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SCREENING OF ASPERGILLUS FUNGI FOR EXTRA CELLULAR
PROTEASE AND COLLAGENASE PRODUCTION

Abstract. Protease and collagenase are the most important enzymes used for the processing of meat raw
materials. In the meat industry, proteolytic enzymes are used to accelerate the maturation of meat and increase its
yield. The use of enzyme preparations in meat processing makes it possible to rationally use meat raw materials,
intensify technological processes, improve quality and expand the range of products. Collagenase, unlike protease,
acts on those connective proteins of meat raw materials that determine its stiffness, breaking down hard-hydrolyzable
and non-digestible collagen. The aim of this study was selection of strains of industrially valuable micromycetes
from the collection of micromycetes that have the ability to synthesize extracellular protease and collagenase and
create a fungal association. A comparative characterization of 7 strains of micromycetes of the genus Aspergillus and
Penicillium - potential producers of protease and collagenase enzymes, was carried out. 4. awamori 16 and
A. awamori 22 showed the highest clearance zones and was used for further studies. The clearance zones of casein of
A. awamori 16 on day 5 were 22.8 mm, and collagen 20.8 mm, while the clearance zones of casein of A. awamori
22 were 20.1 mm, and collagen - 19.1 mm.

Keywords: Aspergillus, enzymes, protease, collagenase.

Introduction. Nowadays, the meat processing industry is developing new recipes and technologies
using secondary meat and other food raw materials containing a sufficient amount of proteins, fats,
vitamins and trace elements. In this regard, it is of great interest to use enzymes that allow the rational use
of protein resources, increase the biological value of meat dishes by increasing the proportion of collagen
proteolysis products — the fibrillar protein that forms the basis of connective tissue [1-3]. The use of
enzyme preparations positively affects the tenderness, juiciness, nutritional value of meat raw materials,
the formation of the required level of water-binding and adhesive ability, improves its organoleptic
characteristics due to the targeted effect of enzymatic complexes on the components of muscle tissue
[4-6].

The use of enzyme preparations in the production of meat products makes it possible to rationally use
raw meat, to intensify technological processes, improve quality and expand the range of products. Of
greatest interest for the processing of raw meat are the enzymes protease and collagenase. Recently, a
search for microorganisms capable of intensive synthesis of these enzymes has been actively conducted.
The producers of these enzymes were found among Actinomycesrimosus, Streptomyces griseus,
Actinomycesfradiae, etc. [7-10]. The proteolytic enzymes of bacteria of the genus Bacillus were studied.
[11, 12]. Despite the fact that among microorganisms producing protease and collagenase bacteria, fungi,
yeast and actinomycetes are noted, micromycetes have recently become widespread due to the ease of
their cultivation and high productivity. The preparations from micromycetes of the genus Aspergillus,
Penicillium, and others are successfully used [13-15].

In this regard, the selection of active strains of micromycetes — producers of enzymes and the creation
based on an associative culture that will have both protease and collagenase activity.

Materials and Methods. The objects of research were micromycetes of the genus Aspergillus and
Penicillium from own collection of microorganisms. The research work was conducted using accepted
microbiological and biochemical research methods. The initial cultures were grown on potato — dextrose
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agar for 5 days at a temperature of 30 °C. The primary selection of the culture according to the level of
protease formation was carried out by a qualitative method by measuring the diameter of the clarification
(hydrolysis) zones of the substrate by the cultures under study for 3-5 days of incubation (in mm) at 30 °C.
Skim milk with agar was used as a substrate [16].

The primary selection of producers of collagen-cleaving enzymes was carried out in Petri dishes on
Chapek-Doks medium containing purified collagen as a substrate [17]. The ability of the culture to
hydrolyze the substrate was evaluated by the size of the zones of substrate hydrolysis on the 5th day of
growth.

Proteolytic activity (PA) was determined according to GOST 20264.2-88 [18]. The amount of enzyme
that catalyzes the hydrolysis of 1 g of protein in 30 minutes under standard conditions to products not
precipitated with trichloracetic acid was taken as a unit of proteolytic activity.

