available chlorines and possess sig-

nificantly less germicidal capacities than the free available chlorines.
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The free available chlorine and combined available chlorine are

collectively described in water as total residual (available) chlorine.

In the presence of large quantities of organic material, most

or all of available chlorine applied may be consumed, imparting a

high chlorine demand on the germicide solution. In practical use,

sufficient chlorine must be made available to overcome the chlorine

demand and leave a residual of available chlorine to maintain germi-

cidal activity, a condition referred to as break-point chlorination

(57, p. 278-294).

Mechanism of Action

Chlorine reacts with sulfhydryl groups on cellular proteins and

is an extremely active inhibitor of sulfhydryl enzymes. It is generally

accepted that this inhibition causes cell death by interruption of essen-

tial metabolic systems, termination of glucose oxidation and loss of

cell viability (42, p. 40-45).

The sequence of oxidation of the thiol compounds is as follows:

2 R-S-H R-S-S-R

thiol
compound

disulfide

R-S-S-R R-S-S-R

0 0 0
sulfoxide sulfone

Oxidation beyond the disulfide stage is practically irreversible,

although mildly reducing conditions at the cellular level may reverse
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inhibition prior to that point (44, p. 50).

In addition, hypochlorite solutions attack proteins and related

compounds, forming derivatives in which chlorine is linked to nitro-

gen. a amino acids are chlorinated to chloramino acids which

further decompose to aldehydes or ketOnes, ammonia, carbonic

acid and sodium chloride (42, p. 40-45).

Iodine

Iodine was used in medicine more than 150 years ago for the

treatment of goiter. It was first applied in the treatment of wounds

as early as 1839 and was used for that purpose in the American Civil

War. The most common form was a solution of iodine in alcohol,

usually 5 percent. In 1873 Davine found that iodine solutions would

attenuate the virulence of anthrax bacilli and later reported that high

dilutions could destroy anthrax in blood in a period of one hour.

Iodine has been used in many forms as a skin antiseptic, a

disinfectant for wounds and mucous surfaces and as a general disin-

fectant and germicide in air, water and on surfaces (57, p. 329).

The limitations of iodine prevented its use as a common germicide-

sanitizer until recently, when iodine was mixed with surface active

agents to form iodophors. These compounds retain the germicidal

properties of iodine while eliminating many of its disadvantages, and

have come into extensive use as detergent sanitizers in hospitals,
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and in the dairy and food industries (74, p. 143).

Chemical and Physical Properties

Iodine is a solid at room temperature. It is only slightly

soluble in water and its solubility is increased in the presence of

iodide ions; it is very soluble in alcohol.

In water, iodine undergoes the following reactions:

(1) I
2

+ H
2
0 HOI + I + H+ K = 0.3 x 10-12

Hypoiodous acid dissociates, forming hypoiodite ion:

(2) HOI H+ + K = 5 x 10-13

Periodides are formed from iodine in the presence of iodide

ion.

( 3 ) I + I- T

2 -3 K = 1.4 x 10-3

Hypoiodous acid may decompose, yielding iodate and iodide.

3H01 H103 + 2H+ + 21

At pH values below 6.0 iodine is principally in the form of I2,

and it is within this range where maximal germicidal effectiveness is

observed. As the pH is raised, the concentration of hypoiodous acid

increases and a marked decrease in killing rate occurs. The ger-

micidal activity of the triiodide ion is 0.08 that of 12. The
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bactericidal capacity of iodide ion is negligible (42, p. 45).

Iodine solutions are brown, and stain strongly. Iodine skin

disinfectants are usually aqueous or alcoholic solutions containing low

concentrations of both iodine and potassium iodide. The aqueous

solutions are less irritating to tissue than are the tinctures, but

iodine can be harsh and can even cause severe blistering if used

carelessly.

The advantages of iodine are its high germicidal activity, its

lack of selectivity against different types of bacteria, and its bacteri-

cidal rather than bacteriostatic action (87, p. 400-409). The concen-

tration of iodine necessary to destroy bacteria does not vary greatly

with different species of organisms (62, p. 174).

Iodophors

Iodophors are combinations of iodine and a solubilizing agent or

carrier in which the resulting complex contains and slowly releases

free iodine when diluted in water. The formulations of these solutions

are controlled by the use of phosphoric acid to maintain a preferential

pH through the normal dilution range. The carrier is usually a non-

ionic surface active agent, although iodophors consisting of iodine

plus cationic surface active agent are also available (57, p. 334-337).

In solution, iodophors are able to solubilize up to nearly 30

percent of their weight in iodine, of which 70 to 80 percent may be
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released as available iodine when the concentrated solution is diluted.

The iodine is bound in the form of micellar aggregates which are

dispersed upon dilution as the linkage of the iodine progressively

weakens. When diluted beyond the minimum micellar concentration,

an iodophor may be considered as a simple aqueous solution of iodine.

Some of the iodine may eventually convert to inorganic iodide, but

sufficient free iodine is present to retain strong germicidal activity.

Iodophors have eliminated most of the disadvantages of aqueous

or alcoholic iodine solutions, and have many practical advantages

over other bactericides. They are strong germicides, yet are

almost odorless, stable in storage, relatively non-toxic, almost

non-irritating and do not sensitize humans.

Iodophors are effective bactericides over a wide temperature

and pH range; yet, because their activity is that of the free iodine

present, they retain the advantages of the simple iodine solutions

described earlier. Organisms do not develop a resistance to iodine.

Iodine is affected by organic matter to a lesser degree than

chlorine. When iodine has been used up by organic matter, the

yellow-brown color of the solution disappears, the solution acting as

its own automatic indicator of potency. Iodophors do not stain skin or

metals (except silver), but do stain soiled matter such as milk solids,

milk stone and blood, and automatically indicate if a surface is clean.

Iodophors are surface active and possess strong wetting powers, thus,
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they are detergents as well as germicides, one application perform-

ing two functions.

If improperly used (e.g. , in excessive concentrations or with

very hot water), iodophors may be corrosive and stain skin surfaces

(21).

Mechanism of Action

The germicidal effects of iodine are believed to be the result of

both direct iodination and oxidation of sulfhydryl groups on proteins

(42, p. 46). The correlation between germicidal efficiency and the

free molecular iodine concentration suggests that direct intervention

of iodine causes protein precipitation; hypoiodous acid has little or no

effect on this process (87, p. 401).

Shikashio, Sandine and Elliker (82) studied the mechanism of

action of iodophor on several sulfhydryl group dependent enzymes

and reported that the activity of alcohol dehydrogenase and glucose

-6- phosphate dehydrogenase which was inhibited by iodophor was

completely restored by glutathione and cysteine respectively. Partial

reversal of inhibition of lactic dehydrogenase by iodophor was effected

by cysteine. The sulfhydryl-independent enzyme catalase was not

inhibited by 60 ppm iodophor at pH 7.0. At pH 8.5, however, up to

60 percent inactivation was observed, indicating the probability of

direct iodination reactions on the tyrosyl and possibly histidyl
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moieties of the enzyme. The authors concluded that, at least in part,

the activity of iodophor was due to the oxidation of sulfhydryl groups

located on proteins and other constituents essential for glucose oxi-

dation and maintenance of cell viability.

Quaternary Ammonium Compounds

Quaternary ammonium compounds (QACs) are surface active

cationic quaternary ammonium germicides which are basically

organically substituted ammonium compounds. These compounds

were first synthesized shortly after the beginning of the 20th century,

but it was not until Domagk reported their use as effective antiseptics

and disinfectants in 1935 that these compounds came into wide use.

Since that time many variations of these cationic detergents have

been synthesized and over 1, 000 publications on the subject have

appeared. The effectiveness of this class of germicides was exag-

gerated in the early literature due to properties which made labora-

tory evaluation difficult and deceptive (87, p. 362-363).

Chemical and. Physical Properties

QACs may be considered an organic nitrogen compound in which

the nitrogen has a covalence of five. They follow the general configu-

ration:



RI

R N R2

R3

X

30

The X represents a halogen, hydroxyl or alkoxy radical, and

the R represents an alkyl, aryl-alkyl or heterocyclic radical (57,

p. 431). One of the R substituents is an alkyl group containing C8

to C18 carbon chain lengths. The surface activity of these compounds

is mainly due to these longer chain groups which are derived from

natural vegetable or animal oils, mineral oils and resins.

QACs are cationic surface active agents in which the lipophilic

group is bound to the nitrogen nucleus, and upon dissociation in water

the long chain part of the molecule is positively charged.

Anionic surface active agents interfere with the germicidal

activity of QACs. No antagonism is observed in the presence of non-

ionic surface active agents, since the latter do not ionize in aqueous

or other solvents. Because some of the non-ionic compounds are

excellent solubilizing and foaming agents, they are often used in for-

mulations with QACs to enhance solubility and improve germicidal-

detergent activity.

