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Summary.

The following study establishes the ability to determine theumt and
concentration of probiotics beneficial to humans in 2 dffierpresentations
commercially used in finished yogurt dairy product andetatdnd determine the
guality and concentration of probiotic bacteria through the use of techniques and
methods of bioluminescence assay.

The two sources used for the experiment are Bio balance branded yogurt
and Bion 3 branded tablets with different concentration of iptick in its
manufacture which we will determine through methods of bioluroarese and
extraction of ATP obtained through results through a luminometer.

As a basic explanation of our experiment we have that ATP is an identical
universal molecule for all living beings the content offAVaries between one
microorganism and another it is possible to differentiate betwesan through
bioluminescence.

As an explanation of its functioning is an enzymatic reactiahuses an
enzyme present at its origin in the fireflies Photinus Pyratifetase and a
substrate d luciferin to obtain light from ATP and measurétlit avluminometer.

The purpose of the research is to determine the quality and cotioentra
of ATP included in amounts and concentrations are minimal withehpedfh our
study on commercial products offered by the manufacturer ang/ititkemet by
the same through bioluminescence which can be a very interexiirigr biotech
food to governments and health authorities to verify themptance of the
features offered by the manufacturer in this case products of peshioat are

beneficial for the human.



Pe3iome.

Hwmxecnenyromee  ucciaeoBaHUE — YCTAHABIMBAET  BO3MOXKHOCTD
OMpeNeieHUs] KOJIMYECTBA W KOHIEHTpAIlMM TMOJE3HbIX JUIsl  4eJIOBEeKa
MPOOMOTHUKOB B 2-X PA3JIUYHBIX MPE3CHTAIUAX, KOMMEPUYECKH UCTOJIb3yEMBIX B
FOTOBOM HMOTypT€ MOJIOYHOM MPOAYKTE M TabJIeTKaX, a TaKKe OIpeieacHus
KauyecTBa M KOHIIGHTpAllMU TNPOOMOTHYECKHX OakTepHil ¢ MOMOUIBIO
WCTIOJIb30BaHUS METOJIUK U METOJI0OB OMOJIFOMUHECIIEHTHOTO aHAJIN3a.

JIBa UCTOYHUMKA, UCIIOJI30BAHHBIC ISl SKCIIEPUMEHTA, - 3TO (PUPMEHHBIN
morypr Bio balance u d¢upmennsie Tabnerku Bion 3 ¢ pasznuuHOU
KOHIIEHTpaIuel NpoOMOTUKOB MPU €r0 U3TOTOBICHUH, KOTOPHIE MbI ONPEICITUM
C MOMOIIIbIO METOIOB OMOIFOMUHECIEHITNU U SKCTpakinu AT®, Moyd4eHHBIX 110
pe3yabTaTam JIIOMUHOMETPA.

B kadecTBe OCHOBHOTO OOBSICHEHHUS HAIIETO HKCIIEPUMEHTA Mbl UMEEM TO,
yTo AT® sBIISIETCS MIECHTUYHON YHUBEPCATBHOW MOJIEKYJION ISl BCEX JKUBBIX
cymecTB conepxanne AT® BappupyeTcss MEXAY OJHUM MHKPOOPraHU3MOM U
IpyruM  MOXHO  nuddepeHIpoBaTb  MEXIy HHUMH C  TOMOIIBIO
OMOJIFOMUHECLICHITNH.

B kauectBe 0OBsiCHEHUS €ro (YHKIIMOHUPOBAHUS HCIOJIB3YETCS
dbepMeHTaTUBHASA peaKIlus, KOTOpas HCHOJb3yeT (PEPMEHT, MPUCYTCTBYIOUTUI
MIpU €ro MpoucxoXxaeHuu B ceeTiisiukax Photinus Pyralis luciferase u cyoctpat d
luciferin nns momydenust cBera u3 AT® u u3MEpeHHs] €ro C TMOMOIIBIO
JIOMUHOMETpA.

[lenbs wmcciaegoBaHUS COCTOMT B TOM, YTOOBI OMNPENEIUTh KAueCTBO W
KoHIeHTpaiuio AT®, BKIIOYEHHBIX B KOJMYECTBAX M KOHIIEHTPALUAX
MUHMMaJIbHBIX C TIOMOIIBIO HAIEro HCCIEIOBaHUS Ha KOMMEPYECKUX
MPOAYKTaX, MpeAsiaraéMbIX NPOU3BOAUTEIEM, U €CIIM OHH yAOBJIETBOPSIIOTCS TEM
KE TyTeM OHOJIOMHHECIICHIINH, KOTOpash MOXET OBbITh O4YeHb WHTEPECHBIM
UHCTPYMEHTOM 11 OMOTEXHOJIOTMYECKHX  MNPOAYKTOB  MHUTAHUS IS

IMpaBUTCIBCTB U OPraHOB 3IPpABOOXPAHCHUA, YTOOBI IMPOBCPUTL COOTBCTCTBHC
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OCO6€HHOCTeﬁ, npcajiaraCMbIX IIPOU3BOAUTCIICM B JAHHOM CJIydac IIPOAYKTOB

Hp06I/IOTI/IKOB, KOTOPBIC SABJIAIOTCA IMOJIC3HBIMU JIA YCJIOBCKA.
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1. Introduction.

