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MeOAMHHMMX AQOoCnifDKeME

MEDICAL EVALUATION OF HAZARD ANALYSIS AND
CRITICAL CONTROL POINT SYSTEMS EFFECTIVENESS IN
THE PRODUCTION OF HIGH-RISK FOODS

The current European legislation assigned the responsibility for
food safety to the food producers and traders. The introduction and
functioning of HACCP systems strives to achieve serious medical
goals — consumer’s health protection, minimizing the risk for
foodborne toxicoinfections, infections and intoxications, for chemical
contamination and additives, as well as for other specific hazards.
The approach is entirely preventive. The current experience has
revealed numerous omissions and discrepancies in HACCP
elaboration and functioning referring to the real extent of the hazard.
This paper presents results from a critical analysis of the performance
of HACCP systems in the production of confectionary, ready-to-
serve foods, pasteurized egg products, sterilized canned foods, etc.,
highlighting the major defects in hazard analysis, adequacy of the
critical points, correction activities, and verification procedures.
Suggestions are provided concerning the optimization of the
relationships between the producers and the control authorities
aiming to eliminate the established system discrepancies.

Keywords: HACCP, microorganisms in foods, microbiological
criteria, pasteurized egg products, confectionery products, vegetable
canned foods, ready-to-serve dishes.
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MEINYHA OLIHKA E®EKTUBHOCTI CUCTEMUN AHAJII3Y
PU3UKIB I KPUTHUYHHUX KOHTPOJBHHUX TOYOK
Y BUPOGHUIITBI TPOJYKTIB 3 BHCOKOI CTYNEHEM
PU3UKY

BinmoBimHO 1O YHHHOTO €BPOMEHCHKOTO 3aKOHOJABCTBA, BIAIMIOBiIA-
JIBHICTP 3a 0e3MeKy XapuoBHX MPOAYKTIB HECYTh BUPOOHUKH 1 MPOJABII
MPOYKTIB XapuyBaHHA. BrpoBa/pkeHHs Ta (yHKLIOHYBaHHS CHUCTEMH
HACCP nanizeHo Ha TOCSATHCHHS CEpUO3HUX MEIUYHUX IIICH: 3aXUCTY
3JI0POB'Sl CIIOXKUBAYIB, MiHiMIi3alii pU3UKY 3apakK€HHS XapuOBHMH TOK-
CUKOTeHaMH, 1H(EKIIIH 1 IHTOKCHKAIiH, MOB'I3aHUX 3 XapYOBHMH IPO-
IyKTaMH, SIK MO0 XiMIYHOTO 3a0pyaHEHHS 1 J0OABOK, TaK 1 IS 1HIITNX
cnenuigHUX QaxTopiB pu3uKy. Llei miaxin € MOBHICTIO TPEBEHTUBHIM.

CydacHUiA TOCBi/I TIOKa3aB YHCIICHHI YIyIIEeHHS i po301KHOCTI B po-
3pobui i ¢pynkuionyBanHi HACCP 3 ypaxyBaHHSM peaIbHOTO CTYTICHS
HeOe3neku. Y maHii poOOTI mpencTaBIeH! pe3ysIbTaTH KPUTHYHOTO aHa-
ni3y edexruBHocti cucremu HACCP y BUpPOOHMITBI KOHIMTEPCHKUX,
KyJIIHAPHUX BUPOOIB, aCTEPU30BAHHUX MPOJYKTIB NEPEPOOKH SI€Lb, CTe-
pHITI30BaHUX KOHCEPBIB 1 T. [I., SKi BKa3ylOTh Ha OCHOBHI HEJOJIKH B
aHaJi31 PpU3MKIB, BIAMOBIHICTh KPUTUYHUX TOUOK, KOPUTYBaJbHI Jii Ta
MPOLIEypH TEePEBIpKH. 3arpOOHOBAHO PEKOMEHIALT 1I0J0 ONTHMIi3a-
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1ii B3a€EMUH MK BUPOOHHMKAMH i OpraHaMH KOHTPOJIO, CIIPSIMOBaHI Ha
YCYHEHHsI BCTAaHOBJICHUX CUCTEMHHX HEBIAMOBITHOCTEHA.

