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Abstract. A study of selected popular market meadyects was undertaken. The aim of the study
was to examine their quality in a comprehensive.Wag present work was undertaken in order toerelat
the rheological parameters of the employed metfield, CASRA) with the level of functional compo-
nents contained in the tested meat products, addtésmine their effect on the rheological pararsete
The following tests were carried out: basic chehtioanposition, Feder number, and the rheologictl te
The tested meat products revealed a high vanabflithe studied chemical discriminants and rheotdg
parameters, which results from differentiated raatemial composition, degree of protein hydratiord a
level of functional additives. The correlation & of rheological parameters of the studied prtsdu
showed that the Feder number was best correlatbdtivé rheological parameters. Multiple regression
analysis allowed developing the equations of maltipgressions with the main chemical discriminahts
the studied products for all the examined rheollgiarameters. The correlations indicated above and
interactions between the studied rheological paesiand functional components of the tested pteduc
were well shown on PCA “bi-plots” and connect takation between chemical composition of the prod-
uct with the parameters of rheological charactesist

Keywords: meat products, raw material compositfangctional additives, rheology charac-
teristics, Principal Component Analysis (PCA)

INTRODUCTION

We are encountered with a big variety of functicaxdditives, appearing on the
market, which may be employed in meat processihgy play many technological
functions. They includenter alias preservatives, antioxidants, emulsifiers, emulsi-
fying salts, acids and acidity regulators, colowgwbilisers, thickeners, gelling
agents, flavour enhancers and modified starch.l@ga status of food additives
application is regulated by the Regulation of thimiser of Health of 23rd April,
2004 on admitted food additives and processing(&dgulation 2004).
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Such a situation allows the process engineers to introduce manfune-
tional substances to the products as well as to employ thosh wifa already in
use but at new, increased rates, being limited only by the tiegulaentioned
above. The criterion of price which is often imposed on the proddceirsy de-
velopment of a product by big trade organizations, with distinctiseased pos-
sibilities of employing the functional additives, causes thaara of raw material
of higher quality becomes replaced by a cheaper worse-qualitymaterial.
Common use of cheaper fat and collagen substances in productiomahoeat
products and of mechanically deboned meat, so-called MDM (poultryakd
meat), may serve as an example of such procedures. It esfeesially to ho-
mogenous products such as frankfurter-type sausagedwki kietbasy paréw-
koweandserdelk) (Tyburcyet al. 2005).

To obtain appropriate yield or to lower thermal losses, impfatvand water
emulsification and obtain or preserve appropriate colour anditstatbithe prod-
uct, suitable functional additives are used (Rutkowski, Gwiazda 19a8h addi-
tives, being generally employed in the meat industry, includkil@ase (potato,
wheat), potato starch, yeast extract, soy protein (concentrasmlate), blood
protein, carrageens, sugar, glucose, flavouring spices and theictexstabilis-
ers: E-450 (diphosphates), E-451 (triphosphates), E-452 (polyphosphateg), E-33
(sodium citrate), antioxidants: E-315 (iso-ascorbic acidB1&-(sodium iso-
ascorbate), E-300 (L- ascorbic acid), E-301 (sodium ascorbate)vartbses:
E-205 (sodium nitrite), E-251 (sodium nitrate), thickeners: E-40Tageen), and
flavour enhancers: E-621 (sodium glutamate) (Siskii1996, own information).

Interactions occurring between the main components of batter deteimine
water-holding capacity, emulsion stability, and shape the rheolqgimgerties of
batter texture and, in consequence, consistency of the final prQdaggta
1997). Extraction of muscular proteins, mainly of myosin and actamyos! sol
formation, occurs solely at the presence of salts, increasing strength of the
environment (Theno, Siegel, Schmid 1978). The increase of salicaddituses
increase of ionic strength and is a factor affecting the guaflihomogenous bat-
ter emulsion. The addition of salts to meat batter causise of the degree of fat
phase dispersion (Makata 1995, 1996). In the case of bloc productsd fisome
greater pieces of meat, the concentration of brine is tarfadhich affects the
degree of meat bloc binding (Olkiewicz 1997).