The QACs have several inherent features that make them

desirable germicides. They contain no phenol, iodine, active
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chlorine, mercury or other heavy metals. They have no tendency to

decompose in storage, are non-toxic when used in the proper con-

centrations, and are colorless and odorless. They are effective

against a wide variety of organisms. When left on surfaces, QACs

exhibit a marked bacteriostatic activity over a long period of time,

and are less susceptible to inactivation by organic matter than are

the halogen germicides.

Because of their cationic nature QACs are inactivated by soaps

(anionic) which limit their practical applications. Cations normally

responsible for the hardness of water, such as calcium and magnesium,

reduce the germicidal activity of QACs (57, p. 430-446). Generally,

QACs are more selectively active against gram-positive organisms

than against gram-negative types (87, p. 366). Other workers have

found organisms, notably Pseudomonas species, which are highly

resistant to QACs and apparently decompose them (60, 98).

Mechanism of Action

Early workers attributed the antimicrobial activity of QACs to

their high surface activity. It was believed that absorption to the

bacterial cell wall caused its disruption and subsequent leakage of

cell contents. In very low concentrations surface active agents pre-

cipitate proteins and also dissociate conjugated proteins. In higher

concentration, and in the presence of concentrated cell suspensions,
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membrane disruption and loss of purines, pyrimidines,, inorganic

phosphorous, and amino acids from the cell may be significant fac-

tors in the germicidal action of QACs. Lethal concentrations of QAC

cause complete and irreversible inhibition of bacterial oxidase and

dehydrogenase systems. The inhibition of those enzymes may be

responsible for increased permeability, metabolic inhibition and cell

death (42, p. 69-71).

More recent studies were based on the observation that low or

sublethal concentrations of QACs actually stimulated respiration. It

was noted that in baker's yeast, uptake of oxygen and output of CO2

were stimulated by benzalkonium chloride under aerobic conditions.

In low concentrations of the QAC, no membrane damage or loss of

cell contents were observed. Higher concentrations caused cell lysis.

A correlation was observed between loss of potassium (membrane

disruption), inhibition of glucose fermentation, and appearance of

pyruvate decarboxylase activity, but no inhibition was observed in

individual enzymes. In studies on aerobic yeast cells in the presence

of excess glucose, benzalkonium was found to block the oxidation of

acetate in the Krebs cycle, causing an accumulation of acetate. The

conclusion was reached that the acetaldehyde acetate or the

acetate - CoA reaction must be the principle site of QAC inhibition

(44, p. 44-47).
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Germicide Evaluation

In 1897 Kronig and Paul (9, p. 163-175) first established

methods and criteria for the evaluation of chemical disinfecting

agents. The principles they described are fundamentally similar to

those applied today. Among the criteria they proposed were the use

of standardized culture suspensions, germicide solutions of equal

strength, and careful maintenance of uniform testing conditions such

as growth media, temperature and recovery conditions. Special

emphasis was placed upon the removal or inactivation of disinfecting

solutions following the exposure period. Since that time other pro-

cedures have been developed which established recognized standards

with which the germicidal efficiency of nearly all chemical disinfec-

tants could be compared. Rideal and Walker (73, p. 31) first pro-

posed the use of phenol as a reference standard in 1903, because at

that time phenol was available in pure form and was widely used as a

disinfecting agent. A standard test organism, Salmonella typhosa,

was used for this test because it was considered the most important

human pathogen at the time. From this origin many modifications

have been made which established the phenol coefficient as the

standard method of evaluating germicidal efficiency. This procedure

is designed to determine the highest dilution of a germicide which will

kill the test organism within a series of time intervals under specified
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conditions. When these values are compared to those obtained for

phenol, specific calculations yield a phenol coefficient number.

This system has limited practical application, however, because

the maximum dilution found to kill in this test does not necessarily

provide disinfection in applications which are usually recommended.

The indirect information obtained from the phenol coefficient test is

further limited by restricting the variety of conditions under which

many different types of germicides are most efficient (57, p. 133-

158).

Current Methods

In the past 25 years several methods have been proposed which

more accurately evaluate those germicidal chemicals used to cleanse

equipment and utensils in dairies and food plants and which are com-

monly referred to as sanitizers. The purpose of these agents is to

reduce the number of bacterial contaminants to a safe or relatively

safe level, while not necessarily disinfecting--that is, destroying

infectious agents.

In 1948 Weber and Black (99) proposed a laboratory procedure

to evaluate germicides used in sanitizing food utensils. The method

involves a dilution tube procedure which yields a high correlation

between test results and those found in actual use.

Chambers (15) revised this method in 1956, and this modified
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procedure is now used commonly by regulatory agencies in determin-

ing the effects of hard water on germicides and sanitizers where

speed of action is essential, such as use in food plants, restaurants

and dairies.

An excellent description of these and other procedures recom-

mended for the evaluation of germicides and sanitizers may be found

in a review by Shaffer and Stewart (57, p. 159-178).

Practical Applications of Germicides

Much of the earlier work with sanitizers was focused on their

application in the dairy industry (24, 25, 68). The interest of the

food industry in effective sanitation programs has accelerated in

recent years, notably due to expanding and increasingly stringent

governmental inspection programs, improved procedures for bac-

teriological sampling of foods, and widening public awareness of the

public health hazard aspect of food on today's market. This interest

is reflected also by the number of international conferences which

have been recently held for the purpose of establishing microbiologi-

cal standards for foods (30).

Goldenberg and Re lf (33) noted that the rapid growth of pre-

packing in all sections of the food industry has diverted emphasis

away from the use of disinfectant at the retail level and toward the

processing aspect. There is increasing evidence in the recent
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literature of successful application of germicides in the food pro-

cessing environment. Chlorination of final wash water (75) and chill

tank water (71) have proved highly effective in reducing total counts,

and particularly Salmonella contamination (23, 92) on eviscerated

chickens. Similar results were reported for chlorinated hot water

plus detergent in cleaning surfaces and equipment in a bacon factory

(22).
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MATERIALS AND METHODS

Isolation and Identification of Meat Microflora

Isolation Procedures

Bacteriological examinations were carried out on three occa-

sions in a turkey processing plant and in one visit to a beef processing

plant. Representative samples were taken from processing equipment

and tools at various points along evisceration lines, storage areas,

chill tanks, packaging areas, and from the carcasses directly. At

several points samples were taken just before and immediately follow-

ing routine washing procedures.

Samples were collected from uneven surfaces by the swab con-

tact method (97, p. 146-147) using both plain phosphate buffered

rinse solutions and buffered rinse solutions containing 0.05 percent

sodium thiosulfate to neutralize any residual chlorine present in the

samples. Flat surfaces were sampled with Rodac plates (97, p. 249)

prepared with standard methods (SM) agar (97, p. 232-233) supple-

mented with 0.5 percent Tween 80 and 0.07 percent lecithin, as

recommended by Fincher (28). "Pre-Med" contact plates' were also

used to test flat surfaces.

1. Hyland, Division Travenol Laboratories, Inc., Los Angeles, CA
90039.
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The purpose of the examinations was to collect representative

samples of equipment and product microflora, and no specific effort

was made to enumerate the organisms found, other than to ascertain

relative levels of contamination from different sources. Salmonella

cultures were collected and isolated according to APHA standard

methods (81).

Identification Procedures

Swab rinse solutions were returned to the laboratory packed in

ice and diluted in 99 ml saline blanks (81) and inoculated by the pour

plate method (97, p. 34-52). Duplicate plates were incubated at 30 C

and 37 C for 48 hours, and at 7 C for 7 to 14 days. With the excep-

tion of the Salmonella cultures, selective media was not employed to

obtain specific types of bacteria or yeast; SM agar was used in all

case s.

Morphologically distinguishable colonies were picked from the

incubated pour and contact plates and subcultured in SM broth and

agar. Cultures were identified by the method of Cowan and Steel

(20) and those described by Thornley, Ingram and Barnes (90).

Further tests on several gram-negative organisms were carried out

using the Enterotube system (61). Identification of most of the organ-

isms recovered was carried out to the genus level, with the exception

of the yeasts.
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Bacteria used in the germicide study were further identified to

species by the criteria of "Bergey's Manual of Determinative Bac-

teriology" (7). The Salmonella culture was identified to the genus

level according to methods recommended by the Public Health Service

(58, p. 100-113), and was serotyped by the USDA Animal Disease

Laboratory, Phoenix, Arizona. 2 The yeast culture was identified

according to procedures in "The Yeasts" (96).

