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ABSTRACT

In the automotive industry, cutting fluids are used as lubricants and coolants to prevent friction damage and 
temperature increases in the manufacture of engine alloys. Due to the chemical nature of aliphatic and aromatic 
hydrocarbon fluids, there are cosmopolitan aerobic heterotrophic microorganisms in the environment capable 
of using these hydrocarbons as a source of carbon and energy, resulting in damage to the engine alloys manufac-
tured. Therefore, biocides that inhibit this microbial capacity are applied. However, it is necessary to evaluate the 
inhibitory potency as a basis for the phenolic coefficient method. Therefore, the objectives of this research were: 

a)	 determine the potential biocidal activity of the biocides Antisep-60 and Antisep-1127, Grotan, and 
Nalco-7320, by the phenolic coefficient standard method

b)	 analyze the effect of the biocides Antisep-60 and Antisep-1127, Grotan, and Nalco-7320 on con- troll-
ing the biodegradation of a cutting fluid by the CO2 production method. For this purpose, a phenolic coefficient 
was used to determine the biocidal potential compared to phenol against the target bacteria genus and species 
Staphylococcus aureus. Then, in the cutting fluid, the activity of each biocide was measured when contaminated 
with S. aureus based on the production of CO₂ derived from the degradation of the cutting fluid, as well as the 
percentage of degraded cutting fluid or trapped oil and the pH dynamics. The results showed that according to 
the phenolic coefficient method Nalco-7320 at 100 ppm was equivalent to the potency of phenol in killing S. au-
reus, while Antisep-1127 required 350 ppm to achieve the same level of inhibition of S. aureus while both Grotan 
and Antisep-60 only at 1500 ppm concentration had the biocidal potency to kill S. aureus. However, when these 
concentrations of Antisep-60 and Antisep-1127, Grotan and Nalco-7320 were tested in cutting fluids only the 
Grotan biocide had an inhibition effect on cutting fluid degradation, or less trapped oil and minimized pH vari-
ability in the fluid. Based on the above, it is concluded that a method other than the phenolic coefficient should 
be used to determine the potential inhibition of these chemical agents in cutting fluids. This method is based 
on the CO2 production derived from fluid degradation, the amount of trapped oil, and the pH to ensure engine 
manufacturing under clean working conditions, thus avoiding contamination of the fluid cutting and damage to 
engine parts causing economical loss in the automotive industry.
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Introduction
Despite their cell size, prokaryotes possess a wide genetic diver-

sity of metabolism that allows them to colonize any natural or arti-
ficial environment, or a combination of both [1]. Consequently, it is 
not uncommon for a mixture of oils of natural or synthetic origin to 
grow in cutting fluids as fundamental cooling and lubricating prop-
erties in automotive manufacturing [2,3]. These oils or cutting fluids 
are essentially coolants and lubricants of an organic chemical nature, 
carbon compounds that require an accompanying biocide to prevent 
common microorganisms in the dust of the air, machinery, the oper-
ator’s body from contaminating them, causing loss of lubrication and 
cooling, consequently damage to the metal alloy parts of automobiles, 
industrial machinery also some of this microorganisms are causing 
health problems for operators [3]. The evidence shows that the main 
microorganisms that contaminate cutting fluids consume the organ-
ic base that causes the loss of cooling and lubricating capacity. Some 
microorganisms able to degrade cutting fluid, are of heterotrophic 
metabolism such as genera and species of Pseudomonas aeruginosa, P. 
alcaligenes, P. luteola, as well as other species and genera of microbi-
als that include actinomycetes, filamentous fungi, and yeast have the 
ability to use the oils in cutting fluids as their sole source of carbon 
and energy over a period of hours to days, destroying the rheologi-
cal properties and plastic viscosity of the fluid [4-6]. To prevent this 
problem, biocides of diverse chemical composition are used, such as 
methyloxazolidine, isothiazolone, morpholine, as well as those that 
are added later to cutting fluids, such as quaternary ammonium com-
pounds, especially when microbial contamination is high [7-10], since 
without the effectiveness of the biocide, the cutting fluid is destroyed, 
which causes problems in automotive parts, production machinery, 
and even causes dermatitis and other health problems in operators 
[10,11]. Therefore, the objectives of this research were: 

a)	 determine the potential biocidal activity of the biocides An-
tisep-60 and Antisep-1127, Grotan, and Nalco-7320, by the phenolic 
coefficient standard method.