The addition of functional substances or replacers, e.g. of fangdtiie
manufacturing process of cured meat products is reflected iexhee and sen-
sory quality of the final product (Piotrowska al. 2005). Phosphates, as used in
production of finely comminuted and homogenisedsagas, improve water-binding
capacity and emulsion stability, which has a faablg effect on the quality of the
product (Tyszkiewicz and Tyszkiewicz 1972, Rutkowasid Gwiazda 1993). The
addition of diphosphates and polyphosphates imtiaatity of 3 g kg — which cor-
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responds to the rate of the added phosphorus: &f@PgDs — caused reaching the
maximum value of the studied rheological paramdtethe case of sausages pro-
duced from chicken meat; further increase of phasghaddition did not improve
the texture of the product (Zawadzka al. Kern-Edrychowski 2003). Similar
conclusions could be drawn from the examinatiophtafsphate mixture with a new
composition (Makatat al. 2005). On the other hand, the addition of 0.3% of carra-
geen and 0.5% of phosphates allowed producing ham ¢hicken, with the yield
equal to 160% in relation to the weight of meagrelterised by good sensory and
technological quality (Stouiski et al. 2003). The replacement of tendinous beef
meat with hydrated preparation of soy protein cotreém had a significant influ-
ence on the rise of thermal loss and decline otdéhe strength of slices (Makata,
Olkiewicz 1999). Tyszkiewicet al (1997) conducted studies on the influence of
protein and carbohydrate fat replacers on the texaticomminuted meat products
and their acceptance by consumers, and it wasleglfaat decrease of fat content
did not affect negatively the texture only when #édglitional quantity of water was
bound in the structure of the product. Such texparameters as humidity, hardness
and springiness were significantly correlated it level of fat substitution.

From the studies by Ostrowska and Olkiewicz (1999) it follohet, apart
from lowering of the fat content in the model product, the switistn of fat with
polysaccharide-protein replacer caused significant changesphyisicochemical
characteristics: the level of protein was changed, the wargent was increased,
plasticity (°) was decreased, elasticitly)( fluidity (F) and thermal loss were in-
creased, the parameters of profile analysis of texture: éssdrtohesiveness,
gumminess and chewiness were deteriorated. The applicati@plater with a
high degree of hydration of protein component was accompanied by acsighif
deterioration of rheological characteristics and the degfelwering of the
rheological quality, and the degree of bloc binding was significdependent on
the participation of meat and fat in the raw material formuaséind the assumed
level of fat substitution. It was observed that increasprofein content in the
product caused inhibition of the decline of plasticRy &nd rise of elasticityH)
and fluidity (F), caused by fat replacement, so weakening of the rate afotlate
tion of texture and bloc binding together with the rise of lefesubstitution.
Similar conclusions may be drawn from the studies by Tysi&rest al. (2006)
on the factors shaping the rheological properties of cured meat adduthe
form of bloc. It follows that fat content in the product affeall the examined
rheological parameters but it has the strongest effeclastioity (E) and fluidity
(F); the degree of protein hydration has an influence on ptagt®) and elastic-
ity (E). The addition of polyphosphates affects the elagt{&) and fluidity (F)
most strongly.

It was revealed that the combined application of functional ipotEoy or
casein) and microbiological trans-glutaminase improved waterfgplchpacity
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as well as tear force of the model product with the ppgimn of PSE meat
(Olkiewicz and Ktossowska 2002). Also, other studies confirmecttieetive-

ness of trans-glutaminase addition in improving the texture (hardnesshewi-

ness) of model sausage with the participation of mechanicatignee poultry
meat (MDPM) (Cegietka and Flis 2005).

From the above abbreviated information, we may conclude about thesuinque
tionable fact of the effect of reasonably employed functional suteta— apart
from the basic components (water, protein, fat) — on the quality aff pneducts,
including their rheological properties.

JUSTIFICATION FOR UNDERTAKING THE STUDIES
AND THE PURPOSE OF THE WORK

Studies on the effect of selected functional additives on model preducts
have been conducted at the Meat and Fats Research Institotarfpryears. The
results of the mentioned studies have been widely presented irs pajdished
in the Annals of the Institute and cited above. To determine therrong rela-
tionships in a univocal way, the number of factors in such model studies is limited
to 2-3, and the model of the product is, as a rule, very sintgplifiee problem is
different in the case of market products where we have fondgamany prod-
ucts such as sausages of frankfurter typmdwkaor paréwkowq, being often
much differentiated in respect of formulation within the sassortment group.
There is a strong competition among the producers and we may suppose that there
are different methods employed in order to make the products cheagrer at-
tractive and outstanding. The Regulation of the Minister ofcddftire and Rural
Development (Official Journal of Laws No. 220, item 1856) on laigelif food
products imposed a duty on the producers to determine the quantitgabdfin
products intended for direct consumption (Tyszkiewicz 2005). The raweriada
composition of the product, together with all additives, must biblei®n the
label on the packed product. The obligatory labelling of meat prodiastsimed
at enabling the consumers to expect that all information signtifior protection
of his health would be found on the label and they could be informedpndut
uct they were buying, what was its raw material compositichverat functional
additives were contained in the mentioned product, so they could Hisaee
choice of the product in accordance with their nutritional preée®m@nd habits
(Gwiazda and Bbrowski 2003).

