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Abstract: The paper presents a mathematical model to
produce Romanian traditional cured-cooked-smoked pork
boneless loin product “Cotlet Perpelit” type made after raw
meat’s mechanical tenderizing. The tenderizing process
performed to decrease the duration of cured marinating
period consists in passing several times the raw meat
among rollers with cutting prongs, and cyclic impulsive
pressing of the meat, respectively. The mathematical model
is based on force - extension diagrams obtained by using
Werner-Bratzler testing method both for raw meat and
final product, too, for no tenderized raw meat, and after
raw meat mechanical tenderizing. The mathematical model
consists in the geometric linear transforming of the
characteristic diagrams obtained by using Werner-Bratzler
method for the tenderized meat in comparison with the
initial no tenderized meat. The model can be used to
predict the mechanical characteristics of “Cotlet Perpelit’,
after raw meat mechanical tenderizing.

Keywords: raw meat tenderizing, Cotlet Perpelit, Warner -
Bratzler testing method, mathematical model, linear geo-
metric transformation

INTRODUCTION

In principle, meat’s tenderization represents the resultant
of dynamic interdisciplinary processes consisting in chemical,
biochemical and mechanical phenomena, [8]. To estimate
tenderizing machine’s and process’ performances, is
necessary to determine tenderized meat's mechanical
characteristics, which could describe the meat qualitative
transformations, [1, 18]. Thus, a mathematical model,
expressed by a unified system of relationships and
variables, could be used to analyze meat's mechanical
tenderizing, [1]. For example, Graiver proposed a
mathematical model for the absorption of curing salts in
pork’s meat, [2].

According to previous research papers, the variables
parameters of the mathematical model have to be based
on experimental research data of meat diagrams determined by
using Warner-Bratzler testing method, [9, 10, 11, and 12].

According to lacob [3], taking into account only the
mechanical phenomena, a dynamic system involves different
transformations of its internal parts under the action of given
external forces. The mathematical models of the meat
tenderizing process could be studied in further theoretical
researches by applying the automatic systems theory, [4].

SC AVI-GIIS SRL Stuparei is a small enterprise for meat
products in Valcea County, which was initially specialized
in commercial cured-raw meats and cured - smoked products.
In the last years SC AVI-GIIS SRL focused its effort to produce
Romanian  traditional  cured-cooked-smoked  pork
boneless loin product “Cotlet Perpelit” type. In principle,
the processing technology of this traditional cured-
smoked-cooked product type consists in: wet curing
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Rezumat: Lucrarea prezintd un model matematic privind
prepararea produsului sdrat - prdjit - afumat din cotlet de
porc dezosat tip “Cotlet Perpelit”, dupa frdgezirea mecanica
a materiei prime. Procesul de fragezire efectuat pentru
scdderea duratei de saramurare, consta in trecerea
materiei prime de mai multe ori printre valturi cu role
dintate, respectiv prin presarea ciclica impulsivd a materiei
prime. Modelul matematic are la baza diagramele forta-
deformatie determinate prin metoda de testare Warner-
Bratzler atat pentru materia primd, cat si pentru produsul
final, pentru carnea nefragezita, cat si dupa ce carnea a
fost fragezitd. Modelul matematic consta in transformarea
geometrica liniard a diagramelor caracteristice obtinute
prin metoda Warner-Bratzler pentru carnea fragezita, in
comparatie cu materia primé nefragezitd. Modelul mate-
matic poate fi utilizat pentru estimarea caracteristicilor
mecanice ale “Cotlet-ului Perpelit’, dupa fragezirea meca-
nica a materiei prime.

