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ABSTRACT

The article presents the results of the study of morphological, cultural, and biochemical properties of the Penicillium
candidum strain isolated from salami. The strain was cultivated on various nutrient media to assess the nature of its growth
and the structure of the mycelium. On solid media, differences in the color, shape, and surface of colonies were observed. The
best growth was noted on potato and honey agars, where colonies exhibited radial furrows and a wrinkled surface. In liquid
media, dense mycelial globules formed in the absence of surface and wall-associated growth. Biochemical studies showed
that Penicillium candidum degrades glucose and maltose, weakly ferments lactose, and exhibits urease activity. In antagonistic
tests, the strain demonstrated the ability to inhibit the growth of Bacillus spp., forming a growth inhibition zone with a diameter
of 24 mm. The concentration of the antibiotic substance was 10.6 ng/ml. The Penicillium candidum strain demonstrates high
biochemical activity and antagonistic properties, confirming its potential for application in the food industry as a biopreservative
or technological culture.
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1 INTRODUCTION

Fungi of the genus Penicillium are an essential part of
microbiological and biotechnological research [1-5]. They
attract attention due to their ability to produce diverse me-
tabolites, including antibiotics, enzymes, and organic acids
[6, 7]. Among the representatives of this genus, Penicillium
candidum (synonym: Penicillium camemberti) holds a spe-
cial place, being widely used in the food industry, particu-
larly in the production of white-mold cheeses such as Cam-
embert and Brie [8]. The importance of studying the cultural
and biochemical properties of this microorganism lies in its
key role in shaping the organoleptic characteristics of prod-
ucts [9], as well as its potential for use in other biotechnolog-
ical processes [10, 11].

The scientific study of Penicillium candidum opens up
many opportunities for improving food production technol-
ogies and developing new biotechnological solutions [12].
This fungus participates in the hydrolysis of proteins and lip-
ids, contributing to the formation of flavor and aromatic com-
pounds [13]. Additionally, the enzymes produced by P. can-
didum may be beneficial in the pharmaceutical and chemical
industries. Nevertheless, the strains of this fungus exhibit high
biochemical and cultural variability, requiring detailed re-
search into their properties and mechanisms of action [14, 15].

The modern food industry focuses on improving prod-
uct quality, promoting sustainable production, and reducing
losses. In this context, understanding the cultural and bio-
chemical properties of P. candidum enables the creation of
new strains with desired characteristics or optimization of
cultivation conditions [16]. Moreover, the need to study the
safety of using this microorganism and its possible interac-
tions with other microbial communities emphasizes the rele-
vance of this topic. In the context of global market expansion
and increased competition in the cheese industry, studies of
P. candidum are of particular importance [17].
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Research on P. candidum is actively conducted in various
directions. Scientists study the optimal growth conditions of
the fungus, including temperature, humidity, medium acid-
ity, and nutrient content [18]. Special attention is given to the
enzymatic activity of P. candidum, particularly lipases, pro-
teases, and catalases [19]. Thanks to advances in genomics,
scientists have deciphered the genome of P. candidum, allow-
ing the identification of genes responsible for the synthesis of
key metabolites [20]. Toxicological studies have shown that
P. candidum strains used in the food industry are safe for hu-
mans [21, 22].

The purpose of this study is to investigate the cultural and
biochemical properties of P. candidum, a promising direction
that combines the interests of microbiology, biotechnology,
and the food industry.