In connection with the above fact, comprehensive studies aftedlpopular
market meat products were undertaken; the first studiesdied! sausages pro-
duced from chopped and finely minced batter and smoked meat produmnts (ha
cured pork shoulders and sirloins) with a high yield, with dira to examine
comprehensively their quality, including basic chemical compositi@nlevel of
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the declared functional additives, sensory evaluation and eiealuatt the cor-
rectness of producers declaration, as being inserted on the product labels
The specificity of the selected assortments determinedeleetisn of the
methods for examination of rheological characteristics. Forogemous products
(small diameters) with intentionally comminuted tissue strecBs a result of

chopping, and being mainly consumed as hot meal, the method of texture profil

analysis (TPA) was employed. In the discussed method, the paraneshibit
the functions and impressions connected with crushing and maaiificHtthe
product pieces in the mouth. In the case of smoked meat products, weitdeal
products manufactured from anatomic elements of animal (loin, Heaou|der,
sirloin), characterised by preserved tissue structure. guchicts are consumed
as a cold product, in the form of slices, constituting the laysvden bread or
roll slices. The employed method of rheological test must cangidesensations
characteristic of fragmentation via biting off the pieces.hia discussed case,
a completely different research method was applied, i.e. thirochef multiple,
continuously increasing stress and relaxation (CASRA method3hwimple-
ments the process of simultaneous cutting and compression of the product.

In the present work, being a fragment of the conducted studiespast were
undertaken to establish the relationships between the struéttire product and
the material of which it was composed, and the icelatbetween the rheological
parameters of the employed research methods (TPAR®&A and the content of
functional components in the studied meat prod{icimogenous and comminuted
ones, and in the smoked products), and attempttéondine their interactions.

RESEARCH MATERIAL AND METHODOLOGY OF THE STUDIES

During the autumn-winter period of 2005/2006, the following products were
bought in the “Geant” trade network:

» 17 samples of homogenous and comminuted meat products of small siz
consumed mainly “when hot” (group |), including:

- 12 samples of frankfurter-type sausages@wki;

- 4 samples oparéwkowasausage arserdelkj

- 1 sample of medium-comminuted small sausages and

- 2 samples of bologna-type sausagwitadeld, being produced in great
diameter casings and consumed “cold”.

» 12 samples of smoked meat products in nets orgsa&inoup Il), including:

* 4 samples of hams;

» 4 samples of sirloin (including 2 high-yield ones)

» 4 samples of cured pork shouldbaleron (including 2 high-yield ones).

In the purchased products, the following parameters were determined:

- basic chemical composition, with the determinatibtie following content:
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« Water (W), by the drying method, at temperature of@CD&cc. to PN-
ISO 1442:2000,

 Fat (RFC), by Soxhlet method, using Soxtec equipment of Tecator
company, acc. to PN-ISO 1444:2000,

» Total protein (P), by Kjeldahl method, using Kjeltec equipmeritesf
cator company, acc. to PN-75/A-04018,

* NaCl (NC) — by potentiometric method acc. to PN-ISO 1841-2;2002,

e Phosphorus (PM) - by weight method acc. to PN-A-82060:1999;

e Starch (SC) — by the method acc. to PN-85/A-82059;

» Collagen (CC) — by the method for determination of hydroxyproline
acc. to PN-ISO 3496:2000, and

» Feder number, being the ratio of water to proteirient in the product (W/P);

- the following rheological tests were carried out:

» for the products from group including sausages with small diameters
and with chopped or finely comminuted batter — TPA (€skture Pro-
file Analysis) (Bourneet al. 1966, Crystallet al. 1994), using UTM
Zwick 1440 MOPS. For examination of objects with small diznse
mainly of frankfurter-type sausages, the test conditions wedified,
decreasing the dimensions of the samples. Parameters ofsthe-te
cluded: fracturability-force, fracturability-deformation,rtdaess, cohe-
siveness, gumminess, springiness and chewiness. Measurement condi-
tions were as follows: deformation value — 80%, traversecitgl— 60
mm min*; dimensions of samples: height — 10 mm; diameter — 14 mm;

» for the products of group,liwhich included sausages of higher size —
smoked meat products and bologna-type sausagdadelgd — CASRA
test (Continuously Alternated Stress — Relax Arnsllyssing UTM Zwick
1440 MOPS, calculating the following parametersmrthe obtained
rheograms: plasticityR), elasticity E) and fluidity F) (Tyszkiewiczet al.
1997). Measurement conditions were as followsenses velocity between
bites: 120 mm mit and over bite duration: 2 mm minforce unit:
F,= 1 N; force incremenAF: 1N; stress and relaxation timets= 15 s
each time; mandrel surface area: S = 40X (21); and

- Sensory evaluation, being the subject of separate elaboratioralseas

performed.

