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Abstract

The article is devoted to the issue of food safety as an important indicator of consumer properties and a
decisive criterion of their quality. It describes that various alternative toxicological methods of research using
the biological test-objects, the so-called bioassay methods are used along with the traditional toxicological
control methods for safety assessment of food products. Safety of new grain crisp bread on the basis of spelt
using bioassay methods were evaluated in experimental studies. The first method is based on determining the
toxicity of crisp bread using test-object of Colpoda steiniiinfusoria, the second - on testing for a mortality rate of
Daphnia Magna Straus crustaceans, the third - by method of determining the toxicity of objects using bioassay
methods on the test-object Drosophila melanogaster fruit flies. On the basis of the performed bioassay the
safety of new grain crisp bread was determined based on spelt. Ecotoxicological studies allowed assessing the
safety of products being developed, as well as the prospect of introduction of new grain crisp bread into the
market as a safe food product will be described in future.
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INTRODUCTION

Over the last decade the number of
toxicants that affect the safety of raw materials
and foodstuffs has increased, moreover,
methods of their determination are quite
complicated. In 2016 the Act On the Basic
Principles and Requirements for Food Safety
and Quality was adopted in Ukraine. One of the
main priority lines is to prevent losses, preserve
quality and guarantee food safety at all stages
of production and storage [3]. Pursuant to Act
a safe foodstuff is a foodstuff which has no
harmful effects on human health and is fit for
use.

Contaminants may occur in our food
from various sources. They typically pose a
health concern, resulting in strict regulations
of their levels by national governments and
internationally by the Codex Alimentarius
Commission. Therefore, analysis of relevant
chemical contaminants is an essential part

of food safety testing programmes to ensure
consumer safety and compliance with
regulatory limits. Modern analytical techniques
can determine known chemical contaminants
in complex food matrices at very low
concentration levels. Moreover, they can also
help discover and identify new or unexpected
chemical contaminants [4].

Many strategies to detect biological and
chemical contaminants in foodstuffs have been
developed to solve food safety problems [5].
Bioassay is one of the methods of study which is
used todeterminethe degree of negativeimpact
of chemicals being potentially dangerous to
living organisms through recording of changes
of biologically significant parameters (test
functions) of the experimental test-objects with
a subsequent assessment of their condition in
accordance with the chosen toxicity criterion
[6].
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Foodstuff bioassay means toxicity studies
of aqueous extracts from the product using live
test-objects. Test-objects (test organisms) are
experimental biological objects (organisms) that
are used in determining toxicity. The discovered
toxic effect is registered and evaluated in
the experiment. Test-objects allow replacing
complex chemical analyses and quickly identify
the toxicity of the product [6, 7]. The method of
determining the toxicity with the test-objects
is fast enough; it does not require the use of
experimental animals or expensive equipment
and has prospects for accelerating safety
control of raw materials and foodstuffs [4].

Infusoria, hydras, planarians, leeches, molluscs,
crustaceans, representatives of different groups
of plants and algae, insects etc. are used as test
objects [13]. The choice of the test object for
each caseis determined by standards, sensitivity
level to toxic substances and environment
you want to study [6]. In the study we used
test objects from different systematic groups:
Colpoda steinii infusoria, Daphnia Magna Straus
crustaceans and Drosophila melanogaster fruit-
flies. The specific properties of these life forms
allow obtaining detailed information on the
likely negative impact or food stuff safety.

MATERIAL AND METHODS

Bioassay in evaluation of grain crisp bread safety

The objective of the study was to determine
the safety of consumption of new grain crisp
bread with ashberry and brier using bioassay
methods on aquatic organisms and insects.

New types of grain crisp bread made with
spelt including enriching additives. Spelt is
specie of soft wheat, which is in contrast to the
traditional wheat has a high content of proteins,
nutrient rich fibres, mineral substances and
vitamins [15]. Dry powders of ashberry and
brier were used as nutrient additives. Their
inclusion into the composition of the crisp bread
contributes to giving curative and preventive
effect, improving the organoleptic properties
to the finished products.

The following samples were the test
objects:

« sample 1 - grain crisp bread without
additives (control);

« sample 2 - grain crisp bread with ashberry;

« sample 3 — grain crisp bread with brier.

When conducting ecotoxicological control
of grain crisp bread bioassay methods with test
organisms from different taxonomic groups
were used. The first stage of the study was to
determine the toxicity of grain crisp bread by

bioassay method on the death of Daphnia
Magna Straus crustaceans.These test-organisms
are widely used in determining the toxicity of
soils, waste water, feed and food products [12].
Studies were conducted on a synchronized
Daphnia culture. A synchronized culture is one
age culture obtained from one female by using
acyclic parthenogenesis in the third generation.
Such a culture is genetically homogeneous
[8]. The technique is based on identifying
the differences between the number of dead
Daphniae in the test sample (experience) and
that which is cultivated in water. Bioassay is the
criterion of the acute lethal toxicity.

10 cm?® of dechlorinated drinking water
was poured into each test tube where Daphniae
are cultured, 1 cm?® of water extract of the test
sample and 10 Daphniae into each tube. The
bioassay was performed in diffused light at a
water temperature of (20+2) °C for 96 hours.