Collagenase activity was determined in the culture fluid filtrates using the method based on
spectrophotometric determination of free amino acids formed during collagen hydrolysis using the
ninhydrin reagent [19]. A collagen suspension was obtained by incubating the substrate in a buffer
solution at 370 for 1 day. A buffer was prepared at pH 7.4, which contained Na,HPO4 (1.76 g/L), NaCl
(8.8 g/L) in 1L of distilled water in the presence of 0.2 uM CaClI2. In order to determine collagenase
activity, 1 ml of a collagen suspension was poured into a 1 ml experimental sample and the mixture was
incubated at 370 for 18 h, after which 1 ml was taken from the incubation mixture and 2 ml of ninhydrin
reagent (fresh prepared 2% ninhydrin in acetone) were added to it. It was held for 20 minutes at 1000, the
volume of each sample was adjusted to 10 ml with distilled water, and the optical density was measured
on a spectrophotometer at 600 nm.

Results and Discussion. A search for protease and collagenase producers was carried out among
microscopic fungi of the genus Aspergillus and Penicillium, known as potential producers of the studied
enzymes. For this purpose, a comparative characterization of 7 strains from our own collection of
microorganisms was carried out — Aspergillus awamori 16, Aspergillus awamori 22, Aspergillus awamori
21/96, Aspergillus oryzae 3-9-15, Aspergillus niger P, Aspergillus foetidus and Penicillium chrysogenum
241. Tthe substrate was evaluated by the size of the zones of enlightenment on the 5™ day of growth
(picture).

Casein clearing zone assay

The clear zone formation concerns the ability of colonies with confirmed casein hydrolysis, i.e. with
the ability to synthesize an enzyme. The larger the hydrolysis zone, the more actively the culture forms an
enzyme. The data obtained are presented in table 1.

According to the Table 1, the strains A. awamori 16 and A. awamori 22 were the most active in the
ability to split casein and collagen. The hydrolysis zones of casein 4. awamori 16 for 5 days were
22.8 mm, and collagen 20.8 mm, while the hydrolysis zones of casein A. awamori 22 amounted to
20.1 mm, and collagen — 19.1 mm. The strains of 4. oryzae 3-9-15 and A. niger P, which did not produce
substrate cleavage zones, had the least enzymatic activity. In order to determine the activity of protease
and collagenase by selected cultures of A. awamori 16 and A. awamori 22, they were cultured under
submerged conditions on a liquid nutrient medium. After 3 days, the activity of extracellular protease and
collagenase was determined (table 2).
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Table 1 — Selection of the active variant — producer of protease and collagenase

Culture Diameter of Casein Diameter of Collagen
cleavage zones (mm) cleavage zones (mm)
Aspergillus awamori 16 22,8+1,7 20,8+2,0
Aspergillus awamori 22 20,1£1,3 19,1£1,5
Aspergillus awamori 21/96 16,3+2,0 13,3+1,9
Aspergillus oryzae 3-9-15 0 16,9£1,9
Aspergillus nige ril 0 0
Aspergillus foetidus 11,5+¢1,4 11,3+1,2
Penicillium chrysogenum 241 11,2+1,7 12,8£1,8
Control 0 0

Table 2 — Enzymatic activity of monocultures and fungal association

Culture Protease Activity, U/ml Collagenase activity, U/ml
A. awamori 16 3,440,5 4,6+0,8
A. awamori 22 3,040,6 4,3+0,7
Association A. awamori 16 4,2+0,6 6,8+0,8
and A. awamori 22

The next stage of the research was the creation of an association of selected strains of A. awamori 16
and A. awamori 22 — producers of proteolytic and collagen-cleaving enzymes. For this purpose, a joint
cultivation of selected producers in a liquid nutrient medium was carried out in deep growth conditions.
After 3 days, the activity of extracellular protease and collagenase associative culture was determined. The
data obtained are presented in table 2.