Cuvinte cheie: fragezirea camii, Cotlet Perpelit, metoda de
testare Warner-Bratzler, model matematic, transformarea
geometrica liniara

INTRODUCERE

Tn principiu, fragezirea carnii reprezinta rezultanta unor
procese dinamice interdisciplinare care consta in feno-
mene chimice, biochimice si mecanice, [8]. Evaluarea
performantelor masinilor si proceselor de fragezire este
posibila prin determinarea caracteristicilor mecanice ale
carnii dupa operatia de fragezire, care pot descrie trans-
formarile calitative ale carnii, [1, 18]. Deci un model mate-
matic reprezentat printr-un sistem unficat de relatii si
variabile, ar putea fi utilizat pentru analiza fragezirii
mecanice a carnii, [1]. Spre exemplu, Graiver a propus
un model matematic al absorbtiei de saramura in carnea
de porc, [2].

Conform unor lucrari de cercetare anterioare, para-
metrii variabili ai modelului matematic trebuie sa aiba la
baza rezultate experimentale determinate prin testarea
carnii prin metoda Warner-Bratzler, [9, 10, 11, 12].

Conform lacob [3], avind 1in vederea numai
fenomenele mecanice, un sistem dinamic presupune
diferite transformari interne sub actiunea unor forte
exterioare cunoscute. Modelul matematic pentru
fragezirea mecanica a carnii ar putea fi studiat in viitoare
cercetari teoretice prin aplicarea teoriei de control a
sistemelor automate, [4].

SC AVI-GIIS SRL Stuparei din judetul Valcea este o
firma mica specializatd initial pentru realizarea de
produse din carne sarate, respectiv sarat - afumate. In
ultimii ani, firma si-a concentrat eforturile pentru produ-
cerea sortimentului sarat - prajit - afumat din cotlet de
porc dezosat, tip “Cotlet Perpelit”. In principiu, procesul
tehnologic al acestui produs traditional consta in: sara-
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phase of entire pieces of muscle meat in 15-20% curing
salt concentration, during 2-3 weeks; drying / ripening
phase in cold air ventilation for 6-8 hours; cold smoke
phase (approx. 20°C) for 2-3 days, followed by a short
sequence of hot smoke phase (approx. 20°C), for 4-6
hours, [12].

According to international and Romanian legislation,
sodium nitrite, sodium or potassium nitrate (NaNOy);
NaNOsz/ KNO3), are not permitted in traditional cured-
cooked types products usual processing, and no brine
injection is allowed, [5, 6, 7, 13].

In order to reduce the wet curing phase, SC AVI-GIIS
SRL decided to realize and to test two types of
tenderizing machines: four roller tenderizer machine, and
cyclic impulsive pressing machine, [12, 13].

MATERIALS AND METHOD
Experimental method and equipment

In order to determine the influence of mechanical
tenderizing method on raw meat (pork boneless loin)
tenderness, two different machines were used: four roller
tenderizer machine and cyclic impulsive pressing
machine.

Four roller tenderizer machines are designed to
increase the effective surface area for the extraction of
meat proteins during subsequent compression and
stretching processes. In its operation, the machine
performs superficial or deep cuts in the piece of meat that
passes through two pairs of tenderizer roller. In principle,
the machine consists of two pairs of parallel tenderizing
rollers (provided with a number of cutting prongs),
located at a certain distance, that are rotated in opposite
directions by an electro-mechanical transmission (fig. 1),
[12, 13].

Cyclic impulsive pressing machine is a semi-
continuous meat press machine for meat’s pressing
before marinating. If meat pieces are pressed with a
significant amount of force applied more or less evenly
throughout the piece of meat, it will tenderize the meat
piece and condition the meat fibers so that marinade will
be absorbed into the meat fibers without the use of a
vacuum, [15, 16, 17, and 19].

Cyclic impulsive pressing machine consists in
mechanical - pneumatic equipment, and automated
programmable. In principle (fig. 2), the mechanical -
pneumatic equipment consists in an electro-pneumatic
system (air compressor, solenoid valve), and two
pressing plates (a fixed lower plate, and mobile upper
plate). To improve the tenderizing process, each of the
two plates (covered food grade Teflon pad) has
pyramidal (6 - 6 - 6 mm) prongs, [12, 13].

