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ABSTRACT: We evaluated the efficacy of different neutralizing solutions for use in disinfectant efficacy assays. Our 
approach used comparisons between the recoveries of low inocula in different treatment populations. The challenge 
organisms employed were those described by the AOAC for use in determining germicidal, tuberculocidal, sporicidal, 
and fungicidal activity of disinfectants. Neutralizer efficacy (NE) ratios were determined by comparing the recovery of 
identical inocula from the neutralizing solution in the presence, or the absence, of a 1:10 dilution of the biocide. Neu-
tralizer toxicity (NT) ratios were determined between recovery of viable microorganisms incubated for a short period 
in peptone, and in the neutralizing medium without the biocide. An effective and non-toxic neutralizer was initially 
identified by NE and NT ratios of ≥ 0.75. Statistical evaluation of the data was performed by ANOVA, with Dunnett’s 
test for multiple comparisons used to confirm failures. By this analysis, 239/244 identified failures were confirmed by 
ANOVA of 588 NT and NE comparisons (5 presumptive failures were not confirmed by statistical analysis). We therefore 
conclude that recovery of 75% is a suitable criterion (2% false negative rate) for neutralizer evaluations. There was a wide 
degree of variability seen among the responses of different test organisms to the different recovery broths. Pseudomonas 
aeruginosa and Salmonella choleraesuis were particularly sensitive to commercial neutralizer broths. Interestingly, no 
commercially available neutralizer proved adequate for all index organisms against all biocides tested. This finding 
underscores the need to evaluate potential neutralizers against all microorganisms and biocides employed.

Introduction

A recently proposed United States Pharmacopoeia 
(USP) guidance chapter (1) describes the use, evalu-
ation and control of disinfectants and antiseptics. This 
Pharmacopoeial Preview recommends demonstration of 
the efficacy of the disinfectants used in a manufacturing 
facility and notes the need to adequately neutralize the 
disinfectant under test. Similar concerns are expressed 
for the evaluation of personal antiseptics used by person-
nel. The USP offers guidance on evaluation of neutral-
izers in chapter <1227> (2). Complete neutralization of 
disinfectants is important for the accuracy of a biocidal 
assay as microbicidal activity is commonly measured as 
survivors with time, and inhibition of microbial growth 
by low levels of residual biocide would lead to exagger-
ated measures of microbicidal activity (2, 3, 5). 

Common methods for inhibition of residual biocide in-
clude dilution or chemical neutralization of the biocide. 
Dilution is useful for those biocides with a large concen-
tration exponent and little propensity for binding to the 
cell (6, 7, 8). A variation on dilution is filtration of the 
suspension to remove the biocide. This technique must 
be approached with caution, however, as the biocide may 
bind either to the membrane filter or to the cells, inhibiting 
recovery (9-14). Finally, one can inhibit residual biocide 
by chemical neutralization (see 4, 15, and 16 for reviews). 
Several classes of biocides have well-established chemical 
neutralizers. Examples of these are noted in Table 1. A 
potential difficulty of chemical neutralization of biocides 
is the toxicity displayed by several types of neutralizers. 
Examples of these are also provided in Table 1. Evalua-
tion of a chemical neutralizer or a physical neutralization 
scheme must examine the potential toxicity of the neutral-
izer as well as its efficacy.

An excellent review by Russell (15) describes three 
criteria for an effective neutralizer. First, the neutral-
izer must effectively inhibit the action of the biocidal 
solution. Second, the neutralizer must not itself be 
unduly toxic to the challenge organisms. Finally, the 
neutralizer and active agent must not combine to form 
a toxic compound.
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Three methods have been published describing meth-
ods of neutralizer evaluation. Dey and Engley (37) 
describe a procedure utilizing Staphylococcus aureus 
as the index organism that measures survival with time. 

TABLE I. PREVIOUSLY REPORTED EFFICACY AND TOXICITY OF CHEMICAL 
NEUTRALIZERS

CHEMICAL 
NEUTRALIZER

 BIOCIDE CLASS POTENTIAL
TOXICITY

REFERENCES

Bisulphate Glutaraldehyde, Mercurials Non-sporing Bacteria 17, 18, 19 

Dilution Phenolics, Alcohol, Glutaraldehyde  - - - 18, 20, 21 

Glycine Glutaraldehyde Growing Cells 22, 23 

Lecithin Quaternary Ammonium Compounds (QACs), 
Parabens, Bis-biguanides 

Bacteria 4, 5, 24, 25 

Mg+2 or Ca+2 ions EDTA  - - - 26 

Polysorbate QACs, Iodine, Parabens  - - - 27, 28, 29, 30 

Thioglycollate Mercurials Staphylococci and 
Spores 

31, 32, 33, 34 

Thiosulphate Mercurials, Halogens, Glutaraldehyde Staphylococci 17, 33, 35, 36 

Table 1. Previously reported efficacy and toxicity of chemical neutralizers. Overview of literature references to 
biocide neutralizers. In addition to chemically neutralizing biocides, many of these compounds are toxic also to 
microbial cells.

Table 2. Neutralizing broths evaluated in this study. All neutralizers were prepared as cited, with the final concentra-
tions as listed (g/L). Neutralizing broths evaluated included AOAC Diluting Broth (AOAC), Dey-Engley Neutralizing 
Broth (DEB), Letheen (LET), NIH Thioglycollate Broth (NIH), Trypticase with Tween (TAT), and Trypticase Soy 
Broth with Polysorbate 80 and Lecithin (TPL).