According to the data presented in Table 2, the association of micromycetes, consisting of 4. awamori
16 and A. awamori 22 forms proteolytic and collagen degrading enzymes more actively than their
monocultures. Thus, the resulting associative culture is the starting point for its further study in order to
obtain an active enzyme preparation for the meat processing industry.
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ITPOTEA3A )KOHE KOJIJTATEHA3A ITPOAYIEHTI
ASPERGILLUS-TEKTI MUKPOMUUETTEP CKPUHUHI'T

Annotanusi. ET eHzuey eHepkaciOiHAe KOJIAaHBUIATHIH (PEPMEHTTIK NperapaTTapblH iMIiHIe MpoTea3a MeH
KOJIIareHas3a €T JKOHE €T OHIMJIEPiHIH KOHCHUCTCHIMSICHIH KAKCapTy YIIH MailalaHbUIATBEIH HETi3Ti (EepTTeHTTEp
TOOBIHA XaTafgsl. ET eHepKociOiHIe MPOTEONUTHKANBIK (DEpMEHTTEp eTTiH IICIM KETUTYiH JKEACIIETY JKOHE OHBIH
IIBIFYBIH apTTHIPY YIUiH KOJMIaHbUiansl. KoiareHazaHelH mpoTeasagaH aibIpMAIIbUIBIFEI — BIIBIPAYBl KUBIH JKOHE
CIHIPIIMEHTIH KOJUTaTeH[i BIABIPAaTa OTBIPHIN, OHBIH KATTBUIBIFBIH AHBIKTAWTBIH €T MIMKI3aTHIHBIH COJ JTOHEKEp
aKybI3ZapbiHa ocep ereni. COHFBI yakbITTa €Ki HeMece OJaH Jla Kell ITaMIapJaH TYPaThIH IperaparTap Kui
KOJIIaHbLIabl. ONTKEHI Oip MUKPOOPraHU3M TaOHWFK NIMKI3aTThl OMOAECTPYKLMSIIAY YIIIH KQXKETTi HepMEHTATUBTIK
OenceHALTIKTIH Oapiblk cnekTpine wue Oona anmaiapl. [ladfinananeateiH cyOcTparTap crekTpi OoifbIHIIA,
SPEeKIILEJICHETIH €Ki IITaM/Ibl KOJIJJaHy €T IIMKi3aThIHBIH, 9Cipece, OHbIH TOMEHT1 OOIriHIH KaTThUIBIFBIH aHBIKTAHTHIH
JIOHEKEp TIHHIH TOJIBIK Oy3bUIyblHAa oKelyi MyMkiH. KoHcopumymia OipHemre mramuaapipl Oipiecin maiipanaHy
Ke3iHae, onapAblH ocepi Kymeideni. OcblFan OaiylaHbICTBI, OyJI 3€pTTEYIiH MakcaThl — KOJUICKIMSIIBIK
KyJIbTYpaJIapIbIH iIIiHEeH »acyllaJaH ThIC IpoTea3a MEH KoJulareHa3aHbl CHHTE3/Iey KaOileTiHe Me ©HEepKaCINTiK-
KYHABl MHUKPOMHIET INTAMJAAPBIH IpiKTEy >KOHE OJap/blH HETi3iHAe KaybIMIACTHIPBUIFAH KYJIBTYPaHBl KYpY.
IIpoteasa xoHe KomareHasa (epMeHTTepiHiH mpoayneHtTepi — Aspergillus xoHe Penicillium Textec
MHKPOMHUIICTTEPIH 7 MITaMbIHA CANBICTBIPMAJIBI CHITATTaMa >Kypri3inmi. KyiaprypaHslH cyOcTpaTTsl THAPOIU3ACY
KaOineTi 5-ToymikTe arapy aliMarbIHBIH KeileMi OOWBIHIIIA OaramaHIbl. AFapy aiiMarbl Kell OOJIFaH CaiblH, KyJIbTypa
corypibiM (GepMeHTTi Oencenni Ttyseni. KyibrypaHsl mpoTeazaHbl TY3y JeHreidi OoiblHIIA OacTarkbl ipikTey
