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Abstract. The subject of the work was the assedsoighe effect of variable content of total
phosphorus and collagen in a model product orhislogical characteristics. The trial material was
formed by 5 variants of model mortadella made ahlpork shoulder (40-60%), pork stomachs (10-
30%), neck pork fat in cubes (20%) and 10% addiwater-fat-protein emulsion (5/5/1). The follow-
ing factors were determined: water, total prot&ih, NaCl, total phosphorus and collagen contédlits.
so-called invariables were calculated, i.e. contatins of: water to protein (Feder's number),téapro-
tein, phosphorus to protein and collagen to prof&ire rheological properties of mortadella weréetes
with the CASRA method. The growing share of shauliféhigher protein content in the recipe resulted
in an increase in total phosphorus content in thdyet and it led to strengthening of its structanel
improvement of its consistency, which was showtih@linear increase in plasticiti?)(and fall of prod-
uct elasticity E) and fluidity ). The growing share of pork stomachs resultedaakening of the struc-
ture and worsening of the product consistencyhasvs by decrease in plasticiti?)(and increase in
elasticity €) and fluidity ).
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INTRODUCTION

Phosphorus, found in muscle tissue, participateshen transformation of
chemical energy into mechanical work, and the sutzgts taking part in this
change are the highly-energetic phosphorus compouadkenosinetriphosphate
(ATP), hydrolysis of which provides energy for cautions, and phosphocreatine
(the store of energy for ATP regeneration). It isllvknown that the content of
phosphorus naturally found in muscle tissue istja@dy correlated with protein
content. Expressed in®@s it amounts to, depending on the protein conterthén
tissue, from 0.30% in bacon to 0.49% in sirloin oles (Ktossowska 1998).
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Apart from physiological phosphorus, in meat pregas the phosphates added in
the course of the technological process are apyica order to increase juici-
ness and to improve water binding and consisteRuytkbwski and Gwiazda
1993, Tyszkiewicz and Tyszkiewicz 1972). The additiof biphosphates and
polyphosphates in the amount of 1.6 g'kesulted in achieving maximum
rheological factors for sausages made of chickeat rfigawadzkaet al. 2003),
and the research proved that the protein hydratts influenced the plasticity
(P) and elasticity E), and the addition of polyphosphates influencedtigahe
elasticity €) and fluidity ¢) (Tyszkiewicz 1989, Tyszkiewiozt al. 2006).

Collagen is one of the most important building sabses for animal organ-
isms and its quantity depends on the kind of tissuergan, age, species, as well
as sex (Bailey and Light 1989). While examining ith&8uence of the basic
chemical composition on rheological characteristicthe selected meat products,
it was found that the collagen content in a produas very highly significantly
correlated with the parameters of the CASRA methuebatively (adversely)
with plasticity @), positively with elasticity E) and substantially positively —
with fluidity (F) (Olkiewiczet al.2007).

The aim of the work was the assessment of theteifa@riable content of total
phosphorus and collagen in a model product ohéslogical characteristics.

RESEARCH MATERIAL AND METHODS

The trial material was formed by 5 variants of madertadella made in the
Semi-Technological Department of the Institute,ppred of lean pork shoulder
(40-70%), pork stomachs (0-30%), neck pork fatubes (20%) and 10% addi-
tion of water-fat-protein emulsion (5/5/1), withettassumption of constant 70%
aggregate content of shoulder and stomachs irettipe. The variable percentage
proportions of the shares of shoulder and stomaare the raw material recipe
modifying factors.

The percentage shares of the basic raw materidtseitrial recipes are pre-
sented, among others, in Table 1. In Table 2, #wchchemical composition of
the main components of the trial products raw ntegcipe is shown.

In all the trial variants the following set of atidhal raw materials and spices
was applied: pickling mix (2.15%), saccharose (%28 sodium caseinate
(1.00%) or defatted powdered milk (2.00%), polypdtages (0.30%), sodium
ascorbate (0.10%), monosodium glutamate (0.10%kbbepper (0.10%), white
pepper (0.03%), garlic (0.02%), nutmeg (0.02%) amineg flower (0.025%).

The well-chilled raw material (temp. +1 to °€) was ground in a meat
grinder, successively with screens of meshp@D, @10 and g5, returning the
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ground raw material to the cold store after eachdimg. On further chilling the
ground raw material was cut in a cutter until théfing temperature of & was
reached. The stuffing was then filled into casimgth @100 and heated to the
temperature of 7Z in the baton centre. Then the finished sausages whilled
to room temperature and placed in a cold storerapérature of abouf@, from
where they were taken for tests.
In the tested mortadellas the following factorsevdetermined:
* water content (Wc) — with the dryer method accaydio PN-ISO
1442:2000,

e total protein content (Pc) — with the Kjeldahl nmedraccording to PN 75/
A-04018,

» fat content (Fc) — with the Soxhlet method accayditm PN-ISO
1444:2000,

« NacCl content (Nc) — with the potentiometric mettamdording to PN-ISO
1841-2:2002,

» total phosphorus content (Ph) — with the methodomtiog to PN-
A-82060:1999,

e collagen content (Cc) — with the method of deteation of hy-
droxyproline according to PN-ISO 3496:2000.

