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Inemumym mikpobionoeii i gipyconoeii im. J[. K. 3aboromnoeo HAH Yxpainu

[Iposedero oyinky mokcuuHocmi 045 pocAuH He30P00NCEHO20 3ANUUKY, OMPUMAHO20 NICAS
MIKPOOHOI (hepmenmauii 6 20pu30HmManvHoMy pepmenmepi smiulanux xap4oeux ioxodie. byno
BUKOPUCMAHO MPU MURU cyOCmpamy: rpyHm (RO3UMUBHUL KOHMPONb), NiCOK (HeeamueHui
KOHMPOAb) Ma eKCnepUMeHmMAaNbHUl cyocmpam, wo ckaadascs 3 He30p00iceH020 3aAUKY |
nicky 6 06’emromy cniggionowenni 6:1 (8 e 3aruwky na I ke nicky). Picm pocaun Raphanus
sativus i Lathyrus latifolius oyinroeanu 3a enepeieto npopocmarnts Hacinus. Bemanoeneno, ujo
smiwanuil cyocmpam € mokKcuuHum 04s pocAuH, 0CKiAbKu Hacinusg He npopocmano. Enepeis
npopocmanns Hacinua R. sativus ma L. latifolius y rpynmi cmanoeums 90 50%, y nicky — 50
i 20% eionogiono. Hasenicms He30p00xiceH020 3aNUUKY 8 eKCnepUMeHMAanbHoMy cyocmpami
CHPUMUHUAO NOGHE NPUCHIYEHHS POCIY POCAUH.

Karouosi caosa: xapuosi 6ioxoou, npopocmarnus HACiHHS, MOKCUYHICIb, MIKPOOP2AHIZMU.

Global pollution of the environment as
a result of urbanization and the rapid de-
velopment of industry in the 20 th century
became one of the factor which threats hu-
man life and health. Food wastes products,
processing industry wastes obtained in tech-
nological juices, chips and other production
are environmentally dangerous garbage. It is
dangerous for people and nature and require
utilization or wastes burial. Fermentation of
using microorganisms is one of the ways for
utilization of food wastes. It is known that
microbial destruction of organic wastes could
be accompanied by synthesis of molecular hy-
drogen. This is the base for the development
of new technologies for fuel production from
environmentally hazardous wastes [1-3].

Fatty acids, mercaptans, hydrogen sulfide
generated in dumps during slow uncontrolled
fermentation of wastes are toxic compounds.
In the same time mixed food waste (MFW)
is a promising substrate for microbial syn-
thesis of molecular hydrogen. It consists of
components belonging to the major classes
of organic compounds (carbohydrates, pro-
teins, etc.). These natural components can be
destructed by microorganisms.

The lack of effective technologies for
MFW utilization is the main reason for the

© 0. Bielikova, N. Matvieieva, O. Tashyrev, 2017

accumulation of great amounts of organic
wastes. The use of microorganisms for the
fermentation of organic compounds associ-
ated with molecular hydrogen synthesis can
simultaneously solve the problem of food
wastes accumulation and reduces the cost of
this biotechnology application [4, 5].

However, unfermented solid waste resi-
dues remain even after using of the effective
microbial degradation process. These lignin-
cellulose residues obtained in biohydrogen
and methane producing technologies are not
available for the bacteria. It must be disposed
or should be used to produce organic ferti-
lizers. For example, worms’ composting tech-
nology can be used for biohumus production
from the biodegradable wastes [6-8].

Untreated wastes contain microorgan-
isms and their metabolic products, inclu-
ding compounds inhibited plant growth. This
inhibitory effect is manifested in reducing of
seeds germination, slowness of plant growth
and root formation. Therefore, it is important
to estimate the toxicity of unfermented plant
residues produced in the process of microbial
destruction of MFW.

In this study we evaluated the toxicity
of dry unfermented residues obtained after
the fermentation of mixed food wastes in a
horizontal bioreactor.
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MATERIALS AND RESEARCH METHODS

The dry residues were obtained by fer-
mentation of MFW in the horizontal fermen-
ter. In this experiment for evaluation the dry
unfermented residues toxicity for the plants
we used such types of substrates:

* soil (universal substrate for vegetables
and flowers, production «Agrosvit») as a
«positive controls substrate;

* sand as a «negative control» substrate;.

* «experimental»> substrate consisted of
sand and MFWR in volume ratio 6/1 (8 g
MFWR per 1 kg of sand).

