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[TpenaBame 10 MO3UBY

BOJAY HHOYCTPHUJHU XPAHE — MUKPOBHOJIOIIKH OCBPT
bojan T'OJIMRY, Jparo HEJWHK?3, bumana [IERAHALL*

1 op bojau l'onuh cneu. gp BeT., BUIIK HAy4YHU capafHUK, JaBHa ycTaHOBa BeTepuHapcku
uHctuTyT Penybnuxe Cprcke ,JIp Baco byro3an” bamwa Jlyka, bawa Jlyka, bocHa u
XepueropuHa
2 np Jparo Henuh penosuu npodecop, JaBHa ycTraHoBa BeTeprHapcky HHCTUTYT
Penydnuke Cpncke ,JIp Baco bytosan“ bamwa Jlyka, bawa Jlyka, bocHa 1 XepuerosruHa
3 np Oparo Henuh pepoBuu mpodecop, YHuBep3uret y beorpany, ®axynrer BeTepuHapcke
mepunune, beorpan, Cpbuja
4 1p bumpana [lehanau HayyHu capafHUK, JaBHa ycTaHOBa BeTeprHapcky HHCTUTYT
Penydnuke Cpncke ,JIp Baco bytosan“ bamwa Jlyka, bawa Jlyka, bocHa 1 XepuerosruHa
* Kopecnogentnu aytop: bojaun ['onuh, bojan.golic@virs-vb.com

