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FACTORS RELATED TO THE RESISTANCE OF CERTAIN BACTERIA TO 
QUATERNARY AMMONIUIi COMPOUNDS 

REVIEW OF LITERATURE 

The history of quaternary amtnonium compounds (QAC) 

as bactericidal agents dates back to 1916 in this country. 

Using Streptococcus and Bacillus species, Jacobs 

(29, p.576; 30, pp.598-599) studied the properties or the 

QAC salts of hexamethylenetetrarnirie, and demonstrated the 

existence of' direct relationships between chemical struc- 

ture and bactericidal action, In 1928 Hartman and Jthgi 

(26, p.130), in studies on surface activity and detergency 

of acidic soaps, disclosed that surface active cations 

exert bactericidal action, The first technical report on 

the bactericidal action of QAC appeared in a German pub- 

lication in 1935 (20, p.83l). This work was the stimulus 

to increasing interest in QAC, and to the development of 

the field to its present status. 

Familiar QAC used today (23, p.156) are: 

(1) cetyl trimethyl ammonium bromide, (2) alkyl dimethyl 

benzyl ammonium chloride, (3) diisobutyl octyl phenoxy 

ethoxy ethyl dimethyl benzyl ammonium chloride, and 

(4) cetyl pyridinium chloride. In addition there are num- 

erous other QAC available today which are employed for 



sanitation and other purposes. These compounds are all 

considered to be derivatives of the parent substance. When 

QAC are dissolved in water, the chlorine dissociates as the 

anion, and the remainder of the molecule as the cation 

(16, p.93). The cation is responsible for the bactericidal 

property of the compound. 

QAC are somewhat selective as killing agents for 

bacteria. Several investigators (24, p.16; 31, p.70; 

32, pp.55-58; 43, pp.758-759; 48, p.48; 58, pp.67-68) 

have shown the following factors to affect the bacterici- 

dal activity of QAC: pH; temperature; presence of 

anionic surface active agents; calcium, iron, and magnes- 

ium salts of hard water; organic matter such as fats and 

proteins; variation in type of bacter.ial species; and 

variation in type of QAC. 

A number of reports show the relationship of chem- 

leal structure to bactericidal action (29, p.576; 30, 

pp.598-599), Bacteriostatic and bactericidal activity 

within a homologous series are dependent on chain length. 

For example the C12 to C16 chain lengths of the alkyl 

grouping are the most effective, while at lengths above and 

below this, the activity decreases (26, p.157; 27, p.287; 

34, p.52; 55, p.753; 56, p.755; 57, p.757; 67, p.488). 



Mecianism of Action of 5j Biological Systems 

Bactericidal activity on basis electro- 

static traction on cterium, Daniels (17, pp.458-459) 

disclosed that cationic adsorption on the bacterial cell 

was initially a chemical combinaticx between the agent and 

cell. Since this action was one of adsorption, it did not 

require ion permeability of the cell membrane. Hotchkiss 

(28, pp.491-492) stated that in the first stage there was 

a combining of surface active ions with positively charged 

sites upon the bacterial surface. Cytalytic injury occur- 

red, resulting in irreversible damage to the cell meiubrane. 

There was a release of total content of soluble nitrogen 

and phosphorous compounds, metabolic enzymes were denatur- 

ed, and eventual death occured. This type of injury was 

observed on staphiococci, streptococci, Esoherichia coli, 

and baker's yeast. Working wIth Staphlococcus aureus 

(Micrococcus yogenes var. aureus) and baker's yeast, Rahn 

(51, p.4) proved experimentally that QAC were adsorbed on 

cell surfaces. Valko (68, pp.476-478) asserted that 

following electrostatic attraction between surface active 

lori and the bacterial cell, the ion penetrated the cell and 

was distributed throughout it in a manner similar to the 

action of a dye. Valko and Dubois (66, p.24) and Dubos 

(22, p.288) further postulated that the first process in 

bactericidal action was a reversible ionic adsorption or 
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ari exchange reaction governea by the relative affinities 

of the detergent ions for the cell. For susceptible organ- 

isLns, this reaction was followed by metabolic inhibition. 
This inhibition was irreversible except if interrupted by 

addition of phospholipids prior to being subjected to the 

antiseptic The killing action of surface active cations 

could also be reversed by detoxication with high molecular 

weight anions. These authors demonstrated this reversi- 

bility using sodium dodecyl sulfate, after treatment of 

M. yogenes var. aureus organisms with QAC. 

According to these hypotheses, the mechanism of 

action of QAC could be explained on the basis of electro- 

static attraction between oppositely charged ions, 

followed by ion penetration of the cell, resulting in 

irreversible metabolic inhibition. The rate and degree of 

destruction varied among bacteria and strains, to account 

for the resistance of certain bacteria. 

Bactericidal action virtue inhibition 

bacterial metabolism and enzyme systems. Baker 

(6, pp.624-625; 17 p.270; 8, p.620) measured the rate of 

respiration or glycolysis when organisms were subjected to 

various concentrations of detergent. Cationic detergents 
as a group, exhibited marked bactericidal effects on gram- 

positive microorganisms and somewhat less pronounced action 

on gram negative microorganisms. There as a correlation 
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between bactericda1 action and inhibition of bacterial 

metabolism. These authors explained the effect upon bac- 

terial metabolism as a two-fold action: (1) disorganiza- 

tion of the cell membrane by virtue of the great surface 

activity of these compounds, and (2) denaturation of 

certain proteins essential to metabolism and growth. 

Ordal and Borg (47, pp.332-333) studied the effect 
of QAC on the activity of lactic dehydrogenases of 

. 
yogenes var. aureus and E. coli. M. genes var. 

urous lactic debydrogenase was most susceptible, but with 

dilution the inhibitory effect disappeared quickly. With 

. coli they found a considerable range of concentration 

in which there was a slow change in inhibition. Knox 

£. al. (37, pp.447-448) found the lactic acid dehydrogenase 

inhibition by QAC to be proportional to the detergent- 

bacterial nitrogen ratio and not to the detergent concen- 

tration. The lactic acid oxidase enzyme which catalyzed 

the oxidation of lactate to pyruvate was also inhibited by 

QAC. They stated (37, p.45°), "A parallelism between the 

inhibition of glycolysis and certain sensitive oxidations 
and the bactericidal activity of the cationic detergents 
may be acceptedt. The action to them appeared to be a 

specific inhibition of essential enzymes. This study was 

reported on work with the sensitivity of the appropriate 
cell-free enzymes of E. c and to date, no similar study 



with other species has been iade. 

Roberts and Rahn (53, p.644) grew . coli on 

acetate medium in the presence of growth retarding, growth 

inhibïting, and lethal concentrations of QAC. Retardation 
of growth of . coli occured at concentrations that had 

little effect on energy production. Concentrations that 

inhibited growth completely, did not always inactivate or 

retard enzyrues. At lethal concentrations, enzymes were 

inactivated. 

Bactericidal action denaturation precipita- 

tion indispensibie proteins. Anson (2, p.245) reported 

that in addition to precipitation of proteins, surface 

active agents exerted a denaturing effect upon proteins. 

The concentration required to denature proteins was propor- 

tional to the amount of protein present, and he concluded 

that a combination of prcten with detergent occured in the 

process. Experiments on the reactions of proteins with QAC 

'were performed by Valko (68, p.478). His results showed 

that, as a rule, approximately equal weights of protein and 

QAC must react to produce denaturation or precipitation. 

For example a QAC solution of 1:1000 concentration may be 

neutralized by a i per cent proton solution. Glassman 

(25, p.119) showed that with increasing amounts of deter- 

gent, precipitation of protein occured, and this precipita- 

tion was dependent upon the detergent-protein ratio. 
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Putnam (49, p.86) demonstrated the relationship of the 

detergent-protein ratio to the amount of protein precipita- 

tion, and he observed three general regions: (1) region of 

protein excess (protein incompletely precipitated), 

(2) equivalence zone (protein completely precipitated), and 

(3) region of detergent excess (the protein precipitate 

formed disperses spontaneously or ori shaking). 

