Acta Agrophysica, 2006, 7(1), 249-263

PREDICTIVE FOOD RHEOLOGY.
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Abstract. The influence of the conditions of thdrtreatment, fat content and protein hydration as
well as polyphosphate addition on the rheologitatesof model block meat products, characterisd wi
CASRA analysis parameters, i.e. plastidiy, elasticity E) and fluidity ) was tested on an extensive and
diversified experimental material. It has been éband stated that the conditions of the thermatrtrent
affect mostly the plasticity?) — the most important parameter from the pointi@fv of a food technician,
determining the product block behaviour duringreicthe fat content affects all the examined rbgiohl
parameters, but mostly the elasticl) énd fluidity ), the protein hydration affects the plasticly and
elasticity E) and the addition of polyphosphates affects mastiyelasticity ) and fluidity (F). We have
succeeded in integrating effectively the conditiofthermal treatment, i.e. temperature and tinfeeafing,
basing on the Ball-Olson concept applicable toitiegration of the thermal sterilisation conditionfs
microorganisms in canned products. The time ofikgehe outer parts of the block in high tempeeatuas
taken as the time of heating. With an excellentiaoy the relation of plasticityP) to all the examined
factors was described, having regard to the irtterscbetween the thermal treatment conditionsfand
content in the product stuffing. With a good accyrthe relation of elasticityd) and fluidity §) to all the
examined factors was described. The statisticijsamahowed no important interaction betweenhbeanal
treatment conditions and fat content in the canpediuct stuffing. A systematic, relatively simple
chemometric proceeding was presented, enablingfivecbf quality features of meat products.

Keywords: block meat products, rheological stateedgtive food rheology, thermal
treatment conditions

INTRODUCTION

Block meat products — a technological term for npeatiucts made in the form
of a regular block easy to portion into pieces or — moreiémty — slices, in order to
be sold in such a form to the end consumer. In the Polish maeigtriy, as prototypes
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of block meat products, there appeared canned pnedticts (ham, shoulder, pork

loin, chopped pork and luncheon meat) made foAtherican market in oblong and

pullman type cans. The American recipient openedctns, sliced the product and
then sold it in portions in foil bags. At preseialjowing the pre-selection sales in

supermarkets, the packed block cured products lbes@me a popular assortment on
the Polish market, too.

The essential quality feature of block meat products (oflymts of a good
consistency) is their texture, both from the pointsvigfiv of the consumers'
preferences and of the block behaviour duringrglicirhe point is to cut the meat
block, without loss of material, into as thin sticGes possible and with the application
of rapidly slicing machines.

A term of “predictive microbiology" is defined asegliction of growth, survival
or inactivation of microorganisms in foodstuffs. Similarly, one aaagine the
term of “predictive rheology” defined as prediction of behavioua determined
subject in the course of the action of forces causing réerand irreversible
changes in its internal structure, shape, size and physical state.

A food technologist, while designing a new product or modifying ariegis
one, should be able to predict how to develop its quality — seled¢tgatv
materials and additives and setting the conditions of productiocess — and
how the product will behave during processing into finished product.

THE AIM OF THE WORK

The planned examinations were aimed at determining the influsntiee
basic parameters characterising raw material comgnosind conditions of thermal
treatment on the rheological properties determining the terfusemodel meat
product representing the so-called block meat products.

MATERIAL

The material for testing was a pork meat product of the lunchean type.
It was produced in the form of canned products in closed 850 g cylindeofcans
size of 99 x 112 mm. The raw material was corned pork meat fefatit fat
contents and potato starch of 2 to 3% added to the stuffihig15% of water.
Polyphosphates in different volumes were also addied canned products were
heated in the conditions typical both for steri@aand pasteurisation processes. The
variables were as follows:
- 7 variants of heating temperatuiig: (

- 3 for pasteurisation: 7&, 85C, 95C,

- 4 for sterilisation: 104°C (220F), 112.7C (235F), 121.2C (25CF),

129.4C (265F);
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- heating timety:
- for pasteurisation variant — resultant time, until the teatpes in the can
centre increased to 72,
- for sterilisation variant — until reaching the sterilisat value from
Fo = 1 min toF, = 4 min in the can centre;
- 5 variants of fat contents in stuffing (F(-8%, 12-14%, 18-20%, 24-26%,
30-32%;
- 4 variants of polyphosphate additives (PM) deses: without additives,
1.5 g kg', 3 g kd', 5 g kg' calculated as Ps.
Altogether 7 x 5 x 4 = 140 experimental canned meat variants were produced.