Kirouosi ciaoBa: HACCP, mikpoopraHizMu B Xap4OBHX IPOIYKTAX,
MIKpOOi0JIOT1YHI KpHUTepii, MacTepu30BaHi MPOAYKTH IEPEPOOKH S€lb,
KOHJIUTEPChKI BUPOOH, OBOUEBI KOHCEPBH, KYJIMHAPHI CTPaBH.

MEJUIIMHCKAA OLEHKA 2OO®EKTUBHOCTU CUCTEMBbI
AHAJ/IM3A PUCKOB M KPUTHUYECKHUX KOHTPOJIbBHBIX
TOYEK B IMPOM3BOJCTBE MPOJAYKTOB C BBICOKOH
CTEIIEHBIO PUCKA

B cootBercTBUM C OEHCTBYIOIIMM €BPONEHCKUM 3aKOHOIATEILCTBOM
OTBETCTBEHHOCTh 32 0E30IaCHOCThH IUINEBBIX MPOJYKTOB BO3JAraeTcs Ha
TIPOU3BOUTENEH 1 MPOMABLOB MPOIYKTOB NMHUTaHWsA. BHenpenune u QyHk-
mmonuposanne cucreM HACCP HampaBieHO Ha JTOCTHD)KEHHE CEpBE3HBIX
MEWIIMHCKUX IIENeH: 3aliThl 370pOBbS MOTpeOHuTesnell, MHHIMH3AIH
pHCKa 3apaXkeHrs! NMUIIEBBIMHA TOKCHKOT€HaMH, MH(EKIMH ¥ WHTOKCHKa-
LM, CBS3aHHBIX C MAMIEBBIMH IPOILYKTaMH, KaK B OTHOIICHUH XUMUYECKO-
TO 3arps3HEeHHs] U J00aBOK, TaK M VIS JPYTUX CHElM(pHIECKUX (aKTOpoB
pHCKa. DTOT MOAXO/ SIBIISETCSI TIOJTHOCTBIO IIPEBEHTUBHBIM.

HemHemnmii onebIT nokas3aa MHOTOYMCIIEHHBIE YIYIIEHUS U Pacxoe-
Hus1 B pazpadotke U pynkumonnpoBann HACCP ¢ yuerom peanbHOII cTe-
NIeHH oracHocTd. B nanHoW paboTe mpecTaBieHbl pe3yJbTaThl KpUTHYE-
ckoro anam3a 3¢ ¢exrusHocTr cucteMsl HACCP B mpon3BoicTBE KOHITU-
TEPCKHX, KyJIMHAPHBIX M3ZENHIH, TaCTEPU30BAHHBIX MIPOAYKTOB IepepaboT-
KU S, CTEPIIN30BaHHBIX KOHCEPBOB U T. JI., KOTOPbIE YKa3bIBAIOT Ha OC-
HOBHBIE HEIOCTAaTKH B aHAIM3E PUCKOB, COOTBETCTBHE KPUTHIECKUX TOUEK,
KOPPEKTHPYIOIINE NEHCTBUS M TPOLIeLyphl MpoBepkH. [Iperoskens! pexo-
MEH/IAIIMA OTHOCHTEIGHO ONTHMH3AIMK B3aMMOOTHOIICHUH MEXIy TpOou3-
BOJUTEISIMU M OpraHaMH KOHTPOJISI, HAIIPABJICHHbIE HA YCTPAHEHUE yCTa-
HOBJICHHBIX CHCTEMHBIX HECOOTBETCTBUIA.

Knrouesnie ciioBa: HACCP, Mukpoopranu3msl B MHINIEBBIX MPOIYK-
TaxX, MUKPOOHOJIOTHUECKHE KPUTEPUH, NMAacTePU30BaHHBIE TPOIYKTHI IMepe-
paboOTKH SIMII, KOHAUTEPCKUE W3/IEIHS, OBOIIHBIE KOHCEPBBI, KYTMHAPHBIC
6moma.

