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ABSTRACT. Objective of the Work. The overview of current methodical approaches for experimental sub-
Stantiation of the sell-by date of food products.

Methods and Materials. Data analysis of scientific literature and normative documents on methods of sub-
Stantiation of the sell-by date of food products.

Results and Discussion. Sell-by date is a period since product’s manufacture, during which it maintains its
safety and quality (including nutritional value) within reasonably foreseeable conditions of storage, distribution
and consumption. In the case of new products (recipes) introduction it is necessary to review the sell-by date,
and its extending as the need arises. The main aspects of microbiological substantiation of the sell-by date of
food products are considered. The identification of microbial hazard for particular product is the first phase of
the work. The second phase of the work is to determine the kinetic parameters of precise microorganism’s
accumulation to maximum permitted level within regulated and aggravated conditions of product’s storage.
Conclusions. In the process of microbiological substantiation of the sell-by date of food products it should be
taken into consideration the presence of leading pathogen and causative microorganisms of microbial
spoilage, the initial contamination level, the lag phase duration of germ culture development, variations
between strains, the kinetics of microorganisms’ accumulation within the product in real and aggravated stor-
age conditions, the indetermination connected with biological nature of microorganisms and their inhomoge-
neous allocation within the product, the limitation for shortcut research methods (if applicable). The decision
rule should be based on the consumer’s risk concept.
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Objectives. The overview of current methodi-
cal approaches for experimental substantiation
of the sell-by date of food products.

Methods of experimental substantiation of the
sell-by date of food products in Ukraine should
be unified and approved as required, with rela-
tion to large request for such researches and
deficiency of adequate normative documents.
However, there is a large amount of international
and national prescriptive about this question [1,
2,3,4,5].

According to these prescriptive, the sell-by
date is a period since food product’s manufac-
ture, during which it maintains its safety and
quality (including nutritional value) within reason-
ably foreseeable conditions of storage, distribu-
tion and consumption. As usual, sell-by date is
noted on the label as “use by ...” — for products
with high risk of microbial affection or it is noted
as “best before ...” — for other products, which
includes products with sell-by date over 18
months.

In the case of new products (recipes) introduc-
tion it is necessary to substantiate the sell-by
date, and its extending as the need arises.

There are mechanisms of time changes of food
products quality and safety which can be: micro-
biological, chemical, physical, including those
associated with temperature effect.

Possibility of peculiar microorganisms’ accu-
mulation in the process of food products storage
first of all depends on the initial microbial conta-
mination level, the lag phase duration of germ
culture development, variations between strains,
physical and chemical features of the product
(including humidity and reaction of environment
(pH), food additives presence, processing tech-
nique during cooking, storage conditions of the
product (temperature, gaseous medium). The
information related to influence of external fac-
tors on the ability of some pathogenic microor-
ganisms and causative microorganisms of
microbial spoilage of food products is given in
Table 1. It should be noted that mentioned bor-
ders of influence pertain to each separate exter-
nal factor, but their combined effect can be sig-
nificantly different [3]. For instance, the begin-
ning of exponential phase of L.monocytogenes’
reproduction in case of pH 5 is being observed in
10 days, but in case of water activity Aw 0,94 - in
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12 days. But, in case of their synchronizing
action this indicator was being risen to 16 days.

The accumulation of food-borne pathogen,
including Salmonella, L.monocytogenes, E.coli of
0157:H7 serotype, can be in process without
change in product’s organoleptic features and
create a health hazard to consumers at the same
time. However, the reproduction of causative
microorganisms of microbial spoilage leads to
the loss of product’s marketable condition,
sometimes without influence on product’s safety.

Methodical approaches to microbiological
substantiation of the sell-by date of food prod-
ucts include:

— the observation of product’s microbiological
condition during the period of registered sell-
by date (including reserved period) in real
storage conditions, in particular with the con-
sideration of possible deviation from recom-
mended conditions,

— the dynamics determination of the number of
targeted microorganisms in the product after
its artificial inoculation within real storage
conditions (“challenge test”),

— shortcut methods (with the use of aggravated
conditions and mathematical modeling of
possible increase of the number of microor-
ganisms within the product (“prognostic
microbiology”).