Kparak cagpxaj
Bopa ce kOpHCTH Ha pasnU4YUTE HAYMHE Y IIPOU3BOLKH XpaHe, YUMe MOCTaje U0
XpaHe HaMjepHO, HeusdjexxkHo WM oIy4ajHo. KoHTamuHauuja xpane
MHMKPOOPTraHM3MHUMa KOjH Ce TIPEHOCe BOJOM JelllaBa ce JUPEKTHO, MHOrO yelrhe,
MehyTUM, HHOUPEKTHO HAKOH YMHO)XaBama OBUX MHKpOOpraHM3ama Ha
ounrheHUM MOBpIIMHAMAa ONpeMe Koja Ce KOPUCTH.
MUKpOOHONIOUIKKA KBajUTeT BoJEe ce OOMYHO AedUHHIIE KAa0 MaKCHMAJIHO
IPUXBAT/BUB OpOj WM KOHUEHTpauvja DakTepHja Koje He MpenCcTaB/bajy ONacHOCT
1o 3apassbe. HUBO HynTe BjepoBaTHOhe MUKPOOUOJIOIIKE KOHTAMHUHALIMjEe BOJE 3a
nuhe He noctoju. HetauHo je pehu na cucrtemu 3a JUCTpUdYLIUjy U UCIOPYKY BOZE
3a nuhe Tpeda ma dymy cTepWIHHM, a aKTHUBHH PacT MUKPOOPraHM3ama Ce CMaTpa
N0Ka3aTe/beM KBapoBa y jeNVHHIIaMa 3a IIpepasy BOLE WIH JUCTPUOYLIUjH.
Bopa 3a mpame y mpexpaMdeHO] MHOYCTpPUjU MOKe OWUTH HU3BOP DaKTepHjCKe
KOHTaMHHallMje ¥ JOJAaTHO YTPO3UTH KBanuTeT U be3bjesHocT xpane. Takohe, Boga
KOja Ce KOPUCTH TOKOM PYKOBamwa U 00pajie XpaHe MOXKe OUTH [TOTEHIUjaTH U3BOP
MHUKpOOHEe KOHTaMHUHalWje ¢ MOryhMM HeraTUBHUM MOC/befuliama 1o desdjeqHoct
XpaHe.
[Tpou3Boka ¥ AUCTPUDYIIMja OUOJOIIKHK CTadMIHE BOZIEe 3a Muhe MoXKe ce ToCTUhH
CaMo afieKBaTHUM IpahewmeM U KOHTPOJIIOM MUKPOOHUX ITpolieca TOKOM TpeTMaHa
u nuctpudyuuje Boge. CHadmjeBame BOJOM y MPOCTOPHjaMa 3a MPOU3BOIKBY XpPaHe
Tpeda ma Dynme mpenmeT MpoOLjjeHe PU3WKA U OMACHOCTH Kako Ou ce 0be3dujemuno
oIp’kaBame oArosapajyher KBaauTeTa Boie TOKOM Mpolieca MPOU3BOIHE.
MHore 3apasHe DosecTd KUBOTH®BA U JBYLH NIPEHOCE CE BOOOM KOHTAMHUHUPAHOM
JBYICKUM W )KUBOTHEBCKUM H3JlydeBUHAaMa, KOja IIOCTaje H3BOP MaTOrEHHX
DakTepHja, BUpyca U apa3uTa (MpoTo30a, jaja MapasuTa) ClIOCOOHUX Jla TpeKUBe y
pa3IuYUTUM Nepuoavma U nosehasajy pU3HK IO 30paB/beé MHOTHX JbYIH. IMIUPOM
cByjeTa. TemmnepaTypa BoJie je CYLITUHCKH (aKTOp KOjU yTUYe HAa KUHETHUKY pacTa
DakTepuja u mpoilece KOHKypeHIHje. Temmnepartype Boje 3a nuhe ce 0duuHo kpehy
usmehy 3 m 25°C y eBpOINCKUM 3eM/baMa U CE30HCKH Bapupajy yHyTap OBOT
TeMIepaTypHOT pacloHa Yak U YHyTap jeJHOT CUCTeMa TUCTPUOYIIHje Bofie 3a muhe.
[ToBulIeHe TeMIlepaType BOAE Ce YeCTO MOoBe3yjy ¢ nmoBehaHOM 3acTymubeHouWhy
DakTepdja y cucTeMuMa 3a JUCTpuUOyUHWjy Bosme 3a muhe, U ca Behum Opojem
WHIMKATOPCKUX OpraHu3ama Kao WTo cy Konudopmu. [la du ce eTMMUHUCA0 PU3UK
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Ol MpeHoIIeHa H0MeCTH, BOJJa HaMHUjemheHa MaCOBHOj MMOTPOIIKBHU Ce ITpUje ynoTrpede
Tpetupa U nesuHdukyje. Ha oCHOBY pe3ynrara MOry ce Ipefy3eTH aleKBaTHe Mjepe
KOjé yK/byuyjy MpPEeBEHUHWjy KOHTAaMUHALWje U CUCTeMCKY Ie3uHdeKkuujy. MHoru
NAaTOTeHW Cy MPUCYTHU CaMO ToJj onpeheHMM yciioBUMA U, Kaja Cy MPHUCYTHH,
jaBmajy ce y Manom dpojy y nopehemwy c ApyruM MUKPOOPTraHU3MHUMA.
WHIUKATOPCKU OpPraHU3MU Ce KOPUCTE 3a MPOLjeHy MUKPOOUOJIOLIKOT KBaIUTeTa
BoJe. Ynorpeba HWHAUKATOPCKUX Oakrtepuja, mnocedHo Escherichia coli wu
KomuopMHMX DaKkTepHja, ka0 CpPeiicTBa 3a MPOIjeHy MOTEeHIHjaJHOT MPUCYCTBa
MaToreHa KOju Ce MPEeHOCe BOJOM, je K/by4YHa 3a 3alUTHUTy jaBHOT 3[paBiba.
Escherichia coli je xonudopmHa dakTepHuja U cMaTpa ce TPUMapHUM HHAUKATOPOM
KOHTaMuHaluje pekanHe Bojie. EHTEpOKOKe YKk/byuyjy OpojHe BpPCTe Koje ce jaBrbajy
y delecy JbyoH U TOITIOKPBHUX KUBOTHHA. [JIaBHU pasyior 3a BUX0BO Habpajamwe je
npoLjeHa 3Hauaja NpucycTBa KonudopMHUX DakTepuja y oncycTBy Escherichia coli
WIM [aBawme [oJaTHUX HH(POpMauuja NPWIMKOM IMpoljeHe cTerneHa moryhe
(exanHe KoHTamHuHauuje. Kao TakBHM, OHM Ce€ CMaTpajy CeKyHAAapHUM
VMHAWKaTOpuMa (pexanHor 3arahema. Mako mpucycTBo Konu@opMHUX daKkTepHja He
yKasyje yBHjeK Ha MPUjETHY IO jaBHO 30paBibe, BUXOBO OTKPUBAKE j€é KOPHUCHA
WHIVKanyja fa Tpeda UCTpaXKUTH ONepanyje TpeTHpama BOJe.