TABLE II. NEUTRALIZING BROTHS EVALUATED EVALUATED IN THIS STUDY

 Ingredient  AOAC  DEB  LET  NIH  TAT  TPL 

  Beef extract  5.0   5.0    

  Casitone     15.0   

  Cystine     0.5   

  Dextrose   10.0   5.5   2.5 

  Lecithin   7.0  0.7   5.0  0.7 

  Peptamin  10.0   10.0    

  Polysorbate 20      43.2  

  Polysorbate 80   5.0  5.0    15.0 

  Sodium bisulfite   2.5     

  Sodium chloride  5.0   5.0  2.5   

  Sodium thioglycollate   1.0   0.5   

  Sodium thiosulfate   6.0     

  Soytone       3.0 

  Tryptone   5.0    20.0  17.0 

  Yeast extract    2.5   5.0   

The challenge organism is inoculated directly into the 
biocide and sampled with time. The relative efficacy 
of the neutralizer is measured by comparing the rela-
tive recovery of the challenge organism among differ-
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ent treatments. This protocol is useful in identifying 
neutralizers. However, it has several limitations. First, 
it does not distinguish between neutralization of the 
biocide versus recovery of organisms injured by sub-
lethal exposure to the biocide. An apparent increase in 
recovery could result either from a decrease in the ac-
tivity of the biocide upon treatment, or from improved 
recovery of crippled organisms. A second concern is 
that this method utilizes only one organism, S. aureus. 
The assumption is that a neutralizer acts upon the bio-
cide, independent of the challenge organism.

TABLE III.  BIOCIDES EVALUATED IN THIS STUDY

Biocidal Solution   Active Ingredients

Chlorox    5.25% sodium hypochlorite 

Alcide    2.73% sodium chlorite 

Rocall II   10% alkyl dimethyl benzyl ammonium chloride 
(Quat-alcohol)   1.25% ethanol 

Lysol Deodorizing Cleaner 2.7% alkyl (50%C14, 40% C12, 10%C16) dimethyl benzyl  
    ammonium chloride 

Real Pine   25% pine oil 

Lysol Disinfectant Spray  0.1% o-phenyl phenol; 
(Phenol-alcohol)   79% ethanol 

Amphyll    10.5% o-phenylphenol; 
    5.0% o-benzyl-p-chlorophenol 

Amerse    p-chlorophenol/phenylphenol 

Cidex Plus   3.2% glutaraldehyde 

Cidex 7    2% glutaraldehyde 

Lysol Pine Action   15% pine oil; 
    11.7% isopropyl alcohol; 
    0.78% o-phenylphenol 

Staphene   0.077% o-benzyl-p-chlorophenol; 
    0.041% o-phenylphenol; 
    0.074% p-tertiary amylphenol; 
    0.041% n-alkyl dimethylbenzyl ammonium chloride; 
    0.041% n-alkyl dimethyl ethylbenzyl ammonium chloride; 
    4.548% propylene glycol, 53.096% ethanol 

Sporocidin   7.05% phenol; 
    2.0% glutaraldehyde 
    1.2% sodium phenate 

Table 3. Biocides evaluated in this study. The labeled concentrations of active ingredients for all biocides tested are 
presented. All biocides were diluted as appropriate with tap water to use concentration.

Terleckyj and Axler (38) describe a control procedure to 
demonstrate neutralization for a fungicidal experiment. 
The basic design for this experiment was first described 
in 1972 by Bergan and Lystad (39). First, the biocide 
is exposed to the neutralizer for a specified time. The 
challenge organism (Candida albicans) is then added 
to a final concentration of approximately 106 CFU/mL. 
Survival is determined after an additional 15 minute 
incubation. While this design separates recovery from 
inactivation of the biocide, several concerns remain. This 
method assumes that a neutralizer proven effective for 
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one organism will be equally effective for all. In addition, 
this method uses extensive dilution of the organism prior 
to plating. Dilution of the sample is required due to the 
high number of organisms in the challenge, but serves 
to dilute the biocide, which compromises the stringency 
of the procedure. Finally, this method does not allow the 
investigator to separate any toxic effect of the neutraliza-
tion treatment from the effects of the biocide. 

The final method was described for use in testing contact 
lens disinfectants (40). This method is similar in overall 
design to that described above (39). However, it address-
es some of the concerns suggested by earlier protocols. 
This method employs a smaller inoculum concentration 
to avoid dilution of the sample. It also takes advantage 
of statistical analysis of the data to ensure that apparent 
differences among populations are supported. Finally, 
and perhaps most importantly, this method evaluates 
the potential neutralizer with all index organisms. This 
strategy is employed by the American Society for Testing 
and Materials (ASTM) in the evaluation of neutralizers 
(41). It is also the method recommended by USP for 
validation of microbial recovery (2).

Regardless of the method used to evaluate a neutral-
izer, there must be a population of organisms included 
that serve as a growth control. This control population 
is exposed to neither the potential neutralizer nor the 
biocide. We suggest two comparisons among three 
populations, providing evidence for fulfillment of the 
three criteria outlined by Russell. The first comparison 
is Neutralizer Efficacy (NE) which can be determined 
by evaluating survivors in the neutralizing broth in the 
presence and the absence of the biocide. The ability of 
the neutralizing broth alone to allow survival is a second 
important consideration in this analysis. The second 
comparison is Neutralizer Toxicity (NT). This aspect 
of neutralization is determined by comparing survivors 
in the neutralizing medium without the biocide with the 
viability (growth) control.

We report the results of studies conducted to evaluate six 
neutralizing broths (Table 2). These neutralizing media 
were tested against 13 commercially available surface 
disinfectants chosen to represent a wide range of biocide 
types (Table 3). We utilized seven challenge organisms 
recommended by the Association of Analytical Chemists 
(AOAC) as bioindicators of the chemical inactivation that 
occurred between the biocide and neutralizer. Our results 
show that each biocide-neutralizer-organism combina-
tion is unique. Neutralizer evaluation must be performed 
for each combination to be tested in any assay involving 

biocides or preservatives. In addition, the current study 
provides a good guideline for levels of recovery to be 
expected from neutralizer efficacy studies.