A number of workers (13, p.1445; 25, pp.119-120; 

49, pp.94-95; 52, p.188) each concluded that the concen- 

trations of detergent capable of denaturing most ordinary 

soluble proteins were in a higher range than those neces- 

sary for killing bacteria. 

Bactericidal action virtue cell wall 

jupture. Working with . pyge var. aureus, Stewart 

(64, p.125) attempted to throw some light on the mechanism 

of the toxic action of QAC by measuring the electrical 

conductance of treated bacterial suspensions. He demon- 

strated that bacteria in the presence of QAC showed an 

abrupt increase in solution conductance, at the point 

where almost complete kill occurede Electron-xnicrographs 

of these dead bacteria were compared with one of the living 

organisms. No evidence of cell wall rupture could be 

seen, but some morphological change was observed. 



Respiration 

Th respiration processes 2 Pseudoiioras 

species. Campbell et 3. (12, pp.208-210; 45, p.253) 

have carried out considerable work on the interrediate 

metabolism of Pseudomonas aeruginosa. The oxidative inech- 

anisms functioning in respiration of th celi were aerobic. 

In the aerobic disslmllaticn of carbohydrates by . aerug- 

mosa, nornial intermediates of the Ernbden-Meyerhof scheme 

were absent, for example glucose-1-phosphate, glucose-6- 

phosphate, hexose diphosphate, and fructose-6-phosphate. 

It appered that glycogen was not the storage product, and 

that the storage products of this organism differed from 

those storage products normally found in microorganisms. 

The evidence that p. aeruginosa oxidizes glucose without 

forming normal intermediates of the Embden-Meyerhof scheme, 

favors the possibility of glucose oxidation by way of the 

gluconic and 2-ketogluconic acids pathway, without accom- 

panying phosphorylation. If these compounds had been 

phosphorylated, glucose-6-phosphate would have been present 

as a normal metabolic itermedite, because it is a pro- 

cursor to phospho-gluconic and phospbo-2-ketogluconic 

acids. It appeared that P. aerinosa did not possess a 

constitutive enzyme system for glucose oxidation, but one 

that was of an adaptive nature. Consequently, the enzymes 
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required for the oxidation of stored products would not 

compete with those involved in the oxidation of the sub- 

strate. 
Lockwood (38, p,585) noted that many 

species of the two genera Pcetobacter and Pseudomona, 

oxidized glucose to gluconic acid. Gluconic acid was 

further oxidized to 2-oxygluconic acid by Pseudomonas, 

and to 2-oxygluconic acid and 5-ketogluconic acid by 

cetobacter. Doudoroff et al, (19, p.426) showed that 
dorno putrefaciens possesses an adaptive enzyme cap- 

able of phosphorylating sucrose. This enzyme enabled the 

organism to utilize sucrose at a much greater rate than 
its constituent hexoses. Doudoroff (18, p.68) using 

seudornona çcharophiia, carried out an irivestigaion 
of the oxidative assiiiiiation of sugars. With most sugars, 
one-third of the molecule was completely oxidized whIle 

two-thirds was assimilated. This amount of assimilation 
is high, the usual ratio of assimilation and oxidation 
being a 50-50 relationship. There was evidence of hydrol- 
ysis of disaccharides before decomposition, rather than 

a direct respiration or ferrnentation. 

The respiration cesses of E. coli. The res- 
piratory cycle of . coli s similar in function to the 

tricarboxylic cycle of higher animais, It has been shown 



(1, p.506) that E. coli does not readily metabolize the 

three tricarboxylic acids However, it oxic3 . ized succinate, 

fumarate and malate, and reduced aiiaerobica11y oxalacetate 

to succinate. This suggested a similarity to the Szent- 

Gyrgy system, which is an Integral part of' the Kreb cycle. 

The organism oxidized pyruvate to carbon dioxide and 

acetate. The acetate then underwent a series of cyclic 

reactions without participation cf cis-aconitate oroketo 

glutarato Intermediates as is usual in oxidation processes. 

The normal metabolic ox1datons of simple substrates by 

actively respiring, non-proliferating cells does not pro- 

caed to completion, but instead the cells 3ssirnilate a 

portion of the substrate (14, ppe620622; 60, p.113). 

The general assiiiation processes of . c1i were 

represented as follows (15, p.539): 

Subs trate*02 yielding energy = assimilated rnaterialCO24HOH 

In a study of the energy re1atonships in carbo- 

hydrate assimilation of E. 21i, Siegil and Cliftcu 

(61, p.582; 62, p.592) produced evidence that energy pro- 

duction and substrate assimilation vere not concomitant 

criteria in predicting the development of the cell. 

Arabinose, glucose and lactose sugars were not assimilated 

or dissimilated to the same degree during respiration. 

For example a smaller yield of energy was derived from 

respiration during growth in arabinose than in lactose or 
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glucose. These authors attributed this to possible 

intermediates of the oxidative process that serve as 

building blocks for the synthesis carried on by the cell. 
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EXPERIMENTAL 

This study as undertaken to further irwestigate 

factors related to the resistance of certain bacteria to 

QAC. To date, there has been no satisfactory epianation 

of the bactericidal action of' QAC. The extensive use of 

QAC and sodium hypoehicrite (NaOC1) in dairy sanitation 

suggested an investigation into the relative resistance of 

several species of eudornons, . coli, Alcaligenes 

metalcaligenes, . lactis and . pyogenes var. aureus to 

these germicides. This group of organisms represented a 

variety cf metabolically different genera, commonly en- 

countered in the lairy and related industries. This basic 

Investigation of relative resistance of a variety of 

bacterial species to ÇAC action was considered necessary 

as e. first step in determining specific action of' QAC on 

bacteria. Selection of suitable species of high and low 

resistance to QAC should enable subsequent studies to 

determine specific enzyme systems affected. Once the mech- 

anism of destruction of QAC resistant species is known, 

it may be possible to effect changos in the constitution 

of the QC molecule to elininate the present weakness or 

selectivity against certain bacterial species. 

In this study investigations were carried out 

simultaneously on resistance of the same bacterial species 
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to a sodium hypochiorite. The purpose of this measure was 

to provide a basis of comparison with previous studies on 

effect of germicides on these organisms. The hypochiorites 

thus were intended to provide a common denominator that 

would emphasize any marked variation in resistance of the 

various species to QAC. 

Materials Procedures 

The Weber and Black procedure for evaluating the 

practical performance of germicides (69, pp.137-151) was 

used throughout the study undertaken. 

Preparation of test organism. Pure cultures were 

obtained from the stock culture collection of the Oregon 

State Collego Department of Bacteriology. The cultures 

were activated for a week before the test run by daily 

transfers of 5 ml. of broth culture into appropriate broth 

mediuì. Twenty-four hours before use, a suitable agar 

slope was Inoculated with 1 ml. of culture from a 24 hr. 

broth suspension. The inoculated agar slope was then in- 

cubated at the optimum temperature for the organism. Prior 

to the germicidal run, the organism was removed from the 

agar slope with a sterilized wire loop and transfered into 

a sterile water blank. The suspension was standardized to 

a concentration of 200,000,000 cells per ml. with a Bechman 

Model B spectrophotomoter at a wave length of 44O4! . This 
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high concentration of organislis was used with 50, 100 and 

200 ppm of germicide in an attempt to simulate practical 

plant conditions. Similarly, 20,000 organisms per ml, of 

suspension was used with concentrations of , 10, 20 and 30 

ppm. of' germicide. 

Preparation of diurn. Pryptone glucose 

agar medium was used. with all the organisns tested, with 

the exception of . lactis. Lacto bacillus agar nedium was 

used for . lactis. 

The tryptone glucose agar contained 5 g. tryptone, 

3 g. beef extract, i g. dextrose, lO mi. skim milk and 

l g. agar. Water was added to make I liter. The agar was 

adjusted to pH 7.0 after sterilizatIon in the autoclave for 

20 minutes at 121°C. 