ABTOp, BiAnoBizanbHUi 32 MucTyBanus: mstoynovska@gmail.com

previous periods when the measures for

The introduction of HACCP systems in the
practice of all food production enterprises, in catering
establishments and even in hyper- and supermarkets
pursues major medical goals: restriction of foodborne
toxicoinfections rate, minimization of the population
risk for chronic exposure to chemical contaminants,
additives, mycotoxins and other health hazards with
direct or remote effects [4, 8, 9]. At the same time the
development, implementation and maintenance of this
systematic  preventive-medical activity and the
associated responsibilities are totally assigned to food
business operators. In spite of the expectations, no
visible restriction of this morbidity rate has been
observed in the European countries compared to

© CymMmchkuii nepxaBHUil yHiBepcureT, 2018

74

implementation of HACCP systems everywhere in
food chains have not been active.

In accordance with those findings the MAIN
TASK of this study was to perform and present a
critical analysis of the functioning of HACCP systems
in the manufacturing of foods providing risk for
specific physical, chemical and biological hazards for
the public health.

MATERIAL AND METHODS

The critical analysis was performed by direct
observations over enterprises producing four food
groups and by evaluation of their authentic
documents associated with production hygiene, in-
plant control systems and HACCP-plans. The items
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covered were foods providing potential risk —
confectionery products, ready-to-serve warm dishes,
sterilized preserves and pasteurized egg semi-ready
products — a number of various industries differing
because of the specificity of the input materials,
technologies, composition, duration, purpose and use
of the products. Their HACCP systems, though, is
based on similar basic principles.

The analyses of each production covered:

e  Prerequisite programs;

e  Descriptions of the products;

e  Production design and technology;

e Technological documents (TD) for the ready
products;

e HACCP teams organization;

e  Full scope and documentation of the developed
HACCP and their implementation in the
production process.

The analyses emphasized the hazards identified by
the teams, the adequacy of the suggested critical and
critical control points (CP and CCP), the systematic
monitoring and its results, the verification of the
system elements [4].

RESULTS AND DISCUSSION

1.  Confectionery products

The analysis covered confectionery products with
high water content, such as pastry, cakes, rolls etc., on
paste basis garnished with glazes, couverture,
chocolate and with milk, cream and butter creams.
Those products are stored in refrigerating conditions
and have limited shelf-life — from 5 to 8 days. This
type of patisserie provides confirmed risk for bacterial
foodborne  diseases, mainly salmonella and
staphylococcal food poisoning.

The main input materials are flour, sugar, eggs,
milk, milk butter, vegetable natural and hydrogenated
fats and oils, etc. as well as food additives —
preservatives, emulsifiers, stabilizers, glazing agents,

J. Clin. Exp. Med. Res., 2018;6(1):73-80

synthetic colorants, flavors, permitted by the European
legislation.

The production technology is traditional for
confectionery. The paste bases are baked at
temperatures of 170 'C to 300 ‘C, followed by the
preparation of the creams, glazes, pastry fillings. The
creams are cold, prepared from powder semi-ready
products. The patisserie products are finalized by
manual garnishing and decorating operations with
fillings, creams, glazes, couverture, etc. This is the
decisive moment for the main biological hazards to
penetrate into the product — secondary contamination
with microorganisms, including pathogenic ones — at
presence of intestinal, droplet and dermal infections,
transmitted by the staff, the workplace environment
and equipment. The manual operations determine the
extent of risk for disease accidents or production
decay [3, 7].

Figure 1 presents the scope of HACCP in the food
chain of production of mellow confectionery and the
observed defects. They are found mainly in
unconformity of the identified CCP and the risk
extent. CCP 1 and CCP 3 are established correctly — in
the first case it is the place to prevent physical hazards
and in the second — the prevention of reproduction of
unwanted flora in the ready product. The place,
though, of CCP 2 is not in the thermal processing of
the bases but in that part of the chain where the
manual operations are deployed — garnishing and
decoration of the products and cold preparation of
creams. The possible secondary contamination with
unwanted microorganisms is realized at those two
stages of the chain. After the manual operations there
is practically no factor that could eliminate or reduce
the available microflora to safe levels. As a result of
this analysis we suggest that CCP 2 would belong
with the manual operations, and the baking itself to be
onlyaCT.

