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Kedves Olvasoéink!

Alig telt el egy esztendd, amiota tele lendulettel,
bizalommal, tenni akarassal nekirugaszkodtunk
folydiratunk megfiatalitasanak. Nehéz szivvel
bocsatom utjara a megujult EVIK 60. évfolyam
negyedik, év végi szamat, hiszen most, Advent
kegyelemmel teli id6szakaban eggyel keveseb-
ben lettink. Szerkeszt6bizottsagunk 6rokos,
tiszteletbeli elntke, Prof. Dr. Farkas Jé6zsef
akadémikus mar nincs kozottink. Ev végi szamunkban Oréla emlé-
keziink meg lapunk kezdd hasabjain. Ordla, aki életének gyertyajat
az élelmiszertudomany, a mikrobioldgia, a kollegalitas, a baratsag
és a szeretet oltaran égette nagy kitartassal és igaz hittel. Lelkese-
dése, tamogatdsa, szerény mosolya hianyozni fog. Készénet neki
mindenért, munkajaért, életéért! Kivanjuk, hogy a kegyelmes Isten
Olelie magahoz lelkét az 6roklétben! Mi, akik idelent maradtunk, em-
Iékét, szellemi hagyatékat szeretettel megdrizzik.

Szakmai anyagunkat Farkas Jézsef Professzor Ur cikkével kezdjiik.
Szerz6tarsaval, Farkas Csillaval az elérejelz8 mikrobiolégia gyakor—
lati tudomanyardl értekezik. irdsa jol illeszkedik az EVIK el6z6 sza-
maiban kdzolt attekintd dolgozataihoz.

Vezetd anyagunk is a mikrobiolégia tudomanyahoz kapcsolddik.
Ahogyan az egyes laboratériumi elemzési technoldgiak fejlédnek,
olyan Utemben alakulnak at a hagyomanyos mikrobioldgiai vizs-
galati médszerek is miszeres analitikai eljarasokka. A hatarvonal
a modern mikrobiolégia és kémiai analizis kdzott igy elmosédni
latszik. Ez az oka annak, hogy a kor szinvonalan dolgozé mikro-
biolégusnak alapos, nagymliszeres analitikai ismeretekkel is kell
rendelkeznie. Lovasz Csaba kéziratdban a MALDI-TOF-MS (Matrix
Assisted Laser Desorption lonization — Time Of Fligh — Mass Spe-
ctrometry) technika mikrobioldgiai alkalmazasi lehetéségei kozil
ismerteti a mikroorganizmusok jelenlétének miszeres megerdsité-
sére alkalmazhat6 egyik modszert. A MALDI-TOF-MS rendszerrel
végzett vizsgalat soran a baktériumtenyészetekbdl vett mintakbol
felvett fehérje-tdmegspektrum (ujjlenyomat) fizikai megjelenése
kisértetiesen hasonlit a fehérjék méretkizarasos kromatografiaval
(SEC) készithetd kromatogram szerkezetére. Ev végi szamunkkal
zarjuk Csodka-Tolnay-Szabd szerz6harmas mézes tetraldgigjanak
kozlését. Kéziratuk negyedik részében a harsméz szinének és hid-
roximetilfurfurol-tartalmanak &sszefliggéseirdl, diasztazaktivitas
méréserdl, a mézben megﬂgyelheto enzimmukédés kérilményeirdl
olvashatnak. Az EVIK el6z8, 6szi szamanak tartalmahoz kovetkezé
cikkiink is kapcsolodik. Szabé P. Balazs, Véha Antal, Gyimes Erné
a Szegedi Egyetem Mérndki Karan a buza szemkeménységének
mérésérdl szamolnak be. A buzamag szemkeménysége alapvetéen
befolyasolja a bel6le 6rolt liszt minéségét és annak sitdipari értékét.
Dolgozatukban egy dinamikus és egy statikus mddszert mutatnak
be, amelynek eredményeit 0ssze is hasonlitigk. A NEBIH Elelmi-
szerbiztonsagi Kockazatériékelési Igazgatdsagtol Frecskané és
munkatarsai az egyik leggyakrabban hasznalt mesterséges édesitd
szer élelmiszerbiztonsagi megitélésérdl értekeznek. Munkajukban
ismertetik az Eurdpai Elelmiszerbiztonsagi Hivatal (EFSA) hivatalos
allaspontjat és az aszpartam példajan kitliné modszereket mutat-
nak be az élelmiszerfogyaszté lakosséagot éré kitettség probabilisz-
tikus elven megvalosithaté becslésére.

Jogi rovatunkban Kovacs Sarkany Hajnalka és Kovacs Vilmos a
Szerbiaban érvényes, fliszerpaprika-eléallitas és -forgalmazas sza-
balyait, valamint egy ottani, a flszerpaprikaval kapcsolatos felmé-
rés eredményeit osztjak meg olvasdinkkal. Ugyancsak a jogi rovat-
ban k&zdljik Martin Andrea irasanak masodik részét, amelyben az
élelmiszerekkel rendeltetésszerlien érintkezé anyagokra vonatkozo,
jogszabalyi kotelezettségekbdl adddoé beszallitoi auditok végrehajta-
sahoz ad hasznos utmutatét. Szabvanyositasi rovatunk szerkeszté-
je Kurucz Csilla és munkatarsa, Csik Gabriella a Magyar Szabvany-
Ugyi Testllet képviseletében ismét dsszedllitottdk a negyedévben
megjelent Uj, az élelmiszerekkel, s azok vizsgalataval kapcsolatos
szabvanyok ismertetéjét. Kiadvanyunkat néhany, a hatarainkon in-
neni és azon tuli eseményekrdl szol6 hiradassal zarjuk.

Minden kedves olvasénknak kegyelemteljes Adventet, aldott Kara-
csonyt, boldog és sikeres Ujesztendét kivanok:

S

—_—

Dr. Szigeti Tamas Janos
f6szerkesztd

Dear Readers,

It was not quite a year ago that we set out to rejuvenate our
journal, full of energy, hope and a willingness to work. It is with
a heavy heart that | launch the fourth, year-end issue of Volume
60 of the renewed Journal of Food Investigations, while at the
time of Advent, full of grace, we are one fewer. The eternal,
honorary chairman of our editorial board, academician Prof.
Dr. Jozsef Farkas is no longer with us. He is remembered on
the pages of our year-end issue. He who burnt the candle of
his life on the altar of food science, microbiology, collegiality,
friendship and love with great perseverance and true faith. His
enthusiasm, support and humble smile will be missed. We
thank him for everything, his work, his life! May the merciful God
embrace his soul in eternity! Those of us who remained down
here, will cherish his memory and his intellectual legacy.

Our professional content starts with the artice of Professor
Jozsef Farkas. Together with his co-author, Csilla Farkas, they
discuss the practical art of predictive microbiology. His paper
fits well into the line of review papers published in our previous
issues.
Our lead material is connected to the science of microbiology
as well. As certain laboratory analytical techniques develop,
traditional microbiological analytical methods are transformed
into instrumental analytical procedures at the same rate. Thus,
the boundary between modern microbiology and chemical
analysis seems to be getting blurred. A microbiologist working
at today’s standard level has to possess thorough knowledge
of instrumental analysis as well. In the manuscript of Csaba
Lovasz, of the application possibilities of the MALDI-TOF-MS
(Matrix Assisted Laser Desorption lonization - Time Of Fligh
- Mass Spectrometry) technique in microbiology, one of the
methods applicable for the instrumental confirmation of the
presence of microorganisms is described. Physical appearance
of the protein mass spectra (fingerprints) of samples taken from
bacterial cultures, recorded during the analysis performed by the
MALDI-TOF-MS system, is eerily similar to the chromatograms
that can be obtained by size exclusion chromatography (SEC)
of proteins.
Our year-end issue concludes the publication of the tetralogy
of the Csoka-Tolnay-Szabd author trio on honey. In the fourth
part of their manuscript, you can read about the correlation of
the color of linden honey and its hydroxymethylfurfural content,
the measurement of diastase activity and conditions of enzyme
action observed in honey. Our next article is also connected to
the content of the previous, fall issue of EVIK. Grain hardness
measurements of wheat are reported by Balasz P. Szabd,
Antal Véha and Emd Gyimes of the Faculty of Engineering of
the University of Szeged. The quality of the flour ground and
its baking value are fundamentally influenced by the grain
hardness of wheat kemnel. In their paper, a dynamic and a static
method are presented, the results of which are compared as
well.
Perception of one of the most frequently used artificial
sweeteners, in terms of food safety, is discussed by Frecskané
and her co-workers of the National Food Chain Safety Office
Directorate of Risk Assessment of Food Safety. Their work
presents the position of the European Food Safety Authority
(EFSA) and, citing the example of aspartame, describes
excellent methods for the estimation of exposure of the food-
consuming population to this substance, using a probabilistic
principle.
In our legal column, regulations for paprika production and
distribution in Serbia, and results of a Serbian survey related
to paprika are shared with the readers by Hajnalka Kovacs
Sarkany Hajnalka and Vilmos Kovacs. Also in our legal column,
the second part of the paper of Andrea Martin is presented,
which provides useful information for performing supplier
audits stemming from legal obligations regarding food contact
materials. A fresh guide, presenting those standards, related
to foods and their analysis, that were published in the fourth
quarter, was compiled by the editor of our standardization
column, Csilla Kurucz, and her collague, Gabriella Csik,
representing the Hungarian Standards Institution. The journal is
concluded with reports of several events that took place within
and beyond our borders.
| hope that all our readers had a beautiful Advent and a merry
Christmas. Please allow me to wish all of you a happy and
successful new year:

¥ o

—
Dr. Tamas Janos Szigeti
Editor in chief
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1. Osszefoglalas

2. Bevezetés, torténeti el6zmények

Az elbrejelzé mikrobioldgiai modellezés csupan a XX.
szazad utols6 évtizedeire valt az élelmiszer-mikro-
biolégia U] rész-diszciplingjava, noha a semlegeshez
kozelalldé pH-ju élelmiszerek biztonsagos hdékeze-
léses konzervalasi technoldgidjanak a méretezése
matematikai modell segitségével, a Clostridium bo-
tulinum sporak logaritmikus hdpusztuldsi térvény-
szeriségének a felismerése révén mar a XX. szazad
huszas éveiben lehetévé valt [1], [2], [3]. A mikro-
bapopulaciok szaporodasdnak hasonlé modellezése
azonban tobb évtizedet varatott magara, mert a bak-
tériumszaporodas ,prediktiv mikrobioldgidja” csak a
szazad nyolcvanas éveiben indult meg, amikor a sza-
mitastechnika és az informacids technoldgia fejlédé-
sének, illetve a megfelel§ szoftverek kidolgozasanak
készdnhetéen megteremtddtek ehhez a feltételek.

Dr. Vas Karoly, a magyar élelmiszer-mikrobioldgia hu-
szadik szazadi legnagyobb személyisége a masodik
vilaghaboru utani oxfordi tanulmanyutjardl hazatérve
- feltehetéen ott Cyrill Hinshelwood, a Nobel-dijas
angol vegyész kémiai kinetikai munkajaval [4] megis-
merkedve, és J. Monod szaporodas-kinetikai konyvét

[5] ismerve - mar a budapesti Konzerv-, Hus- és HU-
téipari Intézet osztalyvezetdjeként irta meg ,,A mik-
robasejt szaporodasat befolyasold tényezdk kinetikai
tanulmanyozasa” ciml cikkét [6]. Az els6k kozott
hivta fel a figyelmet arra, hogy azzal a feltételezéssel
szemben, amely szerint a mikrobatenyészetek min-
den sejtje azonos rezisztenciaju, a pusztulasi gérbék
alakjaban az egyedi sejtek rezisztencia-megoszlasa
tUkrozédik [7]. Mindezért Vas Karolyt ezen és mas
munkai [8], [9], [10] alapjan, vegyészmérndk létére
a késébb egyre jobban kibontakozé prediktiv mikro-
bioldgia hazai uttoréjének tekinthetjiik.

A modern élelmiszer-mikrobiolégia részeként a pre-
diktiv mikrobioldgiai kutatas els6ként az angolszasz
nyelvtertleten m(ikddd kutatohelyeken, Nagy-Britan-
niaban [11], [12], valamint az Egyesiilt Allamokban és
Ausztrdliaban bontakozott ki. Dr. T. A. Roberts, a XX.
szazad masodik felében Nagy-Britannia allami élel-
miszerkutatasanak egyik vezeté mikrobioldégusa volt,
és annak a Maurice Ingram professzornak a munka-
tarsa a langfordi ARC Meat Research Institute-ban,
aki évtizedekkel korabban Vas Karolynak is oxfordi
mentora volt (az Agricultural Research Council 6sz-
téndijaval ezen emlékezés elsd szerzbje a hatvanas

' Budapesti Corvinus Egyetem, H(ité- és Allatitermék-technoldgiai Tanszék
2 Budapesti Corvinus Egyetem, Mikrobioldgiai és Biotechnoldgiai Tanszek
T Corvinus University of Budapest, Faculty of Food Science, Department of Refrigeration and

Livestocks’ Products Technology

2 Corvinus University of Budapest, Faculty of Food Science, Department of Microbiology and Biotechnology
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évek végeén felejthetetlen fél évet tolthetett Ingram és
Roberts mellett Langfordban). Kés6ébb, mar Dr. Ing-
ram és Dr. Vas Karoly fajdalmasan korai halala utan,
a Thatcher kormanyzat idején végrehajtott angliai
intézet-6sszevonasok soran Terry Roberts a munka-
tarsaival egyUtt a Reading-i majd Norwich-i Institute
of Food Research-be kerllt at, és ott valt Nagy-Bri-
tannia prediktiv mikrobioldgiai kutatasanak kézponti
személyiségévé. Ezzel parhuzamosan véleménylnk
szerint Dr. Robert. L. Buchanan és munkatarsai a
USDA Eastern Regional Research Laboratory-ban,
mig Ausztralidban, a Tasmaniai Egyetemen Dr. T.
A. McMeekin és munkatarsai jatszottak meghataro-
z6 szerepet a modern prediktiv mikrobioldgia meg-
teremtésében. Dr. Roberts-nek szerencsés dontése
volt, hogy 1990-ben Dr. Baranyi Jozsef magyar mate-
matikust vette fel erre a témakorre a kutatécsoport-
jaba, aki a kvantitativ mikrobioldgiai kockazatbecslés
eszkoztara fejlesztésének és elterjesztésének egyik
legismertebb személyisége lett.