The pH of the soil was determined by
bromthymolblau indicator (BTB 0.01%)
using standard BTB pH scale.

Seeds of Raphanus sativus and Lathyrus
latifolius were cultivated in soil, sand and
experimental substrates for nine days at the
temperature of +20°C. Experiments were per-
formed in triplicate. We characterized plant
growth by the energy of seed germination.

Microbiological soil composition was
evaluated before sowing seeds and in 10 days
after germination by the number of colony
forming units (CFU) of chemoorganotrophic
and nitrogen-fixing microorganisms. For this
purpose, tenfold dilution was prepared. The
dilutions in volume 0.1 ml were plated on Nu-
trient agar media in Petri dishes. Meat-pep-
tone solidified HiMedia medium and Ashby
medium were used to count chemoorgano-
trophic and nitrogen-fixing microorganisms.
The number of colonies was determined on
the third day of growth at +28°C.

RESULTS AND DISCUSSION

It is known that BTB is an indicator
which colour depends on the pH in the range
between 5.8 and 8.0. This allowed us to deter-
mine the pH of the used substrates quickly
and reliably. Some differences were shown by
pH analysis of three studied substrates. The
pH of soil was more acidic than the sand one
and the experimental substrate — 6.6—6.8,
7.4-7.8 and 7.4-7.6 respectively. Thus, the
addition of MFWR to sand did not affect
significantly on the pH value.

The mixed substrate that contained unfer-
mented residues was found to be toxic for the

plants. Seedlings were not formed even after
10 days of such cultivation conditions, while
in control substrates the first shoots were
observed in 3 days after seeds sowing. Ger-
mination energy of seeds of Raphanus satious
and Lathyrus latifolius planting in the soil was
90% and 50%, in the sand — 50% and 20%
respectively. Thus, addition of unfermented
residues in experimental substrate resulted
in complete inhibition of growth.

There are two possible reasons of the inhi-
bition of plants growth in the mixed substrate.
Firstly, it is the presence of toxic compounds
which can inhibit the growth of plants. Sec-
ondly, it is the presence of large amounts of
microorganisms that negatively affect plants
growth and lead to seeds death.

The CFU of heterotrophic and nitrogen-
fixing microorganisms were analyzed in stud-
ied substrates. The amount of nitrogen-fixing
and heterotrophic microorganisms in the soil
and experimental substrate was higher than
in the sand. Thus, the CFU of heterotrophic
microorganisms was 1.04x 108, 1.64x 10% and
7.2x108, respectively, in soil, experimental
substrate and sand. The greatest number of
nitrogen-fixing microorganisms was found in
a mixed substrate, CFU = 2.8x107, and the
smallest — in the sandy substrate — 9.2x 10°.
The number of heterotrophic microorgan-
isms in the experimental substrate was in
1.57 times higher than in the soil, and in
14 times more than in the sand without the
addition of wastes. The amount of nitrogen-
fixing microorganisms in the waste mixture
with sand was 1.5 times higher than in the
soil substrate, and 100 times higher than in
the sand. These data indicated a significant
increase of heterotrophic and nitrogen-fixing
microorganism content in the experimental
substrate.

Experimental substrate was character-
ized not only by higher CFU value, but also
by larger variety of heterotrophic microorga-
nisms compared to other substrates. In par-
ticular, four morphotypes of heterotrophic
microorganisms were identified both in soil
and sand substrates and six morphotypes of
microorganisms were identified in the mixed
substrate. At the same time, the variety of mic-
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roorganisms in this substrate was less than in
soil and sand (only two morphotypes), while
the number of nitrogen-fixing microorganisms
was greater compared to other substrates. The
obtained data demonstrated a great amount
of CFU of heterotrophic and nitrogen-fixing
microorganisms in mixed substrate. It may
be one of the causes of complete inhibition of
germination of plant seeds.

CONCLUSIONS

Thus, dry residues obtained after fermen-
tation of mixed food wastes, had a toxic effect

on the plants growth, which was resulted in
complete inhibition of germination. This ef-
fect did not depend on the plant species. The
number of germinated seeds in the soil was
1.8-2.5 times higher than in the sand. It was
natural because the nutritional value of the
soil (composition, the amount of organic and
inorganic compounds) was higher than the
nutritional value of sand. The greater number
of heterotrophic microorganisms in the experi-
mental substrate (1.57 times) in comparison
with microorganism’s number in soil may be
the reason of seeds germination inhibition.
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