b)	 analyze the effect of the biocides Antisep-60 and Anti-
sep-1127, Grotan, and Nalco-7320 on controlling the biodegradation 
of a cutting fluid by the CO2 production method,  in automotive man-
ufacturing.

Materials and Methods
Phenolic coefficient technique to determine the effectiveness of 

biocides for microbial control to evaluate the effectiveness of the bio-
cides Antisep-60, Antisep-1120, Grotan, and Nalco-7320, the phenolic 
coefficient technique was performed with Staphylococcus aureus as 
the target organism. S. aureus cell concentration was adjusted using 
the MacFarland nephelometer technique, in suspension with 0.85% 
saline solution and 0.001% detergent, at a density of 120 x 107 CFU/
ml. Then, from the biocidal concentrates: Antisep-60, Antisep-1127, 

Grotan, and Nalco-7320, 10 ml of each biocide were taken and ster-
ilized by filtration with a millipore membrane. of 0.2µ sterile, then 
diluted to have the following concentrations 350, 400, 450, 500, 550, 
600 and 650 ppm in sterile tubes with nutrient broth [12,13] for a 
compared with the nutrient broth nutrient broth with the following 
composition (g / L): 10.0 glucose, 5.0 casein peptone and 1.0 yeast 
extract, pH adjusted to 6.8-7.0 sterilized at 12 °C / 15 min, incubated 
at 37 oC for 24-48 h [14,1,2]. without S. aureus, or biocide or negative 
control, another tube with nutrient broth with S. aureus without any 
biocide or positive control; Nutrient broth incubated at 37 °C for 24 
h [1,14,15]. To test the germicidal action of biocides in cutting flu-
id in the laboratory, the respiratory activity method was used, which 
measures the release of CO2, produced by the degradation of hydro-
carbons in the cutting fluid test units were used, as shown in Figure 
1, consisting of: two flasks, one of 500 ml. attached to a test tube, with 
50 ml. of emulsion and 2 ml. of 1N NaOH respectively, the second of 
1000 ml. attached to a 250 ml flask with 100 ml. of emulsion and 4 
ml. of 1N NaOH.

The average amount of CO2 detected in both flasks represents the 
metabolic activity per test unit. The emulsion contained Hocut-733 
oil, this is a semi-synthetic, emulsifiable coolant, forms an opaque 
emulsion, does not contain nitrites, diluted to 8% in sterile water, 
2.0% weight / vol. of aluminum fragments, 1.0% weight / vol. of cot-
tonseed, 0.5% hydraulic fluid. The flasks were sealed with rubber 
stoppers and incubated while shaking at 150 rpm (Lab-Line Orbital 
Incubator-Shaker No.3595) at a temperature of 30 °C 3 °C, titrations 
were made every 24 h, initially the emulsion presented a pH of 10 
which was maintained by regulating daily with 5N NaOH for 15 days. 
To test the biocides under aerated conditions, the model described 
above was used, but in 500 ml flasks in triplicate covered with a swab 
and kept shaking at 150 rpm, regulating the pH every 24 h. in the 
manner already mentioned. Every 7 days, 5 ml of sterile distilled wa-
ter was added to compensate for evaporation. At the end of the test 
period, 10 ml of oil was taken from each flask, previously shaken, and 
centrifuged at 3300 rpm/10 min in graduated tubes to determine the 
amount of trapped oil and obtain the percentage [1,12-15]. All exper-
imental data were analyzed at (P<0.05) according to ANOVA-Tukey. 
Determination of the effectiveness of Antisep-60, Antisep-1127, Gro-
tan, and Nalco-7320 in controlling Staphylococcus aureus-induced 
cutting fluid called Hocut-733 destruction during automotive manu-
facturing. 

