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Canneries are a powerful source of wastewater. Wastewater is produced at various stages of the
technological process and is contaminated with carbohydrates, proteins, fats, etc. Often, such wastewater is
not treated or discharged into natural reservoirs incompletely treated. It is advisable to use methane
fermentation. This biotechnological process will contribute to the removal of pollutants from sewage. At the
same time, biofuel and biofertilizer are also produced. Therefore, research on methane fermentation of
cannery effluents to obtain biogas (alternative biofuel) and digestate (plant growth stimulator) is relevant.
The purpose of the work is to study the methane fermentation of cannery effluents with the production of
biogas and digestate. The work's task is to study the process of methane fermentation of cannery effluents,
determine the intensity of gas generation, study the stimulating effect of digestate on plant seeds. The initial
COD of the effluents is 4200 mg O./dm?, pH 6.8. The research was carried out in a periodic regime, the
loading dose was 30 %. Methane fermentation caused a high efficiency of wastewater treatment. The final
value of the COD of the effluents was 500 mg O,/dm®. The cleaning efficiency is 88.1 %. The intensity of
biogas release was high. Recorded biogas formation of 4 dm?® from 1 dm?® of wastewater. The amount of
biogas in terms of the amount of initial pollution: 0.95 dm®/g of CODstwrt. The amount of biogas in terms of
the amount of fermented pollution: 1.08 dm®g of CODrrm. Biogas had a high methane content — 65 — 68 %.
Such biogas is used as an alternative biofuel. There is a clear classical interdependence between the
reduction of sewage pollution and the release of biogas. Digestate is a valuable fertilizer and seed
biostimulator. When seeds were treated with a digestate solution, the growth of roots (by 20 — 27 %), stems
(by 21 — 30 %) was accelerated. Germination energy increased by 24.8 % compared to the control
experiment.
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origins. These effluents are generated at most
stages of the technological process:

1. Introduction

The canning industry of Ukraine is one
of the main ones in the food industry, which
provides the population with high-quality
products of animal and plant origin.

At the same time, such factories cause a
strong negative impact on the environment.
Canning plants are a source of wastewater of
various compositions, concentrations, and
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transportation, washing, sorting of plant raw
materials (vegetables, fruits), processing of
raw meat, grinding, heat treatment of semi-
finished products, production of marinades,
brines, sterilization of finished products, etc.
At some canneries, from 12 to 35 % of
raw materials end up in sewage. If a cannery
processes not only vegetable but also meat
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and dairy raw materials, then fats, protein
components, etc. get into the wastewater.
Often, such wastewater is not treated at all at
factories, or is discharged into natural
reservoirs incompletely treated, which has a
significant  negative  impact on the
environment (Getta et al, 2022, Jayasundara
et al, 2023).

Since the COD of wastewater of
canning enterprises is higher than 2000 mg
Oz/dm?®, it is advisable to use methane
fermentation. Such biotechnology will ensure
the removal of pollutants from sewage, and
will also provide an opportunity to obtain
biogas.

Biogas is a biofuel that is an alternative
source of energy (Zhao et al, 2021,
TamoSitnas et al, 2022). Biogas (or
biomethane from it) can be used for heating
the methane tank, the production processes,
obtaining electrical energy (Lewis, 2023,
Saravanan et al, 2023).

Also, during the bioconversion of
organic substances under the influence of
anaerobic bacteria, digestate is formed (Le et
al, 2024). Digestate has significant
concentrations of B vitamins and other
biologically active complexes (Sarangi et al,
2022, Angouria —Tsorochidou et al, 2021).
Digestate is used as a fertilizer or seed growth
stimulant for various crops (Song et al, 2021,
Bumbharter et al, 2023, Lu et al, 2021).

Research on methane fermentation of
cannery effluents to obtain biogas (alternative
biofuel) and digestate (plants growth
stimulator) is relevant.

