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BM3HAYEHHSA IIOKA3HUKIB BE3SITEYHOCTI
3AMOPOXKEHOI'O ®PYKTOBOI'O HAIIIB® ABPUKATY
JJIs1 BUPOBHUIITBA HATIOIO CMY31

JA.M. Onapuenko, €.5. CokonoBa, O.®. AxcboHoBa, A.I'. AbaboBa

Hasedeno pezymvmamu docniodxcens NOKA3HUKIE Oe3neuHOCMi 3aMOPOHCEHO20
@pykmosoeo naniepabpuxamy Ons GUPOOHUYMEA HANOI CM)BI. Ycmanoseneno, wo
GMICI BAIICKUX MEMA6, MIKOMOKCUHIS, HIMPAMig, necCmuyudié ma padioHykuioie He
nepesuuye 6CMAaHoGIeHUx Hopmamugis. Poseranymo enaug  inepedienmie na
padiosaxucHi  eracmugoani  ma  0e3NEUHICMb  3AMOPOACEHO20  (DPPYKIN0BO2O
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Hanieghabpukamy 015  6UpOOHUYMEa Hanow cmysi. JocmiodceHHs NOKA3HUKIE
be3neynocmi  Hanieabpuxamy niomeepoX;cyoms 1020 8IiON0GIOHICMb  BUMO2aM
0epaicaghoi cucmemu KOHMPOIIO Xap4o8ux nPooyKmis.

Knwouosi cnosa: 6ezneunicms, mokcuuni enremenmuy, Himpamu, necmuyuouy,
PAOioHYKIOU, Haniepabpuxam, cmy3i.

OIIPEJEJIEHUE IMTOKA3ATEJEA BE3OITACHOCTH
3AMOPOXEHHOI'O ®PYKTOBOTI'O IIOJIY ®ABPUKATA
JJI ITPAT'OTOBJIEHUSA HAIIUTKA CMY3H

J.H. Onapuenko, E.b. CokonoBa, E.®. AkcenoBa, A.I'. AGaGoBa

IIpusedenvl  pesyivmamvl  UCCIed08anuti  nokazamenei  6e30nacHocmu
3AMOPONHCEHHO20  (PPYKMO0B020 NOAYPabpuxama Ond npuzOmMosIeHus HANUMKA
cMy3u. Ycmanoeneno, umo cooepowcanie MAdCeNblX MEemauios, MuKOnOKCUHOS,
HUMPAmos, necmuyuoos U PaoUOHYKIUO08 He Npesbluiaem yCHaHOBIeHHbIX
HOpMamueo8. Paccmompeno enusHue uHe peoueHmos Ha paouo3auumuble ceolcmed
u  Oe30nacHocmv  3AMOPONCEHHO20  pykmosoeo  noaygabpuxkama  Ona
npueomoenenuss nanumxa cmysu. Hccneoosanue nokazameneii 6e3onachocmu
noaygabpukama  nOOMEEPAHCOAom eco  coomeemcmeue — mMpedOOSAHUAM
20CY0apCeeHHON CUCHeMbl KOHMPOJIA NULEBbIX NPOOYKNL08.

Knrwuegvie cnosa: 6e30nacHocms, MOKCUYHbIE OSNEMEHMbl, HUMPAMDbL,
necmuyuobl, paouOHYKAUObL, NOLYDabpuram, cmysu.

DETERMINATION OF SAFETY INDICATORS OF FROZEN
FRUIT SEMI-FINISHED PRODUCTS
FOR THEPRODUCTION OF SMOOTHIES

D. Odarchenko, E. Sokolova, O. Aksonova, A. Ababova

The actual level of toxic elements content, namely heavy metals, mycotoxins,
nitrates, pesticides and radionuclides in dried apples, strawberries, oat flakes is
established. And as these indicators are set in fresh and frozen semi-finished
products for smoothies made from these ingredients.

Investigation of the content of toxins and mycotoxins in fresh samples
showed that the content of residual quantities of these indicators does not exceed the
established standards. To determine the content of toxic elements and their changes
during storage, the studies were carried out immediately after the manufacture of
the semi-finished product, and then after 30 days of storage at -18 = 2 ° C. The study
of fresh and frozen fruit semi-finished products confirms their compliance with the
requirements of the state system for quality control of food products .

Requirements to the maximum permissible concentrations (MPC) of nitrates
in semi-finished products for smoothies of similar composition are not available, but
comparing the content of nitrates in the product with the requirements for baby food
products makes it possible to consider that the product obtained meets even these
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stringent requirements. So for canned fruit on the basis of MPC is 50 mg / kg, while
the resulting semifinished product contains 47 mg / kg. It is noted that smoothies of
similar composition contain ascorbic and folic acids, synergism of these vitamins
strengthens the body's ability to excrete nitrates.