To determine the amount of CO2 released from cutting fluid min-
eralization, from the first minute to the 15th minute, a 40 g sample of 
soil treated with the biocides Antisep-60, Antisep-1127, Grotan, and 
Nalco-7320 was taken. Dosage was adjusted to 1500 ppm, compared 
to the same cutting fluid with and without S. aureus. Each cutting fluid 
and biocide were then placed in a Bartha flask. 10 ml of 0.1 N NaOH 
was added to the arm as a CO2 absorbent, and closed with a stopper. 
rubber, then incubated at 29 °C for 24 h. 0.1 N NaOH was then placed 
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in a 250 ml Erlenmeyer flask, 2 drops of phenolphthalein were added, 
and the mixture was titrated with 0.1 N HCl. The CO2 concentration 
was calculated using the following formula: mg CO2 = ((ml NaOH) (N 

of NaOH) - (ml HCl spent) (N of HCl).. All experimental data were an-
alyzed at (P<0.05) according to ANOVA-Tukey (12,18), as is shown in 
Figure 1.

Figure 1: Shows the analysis of biocides for the control of the degradation activity of a cutting fluid compared the phenolic coefficient and the CO2 
production method to evaluate the effectiveness of a biocide in controlling the microbial degradation activity of a cutting fluid.

Results and Discussion 
Table 1 shows the comparison of the biocidal capacity of Anti-

sep-60, Antisep-1127, Nalco-60 and Grotan according to the pheno-
lic coefficient. According to the results, Nalco-60 with 75 ppm would 
have biocidal activity against S. aureus in contrast to Grotan which 
only showed biocidal activity at a concentration of 1,500 ppm, a value 
that indicates zero biocidal activity compared to the phenolic coeffi-
cient. In contrast, Nalco 7320 at concentrations from 75 to 100 ppm 
would have a biocidal activity like phenol, and with a lower biocidal 
capacity than phenol at concentrations between 350 to 450 ppm of 

Antisep-1127. When Antisep-60, Antisep-1127, Nalco-60 and Grotan 
were added to the nutrient broth, S. aureus grew without problems, 
compared to the biocidal action of phenol that quickly kills S. aureus 
in a relatively short time, similar to what happened with Nalco-60. 
This first test served for the following experiment where each biocide 
was applied to the cutting fluid with the maximum concentration of 
Nalco-60 with 100 ppm, with Antisep-1127 with 450 ppm and the 
maximums of Antisep-60 and Grotan. In this case, the biocidal activ-
ity was determined based on the production of CO2 derived from the 
degradation of the cutting fluid where the results were different from 
those registered by the phenolic coefficient method [16-18]. 
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Table 1: Effectiveness of biocide for the control of microbial contamination in cutting fluid compared to the phenolic coefficient.
*Treatment Exposure time in minutes

Dilution
Phenol Grotan

5 10 15 5 10

75 ppm (+) + + (-) -

80 ppm + + + - -

90 ppm + + + - -

100 ppm + + + - -

350 ppm NA - -

400 ppm NA - -

450 ppm NA - -

500 ppm NA - -

550 ppm NA - -

600 ppm NA - -

650 ppm NA - -

10000 ppm NA - -

1500 ppm NA + +
Note: (+) = inhibits bacterial growth (-) = does not inhibit bacterial growth. (NA) = not applicable concentration that no useful for the phenolic coefficient 

technique in this case.

Table 2 registered the pH dynamics of the cutting fluid called Ho-
cut-733 used for lubrication and cooling. It consists of emulsifiable 
fatty oils, with sulfur, chlorine or phosphorus compounds, colloidal 
emulsions of surfactants, wetting agents and corrosion inhibitors, ni-
trite salts and organic amines used in metal machining, it was protect-
ed by Antisep-60 and Antisep-1127 at a concentration of 1500 ppm, 
with Nalco-7320 with 1000 ppm and Grotan 1500 ppm when contam-
inated with S. aureus, compared to the cutting fluid without applica-
tion of biocide contaminated with S. aureus and the cutting fluid con-
taminated with S. aureus without biocide. There it was observed that 
the pH in the cutting fluid without biocide or contaminated by S. au-
reus only varied 9 to 10, indicating that it retains intact the lubricating 
and cooling properties. In contrast when the fluid was contaminated 

with S. aureus without biocide part of the organic plant fraction was 
oxidized which lowered the pH with the loss of the lubricating and 
cooling capacity, hence the need to apply a biocide appropriate to the 
properties of the cutting fluid as happened when Grotan was applied 
at a concentration of 1500 ppm which effectively controlled the de-
grading activity of S. aureus in contrast when Nalco-7320 was applied 
at a concentration of 1000 ppm which did not control the activity of S. 
aureus with the consequent drop in pH during the first 6 days, a situa-
tion similar to that observed with Antisep-1127 and Antisep 60 which 
despite being applied at a concentration of 1500 ppm during the first 
few days did not prevent a decrease in pH causing the partial loss of 
the lubricating and cooling properties of the fluid. 

Table 2: pH values registered in the cutting fluid with different biocides under aeration conditions at 37 ± 5 °C.
Days

Biocides* 1 2 3 4 5 6 7 8 9

Cutting fluid uninoculated 9a** 9a 10a 10a 10a 10a 10a 10a 10a

Cutting fluid + S. aureus Non biocide applied 7c 7c 7c 8b 8b 9a 10a 10a 10a

Cutting fluid + S. aureus + Grotan 1500 ppm 9a 9a 10a 10a 10a 10a 10a 10a 10a

Cutting fluid + S. aureus + Nalco 7320 1000 ppm 7c 7c 8b 8b 9a 9a 10a 10a 10a

Cutting fluid + S.aureus + Antisep-1127 1500 ppm 8b 7c 8b 8b 9a 9a 10a 10a 10a

Cutting fluid + S.aureus + Antisep-60 1500 ppm 7c 7c 9a 9a 10a 10a 10a 10a 10a

Note: *n=6, **values with different letters indicate statistical difference (P<0.05) according to ANOVA-Tukey.
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The difference in biocidal capacity is due in principle to its chem-
ical composition and compatibility with the chemical components 
of the cutting fluid, which make it possible to effectively control the 
degradation activity of the cutting fluid by S. aureus [19,20]. Table 3 
shows the biocidal activity of Antisep-1127 at 450 and 1500 ppm, An-
tisep-60, Nalco, and Grotan at 1500 ppm, compared to cutting fluid 
without biocide or S. aureus contamination, as well as to cutting fluid 
without biocide contaminated by S. aureus under aerobic, microaero-
philic, and two S. aureus concentrations: low 1 x 106 CFU/ml cutting 
fluid and high:10 x 106 CFU/ml cutting fluid on CO2 production and 
the percentage of trapped oil as indicators of cutting fluid degrada-
tion resulting in loss of lubrication and cooling. It can be seen there 
that in the cutting fluid without biocide or contamination by abiotic 
reactions, part of the hydrocarbon fraction is lost as 667.04 mg CO2/
ml in microaerophilic and 744 mg/ CO2/ml in aerobiosis without 
generating trapped oil in any case; in contrast, when the cutting fluid 
without the protection of a biocide is degraded by S. aureus, 1519.4 