Lactobacillus agar contained 20 g, tryptone, 5 g. 

lactose, 5 g. dextrose, 5 g, sucrose, 2.5 g. gelatin, 3 g. 

hecto yeast extract and 15 g. agar. Water was added to 

make i liter. The agar was adjusted to pH 6.8 after star- 

ilization in the autoclave for 20 minutes at 121°C. 

The agar used for plating of' suspension from QAC 

inactivator tubes contained, in dditicn to the formula 

ingredients listed above, 1 g, Asolectin and 7 rai. Tween 80 

per liter of agar. 
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ñeparation germicide, The germicide to be 

tested was diluted in sterile distilled water to a cofleen- 

tration twice that desired for the final test. The dilute 

germicide solutions were made up immediately before each 

test rune Concentrations of QAC were checked by the Miller 

and Elliker method (40, pp.274-275) Available chlorine in 

NaOC1 solutions was determined by sodium thiosulí'ate titra- 

tion method (3, pp.321-322). The pH of each germicide 

solution was checked electrometrically at the time of use. 

Low concentrations of 5, 10, 20 and 30 ppm. germicide were 

used to approximate conditions which might exist in water 

sanitation. The high concentrations of 50, 100 and 200 

ppm. germicide more nearly approached the requirement for 

equipment sanitation. 

Preparation of inactivator tubes. QAC inactiva- 

tor sufficient for 200 ppm. Q.0 was composed of 2.222 g. 

&solectin, 15.6 ml, Tween 80 and 1.25 ml. M/4 phosphate 

buffer. Distilled water was added to make i liter. 

Chlorine inactivator sufficient for 200 ppm. 

available chlorine was composed of 320 mg. sodium thio- 

sulphate and 1,25' ml. M/4 phosphate buffer. Distilled 

water was added to make i liter. 

The Q&C and chlorine inactivator solutions were 

adjusted to pH 7.2 after sterilization in the autoclave for 

20 minutes at 121°C, The inactivator solutions were 



dispensed in 9 ml. portions into sterile glass-capped 

tubes. Both inactivator solutions were made up fresh 

every 3 or 4 days. 

rest procedure. All tests were run at 25°C, Five 

milliliters of suspension were pipetted into a sterile 
glass-capped tube. Then 5 ml. of germicide were pipetted 

directly into the suspension, the medication tube swirled 

quickly, and i nil. from the medication tube pipetted into 

inactivator tubes at 15, 30, 60, 120 and 300 seconds, The 

inactivator tubes were swirled whenever possible. Dilu- 

tions from the inactivator tubes were made in sterile 

distilled water blanks and plated in duplicate. Plates 

were poured with agar suitable for growth of the organism, 

and incubated 48 hrs. at optimum temperature. Initial and 

final counts of bacterial suspensions were determined and 

averaged. The percentage kill by the germicide was com- 

puted from the initiai count and the number of organisms 

surviving exposure to germicide in the medication tube. 

This figure provided an estimate of the relative resistance 

to germicide of the organism tested. 

ecies of bacteria tested. The following species 

were employed in germicidal trials: P. viscosa (E-13), 

P. aerinosa (Bact. stock), P. fluorescens (Bact. stock), 

P. putrefaciens (28), p. fra (E), A. metalcaligenes (2), 
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. 1i (H-52), M. pyogenes var. aureus (FDA 209), and 

. lactis (E). 

Relative Resistance of Various Bacterial Specj 

Germicides 

A. number of species of the Pseudomonas genus were 

studied because they are common spoilage organisms found in 

water. Also on the basis of previous results these organ- 

isms were suspected of being resistant to QAC, and yet data 

have been reported only on P. fluorescens and P.aeruginosa. 

. 
metalcaligenes has been included in these studies 

because it also is a spoilage organism found in water, 

and is often associated with the Pseudomonas. This organ- 

ism also represented another group of gram negative organ- 

isms of which data on the effect of QAC and hypochiorites 

is not available. Previous studies on the grani negative 

. 
coli have shown it to exhibit higher resistance to QAC 

than did some gram positive organisms. Considerable more 

is known about the essential enzymes of this organism. 

Correlation between enzyme systems and resistance might 

be apparent. . ogenes var. aureus was of interest 

because other studies have shown that this organism had 

relatively low resistance to QAC, although equivalent 

resistance to NaOC1 as other organisms. It is of interest 

to know why this particular organism showed less resistance 



to QAC than others which are no more resistant to NaUC1 

than it is. S. lactis studies were carried out because 

preliminary trials indicated that this organism also 

demonstrated comparatively high resistance to QAC. This 

was unexpected in view of known resistance on the part of 

another gram positive organism, M. r.'yogenes var. aureus. 

Qrnparative resistance of species studied when 

numbers organisms were exposed to low concentrations 

germicide. As previously indicated, low numbers of organ- 

isms and low concentrations of germicide were used to 

approximate conditions which might exist in water sanita- 

tion. Tables 1, 2, 3, 4 5 that 24 

cultures of the Peudomonas genus exhibited the following 

gradation of resistance to QAC: . flcosa . aeruinosa> 

L. fluorescens > , putrefaciens . fragi. These species 

showed high susceptibility to NaOCl. Examination of tables 

i arid 2 indicates that P. viscosa and . aerugthosa dis- 

played marked resistance to QAC at concentrations of 5 

and 10 ppm. , with . viscosa exhibiting considerable 

resistance at 20 ppm. There was approximately one-third 

survival at 15 seconds exposure to 5 ppm. QAC. In every 

instance, under the above conditions, . viscosa was 

slightly more resistant than was . aeruginos. Table 3 

shows that P. fluorescens was less resistant to QAC than 

were P. viscosa and p, aerugjnosa, . fluorescens 



TABLE i 

ffect arid NaOC1 a Culture . viscosa 

Time of 
Germicide exposure 

Per cent destruction 
concentration 

ppm. 10 ppni. 

with the followirig 
of germicide 

20 ppm. 30 ppm. 

(secs.) ! kill li kill 

QAC 15 66.4 74.1 98.8 99.1 
30 67.1 76.3 99.0 99.6 
60 67.8 796 99.3 99.8 

120 80,9 85.5 99,9 100 
300 81,6 88.8 99.9 100 

NaOC1 15 100 lOO 100 100 
30 100 100 100 lOO 
60 loo loo 100 100 

120 100 100 100 100 
300 100 100 100 100 

QAC alkyl dimethyl berizyl ammoniuni chlorie. 
No. organisms exposed to germicide 13 X 1O/m1. 
Plates incubated 48 hrs. at 21°C. 
Results represent average of 3 trials. 



TABLE 2 

Effect !äOC1 Culture 
P. aeruglnosa 

Per cent destruction with the following 
concentrations of germicide 

Time of 
Germicide exposure 5 ppm. 10 ppm. 20 ppm. 30 ppm. 

(secs.) 2 }çU1 kill kill kill 

QAC 15' 69.9 90.3 99.3 99.4 
30 92.5 95.0 99.4 99.6 
bO 93.9 98.1 99.6 99.9 
120 95.1 99.0 99.9 100 
300 97.6 99.4 100 100 

NaOCI 15 100 100 100 100 
30 100 10 100 100 
60 loo 100 100 100 

120 100 100 100 100 
300 100 100 100 100 

QAC alkyl dixnethyl benzyl ammonium chloride 
No, organisms exposed to germicide 16.5 X 10/m1. 
Plates incubated 48 hrs. at 35°C, 
Results represent average of 3 trials. 
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TABLE 3 

g NaOÇ 2.fl 

P. fluorescens 

Per cent destruction with the following 
ccncentraton of germicide 

Time of 
Germicide exposure 5 ppm. 10 ppm. 20 ppm. 30 ppm. 