Cultures Used in Germicide Tests

Selection

Representative isolates were selected for use in the germicide

studies on the basis of their significance as meat and poultry micro -

flora as reported in the literature. Salmonella was chosen due to its

prevalence as a foodborne pathogen, particularly in poultry. Spores

of Bacillus licheniformis are characteristically resistant to germi-

cides and are widely distributed in soil and food (46, p. 620). A

member of the genus Candida was selected as a typical food spoilage

yeast. Pseudomonas aeruginosa and Micrococcus luteus were selected

because they were encountered frequently both in meat and on equip-

ment. Streptococcus faecalis and Escherichia coli are well recog-

nized indicators of fecal contamination in food and water.

2. State-Federal Animal Disease Laboratory, 322 Capitol Annex
West, 1688 West Adams, Phoenix, Arizona 85007.
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Preparation of Cultures for Germicide Tests

One liter of Schaeffer's sporulation medium (78) was inoculated

with Bacillus licheniformis culture and incubated on a shaker for six

days at 30 C. The resulting spore suspension was washed three times

with physiological saline, heat shocked at 80 C for ten minutes, and

diluted with physiological saline to obtain the desired concentration

as determined by standard plating procedures. The spore suspen-

sions were aseptically tubed in quantities sufficient for each germi-

cide test, stored at 4 C, and heat shocked again immediately prior to

u se

The other bacterial and yeast cultures were prepared in the

following manner: 18 to 24 hr SM broth cultures of the isolates

were washed onto medicine bottle slants prepared with SM agar, and

the slants were drained and incubated at the optimum temperature for

the culture. The 24 hr growth was washed from the slant with 20

ml sterile 0.85 percent saline, aseptically filtered through Whatman

number 2 paper to break up clumps of cells, and immediately placed

in an ice water bath. A one ml aliquot of the suspension was used to

make a 1:10 dilution in physiological saline, and the O.D. was mea-

sured at 625 nm. The suspension was diluted as necessary to obtain

a predetermined O.D. for each culture in order to achieve the desired

concentration.
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Four germicides were tested in the study: a sodium hypochlor-

ite solution sold under the brand name of XY-12, a dimethyl dichloro-

benzyl ammonium chloride sold as Ster-Bac (Formula KQ-10), and

two iodophors. Iodophor A was a butoxy polypropoxy polyethoxy

ethanol-iodine complex containing 6.5 percent phosphoric acid, and

iodophor B was a nonyl phenoxy poly (ethyleneoxy) ethanol-iodine

complex containing 25 percent phosphoric acid, sold as Iodophor DF

and Iodophor ID-10 respectively.
3

Titrations

Stock solutions of approximately 1, 000 ppm of each germicide

were prepared by diluting the original solutions with tap water.

Within 24 hr of each germicide test the iodophor and hypochlorite

stock solutions were titrated to determine their actual concentration.

The available chlorine of the hypochlorite stock solution was deter-

mined by titration with standard sodium thiosulfate by the iodometric

method (1, p. 83-85). Available iodine of the iodophor stock solu-

tions was determined by titration with standard thiosulfate to a

colorless endpoint.

The stability of QAC compounds is such that concentrations do

3. Klenzade Products, Division of Economics Laboratory, Inc.,
New York.
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not vary significantly over a period of years, and stock solution con-

centrations were based on accurate dilution of the original solution,

which was assayed by the method of Furlong and Elliker (29). The

concentration was determined again following the completion of the

germicide tests two years later and was found to be the same.

Final Germicide Solutions

On the basis of the concentration of the stock solutions, the

amount of stock solution required in 100 ml total solution was calcu-

lated and added to the reaction flasks immediately before each ger-

micide test. The final germicide diluent was either sterile distilled

water ("soft" water), or sterile distilled water to which were added

sterile salt solutions necessary to reach a water hardness of 500

ppm CaCO
3

(27).

Acidified hypochlorite solutions were used in several sporicide

studies and were prepared by using 0.25 M phosphate buffer (pH

7. 0) as the germicide diluent.

Germicide Test Materials

Inactivation

Germicides were neutralized by the procedures suggested by

Humphreys and Johns (45). Following the desired exposure period,
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one ml of the organism-germicide reaction mixture was plated

directly into a petri plate containing two ml of the appropriate inacti-

vator. The plates were then poured with SM agar, mixed, and

allowed to solidify.

Hypochlorite and iodophor germicide inactivator solutions con-

taining 360 mg sodium thiosulfate and 40 ml 0.25 M phosphate buffer

per liter were adjusted to pH 7.2 and sterilized. When high concen-

tration (200 ppm) high phosphoric acid iodophors were tested against

spores, the inactivators were prepared as above but with 720 mg

sodium thiosulfate and 500 ml 0.25 M phosphate buffer per liter. The

higher quantities of buffer were required to insure a rapid rise of pH

to near neutrality upon inactivation of the germicide.

Quaternary ammonium compounds were neutralized with sterile

inactivator solutions containing 2.222 g Azolectin (lecithin), 15.8 ml

Tween 80, and 40 ml 0.25 M phosphate buffer diluted to 1 liter with

distilled water. The pH was adjusted to 7.2. Plating media for QAC

tests was SM agar to which 1 g Azolectin and 7 ml Tween 80 per liter

were added before sterilization.

Germicide Effectiveness Tests

Test Methods and Controls

Germicide effectiveness studies were carried out by the method

of Chambers (15) with several modifications.
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One organism suspension was used for each test; the concen-

tration was determined before and after the test by standard dilution

and plating techniques. At least two different types of germicides at

various concentrations were used against the organism suspension

during each test. The germicides in each test were prepared in both

hard and soft water. In this manner, the relative efficiency of each

germicide could be evaluated under uniform conditions, and small but

significant differences noted. All tests were performed at room

temperature (23-25 C).

One additional control reaction flask was prepared for the high-

est concentration of each germicide tested, in both hard and soft

water. One ml of this germicide was added to two ml of the appro-

priate inactivator in a petri plate, and a known dilution of the organ-

ism suspension which would yield a Countable plate was then added

within 15 seconds. Counts obtained in this manner were correlated

with those obtained by standard plating of the known dilution and were

used as inactivator effectiveness controls. Inactivator toxicity con-

trols were carried out by adding the known dilution of culture suspen-

sion to duplicate plates containing two ml of the inactivator, pouring

one plate immediately and the other after the longest period of expo-

sure for that test. Significant difference between the known dilution

count and inactivator exposed count would indicate inactivator toxicity.

In no case was any inactivator toxicity noted.
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Organisms were exposed to the germicide solutions for periods

of 15, 30, 60, 120 and 300 seconds. Spores were exposed for 30

seconds, 2, 5, 10 and 20 minutes. All tests were performed in the

absence of organic matter.

The pH of the soft and hard water, and control germicides were

measured prior to each test. The pH of the organism germicide mix-

ture was measured immediately following the last exposure period.
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RESULTS

Contamination in a Turkey Processing Plant

The predominant microflora in various areas of the turkey

processing plant examined are shown in Table 1. In this plant the

time between killing the birds and placing the eviscerated carcasses

in chill tanks was approximately 30 minutes. The temperature of the

processing area was about 23 C. The carcasses were stored over-

night in chill tanks containing an ice-water mixture, and spray

rinsed, packaged and frozen on the following day. Water used

throughout the plant was chlorinated at a level of 5 to 7 ppm.

The most heavily contaminated area of the plant was the giblet

handling equipment on the evisceration line. This equipment consisted

of conveyor belts, drums, and grinders which retained large quanti-

ties of skin, fat and muscle tissue on their surfaces which were diffi-

cult to remove without thoroughly dismantling and cleaning the

machinery. The particulate matter provided a reservoir of micro-

bial contamination which built up during operating hours and was

transfered to the giblets, which were placed in the turkey cavities.

A broad range of organisms were found in the kill area where

blood, feathers and fecal material covered much of the operating

equipment and the workers. The predominant organisms in this area

were the enteric bacteria, including Salmonella, and pseudomonads.



Table 1. Microbial contamination observed on different equipment surfaces and products in a turkey
processing plant.

Mic roflora
isolated

Surfaces examined

Kill area
Evisceration

line
equipment

Giblet
handling

equipment

Turkey carcass
following

evisceration

Packing
area

equipment

Achromobacter + - ++ ++ -

Aeromonas - - + + -

Alcaligenes - - + +

Aerobic sporeformer s - - + -

Coliform s ++ - ++ ++ +

Coryneform s - - + + +

Flavobacterium - ++ + + ++

Mic rococci - ++ + - -

Pseudomonas ++ + ++ - -

Proteus ++ - - - -

Salmonella + - - - -

Staphylococcus - - + + +

Streptococcus - - - + -

Yeasts - + - + +

- Infrequently isolated or not found.
+ Frequently isolated but not predominant.

++ Frequently isolated and predominant organism(s) isolated from that source.
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The skin of turkeys after evisceration also contained a wide

spectrum of contaminants, but the overnight chilling process favored

the survival only of psychrophiles. The low level of chlorine in the

chill tank water was probably rapidly depleted by the carcasses, and

provided limited germicidal effect.

