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Background and Aims
Lactic acid has been shown to have a negative effect on the chemical activity of fungal cell membranes and is therefore proposed to
be used as an antifungal agent in growth media.

Methods

In the current study, an 88% lactic acid solution was used to produce agar solutions for culture media to assess the extent to which
lactic acid can inhibit fungal growth. Subsequently, a quadrant sampling technique and a statistical study were used to measure the
extent to which lactic acid can inhibit the growth of fungi.

Key Results

An inversely proportional correlation was found where lactic acid inhibited fungal growth. Specifically, the minimum inhibitory
concentration of lactic acid was 20% and the results were supported by mathematical correlation and a statistical T-test, where 95%
reliability was assumed.

Conclusions
These results are consistent with the limited research into the molecular pathways of lactic acid in fungal organisms, which estab-
lishes, as in this research, that lactic acid negatively affects fungi and their development in culture media.

Abstract

In the following research, a novel antifungal culture method was discussed with the aim of developing bacterial culture
media in which fungal growth is inhibited and bacterial growth is stimulated. This technique is based on the use of lactic
acid as an antifungal agent, due to its capacity to neutralise the electrochemical gradient of fungal cell membranes, thus
inhibiting their development. Based on this principle, the Minimum Inhibitory Concentration (MIC) of lactic acid in the
culture media was

Investigated by changing its concentrations. After the preparation of the solutions, microbiological seeding was carried
out in the different experimental groups. Data were collected using a quadrat sampling technique for subsequent statistical
analysis using the T-test coefficient. As a result, the minimum inhibitory concentration of lactic acid was found to be 20%,
where fungal growth was inhibited, and bacterial growth was stimulated.

Summary

In the present investigation, a novel antifungal culture method was discussed in order to develop bacterial culture media; in
which fungal growth was inhibited and bacterial growth was stimulated. This technique is based on the use of lactic acid as
an antifungal agent, due to the ability of this acid to neutralize the electrochemical gradient of fungal cell membranes, thus
inhibiting their development. From this premise, the Minimum Inhibitory Concentration (MIC) of lactic acid in culture me-
dia was investigated by changing its concentrations. After the preparation of the solutions, the microbiological sowing was
carried out in the different experimental groups. Data were collected using a quadrant sampling technique for subsequent
statistical analysis using the T Test coefficient. As a result, it was found that the minimum inhibitory concentration of lactic
acid was 20%, where fungal development was inhibited and the bacterial stimulated.

Keywords: Inhibition of Fungal Development, Lactic Acid, Culture Media, Minimum Inhibitory Concentration.
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1. Introduction

1.1 Theoretical Framework

Microbiology is the field of biology that oversees studying mi-
croorganisms, including bacteria and fungi, in a holistic way by
also investigating their relationships with the biotic and abiotic
environment (Universidad de los Andes, n.d.). Due to the nature
of this discipline, its study and experimentation are usually car-
ried out using culture media.

In its definition, culture media are substrates or solutions with
which it is sought to stimulate the proliferation of microorgan-
isms, such as bacteria or fungi, for their subsequent study. To
achieve this, it is necessary that these solutions be enriched;
therefore, they must contain nutrients, often sugars, agar, or nu-
trient broths, which serve as food for the microorganisms and as
stimulators of their proliferation [1].

Thanks to the various components that can be added to these me-
dia, the production of culture media for different purposes can
be achieved. Firstly, there are selective media, which are used to
stimulate or favour the growth of a certain species within a bac-
terial community. There are also inhibitory media, which con-
tain certain substances that prevent the appearance, growth, and
reproduction of a certain species or type of microorganism [2].

These latter media are of great importance, since, generally,
when an experiment is conducted, the development and repro-
duction of a single type of microorganism is pursued, and the
contamination of this could have a negative effect on the growth
of the desired micro-organisms. An example of this, and what
will be investigated in this paper, is the development of a culture
medium that can inhibit only fungal growth and not bacterial
growth.

For this, it would be necessary to have or develop an agent or
factor that, at a specific concentration, also known as minimum
inhibitory concentration (MIC), inhibits fungal growth and de-
velopment, but not bacterial growth [3]. These factors or agents
are known as antifungal agents, which have a high specificity,
acting only on the metabolic pathways or unique structures of
fungi, being beneficial since they would only prevent the de-
velopment of fungal organisms and not other types of micro-
organisms, such as bacteria; thus, allowing the development of
antifungal culture media [4].