(sc.) lUll kill 

- 

kill 

QAC 15 77.9 85.3 100 100 
30 93.3 96.5 100 100 
60 97.0 97.5 100 100 

120 97.3 98.5 100 100 
300 98.2 99.3 100 100 

NaOC1 15 100 100 100 100 
30 100 100 100 100 
60 100 100 100 100 

120 100 100 100 100 
300 100 100 100 100 

QAC alkyl dimethyl benzyl axmnonlum ch1orie. 
No. organisms exposed to germicide 12 X 10'/ml 
Plates incubated 48 hrs. at 2l0C. 
Results represent average of 2 trials. 
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TABLE 4 

_____ .QQ and NaOC on a 24-hr. Culture 
E. putrefaciens 

Per cent destruction with the following 
concentration of germicide 

Tinie of 
Germicide exposure 5 ppm. lo ppm. 20 ppm. 30 ppm. 

(secs.) kill kill kill kil) 

QC 15 90.0 97.2 98.6 99.6 
30 93.4 99.0 99.5 99.9 
60 99.0 99.6 99.9 99.9 

120 99.4 99.8 99.9 99.9 
300 99.9 99.9 99.9 100 

NaOC1 15 100 100 100 
30 100 100 loo 100 
60 100 lOO 100 100 
120 100 100 100 100 
300 100 100 100 100 

QAC alkyl diraethyl benzyl ammonium ch1orie. 
No. organisms exposed to germicide 12 X 1O./tni. 
Plates incubated 48 hrs. at 21°C. 
esuïts represent average of 3 trials. 
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TAJBLE 5 

f fec t of and Na 0Cl ori a 24-hr. Culture of . frag i 

Per cent destruction with the following 
concentration of germicide 

Time of 
Germicide exposure 5 ppìiì. 10 ppm. 20 ppm. 30 ppm. 

(secs.) kill kill kill kill 

QAC 15 99.6 99.8 100 100 
30 99.6 loo 100 100 
60 99.8 100 100 100 

120 loo 100 100 100 
300 100 100 100 100 

NaOC1 15 100 lOO 100 lOO 
30 100 100 100 lOO 
60 100 100 100 lOO 

120 100 100 100 lOO 
300 100 100 100 100 

QAC alkyl dimethyl benzyl ammonium chloride 
No. organisms exposed to germIcide 12.5 X lO/m1. 
Plates incubated 48 hrs. at 21°C. 
Results represent average of 2 trIals. 
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displayed marked survival only at 15 seconds exposure and 

a concentration of' ppm. QA.C. 

From table 4 it can be seen that . putrefaclens 

exhibited only slight resistance under the same conditions 

as above. The kill recorded at 15 seconds exposure and 

concentration of 5 ppm. QAC was 90.0 per cent as compared 

with 66,4, 69.9 and 79.9 por cent for . viscosa, 

I 
aeruginosa and P. fluorescens respectively. The 

resistance of P. frafl as shown in table 5 was almost 

negligable, with 99.6 per cent kill recorded at 15 seconds 

exposure to 5 ppm. QAC. 

All the tables show that for the 5 species of 

Pseudomonas studied, a noticeable resistance was evident 

only at 15 seconds exposure to concentrations of 5 and 10 

ppm. QkC. 

Table 6 shows the effect of QAC and NaOC1 ori 

. 
metalcaligenes. This organism was completely killed 

by NaOC1 and was only slightly resistant to QAC. The 

resistance to QAC of â. rnetalcaligenes was intermediate 

between . putrefaciens arid P. fragi. 

The results in table 7 for the gram positive 

. 12.:i!, revealed a faster killing action by NaOC1 than 

by QAC. High resistance was exhibited by . lactis to 5, 

10 and 20 ppm. QAC for 15, 30 arid 60 seconds exposure. 

This organism differed from all the other organisms studied 
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TABLE 6 

Effect of C and NaOC1 on a 24-hr. Culture 
A. metalcaligenes 

Per cent destruction with the following 
concentration of germicide 

Time of 
Germicide exposure 5 rpm. 10 ppm. 20 ppm. 30 ppm. 

(s.) kill kill kill çi11 

QAC 15 96.5 99.7 100 100 
30 99.5 100 100 100 
60 100 100 100 100 
120 100 100 100 100 
300 100 100 100 100 

NaOC1 15 100 100 100 100 
30 100 100 100 100 
60 loo 100 100 100 

120 100 100 100 100 
300 100 100 100 100 

QAC alkyl rlimethyl benzyl mrnoniu chloride., 
No. organisms exposed to germicide 10.5 X l0/m1. 
Plates incubated 48 hrs. at 210C. 
Results represent average of 2 triais. 
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TABL&7 

Effect j NaOC1 u1ture . lactis 

?er cent destruction with the following 
concentration of germicide 

Timeof - 
-r 

Germicide exposure 5 ppm. 10 ppm. 20 ppm. 30 ppm 

(secs) 111 kill kill kill 

QAC 1 70.1 76.4 86.6 94.2 
30 73.4 81.4 92.8 95.7 
60 73.8 86.3 95.5 97.5 
120 81.1 88.9 97.4 98.2 
300 86.1 90.7 98.2 100 

NaOC1 15 88.5 93.6 95.8 96.9 
30 93.8 95.4 96.9 97.6 
60 94.8 96.7 98,6 98.7 

120 98.1 98.0 99.6 99.8 
300 98.9 99.1 100 100 

QAC alkyl dimethyl benzyl ammonium chlorid 
No. organisms exposed to germicide 5.5 X l0/m1. 
Plates incubated 48 hrs. at 30°C. 
Results represent average of 2 trials. 
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in that it showed sorne resistance to NaOC1. 

There was no work done on resistance of . coli 

and . var. reus when low nwnbers of organisms 

were exposed to low concentrations of germicide. 

ve resistance species studied when 

high numbers of organisms were exposed to high concentra- 

tians Q gr4cide. The high numbers of organisms and high 

concentrations of germicide were used to approximate the 

requirement for equipment sanitation. Tables 8, 9, 10, 11 

and 12 indicate that 24 hr. cultures of Pseudomonas genus 

exhibited a similar gradation of resistance to high concen- 

trations of QAC with high nuaibers of organisms as did the 

low concentrations of QAC with low numbers of organisnis. 

These species exhibited high susceptibility to NaOC1. 

Tables B and 9 indicate that P. viscosa and . aeruginosa 

displayed high resistance to 50 ppm. QA.0 for 15 seconds 

exposure, Table 10 shows that . rluoresceris was less 

resistant to QAC than were . yiscos and . aerunosa 

for 15 seconds exposure at 50 ppm. QC. xamination of 

tables 11 and 12 reveals that P. pitrefacjong and P. fragi 

showed high susceptivity to QC oven at 15 seconds expo- 

sure with 50 ppm. QAC. With the 5 species of Pseudom2n 

studied, resistance was evident only at 15 seconds exposure 

to 50 ppm. Q4C. 



Effect of Q and NaOC1 on a 24-1w. Culture . !1$eosa 

Time of 
Germicide exposure 

Per cent destruction with the following 
concentration of germicide 

50 ppm. 100 ppm. 200 ppm. 

(secs.) i1l kill 

QAC 1$ 97.6 99.9 100 
30 98.7 99.9 100 
60 99.3 100 100 
120 99.6 100 100 
300 100 lOO 100 

NaOC1 15 100 100 100 
30 100 lOO 100 
60 100 100 100 

120 100 100 100 
300 100 100 100 

QAC alkyl dimothyl berizyl ammonium ch1or,de. 
No. organisms exposed to germicide 8 X 101/ml. 
Plates incubated 48 hrs. at 21°C. 
Results represent average of 3 trials, 



TABLE 9 

Effect jC and NaOCI Culture ç 

P. aeruginosa 

Per cent destruction with the following 
concentrations of germicide 

Time of 
Germicide exposure 0 ppm. 100 ppm. 200 ppm. 