1 Baking of paste ba-

2 ’L ses 2

©
c T
= — o .
s ® = Storage in re-
B £ Products garnishing and g i
< 2 roducts garnishing an s frigerators
[T i
g3 cold ) decoration & 0 — +4°C
& S old preparation o

S of creams

. v,

Figure 1 — Scope of HACCP in the food chain of mellow confectionery production and the observed defects
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The difficulty with the proposed CCP 2 belongs
with the determination of the critical limits. There
are no factors here that could be measured. There is
observation and control of the personal hygiene
rules and workplace environment rules at
particularly high level, especially:

- Operators with signs of diseases -

gastrointestinal ~ discomfort or  disorders,

inflammation processes in the respiratory tract
or on the skin should not be admitted to the
workplace;

- High level hygiene of working clothes;

- Regular microbiological control of hands,

working clothes, workplace environment,

equipment;

- Periodical control for presence of intestinal

Table 1 — For ready confectionery products in CCP 3:

J. Clin. Exp. Med. Res., 2018;6(1):73-80

infections and pathogenic staphylococci in the

upper respiratory tract and skin of the staff;

- High, controlled level of washing and

disinfection of the premises, workplace surfaces

and equipment.

Another defect of the developed HACCP system is
the absence of reliable verification procedures.
Because of the leading importance of the biological
hazards the verification should be performed using
microbiological tests of the ready product as well as of
the workplace environment and of the staff. Because
of the incomplete and imperfect criteria for evaluation
of biohazards in the elaborated HACCP-plan, we
propose the following verification schemes that could
also be used as a basis for hygienic limits in the
technological documentations (Table 1 and Table 2).

. Limits s
Criteria - c p v Periodicity
Coliforms, CFU/g 5 2 10 100 Monthly
Coagulase-positive staphylococci, 5 ) 10 100 Each trimester
CFU/g
Salmonella spp. 5 0 Not present in 25 g Once per 6 months

Table 2 — Samples collected from workplace environment, equipment and operators engaged in gar-
nishing and decoration of the products, in direct contact with the products at CCP 2:

Sample type Microbiological criteria Limits Periodic
Working S urfaces and Coliforms Not admitted Monthly
equipment
Coliforms Not admitted
Staff hands Coagulase-positive Once per 2
g b . Not admitted months
staphylococci
Working clothes Coliforms Not admitted Once per 2
months
Upper respiratory tract Coagulase—posn_lve Not admitted Once per 6
(nose, throat) staphylococci months

2. Ready-to-serve dishes

Ready-to-serve dishes are a specific product
type that is the most frequent cause for bacterial
foodborne diseases, mainly through catering
establishments [3, 6, 7].

Within this group the following cooked dishes
were analyzed: cooked dishes with meat (one- and
multi-component), soups (meat, fish or offal, and
vegetable) and culinary products, grilled or baked
in a convection oven — a very rich list of foods
offered for direct consumptions warm or cooled and
warmed before offering in catering establishments.
The recipes are complex, mainly traditional
Bulgarian, of whole and cut poultry, pork and veal,

76
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with vegetables, pulses, eggs, dairy products, butter
and sunflower oil, flour, spices. This envisages a
very diverse and numerous microflora of the input
materials and serious technological processing for
its elimination and reduction to acceptable limits.
The key moment in the technologies is the thermal
processing. It is realized by boiling, baking,
processing in convection ovens and, in all cases, it
requires reaching of full culinary readiness and of
temperatures within the dishes of over 75 °C and in
practice — much higher, close to the boiling point at
sufficient processing duration.