Fig. 1 - Four roller tenderizer machine
(with pyramidal cutting prongs)

In order to determine the influence of tenderizing process
on pork boneless loin used to produce traditional cured-
smoked-cooked product “Cotlet Perpelit’, 6 samples (raw
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murarea umeda (12-15% concentratie) a bucatilor de
cotlet dezosat timp de 2-3 saptamani; zvantarea in aer
rece ventilat timp de 6-8 ore; afumarea rece (aprox.
20°C) timp de 2-3 zile, urmata de afumarea calda
(aprox. 20°C) timp de 4-6 ore, [12].

In conformitate cu legislatia internationald si din
Romania, la producerea produselor tradifionale este
interzisa utili-zarea nitritilor, nitratilor (NaNO; ; NaNOgs /
KNQO3), precum si saramurarea prin injectare, [5 ,6, 7,
13].

In vederea reducerii duratei de saramurare umeda,
firma SC AVI-GIIS SRL a realizat si testat a doua tipuri
de masini de fragezire mecanica: masina de fragezire cu
doud perechi de cilindri profilati pentru perforare,
respectiv. masina de fragezire prin presare ciclica
dinamica, [12, 13].

MATERIALE S| METODA
Metoda si echipament experimental

n vederea determinarii influentei metodei de fragezire
mecanica asupra materiei prime (cotlet de porc dezosat),
au fost utilizate doua tipuri de masini: masina de fragezire
cu doud perechi de cilindri profilati pentru perforare, respectiv
masina de fragezire prin presare ciclica dinamica.

Masina de fragezire cu doud perechi de cilindri profilati
pentru perforare este conceputd pentru cresterea
suprafetei de extragere a proteinelor din carne, in timpul
unor procese succesive de compresiune si perforare. in
timpul acestei operatii, carnea trece printre doua perechi
de valturi rotative cu dinti profilati care realizeaza
perforati de anumitd adancime in bucata de carne. in
principiu, masina consta din doua perechi de valturi
paralele (prevazute cu dinti de perforare), dispuse la o
anumita distantd, care se rotesc in directii opuse prin
intermediul unei transmisii electromecanice (fig. 1), [12,
13].

Masina de fragezire prin presare ciclica dinamica este
0 masina pentru presarea discontinua a carnii inainte de
saramurare. Daca bucata de carne este presata cu o
anumita forta, aceasta se va fragezi, iar saramura va fi
absorbitd de tesuturile carnii fara sa mai fie necesara
vacuumarea, [15, 16, 17, 19].

Aceasta masina este compusa dintr-un echipament
mecano-pneumatic, si un automat programabil.

n principiu (fig. 2), echipamentul mecano-pneumatic
este  compus dintr-un  sistem electropneumatic
(compresor, electroventile, cilindru pneumatic), si doua
placi de presare (inferioara / fixa, respectiv superioara /
mobild). Pentru imbunatatirea procesului de fragezire,
fiecare din cele doua placi (cu placi food grade Teflon)
sunt prevazute cu dinti piramidali (6 - 6 - 6 mm), [12, 13].

= R . y
Fig. 2 - Cyélic impulsive pressing machine
(food grade Teflon pads with pyramidal prongs)

Pentru determinarea influentei procesului de fragezire
asupra cotletului de porc dezosat utilizat pentru reali-
zarea produsului sarat-afumat-prajit “Cotlet Perpelit”, cate
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meat, and “Cotlet Perpelit” final product) were processed

according to four methods:

- no tenderized pork boneless loin (NO TEND);

- pork boneless loin tenderized by six times successive
passing amongst the cutting prongs of the Four roller
tenderizer machine (FRT 6x);

- pork boneless loin tenderized by Cyclic impulsive
pressing machine in 5 pressing cycles, each consist-
ing in 0.5s pressing periods, and 0.5s pauses periods
(CIP 5-0,5);

- pork boneless loin tenderized by Cyclic impulsive
pressing machine in 20 pressing cycles, each
consisting in 0.5s pressing periods, and 0.5s pauses
periods (CIP 20-0,5).