The majority of organisms in the packing area were those which

survived the chilling process and proliferated on the packing equip-

ment surfaces. Sharp edges in the area where the turkeys were

placed in plastic wrappers contained a large amount of particulate

matter which was heavily contaminated. Removal of this matter with

plain cold water rinses significantly reduced the level of microbial

contamination.

Contamination in a Beef Processing Plant

In contrast to the temperature of the poultry plant, the beef

processing plant operating spaces were refrigerated in the range of

0 to 4 C. The exception was the kill floor, where the temperature

was approximately 27 C. Most of the equipment and working sur-

faces in this plant contained relatively high levels of contamination

in spite of the low ambient temperatures and the reported use of

in-plant chlorination at a level of 200 ppm. The results of the exami-

nation of this plant are summarized in Table 2.

The most heavily contaminated surfaces were those held at the



Table 2. Microbial contamination observed on different equipment surfaces and products in a beef
processing plant.

Mic roflora
isolated

Surfaces examined

Kill floor
equipment

Carcass
cutting
area

Meat
boning

equipment

Packing
room

Meat on
shipping

floor

Achromobacter - + ++ ++ ++

Aeromonas - + - + -

Aerobic sporeformers + + + -

Conforms + + - - _

Coryneforms + - - - -

Flavobac terium ++ + - - -

Mic rococci ++ ++ - - -

Pseudomonas - ++ ++ + ++

Staphylococcus ++ + - - -

Streptococcus + - - -

Kurthia - ++ - -

Infrequently isolated or not found.
+ Frequently isolated but not predominant.

++ Frequently isolated and predominant organism(s) isolated from that source.
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lowest temperature (0 C). These surfaces were stainless steel

trays, counters and rotary conveyors along which the cut up car-

casses were trimmed and boned. At this point, the meat had been

stored in the plant for several days.

This plant also produced lunch meats and sausage, some of

which were sliced shortly before packing and shipping. The slicing

and packaging machinery associated with these meats were found to

be heavily contaminated, as were the final products.

The predominant microflora of this plant, particularly in the

packing area, were members of the Pseudomonas -Achromobacter

group. These organisms are most frequently associated with spoil-

age of fresh meats, and represent a significant economic problem for

meat processors.

Germicide Effectiveness Studies

The destructive effect of several germicides on Salmonella

derby, an organism isolated from the kill area of the turkey plant, is

shown in Table 3. Low concentrations (6 ppm) of iodophor and hypo-

chlorite germicides killed all cells within 30 seconds, and in most

cases, within 15 seconds. USDA hard water (500 ppm CaCO3) had an

average pH of 8.87 before the addition of germicide. In these solu-

tions, the pH of low concentrations of the acidic iodophors were

raised above the level of maximum efficiency, yet their germicidal



Table 3. Destruction of Salmonella derby by iodophor, hypochlorite and QAC germicides.

Germicide Conc. Test water
pH of

germicide
solution

Average number of surviving organismsa

15 sec 30 sec 60 sec 120 sec 300 sec

ppm

Iodophor A 6.0 distilled 3.75 0 0 0 0 0

6.0 USDA
b 7.59 15 6 0 0 0

Iodophor B 6.0 distilled 3.18 0 0 0 0 0

6.0 USDA 6.64 58 0 0 0 0

100 distilled 6.66 0 0 0 0 0

QAC
50 6.03 7 1 0 0 0

100 USDA 8.66 TNC 9 0 0 0

50 8.70 TNC TNC TNC TNC 12

Hypochlorite 6.0 distilled 6.60 0 0 0 0 0

6.0 USDA 8.71 0 0 0 0 0

a Initial number of cells, 144 x 106 per ml.

b U. S. Department of Agriculture, 500 ppm (CaCO3).
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activity was affected only to a small degree. Considerably higher

concentrations of the quaternary ammonium compound were required

to cause a comparable bactericidal effect. A 50 ppm solution of

QAC in hard water was insufficient to totally destroy all cells of the

Salmonella suspension tested, while the same concentration in soft

(distilled) water was more effective in a shorter period of time.

Similar results were observed for Escherichia coli, isolated

from giblet cleaning machinery, and Pseudomonas aeruginosa,

recovered from turkey wastes in the kill area of the plant. (Tables

4 and 5)

Activity of the QACs in hard water was markedly reduced

against the gram-negative organisms, and they were generally the

least effective of the germicides tested. They required higher con-

centrations and longer exposures than either the chlorine or iodine

compounds in order to effect total destruction.

All four germicides tested were equally effective against

Micrococcus luteus, which was isolated from the evisceration line of

the turkey plant. The results in Table 6 suggest that this organism

is destroyed most effectively by hypochlorites and iodophors. The

pronounced inhibition of QAC by hard water salts evident when the

gram-negative cultures were tested was not observed in this series

of experiments, raising the possibility that the mechanism of activity

of QACs may vary for different organisms.



Table 4. Destruction of Escherichia coli by iodophor, hypochlorite, and QAC germicides.

Germicide Conc. Test water
pH of

germicide
solution

Average number of surviving organismsa

15 sec 30 sec 60 sec 120 sec 300 sec

ppm

Iodophor A 6.0 distilled 3.62 0 0 0 0 0

6.0 USDA
b 7.30 91 0 0 0 0

Iodophor B 6. 0 distilled 3.07 0 0 0 0 0

6.0 USDA 6.70 TNC 0 0 0 0

50 distilled 6.24 0 0 0 0 0

25 6.25 0 0 0 0 0

QAC
12.5 6.27 TNC 52 58 3 3

50 USDA 8.35 TNC TNC TNC TNC TNC

25 8.43 TNC TNC TNC TNC TNC

12.5 8.36 TNC TNC TNC TNC TNC

Hypochlorite 6.0 distilled 6.67 0 0 0 0 0

6.0 USDA 8.48 0 0 0 0 0

a Initial number of cells, 79.6 x 106 per ml.

b U. S. Department of Agriculture, 500 ppm (CaCO3).



Table 5. Destruction of Pseudomonas aeruginosa by iodophor, hypochlorite, and QAC germicides.

Germicide Conc. Test water
pH of

germicide
solution

Average number of surviving organismsa

15 sec 30 sec 60 sec 120 sec 300 sec

ppm
Iodophor A 6. 0 distilled 3.78 0 0 0 0 0

6.0 USDA
b 7.70 3 0 0 0 0

Iodophor B 6.0 distilled 3.18 0 0 0 0 0

6.0 USDA 6.67 12 0 0 0 0

100 distilled 5.89 0 0 0 0 0

50 5.83 4 0 0 0 0

QAC
100 USDA 8.81 TNC TNC TNC 223 74

50 8.82 TNC TNC TNC TNC TNC

Hypochlorite 6.0 distilled 6.43 0 0 0 0 0

6.0 USDA 8.72 37 0 0 0 0

a Initial number of cells, 26 x 106 per ml.

b U. S. Department of Agriculture, 500 ppm (CaCO3).



Table 6. Destruction of Micrococcus luteus by iodophor, hypochlorite, and QAC germicides.

Germicide Conc. Test water
pH of

germicide
solution

Average number of surviving organism sa

15 sec 30 sec 60 sec 120 sec 300 set'

ppm

Iodophor A 6.0 distilled 3.54 TNC 1 0 0 0

6.0 USDA
b 7.64 43 0 0 0 0

Iodophor B 6. 0 distilled 3.08 4 0 0 0 0

6.0 USDA 6.67 103 0 0 0 0

50 distilled 6.20 4 0 0 0 0

QAC
25 5.94 288 12 0 0 0

50 USDA 8.65 42 3 0 0 0

25 8.68 TNC TNC 19 0 0

Hypochlorite 6. 0 distilled 6.44 2 0 0 0 0

6.0 USDA 8.73 43 2 0 0 0

a Initial number of cells, 13.5 x 106 per ml.

b U. S. Department of Agriculture, 500 ppm (CaCO3).
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The most resistant vegetative culture tested was Streptococcus

faecalis, isolated from a turkey neck on the evisceration line of the

plant. (Table 7) Concentrations as high as 50 ppm were required to

effect total destruction by the iodophors within one minute, while the

hypochlorite remained totally effective in 15 seconds at 12.5 ppm.

Iodophor activity against this organism appeared to depend more

upon length of exposure than concentration, suggesting involvement

of a time factor in the iodine reaching the site of inhibition. As with

M. luteus, activity of the QAC against S. faecalis cells was not

reduced by hard water, and may even have been potentiated. Fifty

ppm QAC in distilled water destroyed all of the cells within 120

seconds, while only 30 seconds were required for the same concen-

tration of QAC in hard water. Lower concentrations of QAC yielded

a similar pattern.