METHODS

During heating and cooling the canned meat, theeemure of the heating
medium and in the can centre was monitored, andstirdisation value §was
calculated. After opening the cans, first the tlarimss was weighed and then the
block was subjected to rheological and chemicéd tes

Rheological examinations

The rheological properties of cured meat produesewested with the Continu-
ously Alternating Stress-Relaxation Analysis (CASRI&scribed by Tyszkiewiczt.
al. [9], determining the following parameters: plagfi¢P), elasticity (E) and fluidity
(F), with the application of UTM Zwick 1440 MOPS. the CARSA method the
plasticity of meatR) is a rheological parameter determining the sttengcessary
for destroying the structure of the material of theted subject, elasticitf) is
a rheological parameter informing about the abitfythe material of reversible
changes in the shape of the tested subject, adayfl(F) is a rheological parameter
informing about the ability of the material of wersible changes in the shape of the
tested subject.

The conditions of CASRA method were as follows:

- crosshead velocity: between the bites — 120 mm'raid within the bite

2 mm min’,

- unit force F,=0.5 N,

- force increment AF = 0.5 N for each next bite,

- duration of stress and relaxation periodg=-15 s each,
- rectangular punch (2 mm x 20 mr)= 410°n?,

- modular stresg; = 1,2510° N m.
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Physical and chemical examinations

Immediately after opening the cans, the quantitghef thermal loss (TL) was
determined with the weight method, according to the methodologyiloesdy
Ostrowska and Olkiewicz [2]

The basic chemical composition of the canned product produced icufsarti
variants was checked with the determination of the real contents of:

- water (W) with the drier method in the temperature of°C0&ccording to PN-
ISO 1442:2000 /3/,

- fat (RFC) with the Soxhlet method with the applicationhaf apparatus Soxtec
of Tecator Company, according to PN-ISO 1444:2000 /4/,

- total protein (P) with the Kjeldahl method with the applaratof the apparatus
Kjeltec of Tecator Company according to PN-75/A-04018 /5/,

- phosphorus (PM) with the weight method according to PN-A-82060:1999 /6/.

The results were interpreted statistically applying cati@h and regression
calculations with the application of Statgraphics Plus for Windows.

RESULTS AND THEIR INTERPRETATION

The results were analysed using the correlation calculatodetermine
relations between the parameters, and the relations wafteddin order to see
their character. On the basis of analysis of the diagrdmmsariants representing
the sterilisation temperature of 104C1L(3% of results) were eliminated, because
for this value a gross error of the fluidity parameter (F) wasdstate

The results of the correlation analysis for thedfet36 variants are shown in
Table 1. As it could have been provided for, theptbgical parameters of plasticity
(P), elasticity E) and fluidity ¢) are inter-correlated; the elasticity and fluidity
positively and the plasticity — negatively. All tHeological parameters are correlated
with the temperatureT) of thermal treatment, the elasticiti) (with the time of
duration of the said processing, too. A high negatorrelation coefficient between
the temperaturelf and time 1) of thermal treatment was stated for low, in nigjor
minor correlation coefficients of time of procegginith the rheological parameters,
which indicates the necessity of a better-thoughamalysis of the said relations.
All the rheological parameters, however, are styorgrrelated with the real fat
content (RFC) and, much more weakly — with the phosis content (PM) in the
product. The last relation is, however, of a noedir character, since the effective
action of polyphosphates on meat structure isdithio their lower doses [10]. There
is, moreover, a curious fact of low, though substantiaitipe correlation of water to
protein (W/P) ratio with two negatively correlatdueological parameters: plasticity
and elasticity. The high correlation of water totpin contents ratio (W/P) with the
thermal treatment temperature (T) may be explawvitdthe relatively high



Tablel. Correlation coefficients between rheological paeters and chemical formulation and thermal treatroenditions

Parameters
Integrated
Rheological state Thermal treatment Chemical foatioth thermal
treatment
- E F T t RFC wW/B PM kst
P —0.676*** —0.757*** —0.684*** 0.071 —0.412*** 0.01* 0.176* —0.795***
E - 0.879*** 0.178* 0.210* 0.710%* 0.200* 0.313**= 0.457***
F - 0.333*** 0.035 0.640*** 0.049 —0.311 % 0.45F*
T - —0.599*** -0.051 —0.470** 0.139
t - 0.013 0.249** -0.113
RFC - 0.306*** —0.346***
W/B - -0.019

