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RESEARCH OF CHANGES IN THE STRUCTURAL AND MECHANICAL PROPERTIES
OF SEMI-HARD CHEESE DURING DEFROSTING

Abstract: The article presents the results of a study of the structural and mechanical
properties of semi-hard cheese produced by coagulation of goat's milk with enzyme preparations of
plant and animal origin. Data on the structural and mechanical properties of a freshly processed
sample of cheese type halloumi and a sample subjected to low-temperature storage were obtained,
and the relaxation coefficient characterizing the plastic-elastic properties of the cheese mass was
calculated. The structural and mechanical properties of cheese produced using an animal-derived
enzyme preparation had better indicators than those produced using a vegetable-derived enzyme
preparation. Scientific research was carried out on the basis of Siberian Scientific Research Institute
of Cheese Making (Barnaul, Russia). According to study, based on the experimental method, an
objective indicator of the consistency of cheese was calculated-the relaxation coefficient, which fully
reflects the most important rheological properties. Thus, it was found that the relaxation coefficient
of defrosted cheese produced with the help of the SG-50 enzyme had better indicators and
amounted to Kreax=93.709 N/s, while for cheese produced with the help of the Renin enzyme, the
relaxation coefficient was Krax=89.91 N/s. The results are of practical significance, as they allow to
adjust the technological modes of cheese production and evaluate the influence of various factors
on the formation of cheese consistency.
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Introduction

Consistency in many cases is one of the characteristics involved in assessing the quality and
properties of raw materials and finished foods. Such an indicator, in addition to organoleptic
properties such as hardness, viscosity, evaluated during tasting, in some cases characterizes
resistance to mechanical influences during storage and transportation. Scientists from all over the
world are interested in studying the qualitative characteristics of frozen cheese [1-4].

The key point in the development of cheese was the high quality of the finished product.
When evaluating the quality of cheese, one of the main characteristics is the consistency, which is
evaluated organoleptically, which is not always an objective assessment [5,6].

Previously, we developed the technology of semi-hard halloumi cheese of the European
brand. Optimal doses of enzyme preparations of various nature and origin were determined
experimentally using special experimental devices developed at the Siberian research Institute of
cheese making. Since this type of cheese is subjected to low-temperature storage, the task was to
investigate changes in structural and mechanical properties during its defrosting [7].

Based on the study of the rheological characteristics of the product, the initial requirements
for the conditions of packaging, storage and transportation, for containers intended for these
operations are formulated. Data on the structural and mechanical properties of the product are
necessary when designing and selecting equipment for processing. In technological processes,
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adhesion processes play an important role, characterizing the ability of the product to adhere to the
working organs of the apparatus [4].

To evaluate this characteristics, various devices are used, the operation of which is based
on the interaction of an indenter with a product. Various penetrometers, defometers, and
adhesiometers are widely known to measure any characteristic [8].

The most common devices used in research are penetrometers and defometers. The work
of the penetrometers is based on measuring the depth of penetration of the cone (indenter) deep
into the product at constant load. Defometers measure the amount of deformation at a given load
value. They are used to measure elasticity and plasticity.

Penetrometers are used to measure the consistency of products and materials. The
penetration index (the depth of immersion of the cone into the product under study) characterizes
the complex of product properties. Hardness is considered the main indicator of penetration,
although itis influenced by a set of properties, including friction of the indenter surface on the product,
plastic properties, connectivity and adhesion. Nevertheless, such a generalizing indicator is
objective, reproducible and quite easily implemented in practice[9].

Research methods

To conduct research on the influence of various factors on the structural and mechanical
characteristics of the product, a device was developed and constructed at the Siberian Research
Institute of Cheese Making, the main purpose of which is to measure deformation under variable
load. The design of the device is simple and consists of a support table on which the test sample of
the product is installed (Figure 1).

Figure 1 — Device for measuring the structural and mechanical characteristics of the product

To obtain an objective instrumental assessment of the consistency of the cheese mass, a
method has been developed and a device has been manufactured that allows obtaining data on the
hardness and plastic-elastic properties of the cheese mass. The rheological characteristics of
cheese were determined using a device for measuring the relaxation of the cheese mass developed
at the Siberian research Institute of cheese making. This device, unlike previously used ones, directly
measures the change in the compression stress in the sample with a special strain gauge, while
typical defometers measure the change in linear dimensions in the absence of load. In addition, the
device displays data on the dynamics of the relaxation process, which allows to evaluate the elastic
and relaxation properties of samples [10].

The method for determining the relaxation of the cheese mass is based on measuring the
impact force of a pre-compressed cheese sample on the indenter. Preparation of samples for
analysis was carried out as follows: a special sampler was used to cut out a blank with a diameter
of 10 mm and a length of 15-20 mm. The samples were a fresh and frozen cheese type halloumi
produced by coagulation with animal origin «SG-50» and microbial origin «Renin» enzymes.
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The resulting sample is cut off from the ends using special calibers (conductors), first with a
12 mm caliber, and then with a 10 mm caliber. As a result, a prepared sample of cheese is obtained
in the form of a cylinder with a height of 10 mm and a diameter of 10 mm. The resulting cheese
sample, which is subject to relaxation measurement, is thermostated to a temperature of (20+0.5)°C.
After temperature control, the cheese sample is placed on an adjustable table in its central part under
the indenter and subjected to compression. The force generated by the movement of the indenter is
recorded via an analog-to-digital converter and sent to the USB input of the computer, where it is
recorded in the form of a graph or table. Data processing and control of the measurement process
is carried out using a special program.

Research results

The results of relaxation of the cheese mass produced by coagulation of «SG-50» and
«Renin» are shown in figure 2. It should be noted that, studies of structural and mechanical
properties were carried out with fivefold repetition under the same conditions and the average value
of the results was determined.

According to the deformation graph, during the indenter movement during compression of
the cheese sample and its deformation, the load increases until it reaches the point (A) where the
indenter position is fixed. After stopping the indenter, there is a smooth decrease in the force (point
B) of the impact of the cheese mass on the indenter, which records the impact force and transmits
data for processing and writing to the memory of the microprocessor.

The stress relaxation process continues until 28 seconds have elapsed since the start of the
indenter movement. Thus, the duration of relaxation was 16.91 s (27.6-10.69). The relaxation
coefficient is calculated using the formula (1):

Kretax= Trelax /(Ql - QZ) (1)

where Q; — initial force on the indenter, N;

Q2 — indenter force at the end of measurement, N;;
Trelax — time of relaxation;

Krelax— relaxation coefficient, N/s.

Thus, for cheese produced by coagulation with the «SG-50» enzyme, the relaxation
coefficient is Kelax=16,91/(0,426-0,273)=110,552 N/s.

According to figure 2 b, for cheese produced from milk fermented by the «Renin» enzyme,
the relaxation duration is 16.26 seconds (27.6-11.34), while the relaxation coefficient is equal to Krelax
=16,26/(0,499-0,339)=101,625 N/s.
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Figure 2 — Diagram of deformation and relaxation of the cheese mass

The relaxation coefficient characterizes the plastic properties of cheese, which are a
manifestation of internal friction that occurs as a result of moving the cheese under load. In physics,
relaxation is the transition of a body from a non-equilibrium state to an equilibrium state. When a
solid body is deformed at a certain speed, its thermodynamic equilibrium is disturbed and a relaxation
process occurs, due to the desire of the cheese mass to return to the state of equilibrium.
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Further, the study of plastic and elastic properties was performed on cheese samples stored
at low temperature (-18 °C) for 6 months.
The results of deformation and relaxation of thawed samples are shown in figure 3.
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Figure 3 — Diagram of deformation and relaxation of cheese after defrosting

As shown in figure 3 a, the duration of relaxation was 15.94 s (27.6-11.66) s, with the
relaxation coefficient equal to Keax =15,94/(0,439-0,269)=93,709 N/s.