3. A prediktiv bakterioldgia nemzetkézi fejlédése

Az inaktivaciés modellek terjedése mellett az un.
valészinliségi modellek, majd a mikrobapopulaciok
szaporodas-kinetikajanak matematikai leirasa napja-
inkra a kvantitativ mikrobioldgiai kockazatbecslés és
a kockazat-kezelés értékes szakmai hatterévé valt.

Az elbrejelzé szaporodasi modellek [ényegében két-
lépcsbs kutatas-adatgyljtés eredményei. Az ,elsd
Iépésben” rogzitett kdrnyezeti kdrtilmények (allandd
hémérséklet, vizaktivitas, pH, stb.) kdzott végzett
kisérletek alapjan allapitjiak meg a kérdéses mikro-
bapopulacié szaporodasanak és tulélésének a ma-
tematikai leirasat (,elsédleges modell”). Az allandé
korilmények kozott zajlo baktériumszaporodasnak
az inkubacios idd fuggvényében valé elsédleges le-
irasanal rendszerint a ,szigmoid” alaku szaporodasi
gO6rbe adatsorahoz korabban az un. logisztikus, vagy
a ,Gompertz” fuggvényt illesztették. Buchanan és
munkatarsai [13] szerint gyakran az egyszerd, ha-
rom linedris szakaszbdl allo illesztés is kielégitd ered-
meényt adhat.

A ,masodik Iépést” azok a vizsgalatok jelentik, ame-
lyekkel azt tanulmanyozzak, hogy a koérnyezeti té-
nyezék valamelyikének (hémérséklet, pH, vizakti-
vitas, parcialis oxigén tenzio, redox potencial, CO,
koncentracié) valtoztatasa miként befolyasolja az
elsédleges modell valamilyen paraméterét (példaul
a lappangasi szakasz hosszat, vagy a szaporodasi
sebességet). llyen kisérleti adatokhoz térténd fligg-
vényillesztés eredményezi a ,masodlagos” modelle-
ket. A szaporodast lehetévé tevé minimalis, optimalis
vagy maximalis értékl kornyezeti tényezbket tekin-
tik a ,kardinalis modell” jellemzdinek (lasd pl. [14],
[15]). A szemilogaritmikus abrazolasban specifikus
maximalis szaporodasi sebességnek (u_ ) nevezik a
szigmoid szaporodasi gorbe inflexiés pontjahoz tar-
tozé meredekségi értéket. A modellek megalkotasa
utan azokat a modellezési kisérletektdl fliggetlen, de

hasonl6 vizsgalatok eredményeivel 6sszevetve ,vali-
dalni” kell.

A szaporodasi gorbék un. lappangasi szakasza (lag
értéke, A) azonban nemcsak az adott szaporitasi ki-
sérlet kdrnyezeti tényezdbitél, hanem a kisérlet inoku-
lumaként beoltott baktériumpopulacio ,el6életétdl,
el6torténetétdl” is figg. Ezt a problémat az a felis-
merés segitett megoldani, amely szerint a lag fazis
hossza és a maximalis specifikus szaporodasi se-
besség szorzata a szaporitasi kisérletekben allando,
h,= .. A mennyiség és azt fejezi ki, hogy az inoku-
lum mennyire alkalmas fiziologiai allapotu az adott
kisérletben uralkodd kérnyezetben valé szaporodas-
ra. A lag fazis hossza ugyanis attél figg, hogy a sej-
teknek mennyi ,munkat” kell végezniik a sejtoszto-
das megindulasaig. A lag-fazis alapjan és az idében
valtozé kornyezet okozta hatas figyelembevételével
végzett modellezést a ,,Baranyi Modell”-nek nevezett
differencialegyenlet [16], [17] tette matematikailag
kezelhetévé, amelynek a leirdsat Baranyi Jozsefnek
egy, a Magyar Elelmiszerbiztonségi Hivatal (MEBIH)
tovabbképzési tanfolyaman tartott eléadasa is [18]
tartalmazza.

Szakirodalmi kisérletes informacidk alapjan 6ssze-
allitott adatbazisok felhasznalasaval szilettek meg
azok a ,felhasznaldbarat” szoftvercsomagok, ame-
lyeket a prediktiv mikrobiologia ,harmadlagos mo-
delljeinek” tekinthetlink. Az angliai kutatasok tették
lehetévé a ,Food Micromodel”, valamint a Growth
Predictor” matematikai eszkoztar létrehozasat, mig
Dr. Robert Buchanan és munkatarsai tevékenységé-
nek az eredménye az amerikai, un. ,Pathogen Mo-
deling Program” lett. Ezeknek az egyesitésével jott
Iétre a Baranyi Jozsef altal kezdeményezett ComBa-
se nemzetkdzi adatbazis és szoftver csomag [19],
amelyhez 2006-ban az ausztrdliai adatbazis is csat-
lakozott [20]. Ez az Osszesitett adatbazis sok ezer
szakirodalmi vizsgalati adatsor és az azokra illesztett
matematikai modellek gydjteménye, elektronikusan
hozzaférheté6 (www.combase.cc), és ,sajat” vizsga-
lati eredményekkel végzett modellezést is lehetévé
tesz. Hasonl6 adatbazist hoztak Iétre Sym’Previous
néven franciaorszagi kutatok is ([21], www.sympre-
vious.net ). Specialisan a tengeri élelmiszerek (tengeri
halak, fustolt lazac, garnélarak stb.) romlasat és mik-
robioldgiai biztonsagat modellezé szoftver az SSSP
(Seafood Spoilage and Safety Predictor, http://sssp.
dtuaqua.dk),amelyet dan kutatok hoztak létre. Az
SSSP program elénye, hogy a Listeria monocytog-
enesre vonatkozd adatokon tulmenden tartalmaz-
za a termékek érzékszervi vizsgdlat alapjan megal-
lapitott romlasi modelljét (hémérséklet — trépusi viz
fliggvényében), a jellegzetes, halak romlasat okozé
baktériumok szaporodasi modelljeit - dinamikus hé-
mérsékleti korilmények kdzott, adatrogzitkkel mért
hémérséklet-id6 alapjan, valamint a kardinalis tipusu
modelleket alkalmazd, a hasznaldk altal megadott
prediktiv modelleket is [22].

Romlast okozé baktériumok szaporodasi modelljeire
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Predictive
microbiological modeling,
a tool of quantitative
microbiological risk

assessment
Jozsef Farkas|', Csilla Mohacsiné Farkas?

Keywords: predictive microbiology, Karoly Vas, Jozsef
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1. Summary

After a brief recalling of the mathematical scaling of food
preservation of nearly one hundred years ago, the article
gives a short overview of the international development of
predictive bacteriology, highlighting the role of a Hungarian
mathematician working in England, Jézsef Baranyi, and soft-
ware packages representing the tertiary models of predictive
microbiology. Modeling of the propagation of molds and the
formation of mycotoxins is also discussed in the paper. At-
tention is also drawn to microbiological risk assessment ba-
sed on the use of predictive modeling, and further research
tasks of the topic.

2. Introduction, history

Predictive microbiological modeling had only become a new
subdiscipline of food microbiology by the last decades of the
20th century, although it was a mathematical model — the
recognition of the logarithmic law of the thermal death of
Clostridium botulinum spores in the 1920s — that made sca-
ling of the heat treatment preservation technology of close to
neutral pH foods possible [1], [2], [3]. However, similar mo-
deling of the propagation of microbial populations had taken
decades, because ,,predictive microbiology” of bacterial pro-
pagation only began in the 1980s when conditions for this
were established by the development of computer science
and information technology, and thanks to the development
of the appropriate software.

The article titled ,,Kinetic study of the factors influencing the
propagation of the microbial cell” was written by Dr. Karoly
Vas, the greatest personality of Hungarian food microbiology
of the 20th century, after his return from his Oxford study tour
after World War Il - supposedly after getting acquainted there
with the work of Cyrill Hinshelwood, the Nobel Prize-winning
English chemist, on chemical kinetics [4] and the book of J.
Monod on propagation kinetics [5] — as the department head
of the Canned Food, Meat and Refrigeration Industrial Insti-
tute of Budapest [6]. He was among the first to call attention
to the fact that, contrary to the assumption that all cells of a
microbial culture are of the same resistance, the resistance
distribution of the individual cells is reflected in the shapes of
the mortality curves [7]. Therefore, based on this and other
works of his [8], [9], [10], and even though he was a chemi-
cal engineer, Karoly Vas can be regarded as the domestic
pioneer of the later more and more fully evolving predictive
microbiology.

Predictive microbiological research as part of modern food
microbiology developed first at research establishment ope-
rating in English speaking countries such as Great Britain
[11], [12], the United States and Australia. Dr. T. A. Roberts
was one of the senior microbiologists of state food research
in Great Britain in the second half of the 20th century, and
also the colleague of the same Professor Maurice Ingram at
the ARC Meat Research Institute in Langford, who had been

the Oxford mentor of Karoly Vas decades earlier (the first aut-
hor of this remembrance spent an unforgettable six months in
Langford at the end of the 60s alongside Ingram and Roberts
with the scholarship of the Agricultural Research Council). La-
ter, already after the painfully early demise of Dr. Ingram and
Dr. Karoly Vas, during the institute consolidations in England
performed under the Thatcher government, Terry Roberts
was transferred, together with his colleagues, to the Reading,
and then Norwich Institute of Food Research, where he be-
came the central figure of predictive microbiological research
in Great Britain. At the same time, in our opinion, it was Dr.
Robert. L. Buchanan and his coworkers at the USDA Eastern
Regional Research Laboratory, and Dr. T. A. McMeekin and
his colleagues at the University of Tasmania in Australia, who
played key roles in establishing modern predictive microbio-
logy.

It was a fortunate decision of Dr. Roberts to admit the Hunga-
rian mathematician, Dr. Jozsef Baranyi into his research group
for this topic in 1990, as the latter became one of the most
well-known personalities of the development and spreading
of the toolkit of quantitative microbiological risk assessment.

3. International development of predictive bacteriology

In addition to the spreading of the inactivation models, the
so-called probability models, and then the mathematical
description of the propagation kinetics of microbial popula-
tions have become the valuable professional background of
quantitative microbiological risk assessment and risk mana-
gement by now.

Predictive propagation models are basically the result of a
two-stage research and data collection. During the | first sta-
ge”, mathematical description of the propagation and sur-
vival of the microbial population in question is determined,
based on experiments performed under set environmental
conditions (constant temperature, water activity, pH etc.),
which is called the ,,primary model”. Previously, the so-called
logistic or Gompertz function was usually fitted to the ,,sig-
moidal” shape dataset of the propagation curve during the
primary description of bacterial propagation under constant
conditions as a function of the incubation time. According to
Buchanan et al. [13], satisfactory results may often be obtai-
ned by the simple fitting of three linear segments.

The ,;second step” is meant by those analyses that are used
to investigate how a certain parameter of the primary model
(for example the length of the incubation period or growth
rate) is influenced by a change in a certain environmental fa-
ctor (temperature, pH, water activity, partial oxygen tension,
redox potential, CO, concentration). ,Secondary models” are
the result of the fitting of a function to such experimental data.
Minimum, optimum or maximum value environmental factors
enabling propagation are considered characteristics of the
scardinal model” (see for example [14], [15]). In semi-loga-
rithmis representation, the slope value for the inflection point
of the sigmoidal growth curve is called the maximum specific
growth rate (u,__ ). After developing a model, it should be ,,vali-
dated” by comparing it to similar analyses independent of the
modeling experiments.

However, the so-called incubation period (lag value, A) of the
growth curve depends not only on the environmental factors
of the given propagation experiment, but also on the ,history,
or past record” of the bacterial population that is the subject
of the inoculation of the experiment. Solving of this problem
was aided by the recognition that the product of the length
of the lag phase and the maximum specific growth rate, the
quantity h,=p__ A is constant, and it expresses how suitable
the physiological state of the inoculum is for growth in the
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épll a Campden and Chorleywood Food Research
Association (CCFRA) élelmiszeripari kutatasi szdvet-
ség ,FORECAST” szolgaltatasa. A kdrnyezeti ténye-
z6k kell6 hasonlosaga esetén ilyen modellekkel lehet
segiteni az élelmiszerek eltarthatésagi idejének az
elére becslését. A FORECAST hasznositasa ugy tor-
ténhet, hogy a CCFRA-nal kell megrendelni a konkrét
igény szerinti szoftver haszndlat elvégzését (www.
campden.co.uk/services/predictive-microbiologi-
cal-models.pdf).

Az id6k folyaman a prediktiv mikrobiologiai kutata-
sok 6sszegezésére tdbb szakkdnyvben (pl. [23], [24],
[25], [26]), ill. folydirat kildnszam formajaban [27] is
sor kerult. Baranyi Jézsef Magyarorszagon is tartott
a fent emlitett MEBIH tovabbképzésen kiviil a Koz-
ponti Elelmiszer-tudomanyi Kutatéintézetben és a
BCE Elelmiszertudomanyi Doktori Iskolajaban is sze-
minariumokat. A téma részét képezi magyar szerz6k
konyvfejezeteinek [28], [29], valamint a Budapesti
Corvinus Egyetem Elelmiszertudomanyi Kar ,Elel-
miszerbiztonsagi kockazatbecslés”.ciml tananyaga
digitalis tankdnyvének [30] is.