2 MATERIALS AND METHODS

The material for the study was the P. candidum strain iso-
lated from a finished salami product. The following nutrient
media were used in the study:

Czapek agar containing: sucrose — 30 g, agar — 15 g, so-
dium citrate — 2 g, potassium phosphate — 1 g, magnesium sul-
fate — 0.5 g, potassium chloride — 0.5 g, iron sulfate — 0.01 g;

Honey agar (per 100 ml): honey — 8 g, peptone — 2 g, agar
-1.8g;

Potato agar (4.9 g of powder per 100 ml of distilled wa-
ter);

Corn agar: 4 g glucose, 1 g NaCl, 4 g corn flour, 1.8 g agar
per 100 ml of distilled water;

Sabouraud agar: glucose — 4 g, peptone — 2 g, NaCl — 1.8
g, agar—4 g;

Sabouraud broth: enzymatic dry peptone — 12.0 g, yeast
extract — 5.0 g, NaCl — 5.0 g, D-glucose — 30.5 g.

Giss medium (glucose, sucrose, maltose, mannitol, lac-
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tose);
Christensen’s medium with 40% urea.

Research methods: microscopic, biochemical, and cul-
tural.

Preparation of nutrient media Sabouraud dextrose agar
was prepared according to the composition listed above. The
resulting mixture was boiled for 1 minute to completely dis-
solve the components and then sterilized by autoclaving at 0.5
atm (110°C) for 15 minutes. Before pouring the medium, it
was thoroughly mixed and cooled to room temperature.

Preparation of Sabouraud broth to prepare Sabouraud
broth, 10 g of the nutrient mixture powder was stirred with
100 ml of distilled water. The mixture was boiled for 1 min-
ute and sterilized at 121°C for 15 minutes. After sterilization,
flasks were inoculated with the fungal culture and cultivated
for 6 days until globules were formed.

Inoculation technique for nutrient media. Inoculation on
solid media (honey, corn, Czapek, Sabouraud, and potato me-
dia) was carried out under sterile conditions in a laminar flow
cabinet after pre-sterilization of the workspace. Inoculation
was performed by touch or stab method. Petri dishes were la-
beled with the material name, culture number, and inoculation
date. Plates with inoculations were kept in a thermostat under
appropriate conditions for no more than 5 days.

Submerged cultivation in Sabouraud broth for submerged
cultivation, fragments of colonies formed on solid media were
used. In each liquid medium, 0.1 cm? of inoculum culture was
added per 100 cm? of medium volume.

Study of biochemical properties of P. candidum to study
the saccharolytic activity of P. candidum, Hiss media with dif-
ferent carbohydrates (sucrose, glucose, lactose, maltose, and
mannitol) were used. Hiss medium was prepared by dissolv-
ing 0.75 g of powder in 50 ml of distilled water, boiling for 3
minutes until completely dissolved, and then sterilizing by au-
toclaving. To test urease activity, Christensen’s medium con-
taining 5% urea was used.

Study of antagonistic properties. Preparation of pota-
to-glucose agar was carried out according to the formulation
and poured into Petri dishes. Approximately 1 gram of P. can-
didum culture was inoculated in the center of the dish, pre-in-
oculated with Bacillus spp. Observations were conducted for
three days.

3 RESULTS

The P. candidum strain, isolated from a ready-to-eat sau-
sage product (salami), was cultivated for 5 days at a tempera-
ture of 28°C on solid nutrient medium — Sabouraud agar. The
growth of the culture was observed over a period of 15 days.
The isolation of the pure P. candidum strain is shown in Fig-
ure 1.

As shown in Figure 1B, the colony has a white color with
a velvety surface, a raised center, smooth edges, and a dense
consistency. The reverse side of the colony is light yellow.

Microscopy of the fungus was performed using a light
microscope at 40x magnification. The sample was examined
in detail under an immersion system at 100x magnification
(Figure 2).

As shown in Figure 2, the Penicillium candidum sample

Figure 1 — Isolation of a pure P. candidum strain: A —
Sausage product (salami), B — P. candidum.

Figure 2 — Microscopic examination of the P. candidum
strain at 40x magnification: 1 - Septate mycelium, 2 -
Conidiophores, 3 - Biverticillate phialides (metulae), 4 -
Chains of conidia.
has a white septate mycelium and conidiophores shaped like
brushes. These growth characteristics and the structure of the

mycelium are specific to the Penicillium species.