But in any case, the identification of microbial
hazard for particular product is the first phase of
the work. It is known that Listeria monocytogenes
is a risk factor for cooled goods ready-to-feed,
and the risk factor for ready-to-eat products
from seafood in vacuum packing is non-prote-
olytic serotypes Clostridium botulinum. The
ascertainment of kinetic parameters of precise
microorganism accumulation to maximum per-
mitted level (national safety standard) within reg-
ulated and aggravated conditions of product’s
storage will be the second phase.

It is important to determine required study
duration. It is not enough to be based just on
expected sell-by date of product, because a lot
of uncertain factors influence on the duration of
the expiry date of product for consumption. It
would be unrealistic to expect its stability and
reproducibility in all circumstances. It is most

Table 1

Minimal conditions for the reproduction of some pathogenic microorganisms and causative
microorganisms of microbial spoilage of food products by Latuful Bari, 2009 [6]

Reaction of .. Growth under
. . . Water activity . Temperature
Type of microorganisms environment (a.) anaerobic (°C)
(pH) w conditions
Pathogenic microorganisms
Salmonella 4,0 0,94 Yes 7
Listeria monocytogenes 4,3 0,92 Yes 0
Clostridium botulinum
proteolytic A, B, F 4.6 0,93 Yes 10
non-proteolytic B, E, F 5,0 0,97 3
Toxin production 4.0 0.83 Yes 6
Staphylococcus aureus
Yersinia enterocolityca 4,2 0,96 Yes -2
Pseudomonas aeruginosa 55 0,97 No <0
Bacillus cereus 4.4 0,91 Yes <4
Vibrio parahaemolyticus 4.8 0,94 Yes 5
Causative microorganisms of microbial spoilage
Lactic acid bacteria 3,8 0,94 Yes 4
Micrococcus 5,5 0,97 No 4
Mold fungi <2 0,60 No <0
Yeast 1-5 0,80 Yes -5
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likely that different values will be appropriate to it.
Therefore, it is necessary to apply the safety
(reserve) coefficient for experimentally deter-
mined sell-by date. The safety coefficient can
vary between 15% to 100% for various food cat-
egories [4, 5]. It concerns both the study dura-
tion and the storage temperature of these sam-
ples. The further study at a temperature which is
50% higher than regulated one by technical doc-
umentation is required for products with short
sell-by date which have been treated at a tem-
perature < 800 C or have been in contact with
staff’s hands [5].

The frequency of testing during the study
depends on the microbiological stability of the
product — perishable foodstuffs should be tested
more often. The minimum essential number of
samples for testing is determined [7], but, in any
events, this number is not supposed to be less
than three units from different production lots [4].
Evaluating results of testing, it should be taken
into account that “absence of microorganisms”
does not evidence the microbial limits of the
product, although, there was a low-detection
probability of small quantity of pathogens, irregu-
larity in their distribution and variability of
microorganisms’ reproduction within the prod-
uct. It is recommended to apply a rule of deci-
sion-making which is based not on average-
weighted data about microorganisms’ content,
but on the upper bound of the confidence interval
with the probability level between 90% to 95%.

The artificial inoculation of the product (chal-
lenge test) is necessary in the case of novel
products on which the available information is
not sufficient. It requires the preliminary determi-
nation of certain type (and sometimes even cer-
tain strain) of microorganism and quantitative
parameters of inoculation. In the event of
causative microorganisms of microbial spoilage
(lactobacillus and yeast) it must be strains (not
less than 5 units) which have been seeded from
similar type of products. The experiments asso-
ciated with artificial inoculation by pathogenic
microorganisms must be conducted in special-
ized laboratories outside of food establishments.
Findings, relating to product’s ability to main-
tain/not maintain the growth of such pathogens
as L.monocytogenes, provide the basis for fur-
ther monitoring in the process of production and
distribution [8]. The number of microorganisms
used to inoculate the product should be signifi-
cantly higher than normal level of microbial cont-
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amination. Considering the possibility of death of
some inoculated in the product microorganisms
during the initial period of their adaptation to new
conditions of existence (die-off), the initial quan-
tity of inoculum must be > 104 CFU/g (colony-
forming units per gram). If the initial inoculum is
not sufficient to compensate adaptative losses, it
can lead to improper conclusion about microbio-
logical stability of the product. Adaptative period
of microorganisms (the lag phase analogue of
germ culture life cycle) depends on the food
composition including food additives presence
and storage conditions.

