u]

3 Memoro ynpasninns 0e3neunicnio pos-
pobnenux Gopownanux eupobie 3 opeamiu-
HOI CUPOBUHU, GUKOPUCMOBYIOUU NPUHUUNU
cucmemu HACCP, cmeopeni 06i peuenmypu
micmeuox <«Kocmixs ma <Jlynixs>. Y peuen-
mypi micmeuxa <Kocmix»> 3acmocosana
opeaniuna cuposuna: 6opowio pucose, imoup
Mosomui, NOPOWOK JIeMOHZPACY, UYKOD
KOKOCO8UIL, MACTI0 6epuikoée ma 00ainuxosa
OJisl, MENAHIHC KYPAUUX SEUD, BAPEHHS UOP-
HonaioHoi 20pobunu. Y peuenmypi micmeu-
xa <Jlynix> euxopucmano Gopowno pucoge
Y noeoHanni i3 6OPOUWHOM 31 Cnevmu, NOPO-
WOK JIeMOHZPACY, UYKOP KOKOCOBUU, MACJIO
gepuikoge ma 00NNUX06a O, MENAHINC
KYPAUUX EUL, BAPEHHS 3 0XCUHU Op2aHiuHe.
Po3spooneni npodyxmu maiomv 6ucoxi opea-
HOJlenMuMHI 81ACMUBOCH, WO NiOmeepoHce-
HO 6i0n06i0HUMU docridscennsimu. Busnaveni
MIKpOOGIoN02iuHI Ma MOKCUKON02IMHI NOKA3-
HuKu 0e3neunocmi 20moeux eupoéie. Bonu ne
nepesuwyroms donycmumux mesc. Ocxinvku
Y PpO3pobneHux 3paskax 3aMiHeHO JHCUPO-
8Y OCHOBY Y NOPIBHAHHI 3 KOHMPOILHOINO
peuenmyporo, 0Yno 00CHi0NCEHO HCUPHOKUC-
aomnuil cknad eupodise. Bmicm nacuuenux
HCUPHUX KUCTIOM 8 060X 3PA3KAX 3MEHUIUG-
ca maiice 606iui, Mool AK 6micm MoOHOHe-
HACUMEHUX JHCUPHUX KUCAOM 3PiC Y 3pasky
<«Kocmixs> 6 1,78 pasu, a y 3pasxy <Jlynixs>
y 1,8 pasu. 3oinvmuscs emicm noninenacu-
yenux scupnux xucaom y 2,08 pasu y obox
spasxax. JKupnoxucaomnuii cxnad eupooie
noOpieHAHO 31 CKAA0OM <i0eanvHo20 Jini-
dy»>. Crxnadeno 6n0x-cxemy eupobnuymea,
aka € 6a3010 0ns ananisy nebesneunux Qarx-
mopie. Ilpoananizosani neéesneuni paxmo-
puU 6UpoGHUUMEA GOPOWHANUX KOHOUMEPCH-
Kux 6upofie. 3anpononosamne SUKOPUCMAHHS
wodennux aucmie Gesneunocmi. /{ns 6iodopy
nocmauansnukie po3pobrena cucmema pam-
IHCYBAHHSL.

IIi pesynvmamu éxasyromo nHa me, wo
BUKOPUCMAHHA OP2AHIMHOI CUPOBUHU Y
BUPOOHUYMET micmenoK 0ae 3moey Po3uu-
pumu icHyouuil acopmumenm 00poOUWHIA-
nux xonoumepcokux eupoois. /lodasanns
00 ninionoi ocHosu 6upody Hempaduuii-
HUX 011U 0a€ 3M02Y NOTTNUUMU HCUPHOKUC-
nomuuti ckaad. Ompumani pesynvmamu
MOJCYMb  BUKOPUCMOBYBAMU NIONPUEM-
cmea KoHOUMepPCvLKOi NPOMUCIOBOCMI 3
Memoro 6UPOOGHUUMEA HOBUX BUOCIE NPOOYK-
uii ma enpoeadsHceHHs CuCmeMuU YnPpasiin-
1 Ge3neunicmio Xapuoeux npooyxmie