Study of the cultural properties of the P. candidum strain.

When the fungus was grown in liquid nutrient media, sev-
eral characteristic features were observed. These include the
formation of dense, medium-sized globules within the me-
dium, the absence of surface growth, and the lack of wall-ad-
hering growth during the first 3 days. The nutrient medium
remained clear throughout the cultivation period (Figure 3).

Figure 3 — Cultivation of the dermatophyte P. candidum
in liquid nutrient media (mycelial growth characteristics
at 2-3 days).

As shown in Figure 3, medium-sized, dense mycelial glob-
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ules of P. candidum are present within the nutrient medium.
This growth pattern is associated with the specific character-
istics of mycelial development, and under continuous agita-
tion during cultivation in liquid nutrient media, mycelial glob-
ules are formed.

To study the cultural properties of the P. candidum strain,
inoculations were also performed on solid nutrient media: Sa-
bouraud agar, Czapek medium, potato agar, corn agar, and Sa-
bouraud broth. Colony growth monitoring using various nu-
trient media was carried out over a 15-day cultivation period.
The growth of the strain on solid nutrient media was care-
fully examined and described on the Sth day of cultivation, at
which point all mycelial growth characteristics and biochem-
ical properties related to the breakdown of nutrient medium
components became evident.

On Sabouraud agar, P. candidum forms colonies of a
creamy color by the 5th day, with a velvety, smooth surface,
a raised, densely powdery center, and a yellow color on the
reverse side of the colony. Noticeable radial grooves were ob-
served (Figure 4).

Figure 6 — Growth characteristics of P. candidum on potato
agar.

The colony showed a slight elevation at the center, with un-

even, ragged edges (Figure 7). The reverse side of the colony

exhibited a creamy-pink color.

When grown on honey agar, P. candidum exhibited a
characteristic mycelial colony growth: a white colony with
a slightly pinkish hue and a small yellow pigment at the cen-
ter of the colony. Radial grooves were prominently expressed
during colony formation (Figure 8).

aSik /l
Figure 4 — Growth characteristics of P. candidum on
Sabouraud agar.

e

When grown on Czapek medium, P. candidum forms
a white, oval-shaped colony. The surface is smooth with a
raised center (Figure 5). The reverse side of the colony is yel-
low in color.

Figure 5 — Growth characteristics of P. candidum on
Czapek medium.

The use of potato agar for cultivating the P. candidum
strain resulted in the formation of a white colony with radial
grooves extending from the center of the colony. The surface
is smooth with even edges (Figure 6). The reverse side of the
colonies has a honey color and a wrinkled surface.

The preparation of nutrient medium based on corn agar
was characterized by the growth of the P. candidum strain as
a white colony slightly protruding above the surface of the nu-
trient medium. An embedded growth of the mycelium within
the medium was observed, causing the color of the medium
to change from milky to creamy as the mycelium developed.
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Figure 7 — Growth characteristics of P. candidum on corn
agar.

The reverse side of the colony had a red-orange color with
a wrinkled surface.

Thus, the use of various nutrient media provided results
showing that the best mycelial colony growth of P. candidum

4

F

Figure 8 — Growth characteristics of P. candidum on honey
agar.

was observed on potato and honey agar. This may be due to
the presence of easily digestible monosaccharides in the com-
position of these media, which are essential for the develop-
ment of the fungal mycelium. The use of Sabouraud, Cza-
pek, and corn agar did not result in rapid mycelial growth
and was characterized by changes in the growth pattern and
colony color.

Biochemical properties of the P. candidum strain.

The saccharolytic activity of the P. candidum strain was
studied using standard Giss media containing sucrose, glu-
cose, lactose, maltose, and mannitol. During the experiment,
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Figure 9 — Saccharolytic properties of the P. candidum strain: A — Giss media, B — Christensen medium.

it was found that the saccharolytic properties of the fungus are
quite diverse. The studied P. candidum strain exhibits moder-
ate enzymatic activity with respect to sugars. It breaks down
glucose, maltose, and weakly hydrolyzes lactose. Visually,
this was indicated by a change in the color of the nutrient
medium with varying intensity and the formation of gas bub-
bles (Figure 9).