4. Penészgombak szaporodasanak és toxin-kép-
zésének modellezése

A baktériumsejtektdl eltéré jellegd penészgomba
propagulak szaporodasanak modellezése empiriku-
san lényegében azonos megfontolasokkal lehetsé-
ges, mint a baktériumoké, amennyiben a penész-
gombak szaporitdasanak a vizsgalata szilard tapko-
zeg fellletére, ,pontszerlien” raoltott penészgomba
propagulakbodl korkdrésen képz8dd telepek atmérdje
ndvekedésének az id6kdzonkénti megmeérésével tor-
ténik. llyen modellezési térekvések gyakorlatilag egy
idészakban kezd6édtek meg a baktériumszaporodas
prediktiv modellezésével, amikor a Nagy-britanniai
kutatécsoport az ausztraliai CSIRO (Commonwealth
Scientific and Industrial Research Organisation) Di-
vision of Food Science and Technology kutatoéival
egyUttmikoédésben tanulmanyozta egyes Aspergil-
lus fajok szaporodasat a vizaktivitas fliggvényében
[31]. A telepatméré mért értékének az inkubacios idé
fuggvényében valod leirdsa formailag analog a bakté-
riumok szaporodasi gorbéivel és a gorbeillesztés a
Baranyi modellel lehetségesnek bizonyult. A masod-

lagos modell meghatarozasahoz a vizaktivitas értéke
helyettannak b = (1-a )" transzformalt értékét és a
telepatméré ndvekedés maximalis sebességének (g)
értekeét hasznalhatjuk. Az a, /b transzformacio a bak-
tériumok szaporodasanak modellezésekor is hasznos
lehet. Szisztematikus hasonlo vizsgalatokkal gyUjthe-
t6 adatokkal és azok hasonlé modellezésével meg-
valésulhat a baktériumszaporodas modellezéséhez
hasonléan prediktiv mikoldgiai adatbazis létrehozasa
is. A magyar paprikagazdasag szempontjabdl is ér-
dekesek a kézelmult szakirodalmabdl azok a spanyol
vizsgalatok, amelyek aflatoxinogén Asperqgillus flavus
izolatumok novekedését tanulmanyoztak poritott
Capsicum termések extraktjaval készllt tapagaron a
hozzaférhetd viztartalom fiiggvényében [32], a Ros-
so-féle kardinalis modellt hasznalva. Penészgombak
szaporodasanak modellezésével kapcsolatos hazai
vizsgalatok az elmult években ugyancsak folytak a
Baranyi modell felhasznalasaval és részben Dr. Bara-
nyi szakmai iranyitasaval [33], [34], [35], [36].

A klimavaltozas okozta kockazatndvekedésre tekin-
tettel [37] a toxinogén penészgombak szaporoda-
sanak és mikotoxin képzésének elbrejelzése kulcs-
fontossagu az ilyen veszélyeknek kitett termények és
élelmiszerek fogyasztasaval jard6 kockazatok keze-
lése szempontjabdl. llyen jellegul, uttérd vizsgalatok
mar a XX. szazad kilencvenes éveiben folytak [38],
[39]. A mikotoxinok, mint masodlagos anyagcse-
re-termékek képz&désének a modellezése azonban
nehéz, tekintettel a sokféle toxin képz&dési mecha-
nizmusainak és képzddési térvényszerliségeinek a
még korlatozott ismeretanyagara. Ezért ilyen iranyu
torekvések szakirodalmaban els6sorban a legfon-
tosabb mikotoxinok koézll is az aflatoxinokat és az
ochratoxinokat illetéen jelentek meg mar kutatasi
eredmények [40], [41].

5. Prediktiv modellek hasznalatan alapulé gyors
és egyszerli kockazat-becslés

Az el6bbiekben emlitett adatbankokon és szoftver
gyljteményeken kivil az elmult évtizedben szamos
olyan, az internetrél szabadon letdlthetd szoftverek
allnak rendelkezésre, amelyek segitségével a meg-
felel6 kérdésekre online valaszolva élelmiszer-mik-
robioldgiai kockazatok rangsorolasat lehet elvégez-
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prevailing environment of the given experiment. This is so,
because the length of the lag phase depends on how much
»work” cells have to carry out before the beginning of cell divi-
sion. Modeling based on the lag phase and taking into consi-
deration the effect of changes of the environment in time was
made mathematically manageable by the differential equa-
tion called the ,,Baranyi Model” [16], [17], the description of
which also appeared in a lecture given by Jézsef Baranyi at
a Hungarian Food Safety Office (MEBIH) training course [18].

sUser friendly” software packages, that can be considered
the ,tertiary models” of predictive microbiology, were born
using databases compiled on the basis of literature experi-
mental information. Creation of the ,,Food Micromodel” and
»,@rowth Predictor” mathematical toolkit was made possib-
le by UK research, while the so-called ,,Pathogen Modeling
Program” was the result of the activity of Dr. Robert Buchan-
an and his coworkers in the US. These were merged to create
the international database and software package ComBase
[19], initiated by Jozsef Baranyi, which was joined by the
Australian database in 2006 [20]. This integrated database,
which is the collection of thousands of literature experimen-
tal data sets and the mathematical models fitted to them, is
available electronically (www.combase.cc), and allows mo-
deling, using one’s ,own” analytical results. A similar databa-
se called Sym’Previous was created by French researchers
([21], www.symprevious.net). SSSP (Seafood Spoilage and
Safety Predictor, http://sssp.dtuaqua.dk) is a software mo-
deling specifically the spoiling and microbiological safety of
seafood (saltwater fish, smoked salmon, shrimp etc.), which
was created by Danish researchers. The advantage of the
SSSP program is that, in addition to data regarding Listeria
monocytogenes, it contains the spoilage models of products
determined by sensory tests (as a function of temperature
— tropical water), growth models of typical bacteria causing
the spoilage of fish, and predictive models provided by users,
based on temperature-time measured by data recorders un-
der dynamic temperature conditions and also applying cardi-
nal type models [22].

The ,,FORECAST” service of the Campden and Chorleywood
Food Research Association (CCFRA), a food industrial re-
search alliance, is based on propagation models of spoilage
bacteria. Predicting the shelf life of foods can be aided by
such models, in case of suitable similarity of environmen-
tal factors. FORECAST is utilized by ordering the use of the
software from CCFRA, according to the specific need (www.
campden.co.uk/services/predictive-microbiological-models.
pdf).

Over time, predictive microbiological research has been sum-
marized in several reference books (e.g. [23], [24], [25], [26]),
and also in special issues of journals [27]. Seminars were also
held at the Central Food Science Research Institute and at
the Doctoral School of the Faculty of Food Science of the
Corvinus University of Budapest, in addition to the MEBIH
training mentioned above, by Jézsef Baranyi. The topic is
also part of book chapters of Hungarian authors [28], [29],
and also of the digital textbook of the curriculum of the Fa-
culty of Food Science of the Corvinus University of Budapest
titled ,,Food safety risk assessment” [30].

4. Modeling the propagation and the toxin production of
molds

Empirical modeling of the proliferation of mold propagules
that are different in character than bacterial cells can be per-
formed by applying roughly the same considerations that are
used in the case of bacteria, as long as the analysis of mold
proliferation is performed by periodically measuring the inc-

rease in the diameter of the circular colonies forming from
mold propagules inoculated onto the surface of a solid cultu-
re media in a ,,pointwise” fashion. Such modeling endeavors
started pratically concurrently with the predictive modeling of
bacterial growth, when the propagation of certain Aspergil-
lus species as a function of water activity was studied by a
research group in Great Britain, in cooperation with researc-
hers of the Division of Food Science and Technology of the
Australian CSIRO (Commonwealth Scientific and Industrial
Research Organisation) [31]. Description of the measured
values of colony diameter as a function of incubation time is
formally analogous with the growth curves of bacteria, and
curve fitting using the Baranyi model proved possible. To de-
termine the secondary model, instead of the water activity
value, its transformed quantity b, = (1 — a,)"® and the ma-
ximum rate of colony diameter growth (g) can be used. The
a /b  transformation can also be useful when modeling bac-
terial growth. By collecting data from similar analyses syste-
matically and by modeling them similarly, a predictive micro-
biological database can be established, similarly to the mo-
deling of bacterial growth. There are Spanish studies in recent
literature about the investigation of the growth of aflatoxigenic
Aspergillus flavus isolates on a nutrient agar prepared with
the extract of powdered fruits of Capsicum as a function of
accessible water content, using Rosso’s cardinal model, that
are interesting from the point of view of the Hungarian paprika
farms [32]. There have also been domestic studies in recent
years, related to the modeling of the proliferation of molds,
applying the Baranyi model, and partly under the professional
guidance of Dr. Baranyi himself [33], [34], [35], [36]-

Considering the increased risk caused by climate change
[37], prediction of the growth of toxigenic molds and their
mycotoxin production is of key importance for managing the
risks accompanying the consumption of produce and foods
susceptible to these dangers. Such pioneering works were
already performed in the 1990s [38], [39]. However, model-
ing of the formation of mycotoxins as secondary metabolites
is a difiicult task, because of the limited knowledge about the
formation mechanisms and laws of formation of a wide vari-
ety of toxins. Therefore, mainly research results of the most
important mycotoxins, specifically aflatoxins and ochratoxins
have been published in the literature of this topic [40], [41].

5. Fast and simple risk assessment based on the use of
predictive models

In addition to the data banks and software collections me-
tioned above, there have been several kinds of software
available in the past decade, downloadable freely from the
internet, that can help rank food microbiological risks by ans-
wering the proper questions online. Of these, we would only
like to mention the Risk Ranger program [42] (http://www.
foodsafetycentre.com.au/riskranger.php) that we got acqua-
inted with first, and which is available as an Excel file. It is an
excellent tool for food safety educational purposes. It is also
helpful to risk managers and decision makers as a first ap-
proximation to calculate relative risk assessment values after
entering answers to questions regarding the different foods
and pathogens, technological characteristics, consumption
frequency of the given product and the size of the consumer
population. Using this software, one can demonstrate what
the factors are that should be modified in order to decrease
food safety risks, without performing extensive investigations
to achieve this.

6. Conclusions

Predictive microbiology is an important part of the toolkit of
microbiological risk assessment and risk management today,
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ni. Ezek kozll csupan az elséként megismert Risk
Ranger programot [42]; http://www.foodsafetycent-
re.com.au/riskranger.php) emlitjik, amely Excel fajl
formajaban érheté el. Ez az eszkdz élelmiszerbiz-
tonsagi oktatasi célokra is kivaldéan hasznalhato. A
kockazatkezel6k, dontéshozok szamara pedig elsé
tajékozodasként segitséget nyujt ahhoz, hogy kiilén-
b6z6 élelmiszerekre, patogénekre, és technoldgiai
jellemzd8kre, illetéleg az adott termék fogyasztasanak
gyakorisagara és a fogyaszté népesség méretére vo-
natkozé kérdésekre adandd valaszok beirasa utan
relativ kockazatbecslési jelz6szamot szamithassanak
ki. E szoftver hasznélataval azt is lehet érzékeltetni,
hogy milyen tényez8k valtoztatasaval lehet az élel-
miszer-biztonsagi kockazatot csdkkenteni, anélkiil,
hogy kiterjedt sajat vizsgalatokat végeznének ennek
érdekében.

6. Zaré gondolatok

Az elbrejelz6 mikrobiolégia mara az élelmiszer-fo-
gyasztok egészségligyi biztonsagahoz szlikséges
mikrobioldgiai kockazatbecslés és kockazatkezelés
eszkoztaranak fontos részévé valt [43], [44], és a ret-
rospektiv vizsgalatok helyett valds ideji (,real time”)
becsléseket és dontéseket tesz lehetévé mar a gyart-
many- vagy gyartasfejlesztés idészakaban is, a koc-
kazatkezelési rendszerek (HACCP) kidolgozasakor,
vagy a kidolgozott rendszer helyességének értékelé-
sekor, illetéleg a folyamatok el8irt értékeitél vald el-
térések hatasanak a becslésekor. A tudomanyterilet
gyorsan fejl6dik tovabb, kibbvilve azokkal az innova-
tiv aspektusokkal, amelyek a valtozé korilményeket,
az élelmiszerek heterogenitasat és a mikrobioldgiai
kdlcsdnhatasokat is képesek kelléen figyelembe ven-
ni [44], és felhasznaljak a modern mikrobialis 6kolo-
gia, a bizonytalansagi és variabilitasi tényezdk, vala-
mint a molekularis és rendszer bioldgia tudasanyagat
is [45], [46], [47], [48].

7. Készdnetnyilvanitas

A szerzék ertop mor]danak kdszonetet Mészaros
Laszl6 urnak (NEBIH-EKI) értékes javaslataiért.
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Bucsu Farkas Jozsef
akadéemikustol

Megrendiilve és szomoruan bucsuzunk Farkas Jo-
zsef Professzortdl, aki szamtalan tudomanyos elfog-
laltsdga mellett az Elelmiszervizsgalati Kézlemények
szerkeszt6bizottsaganak elndke is volt, és ahogy ko-
rabban, Gigy a lap megujulasa éta is aktivan részt vett
az ujsag alakitasaban bdélcs tanacsaival, tapasztala-
taval, kit(in6 tudomanyos cikkeivel.

Ugy tartjuk mélténak, hogy az aldbbiakban réviden be-
mutassuk a magyar élelmiszer-tudomany és mikrobiold-
gia legmeghatarozobb személyiségének életutjat.
Palyaja

1956-ban szerzett vegyészmérnoki oklevelet, az év ma-
jusaban kerlt a IX. kerlleti Sttdipari Vallalathoz gyakorlé
mérndkként, majd a Konzerv-, Hus- és Hitdipari Kutaté-
intézet tudomanyos segédmunkatarsaként kapott allast.
Két évvel késébb a Kézponti Elelmiszer-ipari Kutatéinté-
zet (KEKI) tudomanyos munkatarsa lett. 1967-ben tudo-
manyos fémunkatarssa Iépett eld, egy évre ra kinevezték
az élelmiszer-mikrobioldgiai osztaly vezet6jévé. Az osz-
talyt 1974-ig vezette, kdzben 1972-ben a kutatéintézet
tudomanyos igazgatéhelyettese lett. Tisztségét tizen-
négy éven keresztl toltétte be.

1968-ban vedte meg a kémiai tudomanyok kandidatusi,
1978-ban akadémiai doktori értekezését. Az MTA Altala-
nos Mikrobioldgiai Bizottsaganak és az Elelmiszer-tudo-
manyi Komplex Bizottsagnak lett tagja, utobbinak 2004-
t6l 2009-ig elndke, 1990-ben megvalasztottak a Magyar
Tudomanyos Akadémia levelezd, 2001-ben pedig rendes
tagjava.