For the development of these culture media, lactic acid is pro-
posed, which is obtained as a by-product of lactic fermentation,
and its application in experimentation is novel since, as will be
mentioned below, the molecular mechanisms of this agent have
not been explored in depth [5].

1.2 Previous Research
As previously stated, the use of lactic acid as an antifungal agent
is a novel application, so it was only possible to find a review of

this technique carried out by the University of Antioquia, in Co-
lombia. In this review, it was concluded that lactic acid, in syn-
ergy with acetic acid, forms an interaction with the fungal cell
membrane that produces a neutralisation of the electrochemical
proton gradient, thus affecting cell transport, and an inhibition
in the uptake of amino acids by the cell structure. Similarly, this
research revealed that the antifungal action of both lactic acid
and acetic acid was enhanced by a decrease in the pH of the
culture media [5].

From the previous, it is suggested that an increase in the con-
centration of lactic acid will have a negative effect on the devel-
opment of fungal colonies, thus inhibiting the presence of these
microorganisms in the desired bacteriological culture medium.
This concentration will only affect fungi up to a point, known as
the minimum inhibitory concentration, which if exceeded would
cause a concentration gradient of solutes between the internal
and external medium of bacteria, which could cause an exces-
sive outflow of water from these microorganisms, through os-
motic movements, which would inhibit their growth.

1.3 Purpose

During the last stage of education, normally the Baccalaureate,
science subjects tend to emphasise the development of students'
practical or laboratory skills, where the aim is to put into practice
the theoretical knowledge learned by the students. In Biology,
one of the practical tasks that enriches students is the investiga-
tion of microorganisms, more specifically bacteria. Therefore, it
is common that the development of culture media is a recurrent
activity in the curricula, but, as a negative part of these explora-
tions, these substrates are often contaminated, very commonly,
by fungal colonies that not only prevent the correct control of
variables but also inhibit the growth of bacteria; thus, preventing
students from achieving the learning objectives of these practi-
cal lessons.

Due to this and the fact that commercial inhibitory media are
often expensive, and their handling requires high complexity,
the development of a fungal inhibitory medium using inexpen-
sive agents was proposed. This will facilitate experimentation in
microbiology at schools that do not have large laboratories and
a large list of materials, thus contributing to the development of
scientific knowledge among students globally and regardless of
the resources they have, making science equitable and achiev-
able.

2.Materials and Definition of the Investigation

2.1 Variables

2.1.1 Independent Variable

The independent variable of this investigation is the lactic acid
concentration (in %) in each culture media. This variable was
modified in five different experimental groups, as it can be seen
in table 1.
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Group of the Investigation Lactic Acid Concentration (in %)
Control Group 0
Experimental Group 1 10
Experimental Group 2 20
Experimental Group 3 30
Experimental Group 4 40
Experimental Group 4 45

Table 1. Control and experimental groups of the research with their respective lactic acid concentrations (in %) in the culture

media.

2.1.2 Dependent Variable

The dependent variable will be the number of bacterial and my-
cological colonies in the culture media, which will be measured
using the quadrat technique. Subsequently, a statistical signifi-
cance study will be carried to determine if there is a relationship
between the lactic acid concentrations and the development of
bacteria and fungi.

2.1.3 Controlled Variables

Due to the nature of this research, no controlled variables will
be considered, as the purpose of this investigation is to perform
a fungal inhibitory medium under any conditions, including the
lack of standardization in the methodologies.

2. Materials
The required materials, dimensions, and uncertainties to carry
out this investigation are reported in Table 2.

Materials

Measurement Equipment

Accessory Equipment

e 1.05 L of distilled water. | o
e 30 grams of agar.
e 2 beefbouillon .

of £0.5 ml.

e  Solution containing 1
molar concentration of
sodium hydroxide.

2 test tubes with capacity of 50 ml and uncertainty .

1 burette with capacity of 10 ml and uncertainty of + | o

concentrate tablets Knorr 0.1 mlL with a capacity of 100
Suiza. e 1 beaker with capacity of 600 ml and uncertainty of X 50.

e 100 ml of lactic acid +50.0 ml e 6 glass stirrers.
solution with a . 9 beakers with capacity of 250 ml and uncertainty of | e 3 metal spatulas.

concentration of 88%. +12.5ml e | watch glass.

e  Solution containing 1 . 1 dropper. e 24 petri dishes.
molar concentration of e 1 weighing scale with uncertainty of + 0.0005 g. e 2 glass funnels with
hydrochloric acid. e 1 pH probe with uncertainty of + 0.05 units. capacity of 100 mm.