The obtained results of chemical analyses and rheologistd presented in
Tables 1-6 are the means from two repetitions. The restilise studies were
subjected to the following statistical tests: linear rsgjien analysis, multiple
regression analysis and analysis of the principal componentiffi Component
Analysis — PCA), using statistical package Statgraphics Plusifuddis ver.3.1.



Tablel. Results of texture profile analysis (TPA) anétiical composition — first group of meat product
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Table2. Results of rheological characteristics (CASRANnd) and chemical composition — second group aitrpeoduct

- S
— C 6 N
—~ O 9]

Q Z € 25 £

2 o 5 4 = 8 = £

3 B oo 7 2 = 5 55 £ 8

< =% =z Tz 1S < = 22 5 ©

T >E 2% = = 2z 5 o X 3 =

Sz S E >E s 5 38 52 p= S

3o k= NS Im S _. O ~ s =R s _
z % i) 2% $2 B8 5§ gz & 8§

1 4,458 11,150 4,632 4,1 8,2 2,30 5,57 0,39 0,80
2 3,375 11,912 4,140 57 3,0 1,96 6,13 3,43 1,76
3 5,125 8,260 3,280 4,1 1,8 2,51 6,73 1,13 0,94
4 4,375 8,104 4,240 5,1 2,1 2,67 7,42 0,48 0,69
5 5,125 7,343 4,670 4,5 11,5 2,46 7,08 0,00 0,62
6 4,833 9,105 3,430 4,6 5,6 2,55 7,60 1,00 0,72
7 1,564 13,755 4,628 6,7 19,7 1,85 3,30 3,54 1,85
8 1,625 15,274 6,110 6,1 17,6 1,70 4,12 2,88 2,58
9 4,350 7,773 3,710 4,2 10,8 2,16 2,27 1,21 1,30
10 3,188 9,907 3,640 4,1 4,4 2,42 1,67 0,62 1,00
11 5,565 6,758 4,026 5,4 9,0 2,27 2,32 2,00 0,78




Table 3. Correlations between rheological and chemicalmpatars

Chemical parameters Feder Fat content  Salt content Phosphorus Starch Collagen
number (W/P) (RFC) (NC) content (PM)  content (SC) content (CC)
Rheological parameters (%) (%) (%) (%) (%)
(Fr\rl?Cturablllty K 0,761 ** 0,231 0,292 0,245™ ~0,048™ 0,235®
” )Fracmrab"'ty () _p113™ 0626%  -0239°  -0,120" 0447 0,035
- (HNa)rd”ess (Ha) ~0,833 ** 0,004 0,430" 0,411™ -0,115™ 0,005™
2
(O]
£ Cohesiveness (Co) -0,421 —-0,266™ 0,320™ 0,488 * 0,179° —-0,334™
& |
g‘\l”)mm'”ess (Gu) ~0,678 ** ~0,187° 0,353™ 0,637 ** 0,053° ~0,071™
f’rﬁ:];r;g'“ess (Sp) ~0,509 * ~0,504 * 0,196 0,391 0,280 ~0,023™
&hrf]"n‘g')”ess (Ch) 0836 **  -0,087" 0,359 0,473 * 0,048  -0,163"
Plasticity (P
<38 (Xalso'SC'Nyr(ﬂz)) ~0,658 ** -0,386" 0,353™ ~0,089™ ~0,653 * ~0,828 ***
0N =
< (0] ..
O &  Elasticiy (E) 0,639 * 0,357° ~0,365" 0,136™ 0,689 ** 0,829 ***