Kbdzben a Tudomanyetikai és a Radiokémiai Bizottsagba
is bekerllt. Akadémiai tisztségein kivil 1992-t6l 2009-
ig a Magyar Elelmiszerkdnyv Bizottsag elndke, 2004-t6I
2008-ig a Magyar Mikrobioldgiai Tarsasag alelndke és
2005-t6l a Magyar Elelmiszerbiztonsagi Hivatal Tudoma-
nyos Tanacsado Testllete elndke.

1976 és 1978 kdzott az Acta Alimentaria cimd tudoma-
nyos szakfolydirat koordinalé szerkesztje volt, 2005-ben
fészerkesztdje lett, és a szerkesztébizottsagban is dolgo-
zott. 1995-t61 2006-ig a Radiation Physics and Chemistry
szekcidszerkesztdje. Az Elelmiszervizsgalati Kdzlemé-
nyek Szerkesztbizottsagahoz 1994-ben csatlakozott.
2006-t6l folyamatosan a Szerkesztébizottsag elndke lett.
1985-ben a Kertészeti és Elelmiszer-ipari Egyetem Alla-
titermék Technoldgiai Tanszékéhez (ma: HUité- és Allati-
termék Technoldgiai Tanszék) kertilt egyetemi tanari be-
osztasban, egyben a tanszék vezetésével is megbiztak.
Innen 20 éves oktatéi munka utan vonult nyugdijba.
2003 6ta professor emeritusi statuszt és a KEKI-nél kuta-
toprofesszori megbizast kapott.

Kiilféldi munkassaga:

1980 és 1985 kozott a ENSZ Elelmezési és Mezdgazda-
sagi Szervezete (FAO) és a Nemzetkdzi Atomenergia-lgy-

nokség (IAEA) kozos Nemzetkdzi Elelmiszer-besugarzasi
Létesitményének igazgatdja volt Hollandiaban.

A legkorszer(ibb technoldgiakkal kutatta az élelmi-
szer-besugarzassal kapcsolatos, romlast okozé mikroflo-
ra sugarrezisztencidjat. Az élelmiszerek besugarzassal
torténd tartositasanak témakorével kdzel 6t évtizeden at
foglalkozott. Angliaban, Langfordban, a Meat Research
Institute-ban ugyancsak az élelmiszer besugarzashoz
kapcsolédd témaban kutatott, 1973-ban az Egyesiilt Al-
lamokba, az lllinois University of Technology intézetben
a baktériumsporak sugarrezisztencidjat, a kritikus, legre-
zisztensebb patogéneknek a sugarkezelést kovetd, un.
reparaciojat vizsgalta.
Egy élet szamokban:
Farkas Jézsef kutatdprofesszornak, a hazai élelmiszer-tu-
domanyi és technoldgiai kutatasok hazai uttoréjének
tébb mint 50 orszagbdl voltak tanitvanyai, 20 nemzetkozi
szakeértdi bizottsag munkajaban vett részt, 45 orszagban
fordult meg és tartott eléadast konferenciakon, szakértdi
bizottsagi Uléseken. Tébb mint 200 tudomanyos publi-
kacio szerzbje vagy tarsszerzdje, ebbdl kilenc koényv
tarsszerzéje vagy szerkesztdje. Munkait magyar és angol
nyelven adta kdzre. 52 éve volt hazas, harom gyermeket
és hét unokat hagyott hatra.
Nézetei:
4,E terllet egyfajta szegénységi fogadalom megtételét
igényli, mert Nobel-dijat nem élelmiszerkutatoknak osz-
tanak” — mondta nemrég egy interjuban, hozzatéve, hogy
Magyarorszag mezégazdasaga, élelmiszeripara jol képzett
vegyészmeérnodkoket igényel.
Tobbszor, még e lap hasabjain is kiallt amellett, hogy a mik-
robioldgiai veszélyekkel szemben intelligens eréfeszitésekre
volna sziikség. El6éadasaiban gyakran hangoztatta a klima-
valtozas mikrobiologiai  €lelmiszer-biztonsagra gyakorolt
hatasait. Ugy vélte, eurdpai viszonylatban Magyarorszagon
az atlagosnal nagyobb lesz a felmelegedés, az ebbdl faka-
do stresszhatas kovetkeztében pedig a termesztett néveé-
nyek is egyre érzékenyebbek lesznek azokra a kérokozok-
ra, amelyek részben ndvénybetegségeket, részben pedig
ndvényi nyersanyagokkal kozvetitett élelmiszer-biztonsagi
problémakat okozhatnak. llyen pl. a mikotoxinokat képzé
penészgombaknak a fokozottabb terjedése.
Nem véletlen, hogy 6 kutatasi teriilete az élelmiszer-biz-
tonsdg, az élelmiszer-tartdsitds mikrobioldgidja, kémiaja
és technoldgiaja volt. Eredményei jelentések az antimik-
robas stressztényez6k egylttes hatasanak szamsze-
rlsitésében, az allati eredetli élelmiszerek (hus, tej, sajt
stb.) lipidoxidaciés (tehat egy bizonyos zsirtipus oxida-
cios) folyamatainak gatlasaban, valamint az élelmisze-
rekkel kozvetithet6 betegségokozd (Ugynevezett pato-
gén) baktériumokkal szembeni élelmiszer-technologiak
megalapozasaban. A 2000-es években a fliszerekkel és
a gyumolcsokkel kapcsolatos élelmiszer-technoldgiai
kérdésekkel, valamint nem termikus tartésitasi modsze-
rekkel és az élelmiszerek mikrobioldgiai biztonsaganak
kérdéseivel foglalkozott.
Dijai, elismerései

Sigmond Elek-emlékérem (1974)

Kosutany Tamas-emlékérem (1992)

Eijkman-dij (1992, Utrechti Egyetem)

L&rincz Ferenc-emlékérem (1997)

Széchenyi-dij (1999)

Ipolyi Arnold tudomanyfejlesztési dij (2000, OTKA)

MTESZ-dij (2005)
Dr. Farkas Jozsef akadémikus személyében a hazai élel-
miszertudomany egyik kiemelked6 alakjat veszitettik
el. Felbecsillhetetlen értéki tudomanyos eredményeit
megdrizzik. A mindig szerény és kedves tudos emlékét
kegyelettel apoljuk. Isten adjon békés nyugodalmat neki!

Forras: ,Beszélgetés Farkas Jozsef emeritus professzor trral” cimdi riport, Cseh Jilia (NEBIH Ujsag) nyoman
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Szerzok:

Dr. Farkas Jozsef, professor emeritus, az MTA ren-
des tagja, Budapesti Corvinus Egyetem, Elelmiszer-
tudomanyi Kar

Mohéacsiné dr. Farkas Csilla, egyetemi tanar, Buda-
pesti Corvinus Egyetem, Elelmiszertudomanyi Kar,
Mikrobioldgiai és Biotechnoldgiai Tanszék
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necessary for the safety of food consumers’ health [43], [44],
and it allows real time estimations and decisions instead of
retrospective analyses already at the product or production
development stage, when developing risk management sys-
tems (HACCP), during the evaluation of the correctness of an
established system, or when estimating the effect of devia-
tions from prescribed values of processes. This field is rapidly
progressing, incorporating those innovative aspects that can

A farewell to academician
Jozsef Farkas

We are staggered and sad to bid farewell to Professor Jozsef
Farkas who, in addition to his numerous scientific pursuits,
was the president of the editorial board of the Journal of Food
Investigations and, as before, had been actively involved in
shaping the magazine since its renewal with his wise advice,
experience and excelllent scientific papers.

We think it proper to present briefly the life of the most
influential personality of Hungarian food science and
microbiology below.

His career

He earned his diploma in chemical engineering in 1956, started
to work as a practicing engineer at the 9th district Bakery
Company in May of that year, and then was offered a job as a
junior scientific associate at the Canned, Meat and Refrigeration
Industrial Research Institute. Two years later he became a
scientific associate of the Central Food Research Institue (KEKI/
CFRI). In 1967 he was promoted to senior scientific associate,
and a year later he was appointed head of the food microbiology
department. He led the department until 1974, and in the
meantime he became deputy scientific director of the research
institute in 1972. He held this position for fourteen years.

In 1968 he defended his Ph.D. in chemistry, and in 1978 his
academic doctoral thesis. He became member of the Committee
of General Microbiology of the Hungarian Academy of Sciences
(MTA) and the Complex Committee of Food Science, was
president of the latter from 2004 until 2009, was elected
corresponding member of the MTA in 1990, and full member in
2001.

Meanwhile, he was also included in the Committees of Scientific
Ethics and Radiochemistry. In addition to his academic posts,
he was chairman of the Hungarian Food Codex Committee from
1992 until 2009, vice president of the Hungarian Society for
Microbiology from 2004 until 2008, and chairman of the Scientific
Advisory Board of the Hungarian Food Safety Office from 2005.
Between 1976 and 1978 he was coordinating editor of the
scientific journal Acta Alimentaria, became editor-in-chief in
2005, and also worked on the editorial board. He was a section
editor of Radiation Physics and Chemistry from 1995 until 2006.
He joined the editorial board of the Journal of Food Investigations
in 1994. From 2006 he became president of the editorial board.
In 1985 he joined the Department of Livestocks’ Products
Technology of the University of Horticulture and Food Industry
(today: Department of Refrigeration and Livestocks’ Products
Technology) as a college professor, and was also appointed
head of the department. He retired from this position after 20
years of teaching.

Since 2003, he has been professor emeritus at the university and
a research professor at CRFI (KEKI).

sufficiently take into consideration changing conditions, food
heterogeneity and microbiological interactions [44] and can
also utilize the knowledge accumulated in modern microbial
ecology, uncertainty and variability factors, and molecular
and systems biology [45], [46], [47], [48].
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His work abroad:
Between 1980 and 1985 he was director of the International
Facility for Food Irradiation Technology in the Netherlands, a
research and training center sponsored by the UN Food and
Agriculture Organization (FAO) and the International Atomic
Energy Agency (IAEA).
Using state-of-the-art technologies, he performed research on
the radiation resistance of spoilage microflora, related to food
irradiation. He spent almost five decades on the topic of food
preservation using irradiation. The subject of his research in
England, at the Langford Meat Research Institute was also
related to food irradiation, and he investigated the resistance
to radiation of bacterial spores, the so-called reparation of the
critical, most resistant pathogens following radiation treatment at
the lllinois Institute of Technology in the US in 1973.
A life in numbers:
Research professor Jozsef Farkas, the domestic pioneer of
research on food science and technology, had students from
more than 50 countries, participated in the work of 20 international
expert committees, visited 45 countries where he presented
lectures at conferences and expert committee meetings. He is
the author or co-author of more than 200 scientific pubilcations,
which includes being the co-author or editor of nine books.
Hiw works were published in Hungarian and English. He was
married for 52 years, leaving behind three children and seven
grandchildren.
His views:
,»This field requires a kind of vow of poverty, because Nobel Prizes
are not awarded to food researchers” — said in a recent interview,
adding that the agriculture and food industry of Hungary requires
well-trained chemical engineeres.
Several times, even on the pages of this magazine, he argued
that intelligent efforts would be needed against microbiological
hazards. In his lectures he often pointed out the effects of climate
change on microbiological food safety. He thought that, within
Europe, warming would be larger than average in Hungary, and
as a result of the stress caused by this, cultivated crops would
become more sensitive to pathogens causing plant diseases on
the one hand, and food safety problems transmitted with raw
materials of plant origin on the other hand. One such problem is
the more pronounced spreading of mycotoxin producing molds.
It is no coincidence then that his main area of research was
food safety, the microbiology, chemistry and technology of food
preservation. His results were significant in the quantification
of the combined effect of antimicrobial stress factors, in the
inhibition of lipid oxidation processes (i.e. oxidation of a certain
type of fat) of foods of animal origin (meat, milk, cheese etc.),
and in the foundation of food technologies against food-borne
pathogenic bacteria. In the 2000s, he addressed food technology
questions related to spices and fruits, and also issues of non-
thermal preservation methods and the microbiological safety of
foods.
Awards, recognitions

Elek Sigmond Memorial Medal (1974)

Tamas Kosutany Memorial Medal (1992)

Eijkman Medal (1992, University of Utrecht)

Ferenc L&rincz Memorial Medal (1997)

Széchenyi Prize (1999)

Amold Ipolyi Award for the development of science (2000,

OTKA)
e  MTESZ Award (2005)
An outstanding figure of domestic food science was lost in the
person of academician Dr. Jozsef Farkas. His priceless scientific
results will live on. The always humble and kind scientist will be
remembered with reverence. May God give him a peaceful rest!

Source based on: ,,Interview with Jézsef Farkas emeritus professor” riport by Jlia Cseh (NEBIH Ujsag/NEBIH journal)
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A kémiai Nobel-dij és a
Staphylococcus aureus.

A modern tomegspektrometria

szerepe a mikroorganizmusok
azonositasaban.

1. Osszefoglalas

A globalizalt piacok, a gyorsan valtozé élelmiszeripari technoldgiak és taplalkozasi
iranyzatok Uj kihivasok elé allitjak az élelmiszerlanc-biztonsagot feliigyel6 szakembe-
reket, laboratériumokat. A mikrobiologiai laboratériumok egyik legfontosabb feladata
az élelmiszerlancba bekeriilé alapanyagok, termékek - takarmanyok, élelmiszerek -
vizsgalata, a korokozo mikroorganizmusok jelenlétének gyors, megbizhaté kimutata-
sa, azonositasa. A szabvanyos, tenyésztéses mikrobioldgiai modszerekkel a patogén
mikroorganizmusok kimutatasa akar 5-8 napot is igénybe vehet, ezért a modern mik-
robiolégiai modszerek sulypontja a gyors, miiszeres analitikai vizsgalatok felé tolodik
el. A molekularis bioldgiai kutatasok eredmeényeinek kdszénhetdéen olyan metodikak
valnak rutin laboratériumi médszerekké, amelyek nagyszamu mintarol, révid id6 alatt,
megbizhato eredményt szolgaltatnak.