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ecipyaiH 3-5 Toynirinae 30 °C xarnaiibiHaa cyOCTpaTThl aFrapTy aiiMarbIHBIH (TUIPOJIN3) THAMETPIH OJIIeY apKbLIbl
camanel omicrieH kyprizuimi. CyOcTpar peTiHae arapu3alnusyiaHFaH MAaiCBI3AaHIBIPBUIFAH CYT KOJIIAHBUIIBI.
Kosunarenai wiabiparaTbiH (epMEHTTEPIIH NPOLYLEHTTepiH OacTankel ipikrey [lerpu TabakmiachiHIa KypamblHIA
cyOcTpaT peTiHae Ta3apThuFaH KojuiareHi 6ap Yameka-J[OKCThIH arapu3aliysuiaHFaH OPTaChIHIA KY3€re aChIPbUIIbI.
A.awamori 16 xoHe A. awamori 22 mTamMaapsl eH Ken OenceHnilikke ue Oonnel. A. awamori 16-na S-Toynikre
Ka3eWH THUAPONU3iHIH alimakTapel — 22,8 MM, an komwiaresae — 20,8 MM Oonca, an A. awamori — 22-1e Ka3euH
TUIpONU3iHiH aiiMakTapsl — 20,1 MM, an koimtarenae 19,1 mm-ai kypaast. XKypriszuiren 3eprreynepaiH Keneci Ke3eHi
MPTEOTUTHKAIIBIK JKOHE KOJUIareH BIABIPATYIIbl (PepMEHTTEPIiH NMPOMyIEHTTEPiHIH ipikTenreH A.awamori 16 xoHe
A. awamori 22 mTaMOapblHaH acCOUMAIMIHBI KypyMeH OaimanHbpicThl. OCBIFaH Opai, ipiKTelreH MpoAyILeHTTepIl
eKeyiH Oipre TepeHIETIN ocipy KargaibIHIa CYHBIK KOPEKTIK opTama ecipy ici skypri3unmi. 4. awamori 16 xoHe
A. awamori 22-1eH TYpaTblH MUKPOMHULETTEP KaybIMIACTBIFbI OHBIH MOHOKYJBTYPAChIHBIH Kypamjac OediriHe
KaparaHaa, MMPOTCONUTHKAIBIK JKOHE KOJUIATCHII BIABIPATAThIH (hepMEHTTEpai OeICeHal Typae TY3CTiHri Oenrii
Oonabl. A. awamori 22 mrambiaaa 3-ToyJiKTe Hporea3aHbly Oenceniniri — 3,0 6/mi, koyuarenasa — 4,3 6/mi, an
A. awamori 16 mTaMbIHAa IPOTEa3aHbIH OenceHautiri — 3-toymikre 3,4 6/mi, koutareHasa — 4,6 0/My-1i Kypajbl.
A. awamori 16 xoHe A. awamori 22 KaybIMIACKaH KyJIbTypaja MpoTea3aHblH OeICeHaLIIr 3-ToymikTe — 6,8 6/Mi1, a
koyutareHaza — 4,6 O/my-mi Kypansl. bacrankel KyiabTypa MEH aiblHFaH KaybIMAACTHIKTBIH MakKpo- JKOHE
MHUKpoMopdosorusicel 6epinred. Kynbrypa ecipyain 3 Toymirinne ak sxueri 0ap paguaiasl KaTnapiibl KOHBIP TYCTI,
ipi KOJOHHWsIApAbl KYpallTeiHBI aHbIKTANABL. KoOHHMIMeHOCHad aphl Ty3y, KajblH, Teric. KoHuaueHocuamapIbiH
JKOFapFbI 06JIiri KeTepiHKi xoHe OacTapblH Kypaiinsl. CTepurMaiapbl KbICKa HMIIMHIPIIIK XKacymanap Topisi.
Kinarrik ce3nep: Aspergillus, pepmentrep, nporeasa, KoiareHasa.
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CKPUHUHT MUKPOMUIIETOB POJA
ASPERGILLUS - MTPOAYIEHTOB INTPOTEA3BI 1 KOJIJIAT'EHA3bI