Kniouoei crosa: cucmema ynpasninmns
Oeaneunicmio, HCUPHOKUCIOMHUL CKAAO,
Oopownani xonodumepcoki eupobu, emicm
MOKCUMHUX eTleMeHMi8
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1. Introduction

nitrates, growth hormones, as well as other compounds, that

A serious challenge for modern people is the presence
of harmful substances in foods. These include pesticides,

are specifically added during production. However, it is sci-
entifically proven that the production system does not cause
food poisoning outbreaks. Their main reason is food process-



ing aspects, such as nutritional supplements, the presence of
mycotoxins from the use of growth hormones in livestock
production [1]. Therefore, the important scientific issue is the
creation of products and the organization of its production
so that the products do not cause harm to the end consumer.
The implementation of the HACCP system is exactly the tool
that can guarantee the safety of finished products to the end
consumer. Food safety management system, based on the
principles of HACCP, has been recognized around the world;
however, some difficulties are related to the mechanism of
its introduction into production. Therefore, when developing
new products, it is important to immediately consider the
principles of safety management in production.

An important factor influencing the safety of the final
product is the raw material from which it is made. Numerous
scientific studies prove that organic raw materials are safer
to produce finished foods. One can assume that the use of
organic raw materials for the development of finished flour
products would help improve their safety indicators. Based
on the definition by European regulations, organic produc-
tion is a holistic system of economic and food production [2].
Organic production implies the refusal to use agrochemicals,
which positively influences the indicators of safety and re-
duces the risks of chemical hazardous factors.

It is scientifically proven that organic foods are health-
ier compared to conventional ones. This is influenced by a
higher content of bioactive compounds (for example, poly-
phenols, vitamin C, and carotenoids) and polyunsaturated
fatty acids (PUFA). In addition, organic products contain
fewer pesticides, whose content can be associated with dys-
bacteriosis and immune disorders and toxicity in humans.
However, the results of health monitoring, reported by some
studies, can also be closely related to lifestyle and obser-
vance of healthy lifestyles [3]. Therefore, the issue of the
impact of organic products on the human body has not yet
been studied enough. Despite this, during the development
of new products, significant attention should be paid to the
research into the biological value of new foods. There are
data that prove higher biological value of organic products
in comparison with traditional ones. This necessitates addi-
tional research, in particular concerning comparison of fatty
acid composition of ordinary and organic products.

The relevance of work in this direction is the need to
expand the range of flour confectionery products with
improved consumer properties. Since there is a growing
demand for organic products in the world, those studies are
important that aim to develop flour products from organic
raw materials. According to preliminary scientific data,
it was established that organic raw materials are not only
better in terms of safety indexes, but also in their content
of micronutrients. That is why this paper reports our study
into the fatty acid composition of products in which the lipid
base is replaced with organic butter in combination with
organic vegetable oil. As the issue of food safety in the world
today is very acute, the study has suggested approaches to
the development of new flour-based products, taking into
consideration the principles of HACCP.

2. Literature review and problem statement

Statistics indicate significant dynamics of food poison-
ing not only in Ukraine, but in the whole world. WHO esti-
mates that 600 million — almost 1 in 10 people in the world —

get sick after the use of contaminated food, and 420,000 die
every year, resulting in the lost 33 million years of healthy
life. Children under the age of 5 account for 40 % of severe
diseases due to food products, which is 125,000 deaths each
year. Laxative disease, the most common disease resulting
from intake of contaminated food, results in 550 million sick
people, and 230,000 deaths each year [4].

According to the WHO, as early as 2004, the highest
mortality from diseases caused by food poisoning (from 100
to 420 deaths in 1,000,000) was recorded in the Russian
Federation, and the lowest — in the countries of South Amer-
ica and Australia [5].