1 hot plate.
e 1 magnetic stirrer.
1 crystallization dish

e 24 swabs.
e 24 numbered labels.
e 2 latex gloves.

Table 2: Materials and equipment required together with their capacity and uncertainties (if applicable).

3. Methodology

Exploration A: Change in the concentration of lactic acid in the
culture media solutions.

The aim of this exploration is to produce the solutions that will
form the culture media. Each of the solutions will have a differ-
ent concentration of lactic acid, in order to evaluate the antifun-
gal role of this acid.

1. Using a volumetric measuring cylinder of 50 ml capacity,
measure 300 ml of distilled water and place it in a 600 ml beaker.
2. Place the beaker with the distilled water on a hotplate and set
a temperature of 400 + 1 °C.

3. Bring the water to the boil and place the 1 tablet, 15 g of beef
concentrate in the boiling water.

4. Place a magnetic stirrer in the beaker and switch on the stirrer

magnet.

5. Once dissolved, add 6 grams of agar.

6. Bring the water to a temperature of 400 degrees, at a speed of
4 for 8 minutes.

7. Remove from the hotplate and leave to stand for 7 minutes.
8. Measure and adjust the pH to 7.5 units, using NaOH and HCI.
a. If the pH needs to be reduced, add drops of HCl to the solu-
tion.

b. If the pH is to be increased, add drops of NaOH to the solu-
tion.

9. In 6 beakers of 250 ml capacity dispense the lactic acid, using
graduated cylinders and volumetric pipettes, according to the
group as shown in Table 3.
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Research Group Volume of lactic acid to add (in ml)
Control Group 0
Experimental Group 1 5.7
Experimental Group 2 114
Experimental Group 3 17
Experimental Group 4 22.8
Experimental Group 5 25.6

Table 3: Volume of lactic acid (in ml) to be added to each solution by experimental and control group.

10. Add to each beaker the volume of agar and beef concentrated solution depending in the experimental or control group, as shown

in table 4.

Research Group Volume of agar and beef concentrated solution
to add (in ml)

Control Group 50
Experimental Group 1 443
Experimental Group 2 38.6
Experimental Group 3 33
Experimental Group 4 27.3
Experimental Group 5 24.4

Table 4: Volume of agar and beef concentrated solution (in ml) to be added to each solution by experimental and control group.

11. Using a separate glass stirrer for each group, stir the solu-
tions.
12. Make 4 cultures per experimental group, i.e. a total of 24
petri dishes including repetitions and the control group shall be
used.
13. Using labels, label according to experimental group as fol-
lows:

Experimental Group X — Repetition 4, B, C or D

14. Once the petri dishes with the cultures have been prepared,
let the cultures stand for 8 days; to achieve a gel consistency in
the media due to the effect of the agar.

Exploration B: Seeding of the culture media.

The purpose of this exploration is to carry out microbiological
seeding on the culture media of the two scans, to evaluate the
antifungal potentials of the independent variables.

1. Using latex gloves, obtain a saliva sample by inserting a swab
into the oral cavity.

2. Once the sample has been obtained, "draw" on the culture
media, produced in exploration A, with the swab containing the
sample.

3. Incubate the samples for four days.

4. After seeding is complete, discard the swabs in a waste bag.

Perform steps 1 to 4 for each replicate of each experimental
group.

Exploration C: Observation and data recording.
Perform an observation, using the quadrat technique, of fungal
and bacterial colonies developed on the media of examination A.

4. Justification

In the exploration A, lactic acid was chosen for its effect on
the electrochemical gradient of the cell membrane. On the oth-
er hand, the volumes of this acid were arranged according to
the desired concentration of each experimental group, so that
it would affect the fungi but not the bacteria, thus providing a
bacteriological specific medium; these volumes were calculated
as described in appendix 1.

5. Results

Qualitative Data

After analysing the culture media, no qualitative data was found
that could affect, either positively or negatively, the purposes of
this research.

Quantitative Data
For bacterial and fungal colony counts, the data shown in tables
5-6 were obtained.
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Number of Fungal Populations

Experimental Group

Repetition A

Repetition B

Repetition C

Repetition D

Control Group
(Lactic acid concentration
of 0%)

8

7

10

12

E.G. 1
(Lactic acid concentration
of 10%)

E.G.2
(Lactic acid concentration
of 20%)

E.G.3
(Lactic acid concentration
of 30%)

E.G. 4
(Lactic acid concentration
of 40%)

E.G.5
(Lactic acid concentration
of 45%)

0

0

0

Table 5: Number of fungal populations by experimental and control groups and their repetitions with lactic acid concentrations
of 0, 10, 20, 30, 40 y 45%.