Yeast of the genus Candida was isolated from a weighing scale

in the turkey plant packing area following a cold water rinse. This

organism was the only one tested which was resistant to hypochlorite,

as shown in Table 8. Concentrations of 12.5 ppm required two min-

utes exposure in order to destroy all the cells in distilled water, and

five minutes were necessary in hard water. Higher concentrations

did not significantly increase the destruction rate in most cases.

Iodophors were effective in destroying all the yeast cells within

30 seconds at a concentration of 6 ppm in both soft and hard water.



Table 7. Destruction of Streptococcus faecalis by iodophor, hypochlorite and QAC germicides.

Germicide Conc . Test water
pH of

germicide
solution

Average number of surviving organismsa

15 sec 30 sec 60 sec 120 sec 300 sec

50 distilled 2.90 TNC 30 0 0 0
25 3.17 TNC TNC 23 0 0

lodophor A 12.5 b 3.38 TNC TNC TNC 47 0
50 USDA 6.47 TNC 6 0 0 0
25 6.69 TNC 11 0 0 0

12.5 7.12 TNC TNC 0 0 0

50 distilled 2.30 41 0 0 0 0
25 2.55 TNC 41 0 0 0

Iodophor B 12.5
50 USDA

2.80
2.52

TNC
254

TNC
5

0
0

0
0

0
0

25 3.02 TNC 95 0 0 0

12.5 6.17 TNC 86 0
i

0 0

50 distilled 5.48 TNC TNC 19 0 0
25 5.57 TNC TNC TNC 89 0

QAC 12.5 5.56 TNC TNC TNC TNC TNC
50 USDA 8.15 18 0 0 0 0
25 8.16 TNC 35 10 0 0
12.5 8.25 TNC TNC TNC 14 48

12.5 distilled 8.11 0 0 0 0 0

Hypochlo rite 6.0
12.5 USDA

8.13
8.23

135
0

5
0

0
0

0
0

0
0

6. 0 8.16 18 0 0 0 0

a Initial number of cells, 14.9 x 106 per ml.
b U. S. Department of Agriculture, 500 ppm (CaCO3).



Table 8. Destruction of a yeast of the genus Candida by iodophor, hypochlorite, and QAC germicides.

Germicide Conc. Test water
pH of

germicide
solution

Average number of surviving organismsa

15 sec 30 sec 60 sec 120 sec 300 sec

ppm
Iodophor A 6.0 distilled 3.77 0 0 0 0 0

6.0 USDAb 7.49 166 0 0 0 0

Iodophor B 6.0 distilled 3.23 4 0 0 0 0

6.0 USDA 6.81 40 0 0 0 0

50 distilled 6.36 4 0 0 0 0

25 6.32 83 27 0 0 0

QAC
12.5 6.32 TNC 223 2 0 0

50 USDA 8.60 TNC 168 0 0 0

25 8.68 TNC TNC 63 5 1

12.5 8.61 TNC TNC TNC TNC 135

50 distilled 8.35 TNC TNC 40 0 0

25 7.92 TNC TNC 30 0 0

Hypochlorite 12.5 7.13 TNC TNC 122 0 0

50 USDA 8.73 TNC 107 0 0 0

25 8.64 TNC TNC 112 2 0

12.5 8.58 TNC TNC TNC 47 0

a Initial number of cells, 9. 6 x 105 per ml.
b U. S. Department of Agriculture, 500 ppm (CaCO3).
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A small degree of inhibition was evident when these compounds were

used in hard water, but not enough to effect germicidal activity in

practical use situations.

The QAC compound was active against yeast when concentra-

tions of 50 ppm were used in soft water. Lower concentrations, par-

ticularly in hard water, were not as effective.

Bacillus licheniformis was isolated from a saw used to split

carcasses in half on the kill floor of the beef processing plant. A

spore suspension of this organism was tested against all four germi-

cides at the highest concentration considered practical for everyday

use in meat processing plants, 200 ppm, and exposure time was

extended to a maximum of twenty minutes. Table 9 reflects the high

resistance of the spores to all the germicides tested.

The iodophors and QAC were completely ineffective against the

spores, while the hypochlorite was partially able to reduce the total

number after twenty minutes exposure time. It was noted that greater

reduction of spores occurred when the hypochlorite was diluted with

hard water and the pH was slightly lowered from 8.97 to 8.87.

Another series of experiments were performed in which the hypo-

chlorite diluent was 0.25 M phosphate buffer, and the pH of the ger-

micide solution was 7.1. Under these conditions, 200 ppm hypochlor-

ite totally destroyed all spores in the suspension within 2 minutes,

effecting a greater than ten-fold increase in destruction rate.



Table 9. Destruction of Bacillus licheniformis spores by iodophor, hypochlorite and QAC
germicides.

Germicides Conc. Test water
pH of

germicide
solution

Average percent of surviving sporesa

30 sec 2 min 5 min 10 min 20 mi

ppm

Iodophor A 200 distilled 2.43 100 100 100 100 100

200 USDA
b 2.65 100 100 100 100 100

Iodophor B 200 distilled 1.97 100 100 100 100 100

200 USDA 2.01 100 100 100 100 100

QAC 200 distilled 6.57 100 100 100 100 100

200 USDA 8.47 100 100 100 100 100

Hypochlorite 200 distilled 8.97 100 100 100 100 64.5

200 USDA 8.87 100 100 100 100 11.9

200 Buffer 7.10 100 0 0 0 0

(pH 7.0)

a Initial number of spores, 1.17 x 104 per ml.

b U. S. Department of Agriculture, 500 ppm (CaCO3).
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Range of Germicidal Activity

The spectrum of activity on the vegetative cells tested varied

for each germicide. As shown in Figure 1, 12.5 ppm hypochlorite

destroyed all bacterial suspensions tested within 15 seconds in both

distilled and hard water. Yeasts were resistant to very dilute hypo-

chlorites, and concentrations as high as 50 ppm were unable to

appreciably increase the rate of destruction.

Hypochlorites were the only germicide tested which exhibited

any sporicidal activity at a concentration of 200 ppm, which is the

maximum level acceptable for most practical applications. The

effectiveness of these compounds in killing spores varies greatly with

the pH of the solution (Figure 2). A reduction in pH of 0.1 unit caused

a greater than 50 percent decrease in the survival rate of spores

after 20 minutes exposure. When the pH was buffered down to 7.1,

the hypochlorite solution destroyed all spores within 2 minutes.

Figures 3 and 4 indicate the wide range of bactericidal activity

of iodophors at low concentrations. The acidity of iodophor A was

insufficient to maintain optimum pH levels in high dilutions, yet both

compounds destroyed all vegetative cells except Streptococcus

faecalis within 15 seconds. Of the non-sporeforming bacteria tested,

the streptococci were the most resistant to all the germicides studied.

Neither the hypochlorite nor iodophor germicides tested were



--- 300

120

CO

0

U

O 60
a)

a)

30

0

15

a)

cr
a)

_ .

I

111
1

1
1

1

11

1116,

. Distilled Water
r.:
t*I1 USDA Hard Water

6,4k

vr
AA.

111 IP'

AL
Ir41W

1111,

lir4

Escherichia Salmonella Pseudomonas Micrococcus Streptococcus Candidaluteus faecalisaerugino sacoli derby

Figure 1. Relative destruction rates of vegetative cells by 12.5 ppm hypochlorite solutions in
distilled and USDA hard water.



100

80

70

60

50

40

30

20

10

0
`pH 7.10
2 5 10 15

Exposure time (minutes)

pH 8.97

pH 8.87

20

63

Figure 2. Rate of destruction of Bacillus licheniforrnis spores by
200 ppm iodophor, QAC and hypochlorite germicides.
Symbols: iodophor A and B, QAC; 0 hypochlorite
(distilled); hypochlorite (USDA); hypochlorite
(buffered).



300

0

*Zo'

U
a)

")120

0
4.4

4-3 60
a)

4-04

a.)

30

$-

15

z
a)

\.. .

1 Distilled Water
r.,-4
e.. USDA Hard Water

4

I 1

1

1

lbk

114 v
A,

Iiik v
A&

Ig Ilir

A.

.1 lir&

AIX,
lik 4

1
Es cherichia Salmonella Pseudomonas Mic rococcus Streptococcu - Candidacoli derby aeruginosa luteus faecalis

Figure 3. Relative destruction rates of vegetative cells by 12.5 ppm iodophor A solutions in
distilled and USDA hard water.



o 300
-o

0
U
a)

cn 120

0

60
a)

a)
U

30

co
co

s+.4 15
-o
a)

0'
a)

EiDistilled Water
r4v4tt USDA Hard Water

IIIN li

I I
1

11
A

11 01
AWLA.

11 IL
AllaJ

I 1 11
16A.

1
I

Escherichia Salmonella Pseudomonas Micrococcus Streptococcu'
coli derby luteus Candidafaecalisaeruginosa

Figure 4. Relative destruction rates of vegetative cells by 12.5 ppm iodophor B solutions in
distilled and USDA hard water.