According to global estimates, thirty-one dangerous fac-
tors in food products causes 32 diseases, including 11 diar-
rheic diseases, whose pathogens are 1 virus, 7 bacteria, 3 ele-
mentary. There are also 7 invasive infectious diseases (1 virus,
5 bacteria, 1 elementary), 10 worms and 3 chemicals that are
especially dangerous for humans. The main microbiological
agents of food poisoning are Staphylococcus aureus, Bacillus
cereus, Clostridium perfringen, Vibrio cholerae, Enterotoxi-
genic E. Coli, Salmonella spp., Shigella spp. |6]. Being infected
with Listeria leads to miscarriage in pregnant women or the
death of newborn babies. Although disease incidence is rela-
tively low, severe disease and lethal effects take place. Chem-
ical risks also pose a significant threat in terms of food safe-
ty. Thus, researchers found a significant connection between
the influence of pesticides and children’s leukemia. People
who use pesticides professionally have 50 percent higher risk
of Parkinson’s disease [7]. Therefore, the issue of minimizing
chemical hazardous factors during food production is very
important [8]. The possible solution of this scientific problem
is to use in the production of food products the organic raw
materials which differ in the smaller content of harmful sub-
stances. This is indicated by scientific data, which prove that
some organic products contain fewer agrochemical residues
and lower nitrate content than those traditionally grown.
Moreover, the use of pesticides in traditional agriculture can
increase the risk of reproductive disorders, diseases of the
immune, endocrine, and nervous system, and the develop-
ment of certain cancers. Children are exposed to more risk
than adults [9]. Given this, expanding the market of finished
organic food products is very promising. Since the market for
organic products of primary production in Ukraine is rapidly
developing, the question arises about the expansion of the
range, in particular flour-based confectionery products. This
conclusion can be drawn from data by the Ministry of Agrar-
ian Policy and Food [10]. Thus, in Ukraine, there are over
420 operators of organic and transitional period, includ-
ing 294 agricultural producers. Most organic operators in
Ukraine are certified according to the EU Organic standard,
which is equivalent to the EU 834,/2007 and 889/2008 reg-
ulations, which is used for export of organic products as well
as in the domestic market [11]. The above data emphasize
the feasibility of expanding the range and developing new
products from organic raw materials.

Since the significant segment on the food market is
occupied by flour confectionery products, the research of
developed products of this particular group is proposed. It is
worth noting that consumers today opt not only for the qual-
ity and safety of food products, but also their biological value.
An important role in human nutrition belongs to a sufficient
amount and balance of fatty acids. According to [12], organic
food products are more balanced in terms of the fatty acid
composition. Similar data are reported in [13], indicating an



improved fat-acid composition of Italian organic sour-milk
products compared to traditional. However, the cited study
considers mainly dairy products and eggs, not confectionery.

Study [14] found that the concentration of antioxidants,
such as polyphenols, is significantly greater in organic crops
and products based on organic crops. The concentration
of phenolic acids, stilbenes, flavones, flavanols, and antho-
cyanins is 19 %, 69 %, 28 %, 26 %, 50 %, and 51 % higher,
respectively, than in traditional products. However, the cited
study does not cover the differences in the fatty acid compo-
sition of organic and non-organic products.

The scientific literature has enough data about the fatty
acid composition of vegetable oils and the expediency of their
use in the confectionery industry. Thus, the unrefined cold-
pressed sea buckthorn oil is a valuable source of vitamin E.
The oil is dominated by oleic, stearic, linoleic, and palmitic
acids. Unconventional oil outperforms margarine for the
content of polyunsaturated fatty acids. Their largest amount
is demonstrated by linseed oil, whose content of PUFA is
5.38 times higher than the PUFA content in margarine.
The content of polyunsaturated fatty acids in soy, pumpkin,
and buckthorn oil is 4.69; 4.61; 4 times higher than that in
margarine. However, all the above studies do not highlight
the difference between the fatty acid composition of organic
vegetable oils and those not organic. This necessitates mak-
ing a comparison between the lipid composition of organic
and non-organic fat-containing products [15].

3. The aim and objectives of the study

The aim of this study is to manage safety of the devel-
oped cakes made from organic raw materials with improved
fatty acid composition.

This would make it possible to expand the range of safe
organic flour-based products.

To achieve the set aim, the following tasks have been
solved:

— to develop formulations for cakes from organic materials;

— to investigate safety indicators of the finished prod-
ucts;

— to determine the fat-acid composition of the developed
products;

— to devise a procedure for choosing suppliers, to compile
a production flowchart, and to analyze dangerous factors
during the production of cakes.

4. Materials and methods to study quality and safety of
the developed products

The objects of our research are the developed cakes “Kos-
myk” and “Lunik”. The technological study of the developed
products, as well as their formulations, are described in de-
tail in paper [16].

