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3 memoro ynpasainus Gesneunicmio po3poodenux
0icKeimie 3 Op2aniuHOi CUPOBUHU 34 NPUHUUNRAMU CUC-
memu HACCP, cmeopeni 06i peyenmypu 6ickeimie
<«3umoea naconoda>» ma <Exzomuxs>. [Jna npuzo-
myeanns Oicxeimmnozo naniepabpuxamy <3umosa
Haconodas> euxopucmane 60OPOUHO 2peuane opeani-
He, iMOUp Moomuil opeawiunuil, UYKop KiaeHOBUl
opeaniuHull, AU Op2aHiuHi, eCEHUIsI M AMuU opeaniy-
na. JIna npuzomyeanns 6ickeimmnozo nanispadpuxa-
my <Exzomuxs> euxopucmane 6opowno 3i cneavmu
opeaniune, KoHonAANHe GOPOWHO Opeaniue, NOPOUOK
WUNWUHY Op2aHiuHUll, UYKOP KOKOCOBUI Opzawiu-
HUl, AUUS Op2aHiuHi, eCeHUiss HA OCHO6I JUMOHY
opezaniunozo. Bcmanosneno, wo pos3pooneni npooyx-
mu Maromov 6UCOKI Opzanoienmuyni gaacmueocmi. 3
PizuKo-xiMitHux noKasHukie 6yno 6uU3HaAUEHO 60J10-
2icmb y 060x eupobax, axa cknadana 25+2 % oas
Hanispabpuxamy <«3umosa naconoda> ma 24+2 %
Ona naniepadbpuxamy <Exzomuxs>. Byaa eusna-
YeHa Xap4uoea ma emepzemuvHa UiHHiCMmb 6upooie.
Kinvricmo 6iaxie cxnadana ons Gickeimy <«3umosa
naconooa» — 14,4 2/100 2; <Exzomux> — 15 2/100 e,
xiokicmo scupie — 4,40 ma 3,80 ¢/100 e, xinvkicmo
eyzneeodie — 50,41 ma 55,40 2/100 2, enepzemuuna
yinnicmo — 298,84 ma 315,80 kxan/100 2 6i0nogiono.

Pospoonenuit naan HACCP oas eupodnuuymea
Oickeimie dae 3mozy euzomoeumu OGe3neunuii npo-
Oykm: npoananizosani nHebesneuni paxmopu na Koic-
HOMY emani eupoGHUM020 npouecy ma eécmamose-
Ho 4 Kpumuunux mouxu xKoumposto. Bcmamnoeneno,
Wo HalueUWUU CMYNinb PU3UKY Maromv 01002iuHi
paxmopu, axi moyxcymo enaunymu Ha Oezneunicmo
20mo06020 npodyxmy. Bcmanoeneni kpumuuni mouxu
KOHMPO0, Kpumuuni Mmemxnci ma pospooneno niaw
HACCP. Busnaueni mixpo6ionoziuii ma moxcuxono-
2iuni noxasnuxu Gesneunocmi 20moeux eupooie, me
nepesuuyoms 00NYCMUMUX Mexc.

IIi pesynvomamu exazyromv na me, w0 GUKOPU-
CMAaHHA aNTbMePHaAMUBHUX peuenmyp OicKkeimHux
Hanieadbpuxamie Ha oCHO6I opzaniunoi cuposunu 3
ypaxyeannsam nioxodie HACCP dae 3moey cmeopio-
eamu Oezneuni npooyxmu 3 NIOGUWEHOIO XAPUOBOIO
uinnicmro. Ompumani pe3yiomamu MO}cymv 6UKO-
pucmosyeamu nionpuemMcmea KOHOUMeEpPCvkoi npo-
MUCTI060CMI 0151 POWUPEHHS ACOPMUMEHMY OP2aHin-
Hux eupooie. Taxodxc, eépaxoeyiouu neodxionicmo
enpogaocenns cucmemu HACCP ecima onepamopa-
MU PUHKY XAPHOBUX NPOOYKMis, pe3yaomamu w000
po3spobaenns naany HACCP maxosc moxcymo oymu
suKopucmani 6upoOHUKamu

Kntouoei caosa: cucmema ynpaeninus Geszneu-
Hicm1o, Opzanosienmu4Hi NOKA3HUKU, (PI3UKO0-XiMIuHI
NOKA3HUKU, Xap4106da UIHHICMb, eHep2emutHi UIHHICHb

u] =,

1. Introduction

Hazard Analysis and Critical Control Points (HAC-
CP) is a food products safety management system that has
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been recognized by the international community addressing
food safety as the worldwide recommendations on control
over dangers related to food products [1]. This system
was made public for food industry in 1971. The HACCP