Az alternativ mikrobioldgiai metodikak egyik legujabb képviselSje a tomegspektromet-
ria és az ahhoz kapcsolodé szoftverek, amelyek segitségével mikroorganizmuso-
kat azonosithatunk. A MALDI-TOF betlisz6 specialis tomegspektrométer roviditése.
A ,MALDI” (Matrix Assisted Laser Desorption lonization) fotoionizacios ionforrast, mig
a ,,TOF” (Time of Flight) repiilési id6 tomeganalizatort jelol. Az azonositas alapjat a
mikroorganizmusokban talalhaté genetikailag kodolt fehérjék képezik. Minden mik-
roszervezet egyedi fehérje6sszetétellel rendelkezik, amelyet egyfajta ujjlenyomatként
hasznalhatunk a vizsgalatok soran. Ezt a fehérjeprofilt hatarozzuk meg a MALDI-TOF
vizsgalat soran, majd ezt hasonlitjuk 6ssze a referenciakényvtarban talalhaté mikroor-
ganizmusok fehérje-adataival. Jelen k6zleményben bemutatom ennek a médszernek
az alapjait, az alkalmazhatdsagat a patogén mikroorganizmusok azonositasara, illetve
az uj metodika helyét a mikrobioldgiai vizsgalatokban.

2. Bevezetés:

Mi kéze a 2002-ben odaitélt kémiai Nobel dijnak a
Staphylococcus nemzetségbe tartozé mikroorganiz-
mushoz?

Azt gondolhatnank, hogy nem sok, de a modern tu-
domany elmossa a klasszikus tudomanyteruletek
hatarait, igy egy molekulaszerkezet-kutatasi mod-

' Wessling Hungary Kft.
T Wessling Hungary Kft.

szer - a tdmegspektrometria - hatékony eszkoz lesz
a mikrobioldgusok kezében is, segitségével gyorsan,
megbizhatdan azonosithatok a ,korézott blindzEk” a
patogén mikroorganizmusok.

2002-ben a Nobel dijat a Svéd Tudomanyos Akadé-
mia harom kutaténak itélte oda a kémia tudomanyok
terliletén végzett munkassagukért. John B. FENN,
Koichi TANAKA és Kurt WUTHRICH, egy amerikai,
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egy japan és egy svajci kutaté a bioldgiai makromo-
lekuldk szerkezetvizsgalati mdédszereinek kifejleszté-
séért kaptak a dijat.

John B. Fenn az elektroporlasztasos ionizacio - koz-
ismertebb nevén az ESI (Electrospray lonization) ki-
fejlesztéséért és alkalmazasaért kapta a dijat [1]. Kurt
Withrich kutatasai megnyitottak az utat a fehérjék
térszerkezetének oldatfazisban térténé NMR-spekt-
roszkopiai vizsgalatahoz [2].

Koichi Tanaka a legfiatalabb kémiai Nobel dijazott-
ként, 43 évesen a lagy lézer deszorpcios/ionizaciés
eljiaras (Soft Laser Desorption - SLD) felfedezéséért
vehette at a dijat. A tdmegspektrometrias vizsga-
latokhoz a molekulakat gazfazisban ionizalni kell,
ami makromolekulak esetében korantsem egyszer(
feladat. Tanaka nagy energiaju lézer impulzusokat
hasznalt a makromolekulak ,elparologtatasahoz”,
ionizaciojahoz, de azt tapasztalta, hogy igy a mak-
romolekuldk fragmentalédnak, kisebb molekularé-
szekre bomlanak. Ha azonban finom eloszlasu fém-
port tartalmazé glicerinben, mint matrixban oldotta
a célkomponenseket, akkor olyan gazfazisu ionizalt
részecskéket kapott, amelyek a makromolekuldk
eredeti szerkezetét is hordoztak, azaz sikerllt kimé-
letesen ionizalni és gazfazisba juttatni azokat. Ez a
madszer volt az elsd, amellyel lehetévé valt bioldgiai
makromolekulak tdmegspektrometrias vizsgalata [3].

Sokak szerint még két névnek kellett volna szere-
pelnie a dijazottak kozott. Két német kutatd, Franz
Hillenkamp és Michael Karas nevének, akik - Tanaka-
val lényegében egy idében - kis szerves molekulakat
alkalmaztak segédanyagként, matrixként a proteinek
tdmegspektrometrias vizsgalatahoz. A modszeriket
matrixszal segitett Iézer deszorpcionak/ionizacionak
nevezték el (Matrix-Assisted Laser Desorption/loni-
zation - MALDI), és lényegében ezt a moédszert al-
kalmazzuk a mai napig proteinek, fehérjék, peptidek
tdmegspektrometrias vizsgalatara [4].

Hogyan tudjuk ezeket a hihetetlen tudomanyos ered-
ményeket hatékonyan alkalmazni a patogén mikroor-
ganizmusok azonositasara?

A molekularis biolégia fejlédésével egyre mélyreha-
tobb ismeretekkel rendelkezliink a minket korilvevé
biétakrdl, igy a human megbetegedéseket okozd
patogén mikroorganizmusokrodl is. A genetikai anya-
guk, a DNS-Uk feltérképezésétdl kezdve a sejtjeiket
felépité molekuldk, fehérjéik szerkezetének meghata-
rozasan at, az altaluk termelt toxinok szerkezetének
felderitéséig igen széleskorl tudasanyag van a birto-
kunkban ezekrdl a fontos mikroorganizmusokrol.

Szamos alternativ, a fentebb emlitett kutatasi ered-
ményeken alapuld vizsgalati modszer terjedt el a
klasszikus mikrobiolégiai metodikak mellett. llyenek
példaul a DNS/rDNS alapu kimutatasi eljarasok (real-
time PCR, qPCR, MDS), illetve a szelektiv, immuno-
I6giai reakcidkat alkalmazé (ELISA, ELFA, VIDAS)
mdszeres analitikai modszerek.

Ebbe a sorba illeszkedik be a modern témegspekt-
rometria - a MALDI-TOF - mint azonositasi médszer.
Egy mikroorganizmus fehérjekészlete, proteinprofil-
ja genetikailag meghatarozott, igy alkalmas lehet az
adott mikroorganizmus azonositasara. A MALDI-TOF
tdmegspektrométerrel ezt a fehérjeprofilt hataroz-
zuk meg. A vizsgalat soran egy ,tdmegspektrumot”
veszlnk fel, majd ezt hasonlitjuk 6ssze a spektrum-
konyvtarban talalhatdé mikroorganizmusok témeg-
spektrumaival. Ez a tdmegspektrum egyedi, egyfajta
ujjlenyomatként hasznalhaté a vizsgalt biéta azono-
sitdsara. A tovabbiakban tekintsiik at, hogy valésul
meg a vizsgalat a gyakorlatban!

3. A MALDI-TOF tomegspektrometria

A tdmegspektroszkopia egy olyan hatékony szerke-
zetkutatasi modszer, amelynek alkalmazasa kbzben
a vizsgalando molekulakat gazfazisba juttatjuk, ioni-
zaljuk és nagyfeszlliségl elektromos térrel felgyor-
sitjuk. A felgyorsitott ionokat magneses, elektrosz-
tatikus, vagy radiéfrekvencias terekkel tdmegik és
téltéslik szerint elvalasztjuk, és meghatdrozzuk az
ionok tdmegét.

A vizsgalt molekula mérete, molekulatémege az
egyik legfontosabb szerkezeti informacio, amelyet
a tdmegspektrometria szolgaltat, ezért a makromo-
lekulak témegspektrometrias vizsgalataban a kulcs-
kérdés az ionizacié. Hogyan tudjuk gazfazisba juttat-
ni és ionizalni a vizsgalando bioldgiailag aktiv mole-
kulakat? Milyen médon tudjuk az élettani folyamatok
kulcsszerepldit, a tdbb ezres, tdbb tizezres molekula-
tdmegl fehérjéket, enzimeket tdmegspektrométerrel
vizsgalni? Az egyik megoldas a MALDI-TOF technika
alkalmazasa lehet.

A MALDI-TOF bet(iszé specidlis tdomegspektrométert
jelent, amelyben az ionforras a MALDI (Matrix-As-
sisted Laser Desorption/lonization) és a témeg-
szam-analizator a TOF (Time of Flight), ami az ioni-
zacid soran keletkezett ionok tdmeg/toltés szerinti
szétvalasztasara szolgal.

A Tanaka altal 1985-ben szabadalmaztatott eljarast
(SLD - matrix glicerin és fémpor) soha nem hasz-
naltak fehérjék vizsgalatara, helyette a sokkal érzé-
kenyebb, Hillenkamp és Karas német kutatéparos
megoldasat alkalmazzuk a mai napig a proteinek
vizsgalatara. Ebben az eljarasban a matrix kis szer-
ves molekula, amely képes elnyelni az ionizaciéhoz
alkalmazott lézer energigjat, illetve ionizalja a célve-
gylleteket (protonalt kvazi molekulaionok, [M+H]*). A
MALDI-TOF témegspektrométerben pulzald nitrogén
Iézer sugarforrast alkalmazunk, amely a gyari specifi-
kacio szerint 337,1 nm hullamhosszusagu UV fényt
bocsat ki 60 Hz-es impulzusokban. A kibocsatott fo-
ton-impulzusok energiagja tetszdlegesen szabalyoz-
hato, a vezérl§ szoftver az ionizacid hatasfokanak
megfeleléen akar impulzusrél-impulzusra valtoztatja.
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The Nobel prize

in Chemistry and
Staphylococcus aureus.
The role of modern
mass spectrometry

in the identification of
microorganisms.

Csaba Lovasz'
1. Summary:

Experts and laboratories supervising food safety are
faced with new challenges by globalized markets, and
rapidly changing food industrial technologies and nutrition
trends. One of the most important tasks of microbiological
laboratories is the analysis of raw materials and products
(feeds and foods) entering the food chain, fast and reliable
detection and identification of the presence of pathogenic
microorganisms. Detection of pathogenic microorganisms
might take 5 to 8 days using standard microbiological
culture methods, therefore, the emphasis of modern
microbiological methods is shifting towards rapid
instrumental analyses. Thanks to research in molecular
biology, methodologies that can provide reliable results
for a large number of samples in a short time are becoming
routine laboratory methods.

One of the latest representatives of alternative
microbiological methodologies is mass spectrometry
(MALDI-TOF) and related software, with the help of
which one can identify microorganisms. The acronym
MALDI-TOF stands for a special mass spectrometer:
MALDI (Matrix Assisted Laser Desorption lonization) is
a photoionization ion source, while TOF (Time of Flight)
denotes a time-of-flight mass analyzer. Identification
is based on gentically coded proteins found in
microorganisms. Each microorganism has a characteristic
protein profile that can be used for identification as a sort
of fingerprint. This protein profile is determined during
MALDI-TOF analysis, and then it is compared to the
protein profiles of microorganisms found in the reference
library. In this paper, | would like to present the basis
of this method, its applicability for the identification of
pathogenic microorganisms, and the place of this new
methodology among microbiological tests.

2. Introduction:

What does the 2002 Nobel Prize in Chemistry have to do
with a microorganism of the genus Staphylococcus?

One might think that the answer is ,not much”, but
boundaries between classic scientific disciplines are
becoming blurred by modern science, and a method for
structure determination — mass spectrometry — can be
an efficient tool in the hands of microbiologists, it can be
helpful in the fast and reliable identification of ,,wanted
criminals”, pathogenic microorganisms.

The 2002 Nobel Prize in Chemistry was awarded by the
Royal Swedish Academy of Sciences to three researchers
for their work in the field of the chemical sciences. The
prize was awarded to John B. FENN, Koichi TANAKA and
Kurt WUTHRICH, three researchers from the USA, Japan
and Switzerland, respectively, for the development of
structure analysis methods of biological macromolecules.

The prize was awarded to John B. Fenn for the development
and application of electrospray ionization, commonly
known as ESI [1]. The research of Kurt Withrich opened
the way for solution phase NMR spectroscopic analysis of
the three-dimensional structure of proteins [2].

Koichi Tanaka received the prize, as the youngest Nobel
laureate in chemistry, for the discovery of Soft Laser
Desorption (SLD) at the age of 43. For mass spectrometric
analysis, molecules have to be ionized in the gas
phase, which is not a simple task at all in the case of
macromolecules. High energy laser impulses were used by
Tanaka to ,,evaporate” and ionize macromolecules, but he
found that fragmentation of the macromolecules occured,
they broke down into smaller molecules. However, if
target components were dissolved in glycerol containing
finely dispersed metal powders as the matrix, then ionized
particles in the gas phase maintained the original structure
of the macromolecules, i.e. they were ionized gently and
transferred to the gas phase successfully. This was the
first method enabling mass spectrometric analysis of
biological macromolecules [3].

According to many, an additional two names should
have been among the winners of the Prize. They were
two German researchers, Franz Hillenkamp and Michael
Karas, who used small organic molecules as additives or
as matrix for the mass spectrometric analysis of proteins,
basically at the same time as the work performed by
Tanaka. They named their method Matrix-Assisted Laser
Desorption/lonization — MALDI, and essentially this is
the method that is still used for the mass spectrometric
analysis of proteins and peptides today [4].

But how can these incredible scientific results be
applied efficiently for the identification of pathogenic
microorganisms?

With the development of molecular biology, we possess
deeper and deeper knowledge about biota surrounding
us, including pathogenic microorganisms that cause
human diseases. From mapping out their genetic material,
their DNA, through the determination of the structure
of molecules and proteins comprising their cells, to
discovering the structure of the toxins produced by them,
we possess a wide range of knowledge about these
important microorganisms.

There are a number of alternative test methods, based
on the above-mentioned research results, in addition to
classic microbiological methodologies. These include
DNA/rDNA based detection procedures (real-time PCR,
qgPCR, MDS), and also instrumental analysis methods
applying selective immunological reactions (ELISA, ELFA,
VIDAS).