The HACCP system implementation is regulated by
the guidelines adopted by the Commission of the Code of
Alimentarius. The guidelines outline a system for analyzing
hazardous factors and critical control points. The instructions
also contain general recommendations for using the system,
recognizing that the application details may vary depending
on the production characteristics [17]. Before applying the
HACCP system in any sector of the food chain, it is neces-
sary to act in accordance with the general principles of the

Food Hygiene Code, relevant codes practices and relevant
legislation on food safety. The methodology is based on the
application of technical and scientific principles to the entire
food production chain: from field (farm) to table [18]. The
fatty acid composition was determined by a gas chromatog-
raphy method at the gas chromatographer HP 6890 (Czech
Republic). Among the microbiological indexes, we defined the
following: mesophilic aerobic and optional anaerobic microor-
ganisms; bacteria of the group of Escherichia coli. Mesophilic
aerobic and optional anaerobic microorganisms, CFU in 1 g,
were examined by calculating colonies growing on solid nu-
trient medium after incubation at 30 °C. Bacteria of the group
of Escherichia coli (coliforms) were determined by a method
based on the properties of bacteria of the group of Escherichia
coli (BGEC) to break down glucose and lactose. The identi-
fication of bacteria of genus Salmonella in food is based on
identifying the characteristic growth of colonies on agarized
differential-diagnostic environments, which have typical, for
bacteria of the genus Salmonella, biochemical and serologic
properties according to DSTU EN 12824:2004. In order to
study the content of toxic elements in the new cakes, we used
the generally accepted techniques: copper, zinc, lead, and
cadmium were determined by an atomic-absorption method,
arsenic — by a colorimetric method, mercury — by the method
of flame-free atomic absorption [16].

Since the implementation of food safety management sys-
tem implies that the main role belongs to the programs-pre-
requisites and operational daily control, to reduce the num-
ber of logs, it has been proposed to keep a daily safety sheet
based on the principles [19] proposed by McDonalds.

The selection of suppliers, aimed to improve the level of
safety, should be performed in line with a ranking method.
The method implies ranking the suppliers based on the
points assigned by experts according to a series of criteria.

3. Results of studying the consumer properties of
the developed cakes made from organic raw materials

5. 1. Results of examining safety indicators of the
developed cakes

In order to expand the range of organic flour confec-
tionery products, 2 formulations of sand cake, in the form
of baskets with fruit fillings, were developed: “Kosmyk” and
“Lunik”. The “Kosmyk” cake formulation includes organic
raw materials: rice flour, milled ginger, lemongrass powder,
coconut sugar, butter, and sea buckthorn oil, chicken egg
mélange, chokeberry jam. The “Lunik” cake formulation in-
cludes rice flour in combination with spelt flour, lemongrass
powder, coconut sugar, butter, and sea buckthorn oil, chicken
egg mélange, organic blackberry jam. Control sample is a
basket of jelly and fruit made according to the traditional for-
mulation. The main difference of the proposed samples is that
they are made entirely of organic raw materials. Besides, the
fat base of the control sample is margarine. For the developed
samples, it is proposed to replace the fat base with butter and
sea buckthorn oil. The technology of semi-finished sand cake
product preparation consists of 4 stages: preparation of raw
materials for production, preparation of a sand semi-finished
product, shaping a semi-finished product, baking. In terms
of the organoleptic parameters, the devised samples outper-
formed control. The study of organoleptic indicators of these
products is reported in [16]. The summarized formulations
for the developed semi-finished products are given in Table 1.



Table 1

Summarized formulations for the developed sand semi-
finished products per 1 kg of finished product

It is worth noting that the content of toxic elements and
aflatoxin By is much lower than the normative values in the
samples made from organic raw materials. This is due to the
fact that agricultural chemicals are not used in the cultiva-

«Kosmyk» «Lunik» tion of organic products.
Raw material Quantity, g, per | Quantity, g, per The values of microbiological indicators in the finished
1kg 1kg products are given in Table 3, based on the results of our
Organic rice flour 180 160 study.
Organic spelt flour - 25 Based on data in Table 3, all samples comply with
Organic ground ginger 50 50 the national standard of Ukraine for the content of mi-
Organic lemongrass powder 40 40 crobiological indicators. No pathogenic microorganisms
Organic coconut sugar 540 550 have been found either in the samples made from regular
Organic butter 100 100 raw materials or in the samples made from organic raw
Organic sea buckthorn oil 10 10 materials. .
Organic chicken egg mélange 250 250 The data of' our study suggest that according to the
Essence based on organic content of toxic (;lcrnctlts tho.sc prodgcts are safe that
lemon 35 35 are made of organic raw materials, obviously because the
Salt = = organic raw materials are not contaminated with agro-
- chemicals. The values of microbiological indicators do
Baking S_Oda — 2 2 not correlate with the origin of raw materials (organic or
Ammonium carbon dioxide 2 2 traditionally grown). All microbiological indicators of the
Yield 1,000 1,000 developed and control samples conform to the require-
Total 1592.5 ments of the standard.
When developing new prod- Table 3
ucts, the focus is typically the Value of microbiological indicators in the studied cakes
organoleptic indicators and re- .
qu%remer?ts of the national stan- KMAFanM oot o g ot all;w}eld Yeast, per h/[CoFl([lqung :
dard DSTU 4803:2007 “Cakes | Productgroup | CFUper1g | BGEC | o s;‘cta‘f)l%j‘fy tgmot | 5P
and pastries. General technical not exceeding | (coliforms) Salmonella exceeding exceeding
condditiodns”.hAcc}(l)rd.in% to this Normative
standard, the physical appear- values
ance should be inherent in the | according to 1x10 0.01% 01 25 20 100
product, the surface — uniform the standard
and baked, the shape — diverse, |Control sample 2x10° not detected| not detected | not detected 20  [not detected
but without fractures. The prod- «Kosmyk» 1x103 not detected | not detected | not detected 10 not detected
ucts’ assessment in terms of «Lunik» 1x103 not detected | not detected | not detected 10 |not detected