Oujena ycamialeHOCTH y30paka y OpHOCy Ha [IpaBWJIHMK O 3OpaBCTBEHO]
UCIIPaBHOCTH BOJE HaMHjewmeHe 3a Jbyncky ynorpedy (CiyxbeHH I1acHHUK
Penydnuke Cprcke 88/17) u3BplleHa je HAa OCHOBY MapameTapa UCIUTHBawba U
MHKPOOHOIOUIKUX KPUTEpUjyMa NpUKasaHux y ciepehoj rabenu:

ITapameTap Kpurepujym
bpoj mukpoopranuzama Ha 22°C | 100/1 ml
bpoj mukpoopranuzama Ha 37°C | 20/1 ml

LIpujeBHE EHTEPOKOKE 0/100 ml
Escherichia coli 0/100 mI
Konudopmu 0/100 ml

Iwbs uWCTpaXvBawa je yTBphUBame MHUKPOOHMONOMWIKOr CTaTyca BOJe Y
npexpamMdeHoj HHIYCTPH]jH.
HcTtpakuBameM cy odyxBaheHU y30plid BO/ie KOja Ce KOPUCTH Yy MpexpamMdeHOoj
HWHOYCTPHUjU. Y30pLH JOIa3€ U3 UHAYCTPHjE Meca, MIHjeKa U pude U yTOCTUTEIbCKAX
odjekata (xpaHa roroBa) ca Tepuropuje Penybnuke Cprncke (bocHa u
XepuerosuHa). UcnutuBame je 0d0aBbeHo Tokom 2022. ronuHe 1 00yxBaTuiIo je 192
y30pKa, o7l kKojux je 75% 13 BomoBofa, a 25% u3 byHapa.
JTabopaTopHjcko UCTUTUBAE BOJIe BPIIHU ce ciiefehumM MeTonama:

- ®poj mukpoopranuzama Ha Ha 22°C u 37°C mpema BAS EN 1SO 6222,

- 0poj xonmudopmuux dakrepuja u Escherichia coli npema BAS EN 1SO 9308,

- 0poj upujeBHUX eHTepokoka npema BAS EN ISO 7899-2.
HctpaxkuBameM je yTBpheHo 79,69% 3amoBospaBajyhux ysopaka u 20,31%
He3aJoBo/baBajyhux y3opaka Bozje. AHanusupajyhu pesyinartaTe 3aL0BOsbaBajyhux
y30pakKa y O/IHOCY Ha NMopHjeksio y3opaka, 79,17% 3amoBosbaBajyhux y3opaka Oumo
je u3 BojioBojia, a 81,30% w3 dyHapa. Y ofHOCY Ha UCIUTHBaHe TapaMmeTpe, 12,50%
y3opaka je duio 36or nosehanor 6poja ykynHor dpoja Mukpoopranuszama Ha 22°C
1 10,42% y3opaxa 30or nosehaHor dpoja Mukpoopranuzama Ha 37°C. Kazma cy y
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nuTawy natores, 8,85% ysopaxa je dumo 300r npucyCcTBa LPHjeBHUX EHTEPOKOKA,
5,73% 3dor npucyctsa Escherichia coli u konudopma.

C 0b3upom Ha mpucycTBo KonudopMHUX dakTepuja, Escherichia coli ¥ 1IpUjeBHUX
E€HTEepPOKOKa y BOJU KOja Ce KOPUCTH y MpexpaMOeH0j UHIOYCTPHjH, TOCTOJU PUHK
0Jl MUKPODHOJIOIIKE KOHTAMUHALMje XpaHe ImyTeM Boge. OBo je nocedHo 3Ha4YajHO
€ 003UpoM Ha yaHo OyHapCKe BOIE Y OLHOCY Ha YKYIHY BOAY KOja C€ KOPUCTH Y
UHIYCTPHUjU XpaHe.