Frozen fruit semi-finished product for the production of smoothie drinks
successfully combines those nutrients that reduce the intake of radionuclides into the
body and increase the body's resistance to radiation. These substances include apple
pectin, which binds radionuclides and prevents their absorption in the intestine,
natural antioxidants, which increase the body's resistance to various infections and
negative environmental effects.

Given the safety indicators, it can be argued that a frozen fruit semi-finished
product for the production of a smoothie is safe for the human body.

Keywords: safety, toxic elements, nitrates, pesticides, radionuclides,
semifinished products, smoothies.

Statement of the problem. One of the most important problems of
modern society is minimization of negative environmental impact on a
person. Pollution of environmental ecology and deformed diet result in
iliness and decrease of the general resistance of the human body. The rapid
development of industry, energy and transport, violation of ecological
requirements for environmental protection has led to the fact that in the
environment, and as a result, in food and beverages there is a large number
of chemical and radioactive substances that are harmful to human health.
Harmful substances can enter the food in the form of contaminants and
sometimes they are added as food additives, which is associated with
production technology [1].

Producers should control not only the finished products, but also
ensure the quality and safety of food raw materials at the stages of
agricultural production, food pretreatment and processing, their
transportation and storage.

At the present stage of development of the Ukrainian society, the
issue of quality control and safety of goods is acute. The effectiveness of the
state control system for the imp lementation of safeguards in this area should
also be increased. Heavy metals: mercury, cadmium, lead, copper, zinc,
nickel, chromium and require the greatest attention from the standpoint of
toxicology and sanitation [2]. The detection of the content of toxic elements
is becoming an increasingly important and urgent issue for the food industry
and the public. In addition, there is a constant growth of nitro compounds of
anthropogenic and technogenic origin in the general nitrogen cycle, which
leads to an increase in the content of nitrates in products of plant and animal
origin and increases the nitrate-nitrite load on the human body [3].

Review of the latest research and publications. A common
mycotoxin for fruits and vegetables is patulin. Most often it is present in
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apples, pears, apricots, peaches, strawberries, red bilberries. The content of
patulin in fresh and boiled apples was determined. In fresh apples, the
patulin content was 15,7 and 17,8 mg/kg, and after cooking the fruit, the
mycotoxin concentration was 13,8 and 15,9 mg/kg. After the heat treatment
of apples, the content of mycotoxins decreased compared to fresh ones [4].
Taking into account that mycotoxins, in addition to the general toxicity,
have mutagenic, teratogenic and carcinogenic properties, even in very small
concentrations, they should be considered as one of the most important
problems in the safety of fruit and vegetable products.

A typical diet of the population of most countries of the world
includes products with a certain content of nitrates, nitrites and
nitrosamines. Vegetables and fruits that naturally contain nitrates and
nitrites are considered an important part of healthy eating because of the
positive effects on human health, in particular as factors of counteracting
cancers [5; 6]. At the same time, nitrates and nitrites are used as food
additives in the production of meat products to slow down microbial
spoilage, giving an attractive appearance and taste. The authors of [7]
suggest that a high level of consumption of such meat products is the cause
of the risk of developing gastric cancer, due to the content of nitrates and
nitrites. Nitrosamines are products of chemical reactions in which nitrates,
nitrites and proteins take part. N-nitrosodimethylamine (NDMA) is one of
the nitrosamines most commonly found in foods [8; 9. NDMA is a
powerful carcinogen that can activate the processes of the appearance of
malignant tumors in various types of tissues (including the liver, lungs,
stomach) [10; 11]. In work [12] it is shown that with a too high
consumption of nitrates, a weak but statistically significant reduction in the
risk of developing gastric cancer can be associated. While increased
consumption of nitrites and nitroso compounds can be considered a risk
factor for cancer. Nitrates accumulate mainly in roots, root crops, stems,
much less in fruits [13]. The content of nitrates in products of vegetable
origin, namely red pepper, radish, strawberry, cucumber, cabbage was
determined. It is determined that the content of nitrate ions exceeds the
maximum permissible standards by 2,5 times in radish roots, 2 times in
strawberry fruits, which indicates that these products are unfit for
consumption [14].

The actual level of the content of toxic elements, nitrates, pesticides,
mycotoxins, radionuclides in vegetable and fruit raw materials is grown,
which is grown in the western and southern regions of Ukraine. It is
established that the content of nitrates in fruits is in the range from 17 to 70
mg/kg, in some fruits (apples, pears) the content of nitrates exceeds the
allowable level by almost 20%. It should also be noted that in the skin of
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fruit, the content of nitrates exceeds their allowable level in comparison
with the flesh, by 10-30% [15].