66

markedly affected by water hardness in the range of approximately 0

to 500 ppm CaCO
3

at low concentrations.

The general susceptibility of the quaternary ammonium com-

pounds to hard water is reflected in Figure 5. Higher concentrations

and longer exposure periods were required for the QAC to approxi-

mate the germicidal activity of the other compounds tested. The

gram-negative cultures were all at least partially resistant to rela-

tively high concentrations in hard water for the maximum exposure

period of 5 minutes. The QAC tested was ineffective against spores.
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DISCUSSION

The type of organisms isolated from meat and poultry plants

were similar to those recovered by other investigators in typical

processing plants. The Pseudomonas -Achromobacter group pre-

dominated in areas where low temperature handling had reduced the

numbers of competitive bacteria to relatively low levels. The major-

ity of organisms found in this study were recovered from surfaces

which, at one time or another during processing, came into direct

contact with the final product. The high level of contamination on

both processing surfaces and the final products indicate that survival

of these organisms under conditions which are designed to destroy or

reduce them are more or less assured. Mishandling and delays in

distribution systems serve to provide further opportunities for these

organisms to flourish, and make an expensive commodity unattractive

if not unsalable or unsafe to the consumer.

Each of the organisms tested in these studies were freshly

obtained from their natural environment, and represent a spoilage,

indicator, or pathogenic contaminant common to fresh beef or poultry.

The germicides used to destroy these organisms were commercial

products available in the market and applied in a wide variety of food

processing and dairy operations.

Of the three general types of germicides studied, the results
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indicate that the quaternary ammonium compound (QAC) was the least

suitable for food processing environments. It was slower acting and

required higher concentrations than either of the halogen compounds.

In the presence of 500 ppm USDA hard water (calculated as CaCO3),

the QAC was ineffective against the gram-negative bacteria chiefly

responsible for meat spoilage, Pseudomonas. Salmonella, an impor-

tant pathogen frequently associated with poultry, was also highly

resistant to the QAC tested in the presence of hard water, as was

Escherichia coli. As a sporicide, the QAC tested was totally ineffec-

tive.

The reported bacteriostatic activity of these compounds is of

limited value in the food processing plant, where germicidal residues

on equipment are short-lived, and undesirable on the final product.

The bactericidal activity of hypochlorite and iodophor com-

pounds tested in this study was quite similar. Both types of com-

pound showed a high rate of destruction in both soft and hard water in

low concentrations. At a level of 12.5 ppm, a concentration too

dilute to overcome the buffering effect of the alkaline hard water,

both the high and low acid iodophors exhibited identical destructive

rates on vegetative cells. Only Streptococcus faecalis cells survived

these concentrations for more than 15 seconds, and that organism

represented the most resistant bacterial culture for all the germicides

tested. The iodophors were notably ineffective against spores despite
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concentrations of 200 ppm and exposures of 20 minutes. In the case

of iodophor B, the pH of the germicidal solution was below 2.0, yet

no reduction of spores was observed.

At a concentration of 12.5 ppm, the hypochlorite killed all the

bacterial cultures tested within 15 seconds, including the relatively

resistant S. faecalis cells. At lower concentrations, the hypochlorite

exhibited the most rapid rate of destruction of any of the germicides.

In distilled water, the average pH of a 12.5 ppm solution of

hypochlorite was 7.7, and in USDA hard water the pH was increased

to 8.8. The higher alkalinity did not affect the rate of destruction of

bacterial cultures but measurably increased the time required to kill

yeast. When higher concentrations were applied to spore suspensions,

the effect of pH became more pronounced. A concentration of 200

ppm hypochlorite in hard water had a pH slightly lower than a similar

solution in soft water, and a significant increase in sporicidal activity

was noted. The use of pH 7.0 buffer as germicide diluent caused a

greater than 10-fold increase in the spore destruction rate, and no

surviving spores were detected. Other workers have reported

similar results for lower concentrations of hypochlorites on vegeta-

tive cells, and have demonstrated the stability of these germicides

even when acidified to pH 4.0 (40).

Excess alkalinity of hypochlorite solutions may serve to

neutralize or even reverse the effect of higher concentrations in
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practical applications. Water hardness and the presence of organic

matter also affect the effectiveness of hypochlorite under practical

conditions.

In this study excess organic matter was carefully excluded from

the reaction flasks in order to compare the activity of each germicide

under controlled conditions of water hardness and concentration.

While it may be argued that such conditions do not represent those

found in practical applications, it is also important to note that sur-

faces bearing organic matter will not be effectively sanitized by any

chemical agent unless the particulate matter is first removed. This

study has indicated that the majority of microbial contaminants on

equipment surfaces are associated with such matter.

In view of the bactericidal efficiency of both hypochlorite and

iodophor compounds in low concentrations, either type of germicide

appears to be well suited to a wide range of applications in the food

processing industry. Hays, Elliker and Sandine (41) in a study simi-

lar to this work, reported that the combined action of hypochlorite

followed by iodophor treatment served to apply the advantages of both

germicides, effecting practically complete destruction of the organ-

isms tested. Shorter applications of higher dilutions of both types of

germicide may be economically comparable to more extensive use of

either one, and would almost certainly result in a higher level of

sanitation.
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SUMMARY

Microbial contaminants were isolated from beef and poultry

processing plants by conventional contact plate and swab sampling

techniques. Generally high levels of contamination were found, par-

ticularly where residues of organic matter were permitted to accum-

ulate.

Isolates representing spoilage, indicator, and pathogenic con-

taminants common to fresh beef and poultry were selected and sub-

jected to various concentrations of hypochlorite, iodophor, and

quaternary ammonium compounds in both distilled and USDA hard

water (500 ppm CaCO 3). Vegetative cells were exposed for intervals

of from 15 to 300 seconds, and spore suspensions were treated for

up to 20 minutes.

The results of the studies indicated that the QAC tested was

highly selective, particularly when diluted with hard water. Gram-

negative organisms exhibited a marked resistance to this compound

under most conditions, and higher concentrations for longer exposure

periods were required to even approximate the bactericidal activity

of the other germicides tested. The QAC exhibited no sporicidal

activity at a level of 200 ppm.

Both low and high acid iodophor formulations were tested and

found to be equally effective in destroying a wide range of vegetative
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cells in a very short time at low concentrations. The degree of water

hardness did not appreciably affect their germicidal activity. Even

with relatively resistant organisms, such as S. faecalis, destruction

with 12.5 ppm solutions appeared to be more a function of time than

of pH. Higher concentrations did not significantly increase the

destruction rate. The iodophors were equally effective in killing

yeast, but exhibited no sporicidal activity at concentrations of 200

PPm

The hypochlorite and iodophor germicides had very similar

destruction rates at any given concentration. The hypochlorites

were distinctly less active in killing yeast suspensions, possibly due

to the effect of the greater cell mass imparting a higher chlorine

demand. The hypochlorites were the only germicide tested which

were sporicidal at concentrations of 200 ppm. When the pH of these

solutions was buffered to pH 7.1, a ten-fold increase in the rate of

sporicidal activity was observed.



74

BIBLIOGRAPHY

1. American Public Health Association. Standard methods for the
examination of water and wastewater. 11th ed. New York, 1960.
626 p.

2. Avens, J. S. and B. F. Miller. Quantifying bacteria on poultry
carcass skin. Poultry Science 49:1309-1315. 1970.

3. Barnes, Ella M. and C. S. Impey. Psychrophilic spoilage
bacteria of poultry. Journal of Applied Bacteriology 31:97-107.
1968.

4. Barnes, E. M. and D. H. Shrimpton. Causes of greening of
uneviscerated poultry carcasses during storage. Journal of
Applied Bacteriology 20:273-285. 1957.

5. Beuchat, L. R. and R. V. Lechowich. Effect of salt concentra-
tion in the recovery medium on heat-injured Streptococcus
faecalis. Applied Microbiology 16:722-776. 1968.

6. Beuchat, L. R. and R. V. Lechowich. Survival of heated
Streptococcus faecalis as affected by phase of growth and incu-
bation temperature after thermal exposure. Journal of Applied
Bacteriology 31:414-419. 1968.

7. Breed, Robert S. , et al. Bergey's manual of determinative
bacteriology. 7th ed. Baltimore, William & Wilkins, 1957.
1094 p.

8. Brewer, R. N., et al. A study of the sanitation of chilling
operation in poultry processing plants in Alabama. (Abstracted
in: Poultry Science 40:1383. 1961)

9. Brock, Thomas D. (tr. and ed.). Milestones in microbiology.
Englewood Cliffs, N. J. , Prentice-Hall, 1961. 273 p.

10. Brown, A. D. and J. F. Weidemann. The taxonomy of the
psychrophilic meat-spoilage bacteria: a reassessment. Journal
of Applied Bacteriology 21:11-17. 1958.

