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Microscopic fungal cultures were isolated from spoiled milk products obtained out of the following 
products: milk, sour cream, cottage cheese, and yoghurt, in various soil-climatic regions of Georgia. 
Among the screened fungal cultures, three protease-producing strains were identified: Mucor spp. 2-
3, Penicillium candidum 5-1 and Penicillium camemberti 7-5. As a result of research, the nutrient 
medium similar to the natural substrate was selected – with the content of lactose, casein and 
potassium phosphate. Among the cultures, Penicillium candidum 5-1 exhibited the highest protease 
production under submerged cultivation conditions. © 2023 Bull. Georg. Natl. Acad. Sci. 
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Proteases are the main milk coagulation agents 
obtained from various plant, animal and microbial 
sources. The increased demand for enzymes in the 
cheese industry, religious and ethnic regulations 
against the use of enzymes of animal origin, have 
increased the interest in microbial-derived milk 
coagulation enzymes [1, 2]. In recent years, the 
prospect of using enzymes as industrial catalysts 
has been growing phenomenally. Proteases are a 
very large and complex group of enzymes that are 
widely used in various industries. Proteases make 
up about 60% of the enzymes sold in the world  

[3]. It should be noted that microorganisms of 
different taxonomic groups have the ability to 
synthesize proteases. Various species of micro- 
scopic fungi are known from which milk coagu- 
lating enzymes are secreted [4-6]. Microscopic 
fungi, unlike bacteria, have the ability to produce 
extracellular enzymes. That is why the use of fungal 
protease for industrial purposes is much more 
profitable, because in this case there is no need to 
break down the cell wall of microorganisms [7]. 
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Materials and Methods 

Cultures of microscopic fungi were isolated from 
various spoiled milk products. A total of nine 
samples were collected and processed under sterile 
conditions within a laminar box. Fungi were iso- 
lated through direct inoculation on Sabouraud 
Dextrose Agar (SDA), a medium containing: 0.5% 
peptone, 4% casein, 4% glucose, and 1.5% agar. 
The samples were incubated at temperatures ran- 
ging from 25 to 30°C for a duration of one week to 
one month. Visible fungal growth was observed 
starting from the third day of incubation. 

To obtain pure cultures, a part of the mycelium 
from each grown colony was transferred to nutrient 
media. Pure cultures were obtained and subse- 
quently transferred to microbiological test tubes for 
further analysis. 

For primary screening of protease-producing 
fungi, skimmed milk agar was used. 25 g of 
skimmed milk was dissolved in 250 ml of distilled 
water. The mixture was stirred thoroughly and 
regularly autoclaved. The pH of the medium adjus- 
ted by using the pH meter maintained at pH 6, the 
suspension of 2.5% agar used for solidification 
were autoclaved at 121°C for 15 min. For plating, 
skim milk and agar solutions were held in a water 
bath at 50°C and then the skim milk was poured 
into the agar flask and mixed thoroughly. To inhibit 
bacterial growth, 1 mg of ampicillin per 1000 ml of 
media was added. The skimmed milk agar was 
poured into plates after being held in a water bath 
at 50°C and mixed thoroughly. The plates were 
kept at 4°C until further use [8, 9]. Pure cultures of 
microscopic fungi were inoculated onto the surface 
of skim milk agar plates using sterile techniques. 
The inoculated plates were incubated at 27°C for 
four days. During incubation, the protease 
produced by the fungi degraded the skim milk 
protein, resulting formation of a clear zone around 
the fungal colonies. The appearance of a clear zone 
indicated protease activity. 

The diameter of the clear zone surrounding 
each fungal colony was measured using a ruler. 

The measurements were recorded in millimeters 
(mm). The enzyme index (EI) was calculated as 
the ratio of the diameter of the degradation zone 
(R) to the diameter of the fungal colony (r), 
expressed as R/r. For further identification, fungal 
species were selected, which showed the diameter 
of the clear zone and, consequently, high protease 
activity. 

The isolated fungal cultures were subjected to 
cultural-morphological and microscopic analyses. 
Macromorphological properties, such as colony 
appearance, color and growth rate, were exa- 
mined. Microscopic examination involved the 
observation of fungal structures using various 
microscopic techniques. Species identification of 
the microscopic fungi was performed based on the 
study of their cultural-morphological and 
physiological properties, along with the utilization 
of different identification keys and taxonomic 
resources [10, 11]. 