JIuteparypa: 1. Dawson, D. (2000). Water Quality for the Food Industry:
Management and Microbiological Issues CCRFA Guideline No. 27. Chipping
Campden, UK: Campden and Chorleywood Food Research Association; 2. Dawson,
D. (1998). Water Quality for the Food Industry: An Introductory Manual CCRFA
Guideline No. 21. Chipping Campden, UK: Campden and Chorleywood Food
Research Association; 3. EU (2020). Directive (EU) 2020/2184 of the European
Parliament and of the Council on the quality of water intended for human
consumption (recast). Official Journal of Europian Union L435, 1-62; 4.
Gottschal, J. C. (1992): Substrate capturing and growth in various ecosystems. J.
Applied Bacteriol. Symp. Suppl., 73:39-48; 5. Prest, E. 1., Hammes, F., van
Loosdrecht, M. C. M., & Vrouwenvelder, J. S. (2016). Biological Stability of
Drinking Water: Controlling Factors, Methods, and Challenges. Front. Microbiol.
7,45.

KibyuHe pHjedn: MHAyCTpHja XpaHe, BOJa, MUKPOOHOIOrHja.
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Lecture by invitation

WATER IN THE FOOD INDUSTRY — MICROBIOLOGICAL REVIEW
Bojan GOLIC", Drago NEDIC?23, Biljana PECANAC!

1Dr. Sci. Bojan Goli¢ Specialist Dr. Vet., Senior Research Associate, Public Institution
Veterinary Institute of the Republic of Srpska "Dr. Vaso Butozan" Banja Luka, Banja
Luka, Bosnia and Herzegovina
2Dr. Sci. Drago Nedi¢ Full Professsor, Public Institution Veterinary Institute of the
Republic of Srpska "Dr. Vaso Butozan" Banja Luka, Banja Luka, Bosnia and Herzegovina
3 Dr. Sci. Drago Nedi¢ Full Professsor, University of Belgrade, Faculty of veterinary
medicine, Belgrade, Serbia
4Dr. Sci. Biljana Pe¢anac, Research Associate, Public Institution Veterinary Institute of
the Republic of Srpska "Dr. Vaso Butozan" Banja Luka, Banja Luka, Bosnia and
Herzegovina
* Corresponding author: Bojan Goli¢, bojan.golic@virs-vb.com

Abstract

Water is used in various ways in food production, thereby becoming part of the
food intentionally, inevitably or accidentally. The contamination of the food by
water-borne microorganisms occurs directly, much more often, however,
indirectly after multiplication of these microorganisms on the cleaned surfaces of
the equipment used.

The microbiological quality of water is commonly defined as a maximum
acceptable number or concentration of bacteria that do not constitute a health
hazard. Zero-probability level of microbiological contamination of drinking water
does not exist. It is incorrect to state that drinking water distribution and delivery
systems should be sterile, the active growth of microorganisms is considered
indicative of failures in water processing units or distribution.

Wash water ih food industry can be source of bacterial contamination and further
compromise the quality and safety of food. Allso, whe water used during handling
and processing of food can be potential sources of microbial contamination with
possible negative consequences on food safety.

The production and distribution of biological stable drinking water can only be
achieved by adequate monitoring and control of microbial processes during water
treatment and distribution. Water supplies within food production premises
should be subject to risk and hazard assessment to ensure that appropriate water
quality is maintained throughout the production process.

Many infectious diseases of animals and humans are transmitted by water
contaminated with human and animal excrement, which becomes a source of
pathogenic bacteria, viruses and parasites (protozoa, parasite eggs) capable of
surviving for different periods, and raise the health risk for many people
throughout the world. Water temperature is an essential factor influencing
bacterial growth kinetics and competition processes. Drinking water temperatures
typically range between 3 and 25°C in European countries, and fluctuate
seasonally within this temperature range even within a single drinking water
distribution system. Elevated water temperatures have often been associated with
increased bacterial abundance in drinking water distribution systems, and with
higher numbers in indicator organisms such as coliforms. In order to eliminate
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the risk related to disease transfer, water intended for mass consumption is
treated and disinfected before use. On the basis of the results, adequate measures
can be taken that include prevention of contamination and systemic disinfection.
Many pathogens are present only under specific conditions and, when present,
occur in low numbers compared with other micro-organisms.