Modern mass spectrometry — MALDI-TOF - as an
identification method fits well in this line. The protein
pool or protein profile of a microorganism is genetically
determined, so it can be suitable for the identification of the
given microorganism. This protein profile is determined by
the MALDI-TOF mass spectrometer. During the analysis,
a ,mass spectrum” is recorded, and then it is compared to
the mass spectra of microorganisms found in the spectral
library. This unique mass spectrum can be used as a sort
of fingerprint for the identification of the biota in question.
Henceforward, we review how the analysis is performed
in practice!
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A matrixként, segédanyagként leggyakrabban hid-
roxil-, illetve karboxil-csoportokat tartalmazé aromas-
gylirls vegylleteket alkalmazunk. A mikroorganiz-
musok azonositasahoz a leiratok az a-Ciano-4-hid-

roxi-fahéjsavat (a-HCCA - a-Cyano-4-Hydroxy-
cinnamic acid) javasoljak. Az 1. abra az a-HCCA
szerkezeti képletét és UV spektrumat mutatja.

Abszorbancia
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1. dbra. Az a-Ciano-4-hidroxi-fahéjsav szerkezeti képlete és UV/VIS spektruma [5]
Figure 1. Structural formula and UV/VIS spectrum of a-cyano-4-hydroxycinnamic acid [5]

Az 1. abran lathatd, hogy a matrixként alkalmazott
vegytulet j6l abszorbedlja a Nitrogén UV-lézer fényét
(337,1 nm), igy az energiaatadas nagyon hatékony. A
matrix oldat formajaban kerdl fel a mintatarté lemezre
(targetre), ahol az olddszer elparolog, és a korabban
felvitt, a vizsgalt mikroorganizmusbol szarmazo fehér-
jékkel egy szilard, elegykristaly fazist képez, amelyben
zarvanykeént talaljuk a makromolekulakat. Az ionizacié
soran a lézer energigja egyrészt a fehérjék gazfazis-
ba jutasat szolgdlja, masrészt az ionizacidjukat segiti.
Ezzel a mddszerrel a vizsgalt proteinekbdl gazfazisu,
protonalt, jorészt egyszeresen toltott pozitiv iono-
kat kapunk. Az addukt képz&dés ritka, de a tdmeg-
spektrumban megjelennek a kétszeresen t6ltdtt ionok
is. A specidlisan kialakitott ionforrasban képz8doétt io-
nokat nagyfesziltségu térrel felgyorsitjuk, fokuszaljuk,
és a repuilési csovon keresztil a detektorba juttatjuk.

A repllési id6 tdmegspektrométer alkalmazasa ele-
gans lehetéséget kinal a felgyorsitott ionok témeg
szerinti elvalasztasara (Time of Flight - TOF, [6]). Eb-
ben a berendezésben a felgyorsitott ionok repllési
idejét igen pontosan — nano szekundum pontossaggal
— mérjik. Egy adott kinetikus energiaval rendelkezé
ioncsomagbdl a kisebb tdmegl ionok nagyobb se-
bességgel, révidebb id6 alatt érkeznek a detektorhoz,

mig a nagyobb témegUl ionok lassabban, hosszabb
id8 alatt érnek az analizator csé végén elhelyezett de-
tektorhoz. Az ionok tdmegének meghatarozasat repu-
Iési idejlik mérésére vezetjik vissza, igy azt mondhat-
juk, hogy egy TOF tdmegspektrométer a laboratérium
legpontosabb ,stoppere”. Ezzel a tdmeganalizatorral
nagy molekulatémegU ionok vizsgalhatdak kénnyen.

Egy MALDI-TOF berendezéssel egyszerlien és ha-
tékonyan kaphatunk informacidkat a vizsgalt minta
makromolekulairdl, fehérjeprofiljardl, illetve a vizsga-
lat soran rogzitett tdmegspektrumot szamos modon
hasznalhatjuk fel a tovabbiakban.

A MALDI-TOF technikaval kapott spektrum nem egy
konkrét vegyullet tdmegspektruma, hanem a berende-
zés replilési csdvében megjelend, kildnbdz8d tdmeg-
szamu ionok, azaz a vizsgalt mikroorganizmusban
talalhatd fehériék protonalt molekulaionjainak jeleinek
Osszessége, vagyis a mintdban talalhato fehérje elegy
témegspektruma. A spektrumon megjelend valamennyi
csucs tehat egy-egy fehérjének felel meg. Hasonléan
az elektronltkdzéses ionizacié (El) esetén kapott t6-
megspektrumokhoz, a MALDI-TOF t&émegspektrumai
is egyfajta ,ujjlenyomatként” hasznalhatéak az adott
egyedek, a vizsgalt mikroorganizmusok azonositasra.
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3. MALDI-TOF mass spectrometry

Mass spectrometry is an efficient method for structure
determination during which molecules to be analyzed
are transferred to the gas phase, they are ionized and
accelerated using a high-voltage electric field. Accelerated
ions are separated by magnetic, electrostatic or radio
frequency fields according to their mass and charge, and
masses of the ions are then determined.

The size or weight of the molecule is one of the most
important structural informations provided by mass
spectrometry, therefore, ionization is a key question in
the mass spectrometric analysis of macromolecules.
How can biologically active molecules to be analyzed be
transferred to the gas phase and ionized? How can key
players of physiological processes, proteins and enzymes
with molecular weights in the thousands, and even in the
tens of thousands be analyzed by the mass spectrometer?
One of the solutions can be the application of the MALDI-
TOF technique.

The acronym MALDI-TOF denotes a special mass
spectrometer in which the ion source is the MALDI (Matrix-
Assisted Laser Desorption/lonization) and the mass
number analyzer is the TOF (Time of Flight), separating
ions produced during ionization according to their mass/
charge.

The procedure patented by Tanaka in 1985 (SLD - glycerol
and metal powder matrix) has never been applied to for
the analysis of proteins, the much more sensitive solution
of the German research team of Hillenkamp and Karas
is used instead to this very day. In this procedure, the
matrix is a small organic molecule capable of absorbing
the energy of the laser used for ionization and ionizing
the target compounds (protonated quasi molecule
ions, [M+H]). In the MALDI-TOF mass spectrometer a
pulsating nitrogen laser source is applied, emitting UV
light of 337.1 nm wavelength in 60 Hz pulses, according
to the manufacturer’s specification. The energy of the
photon pulses emitted can be set to any value, it can even
be modified by the control software pulse by pulse as a
function of ionization efficiency.

Compounds that are used most often as matrix or additive
are aromatic compounds containing hydroxyl or carboxyl
groups. For the identification of microorganisms, a-cyano-
4-hydroxycinnamic acid (a-HCCA) is recommended by
prescriptons. Structural formula and UV spectrum of
a-HCCA are shown in Figure 1.

As shown in Figure 1, the compound used as the
matrix absorbs the light of the nitrogen UV laser (337.1
nm) well, energy transfer is quite efficient. The matrix is
applied to the sample holder plate (target) in the form of
a solution, the solvent evaporates, and matrix molecules
and proteins coming from the microorganism tested, and
applied earlier, form a solid, mixed crystal phase, in which
macromolecules are encapsulated. During ionization, the
energy of the laser promotes release of the proteins into
the gas phase and also helps their ionization. Using this
method, gas phase, protonated ions are obtained from
the proteins analyzed, mainly possessing a single positive
charge. Adduct formation is rare, but doubly charged ions
also appear in the mass spectrum. lons that form in the
specially configured ion source are accelerated using a
high voltage field, they are focused and introduced into
the detector through the flight tube.

Application of the time of flight mass spectrometer provides
an elegant solution for the separation of accelerated ions

according to their mass [6]. In this instrument flight times of
the accelerated ions are measured very accurately — with
nanosecond accuracy. Of an ion package having a certain
kinetic energy, smaller mass ions reach the detector at
higher speeds, in a shorter time, while larger mass ions
reach the detector at the end of the analyzer tube more
slowly, over a longer period. Determination of the mass
of ions is traced back to the measurement of their time
of flight, so we can say that a TOF mass spectrometer is
the most accurate ,stopwatch” of the laboratory. Large
molecular mass ions can be analyzed easily using the
mass analyzer.

With a MALDI-TOF instrument, one can obtain information
about the macromolecules and protein profile of the
sample analyzed simply and efficiently, and the mass
spectrum recorded during the analysis can be used
further in several ways.

The diagram obtained by the MALDI-TOF isn’t a mass
spectra of an individual compound, but the mass spectra
of the total protonated molecule ions of different weight
proteins appearing in the flying tube of instrument. In
the other words, the result is a mass spectra of protein
mixture existing in the sample. Each peak in the diagram
is corresponding to an individual protein. Similarly to
mass spectra obtained using electron ionization (El),
MALDI-TOF mass spectra can be used as a type of
sfingerprint” for the identification of the given specimen,
of the microorganisms analyzed.

4. Sample preparation

First, itisimportant to clarify what the sample is in this case.
Identification of microorganisms is usually performed from
microbial cultures, so we understand , samples” to be
microorganism colonies grown on general and different
selective culture media. Generally, they possess distinct
morphologies (color, shape, surface, texture). Figure 2
shows different bacterial colonies from a water sample,
cultured on VPC agar.

It is practical to choose unique, individual colonies for the
analysis. There are several sample preparation protocols
for the identification of microorganisms, requiring more or
less time, but in the majority of cases the most simple
direct sample introduction is applied.

4.1. Direct sample introduction [7]

In this case, a sample is taken from the colony to be
identified using an inert, sterilized sampling tools, which
can be a disposable inoculation loop or even a sterilized
toothpick. The sample is applied to the appropriate
positions of the prepared sample holder plate, the
quantity of the analytical sample is usually a few tenths
of a milligram. For quality assurance reasons, the same
sample is usually applied to two to five positions. The
matrix solution is pipetted onto the sample as soon as
possible, and then it is allowed to dry in a laminar flow
cabinet.

Figure 3 shows that the analysis requires only a very small
amount of ,biological matter”. It can even be performed
from a bacterial colony with a diameter of only a few
tenths of a millimeter.

There are 96 positions (8 rows of 12 sample locations
each) on the sample holder plate, at least one of which
has to be reserved for calibration in each analysis.

After drying of the matrix solution, the sample holder plate
is ready for analysis (Figure 4). Solvent evaporation can
be accelerated by the use of vacuum, if necessary.
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4. Mintael6készités

Els6 lépésként fontos tisztaznunk azt, hogy mi is a
minta ebben az esetben. A mikroorganizmusok azo-
nositédsat leggyakrabban mikroba tenyészetekbdl
végezzik, igy a ,minta” alatt az altalanos, illetve a

kiilénb6zd szelektiv taptalajokon kinétt mikroorga-
nizmus-telepeket kell érteni. Ezek altalaban jol latha-
t6 morfologiaval (szin, forma, felllet, allag) rendelkez-
nek. A 2. abran vizmintabdl szarmazé, VPC-agaron
tenyésztett, kilonbdz8 baktériumtelepek lathatok.
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2. abra. Vizmintabdl szarmazd, VPC-agaron tenyésztett, kiilénb6zé baktériumtelepek
Figure 2. Different bacterial colonies from a water sample, cultured on VPC agar

A vizsgalatokhoz lehetéség szerint egyedi, kilonalld
telepeket célszer( kivalasztani. A mikroorganizmusok
azonositasara szamos minta-el6készitési protokoll
terjedt el, amelyek tébb-kevesebb id6t igényelnek,
de az esetek donté tébbségében a legegyszeribb
direkt mintafelvitelt alkalmazzak.

4.1. Direkt mintafelvitel [7]

Ebben az esetben az azonositandé telepbdl vesziink
mintat egy inert, steril mintavételi eszkdzzel, amely
lehet egyszer hasznalatos oltdkacs, vagy akar egy
sterilizalt fogvajé palca. A mintat az elékészitett min-

tatartd lemez megfeleld pozicidira kenjik fel. A vizs-
galati minta mennyisége altalaban néhany tized mil-
ligramm. Egy-egy, a mintat min&ségbiztositasi meg-
fontolasokbdl altalaban két-6t pozicidra kenjlnk fel.
A matrix-oldatot a legrévidebb idén beliil a mintara
cseppentjik, majd laminaris box alatt hagyjuk besza-
radni.

Elelmiszervizsgalati kézlemények — 2014. LX. évf. 4. szdm



4.2. Sample preparation using ethanol extraction [8]

To prepare reference spectra, another sample preparation
protocol is recommended by the manufacturer, and this
is ethanol extraction. In my experience, this sample
preparation procedure improves the reliability of the
identification in the case of many, more problematic
samples, compared to direct sample introduction.

In this case the sample is taken from the colony to be
analyzed using a sterile 1 ml innoculation loop, and the
biological material taken, the culture is suspended in
300 ml of deionized water in an Eppendorf tube. 900 ml
is added, and after thorough mixing the sample is
centrifuged. The supernatant is decanted carefully, and
solid parts remaining in the Eppendorf tube are dried in
a laminar flow cabinet. After drying 10-50 ml formic acid
is added to the sample, and it is allowed to stand for
two minutes. Acetonitrile, equal in amount to the formic
acid, is pipetted to the content of the tube, it is shaken
thoroughly and then centrifuged. 1 ml of the supernatant
is transferred to the appropriate position of the sample
holder plate, followed by pipetting the matrix solution onto
it as soon as possible after drying. Similarly to the previous
case, the sample holder plate is ready for analysis after
drying of the matrix solution.

It is shown by the above that sample preparation methods
for MALDI-TOF analysis consist of only a few simple steps
in most cases, so their time demand per sample is very
small, in the case of direct sample introduction only a few
minutes.

5. MALDI-TOF analysis, identification of microorganisms
5.1. Recording mass spectra

The prepared sample holder plate is introduced into the
ion source through the sample reception chamber system
of the instrument. Movement necessary for scanning of
the samples is performed by a precise mechanism than
can move the sample holder plate under the UV laser
source in a very accurate way. Analysis of the actual
sample in position can be followed by a low resolution
digital camera. On the one hand, this helps to verify that
the analysis of the proper sample position is performed,
and on the other hand, manual recording of spectra
can be assisted in case of possible sample application
inhomogeneities.