To produce “Cotlet Perpelit” by using no-tenderized pork
boneless loin, there were followed certain traditional
phases: wet curing phase of entire pieces of muscle meat
(12% curing salt concentration), during 2 weeks; drying /
ripening phase in cold air ventilation for 6 hours; cold
smoke (approx. 20°C) for 10 hours, followed by 4 hours
hot smoke (approx. 80°C).

To produce “Cotlet Perpelit” by using tenderized pork
boneless loin, the tenderized meat was processed in following
phases: wet curing (12% curing salt concentration), during 4
days; drying / ripening phase in cold air ventilation for 6
hours; cold smoke (approx. 20°C) for 10 hours, followed
by 4 hours hot smoke (approx. 80°C), [12].

Tenderness evaluation by using Warner-Bratzler method

The most relevant and utilized methods to estimate
meat's tenderness are compression test, and Warner -
Bratzler shear test method. During Warner-Bratzler test
the shear blade achieves simultaneously both
compression and slicing / shearing of the product, [5, 7,
14, 15, 16, 17]. To perform interdisciplinary researches
concerning general texture and tenderness analysis,
universal testing machine Lloyd Instruments LRXPlus 5
(Unconventional Technologies and Equipment for Agro-
Food Industry Laboratory - UTEFIL, within Faculty of
Agriculture and Horticulture in Craiova) was used. Due to
collaboration between UTEFIL and Environmental Eng.
Laboratory within Faculty of Electrical Engineering, a
Warner - Bratzler experimental equipment was made:
special rigid frame (food-grade Teflon) that permits fast
fitting of inter-changeable Warner - Bratzler shear blades
(DIN W1.4571), [9, 10, 11]. During these experiments,
100mm/min cutting speed was used.

Representative Warner - Bratzler test diagrams for pork
boneless loin tenderized by using FRT 6x method, and for
“Cotlet Perpelit” obtained by using this tenderized meat,
are presented in fig. 3, and fig. 4, respectively.

Load (N)

Load at Maximum Load: 304.46 N
Machine Extension at Maximum Load: 19.77 mm
Stress at Maximum Load: 1.8452 MPa

Extension at Maximum Load: 19.77 mm

Work to Maximum Load: 1767.17 Nmm
Tensile Strength: 1.8452 MPa ‘
| |

1‘0 Zb Bb
Extension (mm)

Fig. 3 - Warner-Bratzler test diagram for tenderized
pork boneless loin by using FRT 6x
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6 probe (carne cruda, si produs finit “Cotlet Perpelit’) au

fost procesate conform a patru metode:

- cotlet de porc dezosat nefragezit (NO TEND);

- cotlet de porc dezosat fragezit prin trecerea succesiva de 6
ori printre valturile profilate ale masinii de fragezire
cu doué perechi de cilindn profilati pentru perforare (FRT 6Xx);

- cotlet de porc dezosat fragezit prin 5 cicluri de presare cu
magina de frdgezire prin presare ciclicd dinamica,
fiecare ciclu constand in: 0,5s presare, si 0,5s pauze
(CIP 5-0,5);

- cotlet de porc dezosat fragezit prin 20 cicluri de
presare cu masina de fragezire prin presare ciclica
dinamica, fiecare ciclu constand in: 0,5s presare, si
0,5s pauze (CIP 20-0,5).

Pentru producerea “Cotlet-ului Perpelit” din cotlet de
porc dezosat nefragezit, au fost parcurse urmatoarele
faze tradi-tionale: sararea umeda a bucatilor de carne in
saramura (12% concentratie), timp de 2 saptamani;
zvantarea n aer rece ventilat, timp de 6 ore; afumarea
rece (aprox. 20°C) timp de 10 ore, urmata de 4 ore de
afumare fierbinte (aprox. 80°C).