Number of Bacterial Populations

Experimental Group

Repetition A

Repetition B

Repetition C

Repetition D

Control Group
(Lactic acid concentration
of 0%)

0

0

0

0

E.G. 1
(Lactic acid concentration
of 10%)

12

13

10

E.G.2
(Lactic acid concentration
of 20%)

14

15

17

15

E.G.3
(Lactic acid concentration
of 30%)

13

10

11

E.G. 4
(Lactic acid concentration
of 40%)

10

E.G.5
(Lactic acid concentration
of 45%)

6. Processed Data
The averages of bacterial and fungal colonies were calculated, in
tables 7-8, to obtain a mean value of the number of colonies that
will facilitate data management. Also, the standard deviations

Table 6. Number of bacterial populations by experimental and control groups and their repetitions with lactic acid concentra-
tions of 0, 10, 20, 30, 40y 45%.

were calculated, as shown in appendix 2, for each data set, i.e.
for each experimental group and its repetitions, which will allow
to analyse the precision and accuracy of the investigation.

Adv Bioeng Biomed Sci Res, 2023

Volume 6 | Issue 10 | 163



Number of Fungal Populations
Experimental Repetition | Repetition | Repetition | Repetition Averave Standard
Group A B C D & Deviation
Control Group
(Lactic acid
concentration of
0%)

E.G. 1
(Lactic acid
concentration of
10%)
E.G.2
(Lactic acid
concentration of
20%)
E.G.3
(Lactic acid
concentration of
30%)
E.G. 4
(Lactic acid
concentration of
40%)
E.G.5
(Lactic acid
concentration of
45%)
Table 7. The final mean number of fungal populations per experimental group and the standard deviation of this mean are

shown.

8 7 10 12 9.25 3.68

Number of Bacterial Populations
Grupo Repetition | Repetition | Repetition | Repetition Averave Standard
experimental A B C D & Deviation
Control Group
(Lactic acid
concentration
of 0%)
E.G. 1
(Lactic acid
concentration
of 10%)
E.G.2
(Lactic acid
concentration
of 20%)
E.G.3
(Lactic acid
concentration
of 30%)
E.G. 4
(Lactic acid
concentration
of 40%)
E.G.5
(Lactic acid
concentration
of 45%)

Table 8. The final mean number of bacterial populations per experimental group and the standard deviation of this mean are
shown.

12 9 13 10 11 2.5

14 15 17 15 15.25 1.18

13 10 11 9 10.75 2.19

7 10 9 9 8.75 1.19

8 6 5 5 6 1.5
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7. Statistical Analysis To perform this test, it is necessary to establish the null and alter-
A t-test was performed, which allows to know statistically native hypotheses of the research, as shown in table 9.

whether the dependent variable is significant with the indepen-

dent variable, according to the degrees of freedom and statistical

significance shown in appendix 3.

Null Hypothesis Alternative Hypothesis
Lactic acid will not have any significance for fungal | Lactic acid will have a statistical significance on
growth in the culture media. fungal growth in culture media; either positively or
negatively.

Table 9. The null and alternative hypothesis of the research are shown and explained.

Subsequently, the o value was established, which represents 95% validity or reliability; this makes it possible to establish
the level of reliability necessary to draw conclusions correct- what is shown in table 15 according to the nature of each ex-
ly, which is 0.05, meaning that the conclusions drawn will have  periment.

Degrees of Freedom Meaning
If the T-test coefficient exceeds the degrees of freedom, the
2.01 alternative hypothesis is approved; if a lower value is obtained, the
null hypothesis is approved.

Table 10. The degrees of freedom and its meaning is shown in relation with the T-test.

The t-test was performed by means of the data processor PLAN-  compared with the established degrees of freedom, as shown in
TECALC, which will obtain the coefficient that will later be table 11. (PlanetCALC., n.d.).

Correlation T-test coefficient | Critical Value Approved Hypothesis
Lactic acid and fungal populations 3.1 2.01 Alternative hypothesis
Lactic acid and bacterial populations 2.1 2.01 Alternative hypothesis

Table 11. The values obtained from the T-test, the critical value, and the comparison between these values for the approval or
rejection of the hypotheses are shown.