The major hazards are biological in this group
too — residual microflora after the processing and
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secondary occurring unwanted microflora. The
residual microflora is scarce, presented by spore
forms of Bacillaceae, most often C. perfringens, B.
cereus, B. subtilis, spp. mesentericus. The risk with
grilled products is greater — there the temperature
often does not penetrate deeply enough in-depth of
the portions and it is possible that non-spore
forming bacteria would also survive there —
Salmonella, Listeria, E.coli and others as a result of
primary contamination of the major input materials.

The general risk is presented not only by the
quick decay of the dishes when staying in the warm
kitchen, but also by potential toxicoinfections and
intoxications. The dishing, portioning and string to
the time of consumption operations cause inevitable
secondary  contamination and very quick
reproduction of residual spores as well as of
secondary introduced microorganisms.

Figure 2 presents the chart of HACCP scope
and outlined CCP for the three types of ready-to-
serve dishes (cooked dishes, soups and baked
dishes).

There are two omissions in the technical docu-
ments and in HACCP as well. The first one is that
the temperature at which the dishes are stored warm
before the consumption is not set. It should be not
lower than 65 °C. Lower temperatures, such as 30 C
-45°C, would play the role of a thermostat for mes-

J. Clin. Exp. Med. Res., 2018;6(1):73-80

ophilic and thermophilic microorganisms, place to
reproduce and accumulate high infectious doses. It
is exactly that moment that is the real cause for
most toxicoinfection or intoxication outbreaks
through the fault of catering establishments. An
additional CCP 4 should be deployed here. Another
omission is the lack of adequate microbiological
requirements to the ready-to-serve-production. Var-
ious criteria are set for the three groups of dishes,
all of them minimal, not accounting the real haz-
ards. That is why we recommend the following
microbiological criteria for safety and hygiene of
the processes, basis for verification schemes as well
(Table 3).

In this way the ready-to-serve dishes will con-
form to the requirements of the amended Regula-
tion (EU) Ne 2073/2005 and their control will be
established on a sound basis considering the real
biohazards.

3. Sterilized canned foods

Sterilized canned foods are foods for which the
elaboration of a HACCP system is not a difficult
methodological problem because of the clear vision
for the major CCP — the sterilization itself, when
the dominating biohazard — anaerobic, spore-forming
bacteria, respectively botulism risk - is eliminated
[2]. The discussed production produces sterilized
multicomponent vegetable cans — Figure 3.
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Figure 2 — Chart of HACCP scope and outlined CCP for the three types of ready-to-serve dishes
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Table 3 — Ready-to-serve dishs (soups, cooked dishs, baked products) at CCP 3:

o Limits o
Criteria - c p M Periodicity
Escherichia coli, CFU/g 5 2 10 100 Monthly
Bacillus cereus, CFU/g 5 2 10 100 Once per 3 months
ilIJ:IIJIZ reducing - clostridia, 5 2 10 100 Once per 6 months
Listeria monocytogenes 5 0 Not presentin 25g Once per 6 months
Salmonella spp. 5 0 Not presentin 259 Once per 6 months

The HACCP team has correctly identified the
hazards and respective CP and CCP using the
standard questions of the “decision tree”. Depend-
ing on the leading hazards — biological and physical
(fragments of glass jars) the team has identified
three CP and one CCP.

The monitoring of the sterilization process is a
complex issue. The natural daily, of each lot and of

each device (autoclave, rotomat) control is the reg-
istration of the three components — temperature,
exposure, pressure. An indirect evaluation off the
effect could be given by a test of the lot after stor-
age but it is not enough. The real assessment is giv-
en by the microbiological control of industrial ste-
rility which, naturally cannot be performed for each
lot.

FRESH GREEN PEAS
ADMITTANCE, STORAGE
- in chlorinated water [0,5 CL] in ratio

WASHING, FLOTATION,
SEPARATION

BLANCHING
2 -8 min
90°C - 95°C

2:1at 14°C-16°C

DOSAGE GREEN PEAS + 2

_-~

CLOSING - HERMETIC

LIOLID

STERILIZATION
(REGIMES - according to Working Instructions)

v

STORAGE

Figure 3 - Sterilized green peas

Here comes the place of verification of HACCP
procedures where the answers about their effective-
ness at CP or CCP are provided by the periodical
microbiological analyses. We would like to propose
to include verification procedures in the HACCP
system for sterilized vegetables and ready-to-serve
vegetable dishes representing periodical tests of the
following microbiological criteria (Table 4, Table 5).