According to GOST 32536 - 2013 [9] live
Daphniae are the one which move freely in
the water column or emerge from the bottom
of the vessel after its slight shaking. The rest of
Daphniae are considered dead.

RESULTS AND DISCUSSION

Daphniae were not fed during bioassay
of samples, at the end of the experience the
number of live test-objects was counted at the
end of the experiment (Fig. 1).

The toxicity level of the experimental
product during testing of aqueous solution
of test samples was determined by % of
maxillopods that survived in accordance with
table 1.
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Figure 1. (a) Daphnia magna Straus culture in water; (b) Daphnia magna Straus culture in medium of the tested
samples: 1 - grain crisp bread without additives; 2 — grain crisp bread with ashberry; 3 - grain crisp bread with

brier

Table 1. The scale of toxicity level of grain crisp bread when testing an aqueous solution

Toxicity level of the experimental product

Survival rate of Daphnia magna Straus
maxillopods, %

Non-toxic 93-100
With low toxicity 62-92
Toxic 0-61

The results of study were as follows: in
sample N2 1 —grain crisp bread without additives
(control) the number of dead Daphniae was 1 %,
sample N2 2 and N 3 — grain bread with ashberry
and brier — 3 % on each, that the evidence of
new product safety.

The second method is based on
determining the toxicity of grain crisp bread
using the test-object Colpoda steinii infusoria

(Fig. 2).

Figure 2. Colpoda steinii culture

The method is based on extraction of
different fractions from the experimental
products — polar and non-polar toxic substances
respectively with water and with hexane and the
subsequent impact of these extracts (hexane
was previously evaporated) on Colpoda steinii

culture. Dry culture Colpoda stenii represents o
colpoda cysts and Bac. Subtilis spores attached
to the wall of the vial and visible on increase of
80 - 150 min. Developed standardized rating
scale of toxicity is given in table 2 [10]. The
specimen used in study is manufactured in a
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certified laboratory (Vidrodzhennya m LLC,
Odessa), in accordance with TU U 46.15.243-
97 requirements and [14]. Colpoda culture is
harmless to humans and animals; it was stored
dry up to 6 months at a temperature of 10 -
25 °C. Vials with Colpoda culture and nutrient
medium were opened for studies not earlier
than 12 — 24 hours before use. 2 cm? of nutrient
medium were poured into each vial with
Colpoda culture. One made certain of relevance
of Colpoda culture immediately before the
use. This culture was studied by pendent drop
method under the microscope. Colpodae in
maximum number of 6 cells per high power
field should actively move. Weighing of 20 g was
added to a flask with a capacity of 250 cm?® and
poured 100 cm?of distilled water. The flasks with
the content have been shaken for 20 min, and
then the mixture was filtered. 2 cm? of extract
were added to the tube containing the active
culture of Colpoda and stirred. 2 cm? of nutrient
medium were brought to the control sample

with the active culture of Colpoda. In 10 min
and then in 3 hours one drop of the mixture was
selected from the experimental and control test
tubes and reviewed them under the microscope
using pendent drop method. Available live and
dead infusoriae were considered in the test
samples. The criterion of toxicity is the time
from beginning of exposure of the experimental
extract till death of the majority (90 %) of
Colpodae. The fact of death of Colpodae was
stated on the basis of a complete termination of
their movement and the presence of decay. In
the control sample all Colpodae should remain
movable in a control sample [10].

The product under study is considered
toxic, if death of Coolpodae occurs within
10 min after introduction of extract in a live
culture of Colpodae. The product under study is
slight toxic, if death of Colpodae occurs within
theinterval up to 3 hours of studies. The product
under study is non-toxic, if all Colpodae remain
movable in 3 hours of studies.

Table 2. Toxicity assessment scale of finished product [10]

Toxicity Criteria
Very toxic Death of the most Colpodae occurs within 3 minutes
Toxic Death of the most Colpodae occurs within 10 minutes
Slight toxic Death of the most Colpodae occurs in 3 hours
Non-toxic Most Colpodae remain movable within 3 hours

Fig. 3 shows the obtained results of determination of ecological and toxicological parameters of
grain crisp bread safety by bioassay method using Colpoda Steinii.
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Figure 3. Grain crisp bread toxicity by bioassay method using Colpoda Steinii
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On the basis of the performed studies
it is established that the sample N2 1 — grain
crisp bread without additives (control) and
samples N2 2 and N? 3, namely grain crisp bread
with ashberry and brier do not contain toxic
substances, because most Colpodae remained
alive in all the experimental samples within
three hours. The results correlate with the
studies performed by bioassay method using
Daphnia magna Straus.
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The third method is based on bioassay
of grain crisp bread samples by determining
the availability or absence of acute toxic
action on the test-objects. Chronic toxicity
was determined in toxicological analysis of
grain crisp bread quality. Biological tests on
Drosophila melanogaster Meig flies were used
during bioassay [11] shown in Fig. 4.
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Figure 4. Drosophila melanogaster Meig in medium of the experimental samples; 1 — grain crisp bread without
additives; 2 — grain crisp bread with ashberry; 3 — grain crisp bread with brier