The purpose of the work is to study the
methane fermentation of cannery effluents
with the production of biogas and digestate.

The task of the work is to study the
process of methane fermentation of cannery
effluents, to determine the intensity of gas
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generation, to study the stimulating effect of
digestate on plants seeds.

2. Materials and Methods

Methane fermentation of effluents from
canning enterprises took place in a laboratory
installation: a biogas reactor (methane tank)
with a volume of 3 dm?®, a gasholder for the
accumulation of biogas. The methane tank
was placed in a thermostat to maintain the
required temperature regime.

Standard methods were wused to
determine process indicators (Semenova,
2019).

The pH of the environment in the
bioreactor was monitored with a pH device of
340. The content of methane and carbon
dioxide in the biogas was determined by an
accelerated method: passing it through 10 %
sodium hydroxide solution (Semenova, 2019).

Biosolution (digestate and tap water)
was used to stimulate the seeds. The length of
the roots, the height of the seedlings, and the
energy of seeds germination were determined.

3. Results and Discussion

At the Department of Ecology and
Ecomanagement of the National University of
Food Technologies, methane fermentation of
wastewater from the food industry and waste
(municipal, agricultural, food, etc.) is being
researched.

Concentrated wastewater from canning
production was fermented in a biogas reactor
with a volume of 3 dm® The bioreactor was
placed in a thermostat (the temperature of the
mesophilic regime is 37 £ 1 °C). Activated
sludge from the bioreactor of the Yuzefo-
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Mykolaiv biogas plant (Ukraine, Vinnytsia
region) was used.

Wastewater from the Moshuriv cannery
had turbidity, a light yellow color, and a
characteristic  smell. Chemical oxygen
demand (COD) of effluents IS
4200 mg Oz/dm3, pH 6.8. The research was
carried out in a periodic regime, the loading
dose was 30 %.

Control of purification was carried out
according to indicators: COD, temperature,
pH, amount of biogas, methane content in it,
efficiency of purification. The biogas output
was calculated on the number of initial
pollutants according to COD and on the
number of fermented pollutants.

Duration of fermentation was 3 days.
The pH of the culture fluid increased from 6.8
to 7.8. Therefore, the normal course of
methane fermentation takes place.
Acidification of the liquid was not observed.

Methane fermentation caused a high
efficiency of wastewater treatment. The final
value of the COD of the effluents was
500 mg Oz/dm®.  Therefore, the cleaning
efficiency is 88.1 %.

Gas generation was also investigated.
The intensity of biogas release was high.
Recorded biogas formation of 4 dm® from
1 dm? of wastewater.

The amount of biogas in terms of the
amount of initial pollution: 0.95 dm®g of
CODstart. The amount of biogas in terms of
the amount of fermented pollution:
1.08 dm?/g of COD#erm.

Biogas had a fairly high methane
content — 65 — 68 %. Such biogas is used as
an alternative biofuel to ensure the
temperature regime in the methane tank or to
produce electricity.

WASTEWATER TREATMENT

On-line ISSN 2521-151X

There S a clear classical
interdependence between the reduction of
sewage pollution and the release of biogas.

On the fourth day, the intensity of gas
generation decreases significantly, which is
explained Dby the limited possibilities of
anaerobic bacteria for complete
biotransformation of pollutants. Due to the
subsequent minor production of biogas, it is
not advisable to continue the fermentation.

For complete sewage treatment, it is
possible to recommend the use of traditional
aerobic treatment.

The results of the research are shown in
Table 1.

The digestate from the methane tank has
many  biologically active components.
Vitamins of group B are particularly
important components. The content of
vitamin Bi> reaches 16 — 19 ug/g of dry
matter.

Digestate also has valuable components
for plants: nitrogen, phosphorus, potassium.
Therefore, it is advisable to use digestate as
fertilizers, as well as to stimulate plants
growth.