The vitality and potential of a microorganism to 
produce enzymes intensively much depends upon 
the selection of the appropriate nutrient medium, in 
particular, carbon, nitrogen, phosphorus sources; 
For in-depth cultivation of active protease-pro- 
ducing strains, the following nutrients were used: 
glucose – 2%, casein – 2%, MgSO4 – 0.1%; Deep 
cultivation of individual strains was carried out in 
250 ml Erlenmeyer conical flasks on temperature-
controlled rotary shaker (180-200 rpm), at 30°C for 
72-96 hours. 10-day conidia culture suspension 
served as the cultivation material. 

As carbon sources were used – Fructose, 
glucose and lactose at the amount of 2%. As 
mineral sources of nitrogen were tested Yeast 
extract, urea, and casein at the amount of 2%. As 
phosphorus sources were taken Dipotassium 
hydrogen phosphate, Potassium dihydrogen phos- 
phate, and Disodium hydrogen phosphate at the 
amount of 0.2%. 

Protease activity was determined in the culture 
fluid by Sigma’s method [12]. 
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Results and Discussion 
In this research, a total of 17 cultures were isolated 
from 9 samples of spoiled milk products. These 
cultures were assigned serial numbers for identi- 
fication purposes (Table 1).  

 
Table 1. Cultures of microscopic fungi 
 Isolated cultures Samples 
1 spp.1-1 1 
2 spp.1-2 
3 spp. 2-3 2 
4 spp. 3-3 3 
5 spp. 3-4 
6 spp. 4-1 4 
7 spp. 4-4 
8 spp. 5 -1 5 
9 spp. 5-6 
10 spp. 6-3 6 
11 spp. 7-1 7 
12 spp. 7-3 
13 spp. 7-5 
14 spp.8-2 8 
15 spp. 8-3 
16 spp. 9-1 9 
17 spp. 9- 2 

Based on the skimmed milk agar experiment, 17 
cultures of microscopic fungi were tested, of which 
3 strains produced protease enzymes. The strain 
spp.5-1 exhibited the highest rate of protease 
activity (Table 2). Protease production increased 
from 48 hours to 96 hours, reaching its maximum 
level at 96 hours (Fig. 1).  

The enzyme protease producer was identified - 
all three strains, isolated cultures belong to the 
genera of Penicillium and Mucor. In particular, the 
three selected strains are Penicillium camemberti 7-
5 (Fig. 2), Mucor spp. 2-3 (Fig. 3) and Penicillium 
candidum 5-1 (Fig. 4). 

Fructose, glucose and lactose were tested as 
carbon sources under the conditions of deep 
cultivation of the selected strains. All three strains 
synthesized protease on all of these carbon sources, 
but the highest protease activity was observed when 
Penicillium candidum-5-1 was cultivated in the 
nutrient medium using glucose and lactose as 

Table 2. Enzyme index of the 3 positives isolated from dairy products 

Isolates Clear zone 
diameter (mm) 

Colony 
diameter (mm) 

Enzyme index (EI) = Clear zone 
diameter/Colony diameter 

 Incubation hours 
 48 72 96 48 72 96    48 72 96 
spp. 2-3 7 10 12 6 8 9 1.16 1.25 1.3 
spp. 5 -1 17 22 28 8 10 11 2.12 2.2 2.54 
spp. 7-5 13 15 20 7 10 17 1.85 1.5 1.17 

 
 48 hours                    72  hours               96   hours 

   A 

  B 

  C 
Fig. 1. Clearance zone diameter around the fungal isolates A) spp. 2-3 B) spp. 7-5 C) spp. 5-1. 
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carbon sources (Fig. 5). Lactose was taken as the 
carbon source for future studies since our goal was 
to use medium close to the natural substrate, 
especially since no significant difference was 
observed between the use of these two sources. 

Nitrogen sources were found to have an indu- 
cing effect on proteolytic enzymes. Yeast extract, 
urea, and casein were tested as nitrogen sources. 

While all three sources affected enzyme activity, 
casein resulted in higher protease activity for all 
three strains. Among them, Penicillium candidum 
5-1 exhibited the highest protease activity (Fig. 6). 

Different phosphorus salts, including dipota- 
ssium hydrogen phosphate, potassium dihydrogen 
phosphate, and disodium hydrogen phosphate, 
were tested to determine the optimal phosphorus 

                  
Fig. 2. Penicillium camemberti 7-5.    Fig. 3. Mucor spp. 2-3.           Fig. 4. Penicillium candidum 5-1. 
 

 
Fig. 5. Optimization of carbon sources for protease production by mucor spp.2-3, p.candidum-5-1 and p.camemberti 
7-5. 

  
Fig. 6. Optimization of nitrogen sources for protease production by mucor spp.2-3, p.candidum-5-1 and p.camemberti 
7-5. 