Pentru producerea “Cotlet-ului Perpelit” din cotlet de porc
dezosat fragezit, au fost parcurse urmatoarele faze: sararea
umeda a bucatilor de carne in saramura (12% concentratie),
timp de 4 zile; zvantarea in aer rece ventilat, timp de 6 ore;
afumarea rece (aprox. 20°C) timp de 10 ore, urmata de 4
ore de afumare fierbinte (aprox. 80°C), [12].

Evaluarea fragezimii prin metoda Warner-Bratzler

Cele mai relevante si utilizate metode pentru evaluarea
fragezimii carnii sunt testul la compresiune, si metoda de
feliere/taiere Warner-Bratzler. Tn timpul testului Warner -
Bratzler lama de taiere realizeaza simultan compresiunea
si felierea/ taierea produsului, [5, 7, 14, 15 16, 17]. Pentru a
efectua cerce tari interdisciplinare privind analiza texturii si
fragezimii a fost utilizatda masina universala de incercari
Lloyd Instruments LRXPlus 5 (din dotarea Laboratorului
pentru Tehnologii si Echipamente Neconventionale pentru
Industria AgroAlimentara - UTEFIL, din cadrul Facultatii de
Agriculturd si Horticulturd din Craiova). Tn urma colaborérii
dintre UTEFIL si Laboratorul pentru Ingineria Mediului din
cadrul Facultafii de Inginerie Electrica, a fost realizat un
echipament experimental Warner-Bratzler: suport rigid
(food-grade Teflon) care permite asamblarea rapida a
lamelor interschimbabile de feliere/taiere Warner-Bratzler
(DIN W1.4571), [9,10,11]. In timpul acestor experimente, a
fost folosita viteza de taiere de 2700mm/min.

Diagrame Warner - Bratzler representative pentru
cotlet de porc dezosat fragezit prin metoda FRT 6x, si
pentru “Cotlet -ul Perpelit” obfinut din aceasta carne
fragezita, sunt prezentate in fig. 3 si respectiv in fig. 4.

Load (N)

/|

159

\
l
l
\
\
\

\

Load at Maximum Load: 116.04 N

Machine Extension at Maximum Load: 25.87 mm
Stress at Maximum Load: 0.70329 MP

Extension at Maximum Load: 25.87 mm
Work to Maximum Load: 1866.23 Nmm
Tensile Strength: 0.70329 MPa/

T
10

2
Extension (mm)

Fig. 4 - Warner-Bratzler test diagram for “Cotlet Perpelit”
tenderized by using FRT 6x
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RESULTS REZULTATE
Tenderizing mathematical model Model matematic pentru fragezire

The mathematical model for studying the tenderizing Modelul matematic pentru studiul efectului fragezirii
effect is based on the hypothesis that any meat’s final are la baza ipoteza ca materialul oricarui produs din
product material can be characterized by numerical carne poate fi caracterizat prin curbe numerice obtinute
curves obtained by mechanical characteristics experiment- din diagramele caracteristicilor mecanice determinate experi-
tally determined for each tenderizing method. Resulting mental pentru fiecare tip de metoda de fragezire. Curbele
numerical curves could differ more or less from those of numerice rezultate pot sa difere mai mult sau mai putin
no tenderized meat samples. de cele obtinute pentru probele nefragezite.

In fig. 3 and fig. 4 it can be observed the maximum In fig. 3 si fig. 4 se pot observa valorile maxime ale
shear force that characterizes each type of pork boneless fortei de taiere care caracterizeaza fragezimea fiecarui tip
loin, and “Cotlet Perpelit” tenderness’. de cotlet de porc dezosat, si de “Cotlet Perpelit”.

Due to the inhomogeneous character of the meat’s Datorita caracterului neomogen al tesuturilor carnii, va-
tissues, the maximum shear force cannot describe all the loarea fortei maxime de taiere nu poate descrie intregul
cutting / shearing process. proces de taiere.