For the tested products the following contentosatvere calculated: water to to-
tal protein (Wc/Pc — the Feder number being thesareaof protein hydration), fat to
protein (Fc/Pc), phosphorus to protein (Ph/Pc)aatidgen to protein (Cc/Pc).

The rheological properties of the cured meat prothlmck were tested with
the Continuously Alternating Stress-Relaxation Ass (CASRA) method, ap-
plying the UTM Zwick 1445 MOPS (Tyszkiewiazt al. 1997), determining the
parameters as follows:

» plasticity () — parameter determining the force necessary sta@ethe

structure of the material of the tested object,

« elasticity €) — parameter informing about reversible defornigbdf the

shape of the tested object,

o fluidity (F) — parameter informing about irreversible deforitigbof the

shape of the tested object.

In the tests, a bar of rectangular cross-sectiond@ mm) of the cross-section
area S = 4,0 x T0m*? was applied, at the unit stress= 1,25 x 16 Nm™

The test results, constituting averages of threécagions were subjected to
analysis of linear regression, multiple regresg@od variance analysis, with the
application of the statistical package StatgrapfucsVindows ver. 3.
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DISCUSSION OF RESULTS

In order to make possible simultaneous alteratiothe percentage share of
shoulder and percentage share of stomachs fortealchariant, the characteristic
ratio (R) being the ratio of the percentage shdrshoulder to the percentage
share of stomachs in the raw material recipe wésuleaed (Tab. 1). To each
value of the ratio of the percentage share of slewuio the percentage share of
stomachs in the raw material there corresponds oné average value of the
Feder number (Fn — Wc/Pc ratio), resulting fromdkierage basic composition of
the tested products, which is presented in Figurghg relation between the (R)
ratio and the Feder number is very highly significar= 0.98), and both factors
may be applicable in exchange as independent Vesial the tested relations.

Table 1. Main components recipe of model product, (R) — &ler/porcine stomach ratio and Fed-
er's number
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W-1 40 30 20 10 100 1.33 3.79
W-2 45 25 20 10 100 1.80 3.55
W-3 50 20 20 10 100 2.50 3.39
wW-4 55 15 20 10 100 3.67 3.22
W-5 60 10 20 10 100 6.00 3.10

Following the growing share of pork shoulder in ther material recipe from
40% to 60%, in order to keep the aggregate 70%esbfashoulder and stomachs,
the share of pork stomachs decreased from 30% %o (I@&b. 1) and the calcu-
lated (R) ratio increased from the value of 1.3thmW-1 sample (40% shoulder,
30% stomachs) to the value of 6.00 in Ykieb sample (60% shoulder, 10% stom-
achs). Because, according to Table 2, the leanlddtooontains evidently much
less water and more protein than stomachs, theaserin the share of pork
shoulder in the recipe in result of the decreasthénprotein hydration degree
following the increase in protein content and dasesin water content in the pro-
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Fig. 1. Relationship between shoulder/porcine stomach (Rticatio) and Feder’'s number

duct resulted in the decrease of the Feder number the level of 3.79 to the
level of 3.10. Thus, the results of previous tegtse confirmed, showing that the
modifications of the recipe composition, consistimghe change of raw materials
of different content of water and protein, influendts hydration degree
(Olkiewicz and Moch 2008).

Table 2. Chemical composition of main raw material for mosklisage

Water -Ir-gttgiln Fat Collagen Ash hc-)rs?tﬁlorus
Raw material content (F:)ontent content content content P as EO
0 0, 0, 0, 5
Porcine meat 63.8 16.4 17.8 1.60 0.9 45
from shoulder
Porcine stomach 83.3 13.3 2.8 3.06 0.5 2.7
Back fat 9.0 3.9 87.6 3.65 0.1 -

The changes in the raw material recipe influenied, substantial way at least,
the basic composition of the model products of theted experimental variants
(Tab. 3). The replacement of a part of pork stormadth the equivalent quantity of
pork shoulder in the raw material recipe, whilefiag the aggregate share of these
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raw materials at the level of 70%, resulted in dieerease in water content in the
product from 59.4%W-1 sample) to 55.5%\W-5 sample) with simultaneous in-
crease in total protein content from 15.7A%-{ sample) to 17.9%/-5 sample) at
the level of content of NaCl in the product neamghanged (2.1-2.2%).