approach was also adopted in the legislation of many coun-
tries, including the EU Regulation on the hygiene of foods
(EC No. 852/2004). The approach to the management of
food safety based on the HACCP principles has been legis-
latively adopted in the United States, Canada. According to
Chapter 4 “Sanitary and phytosanitary measures”, Ukraine
must implement the equivalent of the European system
of quality control and safety of food products. It has been
mandatory for implementation by market operators (manu-
facturers) since September 2017 [2]. According to the reform
of legislation on the safety of food products, Ukraine adopted
in 2015 the law “On the basic principles and requirements to
safety and quality of food products”. One of the responsibil-
ities for operators in the market of food products in accor-
dance with this law is the development, implementation, and
application of permanent procedures based on the principles
of system analysis of dangerous factors and control at critical
points. Detailed explanations regarding the application of
the HACCP system by food market operators are regulated
by the requirements regarding the design, implementation,
and application of permanent procedures based on the prin-
ciples of the Hazard Analysis and Critical Control Points
system (HACCP), approved by the order from Ukraine’s
Ministry of Agrarian Policy. This order provides guide-
lines regarding the implementation of the HACCP system,
including the development of programs-preconditions and
direct development of permanent procedures based on the
principles of the system of hazard analysis and critical con-
trol points. Harmonization of the Ukrainian food legislation
with the European one implies not only a change in ap-
proaches to food safety management system, but also funda-
mentally new approaches to inspections of enterprises. Thus,
the order from the Ministry of Agrarian Policy regulates
requirements to the report compiled based on the results of
auditing the market operators’ compliance with the require-
ments of the law regarding permanent procedures based on
the principles of the system of hazard analysis and critical
control points. Thus, even though the HACCP system certi-
fication is voluntary, inspections from regulatory authorities
will test compliance with it. The legislation established that
the complete transition to the implementation of the HACCP
system must be over in September 2019, which testifies to
the relevance of our study.

Given that organic production is considered to be the
production of safe products, minimizing the risks for such
foods is especially important. These products are much pric-
ier and consumers are confident that they are safer. Note that
the HACCP concept implies measures to ensure the required
level of food safety indicators in the production process [3].
The system is universal because it could be employed by raw
materials suppliers, manufacturers of products, wholesale
consumers of products; is cost-effective because it channels
resources to the critical points in production, reduces the
risk of making and selling unsafe product [4]. Thus, the
main reason for the widespread acceptance of the HACCP
system is the possibility to manage food safety and prevent
food poisoning [5].

The above predetermines the relevance of implementing
an approach to food safety management based on the HACCP
system. Underlying the choice of the object of study is the fact
that demand for organic pastry products is growing rapidly.
Thus, in the United States there is rise in popularity of such
organic confectionery products as Justin’s Organic Peanut,
Butter Cups, TruJoy Sweets, Organic Original Fruit Chews,

as well as products based on environmentally-safe honey [6].
Scientific research revealed that organic food is a significant
component of food market in the Czech Republic, with the
demand for confectionery products increasing each year
[7]. A survey of 1,000 Polish consumers demonstrated that
they believe that organic foods are more useful for health,
more environmentally friendly and tastier than conventional
products. It is believed that organic products are treated with
more confidence, they have better quality, exposed to stricter
control than those produced in traditional way [8].

2. Literature review and problem statement

The literature contains data concerning the develop-
ment of confectionery products based on organic materials.
Specifically, there are substantiated approaches to making
organic muffins [9]. However, this study failed to analyze
approaches to safety management when making muffins.

There is a series of research regarding the analysis of
safety indicators in organic products and their comparison
to similar indicators for traditional products. Thus, it is
proven that the organically grown raw materials have small-
er residues of pesticides [10]. There are contradictory data on
the comparison of nitrates in conventional and organic fruits
and vegetables. Study [11] found 127 cases when the level of
nitrates was higher in conventional fruits and vegetables,
43 cases when the level of nitrates was higher in organic fruits
and vegetables, and 6 cases when there was no any difference.
Studies into the microbiological safety indicators for organic
products, reported in numerous papers, do not prove a higher
safety of organic products, compared with conventional [12].
The disadvantage of the above research is the fact that the
studies register only the actual values for safety indicators.
From the point of view of food safety management, preven-
tion is better than inspection. That is why it is a much more
important issue to make up a plan of activities for risk analysis
than state the fact of a food product contamination. Although
determining safety indicators for both raw materials and fin-
ished products is also a rather important issue.

The issue on developing an HACCP plan, as well as food
safety management based on the HACCP principles, has been
addressed by a great number of scientific publications. Thus,
study [13] devised a procedure for the development of new
products, which included: selection and design of a formula-
tion, sensory analysis, microbiological testing, the develop-
ment of HACCP and a marketing plan. However, this is only
a general scheme for devising new products, which does not
provide any specific HACCP plan for organic confectionery.
Paper [14] compiled an HACCP plan for vegetable products.
The study describes a flowchart of the manufacturing process,
defines hazards, analyzes critical control points, verifies and
validates the process. There are scientific data about the de-
velopment of a plan for the hazard analysis and critical control
points (HACCP) for making potato chips under actual con-
ditions at the enterprises in Bangladesh [15]. Study [16] de-
veloped an HACCP plan for chocolate ice cream. Article [17]
considers the stage-based development and implementation
of the HACCP system at a dairy plant. Using a “decision
tree” helped establish critical control points at each stage
of production. A monitoring system was developed for each
critical point to carry out a planned order of observations and
measurements, as well as the timely detection when critical
boundaries are breached. However, this research does not



describe any safety management system in the production
of confectionery. Because confectionery products contain
such ingredients that can lead to microbiological spoilage,
especially relevant is the analysis of biological factors of
hazards. Thus, paper [18] noted that confectionery products
require conducting, above all, a microbiological assessment
of these confectionery. The microbiological hazards include
Salmonella spp., Clostridium botulinum, Staphylococcus au-
rous, Yersinia enterocolitica, Listeria monocytogenes, Vibrio
spp., Escherichia coli, Clostridium perfringens, Bacilluscereus,
Campylobacter spp., Shigella spp. In addition, of significant
concern is the allergens, which are also quite common in con-
fectionery production. Therefore, given the above, the impor-
tance of applying a safety management system, based on the
principles of the HACCP system, is absolutely obvious for the
confectionery industry.