AnHotanus. M3 (epMeHTHBIX TpemapaToB, WCIONB3YEMBIX B MscOmepepadaTHIBAIONICH MPOMBIIUIIEHHOCTH,
MpoTea3a W KOJUIareHas3a SBISIOTCS OCHOBHOM TPYIIOH, MCIIOJIB3YEMOH I YIIydIIeHHS KOHCHCTEHIMH Msca U
MSCOTIPOAYKTOB. B MSCHOW NPOMBIIUIEHHOCTH MPOTEONUTHYECKHE (EPMEHTHl TNPHMEHSIOT Ui YCKOPEHHS
CO3peBaHMsl Msfca U TOBBINIEHUS ero Bbixonga. KomrareHasa B OTAMYME OT NPOTEa3bl ACHCTBYET Ha Te
COCAUHUTCIIbHbIC 6em<1/1 MSCHOI'O CbIPpbA, KOTOPBIC OIPEACIIAIOT €ro ) KECTKOCTh, paCIICIIIIAA pr}lHOFH[lpOHH3yeMbIﬁ
W HEeyCBOsieMBbIll KoJlIareH. B mocieaHee Bpems Bce yallle MCIOJIB3YIOT IpenapaThl, COCTOSIINE U3 JBYX M Oojee
IITaMMOB, ITOCKOJIBKY OJIMH MUKPOOPTaHH3M He criocoOeH 00J1ajaTh BceM CIEKTPOM (epMEHTaTUBHOM aKTUBHOCTH,
HEOOXOAMMBIM ISl OMOJECTPYKIMH HPUPOJHOTO ChIphs. Vcmonb3oBaHWe ABYX MITAMMOB, OTJIMYAIOLIMXCS IIO
CHEKTpPY NOTPeOIsieMBbIX CyOCTpaToB, MOXKET TPHUBECTH K TMOJHOW JIECTPYKIMU COCAMHUTENBFHONH TKaHH,
OTIPEEISIONIYIO JKECTKOCTh MSICHOTO ChIPhsI, OCOOEHHO €e HU3KOCOPTHOW yacTH. [Ipy COBMECTHOM HCIIOJIB30BaHUN
HECKOJIBKUX IITaMMOB B KOHCOpIHYME UX d(h(dekT ycunnuBaeTcs. B cBA3u ¢ 3THM, IETTBI0 HACTOSAIIETO HCCIICIOBAHMS
SBISUICA OTOOp W3 KOJUIEKIMOHHBIX KYJIBTYP IPOMBIIUICEHHO MEHHBIX MHKPOMHIIETOB IITAMMOB, OOJIaJafOIIIX
COCOOHOCTBIO  CHHTE3MPOBATh BHEKJIETOYHYIO MpOTealy W KOJUIAreHa3yH, CO3JaHHe Ha WX OCHOBE
acCOIMANNaTUBHON KyJbTyphl. llpoBemeHa cpaBHHTENBHAs XapaKTEpPUCTHKAa 7 IITAMMOB MHKPOMHIIETOB poja
Aspergillus n Penicillium — NOTeHUHMANbHBIX MPOAYLEHTOB (DepMEHTOB mpoTeassl M KoyiareHassl. CriocoOHOCTD
KyJIBTYPbI THIPOJIM30BaTh CyOCTpaT OLEHMBAIIM TI0 pa3MepaM 30H IPOCBETICHUs Ha 5 cyTku pocta. Uem Oosnblie
30HBI THIPOJIM3a, TEM aKTUBHEE KyjibTypa oOpasyer ¢epment. IlepBuuHblii OTOOpP KyJNBTYpHl IO YPOBHIO
06pa30BaHI/lﬂ mpoTe€asbl MPOBOAWIN KAYE€CTBECHHBIM METOAOM IIYTEM HU3SMCPCHHUA AWAMETpa 30H IHPOCBCTIICHUA
(rupposmza) cybcTpara HMcclieyeMbIMH KyJdbTypamu Ha 3-5 cyTku uHKyOamuu (B MM) npu 30°C. B kauecte