Table 3. One way Anova analysis of rheological and chengbalracteristics

Variant Rheological traits Chemical traits
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W-1 2,941 7.993° 2.124° 59.4° 157% 20.2° 220" 4.61* 1.83¢
W-2  3.149" 7.804° 2.040° 586" 165° 20.2*® 2.22° 4.68® 1.66°

W-3  3.415° 7.367° 1.621° 57.6° 17.0° 20.7%® 223° 474" 156°
W-4 3.850% 6.456% 1.586® 56.3° 17.59 21.3% 214% 476" 1492
W-5  4.055° 6.328% 1.485% 5552 17.9° 21.4° 2.10*® 4.81° 1.48%

LSD 0,098 0,287 0,119 0.5 0.4 0.6 0,06 0.11 0.05

2 Bmeans with different index in columns are signifit different (P< 0.05).

Following the increase in protein content and desean water content in the
product, linear increase in total phosphorus cdntexs noted, from the level of
4.61 g kg (W-1 sample) to the level of 4.81 g kg¢w-5 sample)as well as linear
decrease in collagen content from the level of %.88/-1 sample) to the level of
1.48% W-5 sample). The process of changes in the contentdtalf phosphorus
(Ph) and collagen (Cc) depending on the decreasioigin hydration degree (de-
creasing Feder number) is presented in Figure Eidares 3-5, the relations be-
tween the phosphorus (Ph) and collagen (Cc) cantard other calculated invari-
ables are presented, and namely: fat (Fc) to pr¢ke) contents ratio, phospho-
rus (Ph) to protein (Pc) contents ratio, as welcalkagen (Cc) to protein (Pc)
contents ratio. The collagen content was very Kigignificantly correlated to all
the invariables. The phosphorus content, howevas, highly significantly corre-
lated to the following invariables: Wc/Pc, Ph/R€d/Pc. A lack of correlation of
phosphorus content with the invariable Fc/Pc wasdh(Tab. 4).
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Fig. 4. Correlations between phosphorus and collagen ctngerd phosphorus cont./protein cont.
ratio (Ph/Pc)
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Table 4. Correlations between chemical and rheological béegof tested model products

Variable Woc/Pc Fc/Pc Ph/Pc Ccl/Pc P E F
Plasticity ) -0.90" -0.46" -0617 077" -
Elasticity €) 0.83" 0.39" 055" 0707 -0.96" -
Fluidity (F) 085" 048" 0527 0747 -085" 0.827 -
NaCl cont. NC) 057" 0.38" 0.52™ 058" -051" 0527 0.34
Ph(‘F’,Shp)hor”s cont _n46” _024 042" -040" 051" -050" -0.50"
Collagencont.(Cc) 08T 0757 0607 096" -0.69" 0.627 067"

Significance level™ = P< 0.001,” = P< 0.01,” = P< 0.05," not significant, Wc/Pc — water
cont./protein cont., Fc/Pc — fat cont./ proteintcoRh/Pc — phosphorus cont./ protein cont., Cc/Pc —
collagen cont./ protein con®,— plasticity,E — elasticity,F — fluidity.

From the data presented in Table 4 it resultsttigatheological parameters were,
at least, highly significantly correlated to thdcatated “invariables” characteristic
for the tested products — plasticity (P) — negéatiaad elasticity (E) and fluidity (F) —
positively. The content of NaCl in the product weasy highly significantly corre-
lated negatively to plasticity (—0.51***) and pagdly to elasticity (0.52***), as well
as significantly positively correlated to fluidif§.34*).

Special attention should be paid to the highlyifigamt correlation of phospho-
rus and collagen contents with the parameterseo€CSRA method due to the fact
that in the trial conditions contradictory effecfsthese structure-creative factors to
the product consistency and texture were noted. (#pbThe growing content of
phosphorus in the product, at constant technolblgigal of additions of polyphos-
phates at the level of 0.30%, resulting directiyrfrthe increase in protein content in
the product, resulted in an improvement of consisteFig. 6), manifested in in-
crease in plasticity (0.51**) and decrease in tdyg (—0.50***) and fluidity (—
0.50**). Such a situation occurred with the regaent of a part of pork stomachs
with lean shoulder in the raw material recipe. Amelincrease in collagen content in
the product, resulting from the replacement ofra gfdean shoulder with pork stom-
achs in the raw material recipe, was not able topemsate for the simultaneous sub-
stantial increase in water content in the prodUieat is why the aggregate effect of
the action: positive increase in collagen contehiaqd stronger negative increase of
water content (--) resulted, in worsening of thedpict consistency (Fig. 7). In the
products in which lean shoulder was replaced wittk gtomachs, the texture was
weakened, as confirmed by the decrease in plati€it69***) and increase in elas-
ticity (0.62***) and fluidity (0.67***).
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Fig. 6. Relationship between rheological characterigBc&( F and phosphorus content in model product
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The reason for the weakening of the consistendfi@products of high share
of pork stomach in the raw material recipe, inesmt the really high content of
collagen and — on the contrary — of the strengtigenif the consistency of the
products of high share of lean shoulder, is easgxfbain and it results directly
from the basic composition of these raw materidlsrk stomachs are character-
ised by relatively low water content and lower @mtof total protein, as com-
pared to lean pork shoulder which is charactersecelatively low water content
and high total protein content (see Table 2). Theva results confirm that the
rheological characteristics of products dependsa teubstantial extent, on the
basic composition of the finished product (Tyszkiaet al. 2006, Olkiewiczet
al. 2007, Olkiewicz, Moch 2008).