(x 107 m?NY

Significance level” not significance, * p<0.05, ** p<0.01, *** p<0.001



Table4. Parameters of Multiple Regression Analysis

Parameters Multiple regressionYaX; + bX, + cX;z + dX,; +eXs +fXg Egéﬁﬁgﬁ?
Fracturability — force (Ff) (N) Y1=78,60 - 7’9f(gvéz)(;g)'6ng55c()c+c‘;’39(NC) + 3,841 0,923 **
Fracturability — deformation (Fd) Y, = 73,87 — 1,50(W/P) — 0,51 (RFC) + 6,26(NC) —aBRI) + 0.882 **
(%) +0,46 (SC) — 3,76 (CC) '
Y3 =51,91-6,09(W/P) — 0,21 (RFC) + 7,13 (NC) -90(BM) +
§ Hardness (Ha) (N) 10,44 (SC) - 1,91(CC) 0,894**
© = _ _ _
E Cohesiveness (Co) Y., (x 100) 17,?60 Og,(5sl(gl\/_/F1)84((),Cl§)(RFC) + 2,05(N@),13(PM) 0.817 *
a
= . Ys=7,36 —0,94(W/P) — 0,07 (RFC) + 1,02 (NC) + 0F39) +
Gumminess (Gu) (N) 5 JE 0 O%(SC) - (() 75(C):C) (NC) + @) 0,845 *
— Ye = 6,55 — 0,45(W/P) — 0,05 (RFC) + 0,12(NC) — 0P +
Springiness (Sp) (mm) 6 JEO 1A)f (sC) _(0 38 2CC) (NC) J 0,883 **
Chewiness (Ch) (Nmm) Y7=31,69- S,GI(EVE\')/Z)SE)OES g(;F;(FCCg; 2,72 (NC)32PM) + 0,946 **+
Plasticity (P) (x 1BN/m?) Ye=1501- 0’?%""{2&5’92 %’;@C) 2,86 (NC) +002M) + 0,923
<D ; ;
x 2 - 7 Yo =-8,30 + 0,19% + 0,07 (RFC) + 4,30(NC) + 0,13 (PM) — .
g g Elasticity (P) (x 10" m?/N) 004 (SC) + 5.20(CC) 0,899
Fluidity (F) (x 10° n?/Ns) Y10= 2,86 + 0,736(W/P) + 0,01(RFC) — 1,11(NC) + O(B™) — 0,026 **

~0,83 (SC) + 0,95 (CC)

where: X — Feder number (W/P),% Fat content (RFC), 2 Salt content (NC), X— Phosphorus content (PM),5 X Starch content (SC),eX
— Collagen content (CC).



Table5. Coefficient of Eigenvalue (loadings) for two $tiComponents (PC 1 and PC 2) for first group petsiu

Variables PC1 (%) PC2 (%)
Feder number (W/P) 0,3076 9,43 0,3627 12,50 *
Fat content (RFC) (%) 0,1240 3,80 0,5173 17,83 *
NaCl content (NC) (%) 0,1825 5,60 0,0324 1,12
Phosphorus content (PM (g/kg) 0,2374 7,28 0,0813 80 2,
Starch content (SC) (%) 0,0575 1,76 0,5341 18,41 *
Collagen content (CC) (%) 0,0092 0,28 0,1714 5,91
Fracturability—force (Ff) (N) 0,3381 10,37 * 0,0492 1,70
Fracturability—deformation (Fd) (%) 0,2438 7,48 Fex: 12,90 *
Hardness (Ha) (N) 0,3479 10,67 * 0,2343 8,08
Cohesiveness (Co) 0,3157 9,68 0,0905 3,12
Gumminess (Gu) (N) 0,3630 11,13 * 0,1049 3,62
Springiness (Sp) (mm) 0,3446 10,57 * 0,1981 6,83
Chewiness (Ch) (Nmm) 0,3897 11,95* 0,1508 5,20

Y | loadings]|

3,2610 = 100,00

2,9011 = 100,00

* Variables with loading= 10% of the sum absolute loadiriglfadings/).



Table6. Coefficient of Eigenvalue (loadings) for two $tiComponents (PC 1 and PC 2) for second group pnedticts

Variables PC1 (%) PC 2 (%)
Plasticity (P) (x 1ON m?) 0,363 12,69 * 0,253 9,81
Elasticity (E) (x 10’ m?N?) 0,365 12,73 * 0,352 13,68 *
Fluidity (F) (x 108 m?Nsh) 0,309 10,77 * 0,158 6,14
Fat content (RFC) (%) 0,304 10,63 * 0,417 16,19 *
Feder number (W/P) 0,362 12,65 * 0,150 5,80
Salt content (NC) (%) 0,327 11,42 * 0,432 16,75 *
Phosphorus content (PM) (%) 0,053 1,86 0,618 28,97
Starch content (SC) (%) 0,369 12,88 * 0,136 5,27
Collagen content (CC) (%) 0,412 14,37 * 0,062 2,39
Y | loadings| 2,8649 = 100,00 % 2,5774 — 100,00

* Variables with loading 10% of the sum absolute loadirgl6adings/).
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RESULTS AND DISCUSSION

The main factors shaping the quality of meat products include, undbybted
the basic components of the formulation: water, protein and fatould be
stressed that they are present in the product in absolutelnakimgi quantities
and their participation in basic composition is balanced to 100%. Theinal
interactions decide on the quality of the protein-water-fatrisn of the meat
product, especially of a homogenous one. Subsequent treatments, ¢ign afidi
water, limitation of fat content, introduction of functional dilgis, change only
the proportions of the basic components. By this, they affectjtiéty of the
product in a modifying way, improve and hide possible defects qirthauct, or
simply increase its yield or render new properties, e.g. spgagiand improve-
ment of the degree of bloc binding.