We conducted exploratory studies on
the use of anaerobically fermented mass as a
biostimulator of the growth of seeds of a
mixture of lawn grasses (ryegrass Lolium
perenne, fescue Festuca glauca).

Treatment of lawn grass seeds with a
bioactive solution was used. This solution was
obtained by diluting the digestate with tap
water (10 cm® of tap water per 2 cm® of
digestate).

The seeds were soaked in a biosolution
for 40 minutes (the ratio of biosolution and
seeds is 1:100). In parallel, the seeds were
soaked in ordinary water at room temperature
in a similar ratio (control experiment).
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Treated seeds were placed in Petri
dishes boiled and disinfected with alcohol. A
thin layer of sand was distributed on the
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bottom of the cups. Before that, the sand was
washed with distilled water, dried in a drying
cabinet, and sieved.

Table 1. Indicators of the process of methane fermentation of cannery effluents
The total | The total The total
Duration coD. Amount am_ount am_ountof am_ountof _
of . of biogas, biogas, biogas, Cleaning
. mg Oz2/ | pH | of biogas, 393 3 3
fermentation, ame dmé/dm? dm*/dm dm?®/g of dm?*/g of | effect,%
hours CODstart CODfterm
0 4200 6.80 0
12 2500 7.30 1.2
24 1800 7.40 1.2
36 1200 7.50 0.8 4.0 0.95 1.08 88.1
48 900 7.70 0.4
60 700 7.75 0.3
72 500 7.80 0.1

25 seeds were added to each Petri dish.

Seeds were germinated at a temperature of
20 °C. Seeds were moistened daily.

measured daily.
The obtained data are shown in Table 2.

Table 2. Changes in seed parameters during the germination process

After 2 days, the length of the roots of
the seeds and the height of the sprouts were

Duration of The length of the roots, cm Height of sprouts, cm
germination, with a without a growth with a without a growth
days growth stimulant growth stimulant

stimulant stimulant
2 0.80 0.60 0.35 0.25
3 1.10 0.70 0.90 0.80
4 1.60 1.10 2.10 1.80
5 2.10 1.30 3.20 2.60
6 2.40 1.60 4.50 4.00
7 2.80 2.00 5.60 5.20
8 3.20 2.20 7.40 6.80
After 72 hours from the start of biostimulator (soaked only in tap water), this

germination, the number of germinated seeds

was counted, and the energy of germination

was calculated. For seeds not treated with a
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indicator was 73 %, for treated seeds — 95 %.
When seeds were
digestate solution, the growth of roots (by 20

treated with a
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— 27 %) and sprouts (by 21 — 30 %) was
accelerated. Germination energy increased by
24.8 % compared to the control experiment.

This testifies to the effectiveness of
using digestate solutions to stimulate seeds
germination.

4. Conclusions

Methane fermentation of technological
wastewater of the Moshuriv Canning Plant
ensures their comprehensive utilization.

High cleaning efficiency up to 88.1 % is
ensured. The final value of the COD of the
effluents was 500 mg O/dmd. Traditional
aerobic treatment is used for complete
wastewater treatment.

Gas generation processes also take
place intensively: biogas is formed in the
amount of 4 dm® from 1 dm?® of wastewater.
The high content of methane in biogas (65 -
68 %) makes it possible to use it as an
alternative biofuel.

The byproduct of methane fermentation
(digestate) is a valuable fertilizer and plants
growth  stimulator.  This  biostimulant
significantly improved the process of grains
germination (germination energy increased by
24.8 %).
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BIOXIMIYHE OYHIIEHHS CTIMHAX BOJ KOHCEPBHUX
MIJMPUEMCTB 111 BAPOBHULITBA BIOT'A3Y TA
JUTECTATY

Byénienxo H.O.}, Canasop O.M.*, Huuux O.B.r, Cmeyenxo H.O.1
'Hanionansuuit yHiBepcuTeT XapuoBUX TEXHONOTIH, Ykpaina

3110nb@gmail.com

Koncepeni nionpuemcmea € nomysicHum oxcepenom cmiviux 600. CmiuHi 600U Ymeopowmscsa Ha
PI3HUX cMaodisix MexHONI02IUHO20 npoyecy ma 3a0pyoHeHi 8yene8o0amu, OLIKAMU, HCUPAMU MOULO.
Yacmo maxi cmiyni 600U He ouuWaAMb abO CKUOAIOMb Y NPUPOOHI B8000UMU HENOBHICIIO
ouuweHumu. J{oyinbHUM € GUKOPUCMAHHA MemaHo8oi gepmenmayii. Taxuii 6iomexHono2iuHUlL
npoyec cnpusmume SUIYYeHHIO 3aOpyOHeHb 3 cmokie. Takooc npu yvbomy Ymeoprwmvcs
bionanugo ma 6io0obpuso. Tomy akmyarbHum € OOCHIONCEHH MeMmaHo8oi epmenmayii cmokie
KOHCEPBHUX 3480016 0151 ompumanHs 0iocazy (arebmepuamuseHe Oionaiueo) ma oOueecmamy
(cmumynsmop pocmy pocaun). Mema pobomu — 00CHiOdNCeH s MemMaHO80l hepmenmayii cmokis
KOHCEpBHUX BUPOOHUYMSE 3 OMPUMAHHAM 0iocazy ma Oucecmamy. 3a80anHAM podoomu €
00CIONCEHHsT npoyecy Memanosoi ¢hepmenmayii CMoOKi@ KOHCEPBHUX 3A60018, BU3HAYEHHS
IHmMeHCU8HOCMI 2azoeenepayii, 00CII0NCeHHs CIMUMYTIO8ANbHOL Oii Ouececmamy HA HACIHHSA POCIIUH.
IMouamkoee XCK cmoxie 4200 mze Ozlom®, pH 6,8. Jocrioscenus npoeoounu y nepioouuHomy
peacumi, 0o3za 3asanmadicenns — 30 %. Memanosa hepmenmayis 3ymo8una 8UCOKy eheKmuHicmo
ouuwenna cmoxis. Kinyese snavenns XCK cmoxie cmanoeuno 500 me Oxlom®. Egexmuenicmo
ouuwenus — 88,1 %. Iumencusnicmo euodinenns 6ioeazy Oyia 8ucokor. 3agixcosane ymeopeuHs
6iozazy 4 om® 3 1 om® cmiunoi 6oou. Kinvxicme 6io2azy y nepepaxyuxy Ha KilbKicmb nou4amrosux
3abpyonenv: 0,95 om’le XCKyou. Kinvkicmo 6iocazy y nepepaxyuky Ha KilbKicmb 30po0diceHux
3a6pyonens: 1,08 omsle XCKigpoo.. Biocaz mas eucokuii emicm memany — 65 — 68 %. Taxuii 6ioeas
BUKOPUCTNOBYIOMb  AK — anbmepHamuene  Oionanuso. Ilpocniokogyemovcsa — uimka — Kiacuuua
83AEMO3ANEAHCHICMb MINC 3MEHUIeHHAM 6Micmy 3a0pyOHeHb CMOKI8 ma 6udileHHAM 0ioea3sy.
Jueecmam € yinnum 00b6pugom i Oiocmumynamopom Haciuus. Ilpu 0b6pobyi HacinHa po3uuHoM
OQueecmamy 6i0bysascss npuckopenuti picm xopinyie (na 20 — 27 %), cmeben (na 21 — 30 %).
Enepeis npopocmanns 36ineuunace na 24,8 % 6ionocno konmpoabHo20 00Cioy.

Kniouosi cnoea. 6iocaz, 0i00006puso, Oucecmam, KOHCEPEHA NPOMUCIOBICIb, MemAaHo8d
Gepmenmayis, 0XopoHa 00BKiLS, CMIUHI 8OOU.
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