Significance level™ = P
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o
o
S
=
I
Y
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0.01, =P< 0.05.
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thermal losses reducing water content in the progtuthe variants heated to the
highest temperatures. On the other hand, in thaniarrepresenting products with
high fat content and addition of polyphosphateg, iass losses could mean fat
melting and not water loss. The distribution of thermaldesn the model products is
presented in the Figure 1. As it may be seen,dmihjority of cases no losses were
observed. The higher losses were observed in tientsaof high fat content heated
to high temperatures. The possibility of co-exiseerof many types of such
interactions forced us to interpret the experimentaltesul systematic way, basing
on multifactor correlation analysis.
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Fig. 1. Frequency distribution of thermal loss from mogklducts

The concept of systematic data analysis and an attempt at uniform
description of the observed relations

It was assumed that each parameter charactergntheological properties of
experimental subjects; fay be described with the sum of elements depépdehe
parameters characterising their raw material coitipesand production process
conditions. Such an assumption enabled the usenekaient analysis of correlation
and multiple regressions. Having in mind that ribtree parameters characterising
raw materials and production process would have ctieracter of independent
variables and that certain relations, by their rgatbave a non-linear character, the
necessity of making necessary parameter integratiotine arising of curvilinear
relations and of taking into consideration the fmssinteraction between the
examined factors, was assumed.
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Integration of thermal treatment parameters

The integration of the thermal treatment parameters wsedban the princi-
ples applied by Ball and Olson [1] for the integration of thesemeters in the
examination of their influence on microflora reduction. Thereforeag assumed
that the model temperature was 25Q121.2C) and the empirical formula of
lethality L,was been applied:

1=1lo

1T -250F
1

where ) means the thermal treatment temperature, and the para(@gte
determined in°F is the measure of thermal susceptibility of the subjedhe
action of temperature (similar to the thermal resistanceiofoorganisms). Such
a transformation of the sterilisation temperature wasuuiséiile describing the
dependence of the parameters of beef meat texture on sterilieatiparature of
the canned beef stew [8]. On the basis of the specific[teldtét was found that
the best conformity of results was obtained for Z =F7&2°C) and, therefore, it
was assumed that the integrated parameter of thernainget would be the
product of lethality (L) and time (t) of keeping the subject in a given tempegatu
and that the dependence of the parameters of the rheologicoktime tested
subjects Non this parameter would be possible according to the formula:

i NA + B (L) 2

The positive result of the integration of parameters aithétreatment has been
shown in the form of substantially higher correlation coefficieadsgiven in the
Table 1.

Integration of thermal treatment and real fat content (RFC) parameters

Having regard to the border conditions of the effects, one shoul@ertor
the possibility of interaction between the factors charaatgrisaw material
composition and thermal treatment parameters.

As it results from the Table 1, the rheologicalgpaeters: elasticityH) and
fluidity (F) depend, first of all, on fat content in the stuffing. On one handane
imagine a very lean stuffing, practically with na RFC = 0), on the other hand —
a very fatty stuffing. In the first case there is nfatien of the thermal treatment
parameters with the fat content, in the second case, haveg\reégh temperatures
and long time of thermal treatment, fat may melt down andltek will contain
less fat than it results from the raw material recipe. mb#ing down of fat was
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observed at the highest sterilisation temperature of 129lh the Figure 2 the
distribution of the fat content in model products has been prekdriterefore, it
could be envisaged that while examining the relation of rheologazameters,
the equation of the type as follows would be taken into consideration:

N; = A(T7sB)+B; RFC+GRFCT5f) +D; 3,

where: N — examined rheological parameter, and B\, C, D;, constants. The
interaction effect will appear depending on the value and sigheoténstant
“C/". If it is positive, it would mean the strengthening of theeefffof thermal
treatment at the increase of fat content in the stuffingegative — it would mean
the weakening of this effect; € 0 shall mean no interaction.
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Fig. 2. Frequency distribution of fat content in modelgwots
Transformation of the parameter connected with phoghorus (PM) content

In the Figure 3 the distribution of phosphorus content in the model products
has been presented.