3. The aim and objectives of the study

The aim of this study is to develop a plan to manage
safety of sponge cakes made from organic raw materials.
This will make it possible to extend the range of safe organic
confectionery.

To accomplish the aim, the following tasks have been set:

—to design formulations for sponge cakes made from
organic raw materials;

—to explore the organoleptic and physical-chemical indi-
cators for sponge cakes;

— to explore the food and energy value of sponge cakes;

— to devise activities to manage safety when making sponge
cakes considering the principles of the HACCP system;

— to explore safety indicators for the finished products.

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

The objects of research were the developed sponge cakes
“Winter delight” and “Exotic”. Study into the quality and
safety indicators for the developed products was described
in detail in paper [19].

To develop an HACCP plan, the generally accepted pro-
cedures were applied. General principles of food products
hygiene are established by the international organization
“Commission Code Alimentarius”. The procedure is based
on the application of technical and scientific principles to
the entire food production chain: from a field (farm) — to a
table [20]. We evaluated dangerous factors and performed an
analysis of control critical points according to the procedure
for determining the significance of dangerous factors and
a decision tree to determine critical points of control, set
out in the annexes to the requirements for the development,
implementation, and application of permanent procedures,
based on the principles of the system of hazard analysis and
critical control points (HACCP).

The first stage of research implied the acquisition of in-
formation about the process and potential hazards that may
arise in the process of making organic sponge cakes; a flow-
chart of production was devised. We considered each stage
of selling and technological processes in detail in order to
obtain more information. Our work started by compiling a
list of dangerous factors (physical, biological, chemical) that
are relevant to the safety of products.

Dangerous biological factors of food origin include such
microorganisms as bacteria, viruses, fungi, and algae. Chem-
ical contaminants in foods can be of natural origin or those
introduced when processing a food product. The most com-
mon physical risks are the occurrence of glass, metal, stones,
leaves, trees, pests, jewelry, in food products [21].

When establishing hazardous factors, one should take
into consideration the composition of a product, the process
of processing, instructions for consumer, all kinds of hazards.
The probability of occurrence of biological, chemical, and
physical hazard factors at each technological stage is estimat-
ed based on an analysis of regulatory requirements, scientific
and technical documentation, as well as the experience of an
enterprise. A HACCP group defines precautionary measures
for each essential dangerous factor, which make it possible to
prevent or reduce the risk to acceptable level. Procedure for
estimating dangerous factors is given in Table 1.

Table 1
Procedure for estimating dangerous factors
Severity of consequences
Insignif- Small | Signifi- | Serious | Critical
Probability icanf (no (causing | cant (can | (can cause | (can
effect) discom- cause serious cause
fort) disease) | diseases) | death)
Very high . . . . .
(weekly) Medium | High High High High
High |\ fedium | Medium | High | High | High
(monthly)

Medium |y | Medium | Medium | High | High
(half a year) 8 &
Low (yearly) | Low Low | Medium | Medium | High
Very low (less .
than once per | Low Low Low Medium N{Jer;h

year)

When determining critical control points (CCP), we
were guided by the method of risk analysis, responding to
4 consecutive questions:

—whether, at this stage, control measures for this danger-
ous factor are available;

—whether this stage of the process was specifically de-
signed to eliminate a dangerous factor or reduce the likeli-
hood of its occurrence to an acceptable level;

— whether the probability of occurrence of a dangerous
factor exceeds the permissible level, or whether a dangerous
factor can reach unacceptable level,

— whether a dangerous factor would be eliminated at the
next stage of the process, or whether the likelihood of its
occurrence would decrease to an acceptable level [22].

5.1. Results of studying the organoleptic, physi-
cal-chemical quality indicators of the developed sponge
cakes, and their food and energy value

To expand the range of organic flour-based pastry prod-
ucts, we developed 2 formulations for the sponge cakes
“Winter delight” and “Exotic”. Description of the products
is given in Table 2.

When developing a new product, much attention fo-
cuses on the organoleptic indicators as they are essential
to the consumer. In addition, when assessing organoleptic
parameters, we were guided by the requirements from the
national standard DSTU 4803:2007 “Cakes and pastries



general specifications”, according to which the physical ap-
pearance should be specific to a given product, the surface —
uniform and well-baked, the shape — diverse, but without breaks.
Evaluation of products based on the organoleptic indicators was
described in detail in paper [19]. Thus, in terms of organolep-
tic indicators, the developed samples meet DSTU 4803:2007
“Cakes and pastries general specifications” and can be highly
appreciated by consumers. However, an important step during
evaluation of quality of the newly created products is to inves-
tigate their physical and chemical indicators. Given this, we
determined moisture content of the created products, which
amounted to 25+2 % for the semi-finished product “Winter de-
light” and 24+2 % for the semi-finished product “Exotic”. Such
parameters are acceptable for sponge cakes.