Therefore for each un-tenderized / tenderized pork De aceea, pentru fiecare proba nefragezita / fragezita
boneless loin sample, and for each “Cotlet Perpelit” ob- de cotlet de porc dezosat, si pentru fiecare proba de
tained by using these meat pieces, too, average curves “Cotlet Perpelit” obtinut din aceste bucati de carne, au
that describe all evolution of the shearing diagrams fost determinate numeric curbele medii care descriu toata
obtained by using Warner - Bratzler method were numerical evolutia diagramei fortei de taiere obtinuta experimental
determined (fig. 5 and fig. 6). prin metoda Warner - Bratzler (fig. 5 si fig. 6).

3000
o
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[} § 0 5 0 5 5 E 45 5
extension, mm
— no tend FRT 6X == CIP 5-0,5 +++ CIP 20-0.5
Fig. 5 - Numerical determined average curves of the four types of
pork boneless loin samples NO TEND; CIP 5-0,5; CIP 20-0,5; FRT 6x
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25 ." RNz
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0 b 10 15 20 25 30 33 40 43 30
extensia, mm
— notend FRT 6X == CIP 5-0,5 = CIP 20-0.5
Fig. 6 - Numerical determined average curves of the four “Cotlet Perpelit”
type samples CP-NO TEND; CP-CIP 5-0,5; CP-CIP 20-0,5; CP-FRT 6x
The proposed mathematical model is based on the Modelul matematic propus se bazeaza pe ipoteza
hypothesis that the characteristic curve of the sample (no conform careia curba caracteristica a fiecarei probe
tenderized, or tenderized by using mechanical methods), (nefragezita, sau fragezita prin metode mecanice), este
is obtained as a linear transformation that can be des- obtinuta ca o transformare liniara care poate fi descrisa
cribed by the vector equation, [1, 3, 8]: de ecuatia vectoriala, [1, 3, 8]:
X' T X .
F/ F ( )
where: F is the shear force in N, x is the cutting length unde: F este forta de taiere in N, x este cursa de taiere /
/extension in mm, before tenderizing (characteristic curve extensia in mm, inainte de fragezire (coordonatele curbei
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coordinates of the meat sample, before tenderizing); F’
and x’ represent the shear force and the cutting lenght /
extension of the same meat sample type (characteristic
curve coordinates, after tenderizing).
T is the linear transformation given by the matrix:
t
T= 11
o1
where tj, i =1,2; j =1, 2 are real numbers.
It must be noticed that each force F is represented by
a pair of coordinates (x;, Fi), i = 1, N, and each force F’is
represented by a pair of coordinates (x, F’), i =1, N. The

matrix elements T are calculated considering minimizing
condition of the functional:

N

~ 2 2
~9(t1,1,t1,2,t2,1,t2,2)=Z[(t1,1xi +10F —Xi) +(t2,1Xi +1p0F — Fi) ]

i=1

Based on described linear transformation, for pork bone-
less loin tenderized by using each method, the matrix T
elements are:

e pork boneless loin tenderized by Cyclic impulsive
pressing machine in 5 pressing cycles, each consis-
ting in 0.5s pressing periods, and 0.5s pauses periods,
(CIP 5 -0.5).

—0.048

( 0.998

e pork boneless loin tenderized by Cyclic impulsive
pressing machine in 20 pressing cycles, each consis-
ting in 0.5s pressing periods, and 0.5s pauses periods,

INMATEH:-- dq ricultural anqmcctmq

caracteristice a probei, inainte de fragezire); F ’si x ’ repre-
zinta forta de taiere si respectiv cursa de taiere / extensia
aceluiasi tip de proba dupa fragezire (coordonatele curbei
caracteristice a probei, dupa fragezire).

T este transformarea liniara data de matricea:

t1o
tro

in care t, i =1,2; j =1,2 sunt numere reale.