Methods

The same basic procedure was followed for all popu-
lations examined and is a modification of the method 
previously described (40). We assayed the recovery of 
index microorganisms under several different conditions. 
First, a determination of a standard inoculum was made 
to confirm the presence of 10 – 100 CFU per plate (102 
– 103 CFU/mL). This low number of cells was preferred 
to enhance the sensitivity of the assay. The second treat-
ment population was exposed to the neutralizing broth 
without the biocide. Table 2 provides a listing of the 
neutralizing broths studied. The population exposed to 
neutralizer served as the control population for all statis-
tical analysis. The final treatment population consisted 
of the neutralizing broth in the presence of the particular 
disinfectant and referred to as the neutralizer and biocide 
population. All biocides evaluated are described in Table 
3 and were prepared according to label instructions and 
used within the stated shelf-life.

Test organisms

Test organisms used include Trichophyton menta-
grophytes (ATCC 9533), Pseudomonas aeruginosa 
(ATCC 15442), Bacillus subtilis (ATCC 19659), 
Staphylococcus aureus (ATCC 6538), Clostridium 
sporogenes (ATCC 3584), Salmonella choleraesuis 
(ATCC 10708), and Escherichia coli (ATCC 11229). 
These organisms were grown to confluence at 30-35°C 
on nutrient agar slants of Trypticase Soy Agar (TSA 
- Difco Laboratories, Detroit, MI) and harvested into 
Phosphate Buffered Saline (PBS), pH 7.2. Samples 
were washed twice in PBS and then standardized to 
approximately 108 CFU/mL by turbidity.

Mycobacterium bovis Type BCG was also used to assay 
the effective neutralization of the surface disinfectants. This 
organism was grown on Middlebrook 7H10 Agar (Difco) 
and required three weeks incubation at 30-35°C. 

Test solutions

All neutralizers were prepared as cited, with the final 
concentrations as listed in Table 2. All biocidal solutions 
were prepared as directed on the label instructions for 
general disinfection at the time of testing. Concentrated 
solutions were diluted to use concentrations in tap water. 
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The concentration of active ingredients for each of the 
biocides is provided in Table 3.

Neutralizer evaluation procedure

This procedure provides three treatment populations 
for comparison. One mL of biocide or PBS was added 
to a tube containing 9 mL of neutralizing broth. These 
suspensions were then incubated for 10 minutes on the 
benchtop at room temperature. These tubes represented 
the “neutralizer and biocide” and “neutralizer exposed” 
populations. A third tube, containing 10 mL PBS, was 
prepared and served as the “viability” control. Each of 
these solutions was inoculated with 103 to 104 CFU of 
the challenge organisms (final concentration of 103 to 
104 CFU/mL). Each inoculated suspension was incu-
bated for an additional 10 minutes on the benchtop at 
ambient temperature. 

Recovery of all organisms was performed by plating 10 
samples of 0.1 mL each on TSA (Difco) supplemented 
with 0.5% glucose (TSAG) and incubating at 30-35°C for 
three days. The only exception to this recovery scheme was 
M. bovis which was plated on Middlebrook 7H10 agar as 
described above. All plates were examined for recovery of 
CFUs, and the populations analyzed as described below.

Analysis of data

NT was estimated by comparing the recovery of the spe-
cific challenge organism in the neutralizer exposed popu-
lation and the viability population. NE was estimated by 

comparing the recovery of the challenge organisms in 
the neutralizer exposed population and the neutralizer 
with biocide population. 

NT and NE ratios were derived utilizing the geometric 
mean of the recovery in the different populations. Ac-
ceptable NT and NE ratios are defined as ≥ 0.75. 

Failures on toxicity or efficacy comparisons were con-
firmed by statistical analysis. The first statistical analy-
sis was done by ANOVA on the log10 transform of the 
surviving CFU for all populations. Populations that were 
obviously different (i.e., the Cidex 7 and Cidex Plus 
for most organisms) were excluded from this analysis. 
If significant differences were indicated by ANOVA 
(p=0.05 or less), then the mean of the two populations 
(log10 transform) were compared by Dunnett’s test (α = 
0.05) (42). If q' (the critical value in the Dunnett’s test) 
did not exceed the critical value for α = 0.05, then the 
comparison passed the statistical test. It should be noted 
that these were employed as one-tailed tests of signifi-
cance. If the NT or NE ratio was greater than 1.0, then 
no statistical tests were performed and the comparison 
was defined to be acceptable.

Results

Neutralizer toxicity

Evaluation of NT was performed by comparison between 
the viability population and the neutralizer exposed 
population. NT ratios were determined for all neutral-

TABLE IV.  TOXICITY OF NEUTRALIZING BROTHS

 AOAC DEB LET NIH TAT TPL 

B. subtilis 1.02 1.25 0.64 1.36 1.01 0.79 

E. coli 0.92 0.80 0.98 0.99 0.59 0.59 

M. bovis 0.67 0.98 1.01 0.79 0.68 0.83 

P. aeruginosa 0.87 0.76 0.84 0.79 0.93 0.78 

S. choleraesuis 0.81 0.84 0.74 0.85 0.81 0.79 

S. aureus 0.97 0.89 0.99 1.03 0.90 0.93 

T. mentagrophytes 1.04 0.97 1.02 0.93 0.97 1.02 

Table 4. Toxicity of neutralizing broths. Neutralizer toxicity was determined for the various neutralizing broths as the 
percent ratio of recoverable microorganisms from the “minus biocide” population and the “viability” population. Failures 
were initially identified as a recovery ratio of less than 0.75 and confirmed by ANOVA analysis. See text for details.
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izer-organism combinations. These results are shown 
in Table 4. Most neutralizers examined showed toxicity 
against at least one index organism by these analyses, 
with the exception of Dey-Engley Broth and NIH Thio-
glycollate Media. AOAC broth was toxic to M. bovis, 
and LET was toxic to B. subtilis and S. choleraesuis. 
TAT demonstrated toxicity toward both E. coli and M. 
bovis, while TPL was toxic to E. coli. 