Table 2

Consolidated formulations for the developed organic semi-
finished products “Winter delight” and “Exotic” per 1 kg of
the finished product

“Winter delight” “Exotic”
Raw material Quantity (g) Quantity (g)
per 1 kg per 1 kg
Organic buckwheat flour 260 -
Organic spelt flour - 125
Organic hemp flour - 125
Organic powdered ginger 90 -
Organic powdered dog-rose - 100
Organic maple sugar 650
Organic coconut sugar - 640
Organic hen eggs 4 pes. 4 pes.
Organic peppermint essence 4.0 -
Organic lemon-based essence - 3.5
Yield 1,000 1,000

Nutritional and energy value are important indicators for
consumers. Flour-based pastry products are characterized by a
high percentage of carbohydrates while the share of proteins is
relatively low. One of the ways to improve consumer properties
of flour-based pastry products is to develop new products with
reduced energy and enhanced nutritional value by using vari-
ous types of alternatives [23]. Thus, as an alternative for a raw
material to make sponge cakes, we proposed organic buckwheat
flour, organic spelt flour, organic, organic hemp flour, organic
powdered ginger and dog-rose, organic maple sugar, organic
coconut sugar. Note that both types of sugar are less energeti-
cally valuable unlike the traditional sugar and have a somewhat
lower amount of carbohydrates. Similarly, the proposed organic
flour differs by lower energy value as opposed to wheat flour.
Results of studying the nutritional and energy values are given
in Table 3.

Table 3
Nutritional and energy value of sponge cakes
Product | Proteins, | Fats, | Carbohydrates | Energy value,
name 1/100g |g/100g| g/100g keal /100 g
“Winter
delight” 14.40 4.40 50.41 298.84
“Exotic” 15.00 3.80 55.40 315.80

Therefore, based on the data from Table 3, the devel-
oped sponge cakes differ by a somewhat lower content

of carbohydrates — 50.41 and 55.40 g/100 g, respectively,
and a relatively reduced energy value due to replacing the
high-calorie raw material. Thus, the calorie-content of the
sponge cake “Winter delight” was 298.84 kcal, that od “Ex-
otic” — 315.80 keal.

3. 2. Results of the elaboration of activities to manage
safety in the production of sponge cakes considering the
principles of the HACCP system

It should be noted that in addition to quality indicators,
of particular importance is the safety indicators. Therefore,
an important part of our study is the compilation of an
HACCP plan in order to control the safety of sponge cakes
made from organic raw materials. According to the regu-
lations of Codex Alimentarius, drafting an HACCP plan
must consist of consecutive steps. Preparatory steps before
applying the HACCP system include:

1. Creation of a group of HACCP.

2. Description of the product.

3. Definition of the proposed technique to consume the
product.

4. Development of a flowchart of the technological process.

5. Checking the flowchart of the technological process.

The principles of the HACCP system are as follows:

Principle 1. Analyze dangerous factors.

Principle 2. Determine the critical control points (CCP).

Principle 3. Establish critical limits.

Principle 4. Establish a system for monitoring CCP.

Principle 5. Establish corrective actions that should be
applied when monitoring indicates that a specific CTC is
out of control.

Principle 6. Establish procedures to verify the certainty
that the HACCP system works effectively.

Principle 7. Develop methods for documenting all pro-
cedures and accounts related to the application of these
principles [24].

Based on the developed formulations (Table 2), one can
prepare a description of the products, which is implied by the
HACCP plan. Description of the products is given in Table 4.

Therefore, Table 4 gives information that describes the de-
veloped products. This information will be used in an analysis
of hazards during technological process. The flowchart of the
technological process includes the following stages:

— obtaining raw materials for the preparation of sponge
cakes;

— storage of raw materials;

—mixing and sifting of ingredients;

—kneading;

—mixing of dough;

—shaping the dough;

—baking;

—cooling;

—aging and maturation;

— packaging;

— labeling;

—storage.

Based on these data, as well as data from Table 3, we defined
dangerous factors in the production of sponge cakes made from
organic raw materials. The analysis of dangerous factors in-
volved the consideration of the probability of their occurrence
and the seriousness of the danger. If all occurring possible dan-
gerous factors are defined at all stages, then we defined the ac-
tions and procedures to prevent the occurrence of hazards [25].
An analysis of dangerous factors is given in Table 5.



Table 4

Description of sponge cakes “Winter delight” and “Exotic”

Official product name

Sponge cake based on the organic raw material
“Winter delight”

Sponge cake based on the organic raw
material “Exotic”

Normative document in line with which a
product is produced

Under development

List of raw materials and materials used
during production

organic spelt flour, organic hemp flour,
organic powdered dog-rose, organic,
coconut sugar, organic eggs, organic lem-
on-based essence. All raw materials must
be certified as organic.

organic buckwheat flour, organic powdered
ginger, organic maple sugar, organic eggs,
organic peppermint essence. All raw materials
must be certified as organic.

Physical-chemical characteristics

Mass fraction of moisture 22-26 % according to the formulation.

Safety requirements

According to DSTU 4803:2007 “Cakes and pastries general specifications” (aflatoxins, my-
cotoxins, toxic elements, microbiological indicators)

Consumer packing

BOPP-film, non-transparent

Transportation packaging

boxes, cardboard tare

Labeling requirements

According to DSTU 4803:2007 “Cakes and pastries general specifications”, subject to certi-
fication of the organic product — designation by a certification authority.