As shown in Figure 9A, in the test tube with sucrose, the
medium has a pale pink color, with white colonies of P. can-
didum growing on the surface, while the control remains pink.
The maltose medium is blue, with white colonies on the sur-
face, and no changes in the control. The lactose medium is
yellow, with white colonies and an unchanged control. The
mannitol medium is pale pink. The glucose medium is dark
yellow, with visible growth of the strain on the surface, while
the control is brownish-green. Thus, P. candidum demon-
strates significant activity in the breakdown of glucose and
maltose and exhibits proteolytic activity.

As shown in Figure 9B, the analysis of P. candidum
growth on Christensen medium reveals active urea hydro-
lysis with the release of ammonia, which alkalinizes the me-
dium, resulting in a color change from yellow to pink-red. The
color change of the nutrient medium indicates positive ure-
ase activity of the studied P. candidum strain. Since the me-
dium contains 5% urea, it can be concluded that the P. can-
didum strain is capable of breaking down urea. Thus, the P,
candidum strain exhibits pronounced saccharolytic properties
and urease activity.

Study of the antagonistic properties of the P. candidum
strain.

According to literature data, industrial fungal strains are
capable of producing active substances, including various
types of antibiotics. This property allows certain strains to
exhibit antagonistic activity against foreign pathogenic micro-
flora and preserve the original characteristics of the product.

In this context, we conducted a study of the antagonistic
properties of the P. candidum strain. The concentration of ac-
tive metabolites (antibiotics) produced by the strain was de-
termined using the diffusion method in agarized media (Fig-
ure 10).

As shown in Figure 10, the P. candidum strain exhibits an-
tagonistic properties against Bacillus spp., with a growth inhi-
bition zone diameter of 24 mm. Given that this strain secretes
antibiotic-class substances, using a specialized recalculation
method based on the inhibition zone diameter, the antibiotic
concentration was calculated to be 10.6 pg/mL. Thus, it can
be concluded that the studied P. candidum strain has antago-
nistic activity against Bacillus spp., with the concentration of
the active substance being 10.6 pg/mL.

Figure 10 — Determination of the antagonistic properties of
the P. candidum strain.

4 DISCUSSION

Morphological, cultural, and biochemical properties. The
results of studying the morphological, cultural, and biochem-
ical properties of the P. candidum strain confirm its potential
as a promising microbiological tool in the food industry. The
observations made during the experiments are consistent with
international data, which emphasize the importance of opti-
mizing cultivation conditions to enhance the production char-
acteristics of this microorganism.

Morphological and cultural characteristics. The findings
indicating significant differences in colony morphology on
various nutrient media align with the conclusions of Visagie,
C.M. et al., who noted that medium parameters substantially
influence the structure of the mycelium and morphology of
P. camemberti, a closely related species of P. candidum [23].
The differences in radial grooves and colony texture observed
in this study confirm the fungus’s flexibility and adaptability
to different substrates.

Biochemical properties. The study of saccharolytic activ-
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ity showed that P. candidum breaks down glucose and malt-
ose, which is consistent with the findings of Gibbons et al.,
who highlighted the importance of carbohydrate metabolism
in the maturation of cheese using Penicillium [4]. Addition-
ally, the urease activity of this strain confirms its role in bio-
chemical transformations related to protein and lipid degrada-
tion, as previously described in the works of Ropars et al. [5].