Trebuie remarcat ca fiecare forta F;i este reprezentata
de o pereche de coordotate (x i, F i), i = 1, N, si fiecare forta
Fi’ este reprezentata de o pereche de coordotate (x’,F’),
i =1, N. Elementele matricei T sunt calculate prin conditia
de minim a functiei:

@

©)

Pentru cotletul de porc dezosat fragezit prin fiecare
metoda, pe baza transformarii liniare descrise, elementele
matricei T sunt:

e cotletul de porc dezosat fragezit prin 5 cicluri de
presare cu masina de fragezire prin presare ciclica
dinamicad, fiecare ciclu constand in: 0,5s presare, si
0,5s pauze, (CIP 5 - 0,5).

4)

0.00000707
0.986

e cotletul de porc dezosat fragezit prin 20 cicluri de
presare cu masina de fragezire prin presare ciclica
dinamicad, fiecare ciclu constand in: 0,5s presare, si

(CIP 20-0.5). 0,5s pauze, (CIP 20 -0,5).
0.998 0.00000344
T= ®)
0.18 0.935

e pork boneless loin tenderized by passing 6 successive
times amongst the cutting prongs of the Four roller
tenderizer machine, (FRT 6X).

e cotletul de porc dezosat fragezit prin trecerea succe-
siva de 6 ori printre valturile profilate ale masinii de
fragezire cu doud perechi de cilindri profilati pentru
perforare (FRT 6Xx).

0.773

0.989 0.0000452
(6)

- (— 0.326

The numerical tenderizing curves for pork boneless
loin obtained by using the mathematical model are pre-
sented in fig. 7, fig. 8 and fig. 9, respectively.

In fig. 7, fig. 8 and fig. 9, respectively, it can be observed
that the configurations and the maximum amounts of the
numerical tenderizing curves are similar with the average
curves experimentally determined (fig. 5). All these
similarities validate the mathematical model based on
proposed linear transformation.

Curbele numerice de fragezire pentru cotletul de porc
dezosat, obtinute prin utilizarea modelului matematic, sunt
prezentate in fig. 7, fig. 8, si respectiv fig. 9.

in fig. 7, fig. 8, si respectiv fig. 9, se poate observa ca
atat configuratia, cat si valorile maxime ale curbelor
numerice de fragezire, sunt similare cu diagramele medii
determinate experimental (fig. 5). Toate aceste similaritati
valideaza corectitudinea modelului matematic propus
bazat pe transformarea liniara.

400

Load N

0 10 20

30 40 30

extension, mm

— nottend - . experimental tenderizing = . = theoretical tenderizing
Fig. 7 - Numerical tenderizing CIP 5-0.5 curves obtained by using the mathematical model
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Fig. 8 - Numerical tenderizing CIP 20-0.5 curves obtained by using the mathematical model
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Fig. 9 - Numerical tenderizing FRT 6x curves obtained by using the mathematical model

Based on described linear transformation, for “Cotlet Pentru “Cotlet - ul Perpelit” obtinut din cotlet de porc
Perpelit” tenderized by using each method, the matrix T dezosat fragezit prin fiecare metoda, pe baza transfor-
elements are: marii liniare descrise, elementele matricei T sunt:

- “Cotlet Perpelit” tenderized by using Cyclic impulsive - “Cotlet Perpelit” obtinut dupa fragezirea prin 5 cicluri
pressing machine in 5 pressing cycles, each consisting in de presare cu masina de frdgezire prin presare ciclica
0.5s pressing periods, and 0.5s pauses periods, (CP - dinamica, fiecare ciclu constand in: 0,5s presare, si 0,5s
CIP5-0.5); pauze, (CP- CIP 5 - 0,5);