Conditions and shelf life

7 days when at relative humidity 65-70 % and temperature 18+3 °C

Sale

Wholesale and retail, specifically at stores that sell organic products

Information about a potential consumer and
specific group of consumers

The product can be consumed by children and adults, except for people with diabetes, and
with allergies to ingredients contained in the product

Potentially possible use for other purposes

Impossible

Consuming technique

As a ready-made product

Analysis of dangerous factors

Table 5

Danger description

Danger substantiation

Preventive measures

4

5

6

Contamination of eggs and flour, as a
result of improper transportation, by
microorganisms MAFAM, coliforms
Salmonella, Bacillus, Staphylococcus,
Listeria Monicytogenes

Cause food poisoning, salmonello-

sis, intoxication. Listeria Monicy-

togenes can cause miscarriages in
pregnant women.

Implementation of pro-
gram-precondition on spec-
ification and control of sup-
pliers. Compliance with the

instructions for acceptance of
starting raw materials

Contamination of raw materials with
toxic (cadmium, lead, zinc, arsenic,
mercury; aflatoxin By) elements and
radionuclides (cesium, strontium).
Contamination with pesticides.

Lead disrupts the function of the
nervous and vascular systems,
accumulates in the body Cadmium
affects the liver. Arsenic, accumulat-
ed in the body, affects the nervous
system. Mercury affects the nervous
system, liver, kidneys. Especially
harmful for pregnant women.
Aflatoxin can cause cancer. Radio-
nuclides are accumulated in the
body and have a negative impact on
all tissues. Pesticides accumulate
in adipose tissue, have a negative
effect on pregnant women.

Implementation of pro-
gram-precondition on
specification and control of
suppliers. Availability of cer-
tificates confirming that the
raw materials are organic.
Compliance with the rules of
acceptance control.

Presence of allergens in the raw
material.

Allergic reaction in the form of rhini-
tis, angioedema, anaphylactic shock.

Indication of allergens on
labels

Contamination of eggs and flour, due

to improper storage, by microorgan-

isms MAFAM, coliforms Salmonella,
Bacillus, Staphylococcus, Listeria

Negative consequences are de-
scribed in paragraph 1

Compliance with regimes
and terms of storage

Stage in techno- | Danger
No >
logical process | code
1 2 3
Acceptance of
1 o B
raw materials
Acceptance of
2 . C
raw materials
Acceptance of
3 . C
raw materials
4 Storage gf raw B
materials
5 Storage Qf raw B
materials

Contamination of flour, powdered
dog-rose, ginger, eggs with pests as
a result of improper storage — lesser

grain borer, grain moth, collar weevil

Toxins produced as a result of
pests’ life activities can cause
poisoning

Implementation of pro-
gram-precondition on specifi-
cation and control of suppli-
ers. Compliance with the rules
of acceptance control, mode
and terms of storage




Continuation of Table 5

1 2 4 5 6
. . Penetration of non-sharp objects, Cqmpllance with the mnstruc-
Foreign objects from personnel, tions for the preparation of
ixing i ; : e olace ) less than 1 mm, can be unpleasant. | ST
Mixing ingredi- equipment (plastic, glass, metal Do o raw materials. Using sieves for
6 ; . vt . e . If the items are larger in size, they | ... TN .
ents to knead parts). Foreign objects from loose sifting loose objects. Compli-
IR can cause damage to teeth, oral e ] .
products’ packaging v st b atory tract | A€ with a program-precon-
cavity, stomach, respiratory trac dition for staff hygienc.
Compliance with the
Foreign objects from equipment instructions for the
. i . - Negative consequences are de- i -
7 | Dough kneading (Plastlg, glass, metal parts). For , g . hseq preparation Qf raw mate
eign objects from loose products scribed in paragraph 6 rials. Compliance with a
packaging program-precondition for
staff hygiene.
Contamination with chemicals from . . . Compllance with the
8 | Doush kneadin cquipment (sanitizers, paints and Toxic effect of acids that are part of | instructions for use of the
& 8 qup coatinA S)’ p the disinfectant solutions disinfectants. Control over
& equipment vendors.
Contamination with microorganisms . .
- S Compliance with pro-
in the event of personnel’s failure to o
comply with hygiene requirements . grams-preconditions for
h . ) Negative consequences are de- staff hygiene and cleanliness
. Carriers of nasal secretions S. aureus, Lo . .
9 | Dough kneading . . s scribed in paragraph 1. Transmis- of surfaces. Carrying out
people infected with the hepatitis A, or | ° . . . R
. ) sion of viral diseases through food. | medical examinations. Com-
a virus by Norvolk, or carriers of dysen- . . . .
. pliance with the instructions
tery, open wounds and cuts, infected o
. for the admission of staff.
with Streptococcus or other pathogens
For'elgn objects fr.om personnel, _ Compliance with the in-
. equipment (plastic, glass, metal Negative consequences are de- .
10 | Dough shaping . . . . structions for the prepara-
parts). Foreign objects from loose scribed in paragraph 6. . -
, . tion of raw materials
products’ packaging.
. i Negative consequences are de-
11 | Dough baking Develqpment of resistant g \ nseq Observance Qf temperature
microorganisms scribed in paragraph 1. regimes and timing of baking
Contamination with microorganisms Compliance with a pro-
in the event of personnel’s failure to gram-precondition for staff
. comply Wlth hygiene requirements Negative consequences are de- hygiene and clear.lhness
12 Cooling and cleanliness of surfaces — by Nor- 0 of surfaces. Carrying out
. . scribed in paragraph 1. . -
volk virus, or carriers of dysentery, medical examinations. Com-
open wounds and cuts, infected with pliance with the instructions
Streptococcus or other pathogens for the admission of staff.
. C(?ntamlnatlon of p.roduct Wl.th Chemical compounds can cause Ranking the suppliers of
13 Packing chemicals from packaging materials — oisonin ackawing materials
plasticizers, printing inks and ink P 8 packaging
Contamination with microorganisms
in the event of personnel’s failure to Compliance with regimes
comply with hygiene requirements and terms of storage, person-
14 Storage and cleanliness of surfaces — Norvolk Negative consequences are de- nel’s hygiene and compliance
8 virus, or carriers of dysentery, open scribed in paragraph 1. with the instructions for
wounds and cuts, infected with Strep- cleaning and disinfection of
tococcus or other pathogens. Devel- surfaces
opment of resistant microorganisms