As we know, the addition of polyphosphates to théfisg results in better water
binding ability, less ability of thermal loss, aimdprovement of block texture. These
effects, however, do not increase in a linear wallpwing the increase of
phosphorus content in the stuffing. Above a cefiaiit of phosphorus addition, no
more effects were observed [10]. A certain volumeatfiral phosphorus is contained
in the meat itself, and — more precisely — in ésnl muscle tissue. In the equation
describing the relation of the stuffing rheologicalgmaeters it was provided that
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the effect would be curvilinear and — in order to make the tefieear — an
inverse of phosphorus content in a block would be applied. In this d@men
the equations of elasticity, = E and fluidityN; = P parameters, the relation of
the type as below will be provided for:

N= A, + Bi[-lL (4),
PM

and in the case of plasticiti), showing positive correlation, the relation will be
as follows:
1
N]_ =P= SPM) =AG—C (5)

B+
PM

In both the cases, if the value “PM” grows to iitfinthe effect of polyphosphates
will be limited with the constant valud = A; or P = A/B.
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Fig. 3. Frequency distribution of phosphorus content irdei@roducts

The role of the protein hydration coefficient (W/P) in the shaping
of the product rheological parameters

In the Figure 4 the distribution of the ratio of eratontent (W) to protein content
(P) in model products has been presented. The piogdration coefficient, being the
ratio of water content to protein content in theatnés a non-denominated Feder
number characteristic for particular muscles ougsoof muscles of slaughter animals
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and it is directly connected with the efficiencydguctivity) of the products. By
principle, for block meat products, it is deterngiran a constant level, guaranteeing
no or a minimum of thermal loss only. In our casethe constant level of water
addition to the stuffing and at the assumed higlatikan of fat content and possibility
of thermal loss, the said coefficient was showtaglependence on all other variable
factors. Thus a simple addition of the element déest on the protein hydration
coefficient to other variable factors has beenrassl The stated relations between
the parameters characterising the rheological piepeof model products proved to
be specific for products of high protein contemtsfpive correlation between elasticity
(E) and fluidity (F) [7].
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Fig. 4. Frequency distribution of W/P ratio in model protiu
Factors affecting plasticity of block cured meat

The analysis of multiple correlations and multiple limegressions has shown that
all the examined factors have substantial influemcplasticity (P) and the equation:

N,=P=2P takes the form:
P=2.99 — 0.052 ;51— RFQ0.103 — 0.0012 /5 X[{) —

0.951 1 — 0.440W/P (6).
0.179+ 0,086
PM

The multiple correlation coefficient is 0.959.



PREDICTIVE FOOD RHEOLOGY 259

In the Figure 5 a graphic relation between the observed valueshase t
predicted from the equation has been presented. For edge vavidthisut
phosphate additives, PM = 3.2 g'kB,0s, Spm) = 4859 kg P,Os, with big
phosphates additive PM o Spy) = 5.59 g kg1P205. For lean meat without fat
(RFC = 0) without phosphates additiogwp = 4859 kg'P,Os and at Feder
number W/P = 4 the equation (6) is simplified to the form:

P =6.08 — 0.052 /5[ 7).

In the figure 6 this equation has been drafted (straightllirend its run has
been shown: for fat content of 20% (straight line 2), for irewdavalue of the

coefficient W/P = 5 (straight line 3) and addition of polyphosphat the level of
6.7 g kg' (straight line 4).

observed

predicted

Fig. 5. Plot of Plasticity
Factors affecting elasticity (E) of block cured meat

The analysis of multiple correlations and multiple linear regjoms has
shown that the interaction between the parameters of thersadmgnt and fat
content is not important for elasticity (E) and the equation:

N,=E=2F takes the form:

1
E=-5.911+ 0.02E (il + 0.128RFC + 4.50m— 2.07W/P (8)
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The multiple correlation coefficient is 0.821. In the Figura @raphic relation
between the observed values and those predicted from the equatitvedmas
presented. For edge variants: without phosphates addition PM =kg2 RO
and for Feder number = 4 the equation (8) is simplified to the form:

E = 3.78 + 0.027 T+ 0.128RFC )

observed

predictel

Fig. 7. Plot of Elasticity
Factors affecting fluidity (F) of block cured meat

The analysis of multiple correlations and multiple linear esgions has
shown that the interaction between the parameters of thersadmgnt and fat
content is not important for fluidity (E) and the equation:

N; = F = JF; takes the form:

1
F=-2.621+0.01% 5+ 0.054RFC+ 2.663m + 0.576W/B (10).

The multiple correlation coefficient is 0.822. In the Figura §raphic relation
between the observed values and those predicted from the equatitedmas
presented. For edge variants: without phosphates addition (PM =§2Ry0s)
and for Feder number = 4 the equation is simplified to the form:

F = 0.515+0.01% ;5[t + 0.054RFC (11)
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CONCLUSIONS

1. The influence of the conditions of thermal treatméat content and protein
hydration as well apolyphosphate addition on the rheological state of the model
block cured meat type, characterised with CASRA aisparameters, i.e. plasticity
(P), elasticity E) and fluidity ) has been tested on an extensive and diversifad t
material.