Presentation
Figure 1 shows the processed data in the shape of a polynomic line.

Lactic acid and its effect in the development of fungal and
bacterial populations

w
=
S
N
=
=
2
S
=9
S
1)
o
D
2
£
=
Z
15 20 25 35 40 50
-4
Lactic acid concentration in culture media solutions (in %)
Number of Numberof — ____ Polynomic (Fungal) Polynomic (Bacterial)
fungal bacterial
populations populations

Figure 1. The correlation between lactic acid concentration (in %) and the number of bacterial and fungal populations is shown.
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8. Discussion

Finally, an analysis and interpretation of the data obtained from
experiment A will be carried out, from which the role of lactic
acid as an antifungal agent will be defined.

Regarding the statistical analysis carried out, it is possible to
conclude the following:

I. There is a correlation between the lactic acid concentrations
of the media and the number of fungal colonies; the alternative
hypothesis is approved.

II. Similarly, the alternative hypothesis between lactic acid con-
centration and bacterial growth was approved; the alternative
hypothesis was approved.

In fungal growth, an inversely proportional relationship with lac-
tic acid concentration can be established. This is because the sta-
tistical analysis concluded a relationship of significance between
these two variables; subsequently, and thanks to the modelling
of the data, it is observed how an increase in the concentration
of lactic acid produces a decrease in the number of colonies.
In the same way, this can be supported by external literature,
which affirms the role of lactic acid as a neutralising agent of the
electrochemical gradient of fungal membranes, which prevents
cell transport and, therefore, inhibits the development of these
microorganisms [5].

On the other hand, the study of the relationship between lactic
acid and the number of bacterial colonies shows a significance
that, as shown in graph 1, has a double behaviour. Firstly, in
the concentrations from 0 to 20%, a positive correlation is ob-
served, meaning that an increase in the concentration of lactic
acid increases bacterial development. in contrast, from this last
concentration onwards, an inverse correlation between the vari-
ables is observed, meaning that an increase in the concentration
produces a decrease in bacterial growth.

Interpreting these trends, it can be argued that the positive rela-
tionship between bacteria and lactic acid is due to the fact that
these microorganisms take advantage of the compounds present
in the acid for their metabolism. This utilization would only be
seen up to a concentration of 20%, where a negative correlation
would be present. This is due to the concentration gradient that
is established between the cellular and external environment,
which would lead to the dehydration of the bacteria by the out-
flow of water to the external environment in order to achieve an
isotonic solution in which the solute/solvent balance is the same
in the internal (cellular) and external environments.

9. Evaluation of the Methodology

For the purpose of this research, the use of controlled variables
was not necessary, as the aim was to develop a fungal inhibitory
culture medium under all conditions, even without following a
standardised methodology.

In an analysis of the methodology, it was chosen and practiced
correctly, as all the steps were studied during the preliminary
investigations and explorations, which allowed to know the im-
pact that the methodology was going to have on the results of
the research.

Regarding the reliability of the methodology, results, and con-
clusions, it can be said that this would have been increased if
more replications per experimental group had been used. This
is because the possibility of random errors affecting the results
would be reduced.

Finally, ethical, health, and environmental considerations were
taken into account throughout the experimentation. This is be-
cause all scientific research must consider aspects that may not
have a direct impact on the research but could have an impact on
the context in which it is carried out, such as water waste or poor
handling of microorganisms.

10. Result’s Assessment

As can be seen in the results, no errors, neither random nor stan-
dardised, were found in the research, which, together with the
analysis of the methodology, gives the conclusions drawn a high
level of reliability.

Finally, thanks to the statistical analysis carried out, the conclu-
sions drawn have a high level of reliability, as a standard of 95%
reliability was established. This not only demonstrates reliability
in a statistical way but is also accompanied by the interpretation
of the data; thus, explaining the conclusions drawn in a mathe-
matical and biological way.

11. Criteria for Literature Inclusion

The literature inclusion criteria were delimited in such a way
that the bibliographic sources used could be contrasted with
other sources, except for the case of the role of lactic acid as
an antifungal due to the absence of previous research. Also, the
bibliography was compiled from reliable sources, such as uni-
versities or popular articles.

12. Conclusions

It is concluded that lactic acid could inhibit fungal growth. This
effect, if bacterial growth is desired, will be achieved at a con-
centration of this acid of 20%, this being the minimum inhibi-
tory concentration, since otherwise bacterial growth would be
impaired.