11. Bryan, Frank L. What the sanitarian should know about Clos-
tridium perfringens foodborne illness. Journal of Milk and Food
Technology 32:381-389. 1969.



75

12. Bryan, Frank L. New concepts in foodborle illness. Journal
of Environmental Health 31:327-337. 1969.

13. Bryan, Frank L., John C. Ayres and Allen A. Kraft. Salmonel-
lae associated with further-processed turkey products. Applied
Microbiology 16:1-9. 1968.

14. Casman, E. P., D. W. McCoy and P. J. Brand ly. Staphylococ-
cal growth and enterotoxin production in meat. Applied Micro-
biology 11:498-500. 1963.

15. Chambers, Cecil W. A procedure for evaluating the efficiency
of bactericidal agents. Journal of Milk and Food Technology
19:183-187. 1956.

16. Clark, D. S. Comparison of pour and surface plate methods for
determination of bacterial counts. Canadian Journal of Micro-
biology 13:1409-1412. 1967.

17. Clark, D. S. Growth of psychrotolerant pseudomonads and
Achromobacter on chicken skin. Poultry Science 47:1575-1578.
1968.

18. Clark, D. S. Growth of psychrotolerant pseudomonads and
achromobacteria on various chicken tissues. Poultry Science
49:1315-1318. 1970.

19. Clark, D. S. Studies on the surface plate method of counting
bacteria. Canadian Journal of Microbiology 17:943-946. 1971.

20. Cowan, S. T. and K. J. Steel. Diagnostic tables for the common
medical bacteria. Journal of Hygiene (Cambridge) 59:357-372.
1961.

21. Davis, J. G. Iodophors as detergent-sterilizers. Journal of
Applied Bacteriology 25:195-201. 1962.

22. Dempster, J. F. An evaluation of the efficiency of cleaning
methods in a bacon factory. Journal of Hygiene (Cambridge)
69:133-140. 1971.

23. Dixon, J. M. S. and F. E. Poo ley. The effect of chlorination
on chicken carcasses infected with salmonellae. Journal of
Hygiene (Cambridge) 59:343-348. 1961.



76

24. Elliker, P. R. Chemical sanitizers for the milk industry.
Dairy Foods Review 62:14, 36-37. 1958.

25. Elliker, P. R. Quaternaries and hypochlorites in mastitis
sanitation. Journal of Milk and Food Technology 16:22-25.
1953.

26, Favero, S., et al. Microbiological sampling of surfaces.
Journal of Applied Bacteriology 31:336-343. 1968.

27. Federal Register. U. S. National Archives 21:7020. 1956.

28. Fincher, Edward L. Surface sampling for bacteria. In: Pro-
ceedings of the fourth annual technical meeting and exhibit of the
American Association for Contamination Control, Miami Beach,
1965. p. 1-7. (Georgia, National Communicable Disease
Center. Epidemiology Program. Biophysics Section. Reprint
Number 59)

29. Furlong, T. E. and P. R. Elliker. An improved method of
determining concentration of quaternary ammonium compounds
in water solutions and in milk. Journal of Dairy Science 36:225-
234. 1953.

30. Geister, R. S. and A. C. Maack. Sanitation in meat and poultry
processing plants. Journal of Milk and Food Technology 30:67-
70. 1967.

31. Georgala, D. L. and A. Hurst. The survival of food poisoning
bacteria in frozen foods. Journal of Applied Bacteriology 26:
346-358. 1963.

32. Goepfert, J. M. and K. C. Chung, Behavior of salmonellae in
sliced luncheon meats. Applied Microbiology 19:190-192. 1970.

33. Goldenberg, N. and C. J. Reif. Use of disinfectants in the food
industry. Journal of Applied Bacteriology 30:141-147. 1967.

34. Grau, F. H. , L. E. Brown lie, and E. A. Roberts. Effect of
some preslaughter treatments on the Salmonella population in
the bovine rumen and faeces. Journal of Applied Bacteriology
31:157-163. 1968.



77

35. Greenberg, R. A., et al. Incidence of mesophilic Clostridium
spores in raw pork, beef, and chicken in processing plants in
the United States and Canada. Applied Microbiology 14:789-793.
1966.

36. Gunderson, M. F., H. W. McFadden and T. S. Kyle. The
bacteriology of commercial poultry processing. Minneapolis,
Burgess, 1954. 98 p.

37. Hadfield, W. A. Chlorine and chlorine compounds. In: Anti-
septics, disinfectants, fungicides, and chemical and physical
sterilization, ed. by George F. Reddish, Philadelphia, Lea &
Febiger, 1954. p. 465-486.

38. Hall, Herbert E. and George H. Hauser. Examination of feces
from food handlers for salmonellae, shigellae, enteropathogenic
Escherichia coli, and Clostridium perfringens. Applied Micro-
biology 14:928-933. 1966.

39. Hamdy, M. K., N. D. Barton and W. E. Brown. Source and
portal of entry of bacteria found in bruised poultry tissue.
Applied Microbiology 12:464-469. 1964,

40. Hays, Helen, P. R. Elliker and W. E. Sandine. Effect of
acidification on stability and bactericidal activity of added chlor-
ine in water supplies. Journal of Milk and Food Technology
26:147-149. 1963.

41. Hays, Helen, P. R. Elliker and W. E. Sandine. Microbial
destruction by low concentrations of hypochlorite and iodophor
germicides in alkaline and acidified water. Applied Microbi-
ology 15:575-581. 1967.

42. Hedgecock, Loyd. W. Antimicrobial agents. Philadelphia, Lea
& Febiger, 1967. 232 p. (Medical Technology. A Series. 3)

43. Hugh, Rudolph and Einar Leif son. The taxonomic significance
of fermentative versus oxidative metabolism of carbohydrates
by various gram negative bacteria. Journal of Bacteriology 66:
24-26. 1953.

44. Hugo, W. B. Mechanisms of disinfection. In: Disinfection, ed.
by Melvin A. Benarde, New York, Marcel Dekker, 1970.
p. 31-60.



78

45. Humphreys, T. W. and C. K. Johns. Suggested improvements
in the Weber and Black method for evaluating germicides.
Applied Microbiology 2:1. 1954.

46. Ingram, M. and R. H. Dainty. Changes caused by microbes in
spoilage of meats. Journal of Applied Bacteriology 34:21-39.
1971.

47. Ingram, M. and J. M. Shewan. Introductory reflections on the
Pseudomonas -Achromobacter group. Journal of Applied Bac-
teriology 23:373-378. 1960.

48. Insalata, N. F., J. S. Witzeman and F. C. A. Sunga. Fecal
streptococci in industrially processed foods-an incidence study..
Food Technology 23:1316-1318. 1969.

49. Jay, James M. Nature, characteristics, and proteolytic
properties of beef spoilage bacteria at low and high tempera-
tures. Applied Microbiology 15:943-944. 1967.

50. Jensen, Lloyd B. Microbiology of meats. 3d ed. Champaign,
Garrard Press, 1954. 422 p.

51. Kaufmann, Arnold F. and James C. Feeley. Culture survey of
Salmonella at a broiler-raising plant. Public Health Reports
83:417-422. 1968.

52. Kempton, A. G. and S. R. Bobier. Bacterial growth in refrig-
erated, vacuum-packed luncheon meats. Canadian Journal of
Microbiology 16:287-297. 1970.

53. Kotula, Anthony W. and Jack A. Kinner. Airborne microorgan-
isms in broiler processing plants. Applied Microbiology 12:179-
184. 1964.

54. Kotula, Anthony W., James E. Thompson and Jack A. Kinner.
Bacterial counts associated with the chilling of fryer chickens.
Poultry Science 41:818-821. 1962.

55. Kraft, A. A., et al. Coryneform bacteria in poultry, eggs and
meat. Journal of Applied Bacteriology 29:161-166. 1966.

56. Kreger-van Rij, N. J. W. Taxonomy and systematics of yeasts.
In: The yeasts. Vol. 1. ed. by Anthony J. Rose and J. S.
Harrison, London, Academic Press, 1969. p. 5-78.



79

57. Lawrence, Carl A. and Seymour S. Block (eds.) Disinfection,
sterilization, and preservation. Philadelphia, Lea & Febiger,
1968. 808 p.

58. Lewis, Keith H. and Robert Angelotti (ed.). Examination of
foods for enteropathogenic and indicator bacteria. Washington,
D. C., 1964. 123 p. (Public Health Service Publication No.
1142.)

59. LOrincz, F. and K. Incze. The use of Streptococcus faecalis as
an indicator of the hygienic condition of meat preserves and the
possibility of interference by Aerococcus viridans. Journal of
Applied Bacteriology 27:208-212. 1964.