Thus, the largest number of hazards during sponge cakes
production based on organic raw materials is associated with
biological factors. Note that it is the most dangerous to human
health. The assessment of severity of hazards is given in Table 6.

An analysis of the severity of hazards has allowed us to
identify hazards with a high level of consequences, which
may significantly affect the safety of the product. Guided by
the information on dangerous factors with a high degree of
severity, we established critical control points during pro-
duction, which are given in Table 7.

Based on a detailed analysis, we found 4 control criti-
cal points at the satage of storage of raw materials, mixing
dough, baking, and storage of the finished product. It was
stablished that critical control points at the stage of storage

are related to biological hazardous factors — microbio-
logical contamination of raw materials and an infestation
with pests. At the stage of dough kneading, penetration of
foreign objects is possible. When baking, it is important to
prevent the development of resistant microorganisms and to
maintain temperature regimes. When storing products, it is
important to comply with regimes and terms of storage. The
next stage in drafting an HACCP plan is to establish critical
limits, which are given in Table 8.

Establishment of critical limits is needed to determine
specific numerical values that must be controlled to prevent
the contamination of a food product. The next stage implied
by HACCP is the development of an HACCP plan. Develop-
ment of an HACCP plan is given in Table 9.



Assessment of the severity of hazards during production of sponge cakes from organic raw materials

Table 6

Hazardous factor

Probability of occurrence

Severity of consequences | Risk degree

Biological factors

Mlcroblologlc_al contamination of eggs and flour as a result of improp- High Serious High
er transportation
Contamination of ﬂour, dog-rose powder, ground ginger, eggs with Medium Significant High
pests, as a result of improper storage
The presence of allergens in raw materials High Significant High
Foreign objects from personnel, equipment (plastic, glass, metal parts) Low Low Low
Contamination with chemicals from equipment Low Low Low
Contamination Wlth microorganisms in the event of personnel’s fail- High Significant High
ure to comply with hygiene requirements
Development of resistant microorganisms High Serious High
Contamination of product with chemicals from packaging materials Low Small Low
Contamination of product with microorganisms during storage High Serious High
Table 7
Establishment of critical control points during production of sponge cakes from organic raw materials
) Question No. 2: Questlon NQ. .3.: VIS Question No. 4:
Question No. 1: are o there a possibility, does the next
, R can this stage e X , - Number of
there, at this stage or ; at this stage, for the | stage warrant the |~ ..
Agent : . . o reduce the level o a critical
€ Name of hazardous factor | later stages, preven- emergence of adan- | elimination of a
name . o of dangerous , ) control
tive measures for this oo gerous factor or for | dangerous factor .
d ) factor to the ac- | 2. o - point
angerous factor? centable level? | 1ts increase it to the |ora decrease to its
P " | unacceptable level? | acceptable level?
Acceptance of raw materials
Eggs, sug- | Biological (microbiological | Yes. Entrance control, Yes. Yes. Entrance
L o No Yes control, product -
ar, flour contamination) product certification o
certification
Storage of raw materials
Eggs, sug-
f;vf(]j(:rlé’d Biological (microbiological Yes.
I:j contamination, contamina- Compliance with No Yes No CCP1
og-rose, . .
tion with pests) storage mode
ground
ginger
Dough kneading
Biological (contamination . Yes. .
. . . . Obtaining raw materi-
with microorganisms in the .
B als for the preparation
Flour event of personnel’s failure ¢ dough th No Yes Yes -
to comply with hygiene of dough that are not
. contaminated with
requirements) . .
microorganisms
Physical (foreign objects
from personnel, equipment Yes.
Dough | (plastic, glass, metal parts). | Using sieves for sifting Yes - CCP2
Foreign objects, from loose | loose raw materials
products’ packaging)
Dough baking
Yes. Obtaining raw
. . materials for the prepa-
Dough Blo_loglcal (devclopm_cnt of ration of dough that Yes Yes No CCP3
resistant microorganisms) .
are not contaminated
with microorganisms
Storage
Ready S Lo
sponge Biological '(m.lc’ro.blologlca] Yes Yes _ CCP 4
cake contamination)




Establishment of critical limits

Table 8

Number of broken eggs, eggs with spots — 0.
Contamination with pests — 0.