Parameters necessary for the recording of mass
spectra can be adjusted using a general instrument
control software (flexControl - Bruker Daltonics). These
parameters include laser energy, high voltage necessary
for ion acceleration, movement pattern of the sample
holder plate and the mass number range to be analyzed,
among others. In addition, this software performs the
calibration of the mass number scale of the instrument,
and the determination of the function necessary for the
conversion of flight times to mass numbers. The principle
is quite simple, and a bacterial strain of known protein
composition (Escherichia coli DH5) is used for this purpose
as the calibration standard.

Mass spectrum of the E. coli DH5 used for calibration
(Figure 5) is “peak-rich”, so it is easy to find a satisfactory
number of ions to cover the mass number range (2.000 -
20.000 amu).

Mass number stability of MALDI-TOF is excellent, but is is
still recommended to calibrate the instrument before each
sample sequence by measuring the reference bacterium
standard. It is worth noting that the same calibration
smaple (spot) can be used several times.

To facilitate the work of microbiologists, for fast and
simple identification of microorganisms, a software
(MB-RTC MaldiBiotyper Realtime Classification — Bruker
Daltonics) was developed by the manufacturer of the
instrument. After entering sample names and IDs, mass
spectra are recorded and identified by the software
automatically, using the parameters set in the instrument
control software. At least 200 spectra with satisfactory
signal-to-noise ratio are recorded by the instrument
from each sample spot, and an average mas spectrum,
suitable for identification, is then calculated and stored by
the software.

5.2. Identification of microorganisms

Identification of microorganisms here is nothing more
than comparing mass spectra. The software looks up
the reference mass spectra most resembling the mass
spectrum of the microorganism analyzed, i.e. we receive
a list of the ten best matches. This list is compiled by the
software based on a ,,score” (basically a probability) value.

Similarly to other mass spectrometric software, a ,score”
value is obtained during the search of the spectral library,
which is a quantified information related to the goodness
and adequacy of identification. This is a value between
0.000 and 3.000, calculated by the software as follows:

1. In the first step, the mass spectrum of the
sample to be identified is compared to reference
spectra found in the mass spectral library, and
it is examined whether peaks of the reference
spectra are present in the mass spectrum of the
sample;

2. In the second step, the mass spectrum to be
identified is taken as a basis, and reference mass
spectra are compared to this;

3. Finally, symmetry conditions of the spectrum to
be identified and reference spectra are examined.

A correspondence factor between 0.000 and 1.000 is
calculated by the software in all three steps, these three
values are multiplied and the product is normalized
to 1000. The ,score” value of the identification is the
logarithm of this number.

The calculation process might sound complicated, but the
software that comes with the instrument is user friendly,
and makes the process of microorganism identification
simple.

The upper left corner of Figure 6 shows that circles
representing analytical samples are divided into two parts,
the left side of the circle providing information about the
quality of the recorded mass spectrum, while the color
of the right side indicates the adequacy of identification.
If the recorded mass spectrum is adequate, then the left
side of the circle is green, otherwise it is orange.

If the right side of the circle is green, then it is very likely
that the microorganism analyzed and the microorganism
in the reference library are the same, the ,score” value is
greater than 2.000.

If the right side of the circle is yellow, then this probability
is lower (,score” value between 1.700 and 2.000),
supposedly the genus of the microorganism was
successfully identified.

If this half of the circle is red, then the result is a label of
,no reliable identification”.

Of course, we have the possibility to display hits with the
ten best ,,score” values, which can provide valuable data
to microbiologists in many cases.
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A 3. abran lathatd, hogy a vizsgalathoz igen kis
mennyiségl ,biolégiai anyag” elegendd. Az analizist
akar egy néhany tized milliméter atmérdji baktérium-
telepbdl is elvégezhetjik.

A mintatarté lemezen 96 pozicié van (8 sorban so-
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3. abra. A MALDI-TOF vizsgélathoz sziikséges minta mennyisége.
Figure 3. Sample amount necessary for MALDI-TOF analysis.

ronként 12 mintahely), amibél vizsgalatonként mini-
mum egy poziciét a kalibraciora kell fenntartanunk.

A matrix-oldat beszaradasa utan a mintatarté lemez
kész a vizsgalatra (4. abra). Szikség esetén vakuum-
mal gyorsithatjuk az olddszer elparologtatasat.

4. abra. Az el6készitett mintatarto lemez
Figure 4. Prepared sample holder plate

334 Elelmiszervizsgalati kézlemények — 2014. LX. évf. 4. szdm



The mass spectrum recording time is 10 to 15 seconds
per sample, with computation times for identification
being on the same scale, so we can say that identification
results of prepared samples, cultures can be obtained in
less than one minute.

6. Application of MALDI-TOF in microbiological testing

This method will most likely revolutionize classic
microbiology. This opinion might be shocking, but let’s
examine how this methodology might reshape standard
microbiological tests in the areas of food and feed
analysis, as well as human clinical tests.

As an example, let’s take a look at the standard method
of determination of one of the most common pathogenic
microorganisms, a Salmonellla spp.

6.1. Detection of Salmonella spp. presence/absence

For the detection of the presence/absence of
Salmonella spp. in foods, the method of standard
MSZ EN ISO 6579:2006 [9] is used as the reference
method. The specified amount of analytical sample
(usually 25 g) is incubated (37 °C; 18+ 2 hrs) in a ten-fold
amount of pre-enrichment broth (BPW"). This is followed
by enrichment (incubation at 41.5°C and 37°C; 24 + 3
hrs) in two selective broths (RVS? MKTTn?). Selective
enrichment broths inhibit the growth of accompanying
microorganisms. This is followed by streaking onto
selective culture media. Streaking is performed on an XLD
plate?, and then on an optional selective plate (Salmonella
Harlequin and/or Diassalm). Colonies that developed on
different selective plates are shown in Figure 7.

Then, colonies isolated from the selective plates are
confirmed by biochemical tests, and the presence
or absence of Salmonella spp. is confirmed using
serological identification assays. Detection of pathogenic
microorganisms by classic microbiological culture
methods is time consuming, it can take up to 5 to 8
days. Therefore, the emphasis of modern, alternative
microbiological methods have been shifting towards rapid
instrumental (analytical) tests.

For the detection of Salmonella spp. presence/absence,
validated PCR-based methods (BAX system PCR,
MicroSEQ Salmonella spp. Detection) are now widely
used, providing negative results within 24 hours [10].
However, traditional culture and confirmation tests are
always necessary in the case of supposedly positive or
inhibitory samples, which are also time consuming.

It can be also seen in Figure 8 how the MALDI-TOF
identification methods can fit into standard culture and
alternative PCR-based detection methods.

Validation of the confirmation testing of the presence
of Salmonella spp. using the MALDI-TOF method was
performed in our laboratory. Results were convincing.

Method validation was performed in accordance with the
instructions of standard ISO DIS 16140-2:2013 [11]. The
following parameters were determined:

1. Relative accuracy - AC: AC = (PA+NA)/N * 100 %
2. Relative specificity - SP:  SP = NA/(NA+PD) * 100 %
3. Relative sensitivity - SE:  SE = PA/(PA+ND) * 100 %
where:

PA: Positive Agreement) results of the reference method
and the alternative method are both positive;

NA: Negative Agreement, results of the reference method
and the alternative method are both negative;

PD: Positive Deviation, the result of the reference method
is negative, the result of the alternative method is positive;

ND: Negative Deviation, the result of the reference method
is positive, the result of the alternative method is negative;

N: number of analyses, N = PA + NA + PD + ND

Standard MSZ EN ISO 6579:2006 was considered the
reference method. More than 150 cultures, prepared on
selective culture media, were analyzed, 105 of which were
positive for 105 Salmonella spp. Results of our validation
tests are summarized in Table 1.

Our experience shows that the presence of Salmonella
spp. was identified in all positive cases and was reliably
excluded in the case of negative samples by the MALDI-
TOF identification method. The method can be used
excellently for inhibition samples. There were no false
positive or false negative results during our investigations.

As further information, accompanying microorganisms
were identified during the analyses, and, in a few cases,
Salmonella spp. colonies having unusual morphologies
were identified that could easily fool less experienced
microbiologists. It is important to note that the MALDI-
TOF identification method is independent of culture
media, i.e. the presence or absence of the microorganism
tested was verified with the same efficiency in the case of
all three selective culture media.

A further application possibility is that tests can be
extended to the serotyping of the identified Salmonella
spp. colonies. Research shows that mass spectra
recorded using the MALDI-TOF method are suitable for
distinguishing Salmonella serotypes [12]. By comparative
analyses of the spectra, a simple algorithm can be
established which can help identify main serotypes
reliably and rapidly.

Finally, another non-negligible aspect is that, by using
the MALDI-TOF confirmation method, analysis times can
be reduced by at least 24 hours, which is an extremely
important factor in the case of human clinical tests and
food analysis.

6.2. MALDI-TOF technique in modern microbiology

Based on the above it can be seen that MALDI-TOF mass
spectrometry can fit well into analytical practice performed
by classic and modern alternative methods to replace time
consuming and costly ,traditional” confirmation tests.

The method based on the MALDI-TOF technique has
several characteristics that enable it to change modern
microbiology significantly and open new avenues of
investigation.

Let’s see what they are:

1. Simple, fast, cheap sample preparation - in case
of direct sample introduction, the material cost is less
than 0.5 Euro, the sample holder plate can be used
for an unlimited time period, and the spotting time for
96 samples is ca. 30 to 40 minutes.

2. Shortidentification, analytical times - measurement
of all the samples of a complete sample holder plate
requires ca. 25 to 30 minutes.

' Buffered Pepton Water

2 Rappaport-Vassiliadis Salmonella Enrichment Broth
3 Mueller-Kauffmann Tetrathionate-Novobicin Broth

4 Xylose lysine deoxycholate
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4.2. Mintaelbkészités etanolos extrakcioval [8]

A referenciaspektrumok készitéséhez egy masik
minta-el6készitési protokollt javasol a gyarto, ez az
etanolos extrakcio. Tapasztalataim szerint ez a min-
ta-el6készitési eljaras szamos, problematikusabb
minta esetében javitja az azonositds megbizhatosa-
gat a direkt mintafelvitelhez képest.

Ebben az esetben a mintat a vizsgalandé telepbdl
egy steril 1 ml-es oltdkacs segitségével vessziik, és a
levett biolégiai anyagot, tenyészetet Eppendorf csé-
ben 300 ml ioncserélt vizben szuszpendaltatjuk el.
Hozzaadunk 900 pl etanolt, és alapos keverés utan
lecentrifugaljuk. A fellluszét dvatosan ledntjik, és az
Eppendorf csében maradt szilard részeket laminaris
box alatt szaritjuk. Szaradas utan 10-50 pl 70 %-0s
hangyasavat adagolunk a mintahoz, és két percig
alini hagyjuk. Ezutan a hangyasavval azonos meny-
nyiségl acetonitrilt pipettazunk a csé tartalmahoz,
alaposan megkeverjik és lecentrifugaljuk. Az oldat
tisztajabdl 1 pl-t viszink fel a mintatarté lemez meg-
feleld pozicidjara, és szaradas utan a legrévidebb
idén belll a mintara cseppentjlik a matrix-oldatot. Az
el6z6 esethez hasonldéan a matrixoldat beszaradasa
utan a mintatarté lemez kész a vizsgalatra.

A fentiekbdl latszik, hogy a MALDI-TOF vizsgala-
tokhoz szikséges minta-el6készités mddszerek a
legtdbb esetben csak néhany egyszerd lépést tartal-
maznak, igy az egy mintdra vetitett idéigényuk kicsi,

direkt mintafelvitel esetén csak néhany perc.

5. A MALDI-TOF analizis, a mikroorganizmusok
azonositasa

5.1. A témegspektrumok felvétele

Az el6készitett mintatartd lemezt a készilék mintafo-
gado zsiliprendszerén keresztll juttatjuk az ionforras-
ba. A mintak letapogatasahoz sziikséges mozgatast
egy preciz mechanika végzi, amely igen pontosan
tudja mozgatni a mintatarté lemezt az UV |ézerforras
alatt. Egy kisfelbontasu digitalis kameraval nyomon
is kdvethetjik az aktudlis pozicidban Iévé minta vizs-
galatat. Ez egyrészt segit ellendrizni, hogy a vizsgalat
a megfelel6 minta poziciébdl torténik, illetve az eset-
leges mintafelviteli inhomogenitasok esetén segiti a
manualis spektrum felvételt.

A tdmegspektrumok felvételéhez sziikséges paramé-
tereket egy altalanos, mliszervezérld szoftverrel (flex-
Control - Bruker Daltonics) tudjuk beallitani. Példaul
a lézer energidjat, az ionok gyorsitasahoz sziikséges
nagyfeszlltséget, a mintatarté lemez mozgatasi sé-
majat és a vizsgalt tomegszamtartomanyt is. Ezzel a
szoftverrel végezhetjlik tovabba a készlilék tdmeg-
szam-skalajanak kalibracidjat, a reptilési idék tdmeg-
szamra t6rténd konverzidjahoz sziikséges fliggvény
meghatarozasat. Az elv egyszer(, egy ismert fehérje
Osszetételli baktériumtorzset (Escherichia coli DH5),
mint kalibralé standardot hasznalunk erre a célra.
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5. dbra. Az Escherichia (E.) coli DH5 referencia baktérium standard témegspektruma
Figure 5. Standard mass spectrum of the Escherichia (E.) coli DH5 reference bacterium
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User friendly software — which allows launching of
the measurement in a few simple steps, and results
are provided to the microbiologist performing the
analysis in the form of an easy to overview, detailed
report.

Reliable results - our results so far show that results
obtained using the MALDI-TOF identification method
are reliable, no further confirmation tests are required,
the mass spectral library contains mass spectra of
certified [13] microorganisms from reliable sources.

Efficiency, capacity - calculating with an average
working day of eight hours, 300 to 400 colonies per
day can be identified using a parallel sample spotting
method. Thus, one instrument can meet the needs of
several microbiological laboratories or departments.
In practice, sample holder plates can even ,travel”
refrigerated under sterile conditions after spotting of
the samples. In our experience, biological material
spotted on the sample holder plate remains suitable
for MALDI-TOF analysis for several days. Therefore, it
is not even necessary to perform sample preparation
and the analysis itself in the same building.

Expandability — the mass spectral library of the
manufacturer is expanded continuously. The library
currently used in our laboratory contains 5627
species and 388 genera. Of courseg, it is possible to
use or incorporate mass spectra prepared by the
users, and this is aided by the reference spectrum
recording protocol supplied by the manufacturer
together with the technical description of the
instrument. Applicability of the technique and the
method is further improved by the fact that today
there are online mass spectral databases available
where, with user access, even real-time identification
operations can be launched, and results are obtained
via the internet practically as soon as the analysis is
complete. Database operators undertake to develop
their databases according to the needs of the users,
so the considerable cost of developing a mass
spectral library can be saved.

Scan - screen method - there are a number of
alternative molecular biological identification and
detection methods used all over the world, such

as DNA/rDNA based detection procedures (real-
time PCR, gPCR, MDS) and instrumental analytical
methods applying selective immunological reactions
(ELISA, ELFA, VIDAS, BBD Christal). A common
characteristic of these methods — with few exceptions—
is selectivity, the selective detection and identification
of a target microorganism. In contrast, MALDI-TOF
identification is a kind of “screening” method, the
software looks for the best match in a mass spectral
library of several thousands of microorganisms.
This way, analyses may result in the identification
of unexpected microorganisms, indicating that the
selectivity of targeted culture media is overwritten by
nature in many cases.

8. Robustness - the identification method is basically
independent of the quality of the medium used for
culturing, so the identification of microorganisms
does not require special culture media. Analyses
performed on colonies isolated from non-specific
culture media provide basically the same results
as cultures from selective media. Identification, or
MALDI-TOF analysis, can be performed on colonies
developed on selective culture media used in
standard analytical methods (EN ISO, ISO, DIN etc.)
as well.

In my opinion, taking all this into consideration, there
will be new microbiological methods and standards
developed in the coming years which will exploit the
possibilities and advantages inherent in the MALDI-TOF
identification method, combining them with the methods
of modern molecular microbiology.

Detection of a wide range of pathogenic microorganisms
will be possible even within 24 hours by applying analytical
methods based on the MALDI-TOF technique together
with new procedures requiring shorter culture times. At
the same time, selective sample preparation techniques
could be introduced, with the application of immunoaffinity
adsorbents, that will promote reliable detection of these
dangerous pathogens in less time.

'_ A pll/usz'tfacto/ The plcture is Illustl‘é
Foto Lovasz Gsab
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A kalibracidhoz hasznalt E. coli DH5 tdmegspektru-
ma (5. abra) ,csUcs-gazdag” igy kénnyen talalunk
megfelel§ szamu iont a tdmegszam-tartomany (2.000
- 20.000 amu) lefedéséhez.

A MALDI-TOF témegszam-stabilitasa kivalo, ettdl
flggetlendl célszer(i minden mintasorozat elétt a re-
ferencia baktérium standard mérésével kalibralni a
készlléket. A kalibrald minta (spot) tébbszor is fel-
hasznalhato.

A mikrobiolégusok munkajanak megkdnnyitésére, a
mikroorganizmusok gyors, egyszer(i azonositasara a
készllék gyartdja egy szoftvert fejlesztett ki (MB-RTC
MaldiBiotyper Realtime Classification — Bruker Dal-
tonics). A mintanevek és azonositék beirasa utan a
szoftver a mUszervezérl§ szoftverben beallitott para-
méterekkel automatikusan felveszi a tdmegspektru-
mokat és elvégzi az azonositasukat is. Egy minta-
helyr6l a berendezés legkevesebb 200 megfeleld
jel/zaj viszonyu spektrumot készit, amelyekbdl az
azonositashoz hasznalhatd, atlagolt témegspektru-
mot szamit, illetve tarol el a szoftver.

5.2. A mikroorganizmusok azonositasa

A mikroorganizmusok azonositasa itt nem mas, mint
tdmegspektrumok 0Osszehasonlitasa. A szoftver a
kényvtarbdl megkeresi a vizsgalt mikroorganizmus
tdmegspektrumahoz legjobban hasonlité referencia
tdmegspektrumokat, majd készit egy listat a tiz leg-
jobb talalatrdl. Ezt a listat egy un. ,,score” (Iényegében
valoszinlségi) érték alapjan allitja 6ssze a szoftver.

B8 MALDI Biotyper Realtime Classification Project: Wessling-141113_01_direct

Fle View Toos Help

2o NE s

Hasonléan mas témegspektrometrias szoftverekhez,
a spektrumkonyvtari keresés soran, egy ,score” ér-
téket kapunk, amely az azonositas jésagara, megfe-
lel6ségére vonatkozé szamszerUsitett informacio, ez
egy 0,000 és 3,000 kozotti érték, amelyet a kdvetke-
z6képpen szamit ki a szoftver:

1. Els6é lépésben a tdmegspekirum konyvtarban
talalhatd referencia spektrumokhoz hasonlitja az
azonositandd minta tomegspektrumat, azt vizs-
gdlja, hogy a referencia spektrumban szerepld
csucsok megtalalhatok-e a minta témegspektru-
maban;

2. Masodik Iépésben az azonositandé témeg-
spektrumot tekinti alapnak, és ehhez hasonlitja a
referencia tomegspektrumokat;

3. Veégul megvizsgélja az azonositandé és a refe-
renciaspektrumok szimmetriaviszonyait is.

Mindharom lépésben egy-egy megfeleléségi faktort
szamit ki a szoftver, amelyek 0,000 és 1,000 k&zo6t-
ti értékek, majd ezeket az értékeket dsszeszorozza
egymassal, és 1000-re normalizalja. Az azonositas
~score” értéke enne a szamnak a logaritmusa.

A szamitasi folyamat bonyolultnak tlinik, de a készu-
lékhez mellékelt szoftver felhasznaldbarat, és leegy-
szer(siti a mikroorganizmusok azonositasanak elja-
rasat.
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Canserve True
Determined by CECT
Provided by DSM
Organism Aeromanas caviae
Shrain CECT 8387
Matrix HCCA
Extraction method EtOHFa

Growing canditions accarding ta hitp:/ . cect org

Comment
Submitted as Type Strain;
Matching hint: Species of this genus have very simikar pattems: Therefore distinguishing their specie..

[ - Mame Description Position Detected Species Score Decision Commert  ~
H010001538635-2_LTTC_2 #010001538635-2_LTTC LTTC, directFA EN Acidavorax temperans 2393 spesies ® genusonls O unknown O
&  HOIDODVS38635-3_LTTC 1 HO10001538635-3LTTC LTTC, directFa D12 na reliable identiicatian 1655 spesies O genusonln O unknown &
HO1D001538635-3_LTTC_2 H010001538635.3LTTC LTTC. diectFA E12 Chiysesbacterium hagamenss 1803 i W
0100015386381 _Che_1 #0100015386381_Chr Chramacult, dirsctFA D@ Aeromonas cavias 2018 species (9 genusonly (0 unknawn () Species of this genus have ve
0100015366381 _Che_2 #0100015386381_Chr Chramacult, dirsctFA 2 Aeromonas cavias 2273 species ) genusonly 0 unknawn () Species of this genus have ve
» H010001538638-2_Che_1 HO100015386382 Chr Chromocult, direct-FA Da Aeromonas caviae 2243 species () genusonly (53 unknown € Species of this genus have ve
0100015366382 Che_2 #0100015386382_Chr Chromocult, direct-FA 2] Aeromonas cavias 2184 species () genusonly (3 unknown () Species of this genus have ve
010001536700 Cet_1 #010001536700_Cet Cattimid, direct-FA b2 Pseudamonas montaili 2263 species (5) genusonly (0 unknown () i & member of Pssudamonas pu
010001536700 Cet_2 #010001536700_Cet Cattimid, directFA E2 Pseudamonas montaili 2312 species () genus-only G) unknown () is & member of Pssudamanas p
H010001536700_T5C_1 #010001538700_T5C TSC, drectFA B10 Acinetobacter plt 2351 species (5 genusonly (0 unknown ) Memher of the Acinetobacter b
HD10001536700_T5C_2 #010001538700_T5C TSC, drectFA 1o Acinetobacter pit 2359 species (3 genusonly (3 unknown () Member of the Acinetobacter b
H010001536736_BP_1 #010001536736_BP BP-EYT. directFA B3 Staphylococaus aureus 2268 spesies ) genusonly O urknown )
HD10001536736_BF_2 #010001538736_BP BP-EYT, ditectFA 3 Staphylococaus aureus 2234 s e
= HOIOODIB38819_Cet 1 #010001538819_Cat Cotrimid, direotFA D3 o peaks found e e T
=  HOIOODIB38E19_Cet 2 #010001538819_Cat Cetrimid, direotFA £3 no reliable identiication 1584 e OB, AR ®
010001536520 Cet_1 #010001538820_Cet Cetrimid, directFA b3 Pseudomonas alcaligenes 2317 S @) i), kA
010001536820 Cet 2 #010001538820_Cet Cetrimid, directFA 33 Pseudomonas alcaligenes 2040 @B, WA E)
010001538823 Cet_1 #010001538823 Cet Cetrimid, directFA o Pseudamenas mendacing 2038 species (3 genusonly () unknown O
010001538823 Cet 2 #010001538823 Cet Cetrimid, directFA El Pseudamenas mendacing 1992 species () genus-only &) unknown O
#010001538824_Cet_1 #010001538824.Cet Cetrimid, directFA D4 Pseudamanas alcaliphila 2063 species (3 genusonly () unknawn O
#010001538824_Cet_2 #010001538824_Cet Cetrimid, directFA E4 Pseudamanas alcaliphla 1927 species O genusonls @ unknown O
5 [l BMNNMEAIRRZA Cet 1 RO R38R et Cetimid direet-Fa R11 Paendnmonas nlrnvnrans 21R4 snaciac ) nar vl ) 5 v

Connecting ko flexControl successful |

Server: localhost Part: G080

6. abra. A mikroorganizmusok azonositasanak eredménye
Figure 6. Result of microorganism identification
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A 6. abra bal felsd részén lathato, hogy a vizsgalt
mintakat jelképezd korok két részre vannak osztva,
a kor bal oldala a rogzitett tdmegspektrum minésé-
gérél ad informaciét, mig a jobb oldalanak a szine
az azonositas megfelelségét jelzi. Ha a régzitett t6-
megspektrum megfeleld, akkor a kér bal oldala zold,
ellenkezd esetben narancssarga.

Ha a kor jobb oldala zdld, akkor igen valészind az
azonossag a vizsgalt mikroorganizmus és a referen-
cia kdnyvtarban talalhaté mikroorganizmus kézétt, a
~score” érték nagyobb 2,000-nél.

Ha a kor jobb oldala sarga, akkor ez a valoszinliség
kisebb (,score érték 1,700 és 2,000 kozott), vélhetd-
en a mikroorganizmus nemzetségét sikertlt beazo-
nositani.

Amennyiben a kdérnek ez a fele piros szind, akkor
~nem megbizhaté azonositas” cimkét kapunk ered-
ményul.

Természetesen lehetéséglink van a tiz legjobb ,sco-
re” értékkel rendelkezé talalatot is megjeleniteni, ami
szamos esetben értékes adatokat szolgdltathat a
mikrobioldgusoknak.

Egy mintara vetitve a tdmegspektrum felvételének id6-
szlkséglete 10-15 masodperc és az azonositas sza-
mitasi ideje is hasonld, igy elmondhatjuk, hogy keve-
sebb, mint egy perc alatt kaphatunk azonositasi ered-
ményeket az el6készitett mintakrol, tenyészetekrdl.

6. A MALDI-TOF alkalmazasa a mikrobioldgiai
vizsgalatokban

Ez a médszer vélhetéen forradalmasitja a klasszikus
mikrobioldgiat. Lehet, hogy ez a vélemény meghok-
kentd, de vizsgaljuk meg, hogy valéjaban milyen mo-
don alakithatja at ez a metodika a szabvanyos mikro-
bioldgiai vizsgalatokat az élelmiszer, a takarmany és
a human klinikai vizsgalatok tertletén egyarant!

Példaként nézzik meg az egyik legelterjedtebb pa-
togén mikroorganizmus, a Salmonellla spp. szabva-
nyos meghatarozasi médszerét!

6.1. A Salmonella spp. jelenlét/hiany kimutatasa

Referenciamodszerként az élelmiszerek vizsgalata-
ra a Salmonella spp. jelenlét/hiany kimutatasara az
MSZ EN ISO 6579:2006 [9] modszert alkalmazzuk.
A meghatarozott mennyiségl (altalaban 25 g) vizs-
galati mintat a szabvanyban el&irt tizszeres mennyi-
ségl elédusitéban (BPW") inkubaljuk (37 °C; 18+2
6ra). Ezt koveti két szelektiv tapoldatban (RVS?, MK-
TTn®) térténd dusitas (inkubalas 41,5 °C illetve 37 °C;
24+3 Odra). A szelektiv dusitok a kisérd mikroorga-
nizmusok novekedését gatoljak. Ezutan a szelektiv
taptalajokra torténd szélesztés kovetkezik XLD-le-
mezre*, majd egy szabadon valaszthaté szelektiv le-
mezre szélesztlink (Sa/monella Harlequin és/vagy Di-
assalm). A 7. abran a kiilénb6z6 szelektiv lemezeken
kifejl6dott telepek lathatdak.

Fotd: Lovasz Csaba

7. abra. Salmonella spp. feltételezett pozitiv tenyészetei szelektiv taptalajokon
Figure 7. Supposedly positive cultures of Salmonella spp. on selelctive culture media

" Buffered Pepton Water - pufferolt peptonviz

2 Rappaport-Vassiliadis Salmonella Enrichment Broth - Rappaport-Vassiliadis-féle Salmonella dusité leves
3 Mueller-Kauffmann Tetrathionate-Novobicin Broth — Muller-Kauffmann-féle tetrationat-novobiocin leves

4 Xylose lysine deoxycholate - Xiléz-lizin-deoxiklorat agar
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