4. Pasteurized egg products

Pasteurized egg products — egg mélange, egg
yolk and egg white are concentrated semi-ready
products for confectionery, bakery and catering and
could carry serious biohazards — salmonella, listeria
and other causes of zooanthroponoses [1, 5]. Their
thermal processing is the main factor for microbial
decontamination of the raw egg mass, but it is with-
in the limits of low pasteurization - between 57 "C

© CymMmchkuii nepxaBHUil yHiBepcureT, 2018
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and 67 'C at flow rate of 1500 to 3000 I/h. Thus the
denaturation of egg whites is prevented and they
preserve their nutritional and biological value,
though there is still the non-negligible epidemical
risk to be considered. That is why the adequacy of
the HACCP plan in this industry is of particular
importance. Figure 4 presents the major stages of
the technological chain and the envisaged CCP for
this industry.

Though pasteurization is quite effective towards
pathogenic Enterobacteriaceae and other non-spore
forming bacteria, it cannot decontaminate raw egg
mass completely and the residual microflora can
further reproduce and compromise the production at
low refrigeration temperatures. Psychotrophic mi-
croorganisms, moulds and yeasts are leaders in
those processes.
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Table 4 — Verification of HACCP for sterilized vegetable canned foods at CP 1 (preparation of the in-

put materials/blanching)

Criteria

Periodicity

Total count of mesophilic aerobic and facultative anaerobic microorganisms,

CFU/g

Once per 6 months

Spores of mesophilic aerobic and facultative anaerobic microorganisms,

CFU/g

Once per 6 months

Thermophilic microorganisms — vegetative and spore forms

Once per 6 months

Enterobacteriaceae, CFU/g

Once per 6 months

Yeasts and moulds, CFU/g

Once per 6 months

Table 5 — Verification of HACCP for sterilized canned vegetables at CCP 1 (sterilization)

Criteria Periodicity
Mesophilic aerobic and facultative anaerobic microorganisms — non spore Monthly
forming and vegetative forms of spore forming ones
Spores of mesophilic aerobic and facultative anaerobic microorganisms Monthly
Mesophilic anaerobic microorganisms Monthly
Thermophilic microorganisms — vegetative and spore forms Once per three months
Moulds and yeasts, CFU/g Monthly

From this point of view the analysis of the
HACCP plan shows correct design of CCP in the
food chain, but unconvincing verification of the
monitoring at pasteurization and storage. In this
relation we would propose the following scheme of
verification tests adequate to the character of the
risk with pasteurized egg products (Table 6).

In all four productions the HACCP systems do
not identify chemical hazards emerging within the

range of the technological chains. They can be car-
ried by the input materials and their elimination is
realized by the input control.

The results of the performed critical analyses
are presented to the business operators together
with the proposals for revision and optimization of
HACCP plans and verification procedures and tests.
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Figure 4 — The major stages of the technological chain and the envisaged CCP for this industry
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Table 6 — Verification tests in HACCP for pasteurized egg products at CCP 2

Microbiological criteria In-plant limits Periodicity
1. Total cc_)unt of mesc_)phl!lc aerobw. <50 000 cfulg Once per three
and facultative anaerobic microorganisms months
2. Enterobacteriaceae <10 cfu/g Once per three
months
th
3. Moulds and yeasts <10 cfulg Once per three
months
N=5;¢c=0;
) ' th
4. Salmonella spp. m — absence in 25,0 g of the Once per three
months
product

Conclusions

1. The analyzed types of production of foods
at high risk as carriers of pathogenic
microorganisms,  respectively  of  infectious
foodborne  diseases have elaborated and
implemented HACCP plans in conformity with the
requirements of the EU Regulations;

2. Biohazards due to primary or secondary
contamination with microorganisms, disease agents
or causes for unwanted changes of the quality,
nutritional and biological value of the foods during
the storage process are leading;
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