Absolute Feder number, being the ratio of water coniéhiaqd protein con-
tent P) in the meat, is characteristic of particular musclegrounp of muscles in
slaughter animals. It constitutes an index of protein hydraiwhis directly re-
lated to the yield of the products. For raw ham meat, the whlEeder number is
about 3.5. After many-week process of ham ripening, where dehydrditibe o
product takes place, Feder number is lowered to the level of 118 lktase of
the products examined in the present work (Tab. 1 and 2), we detlde-riranu-
facturing process — with adding water directly to the battandwhopping, or
introducing it to the muscles during brine curing. These procedwdgdea rise
of protein hydration. Depending on the amount of water added and the dégree
meat protein substitution with non-meat protein, different degyeagdration in
the examined products were obtained. It was manifested by diftegeshvalues
of Feder number, from low values up to high values, amounting to 3.80-6.95 in
the case of products from group |, and to 4.1-6.7 for samples from group Il

It was also accompanied by distinctly differentiated condétihe remaining
determined components (Tab. 1 and 2). In group |, the content oftfa prod-
ucts was from 18.1% to 32.8%, with one exception for which fat content was only
2.9%. For products of group Il, where products with preserved tstsueture
dominated (hams, loins, cured pork shoulder products), fat content wsisalgc
lower (by about 10%); it was found within the limits of 1.8-19.7%.

NaCl content amounted to 1.84-2.25% for the products of group | and to 1.70-
2.70% for the products of group Il. Phosphorus level was found withilintfie
of 2.30-5.02 g kg for group | and 1.70-7.6 g Kgfor group Il. The determined
starch content amounted to 0.36-6.54% for group | and to 0.00-3.50% for group
II, while collagen content was equal to 0.99-2.27% for the produatopg and
to 0.60-2.60% for group IlI.
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Correlation analysis between rheological parameters ofttitbed products
of group | (parameters of TPA method) and group Il (parameteGASRA
method) and chemical discriminants (Feder number and conterit, ONACI,
phosphorus, starch and collagen) was carried out (Tab. 3). Fedeemwas best
correlated with the rheological parameters. Except for framtityadeformation
and cohesiveness, for which a lack of correlation was foundgaegficient of
linear correlation for the remaining parameters was at fgsificant (¢<0.05)
and for fracturability-force, hardness and chewiness, the atiomelwith Feder
number was very highly significané<0.001). The remaining chemical indices
did not reveal such good linear correlations with the studied psesn&ome of
the studied relationships had a non-linear character. Exarapkasch relations
include curve-line relationships of phosphorus concentration withlatjeal
parameters, revealing a distinct maximum (Fig. 6). We shdstd raention the
following relationships: highly significant negative correlatafrfat content with
fracturability-deformation and significantly negative cortiela with springiness,
highly significant correlation of phosphorus with gumminess anufggnt with
cohesiveness and chewiness, and also correlation of starch ceititeparame-
ters of CASRA method: highly significant with elasticity asignificant with
plasticity and fluidity. NaCl content was significantly nggaly correlated only
with fluidity. Special attention should be paid to the correfatif collagen con-
tent with parameters of CASRA method: very highly signifiaagative correla-
tion with plasticity and positive with elasticity, and sigraint positive correlation
with fluidity. Collagen content in the products with parametdrdPA method
was not correlated. The selected relationships of the pamanoét& PA method
are presented in diagrams 1, 2 and 3. The run of the selecatidnships of
CASRA method parameters and Feder number, fat, phosphorus and catllagen ¢
tent is given in diagrams 4, 5, 6 and 7.

Analysis of multiple regression was carried out with time & specify the ef-
fect of the determined chemical discriminants on the studiednptess of TPA
and CASRA method. The results of the mentioned analysis wa @i Table 4
where the equations of multiple regression for all the examimeological pa-
rameters are presented: seven for TPA method and threeABRA method,
where X — Feder number (W/P),% fat content (RFC), %~ salt content (NC),
X4 — phosphorus content (PM)gs X starch content (SC) and; X collagen con-
tent (CC). Three of the evaluated dependences of the studiedeparsion the
independent variables mentioned above showed significant ciomeldcohe-
siveness, gumminess and elasticity), four — highly significantelations (frac-
turability — deformation, hardness, springiness and plasticity) tand— very
highly significant correlations (fracturability-force and cliesgs).
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Fig. 5. Relation between rheological parameters anddiatent
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Fig. 7. Relation between rheological parameters an@gefi content

Analysis of principal components of the studieddoiis from group | (frank-
furter-type sausageparowkoweand small sausages) demonstrated that the first
principal component — PC 1 — covered 46.10% oftaked variability and the sec-
ond principal component — PC 2 — the successivé7¥8.of variability. For PC 1,
the following variables were important: fracturaiiforce, hardness, gumminess,
springiness and chewiness, i.e. most of the paeamet the TPA method. For PC
2, the most important variables included: fractilitgbdeformation (TPA method)
and Feder number, fat content and starch contentdiscriminants of chemical
composition, modifying significantly the rheolodiqaoperties (Tab. 5). Distribu-
tion of the principal components in bi-dimensiosphce and of the points repre-
senting the products of group | are given in bi-gk6g. 8). They show the mutual
correlations and relationships between the studsmtichinants. Analysis of bi-plot
and data of Tab. 1 shows distinctly the effecthaf themical discriminants men-
tioned above on the studied products; it is cordanby the distribution of the
products on the diagram (points in two-dimensiopats).

Products marked with “3”, “5”, “7”, and “11”, sitted in the lower left corner of
bi-plot, possess the lowest values of Feder nun®&r4.2. The products “2", “8",
“137, “15" and “16”, with Feder number equal to 5.8-6.2, lated somewhat more
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to the right and slightly upwards. We will find tpeoducts marked with “9”, “12"
and “14” (Feder number 5.8-6.2) to the right frdmarh, and slightly upwards.
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Fig. 8. Biplot for the first group of meat products

Most extremely to the right, there are the prodtitts“4”, “6” and “17”, with
the highest Feder number, amounting to 6.9-7.th Sugay of the products distribu-
tion corresponds generally to decreasing values of TE%ad parameters which are
inversely proportionally correlated with Feder nemand decrease together with the
increase of the mentioned feature (see: TPA frolm Th Product marked with “10”
is found in the upper left quarter of the diagranspite of the fact that is possesses
Feder number equal to 6.6. In this case, we mag samificant effect of the highest
starch content in the product. A similar situatiefers to products: “14”, “9” and “8”,
with relatively high starch content (2.99-4.00juated in the upper part of the dia-
gram. On the other hand, the products “5”, “7”, “10” and | Mith the highest phos-
phorus content, the level of which is positivelyretated with TPA method parame-
ters, are found in the left extreme part of theydim. Further to the right, products
with decreasing phosphorus content are found.

For the studied products of group Il (smoked meat products andhbetgoe
sausages of greater size in nets and casings), the amdlgsiscipal components
(PCA) was also carried out. Two first principal componengl Bnd PC2, cov-
ered about 75% of total variability. For PC1, all the examitiscriminants were
important, except for phosphorus content. For PC2, the followinigesdvere
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important: elasticity, fat content, salt content and phospharotemt (Tab. 6).
Distribution of the principal components and points representiegstudied
products in bi-dimensional space is given in bi-plot (Fig. 9). We may obsere her
mutual correlations and relationships between the discrimir@ntieological
characteristics and determined components, contained in the texiedtpr Plas-
ticity is negatively correlated with elasticity andiélity and with collagen and
starch content and with Feder number. NaCl and phosphorus contenttigatgga
correlated with fat content and fluidity.

3%T""T ]

21 .

<) r ]
© L 4
o - 4
— 1- .
< L ]
(o} [ ]
2 Op ]
(QV L ]
@) 1k J
o r ]
2L ]
'3%1HH1H"mHm"H1‘H‘1HHmHm"qu‘m““m“m““x%

6 5 4 -3 -2 -1 01 2 3 4 5 6

PC 1 (58,25%)

Fig. 9. Biplot for the second group of meat products

On the right side of the bi-plot, there are two products: “7" @idwith the
highest values of Feder number (6.7 and 6.1), high levels of starch (3.54 and 2.88)
and the highest contents of collagen (1.85 and 2.58%) and fat (19.7 and.17.6%)
On the left side we find the products with lowering Feder numhedacreasing
content of collagen, fat and starch. The products marked with'57,";10” and
“14" are characterised by low values of Feder number. Producwigli, Feder
number equal to 4.1 and one of the highest NaCl contents, is found as the last one,
on the left lower side of the diagram. In the lower part of theraiimagmore to the
right, we find the products: “3”, “4”, “6", possessing the highesels of phos-
phorus and NaCl and a moderate level of plasticity. Product “2"epsissg) addi-
tionally a high starch content (3.43%), is shifted distinctiyhortght (see Tab.2).
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In the upper part of the diagram, on its left side, the product &&und: it is
characterised by the extreme levels of the studied discrimirthathighest value

of plasticity (6.250 x 1ON/n7), low value of elasticity (4.576 x T0m%/N) and
fluidity (4.270 x 10° m%/Ns), and the lowest values of NaCl (1.73%), phosphorus
(1.73%), starch (0.52%) and collagen (0.75%). The remaining productste due
more equalised levels of rheological parameters and conténé¢ studied com-
ponents — are situated more centrally, more closely to the myasisboth axes of
the diagram: horizontal — the first principal componential (P@ti)vertical — the
second principal componential (PC2).