organoleptic indicators was de-
scribed in detail in [16].

However, since we have already described the impor-
tance of the issue of food safety, we examined safety indi-
cators of the developed products and compared them with
the control sample (made from non-organic raw materials).
Given that the products were made of organic materials,
important indicators are the content of toxic elements and
aflatoxin By. Our study was conducted in accordance with
the methods described in [16]. In particular, copper, zinc,
lead, and cadmium were determined by an atomic-absorp-
tion method, arsenic — colorimetric method, mercury — by
the method of flame-free atomic absorption, aflatoxin By —
by a fluorescent method. The content of toxic elements in the
studied samples is given in Table 2.

Table 2
Content of toxic elements in the studied samples of cakes
e e abwel, | Control | <Kosmyks | <Luniks
Lead 0.5 0.5 0.2 0.1
Cadmium 0.1 0.1 0.1 0.1
Arsenic 0.3 0.3 0.1 0.1
Mercury 0.02 0.02 0.001 0.001
Aflatoxin B 0.005 0.004 0.003 0.003

Note: * — not allowed in 0.1 g of product with a shelf life of 5 or more days

3. 2. Studying the fat-acid composition of cakes made
from organic raw materials

Numerous scientific studies prove that the fatty acid
composition of organic products is better than that in regu-
lar products. Thus, based on 170 studies of milk, regular and
organic, it was established that the concentration of total
PUFA and n-3 PUFA was considerably higher in organic
milk. The a-linolenic acid concentration (ALA) in organic
milk exceeded that in regular milk by 69 % [21]. The study,
conducted under the guidance of the European Commission,
testifies that animal products, which are grown organically,
contain a greater number of polyunsaturated fatty acids.
However, as noted in the study, the reason for the better
fat-acid composition of milk and beef is that the cattle
grown in organic way consumes predominantly grass. At
the same time, cattle grown in the traditional way mainly
consumes grain, moreover, it often contains antibiotics and
hormones [22].

Since the composition of the new cakes also included
vegetable oils, characterized by improved fat-acid compo-
sition, we determined the content of fatty acids in the new
samples. The results are given in Table 4.

Table 4 shows that the fatty acid composition of samples,
due to the introduction of sea buckthorn oil, is better than
the control sample. Thus, the content of saturated fatty ac-



ids in both samples decreased by almost twice, whereas the
content of monounsaturated fatty acids and polyunsaturated
fatty acids on the contrary increased.

Table 4
Fatty-acid composition of cakes
Fatty acid title Control | «Kosmyk» | «Lunik»
Capric (C 10: 0) 0.05 0.01 0.02
Lauric (C 12: 0) 0.05 0.10 0.08
Myristic (C 14: 0) 0.40 0.10 0.06
Pentadecanoic (C 15: 0) 0.5 0.00 0.01
Palmitic (C 16: 0) 2.63 2.10 2.35
Margaric (C 17: 0) 0.59 0.01 0.02
Stearic (C 18: 0) 1.48 0.65 0.45
Arachic (C 20: 0) 0.15 0.03 0.00
'(I‘é);a[;lss);?turated fatty acids 585 300 999
Palmitoleic (C 16: 1) 0.03 0.05 0.05
Oleic (C 18: 1) 1.60 2.66 2.88
Erucic (C 22: 1) 0.00 0.03 0.04
Gondic (C20: 1) 0.00 0.11 0.02
Nervic (C 24: 1) 0.00 0.01 0.01
Together with MSFAs 1.60 2.86 3.12
Linoleic (C 18: 2) 1.73 1.81 3.66
Linolenic (C 18: 3) 0.06 1.90 0.02
Arachidonic (C 20: 4) 0.01 0.05 0.06
Together with PUFAs 1.80 3.75 3.74

An important factor is the ratio of ®-6 and ®-3 acids in
human diet. The ratio w-6 to ©-3 of polyunsaturated fatty
acids in the diet of a healthy person should be 4:1 to 2:1.
However, the available data show the ratio of fractions of
fatty acids, which is close to “perfect lipid” — 33.5/33.5/33
(SFA/MSFA/PUFA).