The sell-by date duration of many products has
stimulated the implementation of shortcut meth-
ods which also intend studies conducting within
the conditions of elevated temperature, humidi-
ty, illumination intensity and other possible exter-
nal factors of influence (aggravation). Findings
are used to evaluate the sell-by date under nor-
mal conditions [3]. Despite the possibility of sig-
nificant reduction of study time frame, all meth-
ods that apply aggravation have meaningful con-
strains by virtue of possible influences of elevat-
ed temperature on the water activity, denatura-
tion of proteins, gases solubility, crystallization of
amorphus carbohydrates, fats melting, course of
chemical reactions. In connection with this, the
veracity of results achieved by these methods
should be confirmed by means of validation.

Mathematical model method (“prognostic
microbiology”) makes use of known data referring
to microbial growth patterns in different external
conditions. It is mainly used empirical models
which can be probabilistic or kinetic [8, 9].
Probabilistic models evaluate the probability of
microorganisms’ reproduction in marginal exis-
tence conditions. Despite widespread and con-
tinual improvement, mathematical modeling
does not exclude the necessity of microbiologi-
cal confirmation, but makes it possible to sub-
stantially optimize corresponding studies [10].

It is important to determine expedient duration
of product’s testing for further microbiological
monitoring. (time to detect — TTD), that is time
required for reproduction of targeted microor-
ganisms to minimal boundary of determination
by conventional methods. For instance, the initial
point of TTD for L.monocytogenes is concentra-
tion of 1 CFU/g (colony-forming units per gram),
but the endpoint is 100 CFU/g (colony-forming
units per gram) (the most acceptable level of
safety in European Union and Canada for ready-
to-eat products) [1, 11].
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Conclusion. Thus, in the process of microbio-
logical substantiation of the sell-by date of food
products it should be taken into account the
presence of leading pathogen and causative
microorganisms of microbial spoilage, the initial
contamination level, the lag phase duration of
germ culture development, variations between
strains, the kinetics of microorganisms accumu-

storage conditions, the indetermination connect-
ed with biological nature of microorganisms and
their inhomogeneous allocation within the prod-
uct, the limitation for shortcut research methods
(if applicable). The decision rule should be based
on the consumer’s risk concept — as a result of
testing of upper boundary of confidence interval
instead of arithmetical mean.

lation within the product in real and aggravated
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OBI'PYHTYBAHHSI TEPMIHY PEAJTI3ALIII XAPYOBOI nNPOAYKLIT
C.M. KyabmuHcbknia, T.B. Anamyayk, O.M. loninbko, H.I1. JleBuLibka
Al “HaykoBuii LLeHTp MpeBeHTUBHOI TOKCUKOJIOTIi, Xap40Boi Ta XiMiYHOi 6e3nekn
imeHi akagemika J1.I. Megseas MiHicTepcTBa oxopoHu 340p0B' Ykpaitn”, m. Kni, Ykpaina

PE3IOME. Meta pobotu. Ornsg Cy4aCHUX METOANYHMX MiAX0AIB 4O €KCepUMEHTaIbHOro 06rpyHTYBaHHS
TEPMIHIB peani3auii xap4oBux MPOZYKTIB.

Marepiann Ta merogn. AHania gaHnx HaykoBOI JiTepaTypy Ta HOPMaTUBHUX AOKYMEHTIB 11|00 METOAIB
00rpyHTYBaHHS TEPMIHIB peanidaLlii xap4yoBux MPOAYKTIB.