SUMMING UP AND CONCLUSIONS

1. The examined market meat products of both groups reveal a high variabil-
ity of the tested chemical discriminants and rheological petiens, which results,
inter alias from differentiated raw material composition, different degrepro-
tein hydration and level of addition of the selected functional sulestanc

2. The conducted correlation analysis of the rheological parasnefethe
studied products showed that the Feder number was best correithiethev
rheological parameters. The remaining chemical discrinténdid not reveal such
good linear correlations with the examined parameters. It oafirmed by ear-
lier studies which demonstrated that a part of relationship afea non-linear
character, showing minimums and maximums.

3. Analysis of multiple regression allowed developing the eqasatof mul-
tiple regression with the main chemical discriminants of shalied products
(Feder number, and content of fat, NaCl, phosphorus, starctolagen) for all
studied rheological parameters: seven for TPA method and fibreEBASRA
method. Three of the evaluated relationships between the Gjpaiameters and
the independent variables mentioned above revealed significantations (co-
hesiveness, gumminess and elasticity), four — highly signifi@melations (frac-
turability-deformation, hardness, springiness and plasticity) aadof them —
very highly significant correlations (fracturability-force and cheagis).

4. The abovementioned correlations and interactions between utiedst
rheological parameters and functional components of the studied traahec
well presented on “bi-plots”, being a result of the conducted dralfshe prin-
cipal components (PCA). They allow relating the chemical compasif the
product to its parameters of rheological characteristics.
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WPLYW PODSTAWOWEGO SKLADU CHEMICZNEGO | DODATKOW
FUNKCJONALNYCH NA CHARAKTERYSTYKE REOLOGICZNA
WYBRANYCH PRODUKTOW MIESNYCH

Michat Olkiewicz, Stanistaw Tyszkiewicz, Maria Wawrzyniewicz

Instytut Przemystu Misnego i Tluszczowego, ul. Jubilerska 4, 04-190 Waws
e-mail: mol@ipmt.waw.pl

Streszczenie. Prowadzono kompleksowe badania wythgoopularnych rynkowych pro-
duktéw mesnych jak parowki, kietbasa parowkowa i serdelogrifa | — 17 prob) orazedzonki,
a takke homogenne mortadele gkgzychsrednicach (grupa Il — 14 préb) w celu wszechstrgone
przebadania ich jakoi. Podjto prok; powiazania parametrow reologicznych stosowanych metod
badawczych (TPA, CASRA) z poziomem skiadnikéw fyokalnych zawartych w badanych pro-
duktach m¢snych oraz préabokreslenia ich wptywu na parametry reologiczne. Badgudstawo-
wy sktad chemiczny oraz wyliczono niemianowdiczbg Federa (W/P), wykonano badania reolo-
giczne. Przebadane rynkowe produktysnie obu grup wykazaly dy zmiennd¢ badanych wy-
réznikbw chemicznych i parametréow reologicznych, cedny innymi wynika ze zrinicowanych
sktadow surowcowych, iiego stopnia uwodnienia biatka i wiellod poziomu dodatku wybranych
substancji funkcjonalnych. Najlepiej skorelowanpazametrami reologicznymi byta liczba Federa.
Analiza regres;ji wielokrotnej pozwolita na opracowearéwna regresji wielokrotnej dla parame-
trow reologicznych z gtéwnymi wyedikami chemicznymi (liczba Federa, oraz zawgrttuszczu,
NacCl, fosforu, skrobii i kolagenu) badanych prodwkt Wykazane zafmosci korelacyjne i interak-
cje pomedzy parametrami reologicznymi i sktadnikami funkednymi badanych produktéw do-
brze przedstawiono na ,biplotachédacych wynikiem przeprowadzonej analizy sktadowyabvgt
nych (PCA), co pozwolito na powdanie ze sab skltadu chemicznego produktu z parametrami
charakterystyki reologicznej.

Stowa kluczowe: produkty rgne, sklad recepturowy, dodatki funkcjonalne, dktara
ystyka reologiczna, analiza sktadowych gtownychAlPC