2. It has been found and stated that:

= the conditions of the thermal treatment affect mostly the plastijty (
the most important parameter from the point of view of a food
technician, determining the product block behaviour during slicing,

= the fat content affects all the examined rheological paraseleit
mostly the elasticityE) and fluidity ),

= the protein hydration affects the plasticity (P) and elastii}y (

= the addition of polyphosphates affects mostly the elastiijyahd
fluidity (F).

3. We have succeeded in integrating effectively thaditimns of thermal
treatment, i.e. temperature and time of heating, basing on th®IBan concept
applicable to the integration of the thermal sterilisationd@mons of micro-
organisms in tinned products. The time of keeping the outer gatis block in
high temperature has been taken as the time of heating.
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4. With an excellent accuracy the relation of plasticity @h all the
examined factors has been described, having regard to thectiotesabetween
the thermal treatment conditions and fat content in the product stuffing.

5. With a good accuracy the relation of elasticity (E) #adllity (F) on all
the examined factors has been described. The statistical anadgsishown no
important interaction between the thermal treatment conditimal fat content in
the tinned product stuffing. One cannot exclude that it is possible to achieve bette
accuracy of the description of the relation, if the curvilinebaracter of the
examined relations and possible importance of other interactietvgeen the
examined factors are taken into consideration, as well as factiars like meat
water absorption and pH value.

6. A systematic, relatively simple chemometric proceeding basn
presented, enabling prediction of quality features of meat products.
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PROGNOZOWANIE REOLOGIZYWNOSCI.
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Streszczenie. Na licznym i zricowanym materiale badawczym przebadano wptyw i
obrobki cieplnej, zawarfoi uszczu i uwodnienia biatek oraz dodatku wieérandéw na stan reologiczny
modelowej wdliny blokowej typu Juncheon meat” charakteryzowpiparametrami analizy CASRA,
tj . plastycznéci (P), elastycznai (E) i plynndci (F). Stwierdzonoze: warunki obrébki cieplnej najsilniej
oddzialywaj na plastyczni@ (P) — najwaniejszy z punktu widzenia technologgwnaosci parametr
decydujcy o zachowaniu sibloku produktu w czasie plasterkowania, zawarthiszczu oddzialuje na
wszystkie badane parametry reologiczne, ale najsila elastyczrié (E) i ptynnai¢ (F), uwodnienie biatka
oddzialug na plastyczni@ (P) i elastyczni& (E), a dodatek wielofosforandéw najsilniej oddzigina
elastycznéc (E) i ptynnaé (F). Udato s skutecznie zintegrowavarunki obrobki cieplnej tj. temperagur
i czas ogrzewania w oparciu o koncepBjalla-Olsona stosowando integracji warunkéw sterylizacji
cieplnej drobnoustrojow w konserwach. Jako czagewgania przyto czas przebywania w wysokiej
temperaturze zewtrznych partii bloku. Z bardzo depdoktadndcia opisano zaleos¢ plastycznéci (P)
od wszystkich badanych czynnikéw, przy uwdgieniu zachodgych interakcji midzy warunkami
obrébki cieplnej a zawadoa tluszczu w farszu produkiu. Z dabdoktadndécia opisano zalenos¢
elastycznéci (E) i ptynndci (F) od wszystkich badanych czynnikow. Analizatysttyczna wykazata brak
istotndci interakcji medzy warunkami obrobki cieplnej i zawaite tuszczu w farszu konserwy. Zade-
monstrowano systemowe, stosunkowo proste chemanetrposipowanie umdiwiajace prognozowanie
cech jakéciowych produktow misnych.

Stowa kluczowe: msne produkty blokowe, wdaiwosci reologiczne, prognozowanie reologii
zywnasci, warunki obrébki termicznej