Based on data in Fig. 1, the ratio of fatty acid fractions is
the worst, compared to “ideal lipid”, for the control sample. In
particular, this sample contains 63.24 % of saturated fatty ac-
ids, which is almost twice higher than the recommended norm.
The cake “Lunik” is the closest to “perfect lipid” according to
its fatty acid composition and has the most rational ratio of fat-
ty acids — 31.05/30.11,/28.84. This cake is also characterized
by a high content of polyunsaturated fatty acids.

70,00

63,24

60,00

50,00

33,50

39,02 38,84

40,00 3350 3300 mSFA
X
3000 = MSFA
» PUFA

9,7 30,11
3127 31,05

7,30
19,46

20,00
10,00
0,00
Control ~ Kosmyk Lunik Perfect
lipid

Fig. 1. Ratio of fatty acid fractions in cakes compared to
“perfect lipid”

These data may indicate the prospects for replacing
traditional raw materials with organic, as well as the ex-
pediency of using, in the production of flour confectionery
products, butter in combination with vegetable oils.

3. 3. Compiling a supplier selection procedure, pro-
duction flowchart, and analysis of hazardous factors in
production of cakes

The implementation of the HACCP system is a complex
step for each enterprise. According to the Codex Alimenta-
rius guidelines, the HACCP plan should consist of 12 con-
secutive steps.

Before an enterprise begins to implement the HACCP
system, it is necessary to develop and implement pro-
grams-preconditions that relate to hygienic processes. At
this stage, one of the most important steps is the choice of
suppliers. The proposed model for ranking the suppliers of
raw materials is given in Table 5.

All suppliers of raw materials are ranked. The most
significant criteria for ranking organic product manufac-
turers is the availability of the State registration of the
supplier, the implemented HACCP system, the availabili-
ty of an organic certificate and the conformity of quality
indicators to the requirements of normative documenta-
tion. If the score is less than 50 points, the supplier cannot
qualify.

To analyze hazardous factors and to establish control
critical points, a flowchart of production process is need-
ed in order to verify it at production. To produce organic
flour-based products, we have proposed a flowchart shown
in Fig. 2.

An analysis of dangerous factors at each stage of the
flowchart allows us to argue that the most dangerous, in
terms of food safety, are the stages of procurement and prod-
uct acceptance. That is why it is important to rank suppliers
based on the proposed methodology described above.

Table 5
Assessment of suppliers to produce organic flour-based products
Aval.la%bllrlvty of sFate FACCP system anformlty Qf th.? sup- Number of de- Remoteness of
registration of the oo The pres- plied products with the liveries where .
, availability . A ) S supplier from ,
. market operator R ence of an | requirements of regulatory |deviations were . Total
Supplier o | (audit, written . , o production L
(with the relevant . : organic documents and agreed detected points
A . questionnaire, R e . 3 e
type of activity) or certification) certificate | specifications, availability of 05 -6 | 0—s0 | >51
operating permit supporting documents B B
Maximal
sum of 10 10 15 15 5 0 5 0 60
points




1 Procurement/Acceptance/Delivery to
storing facility/Storage

Storage:
—Ata

2 Storage of raw materials, food products

temperature not
above +25 °C;

Y

—Ata
temperature not
above +6 °C

3 Preparation (sieving, cleaning, sorting)

(refrigeration)

A

4 Thermal treatment

5 Cooling

Vo i

7 Cold supply

le—| 6 Trimming

Fig 2. Flowchart of flour-based products manufacturing to introduce

Based on the compiled flowchart, we analyzed
dangerous factors in the production of cakes from
organic raw materials, given in Table 6.

Thus, the most significant hazardous factors
in the production of organic cakes are the ingress
of glass when opening a glass container, the pres-
ence of pathogenic microorganisms after heat
treatment and the presence of allergens in the
products. That is why we have proposed keeping
daily safety sheets, which include the monitoring
of the aforementioned hazards.