(ecs.) kill kill kill 

QAC 15 98.0 99.5 100 
30 99.2 99.8 lOO 
60 99.4 99.9 100 

120 99.6 100 lOO 
300 100 100 100 

NaOC]. 15 100 100 100 
30 
60 

lOO 
100 

100 
100 

100 
100 

120 100 100 100 
300 100 100 100 

QAC alkyl dimethyl benzyl ammonium chloride. 
No. organisms exposed to germicide 8.6 X i07/ml. 
Platos incubated 48 hrs. at 35°C. 
Results represent average of 3 trials. 



Effect and NaOC1 on 24-k. Culture of 
. fluorescens 

Per cent destruction with the following 
concentration of germicide 

Time of 
Germicide exposure 50 ppm. 100 ppm. 200 ppm. 

(secs.) kill kill kill 

QAC 15 99.8 9909 100 
30 99.9 100 100 
60 99.9 100 100 
120 100 lOO 100 
300 100 100 100 

NaOC1 15' 100 100 100 
30 lOO 100 100 
60 100 100 100 

120 100 100 100 
300 100 100 100 

QAC alkyl dimethyl benzyl ammonium chloride. 
No. organisms exposed to germicide 8.6 X 10?/ml. 
Plates incubated 48 hrs. at 21°C. 
Results represent average of 2 trials. 
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TABLE II 

fect 2 NaOÇÌ 9fl &_z. Culture 2 
. 

putrefaciens 

Per cent destruction with the following 
concentration of germicide 

Time of 
Germicide exposure 50 ppm. 100 ppm. 200 ppm. 

(secs.) k kill kill 

QA.0 15 99.4 99.9 99.9 
30 99.4 99.9 100 
60 99.8 99.9 100 

120 99.9 99.9 100 
300 100 100 100 

NaOC1 15 100 100 100 
30 100 lOO 100 
60 100 lOO 100 

120 100 100 100 
300 100 100 100 

QAC alkyl dimethyl benzyl ammonium ch1oride,, 
No. organisms exposed to gernicide 10.5 X lOf/mi, 
Plates incubated 48 hrs. at 21°C. 
Results represent average of 3 trials. 
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TABLE 12 

Effect of and NaOC1 on a 24-hr. Culture of P. fragi 

Per cent destruction with the following 
concentration of germicide 

Time of - 
Germicide exposure 50 ppm. loo ppm. 200 ppm. 

(secs.) kill kill kill 

QAC 15 100 100 100 
30 100 100 100 
60 100 100 100 

120 100 lOO 100 
300 100 lOO 100 

NaOC1 15 lOO 100 100 
30 lOO 100 100 
60 100 100 100 

120 100 100 100 
300 100 100 100 

QAC alkyl dimethyl benzyl ammonium chlorde. 
No. organisns exposed to germicide 9 X 10//ml. 
Plates incubated 48 hrs. at 21°C. 
Results represent average of 2 trials. 
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Table 13 indicates that A. metalcaligenes was very 

susceptible te QAC and NaOC1. 

Studies o . lactis (table 14) revealed high 

resistance of this organism to QAC for 15, 30 and 60 

seconds exposure with 50 ppm. QC. 

Work done by Miller (42) as shown in. table 15, 

demonstrates that . coli exhibited very little resistance 

to germicide at concentrations of 50 ppm.; the kill was 

99.0 per cent by QAC and 100 per cent by NaOC1. Both 

gernicides exerted 100 per cent kill at concentrations of 

200 ppm. Miller (table 16) showed that . var. 

aureus demonstrated slight resistance to 50 ppm. QAC for 

15 seconds exposure, with 95.3 per cent kill obtained. 

Low resistance was shown by this organism to NaOC1. 

Comparative resistance . culture of 

P. viscosa to germicide. Further work on P. vi$gsa was 

carried out on a 48 hr. culture to determine the effect of 

ageing on its resistance to germicide. The 48 hr, 

L. iscos culture was treated with concentrations of 5, 

lo, 20, 30, 50, 100 and 200 PPm. of QAC and NaOC1. A 

comarisou of tables i and 8 with tables 17 and 18 indi- 

cates greater resistance to QAC by the 48 hr. than the 24 

hr. culture of L. viscosa. One hundred per cent kill was 

recorded for all concentrations of NaOC1. With 5 ppm. 
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TABLE 13 

NaOC1 Culture of 
. metalcaligenes 

Per cent destruction with the following 
concentration of germicide 

Time cf 
Germicide exposure 50 ppm. 100 ppm. 200 ppa. 

(sacs.) ___ kill kill 

QAC 15 97.6 99.9 100 
30 98.7 99.9 100 
60 99.3 100 100 

120 99.6 100 lOO 
300 lOO 100 100 

NaOC1 15 100 100 100 
30 lOO 100 100 
60 100 lOO 100 

120 100 100 100 
300 100 100 100 

QAC alkyl dimethyl benzyl ammonium chloride. 
No. organisms exposed to germicide 8 X 10?/ml. 
Plates Incubated 48 hrs. at 210C. 
Results represent average of 2 trials. 



3 

TABLE 14 

Effect and NaOC1 on a 24-hr. Cu1tur. , lactis 

Per cent destruction with the following 
concentration of gertnicide 

¶ime of 
Germicide exposure 50 ppm. 100 ppm. 200 ppm. 

(sscs.) kill kill kill 

QAC 15 97.0 98.8 99.9 
30 97.1 99. loo 
60 99.9 99.9 100 
120 99.9 100 100 
300 100 lOO 100 

NaOC1 15 98.9 99,8 100 
30 99.6 99.9 100 
60 99.9 100 100 
120 100 100 lOO 
300 100 100 100 

QAC alkyl dirnethyl benzyl ammonium chlor,de. 
No. organisms exposed to germicide 8 X 10//nil. 
Platos incubated 48 hrs. at 30°C. 
Results represent average of 2 trials. 



Errect Q and g0Ci on a 24- Culture . coli 

Per cent destruction with the following 
concentration of germicide 

[tIlkuuuUflÂq[ 

(secs,) kill kill 

QAC 15 99.9 100 
30 99.9 100 
60 100 100 
120 100 108 
300 100 100 

NaOC1 15 100 100 
30 100 100 
60 100 100 

120 100 100 
300 100 100 

QAC alkyl dimetky1 benzyl ammonium chlorde. 
No. organisms exposed to germicide 8 1 10f/'1 
Plates incubated 48 hrs. at 30°C. 
Results represent average of 2 trials. 
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ect and NaOC1 on a 24- Culture 
. pyogenes var1 aureus 

Per cent destruction with the following 
concentration of germicide 

Time of 
Germicide exposure 0 ppm. 100 ppm. 200 ppm. 

(cs.) kill kill kill 

QAC 15 95.3 100 100 
30 99.9 100 100 
6o 100 100 100 
120 100 100 lOO 
300 lOO 100 100 

NaUC1 15 100 100 100 
30 100 100 100 
60 100 100 100 

120 100 100 100 
300 100 100 100 

QAC alkyl dimethyl benzyl ammonium chloride. 
Wo, organisms exposed to germicide 9 X l0?/ml. 
Plates incubated 48 hrs. at 37°C. 
Results represent 1 trial. 



TABLE 17 

Effect of Q and NaOC]. on a 48-hr. culture of . !iscosa 

Per cent destruction with the following 
concentration of germicide 

Time of 
Germicide exposure 5 ppm. 10 ppm. 20 ppm. 30 ppm. 

(secse) kill kill kill kill 

QAC 15 51.3 67.1 89.5 98.9 
30 54.4 68.4 96.6 99.3 
60 58.7 72.6 96.8 99.3 

120 66.9 81.3 98.9 99.7 
300 78.2 86.2 99.6 100 

NaOC1 15 100 100 100 100 
30 100 100 100 100 
60 loo 100 100 100 
120 100 100 100 100 
300 100 100 100 100 

QAC alkyl dimethyl benzyl ammonuium ch1ori3e1 
No. organisms exposed to germicide 11 X lOi/mi. 
Plates incubated 48 hrs. at 21°C. 
Results represent average of 2 trials. 