 
Fig. 7. Optimization of phosporus sources for protease production by mucor spp.2-3, p. candidum-5-1 and p. camem- 
berti 7-5. 
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source. The strain Penicillium candidum 5-1 sho- 
wed the highest activity in the presence of pota- 
ssium dihydrogen phosphate (Fig. 7). 

Based on the analysis of the influence of carbon, 
nitrogen, and phosphorus sources on protease acti- 
vity, Penicillium candidum 5-1, which exhibited 
relatively high proteolytic activity, was selected for 
further studies. 

This research has been funded by the Shota 
Rustaveli National Science Foundation of Georgia 
(SRNSFG), grant number PHDF-22-654. 
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უნივერსიტეტი, თბილისი, საქართველო 
** საქართველოს ტექნიკური უნივერსიტეტი, საგანმანათლებლო-სამეცნიერო ცენტრი “ბიომედი“ , 
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(წარმოდგენილია აკადემიის წევრის თ. სადუნიშვილის მიერ) 

საქართველოს სხვადასხვა რეგიონიდან აღებული რძის გაფუჭებული პროდუქტებიდან 
(თავად რძე, მაწონი, ხაჭო, იოგურტი და სხვა) გამოყოფილია მიკროსკოპული სოკოების 
კულტურები; სკრინინგის გზით გამოყოფილი სოკოების კულტურებს შორის გამოვლენილია 
პროტეაზას სამი პროდუცენტი. სამივე კულტურა იდენტიფიცირებულია სახეობამდე – Mucor 
spp. 2-3, Penicillium candidum 5-1 და Penicillium camemberti 7-5. სამუშაოს ფარგლებში დად- 
გინდა ნახშირბადის, აზოტისა და ფოსფორის წყაროები. შედეგად შეირჩა ბუნებრივ სუბსტ- 
რატთან მაქსიმალურად მიახლოებული საკვები არე – ლაქტოზას, კაზეინის და კალიუმის  
ფოსფატის შემცველობით. ამ არეზე სიღრმული კულტივირების პირობებში პროტეაზას მაქ- 
სიმალურ რაოდენობას პროდუცირებდა შტამი – Penicillium candidum 5-1. 
  



134 Kristine Museliani, Edisher Kvesitadze, Lali Kutateladze… 

Bull. Georg. Natl. Acad. Sci., vol. 17, no. 2, 2023 

REFERENCES 

1. Fox P. F., Paul LH Mcsweeney and Paul L. H. (1998) Dairy Chemistry and Biochemistry. Springer. 
2. Kumar C. G. & Hiroshi T. (1999) Microbial alkaline proteases from a bioindustrial viewpoint. Biotechnology 

Advances. 17, 7: 561-594. 
3. Gupta R., Beg Q., Khan S., Chauhan B. (2002) An overview on fermentation, downstream processing, and 

properties of microbial alkaline proteases. Applied Microbiology and Biotechnology. 60: 381-395. 
4. Singh R., Kumar M., Mittal A. and Mehta P. K. (2016) Microbial enzymes: industrial progress in 21st century.  

3 Biotech. 6: 1-15. 
5. Iwasaki, Shinjiro, Gakuzo Tamura, and Kei Arima (1967) Milk clotting enzyme from microorganisms part II. 

The enzyme production and the properties of crude enzyme. Agricultural and Biological Chemistry, 31, 5: 546-
551. 

6. Bailey M. J. & Siika-aho, M. (1988) Production of microbial rennin. Biotechnology Letters. 10:161-166. 
7. Sharma R., Chisti Y. & Banerjee U. C. (2001) Production, purification, characterization, and applications of 

lipases. Biotechnology Advances. 19, 8: 627-662. 
8. Zhang X., Shuai Y., Tao H., Li C., He L. (2021) Novel method for the quantitative analysis of protease activity: 

the Casein Plate Method and its applications. ACS Omega. 6, 5: 3675-3680. 
9. Niranjana J. & Bavithara P. S. (2020) A comparative study on screening methods for the detection of protease 

activity containing bacteria. International Journal of Science and Research (IJSR). 9, 1: 169-171. 
10. Malloch D. (1981) Moulds, their isolation, cultivation, and identification. University of Toronto Press. 
11. Samson R. A., Visagie C. M., Houbraken J., Hong S. B., Hubka V., Klaassen C. H., Frisvad J. (2014) 

Phylogeny, identification and nomenclature of the genus Aspergillus. Studies in Mycology. 78, 1: 141-173. 
12. Cupp-Enyard C. (2008) Sigma's non-specific protease activity assay-casein as a substrate. (JoVE) Journal of 

Visualized Experiments, 19, e899.  

Received June, 2023 



<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice



