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Abstract

The research concerns the microbiological and morphological characteristics of deposits
accumulated on membrane filters after the filtration of wine material, drinking water, and
wastewater. The aim of the study was to evaluate signs of microbial contamination and biofouling
associated with membrane filtration processes. Samples collected from membrane surfaces were
examined using the crushed drop (“hanging drop”) microscopic method combined with optical
microscopy at x400 magnification.

The results of the study showed significant differences in the microbial composition of the
filtered samples. The wine material was dominated by yeast cells, primarily oval-shaped
Saccharomyces cerevisiae, which frequently formed aggregates and were associated with the
fermentation process. No biological contamination was observed in the drinking water samples,
indicating effective water purification and microbiological safety. Wastewater samples showed
high microbial load, diverse bacterial morphology, activated sludge flocs, and biofilm-associated
aggregates, indicating degree of membrane biofouling.

The study confirmed that the sediments accumulated on the membranes contain a variety of
microbial organisms that may negatively affect the filtration efficiency and operational stability
of the system. The results obtained emphasize the importance of microbiological monitoring in
membrane filtration systems for optimizing the filtration process, reducing biofouling, and

ensuring the long-term effective functioning of wine and water treatment technologies.
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Introduction

Membrane technologies are widely used in water and wine processing, but one of the main
problems is the accumulation of microorganisms on the filters and the development of
biofouling. This process leads to a decrease in filtration efficiency, increased energy costs, and
deterioration of product quality.

Identification of microorganisms and their morphological study are important stages in
managing this process. The “smashed drop” method is a simple and effective way to observe
living microorganisms, which allows assessing their shape, movement, and aggregation ability.
Filtration plays a crucial role in the wine industry. The final filtration of wine must ensure its
crystal clarity, 100% denaturation, stability, and storage stability [1,2].

This leads to the production of ecologically clean, crystal clear, high-quality wine with
extended shelf life. During wine production, microorganisms are introduced from the surface
of grapes, fruits and berries. The wine material is infected with microorganisms of the genera
Rhizopus, Mucor, Penicillium, Aspergillus, Pullularia, Botrytis and yeasts of the genera
Zygosaccharomyces, = Hansenula, Pichia, = Schizosaccharomyces, = Asatanomyces,
Saccharomycodes, Candida, Toruloptersis. Wine microorganisms include wild yeast and mold
bacteria. Bacterial contaminants are: acetic acid bacteria (Acetobacter), lactic acid bacilli
(Lactobacillus) and micrococci [5]. E. coli, common coliform and mesophilic aerobes and
facultative anaerobes are mainly found in drinking and wastewater [3].

Filtration of wine, drinking water, and wastewater was performed on a microfiltration device
developed at the Membrane Technologies Engineering Institute, using membranes with 0.2 -

0.45 um pore size [4].
Materials and methods

The object of the study was: the sediment remaining on the membrane surface after filtration
of wine material, drinking water and wastewater. The sediment was collected from the surface
of the filters using a sterile loop. The samples were placed in sterile containers and immediately
examined using the “smashed drop” method. The preparation of the preparation was carried
out in the following stages: a small part of the sediment was placed on a glass slide, 1 drop of
sterile distillate was added and covered with glass again, after drying, the smear was stained.
The observation included morphological analysis, assessment of movement, signs of

aggregation and biofilm, for which an optical microscope with x400 magnification was used.
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Fig. 1 Fig. 2 Fig. 3

Fig. 1. Yeast cells in grape juice — oval-shaped Saccharomyces cerevisiae (x400)
Fig. 2. Bacteria found in wine lees — elongated (bacillary)-shaped Lactobacillus spp. (x400)

Fig. 3. Filtered wine lees — crystalline (tartrates) and mechanical impurities (x400)

Wastewate

| ST

Fig. 1

Figure 1. Microflora of wastewater — bacterial cells (x400) — bacteria of different morphology
are shown (cocci, rods);

Figure 2. Activated sludge of wastewater — aggregates of microorganisms (x400) — bioflocs are
visible, consisting of bacteria, protozoa and organic particles;

Figure 3. Filtered wastewater sediment — mechanical and mineral impurities (x400) —inorganic

particles, crystals and the remaining solid fraction after filtration are presented.
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Results

Wine samples were dominated by yeast, mainly oval-shaped cells that often formed
aggregates. No biological contamination was observed in drinking water. High microbial load,
diverse microflora, and biofilm structures were observed in wastewater. Microbial
contamination levels were assessed qualitatively based on the observed abundance of
microorganisms in microscopic fields. Comparative analysis was performed between wine,
drinking water, and wastewater samples to assess differences in microbial load and biofouling

characteristics.

Table 1. Number and characteristics of microorganisms in the test samples

Sample Microorganisms| Quantity | Peculiarity
Wine ingredients Yeast High |Aggregation
Drinking water Bacteria wasn't --
Wastewater Mixed Very high| Biofilm

The results obtained indicate that the type and quantity of microorganisms significantly
depend on the water source. The dominance of yeast in wine is due to the fermentation
process. No microbial content was confirmed in drinking water. The presence of biofilm
observed in wastewater is a serious problem for membrane systems. The accumulation of
contaminants on membranes can significantly reduce the efficiency of the system, increase
energy consumption, and ultimately lead to deterioration of functioning and membrane

replacement.
Conclusions

The study showed that the sediments accumulated on the filters after the membrane filtration
process contain various types of microorganisms, the composition of which significantly
depends on the nature of the filtered liquid. Yeast cells, which are associated with
fermentation processes, dominated in the wine material, while high microbial load, diverse
microflora and signs of biofilm formation were detected in the wastewater. No microbial
contamination was observed in the drinking water samples, which indicates the effectiveness
of water treatment.

The study confirmed that the “smashed drop” method and optical microscopy are effective
and rapid methods for the initial identification and morphological assessment of
microorganisms accumulated on membrane surfaces. The results obtained are important for a
better understanding of the biofouling processes of membrane systems and for assessing the

efficiency of filtration.
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Biofilms and microbial aggregates detected in wastewater indicate that biofouling is one of the
main problems in membrane filtration systems, as it leads to a decrease in membrane
permeability, increased energy consumption, and a deterioration in the efficiency of system
operation.

The results of the study provide opportunities for microbiological monitoring, optimization
of the filtration process, and improvement of membrane operation in wine and water

treatment technologies.
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M9bowdg

330935 gbgds  ©306mBsloenols,  Lobdgwo s  BsBobsdg  fymgdol  d9ddcmsbmero
BowEMs300L 90009y BoWEMIOBY ©IOM30e0 bsergdgdol JozMmMBOMEMAOME @
IORMEMy06 JuHogwsl. 33e0930L B0BbL HoMmBmowqbs 8988656990 Bow G300l
360HMm39L90Mb 353800 GdMwo  F03OMIMWO  IOOBINMHJIOLS S BOMPIdObIMHYOOL
(biofouling) 6036900L Jgg35l9ds. 39adMBOL BYEI3060b s©0gdwo 60dMdqdo dglfogwrow
0965 ,,3539agBHoo {39000 dgomEols s x400 35000l M3EH03w9MHO FozMmMLZM300l
24959mygbgdoom.

3309308 890929005  9h396s  29B6Lb35390900  AoBowGHMMEo  Lobxqdgdl  do3MMdMY
990500996 mdsd0. 030b6MmIsBosdo EMIoboMgds LogmsMol MXM)Id0, oMM
3500 gm®Odob Saccharomyces cerevisiae, ©mIgd03 bdoMo JIbobgb s3®M9ao3H9dL o
053930060900 50056 39gMHIg6EHIE00L  3OMEgLmsb.  Lsbdgwo  figwols  bodmdgddo
00MEMYPOMMO d06AMEOds 56O IROJBOMS, M3 Yol 939G A5Hdgbsls s
9036030MWMmA0O  MBsROMbMYdsHY FJormomgdl. Bsdoboty fywgdol 60d/dgddo
390m3wobs  o0owo  803MMIMWO  EIGH30OMIs,  FMOZ5WRINM3Z560  BogGgMOIEo
InORMEMY05, 5JGH0OO sdol BEMIJOO S B0MBOWIML SBM30MYIMO 53653 JOO,
653 9990656990 d0MEd0BIMEMGOOL botrolbBg Jomomgdb.
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UGHOOOWYOHMOSDY. FoWIOEo T9EIagd0 bobl  Migzsdl dgddMBIO  FowEMSE00L
LolEGH9990d0 303OMOOMW MMM IMboGMMOBYOL 360369 MdSL BOW G300l 3BMEILOL
™33H0d0Bs300L, d0MEsd0bdMEMgdOL 9d30MgdoLs s ©30b0Ly s Fywol sdmTszgdol

39960 ™ma 0980l 30dge35000560 9539JEMM0 BWbJz0mboMgdolsmzol.
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