Intestinal infections are a public health problem much more ialdpwng
countries such as Peru in South America or Nigeria in Africarsh World
countries there are fewer risks but procuring products wgfitn dpuality probiotics

Is an excellent way to avoid intestinal diseases by preventing them

Systemic diarrheal syndrome is responsible for 10 million deaths annually

in Africa Asia and Latin America the most common pathogenic bacteriangausi
diarrhea are Escherichia coli Salmonella SP Shigella SP Vibrio choleraéeto w
must be added viruses and parasites that with an adequatgiprodunt in the
human intestine can prevent intestinal diseases (Ordéfiez 1985).

It is known that bacteria in the intestinal flora includipgobiotics
constitute a protective barrier against infections and it hasduegyested that the
increase of these bacteria in the intestine could strengthesathe Functional
foods are intended to increase intestinal flora to strengktieeprotective barrier
against pathogenic bacteria some of these foods are enriched obibtips
(lactic acid bacteria similar to those that exist in the sméadistme)(Eckburg
2005).

It has been suggested that functional foods could be enmative for the
Prevention of intestinal diseases and infections since thefdabsm is relatively
affordable for the entire population (Ordéfiez 1985).

For a probiotic to be effective, it must adhere to the intestinabsa.To
date, the adhesion of many probiotics to the intestine opltsization has not

been proven for long periods of time (Berg 1998).



1.1 Probiotics.

According to Fuller, quoted by Collins 1999, a probioscai food that
contains living microorganisms that benefit the hosthbiping to maintain a
microbial balance in its guThis type of food includes fermented milk as yogurt
as well as any other type of food that has been made wittoonganisms
Generally, the microorganisms that are used to make these foodslansathat
produce lactic acidthese include lactobacillus and Bifidobacterium (Collins
1999).

A probiotic is also considered as a non-pathogenic micra@gathat
when ingested continuously manages to colonize the indesttitne host quickly
being able to observe beneficial changes in the health of the same @0®@Ek

Probiotics have been subjected to countless studies intordealuate the
possibility of using them for therapeutic purposes. They bhaea described as a
biotherapeutic agent, which could be used to inhibit the caton of a
pathog@ic microorganism in the intestinal tract (D’ Souza 2002). This type of
microorganisms in certain foods would protect against casitiealth problems,
not only infectious but also autoimmune and inflammatory probl(Batista de
Morais 2006).

For a microorganism to be considered as a probiotic it must meet t
following characteristics:

- Being of human origin

- Not being pathogenic

- Be resistant to intestinal acids and bile

- Have the characteristics to survive in the intestinal tract

- Have the ability to influence metabolic activities (Batista aedvs 2006)
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- Cause a beneficial effect on the host

- Contain a high number of viable cells

- Remain viable during storage and use, once the final prodsididen
produced (Collins 1999).

Currently probiotics are considered as a complementary therapyhto fig

those pathogenic bacteria, even they are used against thosergacisms that

have developed resistance to antibiotics (Berg 1998).

1.2 Benefits of probiotics.

Probiotics are attributed the following properties, among thost
important are:

- Relieve symptoms of lactose intolerance

- Increase the body's defenses against intestinal infections

- Decrease serum cholesterol levels

- Assist in the process of digestion

- Stimulate gastrointestinal immunity

- Prevent colonization of the intestine by pathogens

- Strengthen the epithelial barrier

- Decrease the risk of intestinal infections caused by rotay@wllins

1999)

- Stimulate the production of lymphocytes and antibodies
7



- Increase the immune system through adjuvant effects (McCracken 1999)

The use of probiotics is widespread in the 20th century evproducts of
animal and human consumption more commonly dairy producksasukefir, for
example.

The definition of probiotics is technically known as ligimicro-organisms
which, when ingested in adequate quantities, produce benbailth effects the
benefits go beyond those related to basic nutrition The bact&st commonly
related to the activity probiotic are the following Lactobasiacidophilus, L.
casel, L. reuteri, L. plants, L. cheeses GG; Bifidobacterium sBoigng, B.
child, B. animal; Streptococcus salivaris subespecie thermophihgs,some
varieties yeast as Saccharomyces boulardii.

The mechanisms of action involved include induction at pH loksar 4,
growth inhibition of pathogenic bacteria, production of kadcid, decrease
intestinal permeability, increase in the activity of lactaseypsitive effect on
other pathogenic bacteria, reduction in the time of eliminadforotavirus, an
increase in the production of the T helper lymphocyte, and irectbasecretory
immunoglobulin A.