Antagonistic properties. The antagonistic activity of the
P. candidum strain against Bacillus spp. is a significant re-
sult that underscores the potential of using this fungus as a
bio-preservative agent. Similar properties were observed in
the studies of Lessard, M.H., where it was noted that the met-
abolic products of Penicillium can suppress the growth of
pathogenic microflora, ensuring the safety of the final prod-
uct [24]. The antibiotic substance concentration of 10.6 pg/
mL confirms the effectiveness of this approach.

The results obtained confirm the high adaptability and bio-
chemical activity of P. candidum. These findings are consis-
tent with international research, strengthening the scientific
basis for its further application in the food industry.

CONCLUSION

For the accumulation and rapid growth of P. candidum
biomass, potato and honey agar are the most suitable media.
As an additional carbohydrate source, glucose or maltose can
be added. The cultural properties of the strain and the nature
of colony growth depend on the composition of the nutrient
medium. Microscopic examination of the P. candidum strain
revealed the presence of septate mycelium and conidiophores
characteristic of this species. The saccharolytic ability of the
P candidum strain was studied using standard Giss media:
the strain shows moderate enzymatic activity with respect to
sugars. It breaks down glucose, maltose, and weakly breaks
down mannitol. The presence of positive urease activity and
the ability to break down urea have been proven. The P. can-
didum strain exhibits antagonistic properties against Bacil-
lus spp., with the concentration of the active substance be-
ing 10.6 pg/mL.
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PENICILLIUM CANDIDUM ITAMBIHBIH KYJbTYPAJIBBIK )KOHE BUOXUMUAJIBIK
KACHUETTEPIH 3EPTTEY

Jio6akuBckast A.E.)Berenosa A.B., Otenoa I'M.
Muxpobuonozus sicane buomexnonoeus kageopacwi, C. Celigyninun amvinoazovl Kazax azpomexHuxaivlk zepmmey
yuueepcumemi, Amana, Kazaxcman.

*ABTOp-KOppecnoneHt: Jlrobakusckas A.E, lyubak.alexandra@gmail.com
AHJATIIA

By sxxymeicta Penicillium candidum mTaMbIHBIH MOP(OJIOTHSIIBIK, KyJIBTYPaJIbJIBIK )KOHE OMOXUMHUSIIBIK KACUETTEPiH
3epTTey HOTHXKeNepi yebiHbuTFaH. [lITaMm KombacanbiKk eHIMHEH (CatsiMu) OOJIHIM aabIHIbI. OCY CHITAThl MCH MHIICTUI
KYPBUIBIMBIH Oafajiay YIIiH TYpJi KOPEKTiK opTaiapaa ecipinmi. KaTTel opramapna KOJIOHUSIAPIBIH TYCI, MIIliHI %KoHE
0eTKi KypbUIBIMBIH/IA albIpMalIbUIBIKTAp OaliKanasl. EH %KaKchl eCy KapTONThI )KoHe Oalibl arapiap/ia aHbIKTalIbl, MyH/a
KOJIOHMsUTap/ia pajralibl OMBIKTap MCH KaTmapibel OCTKi KabaT maina 0omabl. CYWBIK opTaga OCTKI %oHE KaOBIPFAJIBbIK
ecy Oaifkaiamall, TBIFBI3 MUIICIUI r100yIanapsl Ty3inai. buoxumusisik 3eprreynep Penicillium candidum mTaMbIHbIH
TJIFOK032 MEH MajbTO3aHBbl BIJBIPATHII, JIAKTO3aHBI AJICi3 (EPMEHTTEHTIHIH )XoHE ypea3a OeJICeHIIITIH KOpCeTeTiHIH
aHBIKTa/(bl. AHTArOHUCTIK ChIHAKTap/a mTamMM Bacillus spp. ecyiH Texer, 24 MM IuameTplie 6cy aliMarbIHbIH 00JIMayblH
KepceTTi. AHTHOMOTHKANBIK 3aT KOHIeHTpanuscel 10,6 Mxr/mi Kypaabl. Ocwinaiiiina, Penicillium candidum mtambl 5KOFapbl
OMOXMMUSLITIBIK OCJICCH TITIK TeH aHTarOHUCTIK KacHeTTep KOpPCEeTil, OHbI TaFaM OHEPKaCciOiHJe OMOKOHCEPBAaHT HEMece
TEXHOJIOTHSUTBIK MOJICHUCT PETIH/IC KOJIaHyFa dJIeyeTi 0ap eKCeHIH JTOIeI e Ii.