Several organisms were robust to the different neutral-
izers. Recovery of P. aeruginosa, S. aureus, and T. men-
tagrophytes was not affected significantly by incubation 
in the different neutralizers. Other organisms, notably 
B. subtilis, E. coli, and M. bovis, show marked toxic re-
sponses to different neutralizing broths. It is important, 
therefore, to determine NT separately for each index 
organism and neutralizer combination. Data showing 
lack of toxicity against one microorganism is not suf-
ficient evidence for the benign nature of a neutralizing 
solution for all organisms.

Neutralizer efficacy

Determination of NE requires evaluation of the neutraliz-
ing broth’s ability to neutralize the biocide at a specified 
dilution. We evaluated NE by the comparison between 
the neutralizer exposed population to the neutralizer plus 
biocide population. Tables 5a-5f provide the results of 

this comparison. Acceptable neutralization is defined as 
whenever a NE ratio of ≥ 0.75 is obtained, or when the 
populations are indistinguishable by Dunnett’s test. An 
acceptance criterion of 0.75 (or 75% recovery) in the NT 
and NE ratios proved to be a useful presumptive test. A 
total of 588 comparisons were performed in this study. 
Of these, 244 failed to meet the presumptive test. Only 
5 of the 244 failures were not supported by the ANOVA 
and Dunnett’s analysis (2% false negative rate).

AOAC and NIH thioglycollate broths performed dis-
mally as neutralizing broths at a 1:10 dilution for all 
challenge organisms. DEB, LET, TAT, and TPL provided 
broad-range neutralization by this analysis. TAT may not 
be the best choice for a neutralizer, however, due to its 
high inherent toxicity. 

No neutralizing broth was suitable for all organisms and 
all biocides. For example, TAT was the only effective 
neutralizer for B. subtilis with Staphene, but it was not 
effective as a neutralizing broth for B. subtilis with the 
Lysol products or with the Cidex products. 

Different organisms behaved differently in the NE evalu-
ation. T. mentagrophytes provided evidence for effective 
biocide neutralization with virtually all broths and biocides 
tested. It proved to be much more difficult to adequately 
neutralize the biocides when tested by the bacteria. In ad-

TABLE VA.  NEUTRALIZER EFFICACY - AOAC

B. subtilis E. coli M. bovis P. aeruginosa S. choleraesuis S. aureus T. mentagrophytes

Alcide 0.09 0.87 0.27 0.07 0.01 0.86 0.83 

Amerse 0.04 0.01 0.01 0.02 0.01 0.02 1.00 

Amphyll 0.06 0.02 0.28 0.02 0.01 0.02 0.82 

Cidex Plus 0.04 0.01 0.01 0.02 0.01 0.02 0.98 

Cidex 7 0.04 0.01 0.67� 0.02 0.01 0.02 0.68�

Clorox 1.61 0.82 0.00 0.97 0.83 0.92 0.00 

Lysol Deodorant Cleaner 0.00 0.00 0.00 1.35 0.00 0.00 0.80 

Lysol Pine Action 0.00 0.00 1.41 0.84 0.99 0.39 0.91 

Lysol Disinfectant Spray 0.00 0.00 0.62� 0.79 0.00 0.00 0.93 

Real Pine 0.00 0.00 1.52 0.86 0.89 0.00 0.63 

Rocall II 0.03 0.02 0.52 0.21 0.01 0.02 0.60 

Sporocidin 0.04 0.42 0.69 0.82 0.90 0.03 0.61 

Staphene 0.03 0.02 0.28 0.04 0.01 0.02 0.58 

Table 5. Efficacy of neutralizing broths. Neutralizer efficacy was determined for the various neutralizing broths as the 
percent ratio of recoverable microorganisms from the “plus biocide” population and the “minus biocide” population. 
Failures were initially identified as a recovery ratio of less than 0.75 and confirmed by ANOVA analysis. See text for details. 
†Mean was not statistically different from control value at α=0.05 by Dunnett testing.

Table 5a. Neutralizer efficacy (AOAC).
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TABLE VB.  NEUTRALIZER EFFICACY - DEB

B. subtilis E. coli M. bovis P. aeruginosa S. choleraesuis S. aureus T. mentagrophytes

Alcide 1.39 1.04 1.05 1.20 0.81 0.97 1.50 

Amerse 0.71 1.05 0.82 1.22 0.89 0.98 1.41 

Amphyll 0.86 0.97 0.84 1.02 1.01 1.07 1.02 

Cidex Plus 0.04 0.02 0.69 0.02 0.01 0.02 0.95 

Cidex 7 0.06 0.02 0.33 0.02 0.01 0.02 2.05 

Clorox 1.32 0.83 0.00 0.90 0.62 1.15 1.00 

Lysol Deodorant Cleaner 0.95 1.09 0.00 1.25 0.65 0.98 0.64 

Lysol Pine Action 0.49 0.91 0.77 1.01 0.72 1.12 0.97 

Lysol Disinfectant Spray 1.29 1.09 0.00 1.38 0.92 1.10 0.81 

Real Pine 1.59 1.05 0.00 1.19 0.85 0.88 0.53 

Rocall II 1.38 0.86 0.75 1.25 1.06 0.83 1.04 

Sporocidin 0.23 1.06 1.07 1.25 0.77 0.89 1.12 

Staphene 0.04 1.19 0.83 1.20 0.91 0.94 1.06 

Table 5b. Neutralizer efficacy (DEB).