In 1965 Lilly and Stillwell were the first to quote therteprobioticl to
describe any substance or organism that contributed to maigtamestinal
balance in animals. According to these authors, it would be substaegregated
by one micro-organism that stimulate the growth of anothers&uently, in
1989, Fuller2 considered them as a living microbial food supeht that benefits
the animal host with an improvement in the intestinal microbial balarice sh
many of the scientific lexicon, the probiotic word derives fiive Greek word
"pro-life”, that is, "in favor of life", as opposed to the antilmidérm previously
introduced and which means "against life". Previously, in 1888,Russian
Nobel Prize laureate Ilia Mechnikov suggested that the intAk@gurt with

lactobacillos reduced the number of bacteria that produce toxthe intestine
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and contributed to the longevity of Bulgarian farmers. Thet cmsplete current
definition, following Teitelbaum and Walker3, would be thbagreparation or
product containing defined viable micro-organisms, in siefficquantity to alter
the microflora (by implantation or colonization) in the intestihaving beneficial

effects on the host.

The criteria for microorganisms to be considered probiotics, dicgpto

Teitelbaum, may be as:

Being of human origin.

Not to be pathogenic by nature.

Be resistant to destruction by technological procedures.

Be resistant to destruction by gastric secretions and bile.

Able to adhere to the intestinal epithelium.

Be able to colonize the gastrointestinal tract, even for short periods.

Produce antimicrobial substances.

Modulate immune responses.



1.3. Functional food probiotics.

The probiotics most used in the production of fermente# farl human
consumption are those belonging to the genera LactobacilRifdobacterium,

these genera are used either together or each by separate.

There are studies in which it is mentioned that other noregathc genera
such as Escherichia, Enterococcus and Bacillus and othey wvganisms such
as yeasts of the genus Sacharomyces have been used for the ietalwdrat
Functional Foods (Swajewska 2006). However, it has been piloaeprobiotics
that have a greater and better effect on human intestinal heahloseet human
origin (Parracho 2007).

There are two microorganisms that are not sure whether or natthbelg
be considered as probiotics, these bacteria are Lactobacillgarious and
Streptococcus thermophilus, which are and have been used over oy dae
production of yogurt. It is not known whether or not tlaeg beneficial in the
intestine of the host because they do not have the necessary clsticcterbe
able to withstand the conditions of the human stomach, gsuthally fail to

reach the intestine (Swajewska 2006).

It should be borne in mind that for these foods to be ef@cii minimum
of colony forming units (UFCs) of probiotics is required.wéver, to date, no
exact dose has been found in any study conducted. Some otarermof natural
products recommend a daily dose of five billion probiokiess days, this is for
those probiotics that have been prescribed. To obtain #wgrapesults ingesting
this type of microorganism, a daily dose of between 106 andJECS per day

Is recommended. Although these minimum doses are.
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a thorough investigation is required to determine the exaszt tbr the
administration of this type of micro-organism (Swajewska 200GneSauthors
suggest that if we want to observe a positive effect in intarpisevent diarrhea
or allergies it is necessary to start supplying these nmganesms as early as
possible, as their microflora begins to increase, so that they can be established in

their intestine and become part of it (Batista de Morais 2006).

1.4. Probioticsin theintestine.

1.4.1. Natural origin of probiotics.

The fetal intestine is sterile, it begins to colonize from thanahdirth
where the fetus has contact with the vaginal bacteria and thdise initestinal
flora of the mother. Children born by caesarean section beginzatiom of their
intestinal tract at the time they feed on breast milk for thetiimg. Those babies
who are fed with breast milk have in their microflora at le@%b 8f Lactobacillus
sp. and Bifidobacterium, while those who are fed with formulas bale40%
to 60% of these microorganisms in their gut (Batista de Mor#i6)20

In addition it is necessary to mention that in the imestiract there is a
great variety of bacteria (more than 1000 different specieshétatto prevent
pathogenic microorganisms colonize it. In addition in thiegtine there are

barriers such as acidity, peristaltic movements and elimination of
foreign microorganisms through the intestinal mucosa. Thgses tof

defense mechanisms often help to combat the colonization bbgmatic

microorganisms (McCraken 1999).
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1.5. The Genus L actobacillus.

Bacteria of the genus Lactobacillus are microorganisms that catyuseial
found in the small intestine and vagina of humans. Some lkmaofetiis genus
are considered beneficial because they produce vitamin K, lactase and
antimicrobial substances such as acidoline, acidolfin, ladctoait bacteriocin,
which help fight and prevent infections in their hosts (Ried 2004).

Bacteria of the genus Lactobacillus are the most commonly used
microorganisms as probiotics for human consumption, because they are
considered safe by the fact that they have been used for seasa(Berg 1998).
Lactobacillus casei GG (isolated from human feces) has beeneepohelp a
faster recovery of certain types of diarrhea, including those causedbye of

antibiotics or Rotavirus (McCracken 1999).