Thanks to this research, it will be possible to develop, in school
contexts or in those where resources are not available, inhibitory
means that will allow a better study of bacteria and their be-
haviour without contamination by fungi.

Finally, the application of this novel technique will not only be
useful in the aforementioned contexts, but it is also possible to
foresee an application in laboratories, where high technology is
not available, for the development of research, since, in the same
way as sophisticated and expensive inhibitory culture media,
this culture medium is capable of inhibiting fungal growth and,
to a lesser extent, promoting bacterial development; proving the
use of lactic acid as an antifungal agent.

Supplementary Information
Supplementary information on this work can be found in the
section called "appendices", where raw data, calculations, and
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statistical tables can be found for a complete understanding of
this paper.
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This appendix shows the calculations made to obtain the amount of lactic acid required, per experimental group, according to the

desired concentration.

Concentration Formula Solve for V1 V1 = V2xC2/Cl
V1C1 =V2C2
Being: Calculation
V1 =7?; Lactic acid volume (in
ml) Groups Vi C1 V2 c2 Multiplication Division
C1 = Glucose concentration GC:| ? 88 50 0 0 0
V2 =250 ml of water GE1l:| ? 88 50 10 500 5,68181818
C2 = Desired glucose
concentration: G.E2:| ? 88 50 20 1000 11,3636364
Control group: 0% GE3:| ? 88 50 30 1500 17,0454545
E.G.1=10% GE4:| ? 88 50 40 2000  22,7272727
E.G.2=20% G.ES5:| ? 88 50 45 2250  25,5681818
E.G.3=30%
E.G.4=40%
Volume of the
E.G.5=45% Groups V2 V1 media solution
GC: 50 0 50

G.E.1: 50 5,7 44,3

G.E.2: 50 | 11,36 38,64

G.E.3: 50 | 17,04 32,96

G.E.4: 50 | 22,72 27,28

G.E.5: 50 | 25,57 24,43
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Appendix 2

The standard deviation of each experimental and control group was calculated with the following formula:

Where:

DE =

Ylx — pl?

DE = Standard deviation; Z = Summation; x = A value in the data set;

With this formula, the following tables were constructed with the data processer Excel in order to calculate the standard deviation:

u = Average of the data set; N = Number of data

Appendix 2.1
Calculation of the standard deviation of the fungal populations that were placed in culture media with different lactic acid concen-
trations.
Control Group
Repetition Value Average Subtraction Rest squared Addition Division
Repetition A 9,25 -1,25 1,5625 14,75 3,6875
Repetition B 9,25 -2,25 5,0625
Repetition C 10 9,25 0,75 0,5625
Repetition D 12 9,25 2,75 7,5625
Experimental Group 1
Repetition Value Average Subtraction Rest squared Addition Division
Repetition A 0 0 0 0 0 0
Repetition B 0 0 0 0
Repetition C 0 0 0 0
Repetition D 0 0 0 0
Experimental Group 2
Repetition Value Average Subtraction Rest squared Addition Division
Repetition A 0 0 0 0 0 0
Repetition B 0 0 0 0
Repetition C 0 0 0 0
Repetition D 0 0 0 0
Experimental Group 3
Repetition Value Average Subtraction Rest squared Addition Division
Repetition A 0 0 0 0 0 0
Repetition B 0 0 0 0
Repetition C 0 0 0 0
Repetition D 0 0 0 0
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Experimental Group 4
Repetition Value Average Subtraction Rest squared Addition Division
Repetition A 0 0 0 0 0 0
Repetition B 0 0 0 0
Repetition C 0 0 0 0
Repetition D 0 0 0 0
Experimental Group 5
Repetition Value Average Subtraction Rest squared Addition Division

Repetition A 0 0 0 0 0 0

Repetition B 0 0 0 0

Repetition C 0 0 0 0

Repetition D 0 0 0 0
Appendix 2.2

Calculation of the standard deviation of the bacterial populations that were placed in culture media with different
lactic acid concentrations.