TABLE VC.  NEUTRALIZER EFFICACY - LET

B. subtilis E. coli M. bovis P. aeruginosa S. choleraesuis S. aureus T. mentagrophytes

Alcide 0.13 0.55 1.03 0.91 0.02 0.92 0.82 

Amerse 1.69 0.88 0.83 1.20 1.11 0.94 0.81 

Amphyll 1.84 0.83 0.69 1.07 1.02 0.98 1.08 

Cidex Plus 0.05 0.01 0.40 0.03 0.02 0.02 0.66 

Cidex 7 0.07 0.01 0.92 0.02 0.02 0.02 1.14 

Clorox 1.12 0.98 0.00 0.86 1.16 1.22 1.23 

Lysol Deodorant Cleaner 1.07 0.99 0.00 0.87 1.02 0.86 1.19 

Lysol Pine Action 1.06 0.95 0.46 0.89 0.94 1.22 0.00 

Lysol Disinfectant Spray 1.09 0.92 0.00 0.89 0.91 1.35 0.96 

Real Pine 1.05 0.92 0.00 0.92 0.95 0.71 1.05 

Rocall II 1.79 0.83 0.90 1.26 1.12 0.28 0.71 

Sporocidin 1.66 0.63 1.03 1.02 1.02 0.71 0.78 

Staphene 0.08 0.82 0.49 1.14 1.07 0.38 0.77 

TABLE VD.  NEUTRALIZER EFFICACY - NIH

B. subtilis E. coli M. bovis P. aeruginosa S. choleraesuis S. aureus T. mentagrophytes

Alcide 0.36 1.09 1.14 0.88 0.75 0.76 0.98 

Amerse 0.04 0.01 0.04 0.03 0.02 0.02 0.75 

Amphyll 0.04 0.01 0.01 0.02 0.01 0.03 0.92 

Cidex Plus 0.03 0.01 0.01 0.02 0.01 0.02 0.81 

Cidex 7 0.03 0.01 1.07 0.02 0.01 0.02 0.86 

Clorox 1.50 0.75 1.50 1.24 0.88 1.13 0.90 

Lysol Deodorant Cleaner 0.00 0.00 1.69 0.52 0.00 0.00 1.06 

Lysol Pine Action 0.00 0.00 0.72 0.98 0.69� 0.88 1.02 

Lysol Disinfectant Spray 0.00 0.00 0.00 0.84 0.00 0.00 1.04 

Real Pine 0.00 0.00 1.21 0.88 0.63 0.05 0.98 

Rocall II 0.03 0.01 0.74 0.02 0.01 0.02 0.59 

Sporocidin 0.02 0.01 0.12 0.03 0.01 0.02 0.29 

Staphene 0.03 0.86 1.11 0.91 0.80 0.02 0.73 

Table 5c. Neutralizer efficacy (LET).

Table 5d. Neutralizer efficacy (NIH).
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dition, the bacteria showed differential responses among 
the different biocides and neutralizing broths. 

Discussion

Effective neutralization of a chemical biocide is critically 
important to the quality of the data derived from any as-
say of biocidal efficacy (43). Care must be taken to avoid 
carry-over of active biocide to the recovery media, which 
may result in biostasis of the organism. This biostasis 
would lead to an overestimation of the biocide’s efficacy. 
Therefore, the experimental design used to establish the 
efficacy of biocide neutralization has a major impact on 
the estimation of antimicrobial efficacy.

We studied several recommended neutralizing broths 
cited in the literature. DEB (37, 44) was formulated 

Table 5e. Neutralizer efficacy (TAT).
TABLE 5E.  NEUTRALIZER EFFICACY - TAT

B. subtilis E. coli M. bovis P. aeruginosa S. choleraesuis S. aureus T. mentagrophytes

Alcide 0.92 1.39 0.74 0.87 0.97 1.00 1.08 

Amerse 1.10 1.40 0.28 1.15 1.40 0.82 1.16 

Amphyll 1.23 1.67 0.19 1.07 1.17 0.99 1.13 

Cidex Plus 0.02 0.02 0.01 0.02 0.02 0.02 1.07 

Cidex 7 0.05 0.02 1.23 0.02 0.02 0.02 1.09 

Clorox 1.30 0.80 0.00 0.77 0.99 1.43 1.23 

Lysol Deodorant Cleaner 1.12 1.05 0.00 0.69 0.97 1.38 1.02 

Lysol Pine Action 1.18 0.97 0.00 0.76 0.98 1.20 1.12 

Lysol Disinfectant Spray 1.23 1.10 0.00 0.50 0.97 1.41 1.14 

Real Pine 1.20 0.77 0.00 0.55 0.64 1.09 1.00 

Rocall II 1.65 1.47 0.44 1.12 1.09 0.87 1.02 

Sporocidin 1.66 1.64 1.03 1.02 1.10 1.00 1.18 

Staphene 0.84 1.38 0.22 1.21 1.03 0.95 0.86 

TABLE VF.  NEUTRALIZER EFFICACY - TPL

B. subtilis E. coli M. bovis P. aeruginosa S. choleraesuis S. aureus T. mentagrophytes

Alcide 1.08 1.46 1.27 0.89 0.92 0.36� 0.88 

Amerse 1.07 1.60 1.03 1.32 1.03 0.79 0.65 

Amphyll 1.06 1.49 0.74 1.27 0.99 0.90 0.84 

Cidex Plus 0.01 0.02 0.79 0.02 0.02 0.02 1.02 

Cidex 7 0.01 0.03 1.16 0.03 0.02 0.02 0.53 

Clorox 1.25 0.93 0.00 0.89 0.84 1.22 0.52 

Lysol Deodorant Cleaner 0.99 0.89 0.00 1.29 0.61 1.03 0.85 

Lysol Pine Action 1.31 1.02 0.00 0.68 0.95 1.18 0.95 

Lysol Disinfectant Spray 1.10 0.94 0.00 1.08 0.89 1.31 0.65 

Real Pine 0.54 0.94 0.57 0.92 0.90 0.97 0.64 

Rocall II 0.95 1.48 1.20 1.23 1.05 0.25 0.71 

Sporocidin 1.06 1.14 1.28 0.99 0.81 0.83 0.71 

Staphene 0.63 1.40 1.02 1.23 1.00 0.30 0.71 

Table 5f. Neutralizer efficacy (TPL).

to neutralize a wide range of biocidal agents (compare 
ingredients as listed in Table 2 with Table 1). The neu-
tralizer efficacy of the formulation was originally dem-
onstrated with S. aureus (37), then later with a variety 
of microorganisms (38, 40). Letheen broth is effective 
in recovering bacteria exposed to quaternary ammonium 
compounds and biguanides (5, 45). The thioglycollate 
medium has been shown effective against mercurials (5). 
Other recommended neutralization (or dilution) broths 
include TAT (46), AOAC Disinfectant Neutralization 
Solution (47), Fluid Casein Digest-Soy with Lecithin 
and Polysorbate (TPL - 49), and NIH Thioglycollate 
Medium (49).

Two separate characteristics must be assessed in an 
evaluation of a potential neutralizer or neutralization 
procedure. The first is the toxicity of the neutralizer. The 
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second characteristic is the efficacy of that chemical or 
treatment in neutralizing the target biocide for the chal-
lenge organism of interest. The neutralizer toxicity is an 
important consideration as growth inhibition introduced 
by the intended neutralizer will affect the recovery of 
microorganisms. Similarly, if only the efficacy of the 
neutralizer is measured, little is learned by a failure in 
the study. This failure could be due either to inadequate 
neutralization, or due to toxicity of the neutralizer con-
founding the results of the study.

The determination of NT and of NE should be a com-
parison between a test and a control population. We de-
termined NT as the ratio of recovery between a viability 
population, and a population exposed to the neutralizer. 
This comparison directly examined the toxicity of the 
individual neutralizing media for the different micro-
organisms. The efficacy of a particular neutralizer was 
defined as the ratio of recovery between the neutralizer 
and the biocide, and the neutralizer exposed populations. 
Therefore, only the affect of the biocide in the system 
was measured. These ratios allowed for a threshold value 
(0.75) as the first test. The second test was a statisti-
cal one to confirm failures. This two-tiered acceptance 
criterion ensured against the inadvertent rejection of an 
effective, non-toxic neutralizer. 

The acceptance criterion of 0.75 (75% recovery) was 
used in the presumptive test for both the NT and the NE 
comparisons. It was chosen based on preliminary work, 
and confirmed in this study. An alternate acceptance cri-
terion of 0.5 (50% recovery) was considered as this has 
been suggested as a suitable criteria (50), but this was 
rejected as too permissive. Expansion of the acceptance 
range from 0.74 to 0.50 would have included an addi-
tional 57 comparisons. While this would have captured 4 
of the 5 false negatives seen, it would have also included 
53 comparisons whose differences were statistically sig-
nificant (true failures). We therefore believe that a ratio 
of 0.75 (75% recovery) is an appropriate criterion for 
neutralizer evaluations.

Determining the efficacy of a neutralizing solution must be 
done operationally. The same neutralizer may effectively 
inhibit a particular biocide against one index organism 
while not effectively protecting a second. An example 
is provided in the analysis of the biocide neutralization 
afforded by AOAC broth. Although relatively non-toxic 
as a suspension broth, it fails to neutralize most biocides. 
However, if the fungal organism T. mentagrophytes had 
been the only index organism utilized, then a false estima-
tion of the efficacy of AOAC would have been unavoid-

able. The neutralizer efficacy of the entire test should be 
determined using all organisms of the test.

Finally, a neutralizer evaluation must be conducted under 
conditions that mimic the most stringent conditions of 
the biocidal experiment. The neutralization procedure 
must be examined, not just the solution. A critical con-
cern to this point is the dilution ratio of biocide:neutral-
izer. We employed a 1:10 dilution, as in most kinetic 
studies, the number of survivors are quantified with time 
by plating serial 10-fold dilutions. Therefore, the most 
concentrated biocide would be present in the initial 10-1 
dilution tube. No neutralizing broth adequately inhibited 
the biocidal activity of Cidex 7 or Cidex Plus at this 
dilution. Greater dilution, or filtration coupled with neu-
tralization, should be employed to perform a biocidal 
study in this instance. Other types of biocidal tests may 
require greater dilution ratios or recovery conditions. For 
example, the Use-dilution test may require a different 
dilution ratio, as biocidal retention on the carrier is low. 
It may also require recovery in the neutralization broth, 
not performed in the current study. 

We found the Dey-Engley neutralizing broth to be the 
best overall neutralizing broth. It offered no evidence of 
toxicity in our hands, and displayed effective neutraliza-
tion against most biocides for most of the organisms. 
However, even the Dey-Engley neutralizing broth was 
ineffective against several biocide-organism combina-
tions, and completely ineffective against Cidex Plus 
and Cidex 7 in a 1:10 dilution. Higher dilutions of the 
biocides into Dey-Engley broth may, however, be ad-
equately neutralized.

It is important to realize that this design for neutralizer 
evaluations provides no information on the recovery of 
organisms sub-lethally injured by exposure to the bio-
cidal agent. These crippled organisms may have specific 
nutritional requirements for survival and repair, or may 
be more sensitive to toxic component of the neutralizer. 
The procedure described by Dey and Engley provides a 
useful technique to compare the ability to recover injured 
organisms among several effective neutralizers.