Due to the great uncertainty that exists in the worldhenefficacy of
probiotics to colonize the gut it was decided to condustghidy in order to see
if probiotics are used, above all, in enzymes for commercial produzitypogurts

or other functional foods are or not.

able to perform colonizations in vivo overcoming the hostilearenment

of the intestinal tract of a living being.

2. Overall Objective.

Demonstrate the efficacy and bacterial count of products ioorga
probiotics through bioluminescence methods being a usedlll for quality

control in the biotechnology and food industry.
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3. Specific objectives.

Scientifically test the bacterial count of dairy products daoig
probiotics through bioluminescence methods.
To give an excellent tool to the biotechnology and foddstry for quality

control of this type of products.

4. Justification.

There are several studies that have postulated the benefits lipteroses
that lactic acid bacteria can have as probiotics in humarhh&akre are already
several products containing lactic acid bacteria that haven lstedied
demonstrating their effectiveness to benefit human health. Productsnaogt
such micro-organisms are marketed in liquid form (yoghurt) oowmder form
(milk), also in granules or tablets (Lin 2006). It is now nsagsto study the
mechanism of action by which probiotics benefit human heaéhaltihe increase
of infectious diseases, autoimmune and allergies. As mentioned abenre s
an expectation that these microorganisms will be an alternatitteeifuture,

including against bacteria that develop resistance to antibiotics.

The interest in finding a treatment against infectious prosdss® led to
explore the possibility of increasing the microflora with exuges
microorganisms, such as probiotics, in order to prevent or ¢antestinal
infectious processes. It has also been suggested the pyssibitiodifying the
microflora in order to increase the proportion of microorganismasvn to have

beneficial effects. (Batista de Morais 2006).

However, so far it has not been possible to have a knowleddjee of

mechanism of action of probiotics in vivo, so it is not possible toparf
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an accurate selection of the best strains and species tharezfit human
health (Berg 1998).

There is currently much expectation about the effectiveness of posbioti
In vivo. However, so far it has not been possible to vehiéyadhesion of these
microorganisms to the human intestine or their ability toraaoit. In order to
know whether or not these microorganisms have the abilitgotonize the

intestine as intestinal strains was made this research.

The basis of this research is the creation of a biotechnologidafotoo
quality control of products containing probiotics and offertified products for
human and animal consumption through bioluminescencedndlpublicize the

benefits of this technology and its practical uses.

Exert an influence on some human metabolic activities, suctobestdrol
assimilation, vitamin production, etc.

The strains most commonly used as probiotics are:

1. L. acidophilus, L. bulgaricus, L. reuterii, L. plantarum, L. c436i
(LGG).

LGG was originally selected for its resistance to gastric guacel biliary
digestion, as well as for its ability to colonize the huncafon. He has no
plasmids, so he has stable antibiotic resistance. Produgesaotit acid (no
iIsomer D). In its membrane it expresses adhesive factors that alloteitaction
with human enterocytes. L. acidophilus can also bind to esyte®in a calcium-
independent way. Adhesion is believed to take place thramgextracellular
protein component. It also inhibits other anaerobic bactertia, such as
Clostridium, bacteroids, Bifidobacteria, pseudomonas, Staphylococcus,

Streptococcus and Enterobacteria. It also inhibits franklyogathic bacteria,
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such as Yersinia enterocolitica, Bacillus cereus, Escherichia lasteria
monocytogenes and Salmonella. These effects last only as lorgyasire
consumed; one study showed that 67% of volunteers disapgearetheces in

7 days.

2. Bifidobacteria as Bifidobacterium breve, B. lonmgum, B. infantis, B.
animalis. They constitute the most important group of sadardiacteria in the
large intestine, up to 25% in the adult colon, and up to 95%eafewborn with
breast milk. They do not form aliphatic amines, sulphurousaleres or nitrites,
they produce vitamins, especially of Group B, as well as digestizymes; their
metabolism produces short-chain fatty acids (AGCC), such as ametHiEctate,
which decrease intestinal pH with antibacterial effects. Intiaddithese AGCCS
are an excellent fuel for the colonocyte, and are involved in livéabuoksm.

30% of ingested B. bifidum can be recovered in the HES3.

3. Streptococcus salivarius spp. Thermophilus, commonly usdbei
production, together with L. bulgaricus of daily consumptioghyots. Also used

L. caseli, L. paracasei and L. rhamnosus.

4. The Saccharomyces boulardii fungus, with proven probidactsfand
widely used in Spain (Ultralevura®), has been shown to inthilei growth of
pathogenic bacteria in vitro and in vivo; the optimal temperatureitfo
development is 37 ° C and has been shown to be resis@igesiion by gastric
and bile juices reaching the colon free; since it is a fungdimana bacterium, it
iIs not affected by the concomitant use of antibiotics. AfEmoving his
administration is rapidly eliminated. Use in newborns \gitbcesses leading to
malnutrition should be prudent. In 2000 we published a caegémia by S.

cerevisiae, in two newborns, one of them treated with Saccharomyces4.
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5. Another probiotic would be the kefir, who has not found godfather who
studies and demonstrates its beneficial effects. Considered gif$ fiom
Muhammad to the first converts in the Caucasus, it has onysbesvn to inhibit
the growth of Salmonella.

However, so far it has not been possible to have a knowledgfee of

mechanism of action of probiotics in vivo, so it is not possible t@parf

5. Study area.

This thesis was conducted in the Laboratory of bioluminescehtee
Siberian Federal University Institute of Biological and biotediical Sciences
Krasnoyarsk-Russia from November 2018 to May 2020. The prodsetsare
Kefir and yogurt containing the probiotics bioluminescémthnology kits
different solutions for the purpose of ATP extraction in different conceptions.

Preparation of liquid media for bacteria culture.

- 13 grams of (nutrient broth granulated) medium laboratomeddia
m002-500G.

- 1000 ml of distilled water.

- Lab crops.

- Sterilize in autoclave at 121 degrees centigrade in automatic drotoco

autoclave for 1 hour and 15 minutes.

6. Materials, reagents and preparations and equipment.

- 13 grams of (nutrient broth granulated) medium laboratomddia
m002-500G.

- 1000 ml of distilled water.

- Lab crops.

- Sterilize in autoclave at 121 degrees centigrade in automatic drotoco

autoclave for 1 hour and 15 minutes.
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-Sample 1 yogurt
-Sample 2 Kefir

-Buffer Tris 50 mM with BSA

-10 mkl luciferin
-10 mkl luciferaza

-5 mkl sample

-5 mkl ethanol in different concentrations.

- DMSO in different concentrations.

7. Probiotic counting.

Sample 10 -5 10 -6 10 -7
Yogurt 18 Not groth Not groth
Kefir 70 29 22
Tablets Liquid media Liquid media Liquid media
CFU Yogurt

CFU 10 -5 7.0x 10 7 CFU/ML

CFU 10 -6 2.9x 10 8 CFU/ML

CFU 10 -7 2.2x 10 10 CFU/ML

CFU Kefir

CFU 10 -5 18x10 8 CFU (m)

CFU 10 -6 Not groth

CFU 10 -7 Not groth
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8. Effect of different ATP extraction buffersin samples

using bioluminescence methods.

In a buffer Tris 50 mM in different concentratioA3 P indicated in our
table in connection of 5 mkl of our sample and 10 mkl of luciferin anakl®f
luciferase we performed the verification in a luminometer of tragivel unit of

lumicence with the results shown in the table.

ATP
S. No. (mM) RLU
1 10 | 1218923
2 8 | 877900
3 6 | 833038
4 4| 491061
5 2| 266911
6 1 61404
7 0.8 47480
8 0.6 35112
9 0.4 24758
10 0.2 11696
11 0.1 932

Buffer Tris50 mM

In a Tris 50 mM buffer with BSA at different concentrations caded in
our table in connection of 5 mkl of our sample and 10 mkl ofduaiand 10 mkKiI
of luciferase we performed the verification in a luminometer of the relatiite

of lumicence with the results shown in the table.

ATP
S.No. | (mM) RLU

1 10 | 1052883
2 8| 932499
3 6| 598080
4 4| 453269
5 2| 223410
6 1| 61100
7 0.8 | 46274
8 0.6 | 36753
9 0.4| 20398
10 02| 11106
11 0.1 354




Buffer Tris50 mM with BSA

In ethanol at different concentrations indicated in our table in cotnamna
of 5 mkl of our sample and 10 mkl of luciferin and 10 mkl dfifierase we
performed the verification in a luminometer of the relative uniiwiicence with

the results shown in the table.

Ethanol
S. No. % RLU
1 0 1823
2 10 895
3 20 855
4 50 6328
5 70 | 84409
6 95 | 84326
Ethanol.

In a combination of different reagents is a test of a buffer extrectia TP
more efficient in different concentrations indicated in ourdaticombination of
5 mkl of our sample and 10 mkl of luciferin and 10 mkl of luciferase
conducted the verification in a luminometer of the unittretaluminance with

the results shown in the table.

DMSO Ethanol Ethanol
S.Nro 100% DMSO mkl | 95% mkl Water RLU
1 0 0 0 0 1000 24187
2 1 10 70 736 254 15139
3 5 50 70 736 214 2126
4 1 10 50 526 464 4305

DMSO + ETHANOL + WATER.
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9. Reaults.
9.1 Buffer Tris50 mM

We made a medium preparation of microbiological culture of yogurt and
kefir Himedia laboratory.
In the first experiment sample 1 using Tris buffer with a comagah of
50 mM we can observe the following results as higher numlzecamcentration
10 mM ATP in combination of luciferin and luciferase in voluro€40 mkl and
5 mkl sample we obtain the highest result an RLU of 1218@#8h indicates

that in this concentration of ATP of our sample is high in this condemtra

In the sample 2 using Tris buffer with a concentration of 50 mMave
observe the following results as higher number in a concentratiod TP in
combination of luciferin and luciferase in volumes of 10 mkl &nmdkl sample
we obtain the highest result an RLU of 932496 whidflicates that in this

concentration of ATP of our sample is optimal even in this concentration.

In the sample 3 experiment using Tris buffer with a concentratid>0
mM we can observe the following results as higher number in a costtemtc
mM ATP in combination of luciferin and luciferase in volumes ofnikl and 5
mkl sample we obtain the highest result an RLU of 598084 whilibates that
in this concentration of ATP of our sample is optimal even in this ctratzm.

In the sample 4 experiment using Tris buffer with a concentratidsO
mM we can observe the following results as higher number in a coaibem4
mM ATP in combination of luciferin and luciferase in volumes of 10 mkl &nd
mkl sample we obtain the highest result an RLU of 453256 whdibates that
in this concentration of ATP of our sample is acceptable ewerthis

concentration.
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In the sample 5 experiment using Tris buffer with a concentratids0
mM we can observe the following results as higher number in a costoem2
mM ATP in combination of luciferin and luciferase in volumes ofnikl and 5
mkl sample we obtain the highest result an RLU of 223459 whdibates that
in this concentration of ATP of our sample is acceptable ewverthis

concentration.

In the sample 6 experiment using Tris buffer with a concentratidcsO
mM we can observe the following results as higher number in a costtentl
mM ATP in combination of luciferin and luciferase in volumes ofnikl and 5
mkl sample we obtain the highest result an RLU of 61031wihiticates that in

this concentration of ATP of our sample is acceptable even in this caatoantr

In the sample 7 experiment using Tris buffer with a concentratids0
mM we can observe the following results as higher number inGeaotration 0.8
mM ATP in combination of luciferin and luciferase in volumes oinikl and 5
mkl sample we obtain the highest result an RLU of 46174twihdicates that in

this concentration of ATP of our sample is acceptable even in this caatoantr

In the sample 8 experiment using Tris buffer with a concentratidcsO
mM we can observe the following results as higher number in@eaotration 0.6
mM ATP in combination of luciferin and luciferase in volumes oinikl and 5
mkl sample we obtain the highest result an RLU of 35753wihiticates that in
this concentration of ATP of our sample is acceptable even in this catmentr

In the sample 9 experiment using Tris buffer with a concentratidsO
mM we can observe the following results as higher number in@eotration 0.4
mM ATP in combination of luciferin and luciferase in volumes ofnikl and 5
mkl sample we obtain the highest result an RLU of 19398wihaticates that in

this concentration of ATP of our sample is lower even in this concemtrat
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In the sample 10 experiment using Tris buffer with a concentratiég of
mM we can observe the following results as higher number in@eotration 0.2
mM ATP in combination of luciferin and luciferase in volumes ofnikl and 5
mkl sample we obtain the highest result an RLU of 11006wihdicates that in

this concentration of ATP of our sample is lower even in this concentration.

In the sample 11 experiment using Tris buffer with a concentratié of
mM we can observe the following results as higher number in@atration 0.1
mM ATP in combination of luciferin and luciferase in volumes ofnikl and 5
mkl sample we obtain the highest result an RLU of 254 wimditates that in

this concentration of ATP of our sample is very lower evehigidoncentration.

As a conclusion of the experiment we can say that the detesteasier
and super high ATP in our sample using our Tris buffer in cdretean of 50
mM in a concentration of 10 mM as higher and 0.1 mM as minimum diogor
to our table in conclusion we say that the minimum conceotraf ATP for a

detection of the same acceptable would be 1 mM of ATP.

9.2 Buffer Tris50 mM + BSA.

In the second experiment sample 1 using Tris buffer with a coatient
of 50 mM + BSA we can observe the following results as higher numbeer i
concentration 10 mMTP in combination of luciferin and luciferase in volumes
of 10 mkl and 5 mkl sample we obtain the highest resuRlad of 1052883
which indicates that in this concentration of ATP of our @anns high in this

concentration.

In the sample 2 using Tris buffer with a concentration of 50 nBSA we

can observe the following results as higher number in a coaten 8 mMMATP
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in combination of luciferin and luciferase in volumes of 10 mkl &mnakl sample
we obtain the highest result an RLU of 932499 whidticates that in this

concentration of ATP of our sample is optimal even in this concentration.

In the sample 3 experiment using Tris buffer with a concentratid>0
mM + BSA we can observe the following results as higher number in a
concentration 6 mM ATP in combination of luciferin and lacifse in volumes
of 10 mkl and 5 mkl sample we obtain the highest result an 61598080 which
indicates that in this concentration of ATP of our samptgptsnal even in this

concentration.

In the sample 4 experiment using Tris buffer with a concentratidsO
mM + BSA we can observe the following results as higher number in a
concentration 4 mM ATP in combination of luciferin and ferase in volumes
of 10 mkl and 5 mkl sample we obtain the highest result dn &145329 which
indicates that in this concentration of ATP of our sample is &alskpeven in

this concentration.

In the sample 5 experiment using Tris buffer with a concentratidcs0
mM + BSA we can observe the following results as higher number in a
concentration 2 mM ATP in combination of luciferin and lacsise in volumes
of 10 mkl and 5 mkl sample we obtain the highest result an &[223410which
indicates that in this concentration of ATP of our sample is &alskpeven in

this concentration.

In the sample 6 experiment using Tris buffer with a concentratidsO
mM + BSA we can observe the following results as higher number in a
concentration 1 mM ATP in combination of luciferin and lacifse in volumes

of 10 mkl and 5 mkl sample we obtain the highest result an 183100 which
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indicates that in this concentration of ATP of our sample is &aokpeven in

this concentration.

In the sample 7 experiment using Tris buffer with a concentratidsO
mM + BSA we can observe the following results as higher number in a
concentration 0.8 mM ATP in combination of luciferin andferase in volumes
of 10 mkl and 5 mkl sample we obtain the highest result an &146274 which
indicates that in this concentration of ATP of our sample is d&lclepeven in

this concentration.

In the sample 8 experiment using Tris buffer with a concentratidc0
mM + BSA we can observe the following results as higher number in a
concentration 0.6 mM ATP in combination of luciferin andferase in volumes
of 10 mkl and 5 mkl sample we obtain the highest result an &L36753 which
indicates that in this concentration of ATP of our sample is é&lolepeven in

this concentration.

In the sample 9 experiment using Tris buffer with a concentratidcsO
mM + BSA we can observe the following results as higher number in a
concentration 0.4 mM ATP in combination of luciferin andiferase in volumes
of 10 mkl and 5 mkl sample we obtain the highest result an &120398 which
indicates that in this concentration of ATP of our samplewstceven in this

concentration.

In the sample 10 experiment using Tris buffer with a concentratiéf o
mM + BSA we can observe the following results as higher number in a
concentration 0.2 mM ATP in combination of luciferin andferase in volumes
of 10 mkl and 5 mkl sample we obtain the highest result an &t11106 which
indicates that in this concentration of ATP of our samplew&ioeven in this

concentration.
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In the sample 11 experiment using Tris buffer with a concentratiég of
mM + BSA we can observe the following results as higher number in a
concentration 0.1 mM ATP in combination of luciferin andflrase in volumes
of 10 mkl and 5 mkl sample we obtain the highest result dd &L354 which
indicates that in this concentration of ATP of our sample g l@ver even in

this concentration.

As a conclusion of the experiment we can say that the detesteasier
and super high ATP in our sample using our Tris buffer in cdretean of 50
mM in a concentration of 10 mM as higher and 0.1 mM as minimum dinogor
to our table in conclusion we say that the minimum concemtratf ATP for a

detection of the same acceptable would be 0.8 mM of ATP.

9.3 Ethanaol.

In the Third experiment sample 1 using ethanol with a condeEmtraf
96% for the first sample only water and ATP 0 we can obsberdollowing
results as higher number in a concentration 0% ethanol in natian of luciferin
and luciferase in volumes of 10 mkl and 5 mkl sample we olftaihighest result
an RLU of 1823 which indicates that in this concentration oP AT our sample

is lower in this concentration.

In the sample 2 using ethanol with a concentration of 96% we can ebserv
the following results as higher number in a concentrafior% ethanol in
combination of luciferin and luciferase in volumes of 10 mkl &ndkl sample
we obtain the highest result an RLU of 895 which indicdted in this

concentration of ATP of our sample is lower even in this concentration.
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In the sample 3 using ethanol with a concentration of 96% we can ebserv
the following results as higher number in a concentral®ri% ethanol in
combination of luciferin and luciferase in volumes of 10 mkl &rmdkl sample
we obtain the highest result an RLU of 855 which indicdted in this

concentration of ATP of our sample is lower even in this concentration.

In the sample 4 using ethanol with a concentration of 96% we can ebserv
the following results as higher number in a concentra6n% ethanol in
combination of luciferin and luciferase in volumes of 10 mkl &rmdkl sample
we obtain the highest result an RLU of 6328ich indicates that in this

concentration of ATP of our sample is lower even in this concentration.