cyOcTpaTta HMCHOJNB30BaJM  arapu3oBaHHOE  00€3KHpeHHOe MOJoKO. llepBuyHBIH  OTOOpP  NMPOAYLIEHTOB
KOJUTareHpacleruisiIonuX (epMeHTOB OCYyIIECTBISUIM B 4amKkax Iletpu Ha arapusoBaHHOW cpene Yameka-Jloxca,
coJiepkallieil B KadecTBe cyOcCTpara OYMINEHHbBIH KoyutareH. HamOosblneld aKkTHBHOCTBIO O0Jalajid IITaMMbI
A. awamori 16 n A. awamori 22. 30Hbl runponusa kasenHa A. awamori 16 Ha 5 cyTku cocTaBwiu 22,8 MM, a
koymareHa 20,8 MM, Torza Kak 30HBI THAPOIN3a KazeuHa 4. awamori 22 coctasmnu 20,1 MM, a koyutareHa - 19,1 M.
CrenyromuM S5TaroM TPOBOAWMBIX HCCIICAOBAHHUHA SBWJIOCH CO3JIaHHE ACCOIMANMN W3 OTOOpPAHHBIX IITaMMOB
A. awamori 16 n A. awamori 22 — IPOAYIEHTOB MPOTEOIUTHICCKAX U KOJUIareHPAaCUICTUISIOMUX hepmMeHToB. [t
9TOH 1enu OBUTO NPOBEJEHO COBMECTHOE KYJIBTHBHPOBAHHE OTOOpPAHHBIX NMPOAYIEHTOB B KHIKOW NMUTATEIHHOM
cpene B IITyOMHHBIX YCIOBHAX POCTa. Y CTAaHOBJICHO, YTO aCCOLMAINS MUKPOMHIIETOB, cocTosmIas u3 A. awamori 16
u A. awamori 22, axTHBHee 00pa3yeT MPOTEOJIMTHUECKHE U KOJUIareHpaculeruisiomue (QepMeHThl, YeM
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COCTaBIISIIOLIIE €€ MOHOKYJNBTYpPBL. Tak, akTMBHOCTB IpoTeassl A. awamori 16 Ha 3 CyTKH pOCTa COCTaBHJIa
3,4 en/mi, a koiwtareHassl — 4,6 ei/Mil, TOTAa Kak aKTHBHOCTH KoJulareHasbl A. awamori 22 Ha 3 CyTKH pocTta
cocraBmia 3,0 en/mi, a koyutareHassl — 4,3 ef/Mil. AKTUBHOCTB MPOTEa3bl aCCOLMATUBHOM KyJIbTYpbl A. awamori 16
u A. awamori 22 Ha TPETbU CYTKH KyJIbTUBHPOBAHHMS cocTaBuiia 4,2 €1/Mi1, a akTHBHOCTh KOJIIareHassl — 6,8 ex/mil.
Jlana Makpo- ¥ MUKPOMOP(OJIOTHs UCXOHBIX KYJIBTYP U MOJyUYCHHON acCoIlHaluy. Y CTAHOBJICHO, YTO Ha 3 CYTKH
pocTa KynbTypa o0pasyeT KpyNHble KOJOHHHM KOPHYHEBOI'O IBETA, PAIHaIbHO CKIandaTble ¢ OelbIM O00OJKOM.
KoHnaneHocupsl npsiMble, TOJCTBIE, MMEIOT INIAAKYIO0 MOBEPXHOCTh. BepXHss 4acTh KOHHJIWEHOCHA B3AyTas W
o0paszyer rojoBkd. CTepUrMbl MPEACTaBISIOT CO00I KOPOTKHE HMITHHAPUIECKHIE KIIETKH.
KuaroueBsle ciioBa: Aspergillus, pepMeHTHL, IpoTEa3a, KOJUIareHasa.
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