The objective of the article — the determination of safety indicators,
namely, the actual level of toxic elements, namely heavy metak, mycotoxins,
nitrates, pesticides and radionuclides in dried apples, strawberries, oat flakes and
fresh and frozen semi-finished products forsmoothies.

Presentation of the research. The following safety criteria are
determined: the content of toxic elements, nitrates, pesticides, mycotoxins
and radionuclides in fruit raw materials, which is grown in Ukraine. The
object of the study was a strawberry of the middle early variety "Dukat",
dried apples "Borovinka™ and oatmeal flakes "Hercules™.

The content of residual amounts of toxic elements was determined
by the following methods:

1. Mercury — atomic absorption method according to State industry
standart (Sit) 26927-86.

2. Arsenic — by colorimetric method according to State industry
standart (Sit) 26930-86.

3. Copper — colorimetric method according to State industry standart
(Sit) 26931-86.

4. Lead — polarographic method according to State industry standart
(Sit) 26932-86.

5. Cadmium — polarographic method according to State industry
standart (Sit) 26933-86.

6. Zinc — polarographic method according to State industry standart
(Sit) 26934-86.

The content of residual amounts of nitrates was determined by the
ionometric method in accordance with GOST 29270-95, and the content of
radionuclides by mass spectrometry.

Fresh samples for research were prepared as follows: strawberries
were inspected, miles, peeled from the peduncle, dried apples, and blanched
in boiling water for 3 to 5 minutes, and the oat flakes were ground. Frozen
fruit semi-finished product for the production of a smoothie drink was
prepared as follows, dried apples washed, blanched in boiling water for
3-5 minutes. The fruits of strawberries were checked, washed, cleaned from
the stem. Sugar and oat flakes were added. The Erepared components were
mechanically crushed to particles of 38.114-10™ m. The obtained mixture
was immediately packed into polymeric containers immediately after
grinding and frozen to -18+2°C.

To determine the content of toxic elements and its changes during
storage, the studies were carried out immediately after manufacture, and
then after 30 days of storage at a temperature of -18+2°C.
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Table 1 shows the results of an investigation of the content of toxins
and mycotoxins in fresh samples.

Table 1

The content of toxins and mycotoxins in fresh strawberry, dried apples
and oatmeal flakes

P(:rig}:es- Actual content not more than (mg/kg)
Indicator levels not
more than, | Strawberries Dried apples Oat flakes

(mg/kg)
Toxic elements:
lead 0,4 0,2 0,1 0,2
cadmium 0,03 0,003 0,002 0,004
arsenic 0,2 not found not found not found
mercury 0,02 not found not found not found
copper 5,0 0,25 0,26 -
zinc 10,0 0,78 0,94
My cotoxins:
patulin 0,05 not found not found not found
ochratoxin A. 0,0005 not found not found not found

Investigation of the content of toxins and mycotoxins in fresh
samples showed that the content of residual quantities of these indicators
does not exceed the established standards. Table 2 shows the results of
studies on the content of toxins and mycotoxins during storage for 30 days
in freshly prepared and frozen fruit semi-finished products for the
production of a smoothies beverage.

Table 2

The content of toxins and mycotoxins in fresh and frozen fruit semi-
finished products for the production of smoothies

Permissible levels Actual content not more than (mg/kg)
Indicator not more than, - -
(mg/kg) Fresh semi- Frozen semi-
finished product finished product
1 2 3 4
Toxic elements:
lead 0,4 0,2 0,2
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Continuation of table 2

1 2 3 4
cadmium 0,03 0,003 0,003
arsenic 0,2 not found not found
mercury 0,02 not found not found
copper 5,0 0,26 0,26
zinc 10,0 0,95 0,95
My cotoxins:
patulin 0,05 not found not found
ochratoxin A. 0,0005 not found not found

According to the results of the study, the content of toxic elements
does not exceed permissible levels, both in fresh and in frozen fruit semi-
finished, which was stored for 30 days. Thus, the study of the content of
toxins and mycotoxins in fresh and frozen fruit semi-finished products
confirms their compliance with the requirements of the state system of food

quality control.

Table 3 presents the results of research on the content of nitrates and
pesticides in fresh samples.