According to the results of the graph of figure 3 b, the duration of relaxation was 16.59 s
(27.6-11.01) s, with the relaxation coefficient equal to Kreiax =16,59/(0,498-0,314)=89,91 N/s.

Discussion of scientific results

The value of the relaxation coefficient depends on the quality of the rennet clot, as well as its
structural and mechanical properties obtained as a result of coagulation of milk proteins. The higher
the relaxation coefficient, the better the quality of the structural characteristics of the cheese and the
more connected the structure of the cheese. The low relaxation coefficient indicates a hard, rubbery
structure of the cheese. Note that, despite the freezing of cheese, all defrosted cheese samples had
relaxing properties and withstood the load without losing the quality of the cheese consistency.

Analyzing the data obtained, it becomes clear that the most relaxing properties have a sample
of cheese produced as a result of coagulation with the «SG-50» enzyme both in freshly processed
cheese and subjected to low-temperature freezing.

Conclusion

Based on the research conducted on the development of cheese and the determination of
structural and mechanical properties, it was decided to use the enzyme preparation of animal origin
SG-50. This choice is justified by the fact that the enzyme of animal origin has an obvious priority
over the microbial one, since its use increases the yield of the product and improves rheological
characteristics, due to the uniform flow of the coagulation process due to adequate proteolytic
activity.

In addition, from the point of view of food safety, the use of an enzyme of animal origin is
more acceptable, since the enzyme of microbial origin is less studied and unpredictable.
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WCCNEOQOBAHUE N3MEHEHUA CTPYKTYPHO-MEXAHUYECKUX CBOMUCTB
NOoNyTBEPAOIO CbIPA B NPOLECCE AE®POCTALIUN

B cmambe npedcmasneHbl pesynbmambl UCCIe008aHUSI CMPYKMYPHO-MeXaHU4eCKUX
ceolicme rnosymeepdo20 cbipa, 6bipabomaHHbIl C MOMOWbIO Koaz2ynsuyuu KO3be2o MOJIoKa
epMeHMHbIMU  fipenapamamu  pacmumesibHo20 U XUBOMHO20 [poucxoxoeHus. [lonydeHsl
OaHHble MO0 CMPYKMypHO-MexaHU4ecKumM ceolicmeam ceexesbipabomaHHo20 obpasua cbipa
xannymu u obpasuya nodeepaHy8WUlCs HU3KomemrepamypHOMYy XpaHeHUo U paccHumaH
KoaghcbuyueHm penakcauyuu, xapakmepusyrouwul nrnacmu4ecko-asiacmuyeckux ceolcmeax
CbipHOU  Mmaccbl.  CmpykmypHO-MexaHu4deckue ceolcmea cbipa, 8bipabomaHHO20 npu
ucrnosib308aHuUU  hepMeHmMHO20 rfpenapama XXu8OMHO20 [IPOUCXOXOEeHUS UMenu Jyduue
rnokasamesnu, 4YeMm rokazamenu npu ebipabomke cbipa EPMEHMHbIM rpernapamom
pacmumersibHO20 Mpoucxox0eHus. Hay4Hble uccriedoeaHus npoeodusnuck Ha 6asze Cubupckozo
Hay4Ho-uccrie0ogameribCKo20 UHcmumyma ceipodenus (bapHayrn, Poccusi). B xo0e npogedeHHbIX
uccrnedosaHull, OCHOBaAHHbIX Ha  OMbIMHO-3KCIIEPUMEHManbHOM  Memode,  paccyuma
06beKmuUBHbIlU noka3amesib KOHCUCMEHUUU cbhipa — KOaghghuyueHm penakcayuu, Komopbil
AocmamoyHO MosTHO ompa)aem saxkHeliwue peosioaudyeckue ceoticmea. Tak, 6b110 ycmaHO8/1eHO,
umo KoaghuyueHm penakcayuu 0eghpocmupo8aHHO20 Cbipa, 8bipabomaHHO20 C MOMOWbH
pepmeHma CIr-50 umen nydwue nokasamenu u cocmasusn Keax=93,709 N/s, 8 mo epems kak 0ris
cbipa, 8bipabomaHHO20 C MoMoWwbio hepmeHma «PeHUH» KoaghghuuueHm pernakcayuu cocmasusl
Krelax=89,91 N/s.
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Pe3ynbmambi umerom rpakmu4yeckoe 3HadyeHue, MoCKOoJIbKY 10380JISI0M KOppeKkmuposams
MEeXHOII02UYEeCKUE PEXUMbI 8bipabomKu CbIpO8 U OUeHUBamb 6/1USHUE Pa3/ludHbIX hakmopos
8030elicmeusi Ha hopmMuUpoB8aHUEe KOHCUCMEHUUU CbIPO8.