Indicator organisms are used to assess the microbiological quality of water. The
use of indicator bacteria, in particular Escherichia coli and the coliform bacteria,
as a means of assessing the potential presence of water-borne pathogens has been
paramount to protecting public health. Escherichia coli is a coliform bacteria and
it is considered a primary indicator of fecal water contamination. Enterococci
include a number of species that occur in the faeces of humans and warmblooded
animals. The main reason for their enumeration is to assess the significance of the
presence of coliform bacteria in the absence of Escherichia coli, or to provide
additional information when assessing the extent of possible faecal
contamination. As such, they are regarded as secondary indicators of faecal
pollution. Whilst the presence of coliform bacteria does not always indicate a
public health threat, their detection is a useful indication that treatment
operations should be investigated.

Assessment of conformity of the samples in relation to the Rulebook on the health
safety of water intended for human consumption (Official Gazette of Republic of
Srpska 88/17) was carried out on the basis of the test parameters and
microbiological criteria shown in following Table:
Parameter Criteria
Total count at 22°C 100/1 ml
Total count at 37°C 20/1 ml
Intestinal enterococci | 0/100 ml
Escherichia coli 0/100 ml
Coliform bacteria 0/100 ml

The aim of the research is to determine the microbiological status of water in the
food industry.

The research included samples of water used in the food industry. The samples
come from the meat, milk and fish industry and catering facilities (ready to eat
food) from the territory of Republic of Srpska (Bosnia and Herzegovina). The
examination was carried out during 2022 and included 192 samples, of which 75%
originated from the water supply system, and 25% from wells.

Laboratory testing of water is performed by the following methods:

- enumeration of colony forming units expressed as total count of bacteria
cultivated at 22°C and 37°C according to BAS EN ISO 6222,

- enumeration of coliform bacteria and Escherichia coli according to BAS EN
ISO 9308,

- enumeration of intestinal enterococci according to BAS EN ISO 7899-2.
The research determined 79.69% satisfactory samples and 20.31% unsatisfactory
water samples. Analyzing the results of satisfactory samples in relation to the
origin of the samples, 79.17% of the satisfactory samples were from the water
supply system, and 81.30% were from wells. In relation to the tested parameters,
12.50% of samples were due to an increased number of total count of bacteria
cultivated at 22°C and 10.42% of samples were due to an increased number of
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total count of bacteria cultivated at 37°C. When it comes to pathogens, 8.85% of
the samples were due to the presence of intestinal enterococci, 5.73% due to the
presence of Escherichia coli and coliform.

Considering the presence of coliform bacteria, Escherichia coli and intestinal
enterococci in water used in the food industry, there is a risk of microbiological
contamination of food trough water. This is particularly significant considering
the share of well water in relation to the total water used in the food industry.

References: 1. Dawson, D. (2000). Water Quality for the Food Industry:
Management and Microbiological Issues CCRFA Guideline No. 27. Chipping
Campden, UK: Campden and Chorleywood Food Research Association; 2. Dawson,
D. (1998). Water Quality for the Food Industry: An Introductory Manual CCRFA
Guideline No. 21. Chipping Campden, UK: Campden and Chorleywood Food
Research Association; 3. EU (2020). Directive (EU) 2020/2184 of the European
Parliament and of the Council on the quality of water intended for human
consumption (recast). Official Journal of Europian Union L435, 1-62; 4.
Gottschal, J. C. (1992): Substrate capturing and growth in various ecosystems. J.
Applied Bacteriol. Symp. Suppl., 73:39-48; 5. Prest, E. 1., Hammes, F., van
Loosdrecht, M. C. M., & Vrouwenvelder, J. S. (2016). Biological Stability of
Drinking Water: Controlling Factors, Methods, and Challenges. Front. Microbiol.
7,45.
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