mg CO2/ml are released in microaerophilic and 1300 mg CO2/ml in 
aerobiosis. A similar thing was observed when Nalco 1500 was ap-
plied to the cutting fluid with 891mg CO2/ml and 4% oil trapped in, 
but not in microaerophilic and aerobic condition. Similarly, when 
Antisep-1127 was applied to the fluid, 515mg CO2/ml were released 
with 2% oil trapped in microaerophilic condition and 939mg/CO2 
with 5% oil trapped in aerobiosis. In clear contrast to the cutting fluid 
with 1500 ppm Grotan in both microaerophilic and aerobic condi-
tions without CO2 generation and no percentage of trapped oil. This 
result showed that Grotan whose active ingredient paraformaldehyde 
reaction products with 2-hydroxypropylamine was compatible with 
the chemical composition of Hocut-733 cutting fluid under the op-
erating conditions of microaerophilic conditions with relatively low 
and high cell density of S. aureus, one of the main contaminants of this 
fluid whose origin is human by operators of the automotive industry 
[11,16,18-20].

Table 3: Total CO2 production by microbial activity and percentages of trapped oil detected at the end of the tests with and without Staphylo-

coccus aureus.   

Biocide*

Microaerophilic conditions
Aerobic

Lowest concentration of S.aureus Higest concentración of S. aureus

% of trapped oil mg/L CO2 % of trapped oil mg/l CO2 % of trapped oil

Cutting fluid uninoculated and unprotected by biocide 0 667.04b** 0 744b 0

Cutting fluid + S.aureus 1 1519.4a 6 1301a 3

Cutting fluid + S. aureus +Grotan 1500 ppm 0 -76na 0 0 0

Cutting fluid + S. aureus Nalco 1500 ppm 4 891.5b 0 0 3

Cutting fluid + S. aureus Antisep -1127 450 ppm 2 515.8b 5 939b 3

Cutting fluid + S. aureus +Antisep -1127, 1500 ppm 0 -70na 0 -40na 0

Cutting fluid + S.aureus Antisep-60 1500 0 -70na 0 93c 2
Note: *n=6, **values with different letters indicate statistical difference (P<0.05) according to ANOVA-Tukey 
na=negative CO2 production values.

Figure 2 shows an option for measuring biocide efficacy for cut-
ting fluids that is better than the phenolic coefficient method. It was 
demonstrated that Grotan, at a concentration of 1500 ppm, effectively 
controlled the degrading activity of S. aureus in the cutting fluid for 
the first 15 minutes and up to 10 days thereafter (data not shown), 
preventing the loss of lubrication and cooling. The effectiveness of 
Grotan in preventing deterioration was similar to the cutting fluid not 

being contaminated with S. aureus in clear contrast when the cutting 
fluid was contaminated with S. aureus without applying Grotan 1500 
ppm it was registered that the fluid lost all lubricating and cooling 
properties consequently causing industrial damage to engine parts, 
corrosion and deformation of auto parts with a high economic value 
hence the importance of using the detection of CO2 production as a 
method to adequately evaluate the biocidal capacity [1,2,7,21].
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Figure 2: Effectiveness of the biocide Grotan on the degradation of a cutting fluid* by Staphylococcus aureus.

Note: *n=6, there were statistical differences only in cutting fluid with S. aureus and without Grotan at time 0 compared to value at 15 days 
(P<0.05) according to ANOVA-Tukey.

Conclusions 
Phenolic coefficient method, compared to the microbial activi-

ty method, produces false positives and false negatives. It was pre-
viously known that this method was not the most appropriate for 
evaluating this type of product, mainly due to the differences in the 
action conditions of phenol and biocides for soluble oils. However, the 
phenolic coefficient is the only established method for evaluating dis-
infectants. Therefore, we believe that the microbial activity method 
can be a basis for the development of more accurate methods. This 
technique offers advantages from an economic perspective, as it does 
not require expensive reagents or sophisticated media, and it is easy 
to observe the action of the biocide on a total population. Aerobic and 
microaerophilic conditions represent a determining factor in the ef-
fectiveness of biocides. According to the results obtained, the ideal 
biocide, based on its cost and efficiency, is Hexahydro 1-3-5-tris-(2-
hydroxyethyl)-S-triazine (Grotan) [22-25].
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