Knroueeble cnoea: cbip, deghpocmauus, KoaghghuuueHm penakcauyuu, peorioaudeckue
ceolicmea, Ka4ecmeo.
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EPITY MPOLIECIHAE XXAPTbINTAA KATThbI IPIMWIKTIH K¥PbINbIMAbIK-MEXAHUKATbIK
KACUETTEPIHIH ©3reEPYIH 3EPTTEY

Makanada ewki cymiH eciMOIiK oHe xaHyap mekmec hepMeHmmiK rpernapammapmeH
Koazcynsauusinay apKbinbl eHOipingeH xapmbinal Kammabl IpiMWIKMIH KypblribiMObIK-MeXaHUKabIK
KacuemmepiH 3epmmey Homuxxesiepi kenmipineeH. Xannymu ipiMuieiHiH xxaHa eHoesnzaeH ynaici MeH
memeH memrepamypada cakmanambiH Yi2iHiH KypblibiMObIK-MexaHuKarbIKk Kacuemmepi myparbi
marniMmemmep anbiHObl XXOHE IpIMWIK MaccachlHblH rnacmukarnbikK-ceprnimoi  KacuemmepiH
cunammalmeiH  pernakcauusi  KoagbcbuuueHmi  ecenmendi. KaHyapnapdaH — asibiIHAMbIH
epmeHmmik npernapammel KondaHy Ke3iHOe eHOIpinzeH ipiMwWikmiH KypbliibiIMObIK-MeXaHUKaIbIK
Kacuemmepi ecimdik mekmec hepmeHmmIK rpernapamneH ipimwik eHOipydeai kepcemkiwumepae
KaparaHOa XaKcbl Kepcemkiwmepae ue 60ndbl. fbinbiMu 3epmmeynep Cibip ipiMwiai fbiibiMu-
3epmmey  uHcmumymbiHbiH  (BapHayn, Peceli) 6asacbiHOa xypaisindi.  Texipuberik-
akcriepumeHmmik adicke HezizdernzeH s3epmmeyrnep 6apbiCbiHOa iPIMWIKMIH KOHCUCMEHUUSICbIHbIH
obbekmusmi Kepcemkiwi — penakcauusi KoaghgbuuueHmi ecennmenedi, 051 MaHbI30bl PEOI02USITIbIK
kacuemmepdi monbik kepcemedi. CoHbimeH, CI-50 chepmeHmimeH eHlipineeH deghpocmuprieHaeH
ipiMwikmiH penakcauusi KoaghghuyueHmi eH xakcbl kepcemkiuimepae ue 6050b1 xoHe Kieax=93,709
N/s Kypalbi, an PeHuH cepmeHmimeH eHAipineeH IipiMWiK ywiH penakcauyus koaghgbuyueHmi
Krelax=89,91 N/s 60510b1.

Hemuxenep npakmukanblKk MoHee ue, eUumkeHi onap ipiMwikmepdi eHOipydiH
MmexHono2ausnblK  pexumoepiH  mysemyzae  xoHe  IipiMwikmepdiH  KOHCUCMEHUUSICbIH
Kanblnmacmaeipyra acep ememiH apmypsi hakmopriapdbiH acepiH baranayra MymMkiHOik 6epeoi.

Tydin ce3dep: ipiMwik, Oeghpocmauyus, penakcayusi KoaghguyueHmi, pPeonoausinbiK
Kacuemmepi, cana.
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