Acknowledgements

The authors thank Dr. Joseph Ascenzi for supplying 
the M. bovis used in this study. The expert technical 
assistance of Robert Manchester and John Barber is 
appreciated. This study was supported by a cooperative 
agreement (#CR81753-01-0) with the Environmental 
Protection Agency. 



264 PDA Journal of Pharmaceutical Science and Technology

REFERENCES

1. US Pharmaocopeia <1072> Disinfectants and Anti-
septics. Pharmacopoeial Forum 28 (28): 143 – 152. 
(Jan/Feb 2002).

2. US Pharmacopoeia <1227> Validation of Micro-
bial Recovery from Pharmacopoeial Articles. In 
US Pharmacopoeia 25/National Formulary 20. 
Washington, DC: United States Pharmacopoeial 
Convention. pp 2259-2261 (2001).

3. Cremieux, A. and J. Fleurette, “Methods of testing 
disinfectants,” In Disinfection, Sterilization and 
Preservation, 3rd Ed., S.S. Block (ed.), Philadelphia:
Lea & Febiger, Philadelphia, 1983.

4. MacKinnon, I. H., “The use of inactivators in the 
evaluation of disinfectants,” J. Hyg. (Camb.), 73, 
189-95 (1974).

5. Russell, A. D., I. Ahonkhai, and D. T. Rogers, 
“Microbiological applications of the inactivation 
of antibiotics and other antimicrobial agents,” J. 
Appl. Bact., 46, 207-245 (1979).

6. Cowles, P. B., “The disinfectant concentration ex-
ponent,” Yale J. Biol. Med., 12, 697-704 (1939).

7. Hugo, W. B. and S. P. Denyer, “The concentration 
exponent of disinfectants and preservatives (bio-
cides),” In Preservatives in the Food, Pharmaceu-
tical and Environmental Industries, R. G. Board, 
M. C. Allwood, and J. G. Banks (eds.), Boston: 
Blackwell Scientific Publications, 1987, pp.281-
291.

8. Tilley, F. W., “An experimental study of the rela-
tion between concentration of disinfectants and 
time required for disinfection,” J. Bact. 38, 499-
510 (1939).

9. Chiori, C. O., R. Hambleton, and G. J. Rigby, “The 
inhibition of spores of Bacillus subtilis by centri-
mede retained on washed membrane filters and on 
the washed spores,” J. Appl. Bact., 28, 322-330 
(1965).

10. Harris, N. D. and J. P. Richards, “The failure of phe-
nol treated Escherichia coli to grow on membrane 
filters,” J. Appl. Bact., 21, 86-93 (1958).

11. Prickett, J. M. and D. D. Rawal, “Membrane filtra-
tion method for the evaluation of quaternary am-
monium disinfectants,” Lab Pract., 21, 425-428 
(1972).

12. Prince, J., C. E. A. Deverill, and G. A. J. Ayliffe, “A 
membrane filter technique for testing disinfectants,” 
J. Clin. Pathol., 28, 71-76 (1975).

13. Proud, D. W. and S. V. W. Sutton, “Development of 
a universal diluting fluid for membrane filtration 
sterility testing,” Appl. Environ. Microbiol., 58, 
1035-1038 (1992).

14. Van Ooteghem, M. and H. Herbots, “The adsorption 
of preservatives on membrane filters,” Pharm. Acta 
Helv., 44, 610-619 (1969).

15. Russell, A. D., “Neutralization procedures in the 
evaluation of bactericidal activity,” In Disinfectants: 
Their Use and Evaluation of Effectiveness, C. H. 
Collins, M. C. Allwood, S. F. Bloomfield, and A. 
Fox (eds), London, Academic Press, Inc., 1981,  
pp.45-59.

16. Sutton, S. V. W., “The evaluation of biocide neutral-
ization in the determination of microbicidal efficacy 
of contact lens solutions,” Int’l. Contact Lens Clin-
ics, 19, 167-173 (1992).

17. Cox, C. B., J. C. Feeley, and M. Pittman, “Sterility 
testing: Detection of fungi and yeasts in the pres-
ence of preservatives,” J. Biol. Stand., 1, 11-19 
(1973).

18. Munton, T. J. and A. D. Russell, “Aspects of the ac-
tion of flutaraldehyde on Escherichia coli,” J. Appl. 
Bact., 33, 410-419 (1970).

19. Russell, A. D. and D. Hopwood, “The biological 
uses and importance of glutaraldehyde,” In Prog-
ress in Medicinal Chemistry, v13. G. P. Ellis and 
G. B. West (eds). Amsterdam, North Holland Publ. 
Amsterdam, 1976, pp.271-301.

20. Bean, H. S., “Types and characteristics of disinfec-
tants,” J. Appl. Bact., 30, 6-16 (1967).

21. Morton, H. E., “The relationship of concentration 
and germicidal efficiency of ethyl alcohol,” Ann. NY 
Acad. Sci., 53, 191-196 (1950).



Vol. 56, No. 5, September/October 2002 265

22. Gorman, S. P. and E. M. Scott, “Evaluation of po-
tential inactivators of glutaraldehyde in disinfection 
studies with Escherichia coli,” Microbiol. Lett., 1, 
197-204 (1976).

23. Lark, C. and K. G. Lark, “The effects of D-amino 
acids on Alcaligenes faecalis,” Can. J. Microbiol., 
5, 369-379 (1959).

24. Laycock, H. H. and B. A. Mulley, “Application of 
the Ferguson principle to the antibacterial activity of 
mono- and multi-component solutions of quaternary 
ammonium surface-active agents,” J. Pharm. and 
Pharmacol., 22, 157-62 (1970).