Control Group
Repetition Value Average Subtraction Rest squared Addition Division
Repetition A 0 0 0 0 0 0
Repetition B 0 0 0 0
Repetition C 0 0 0 0
Repetition D 0 0 0 0

Experimental Group 1
Repetition Value Average Subtraction Rest squared Addition Division
Repetition A 12 11 1 1 10 2,5
Repetition B 9 11 -2 4
Repetition C 13 11 2 4
Repetition D 10 11 -1 1

Experimental Group 2
Repetition Value Average Subtraction Rest squared Addition Division
Repetition A 14 15,25 -1,25 1,5625 4,75 1,1875
Repetition B 15 15,25 -0,25 0,0625
Repetition C 17 15,25 1,75 3,0625
Repetition D 15 15,25 -0,25 0,0625
Experimental Group 3
Repetition Value Average Subtraction Rest squared Addition Division
Repetition A 13 10,75 2,25 5,0625 8,75 2,1875
Repetition B 10 10,75 -0,75 0,5625
Repetition C 11 10,75 0,25 0,0625
Repetition D 9 10,75 -1,75 3,0625
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Experimental Group 4
Repetition Value Average Subtraction Rest squared Addition Division
Repetition A 7 8,75 -1,75 3,0625 4,75 1,1875
Repetition B 10 8,75 1,25 1,5625
Repetition C 9 8,75 0,25 0,0625
Repetition D 9 8,75 0,25 0,0625
Experimental Group 5
Repetition Value Average Subtraction Rest squared Addition Division

Repetition A 8 6 2 4 6 1,5

Repetition B 6 6 0

Repetition C 5 6 -1 1

Repetition D 5 6 -1 1

Appendix 3

The following image demonstrates the relationship between the critical values and the degrees of freedom necessary for the correct
interpretation of the t-test, performed as the statistical analysis of this research.

Cétedra: Probabilidad y Estadistica
Facultad Regional Mendoza

UTH
Tabla D.6: VALORES CRITICOS DE LA DISTRIBUCION t DE STUDENT
=
o L3
drea a la derecha de ¢
0,0005 0,0025 0,005 0,0075 0,01 0,015 0,02 0,025 0,05 0,1 0,15 0,2 0,3 04 0,45