1.002 -0.0002219 @
—0.048 0.689

- “Cotlet Perpelit” tenderized by using Cyclic impulsive - “Cotlet Perpelit” ob{inut dupa fragezirea prin 20 cicluri
pressing machine in 20 pressing cycles, each consisting de presare cu masina de fragezire prin presare ciclica
in 0.5s pressing periods, and 0.5s pauses periods, (CP - dinamica, fiecare ciclu constand in: 0,5s presare, si 0,5s
CIP 20 -0.5); pauze, (CP-CIP 20 - 0,5);

0.999 -0.0005576 @®
0.331 0.534

- “Cotlet Perpelit” tenderized by passing 6 successive - Cotlet Perpelit” obtinut dupa fragezirea prin trecerea
times amongst the cutting prongs of the Four roller succesiva de 6 ori printre valturile profilate ale masinii de
tenderizer machine (CP - FRT 6x). fragezire cu doua perechi de cilindri profilati pentru

perforare (CP-FRT 6Xx).
1.001 -0.0005576 ©
0.696 0.478

The numerical tenderizing curves for “Cotlet Perpelit” Curbele numerice de fragezire pentru “Cotlet Perpelit”,
obtained by using the mathematical model are presented obtinute prin utilizarea modelului matematic, sunt prezen-
in fig. 10, fig. 11 and fig. 12, respectively. tate in fig. 10, fig. 11, si respectiv fig. 12.

In fig. 10, fig. 11 and fig. 12, respectively, it can be In fig.10, fig. 11, si respectiv fig. 12, se poate observa

observed that the configurations and the maximum amounts ca atat configuratia, cat si valorile maxime ale curbelor
of the numerical tenderizing curves are similar with the numerice de fragezire, sunt similare cu diagramele medii

average curves experimentally determined (fig. 6). determinate experimental (fig. 6).
All these similarities validate the correctness of mathe- Toate aceste similaritati valideaza corectitudinea mo-
matical model based on proposed linear transformation. delului matematic propus bazat pe transformarea liniara.
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Fig. 10 - Numerical tenderizing CP-CIP 5-0.5 curves obtained by using the mathematical model
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Fig. 11 - Numerical tenderizing CP-CIP 20-0.5 curves obtained by using the mathematical model
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Fig. 12 - Numerical tenderizing CP-FRT 6x curves obtained by using the mathematical model

CONCLUSIONS

Considering physically issues, mechanical tenderizing is
a process that has to reduce the meat’s mechanical
characteristics amounts of the final product. Each ten-
derizing method produces significant changes of specific
strain within the meat’s tissues, which determines the
tenderness’ improvement.

The main conclusion drawn in this paper refers to the
correctness of the mathematical model based on pro-
posed linear transformation, proved both by the curves’
configurations and the maximum amounts similarities’
between the numerical tenderizing curves, too, and the
average curves experimentally determined, respectively.

Further general and specific conclusions could be
draw after this mathematical model will be applied for
other types of meat, before and after the same or other
mechanical tenderizing methods.

The data presented in this paper can be important for
all the specialists interested in decreasing the wet curring
period of the traditional meat products.
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CONCLUZII

Din punct de vedere fizic, fragezirea mecanica este un
proces care trebuie sa reduca valorile caracteristicilor
mecanice ale produsului finit. Fiecare metoda de fragezire
produce modificari semnificative a tensiunii specifice din
interiorul tesuturilor carnii, care determina imbunatatirea
fragezimii.

Concluzia principala a acestei lucrari se refera la corec-
titudinea modelului matematic bazat pe transformarea
liniara propusa, dovedita atat prin configuratia curbelor, si
de asemenea prin similitudinea dintre valorile maxime
dintre curbele de fragezire numerice, si respectiv curbele
medii determinate experimental.

Viitoare concluzii generale si specifice vor fi formulate
dupa ce acest model matematic va fi aplicat pentru alte
tipuri de carne, inainte si dupa alte metode de fragezire
mecanica.

Informatiile prezentate in aceasta lucrare pot fi importante
pentru toti specialistii interesati in reducerea perioadei de
sarare umeda a produselor tradiionale din carne.
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