Herisri ce3nep: xopexmix opmanap, Penicillium candidum, mopgonozusnvix Kkacuemmep, KyIomypanieoulk Kacuemmep,
aHmMa2oHUCmix Kacuemmep.
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W3YUYEHUE KYJbTYPAJIbHBIX U BUOXUMHUUYECKHX CBOMCTB IITAMMA PENICILLIUM
CANDIDUM

Jio6akuBekast A.E.] Berenosa A.B., Otenosa .M.
Kagheopa Muxpobuonozuu u buomexnonoeuu, HAO «Kazaxckuii azpomexnuueckuil uccieoosamenvckutl ynugepcumem um. C.
Ceudghynnunar, Acmana, Kazaxcman.

* ABTOp-KOppecnonieHT: Jltobakusckas A.E, lyubak.alexandra@gmail.com.

AHHOTAIIUA

B pabore mipeacraBieHsl pe3ysibTaThl H3y4eHHs MOP(POIOTHUECKHX, KYIbTYPaJIbHBIX U OMOXMMHUUECKHX CBOMCTB IITaAMMa
Penicillium candidum, BeinenenHoro n3 kondacHoro uzzenus (camsiMu). LlITaMm KynbTHBHPOBAIIM Ha PA3IMYHBIX TUTATEIb-
HBIX Cpe/ax JJIsl OLICHKU XapakTepa pocTa M CTPYKTYpbl Mulienus. Ha TBepabix cpenax HaOona uch pa3inudus B [BETE,
(dbopme 1 oBEpXHOCTH KoJloHUH. Hammyummit poct oTMeueH Ha KapToenbHOM M MEJIOBOM arapax, riie KOJOHHH UMENH pa-
JIajbHbIe OOPO3/Ibl U CKJIAUaTyo MMOBEPXHOCTh. B KUAKKX cpefax 00pa3oBbIBAIHMCH IUIOTHBIE TIOOYIIBI MULIENUS TIPH OT-
CYTCTBUH TIOBEPXHOCTHOTO M IPUCTEHOYHOTO pocTa. broxumudeckue ucciaenoBanus nokasainu, 4ro Penicillium candidum
pasiiaraer rilfoKo3y M MalibTo3y, ciiabo (hepMEeHTHpYET JaKTo3y U 00J1ajaeT ypea3Hoil akTHBHOCThIO. B aHTaroHucTHYECKNX
TecTax MITaMM MPOSIBWJI CIIOCOOHOCTh UHIMOMPOBATh POCT Bacillus spp., popMHpyst 30HY OTCYTCTBHUS pocTa Auamerpom 24
MM. KoHIiieHTpaius aHTuOnoTHYecKoro BemiecTBa coctasmia 10,6 mxr/mi. Takum obpasom, mtamm Penicillium candidum
JIEMOHCTPHPYET BHICOKYIO OMOXMMHUYECKYIO aKTHBHOCTh M @HTarOHUCTUYECKHE CBOMCTBA, YTO MOJTBEPIKIACT €ro MOTEHIINAI
JUISl IPUMEHEHHSI B TIUIIEBOW IIPOMBIIIICHHOCTH KaK OMOKOHCEPBAHT MIIM TEXHOJIOTMYECKas KyJIbTypa.

KuroueBsle ciioBa: numamenvHuvle cpeovl, Penicillium candidum, mopgonocuueckue ceoticmesa, Kynvmypaivhvie ce0li-
cmea, anmazoHUCMuUYecKue ceolicmea.
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