25. Russell, A. D., “Factors influencing the efficacy of 
antimicrobial agents,” In Principles and Practices 
of Disinfection, Preservation and Sterilization, A. 
D. Russell, W. B. Hugo, and G. A. J. Ayliffe (eds), 
Oxford, Blackwell Scientific Publications, 1982.

26. Dankert, J. and I. K. Schut, “The antibacterial activ-
ity of chlorzylonol in combination with EDTA,” J. 
Hyg. (Camb.), 76, 11-22 (1976).

27. Brown, M. R. W., “Turbidometric method for the 
rapid evaluation of antimicrobial agents. Inactiva-
tion of preservatives by non-ionic agents,” J. Soc. 
Cosmet. Chem., 17, 185-195 (1966).

28. Brown, M. R. W. and R. M. E. Richards, “The ef-
fects of Tween 80 on the resistance of Pseudomo-
nas aeruginosa to chemical inactivation,” J. Pharm. 
Pharmacol., 16, 51-55 (1964).

29. Brown, M. R. W. and R. M. E. Richards, “Effect of 
polysorbate (Tween) 80 on the resistance of Pseu-
domonas aeruginosa to chemical inactivation,” J. 
Pharmacol., 16, 511-551 (1964).

30. Kelsey, C. L., I. H. MacKinnon, and I. M. Maurer, 
“Sporicidal activity of hospital disinfectant,” J. Clin. 
Path., 27, 632-638 (1974).

31. Croshaw, B., M. J. Groves, and B. Lessel, “Some 
properties of Bronopol, a new antimicrobial agent 
active against Pseudomonas aeruginosa,” J. Pharm. 
Pharmacol. Suppl., 16, 127T-130T (1964).

32. Hibbert, H. R. and R. Spencer, “An investigation of 
the inhibitory properties of sodium thioglycollate in 
media for the recovery of bacterial spores,” J. Hyg. 
(Camb.), 68, 131-135 (1970).

33. Kayser, A. and G. van der Ploeg, “Growth inhibition 
of staphylococci by sodium thioglycollate,” J. Appl. 
Bact., 28, 286-293 (1965).

34. Mossel, D. A. A. and H. Beerens, “Studies on the 
inhibitory properties of sodium thioglycollate on 
the germination of wet spores of clostridia,” J. Hyg. 
(Camb.), 66, 269-272 (1968).

35. Hugo, W. B. and J. M. Newton, “The adsorption of 
iodine from solution by micro-organisms and by 
serum,” J. Pharm. Pharmacol., 16, 49-55 (1968).

36. Weber, G. R. and M. Levine, “Factors effecting 
germicidal efficiency of chlorine and chloramines,” 
Amer. J. Publ. Health, 34, 719-728 (1944).

37. Dey, B. P. and F. B. Engley, “Methodology for 
recovery of chemically treated Staphylococcus 
aureus with neutralizing medium,” Appl. Environ. 
Microbiol., 45, 1533-1537 (1983).

38. Terleckyj, B. and D. A. Axler, “Quantitative neutral-
ization assay of fungicidal activity of disinfectants,” 
Antimicrob. Agents Chemother., 31, 794-798 (1987).

39.  Bergan, T. and A. Lystad, “Evaluation of disinfectant 
inactivators,” Acta Path. Microbiol. Scand., (B) 80, 
507-510 (1972).

40. Sutton, S. V. W., T. Wrzosek, and D. W. Proud, 
“Neutralization efficacy of Dey-Engley medium 
in testing of contact lens disinfecting solutions,” J. 
Appl. Bact., 70, 351-354 (1991).

41. American Society for Testing and Materials, Stan-
dard Practices for Evaluating Inactivators of An-
timicrobial Agents Used in Disinfectant, Sanitizer, 
Antiseptic, or Preserved Products, Amer. Soc. Test-
ing Mat. E 1054-91 (1991).

42. Zar, J. H., Biostatistical Analysis, Englewood Cliffs, 
NJ, Prentice-Hall, Inc. (1984).



266 PDA Journal of Pharmaceutical Science and Technology

43. Langsrud, S. and G. Sundheim, “Factors influencing 
a suspension test method for antimicrobial activity 
of disinfectants,” J. Appl. Microbiol., 85(6), 1006-12 
(1998).

44. Engley, F. B. and B. P. Dey, “A universal neutralizing 
medium for antimicrobial chemicals,” In Proceedings 
of the 56th Mid-year Meeting of the Chemical Special-
ties Manufacturers Association, 1970, p.100-106.

45. Quisno, R. A., I. W. Gibby, and M. J. Foter, “A 
neutralizing medium for evaluating the germicidal 
potency of the quarternary ammonium salts,” Amer. 
J. Pharm., 118, 320-323 (1946).

46. U.S. Food and Drug Administration Center for Food 
Safety and Applied Nutrition, Bacteriological Ana-
lytical Manual, 5th Ed. Washington, D.C., Associa-
tion of Official Analytical Chemists (1978).

47. Beloian, A., “Disinfectants,” In Official Methods 
of Analysis AOAC, 15th Ed., Arlington, VA, Asso-
ciation of Official Analytic Chemists, Inc., 1990, 
pp.133-146.

48. US Pharmacopoeia, “Microbial Limits Test,” In US 
Pharmacopoeia XXII/National Formulary XVII. 
Washington, DC, United States Pharmacopoeial 
Convention, 1990, pp.1479-1483.

49. US Pharmacopoeia, In US Pharmacopoeia XX/
National Formulary XV. Washington, DC, United 
States Pharmacopoeial Convention, 1980, p879 
(1980).

50. US Pharmacopoeia, <1227> Validation of Microbial 
Recovery from Pharmacopoeial Articles, Pharma-
copoeail Forum, 25 (1), 7574-7581 (1999).