TALLE 18 

Effect of and NaOC1 a Culture . viscos. 

Per cent destruction with the following 
concentration of germicide 

Time of 
Germicide exposure 50 ppm. 100 ppm. 200 ppm. 

(secs.) kill kill 

QAC 15 96.7 99,9 100 
30 973 99.9 100 
60 98.1 99.9 100 
120 98.6 100 100 
300 99.6 100 100 

NaOC1 15 100 100 100 
30 100 100 100 
60 100 100 100 
120 100 100 100 
300 100 100 100 

QAC alkyl dimethyl benzyl ammonium chloride, 
No. crgam.sms exposed to germide 9 X io7/i 
Plates incubated 48 hrs. at 21°C. 
Results represent average of 2 trials. 



concentration QAC and low numbers of organisms at 15 sec- 

onds exposure, 51.3 per cent kill was recorded for the 48 

br. culture, as compared with 66.4 per cent kill forw the 24 

hr. culture. This difference was also evident at lo ppm. 

concentration of QkC. With greater concentration of 

organisms and 50 ppm. concentration QtC there was 96.7 per 

cent kill for the 48 hr. culture for 15 seconds exposure, 

whereas the kill for the 24 hr. culture of . viscosa was 

97.6 per cent. 

Effect of on the Activity of Lactic Acid Start 

Bacteria in Milk 

Lactic acid bacteria previously exhibited some 

resistance to QPLC (tables 7 and 14). A number of workers 

(9, p.56; 39, pp.120-121; 41, pp.281-282) have shown 

inhibition of acid production with concentrations of 5, 10, 

25, 50, 75, 100 and 200 ppm. QAC, but have not demonstrated 

the effect of QAC ori growth of these organisms. A simple 

technique was utilized in an attempt to study the effect 

of QAC on the growth and respiration of lactic acid starter 

bacteria. Experiments were set up using I and 50 per cent 

inocula of ,. actis (E) to determine the effect of QAC 

on low and high concentrations of organisms. The low and 

high concentrations of inocula were used in an attempt to 

determine whether the QAC affected both the lactic acid 
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fermentation and growth, or growth of the organisms alone. 

ßffect 2 using cent inoculuzn of 

. 
ctis (j). QAC was added to sterilized reconstituted 

skim milk powder to give concentrations of O, 5, 10, 20, 

30, 50 and 100 ppm. These milks were inoculated at the 

rate of i per cent cf an active 18 hr. culture of . lactis 

(E), and incubated at 30°C for 72 hrs. Titratable acid- 

Ities and plate counts were run at 1 hr. intervals for the 

first 4 hrs., and then every 2 hrs. for the next 10 hi's., 

and again after 24, 36, 48 and 72 hi's, of incubation. 

Table 19 shows the effect of QAC on the acid 

development; inoculated milks produced lower titratable 

acidities than the uninoculated control. There was a 

greater time lag in acid production with all the milks 

containing QAC than was observed with the control. A 

progressive increase in inhibition of acid production was 

demonstrated at concentrations of 5, 10 and 20 ppm. QAC. 

The inhibition was almost complete at 30 ppm. QAC. At 50 

and 100 ppm. QAC, the initial lag period was followed by a 

slight increase in titratable acidity, after which acid 

production was completely inhibited. 

In table 20 the effect of QAC on growth of the 

organisms was similar to the effect of QAC on acid produc- 

tion. As with acid production, concentrations of 5, 10 



Effect .2 Acid Development of a 1 er cent Inoculum Q . lactis () During a 
Incubation Period 

Per cent titratable acidity developed in sterile skim milk containing 
the following concentration of germicide 

Incubation 
Time O ppm. 5 ppm. 10 ppm. 20 ppm. 30 ppm. 50 ppm. 100 ppm. 

(hrs.) (1g) (%) (s) (%) (%) (%) (%) 

o .118 .118 .118 .118 .118 .118 .118 
1 .118 .118 .118 .118 .118 .117 .117 
2 .118 .118 .118 .118 .118 .118 .120 
3 .134 .118 .118 .118 .118 .118 .119 
4 .146 .133 .128 .125 .124 .128 .128 
6 .318 .189 .179 .174 .173 .174 .169 
8 .467 .241 .223 .216 .200 .200 .199 

lo .5oo .306 .262 .246 .206 .200 .199 
12 .666 .416 .388 .324 .218 .200 .199 
14 .684 .446 .404 .377 .222 .200 .199 
24 .747 .623 .418 .384 .225 .200 .194 
36 .859 .772 .602 .508 .228 .200 .199 
48 .859 .836 .683 .636 .228 .200 .199 
72 .859 .836 .683 .637 .228 .200 .199 



TABLE 20 

Effect 2: Growth 2 . 
cent Inoculum of S. lactis (E) During a 7-hr. 

i Incubation Period at 2TC. 

Number of organisms present in i ml. of sterile skim milk containing 
: 

the following concentration of germicide 

Incubation 
Time o ppm. 5 ppm. lo ppm. 20 ppm. 30 ppm. 50 ppm. 100 ppm. 

r ; (hrs.) (1 X 106) (1 X 106) (1 X 106) (1 X 106) (1 X 106) (] X 106) (1 X 106) 

o .122 .122 .120 120 .120 .120 .120 
. 

i .124 .122 .118 .101 .002 .000 .000 
2 .200 .131 .118 .101 .002 .000 .000 
3 .410 .133 .120 .111 .001 .000 .000 

r 4 .620 .256 .136 .124 .001 .000 .000 
6 220.441 .704 .616 .447 .000 .000 .000 
8 710.105 100.644 .929 .840 .000 .000 .000 

lo 858.693 209.887 179.040 157.749 .000 .000 .000 
12 1010.014 505.338 460.748 279.228 .000 .000 .000 
14 1101.873 669.986 604 899 440.132 .000 .000 .000 
24 1405.435 993.781 892.747 451.455 .000 .000 .000 
36 1706.071 1669.409 1141.112 863.101 .000 .000 .000 48 501.970 472.280 460.404 451.266 .000 .000 .000 
72 15.606 15.508 14.009 13.411 .000 .000 .000 

U) 
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and 20 ppm. exerted a progressive increase in inhibition 

on growth. Similarly at 30 ppm. QAC, inhibition of growth 

was almost complete. At higher concentrations both growth 

and acid production were inhibited. 

At concentrations of 0, 5, lO and 20 ppm. QAC the 

rate of growth proceeded ahead of the rate of acid produc- 

tion continuously up to 48 hrs. incubation, At 72 hrs. 

the amount of growth had declined, and acid production 

levelled off to a maximum at this point. 

Effect using a cent inoculum. QAC 

was added to sterilized reconstituted skim milk powder to 

give concentrations of 0, 30, 50 and lOO ppm, After 

inoculation, these milks were incubated at 30°C ror 8 hrs. 
At 1 hr. intervals for the first 4 hrs., and then every 
2 hrs. up to the 8th, hour of incubation, titratable 

acidities and plate counts were obtained. 

Tables 21 and 22 show the effect of QAC using a 

50 per cent inoculum of an active 18 hr. culture of 

. 
lactis (E). Table 21 shows the effect of QAC on the 

acid development. The inoculated milks produced lower 

titratable acidities than the control. There was demon- 

strated no progressive increase in inhibition on acid 

production for concentrations of 30, 50 and 100 ppm. QAC. 

Final titratable acidities after 8 hi's, of incubation for 

these concentrations of QAC were 69, .67 and .67 per cent 



rrect Acid Development per cent Inoculum of S. lactis () During 
an 8-hr. Incubation Period at 21°C. 

Per cent titratable acidity developed in sterile skim milk containing 
the following concentration of germicide 

Incubation 
Time O ppm. 30 ppm. 50 ppm. 100 ppm. 