Pe3ynbratun. TepmiH peanizawii — Lie nepios Big MOMEHTY BUIOTOBJIEHHS IPOAYKTY, MPOTIrOM SKOro BiH 36e-
pirae cBow 6e3rneyHICTb Ta SKICTb (BKJIKOYHO 3 MOXUBHOK LHHICTIO) B 00rDYHTOBAHO-MPOrHO30BaHNX YMOBAaxX
30epiraHHs, ancTpubyUii Ta crioxusaHHs. TepMiH peanidavii HeoOXiaHO nepernsaaTi B pasi BNpoBaaXeHHS
HOBWX MPOAYKTIB (PeLenTyp), a Takox 3a notTpebu rioro 306inbLueHHs. OBroBoprOTLCS OCHOBHI acrnekTy Mik-
pO0BIoNI0riYHOro 0OrPYHTYBaHHS TEPMIHIB peanisaLlii Xxap40Bux npoAykTiB. [lepLumm etanom poboTv € ineHTu-
dikaujis MiKpoOHOI Hebe3neku A1 KOHKPETHOro NPoAyKTy. HacTynHyum eTarnom € BCTaHOBAEHHS KIHETUYHMX
rnapameTpiB HaKoMU4yyBaHHs BU3HA4YE€HOr 0 MIKpOOPIraHiamy 0 MakCcumMasibHO A0rnyCTUMOro PIBHS B PEriiaMeH-
TOBaHWX Ta arpaBoBaHUX yMoBax 36epiraHHs MPOAYyKTY.
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BucHoBku. [py MikpobiosoriaHoMy 00rpyHTYBaHHI TEPMIHIB peanidaLlii Xxap4oBux NPOAYKTIB C/if Bpaxosysa-
TV HasIBHICTb MPOBIAHOIro natorexHa 1a 30yAHWKIB MiKPOOHOro rcyBaHHs, PIBEHb iHillianbHOI KOHTaMiHaLlii, Ton-
Banictb nar-gasv po3BUTKY MIKpOOHOI KyNbTypy, MIXXLLTAMOBI BapiaLlii, KIHETUKY HaKormu4eHHs MikpoopraHi3-
MiB y MPOAYKTI 3a peanbHuX i arpaBoBaHNX yMOB 30epiraHHsl, HEBU3HA4Y€EHICTb, 0B '93aHy i3 6i010riyHOI0 Npy-
POAO0I0 MIKPOOPraHi3MiB Ta HEOAHOPIAHICTIO IXHbOro PO3MOAINY B NMPOAYKTI, OOMEXEHHS [/ MPUCKOPEHMX
MeTOAIB [OCIMKEHHS (B pasi iXHbOro 3acTocyBaHHs). [1paBn/io NPUAHATTS PilleHb Ma€e rPyHTYBaTUCh HA KOH-
Lenujii CrioxXuBYyoro pPU3NKY.

KmoyoBi cnoBa: xap4oBi NpoayKTn, TepMiH peanisaLlii, 06rpyHTyBaHHs, MiKpOOIO0riYHi MOKa3HUKMN.

OBOCHOBAHUE CPOKA PEAJIU3ALINU NMULLEBOW NPOAYKLNN
C.M. Kyamurckuii, T.B. Agamyyk, O.H. NoavHbko, H.T1. Jlesuukasi
T «Hay4HbIV LIEHTD NPEeBEeHTUBHOV TOKCUKOJIOrK, MNULLIEBOM 1 XMMMU4eCckor 6e30nacHoCcTv
nmenn akaaemvka J1.U. Measeas MuHnctepcTsa 3apaBooxpaHeHns YkpanHel», r. Knes, YkpavHa

PE3IOME. Llenb pa6otbl. 0630p COBPEMEHHbLIX METOANYECKMX MOAXO0L0B K 9KCEPUMEHTaIbHOMY 060CHO-
BaHWIO CPOKOB peasin3aumm nuLeBbiX NpoayKToB.

Martepuanesl n MeToabl. AHaM3 JaHHbIX HAYYHOM IMTEPATypPbl U HOPMATUBHbIX LOKYMEHTOB, KacatoLMxcsl
060CHOBaHUsI CPOKOB peannu3aumy niLLeBbIX MPOAYKTOB.