g.d.l g.d.l
1| 636619 127,321 63,657 42,423 31,821 21,205 15,895 12,706 6,314 3,078 1,963 1,376 0,727 0,325 0,158 1
2 31,599 14,089 9,925 8,073 6,965 5,643 4,849 4,303 2,920 1,886 1,386 1,061 0,617 0,289 0,142 2
3 12,924 7,453 5,841 5,047 4,541 3,896 3,482 3,182 2,353 1,638 1,250 0,978 0,584 0,277 0,137 3
4 8,610 5,598 4,604 4,088 3,747 3,298 2,999 2,776 2,132 1,533 1,190 0,941 0,569 0,271 0,134 4
5 6,869 4,773 4,032 3,634 3,365 3,002 2,757 2,571 2,015 1,476 1,156 0,920 0,559 0,267 0,132 5
6 5,959 4,317 3,707 3,3n 3,142 2,829 2,612 2,447 1,943 1,440 1,134 0,506 0,553 0,265 0,131 6
7 5,408 4,029 3,499 3,203 2,998 2,715 2,517 2,365 1,895 1,415 1,119 0,896 0,549 0,263 0,130 7
8 5,041 3,833 3,355 3,085 2,896 2,634 2,449 2,306 1,860 1,357 1,108 0,889 0,546 0,262 0,130 1
9 4,781 3,690 3,250 2,998 2,821 2,574 2,398 2,262 1,833 1,383 1,100 0,883 0,543 0,261 0,129 9
10 4,587 3,581 3,165 2,932 2,764 2,527 2,359 2,228 1,812 1,372 1,093 0,879 0,542 0,260 0,129 10
11 4,437 3,497 3,106 2,879 2,718 2,491 2,328 2,201 1,796 1,363 1,088 0,876 0,540 0,260 0,129 11
12 4,318 3,428 3,055 2,836 2,681 2,461 2,303 2,179 1,782 1,356 1,083 0,873 0,539 0,259 0,128 12
13 4,221 3,372 3,012 2,801 2,650 2,436 2,282 2,160 1,771 1,350 1,079 0,870 0,538 0,259 0,128 13
14 4,140 3,326 2,977 2,771 2,624 2,415 2,264 2,145 1,761 1,345 1,076 0,868 0,537 0,258 0,128 14
15 4,073 3,286 2,547 2,746 2,602 2,397 2,249 2,131 1,753 1,341 1,074 0,866 0,536 0,258 0,128 15
16 4,015 3,252 2,921 2,724 2,583 2,382 2,235 2,120 1,746 1,337 1,071 0,865 0,535 0,258 0,128 16
17 3,965 3,222 2,898 2,706 2,567 2,368 2,224 2,110 1,740 1,333 1,069 0,863 0,534 0,257 0,128 17
18 3,922 3,197 2,878 2,689 2,552 2,356 2,214 2,101 1,734 1,330 1,067 0,862 0,534 0,257 0,127 18
19 3,883 3,174 2,861 2,674 2,539 2,396 2,205 2,093 1,729 1,328 1,066 0,861 0,533 0,257 0,127 19
20 3,850 3,153 2,845 2,661 2,528 2,336 2,197 2,086 1,725 1,325 1,064 0,860 0,533 0,257 0,127 20
21 3,819 3,135 2,831 2,649 2,518 2,328 2,189 2,080 1,721 1,323 1,063 0,859 0,532 0,257 0,127 21
22 3,792 3,119 2,819 2,639 2,508 2,320 2,183 2,074 1,717 1,321 1,061 0,858 0,532 0,256 0,127 22
22 3,768 3,104 2,807 2,629 2,500 2,312 2,177 2,069 1,714 1,319 1,060 0,858 0,532 0,256 0,127 23
24 3,745 3,091 2,797 2,620 2,492 2,307 2,172 2,064 1,711 1,318 1,059 0,857 0,531 0,256 0,127 24
25 3725 3,078 2,787 2,612 2,485 2,301 2,167 2,060 1,708 1,316 1,058 0,856 0,531 0,256 0,127 25
26 3,707 3,067 2,779 2,605 2,479 2,296 2,162 2,056 1,706 1,315 1,058 0,856 0,531 0,256 0,127 26
27 3,690 3,057 2,771 2,598 2,473 2,291 2,158 2,052 1,703 1,314 1,057 0,855 0,531 0,256 0,127 27
28 3,674 3,047 2,763 2,592 2,467 2,286 2,154 2,048 1,701 1,313 1,056 0,855 0,530 0,256 0,127 28
29 3,659 3,038 2,756 2,586 2,462 2,282 2,150 2,045 1,699 1,311 1,055 0,854 0,530 0,256 0,127 29
30 3,646 3,030 2,750 2,581 2,457 2,278 2,147 2,042 1,697 1,310 1,055 0,854 0,530 0,256 0,127 30
i 3,632 3,022 2,744 2,576 2,453 2,275 2,144 2,040 1,696 1,309 1,054 0,853 0,530 0,256 0,127 E
32 3,622 3,015 2,738 2,571 2,449 2,271 2,141 2,037 1,694 1,309 1,054 0,853 0,530 0,255 0,127 32
33 3,611 3,008 2,723 2,566 2,445 2,268 2,138 2,035 1,692 1,308 1,053 0,853 0,530 0,255 0,127 33
34 3,601 3,002 2,728 2,562 2,441 2,265 2,136 2,032 1,691 1,307 1,052 0,852 0,529 0,255 0,127 34
35 3,591 2,996 2,724 2,558 2,438 2,262 2,133 2,030 1,690 1,306 1,052 0,852 0,529 0,255 0,127 35
40 3,551 2,571 2,704 2,542 2,423 2,250 2,123 2,021 1,684 1,303 1,050 0,851 0,529 0,255 0,126 40
&0 3,460 2,915 2,660 2,504 2,3%0 2,223 2,009 2,000 1,671 1,296 1,045 0,848 0,527 0,254 0,126 60
80 3,416 2,887 2,639 2,486 2,374 2,209 2,088 1,990 1,664 1292 1,043 0,846 0,526 0,254 0,126 B0
%0 3,402 2,878 2,632 2,480 2,368 2,205 2,084 1,987 1,662 1,291 1,042 0,846 0,526 0,254 0,126 20
100 3,390 2,871 2,626 2,475 2,364 2,201 2,081 1,984 1,660 1,290 1,042 0,845 0,526 0,254 0,126 100
120 3,373 2,860 2,617 2,468 2,358 2,196 2,076 1,980 1,658 1,289 1,041 0,845 0,526 0,254 0,126 120
inf. 3,291 2,807 2,576 2,432 2,326 2170 2,054 1,960 1,645 1,282 1,036 0,842 0,524 0,253 0,126 inf.

Miietribairifin ¢ rla Shudent

Figure 2. The table of critical values and degrees of freedom for their distribution in the t-test is shown. (Facultad Regional Men-
doza., n.d.)
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