Table 3

Research on the content of nitrates and pesticides in fresh samples

Permissi Actual content not more than (mg/kg)
ble level
. of daily
Indicator norm, Straw- Dried Oat
mg/kg, berries apples flakes
no more
Nitrates 300-325 100 400
Pesticides:
hexachlorocy clohexane 0,05 not found not found not found
Table 4

Research on the content of nitrates and pesticides in fresh semi-finished

product and frozen semi-finished product

Permissible level Actual content not more than (mg/kg)
Indicator of daily norm, | Fresh semi-finished Frozen
mg/kg, no more product semi-finished
product
Nitrates 300-325 47 47
Pesticides 0,05 not found not found

110



The UN FAO Commission has set a maximum permissible
concentration (MPC) for nitrate consumption by humans. This figure should
be no more than 500 mg per day. In the CIS countries for an adult, the daily
allowable dose of nitrates i 300—325 mg. For children, it is determined at a
rate of 5 mg per 1 kg of body weight. In Switzerland, safe for children is a
norm of 400 mg/kg, in Germany — 250, in France and Belgium — 50. In
many developed countries, there are no restrictions on "vegetable™ nitrates,
but in some countries, the total limit is set at no more than 3,500 mg / kg for
any vegetables. In the EU countries, the standards are set only for deciduous
and salad vegetables (up to 3000-2500 mg/kg) and for baby food, to which
the requirements are more tough — 200 mg/kg. In the European Union, the
rules for the content of nitrates in vegetable products are regulated by the
EC Regulation No. 1258/2011. According to this document, the maximum
amount of nitrates in spinach, swamp and leafy salad, in a crispy salad
(iceberg type), in a broomstick is set. In cucumbers, tomatoes, green onions,
watermelons, melons and other vegetables and melons, the content of
nitrates in the European Union is not limited [16].

There are no requirements for (MPC) nitrates in semifinished
products for a similar composition, but comparing the results on the content
of nitrates with the requirements for infant food products allows us to
assume that the product received meets even these stringent require ments.
So for canned fruit-based MPC is 50 mg/kg, while the half-finished product
contains 47 mg/kg.

In addition, it should be noted that products of this composition
contain ascorbic and folic acid, since the presence of these vitamins is
proved for apples and strawberries [17]. According to literary data, the
synergism of these vitamins increases the body's ability to excrete
nitrates [18].

To date, the issue of contamination of food products and raw
materials  with  radioactive substances is acute. Radioisotopes
(radionuclides) with a prolonged half-life, strontium-90 and cesium-137, are
the most dangerous for humans. The content of radionuclides in food is
regulated by state hygiene standards [19]. Table 5 shows the results of the
study of the content of radionuclides in the samples.
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Table 5
The content of radionuclides in inwestigated samples

Acceptable levels, Bg/kg, Actual content,
Sample no more Bg/kg, no more
137Cs 90Sr 137Cs 90Sr
1 2 3 4 5
Strawberries 70 10 2,0 3,0
Dried apples 240 40 16,0 5,0
Oat flakes 60 - 10,0 -
Fresh semi-
finished
product 70 10 30,0 5,0
Frozen
semi-
finished
product 70 10 30,0 5,0

Frozen fruit semi-finished product for the production of smoothie
drinks successfully combines those nutrients that reduce the intake of
radionuclides into the body and increase the body's resistance to radiation.
These substances include apple pectin, which binds radionuclides and
prevents their absorption in the intestine [20]. Oat flakes contain a lot of
natural antioxidants - substances that increase the body's resistance to
various infections and negative effects of the environment. Also smoothies
of similar composition contain a large amount of potassium and calcium,
which are antagonists of radioactive cesiumand strontium.

Conclusions. The content of heavy metals, mycotoxins, nitrates,
pesticides and radionuclides is determined. It is shown that the residual
concentrations for all parameters in all samples do not exceed the
established standards. During the storage of fruit semi-finished product for
the production of smoothie drink for 30 days the content of toxic elements
and radionuclides practically did not change and corresponds to the
permissible level. Given the safety indicators, it can be argued that the
frozen fruit semi-finished product is safe for the human body and can be
recommended for baby food. In addition, the radioprotective properties of
the ingredients reduce the threat of the deposition of radionuclides in the
human body.
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Hagedeno  pospaxynox — nepcnekmuGHoi — KOHKYPEHMOCHPOMOICHOCH
b6opowinanoe0  KOHOUmMepcvkoeo 6upoby «bymbawkay, saxuii oyiniosanu 3a
MemoouKo MOOeNOB8AHHA. 3a pe3yibmamamu pO3PAxXyHKY NOKA3HUKA KOHKYPEHMO-
CNPOMOXMCHOCT 6CcmaHo6leHo, wo Mmadin «bymbawkay 3 eucokum emicmom
2TMOMUHY | 8UpadsCceHuMy OIONPOMeKMOPHUMYU BIACMUBOCAMU 6)y0e KOHKYDEHmO-
CHPOMOJNCHUM ~ HA  CHOMCUBYOMY DPUHKY VKpainu 3a paxynok noninuienHs
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KOHOUmepckoeo uzoenus «bymbdawkay, KOmopwlil OYeHUSAIU Nno MemoouKe
mooenuposanust. Ilo pesyrmamam pacuema nokazamens KOHKYpeHnoCnocoGHOCmu
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