60. MacGregor, D. R. and P. R. Elliker. A comparison of some
properties of strains of Pseudomonas aeruginosa sensitive and
resistant to quaternary ammonium compounds. Canadian Journal
of Microbiology 4:499-503. 1958.

61. Martin, William Jeffery, Pauline K. W. Yu and John A.
Washington II. Evaluation of the enterotube system for identi-
fication of members of the family Enterobacteriaceae. Applied
Microbiology 22:96-99. 1971.

62. McCulloch, Ernest C. Disinfection and sterilization. 2d ed.
Philadelphia, Lea & Febiger, 1945. 472 p.

63. Mol, J. H. H., et al. Observations on the microflora of vacuum
packed sliced cooked meat products. Journal of Applied Bac-
teriology 34:377-397. 1971.

64, Morris, George K. and Joy G. Wells. Salmonella contamination
in a poultry-processing plant. Applied Microbiology 19:795-799.
1970.

65. Morris, George K. , et al. A study of the dissemination of
salmonellosis in a commercial broiler chicken operation.
American Journal of Veterinary Research 30:1413-1421. 1969.

66. Mossel, D. A. A. and A. van de Moosdijk. The practical sig-
nificance in the microbiological examination of cold stored foods
of the allegedly low heat resistance among psychrotrophic organ-
isms. Journal of Applied Bacteriology 27:221-223. 1964.



80

67. National Research Council. Division of Biology and Agriculture.
Food Protection Committee. Reference methods for the micro-
biological examination of foods. Washington, D. C., National
Academy of Sciences, 1971. 39 p.

68. Parker, R. B. , A. L. Coldwell and P. R. Elliker. Psychro-
philic bacteria, a sanitation problem. Journal of Milk and Food
Technology 16:136-139, 152. 1953.

69. Patterson, J. T. Salt tolerance and nitrate reduction by micro-
cocci from fresh pork, curing pickles and bacon. Journal of
Applied Bacteriology 26:80-85. 1963.

70. Patterson, J. T. Bacterial contamination of processed poultry.
British Poultry Science 10:89-93. 1969.

71. Ranken, M. D., et al. Chlorination in poultry processing.
British Poultry Science 6:331-337. 1965.

72. Rey, C. R. and A. A. Kraft. Effect of freezing and packaging
methods on survival and biochemical activity of spoilage organ-
isms on chicken. Journal of Food Science 36:454-458. 1971.

73. Rideal, S. and J. T. A. Walker. The standardization of disin-
fectants. Journal of the Royal Sanitary Institute 24:424-441.
1903. (Cited in: Antiseptics, disinfectants, fungicides, and
chemical and physical sterilization, ed. by George F. Reddish,
Philadelphia, Lea & Febiger, 1954. 841 p.)

74. Rubbo, Sydney D. and Joan F. Gardner. A review of steriliza-
tion and disinfection as applied to medical, industrial and
laboratory practice. London, Lloyd-Luke (Medical Books) Ltd. ,
1965. 250 p.

75. Sanders, D. H. and C. D. Blackshear. Effect of chlorination in
the final washer on bacterial counts of broiler chicken carcasses.
Poultry Science 50:215-219. 1971.

76. Sanders, Dickerson H. and Michael R. Parkes. Infrared esti-
mation of microbial population on broiler chicken carcasses
during refrigerated storage. Poultry Science 49:173-178. 1970.

77. Sauter, E. A., W. B. Ardrey and C. F. Petersen. Reduction of
shelf-life of fresh fryers due to infection with Escherichia coli
prior to processing. Poultry Science 47:1470-1473. 1968.



81

78. Schaeffer, P., et al. La sporulation de Bacillus subtilis: etude
genetique et physiologique. Co lloq. Intern. Centre Natl. Resh.
Sci., (Paris) 124:553-563. 1963. (Reprint)

79. Scheusner, D. L. , F. F. Busta and M. L. Speck. Inhibition of
injured Escherichia coli by several selective agents. Applied
Microbiology 21:46-49. 1971.

80. Scheusner, D. L. , F. F. Busta and M. L. Speck. Injury of
bacteria by sanitizers. Applied Microbiology 21:41-45. 1971.

81. Sharf, J. M. (ed.). Recommended methods for the microbio-
logical examination of foods. 2d ed. New York, American
Public Health Association, 1966. 205 p.

82. Shikashio, T. K. , W. E. Sandine and P. R. Elliker. The effect
of iodophors on certain enzyme systems. In: Proceedings of
the American Society of Brewing Chemists, 1968. p. 166-176.
(Oregon Agricultural Experiment Station. Technical Paper No.
2502)

83. Slanetz, L. W., et al. (eds.). Microbiological quality of foods.
New York, Academic Press, 1963. 274 p.

84. Society of American Bacteriologists. Committee on Bacterio-
logical Technique. Manual of microbiological methods. New
York, McGraw-Hill, 1957. 315 p.

85. Stanier, R. Y., N. J. Palleroni and M. Doudoroff. The aerobic
pseudomonads: a taxonomic study. Journal of General Micro-
biology 43:159-271. 1966.

86. Surkiewicz, Bernard F. , et al. A bacteriological survey of
chicken eviscerating plants. Food Technology 23:1066-1069.
1969.

87. Sykes, G. Disinfection and sterilization. Zd ed. London, E. &
F. N. Spon, 1965. 486 p.

88. Thatcher, F. S. and D. S. Clark (comp. & ed.). Microorgan-
isms in foods; their significance and methods of enumeration.
Toronto, University of Toronto Press, 1968. 234 p.



82

89. Thorn ley, Margret J. A taxonomic study of Acinetobacter and
related genera. Journal of General Microbiology 49:211-257.
1967.

90. Thorn ley, Margret J. , M. Ingram and Ella M. Barnes. The
effects of antibiotics and irradiation on the Pseudomonas -
Achromobacter flora of chilled poultry. Journal of Applied
Bacteriology 23:487-498. 1960.

91. U. S. Food and Drug Administration. Bacteriological analytical
manual. Zd ed. Washington, D. C., 1969.

92. Wabeck, C. J., et al. Salmonella and total count reduction in
poultry treated with sodium hypochlorite solutions. Poultry
Science 47:1090-1094. 1968.

93. Walker, H. W. and J. C. Ayres. Characteristics of yeasts
isolated from processed poultry and the influence of tetracyclines
on their growth. Applied Microbiology 7:251-255. 1959.

94. Walker, Homer W. and John C. Ayres. Incidence and kinds of
microorganisms associated with commercially dressed poultry.
Applied Microbiology 4:345-349. 1956.

95. Walker, Homer W. and John C. Ayres. Microorganisms asso-
ciated with commercially processed turkeys. Poultry Science
38:1351-1455. 1959.

96. Walt, J. P. van der. Criteria and methods used in classifica-
tion. In: The yeasts. A taxonomic study, ed. by J. Lodder,
Delft, The Netherlands, North Holland Publishing Company,
1970. p. 34-113.

97. Walter, William G. (ed.). Standard methods for the examina-
tion of dairy products. 12th ed. New York, American Public
Health Association, 1967. 304 p.

98. Wang, Wei-Sheng. Factors related to resistance of bacteria to
quaternary ammonium germicides. Master's thesis. Corvallis,
Oregon State University, 1965. 48 numb, leaves.

99. Weber, George R. and Luther A. Black. Laboratory procedure
for evaluating practical performance of quaternary ammonium
and other germicides proposed for sanitizing food utensils.
American Journal of Public Health 38:1405-1417. 1948.



83

100. Weiser, Harry H., George J. Mountney and Wilbur A. Gould.
Practical food microbiology and technology. 2d ed. Westport,
Avi Publishing, 1971. 388 p.

101. Weissman, M. A. and J. A. Carpenter. Incidence of salmonel-
lae in meat and meat products. Applied Microbiology 17:899-
902. 1969.

102. Wickersham, Lynferd J. Taxonomy of yeasts. U. S. Depart-
ment of Agriculture, Technical Bulletin 1029:1-19. 1951.

103. Wilkinson, T. R. Survival of bacteria on metal surfaces.
Applied Microbiology 14:303-307. 1966.

104. Williams, M. L. B. A new method for evaluating surface
contamination of raw meat. Journal of Applied Bacteriology
30:498-499. 1967.

105. Winter, F. H., G. K. York and Hamza El-Nakhal. Quick
counting method for estimating the number of viable microbes
on food and food processing equipment. Applied Microbiology
22:89-92. 1971.

106. Wolf, J. and A. N. Barker. The genus Bacillus: aids to the
identification of its species. In: Identification methods for
microbiologists, ed. by B. M. Gibbs and D. A. Shapton.
Part B. New York, Academic Press, 1968. p. 93-109.

107, Woodburn, Margy. Incidence of salmonellae in dressed broiler-
fryer chickens. Applied Microbiology 12:492-495. 1964.