Pesynbtatbl. Cpok peannsaumy — 3T0 Nepuos 0T MOMEHTA NPUroTOBAEHUS MULLIEBOrO NMPOAYKTa, B TeYeHue
KOTOPOro 3TOT NPOAYKT COXPAaHSIeT CBOK GEe30MacHOCTb M Ka4eCTBO (BK/OHasi NUTATE/IbHYIO LIEeHHOCTb) B
060CHOBaHHO-IPOrHO3MPYEMbIX YCIIOBUSIX XPaHEHWS, ANCTPnOYLmmM v rnoTpebnenns. OBOCHOBaHWE Cpoka pea-
Jm3aumm HeobXoauMOo Npyl BHEAPEHMY HOBbIX MPOAYKTOB ( PELIENTYP), @ TaKXe Mpy He0OX0ANMOCTY ero rnpoasie-
Husi. OBCYXAaKTCsl OCHOBHbIE acrnekTbl MUKPOOMOIOrNYeCKOro 060CHOBaHMSI CPOKOB Pean3aLumy nNLLEeBbIX
MPOAYKTOB, @ UMEHHO MAEHTUGUKALMS BEAYLLEro naToreHa v Bo36yaureneit MukpoOHOU nopyy, YPOBEHb VHU-
LinasibHOM KOHTaMUHALIMN, JINTEIbHOCTb f1ar-asbl, MEXLLTAMMOBbIE BapuaLmy, KNHETUKA HAKOMIeHs1 MUKPO-
0PraHn3MOoB B NPOAYKTE B PeasIbHbIX U arpaBupOBaHHbIX YCIIOBUSIX XPaHEHWs], HEONPEAEeIeHHOCTb, CBS3aHHas C
610JI0rN4EeCKOi NMPYPOLAONA MUKPOOPraHN3MOB 1 HEOLAHOPOAHOCTbLIO VX pacnpeneneHus B npoAyKTe, orpaHuye-
HWS1 YCKOPEHHbBIX METOL0B UCCEA0BAaHUS (B Clly4ae ux UCrosib30BaHus). [paBuio npuHSITUS PELLERW JOJIKHO
OCHOBbIBATLCS] HA KOHLIENUMN MOTPEOUTENLCKOrO pUcka — NPUHATUE B Ka4eCTBe pe3ysbTata TeCTUPOBaHWS
BEpXHEro rnpezesna JOBEPUTEIbHOIO MHTePBasia BMECTO CPEeAHEN apndMeTUyeCKOM.

BbiBOAbI. YHVUDVKALIMS METOANKN SKCNIEPUMEHTAIbHOrO 060CHOBAHMS CPOKOB Peain3auymm nuiLesbIX npo-
ZlyKTOB JOCTATO4YHO BaxHa AJ1s1 YkpauHel. [y npoBeaeHnn ncenenoBaHni HeobxoammMo y9nToiBaTb MpuUCyT-
CTBME OCHOBHOIO naToreHa v Bo36yanTener MUKpOOHOM nopyy, YpOBEHb MHNLMATbHOM KOHTaMUHaLMW, [n-
TEeIbHOCTb Nar-@asbl pa3sBuTus MUKPOOHOM KyJibTYpPbl, MEXLUTAMMOBbLIE BapUaLmy, KUHETUKY HaKOMIEHUS
MUVKDPOOPraHU3MOB B NNPOAYKTE B PEAJIbHLIX Y arpaBypOBaHHbIX YCI0BUSIX XPaHEHWS, HEONPEAEIEHHOCTb, CBSI-
3aHHYI0 C B1OI0rM4ECKON NPYPOAOH MUKDOOPraHN3MOB ¥ HEOAHOPOAHOCTBIO UX PACnpeneneHuns B npoayK-
7€, OrpaHNYeHus a1 YCKOPEHHbIX METO/10B UCCNIEN0BaHUS (B CayYae nx ncronb3oBaHus). lMpuHaTre petue-
HWIA, KaK NpaBmio, [0/IKHO OCHOBBIBATLCS HAa KOHLIEMNLMY MOTPEOUTEIbCKOro pucka.

KnioyeBble cnoBa: nvesbie npoaykTel, CPOKM peannaaLimm, 060CHOBaHME, MUKPOBNOIOrn4eckme rnokasa-
Tenm.

Received 12/05/2019

63