(hrs.,) ($) (%) (%) (%) 

0 .40 .41 .41 .40 

1 .54 .49 .45 .44 

2 .61 .56 .55 .51 

3 .66 .60 .59 .57 

4 .68 .62 .61 .60 

6 .75 .67 .64 .64 

8 .77 .70 .67 .67 



TAI3LE 22 

ffect of on Growth of a 9 er cent joculum of S. acti (E) During an 
Incubation Period at 2TC. 

Number of organisms present in i ml. of sterile skiai milk containing 
the following concentration of germicide 

Incubation 
Time O ppm. 30 ppai. 50 ppm. 100 ppm. 

(hrs.) (II 106) (1 X 1O (IX io6 (1 x 106) 

o 

II 

4-68.222 

570.627 

468.340 470.100 

JW] 
2 1004.699 441.391 348,012 321.281 

3 1730.008 867.729 677.637 649.745 

4 1680.213 1709.199 1348.770 1295.699 

. 

6 1438.674 1452.382 1618.889 1620.933 

8 1401.277 1451.604 1548.886 1546.986 
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expressed as per cent 1atic acid, as compared with .75 

per cent for the control. In table 22 the effect of QAC 

on growth is demonstrated, For concentrations of O and 

30 ppm. QAC, ¡naximum growth was obtained after 3 to 4 hrs. 
of incubation, while with concentrations of 50 and 100 ppm. 

QAC, maximum growth was obtained after 6 hrs. of incuba- 

tion. Growth decreased for each concentration studied 

between 6 to 8 hrs. of incubation. 

With the i per cent inoculum of . iacti (E), 
almost complete inhibition of acid production and growth 

development was observed at concentrations of 30, 50 and 

100 ppm. QAC; with the 50 per cent inoculum of . lactis 
(E), there was only slight inhibition of acid production 
and growth development. 

Factors Related to the Resistance of P. viscosa to the 

Action 

Since F. viscosa exhibited the greatest resistance 

to QAC, a 24 hr. culture of this organism was chosen for a 

study of factors related to the resistance of organisms to 

50, 100 and 200 ppm. QAC. An experiment was set up in an 

attempt to increase the activity of QAC by the addition of 

phosphate salts and buffering with sodium borate buffer to 

pH 9.5. The QAC was buffered because workers had demon- 

strated increased QAC activity by increasing alkalinity. 



Different phosçhato salts have shown different potentiat- 

ing effect on QAC. For this reason phosphate salts were 

added in ari attempt to throw sorne light on the mechanism 

of resistance of the ?seuomonas species. 

Effect 2: addition phosphate salts 

rate destruction ¡. viscosa. Results in table 23 

showed that there was 97.6, 98.7 and 99.3 per cent kill 

for 50 ppm. QAC at 15, 30 and 60 seconds exposure. Fox 

the remainder of exposures at concentrations of 50, 100 

and 200 priii. QC, almost 100 per cent kill was recorded. 

By buffering to pH 9.5 with sodium borate buffer the kill 

for 50 ppm. QAC at 15, 30 and 60 seconds exposure was 

increased to 99.6, 98.8 arid 100 per cent as compared with 

97.6, 98.7 and 99.3 per cent for the non-buffered trial 

run. Kill recorded for remainder of conditions was 100 

per cent. 

With the addition of 0.1 per cent trisodium phos- 

phate and buffering to pH 9.5, the kill for 0 ppm. QAC 

at 15, 30 and 60 seconds exposure was 99,6, 99.9 and 

100 per cent. For the remainder of coriditions, 100 per 

cent kill was recorded. With the addition of 0.1 per 

cent sodium pyrophosphate and buffering to pH 9.5 with 

sodium borate buffer, a further increased kill of 99.9, 

100 and 100 per cent was obtained for 50 ppm. QAC 
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TABLE 23 

Effoct Addition Phosrhat Salts Rate Destruction a 24-hr. Culture of . viscosa 

Per cent destruction with the following 
concentration of germicide 

Tirneof 
QAC exposure 50 ppa. 100 ppm. 200 ppm. 

(secs.) kill kill kiJ1 
pH 7.3 15 97.6 99.9 100 

30 98.7 99.9 100 60 99.3 100 100 120 99.6 100 100 300 99.9 100 100 
pff 9.5 15 99.6 99.9 100 

30 99.8 99.9 100 
60 100 100 100 

120 100 100 100 
300 100 100 100 

pH 9.5 15 99.6 99.9 100 
30 99.9 99.9 100 0.1% T.S.P. 60 100 100 100 

120 100 100 100 
300 100 100 100 

pH 9.5 15 99.9 100 100 
30 100 100 lOO 0.1% pyro- 60 100 100 100 phosphate 120 100 100 100 

300 100 100 100 

QAC alkyl diniethyl benzyl animonium chloride pH of 9.5 obtained using sodium borate buffer. 
Phosphate salts: trisodlum phosphate (T.S.P.) 

tetrasodium pyrophosphate pyrophosphate) No. of organisms exposed to germicide 8 X l0/m1. Plates incubated 48 hrs. at 21°C. 
Results represent one trial. 
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at 15, 30 and 60 seconds exposure. For the remainder of 

conditions, loo per cent kill was recorded. 
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DISCUSSI ON 

In the selection of the species studied, there 
has been exhibited by these species a wide variation of 
resistances to QAC. High resistance to QAC was shown by 

E. vtscosa, L. aerugigsa, . fluorescens, arid . lactis; 
moderate resistance to QAC was shown by . putrefaciens 

and . coli; low resistance to QAC was demonstrated by 

E. fragi, ¡netalcaligenes and . pyogenes var. aureus. 
All these species showed high susceptibility to NaOCI. 

The 48 hr. culture of P viscosa was nore resistant to QAC 

than was the 24 hr. culture of this organism. The Weber 

and Black test method employed in this study required the 

use of 24 hr. cultures. & more critical test for evaluat- 

ing the practical performance of germicides would be 

obtained by using cells which are in their most resistant 
state. For this reason, 48 hr. cultures should be used 
in the Weber and Black test method. 

To explain the selective action of QAC on the 
above mentioned species, a study of the respiratory mech- 

anisms of these organisms seems logical. Respiration 
involves all chemical reactions in living cells which 
release energy. This includes all aerobic and anaerobic 
metabolic processes. It is by a combination of these 

processes that oxygen is introduced into the system and 
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carbon dioxide Is removed. . uorescens and . fragi 

are strict aerobes and cannot develop without free access 

to air, The remainder of the organisms studied are facul- 

tative in their oxygen requirenents. These make use of 

respiratory mechanisiis which do not necessarily involve 

free oxygen. For this reason a study of the respiratory 

processes of the facultative organisms becomes complicated. 

However, consderab1e work has been done on the enzyme 

systems involved in the respiration of . aeru4nosa arid 

. coli. It has been found that these organisms differ 

markedly in their metabolic processes. Campbell 

(12, pp.208-210; 45, p.253) found that . aeruginosa 

had a different carbohydrate netabolism than other species 

of bacteria studied. No fructose derivativos nor any 

hexose members of the Embden-Meyorhof scheme were found in 

the cells studied, Indicating a different type of storage 

product than the usual glycogen. The enzymes involved in 

the oxidation of storage products were different from those 

involved in the oxidation of the substrate. . has 

been found to exhibit a respiratory mechanism similar in 

function to the tri carboxylic cycle of higher animais. 

Knox .(37, p.4-6) working with E. coli, revealed that 

there was considerable variation between the sensitivities 
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to QAC of different oxidative and glycolic reactions. 