Ingredient name CCP No. Critical limits
Storage of raw materials
Optimum air humidity in the room should not exceed 7 %. The most favorable tempera-
Flour 1 ture for this product is 5-18 °C, but not higher than 20 °C, not longer than 8 months.
Contamination with pests — 0.
Sugar 1 Store at temperature +17 °C and relative air humidity 70 % up to 1 month.
Store at refrigerating chambers at temperature from 0 to 4 °C separately from heavily smell-
ing products.
Eggs 1

Dough kneading/loose products 2

Presence of impurities on a sieve

Baking duration — 20-30 min.

Dough baking 3 Temperature mode — 190-200 °C
Storage/ ready sponge cake 4 7 days at relative humidity 65-70 % and temperature 18+3 °C
Table 9
Development of HACCP plan
Process . Description of | Monitoring proce- . . Protocols of
stage CCP Critical limits hazardous factor dures Corrective actions HACCP
Flour. Flour. The optimum air humidi-
. o One must not accept for pro-
ty in the room should not exceed 70 %, .
duction the products con-
The most favorable temperature for taminated with pathogenic
this product — 5-18 °C, but not higher Trained staff . 'th pathog Journal of
. microorganisms. Tainted . .
than 20 °C, not longer than 8 months. S checks products ; registration
. Contamination L flour and powdered ginger )
Storage Sugar. Store at temperature +17 °C . . when receiving for of products
e 3 o with microor- and dog-rose are to be sent
of raw 1 and relative air humidity 70 % up to . storage, controls T - batches.
. . . ganisms and to decontamination. This is
materials 1 month. Eggs. Store at refrigerating a storage mode, . e Journal of
5 pests . achieved by sifting, at expo- L
chamber at temperature from 0 to 4 °C monitors storage . ; monitoring
. . sure at low (=5 °C) or high
separately from the heavily smelling terms. . of pests
temperature (50-55 °C).
products. Number of broken eggs, eggs . 4
) .S Then the product is purified
with spots — 0. Storage conditions are from any pests
similar. Contamination with pests — 0. yp
Visual inspection Do not use loose raw Protocol of
Dough . . . Penetration of | of the sieve by a materials if they contain .
X 2 Presence of impurities on a sieve . . . . . review of
kneading foreign objects | baker 1-2 times | foreign supplements: test a .
. the sieve
per hour given batch
Control over tem- Techno-
q d Unbaked products are not logical
Development of perature modes an no be sold. Calibration of scheme of
Dough Duration of baking — 20-30 minutes, . . duration of baking. - . . .
. 3 . resistant micro- . . . technological equipment in | production.
baking temperature mode — 190-200 °C . Visual inspection . . . .
organisms . case of inconsistencies in | A check-list
of the finished . .
temperature regimes. for making a
product
sponge cake.
Measurement of
temperature and
- relative humidity | Stop selling in the case of | Journal to
. 1 Contamination ; - . . .
7 days at the relative humidity . . by a person whois | inconsistencies in modes register
Storage | 4 2 ] with microor- . .
65—7 % and temperature 18+3 °C Anisms responsible for stor- | of storage or storage expi- | temperature
ganisms age. Compliance ration modes
with the terms and
modes of storage

Therefore, the implementation of HACCP plan requires
the participation of all qualified personnel employed in manu-
facturing at all stages. In addition, a logical and adjusted plan
of HACCP could help operators in the market of food products
to improve the level of food products safety management [26].

5. 3 Results of studying the safety indicators for the
developed sponge cakes based on organic raw materials

Taking into consideration the above-described sys-
tem to manage safety, we prepared the developed sponge
cakes “Winter delight” and “Exotic” from organic raw

materials. Considering the HACCP principle 6 to establish
procedures for testing, we conducted microbiological and
toxicological tests. Microbiological testing is ineffective
for monitoring critical control points. They are not applied
as a means to control the process due to duration of the
procedures and impossibility to provide results in real time.
However, they are essential to verify the effectiveness of
an HACCP plan. Thus, the finished products were tested
in terms of safety indicators in line with the regulations.
Results from determining the microbiological indicators
are given in Table 10.



Table 10
Microbiological indicators for the developed sponge cakes
X X “Winter | .
Indicator title Norm delight” Exotic
Mesophilic aerobic and faculta-
tive-anaerobic microorganisms, CFU | 5x 102 | 1x102 80
per 1 g, not exceeding
Ba.cterla frqm the group of intestinal ot de- | not de-
sticks (coliforms) (mass of product 1 tected | tected
(g/cm?, in which they are not allowed)
Pathogenic microorganisms, includ-
ing bacteria of the genus Salmonella 95 | DOt de- | not de-
(mass of product (g/cm?, in which tected | tected
they are not allowed)

Therefore, in accordance with Table 10, the microbiolog-
ical indexes for products meet the norm. No less important,
especially given the fact that the products were made from
organic raw materials, is the content of toxic elements and
aflatoxin By. The study was carried out in accordance with
the methods described in paper [19]. Specifically, copper,
zine, lead, and cadmium were determined by the atomic-ab-
sorption method, arsenic — by the colorimetric method,
mercury — by the method of flameless atomic absorption,
aflatoxin By — by the fluorescent method. Results of research
are given in Table 11.