Important factors of food safety observance
are monitoring of temperature regimes, obser-
vance of rules of hygiene by personnel, cleanli-
ness of working surfaces, control of glass objects.
These hygienic processes are to be monitored
daily. As regards the critical control points, a
decision tree method was used to define them.
A critical control point is a stage of “safety of
food products”, where it is important to ensure a
measure to prevent, eliminate. or reduce the ac-
ceptable level of danger that threatens the safety

the HACCP system of food products.
Table 6
Analysis of hazardous factors in the production of organic cakes
Probability of O(icurj Harmful impact | L dous fac-
. rence, B (low B=0.1; seriousness, C
Stage title Hazardous factor . P L . tor assessment
medium B=0.2; high | (low C=1; medium (K=BxC)
B=0.3) C=2; high C=3)*
Pathogenic micro-organisms, including
Salmonella, Listeria monocytogenes, Low B=0.1 C=3 K=0.3
Acceptance of raw E. coli O 157:H7, St. aureus
materials, foodstuffs, and Toxic substances in packaging materials Low, B=0.1 C=2 K=0.2
terial .
fnaterials Foreign inclusions, stones, sand, stones, glass, etc. Low, B=0.1 May cags:e2dlsease, K=0.2
Allergens Low, B=0.1 C=3 K=0.3
Pathogenic microorganisms, including Salmonella,
Storage of raw materials, | Listeria monocytogenes, E. coli O 157:H7, BGEC Low, B=0.1 c=3 K=0.3
food products sanitary-indicative microorganisms, MAFAM
(at temperatures to +25 °C) Foreign inclusions Low, B=0.1 C=3 K=0.3
Allergens Low, B=0.1 C=3 K=0.3
Storage of raw materials, Pathogenic microorganisms, sanitary
food produ.cts ata tempeora» demonstration microorganisms BGEC, MAFAM Low, B=0.1 =3 k=03
ture not higher than +6 °C
Storage of raw materials, h L .
food products at Pathogenic microorganisms,
a temperature not higher sanitary-demonstration microorganisms of Low, B=0.1 Cc=3 K=0.3
P e the BGEC, MAFAM
than — 18 °C
Pathogenic microorganisms, sanitary . _ _ _
Preparation demonstration microorganisms BGEC, MAFAM Medium, B=0.2 ¢=3 k=06
Glass when opening a glass container High, B=0.3 C=3 K=0.9
e Pathogenic microorganisms, sanitary . _ _ _
Thermal treatment demonstration microorganisms BGEC, MAFAM High, B=0.3 =3 k=09
Spore microorganisms. Pathogenic microorgan-
Cooling isms, sanitary demonstration microorganisms Low, B=0.1 C=3 K=0.3
BGEC, MAFAM
L Pathogenic microorganisms, sanitary . _ _ _
Trimming demonstration microorganisms BGEC, MAFAM Medium, B=0.2 =3 k=06
Pathogenic microorganisms, sanitary _ _ _
demonstration microorganisms BGEC, MAFAM Low, B=0.1 c=3 k=03
Cool supply M -
. _ ay cause serious _
Allergens High, B=0.3 lness, C=3 K=0.9

Note: * — C=2 — can cause disease; C=3 — may cause severe disease




The HACCP system efficiency is characterized by the
possibility of its implementation. Therefore, it is proposed
not to burden the production process with critical control
points (CCP) and to set a single CCP at the stage of thermal
treatment. To simplify the recording procedure, it is pro-
posed to keep a daily safety sheet, which includes records
from checking several parameters, namely:

— admission of employees to work;

— monitoring of raw materials storage temperature;

— cleaning of working surfaces;

— control of glass objects;

— measurement of temperature inside the product.

Thus, the introduction of the HACCP system requires
at all stages the participation of all qualified personnel in-
volved in the production. In addition, a logical and adapted
HACCP plan can help food market operators improve the
level of food safety management [23]. It was established that
the implementation of a safety management system implies
a detailed analysis of dangerous factors, which includes the
analysis of each stage in the production process. To ensure
traceability and incremental character of the HACCP sys-
tem, it is proposed to rank suppliers according to the pre-
defined criteria. The management of daily safety sheets can
be a solution to control the most dangerous hazards.