The toxicity criterion in bioassay method
on fruit flies is a probable deviation from
frequency control of occurrence of dominant
lethal mutations

Determination of toxicity of objects using
bioassay method on Drosophila melanogaster
fruitflieshasascomparedtoothertestorganisms
(bacteria, plants, tissue culture) a number of
advantages due to the fact that it is possible
to find all types of mutations in Drosophila. It
has a small number of chromosomes, short life
cycle and great fertility; metabolic activation of
substances proceed the organism which is the
same as in humans. Data obtained using this

test organism can be extrapolated to highly
organized animals including mammals and
used as forecast of risk to human health [11].

Grain crisp bread was tested with the aim
of establishing the use of bioassay method on
D. melanogaster to determine the genotoxicity.
The presence or absence of genotoxic and
mutagenic actions to D. melanogaster during
bioassay was determined in samples. According
to the results of testing of samples of grain crisp
bread genotoxic and mutagenic actions were
not found in either of the samples that the
evidence of the safety of the product.

CONCLUDING REMARKS

Based on ecotoxicological control of
grain crisp bread with the test-organisms
from different taxonomic groups, namely
Colpoda steinii infusoria, Daphnia Magna Straus
crustaceans, Drosophila melanogaster fruit flies
it was established that the consumption of new
cereal products is safe.

Biological analysis ofall test objects showed
that the samples under study of the crisp bread
do not have a negative impact on living form
and can be recommended for consumption by a
human. The conducted studies are the evidence
of expediency of the further work and industrial
production of new types of grain crisp bread



Maryna Mardar, Galina Krusir, Rafaela Znachek, Larisa Agunova

based on spelt with ashberry and brier that will
allow expanding the assortment and fills the
market with safe food stuffs.

The lack of significant material costs, high
sensitivity of methods and the obtained results

with a high degree of reproduction demonstrate
the feasibility to recommend the conduction
of bioassay for all new types of food stuffs,
particularly on introduction of non-traditional
raw materials and additives.
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Pesnme

TpynoT e NoCBEeTEH Ha NpallakbeTo 3a 6e36eHOCTa Ha XPaHaTa KaKo BaXKeH NoKa3aTes 3a MOTPOLLYBAUYKAT
€CBOjCTBa M OZ1yuyBaUKM KPUTEPUYM 3a HUBHMOT KBAJIUTET. BO TPYAOT Ce onuLuyBa ieKa ce KOprCTaT PasfinyHu
anTepHaTVBHY TOKCUKOMOLKY METOAM 33 UCTPaXKyBatbe CO KOPUCTEHE Ha BUOMOLLKU TECTOBU, TaKaHapeyeHu
OGUONOLWKN MeToaN, 3aefHO CO TPAAWLIMOHANIHWTE TOKCMKOJIOWKY METOAM 3a KOHTPOSa 3a MpoLeHKa Ha
6e36eHOCTa Ha NpexpaHbeHnTe npounssogmn. be3begHoCTa Ha HOBMOT [iBOjHOMeueH Neb 6a3unpaH Ha XKMUTHATa
KyNTypa crefiTa co Metoau 3a broaHanu3a 6ea eBanympaHu BO eKCriepuMeHTanHu cTyguu. NpeBroT meTop ce
6a3mpa Ha yTBpAyBare Ha TOKCMYHOCTA Ha CBexX 1eb, kopurcTejkun bronolkn Tect og Colpoda steinii infusoria,
BTOPMOT — 3a TECTMPAtbEe Ha CTarKaTa Ha CMPTHOCT Ha pak of Daphnia magna Straus, TpeTaTa — cO MeTof Ha
ofdpenyBate Ha TOKCMYHOCTA Ha NPeaMeTOT Ha NPOoyUyBatbe, KOV KOPUCTAT MeToam 3a OrnoaHanmsa Ha TecT-
06jekToT Drosophila melanogaster. Bp3 ocHoBa Ha 13BpLUEHMOT 6UoTeCT, 6e36eHOCTa HA HOBMOT ABOjHOMEYEH
neb Gelle onpepgeneHa BpP3 OCHOBA Ha crenlata. EKOTOKCMKOMOLWKNTE CTYAUM OBO3MOXMja MPOLIEHKa Ha
6e36e1HOCTA Ha NPOU3BOAMTE LUTO CE Pa3BMBAAT, KaKo 11 MOXHOCTA 3a BOBeflyBatbe Ha HOB AiBOjHOMEYEH /€6
Ha Ma3apoT Kako Npour3Bog 3a 6e36eaHa XpaHa, Kov Ke 6maaT onuiaHn BO AHMHA.

KnyuHu 36opoBu: 08ojHoneyeH 1e6, 6e36e30HOCM Ha NPouU3800, MOKCUYHOCM, NPUPOOHU KOH3epB8aHCU

Journal of Agriculture and Plant Sciences,
JAPS, Vol. 16, No. 1, pp. 65 -71