Table 11
Toxicological safety indicators for sponge cakes

Toxic element | Permissible levels, Actual values, mg/kg
name mg/kg, not higher | “Winter delight” | “Exotic”
Lead 0.5 0.1 0.1

Cadmium 0.1 0.02 0.03
Arsenic 0.3 0.1 0.1
Mercury 0.02 0.002 0.002
Copper 10.00 7.6 7.2

Aflatoxin By 0.005 0.003 0.003

Based on data from Table 11, all samples meet the na-
tional standard of Ukraine for sponge cakes in terms of the
content of toxic elements and aflatoxin B;. It should be noted
that all indicators are significantly lower than the permissi-
ble norms. Since the introduction of HACCP system in pro-
duction implies control over raw materials and the existence
of written specifications, we conducted preliminary control
in the form of an organoleptic estimation and verification of
supporting documentation. Thus, only the certified organic
raw materials were selected for the production of sponge
cakes. This may explain the fact that the toxicological indi-
cators were lower than the permissible norms.

6. Discussion of the results of the study on the
introduction of a safety system for the production of
biscuits from organic raw materials

The development of formulations for sponge cakes based
on organic raw materials and the management of safety of
products applying the HACCP principles is a continuation
of research work aimed at organic production of finished
products in Ukraine. The first stage was the study into the

evaluation of export potential of the State in the market of
organic food products, as well as the study into the structure
of organic farming in Ukraine; the second stage was the de-
velopment of cupcakes based on organic raw materials with
an elevated amino acid composition.

The results obtained give reason to believe that organic
raw materials are promising to create safe products under
conditions of applying the HACCP principles during their
production. Alternative types of flour: organic buckwheat,
organic hemp, organic spelt flour, as well as substitutes to
traditional sugar — coconut and maple sugar, make it possible
to reduce the content of carbohydrates and energy value of
the finished product. Moreover, the applied types of flour do
not contain gluten, which would make it possible to extend
the range for patients with celiac disease. This confirms the
scientifically proven fact that coconut sugar can be used as
an alternative sweetener, and for health food products as
well [27]. It also confirms the data from research regarding
the chemical structure and properties of spelt-based flour.
Paper [28] proved that spelt flour, when compared with
wheat, contains fewer own sugars, has lower sugar-forming
ability and larger autolytic activity. Although there are data
on that the flour from spelt adversely affects the quality of
baked bread [29], the research into quality of the semi-fin-
ished sponge cakes did not reveal significant differences.
The application of buckwheat flour for making sponge cakes
was addressed in [30] where it was stated that buckwheat
flour contains more, when compared with other kinds of
flour, vitamins Bg, By, PP and E, calcium and iron, as well as
lecithin, which reduces the level of cholesterol in the blood.
Application of buckwheat flour helps improve quality, in-
crease the nutritional value, and reduce the energy value of
flour-based pastry products.

Approaches to development of HACCP plan for the pro-
duction of sponge cakes from organic raw materials confirm
data on the management of food products safety, which were
published regarding the safety of tomato crisp bread for
gerontology- nutrition purpose [31], production of bakery
products [25], cookies [32].

The data obtained could serve a basis for the devel-
opment of not only the organic sponge cakes, but other
flour-based pastry or bakery goods applying alternative raw
materials. In addition, the data acquired could be useful to
enterprises in confectionery industry to implement a system
for managing safety of food based on the HACCP principles.
The main disadvantage of this study is the lack of data on the
content of fat, acid, vitamins, and amino acids in the devel-
oped products, which will be a further step of research in this
direction. A significant constraint for expanding the range of
organic products is their high price, which is justified by the
necessity for certification and a long transition to organic
production. In addition, a possible problem in the production
of the proposed products relates to the fact that the used
raw materials are grown in different countries. However,
given current trends in the development of environmental-
ly-friendly consumption, such products could be present in
the market and have demand.

7. Conclusions

1. We have developed formulations for sponge cakes
based on organic certified raw materials. To make the
semi-finished sponge cake “Winter delight”, we used



organic buckwheat flour, organic ground ginger, organic
maple sugar, organic eggs, organic peppermint essence.
To make the semi-finished sponge cake “Exotic”, we used
organic spelt flour, organic hemp flour, organic powdered
dog-rose, organic coconut sugar, organic eggs, organic
lemon-based essence.

2. It was established that the developed products have
high organoleptic properties. Among the physical and chem-
ical indicators, we determined moisture content for both
products, which was 25+2 % for the finished product “Win-
ter delight” and 24+2 % for the finished product “Exotic”.

3. We determined the nutritional and energy value of
products. The amount of proteins was for the sponge cake
“Winter delight” was 14.4 g/100 g; “Exotic” — 15g/100 g,
fat — 4.40 and 3.80g/100 g, carbohydrates — 50.41 and

55.40 g/100 g, energy value — 298.84 and 315.80 kcal /100 g,
respectively.

4. Taking into consideration the HACCP principles, we
described the developed sponge cakes, a flowchart of produc-
tion, analyzed hazardous factors and severity of their conse-
quences. We identified critical control points at the stages of
production of sponge cakes, critical limits, which underlies
the compiled plan of HACCP.

5. Among the microbiological indicators, we determined
the content of MAFAM, coliforms and bacteria from the
genus Salmonella. The content of MAFAM was 100 and
80 CFU per 1 g for the sponge cakes “Winter delight” and
“Exotic”; no other microorganisms were found. All samples
meet the national standard of Ukraine for sponge cakes in
terms of the content of toxic elements and aflatoxin Bj.
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