6. Discussing the results of studying safety of
the developed cakes made from organic raw materials

In order to expand the range of organic flour-based con-
fectionery products, 2 formulations of cakes with fruit fillers,
“Kosmyk” and “Lunik”, were developed, which in their com-
position contain genuine organic raw materials. Novelty of
the proposed formulations is the fact that their composition
includes only organic products, which promotes the expan-
sion of the market of finished flour products. This study is a
continuation of scientific work in the organic production of
finished products in Ukraine. We have developed biscuits
from organic raw materials and muffins from organic raw
materials [24].

Among the microbiological parameters, we determined
the content of MAFAM, BGEC, and bacteria of the genus
Salmonella. The content of MAFAM was 100 and 100 CFU
per 1 g for both developed samples; no other microorganisms
were detected. All samples conform to the national standard
of Ukraine for the content of toxic elements and aflatoxin By.
The data obtained confirm safety of the developed products.
Promising in this direction are also clinical studies that are
planned in the future. This relates to the scientific data on
an experiment, which involved 14,000 children from 5 Eu-
ropean countries, aged 513, from families with anthropos-
ophical lifestyle, which implies preference for organic (or bio-
dynamic) food; fewer cases of allergies were detected [25].

It was established that the replacement of the lipid base
with the combination of organic butter and sea buckthorn
oil helps improve the fatty acid composition of the finished
products. This confirms the results of the previous scientific
studies reported in [26] concerning the improved fat-acid
composition of organic products. Due to the replacement
of the lipid base in the developed products, the content of
saturated fatty acids in both samples decreased by almost
twice, whereas the content of monounsaturated fatty acids
increased, in the sample “Kosmyk”, by 1.78 times, and, in the
sample “Lunik”, by 1.8 times. The content of polyunsaturat-

ed fatty acids also increased, by 2.08 times in both samples.
Thus, it has been scientifically proven that a combination of
organic butter and vegetable oil significantly improves the
fat-acid composition of flour-based confectionery products.

Given the HACCP principles, a flowchart of production
has been compiled, which is the basis for the analysis of haz-
ardous factors. The ranking system has been proposed for
the selection of suppliers. The most significant criteria for
ranking the organic products manufacturers is the availabil-
ity of the State registration of the supplier, the implemented
HACCP system, the presence of an organic certificate, and
the conformity of quality indicators to the requirements
of normative documentation. When less than 50 points is
collected, a supplier cannot qualify. The obtained scientific
data confirm preliminary research, reported in [27], on the
HACCP system implementation in the production of bakery
products. The data obtained could be used by enterprises
making flour-based products in order to improve the food
safety management system.

The main drawback of this study is the fact that most
Ukrainian enterprises are not yet ready to expand the as-
sortment of the finished organic products. In addition, the
production of the proposed formulations involves coconut
sugar, lemongrass powder, and organic ginger, which are
not cultivated in Ukraine. That is, to produce the proposed
products, one must use imported raw materials.

The follow-up study is to examine the safety indicators of
the developed products during storage. It is also important
to investigate the impact of packaging materials on product
preservation.

7. Conclusions

1. In order to expand the range of organic flour confec-
tionery products, 2 formulations of cakes with fruit fillers,
“Kosmyk” and “Lunik”, were developed, whose composition
contains only organic raw materials. In order to improve the
fat-acid composition, the fat was replaced with sea buck-
thorn oil.

2. Among the microbiological indicators, we determined
the content of MAFAM, BGEC, and bacteria of the genus
Salmonella. The content of MAFAM was 100 and 100 CFU
per 1 g for both developed samples; no other microorganisms
were found. All samples conform to the national standard of
Ukraine for the content of toxic elements and aflatoxin By.

3. The fatty acid composition of the samples, owing to
the introduction of sea buckthorn oil, is better than that in
control sample. Thus, the content of saturated fatty acids
in both samples decreased by almost twice, whereas the
content of monounsaturated fatty acids increased, in the
sample “Kosmyk”, by 1.78 times, and, in the sample “Lunik”,
by 1.8 times. The content of polyunsaturated fatty acids also
increased by 2.08 times in both samples.

4. Given the HACCP principles, a flowchart of produc-
tion has been compiled, which is the basis for the analysis of
hazardous factors. The ranking system has been proposed to
select the suppliers. The most significant criteria for ranking
the organic products manufacturers is the availability of the
State registration of the supplier, the implemented HACCP
system, the presence of an organic certificate, and the con-
formity of quality indicators to the requirements of norma-
tive documentation. When less than 50 points is collected, a
supplier cannot qualify.
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