The action of QAC appeared to be a specific inhibition of 

essential enzymes. Roberts and Rahn (53, p.644) demon- 

strated with . coli that concentrations of QIC which 

inhibited growth completely, did not always inactivate or 

retard enzymes. Rahn (50, p.172) concluded that the lethal 
reaction is a reaction with some chemical molecule, with- 
out which cell division cannot take place. However, the 

selectivity to QAC shown by the species studied would 

suggest that particular enzyme systems might be affected0 
It is possible that the method of deriving energy by the 

. aeruginosa and E. coli species may be sufficiently 

different that it would provide a reason for the difference 

in resistance of the two organisms to QAC. Consequently 

enzyme systems of the two must be dissimilar, and this may 

provide an explanation for the difference of effect of QAC 

on the two organisms. One may require certain enzymes that 

are more readily affected by the QAC than the essential 

enzymes of the other organism. 

The gradation of resistance exhibited by 

Pseudomonas could mean that the enzyme or enzyme systems 

affected for one species would not necessarily be common to 

other species of the genus. Similarly bacteria which 

differ metabolically might be affected differently by QAC. 

It would seem that studies along this line should be 
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conducted on the effect of QC on isolated respiratory 
enzymes of various species. In this way the specific 

enzyme systems affected could be determined. A study of 

this nature would involve the use of manometric techniques, 

a problem too extensive for the present study. A simpler 

technique was utilized in an attempt to study the effect 

of QAC on growth and respiration of . lactis (E). This 

experiment showed the effect of varying concentrations of 

QAC on the acid production and growth development of this 

organism. The results obtained with a low rate of moe- 

ulation demonstrated that the degree of inhibition of acid 

production arid growth increased progressively with increase 

in concentration of QAC. The effect seemed to be explained 

as a combination of bacteriostatic and bactericidal action 

1y the QAC on the organism. At concentrations of 5, 10 

and 20 ppm. QAC the effect was almost entirely bacterlo- 

static, while at 30 ppm. QAC it appeared chiefly bacteri- 

cidal. The initial slight increase in acid production 

with concentrations of 50 and 100 ppm. QAC presumably was 

due to acid produced by cells of the original inoculum. 

By further increasing the size of the inoculum from J. to 

50 per cent, there was only a slight bacteriostatic effect 

and a lesser bactericidal effect than when a lower rate of 

inoculation was used. It would seem that with 50 per cent 

inoculum the adsorptive area for QAC was too great for any 
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marked bactericidal effect even at concentrations of 50 

and loo ppm. QAC. This effect seems to substantiate the 

Knox pp.444-445) theory that inhibition is 

proportional to the detergent-bacteria nitrogen ratio and 

not to the detergent concentration. The results of these 

experiments suggest that the primary effect of QAC may be 

on the growth oX . lactis (E), and that the effect ori 

respiration may be secondary. 

In a later experiment an attempt was made to 

increase the activity of QAC by buffering to pH 9.5 and 

adding phosphate salts. By increasing alkalinity it was 

found that the actIvity of QAC was increased. This finding 

was in agreement with that of other investigators. The 

addition of 0.1 per cent trisodium phosphate to the 

buffered solution of QAC dïd riot noticably increase QA.0 

activity above that obtained by buffering to pH 95 alone. 
However, QAC activity was increased with the addition of 

0.1 per cent sodium pyrophosphate to the buffered QAC 

solution. Pyrophosphates have been found to be sequester- 

ing agents of hard water salts. A possible explanation of 

the effect they have on the activity of QAC is a chemical 

one. It is possible that there may be a chemical reaction 

between the sequestering salt and the ions on the surfaces 

of bacterial cells. This suggests further studies along 

this line in an attempt to potentiate QAC action by the 
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addition of certain phosphate ions in order to compensate 

for the marked resistance of certain species of bacteria 

to QAC. 



57 

SUMMARY AND CONCLUSIONS 

An investigation was carried out to deternine 

factors related to resistance of certain bacteria to QC. 

Species selected for the study included: . viscose, 

L. aerugirigsp, L. fluorescens, . putrefaciens, . fragi, 

. wet1ca1jgenes, j. colt, . pyggenes var. and 

. lactis. Hypochiorites were employed in germicidal 

trials to provide a basis for comparison of organism 

resistance to germicides. 

With high numbers of organisms (approximately 

100,000,000/ml.) and high concentrations of germicide 

(50, 100 and 200 ppm. QAC), the per cent cell destruction 

with 50 ppm. QAC for 15 seconds exposure was 96.7 for 

L. vjcosa, 98.0 for ¡. aeruginosa, 99.4 for L. fluorescens 
and 99.6 for L. putrefaciens. Under the same conditions 
of exposure, all cells of j. fragt, A. motalcaligenes, 

. coli and . pyogenes var. aureus were destroyed. 

. 
lactis displayed greater resistance to QAC than did 

L. viscosa, the most resistant species of the Pseudomonas 

genus. The per cent cell destruction for . lactis was 

97.0 at 15 seconds exposure to 50 ppm. QAC. 

With low numbers of organisms (approximately 

10,000/ml.) and low concentrations of germicide (5, 10, 

20 and 30 ppm. QAC), L. viscosa, . aeruginosa, L. fluor- 

escens, . utrefaciens, L. fragi, . metalcaligenes, and 



. lactis all showed more rapid destruction by germicide 

than when higher numbers were exposed. However, 

comparative resistance under these conditions of exposure 

approximated that of the organisms when high numbers and 

higher concentrations of germicide were used. With low 

numbers of organisms the per cent cell destruction with 

10 ppm. QkC for 15 seconds exposure was 74.1 for . 

cosa, 90.3 for , aeruginosa, 95.3 for . frescens, and 

97.2 for , putrefaojens, Under the same conditions the 

per cent cell destruction was 99.8 for . fragi, 99.7 for 

. meta1calienes, and 76.4 for . lactis. 

The minimum exposure of 15 seconds to 50 ppm. of 

available chlorine resulted in 100 per cent destruction 

when high numbers (approximately 100,000,000/ml.) of the 

following species were exposed to NaOC1: . viscosa, 

. aeruginosa, . fluorescens, . utrefaciens, . fragi, 

. metalcaligenes, . coli, and 
,4. yogenes var. aur. 

. lactis was the only organism that did not exhibit 100 

per cent destruction when exposed to 50 and 100 ppm. NaOC1 

fori 15 seconds exposure. Exposure to 50 ppm. available 

c11orine for 120 seconds or 200 ppm. for 15 seconds 

resulted in 100 per cent destruction for this organism. 

With QAC, an exposure of 300 seconds to 50 ppm. and 30 

seconds to 200 ppm. were required for completo destruction 

of . lactis. 
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With low numbers of organisms (approximately 

10,000/inI.) and low concentratiors of germicide (5, 10, 20 

arid 30 ppm. NaOC1), . viscosa, . gginosa, . fluox- 

escens, E. putrefacien, . fragt, j. mta1caiigene, 

. egli. arid L iyogenes vare aureus ali showed 100 por cent 

destruction. . lactis was the only organism that did not 

exhibit 100 per cent destruction when exposed to 5, 10, 

20 and 30 ppm. NaOCI. Exposure to 20 ppm. available chlor- 

me for 300 seconds resulted in 100 per cent destruction 
of . lactis. 

Results indiate that any effect of QAC on the 

lactic acid fernentation of . lactis was secondary to its 

effect on growth. The results shoved that the degree of 

inhibition of growth and acid production increased simul- 

tarieously and progressively with increase in concentration 

of QAC added to milk cultures of . lactis. Concentrations 

of 5, 10, and 20 ppm. QkC appeared to exert a bacterio- 

static effect on this organism in milk cultures. At 30 

ppm. QAC, it appeared to assume bactericidal properties; 

at 50 and 100 ppm. it was definitely bactericidal. When 

the rate of inoculum of mIlk cultures was increased to 50 

per cent, concentrations of 30, 50, and 100 ppm. QAC 

appeared to exert a definitely less pronounced bactericidal 

effect than when the lower rate of 1 per cent was used, 

even though organic matter content of the medium remained 



the same. 

Trials to determine factors affecting QAC 

activity, indicated that shifting the pH from approx- 

imately 7.0 to 9,5 and adding 0.1 per cent tetrasodium 

pyrophosphate increased germicidal activity of the QAC. 
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