In the sample 5 using ethanol with a concentration of 96% we can ebserv
the following results as higher number in a concentra@i®n% ethanol in
combination of luciferin and luciferase in volumes of 10 mkl &ndkl sample
we obtain the highest result an RLU of 84409 which indgcdkat in this

concentration of ATP of our sample is highest even in this concentratio

In the sample 6 using ethanol with a concentration of 96% we carvebs
the following results as higher number in a concentrafbri% ethanol in
combination of luciferin and luciferase in volumes of 10 mkl &ndkl sample
we obtain the highest result an RLU of 84326 which indg&cdbat in this

concentration of ATP of our sample is optimal even in this concentration

As a conclusion of the experiment we can say that the detesteasier
and super high ATP in our sample using our Ethanol in coratem 0f96%in
a concentration 0f0% as higher and 10% as minimum according to our table in
conclusion we say that the minimum concentration of ATP for a detedttbe o

same acceptable would 6% of ethanol.
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9.4DMSO + ETHANOL + WATER.

In the fourth experiment sample 1 using ethanol with a concemtratio
95% + DMSO with concentration 100% + water for the first saroply water
and ATP we can observe the following results as higher numbex in
concentration 0% ethanol O mkl + DMSO in concentration 100%kI| + water
1000 mkl in combination of luciferin and luciferase in volura€40 mkl and 5
mkl sample we obtain the highest result an RLU of 24187wihiticates that in

this concentration of ATP of our sample is lower in this concentration.

In the sample 2 using ethanol with a concentratiod58b + DMSO with
concentration 100% + water for the second sample mixed buffeABRdve
can observe the following results as higher number in a concentiz®®o
ethanol 736 mkl + DMSO in concentration 1% 10 mkl + water 254 mkl in
combination of luciferin and luciferase in volumes of 10 mkl &ndkl sample
we obtain the highest result an RLU of 15139 which indgcdkat in this

concentration of ATP of our sample is lower in this concentration.

In the sample 3 using ethanol with a concentratiod58b + DMSO with
concentration 100% + water for the third sample mixed buffer arll\®& can
observe the following results as higher number in a conciemirazd% ethanol
736 mkl + DMSO in concentration 5% 50 mkl + water 214 midambination
of luciferin and luciferase in volumes of 10 mkl and 5 mkl danne obtain the
highest result an RLU of 2126 which indicates that in thigeaotration of ATP

of our sample is very lower in this concentration.

In the sample 4 using ethanol with a concentratio®58b + DMSO with
concentration 100% + water for the fourth sample mixed buffeAdirdwe can
observe the following results as higher number in a concemra®% ethanol

526 mkl + DMSO in concentration 1% 10 mkl + water 464 mkiambination
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of luciferin and luciferase in volumes of 10 mkl and 5 mkl danne obtain the
highest result an RLU of 4305 which indicates that in thieeatration of ATP

of our sample is very lower in this concentration.

As a conclusion of the experiment we can say that the detesteasier
and super high ATP in our sample using our Ethanol in concentrdti®f% +
DMSO with concentration 100% + water number in a concentr@®oethanol
0 mkl + DMSO in concentration 100% 0 mkl + water 1000 mkl agimmam
according to our table in conclusion we say that the mimmancentration of
ATP for a detection of the same acceptable would be 70% ethaBdISO in

concentration 5% 50 mkl + water 214 mkl.

As a conclusion we can say that this mixed buffer is not aldaiATP

extraction buffer.

10. Discussion.

As a discussion | can argue that experimenting with differgetstpf ATP
extraction buffers is an appropriate and successful option srabsesults for
detection of microorganisms at very low levels in this cassumresearch are
probiotics through the use of methods and teldgy of bioluminescence

specified based on luciferin and luciferase.

We can say that the technology of bioluminescence is an excellentrtool fo
modern biotechnology in our case the design of a tool fortguadntrol and
detection of microorganisms in the field of biotechnology amd fion this way
we will put more challenges to producers to develop foodymts of exceptional
quality and also demonstrate on a scientific basis the foodupts of lower

quality.
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11. Conclusions.

The protocol used in this thesis has proved to be d selieme to evaluate
the capacity of different ATP extraction buffers used independemity a
combined and determine the most optimal for their purpose ATP toirant

microorganisms.

It was proved that the use of bioluminescence technologgnmbination
with a good ATP extraction buffer is a viable and useful tawl fbod
biotechnology to perform an adequate quality control of diffefood products
based on microorganisms such as kefir and yogurt uséulsirthesis for the

detection of probiotics even in very low concentrations.

12. Recommendations.

In my opinion it is a very useful biotechnological toothe field of Food
Biotechnology and we should continue to test different combimaif exists
buffers and test new ones to achieve a more accurate detection in exte@iél

guantities.

Making bioluminescence technology more relevant by having a very

promising future in the short term.

13. Limits.

The possible limitations in this technology and in #esious thesis that

has a limit of detection of microorganisms in concentrations of them very low.
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Fig 2. Balance reagents and pipettes

34



Fig 3 Type 2 biosecurity laminar box
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Fig 4. Autoclave.
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7.2 Buffer Tris50 mM + BSA.
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7.3 Ethanol.
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