Table 5. Parameters of Multiple Regression Analysis for tbgical traits

Parameters Multiple regression Corre_le_ttion

Yi=C+aX +bX,+cXg+dX, +eXs coefficient

Plasticity (P) (x 1BNm?)  © :éf&;hl)'fzéggégg +0.07(Fc) —0.48(NC) + | _ 5 g7 we

Elasticity (P) (x 10 méN) £~ 5’_518( ;hg.%.\gvzc(/gg —0.14(Fc) +1.33(NC) - | _ (j gg we

Fluidity (F) (x 10° méNisY) T = (Jl..gg(;hf;??o(ya/zcégg —0.03(Fc) - 0.40(NC) = _ § 77 s
Plasticity (P) (x 1ONm?) P = 2.79 + 0.59(Ph) — 1.32(Cc) r=0.71%*
Elasticity (P) [(x 10 m?™NY)  E = 8.61 — 0.99(Ph) + 2.03(Cc) r = 0.65%*
Fluidity (F) (x 108 m?N’sY)  F =2.93 — 0.52(Ph) + 2.03(Cc) r=0.71%*

Significance level™ = P< 0.001,” = P< 0.01,” = P< 0.05," not significant,
Xy = Feder’'s number (Wc/Pc),,X fat content (Fc), X= NaCl content (Nc),
X4 = phosphorus content (Ph)s X collagen content (Cc).

In the Table 5 the results of multiple regressioalysis of the rheological pa-
rameters of the tested products are presented. ti®mata presented in the upper
part of the table it results that the rheologicatameters are correlated, in a very
highly significant way, to the main chemical feawiof the basic chemical composi-
tion: Feder number (X characterising the dependence between proteinvatet
contents (protein hydration degree) and fat corég)t NaCl (%), phosphorus (¥
and collagen (X. In the lower part of the table the dependencinede parameters
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on phosphorus (X and collagen (¥ contents only is presented. These correlations
are also very highly significant. From the presermquations it results that in the test
conditions, following the increase in phosphorustent in the product (mark +) and
decrease in collagen content (mark —), the plagt{E) of the product was grow-
ing, testifying to the improvement of consistenEgr elasticity E) and fluidity

(F) the effect is opposite. The said parameters weyeing in the case of lower-
ing the phosphorus content (mark —) and increathiegcollagen content in the
product (mark +), which testified to worseningloé product consistency.

CONCLUSIONS

1. It was shown that there exist, usually very higsiynificant, mutual cor-
relations between the tested chemical and rhedbéactors and the calculated
invariables.

2. The variable contents of total phosphorus and gehaaffected the
rheological parameters of model products in a Wgily significant way.

3. Increase in the content of total phosphorus inptioeluct strengthened its
structure and improved its consistency, which watbhe in the linear increase in
plasticity (P) and decrease in elasticity)(and fluidity ).

4. In the test conditions the increase in collagertestrin the product resulted
in weakening of its structure and worsening otaasistency, which was visible in
the decrease in plasticiti?)and increase in elasticiti) and fluidity ).
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WPLYW ZMIENNEJ ZAWARTOSCI FOSFORU | KOLAGENU
NA CHARAKTERYSTYKE REOLOGICZNA MORTADELI
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Streszczenie. Przedmiotem opracowania byta ocehamuzawartdci fosforu ogélnego i
kolagenu w modelowym produkcie na jego charaktgkysteologiczra. Materiat badawczy stano-
wito 5 wariantéw modelowej mortadeli wyprodukowarzeghudej topatki wieprzowej (40-60%),
zotadkdw wieprzowych (10-30%), stoniny karkowej (20%)ap 10% dodatku emulsji wodno-
tluszczowo-biatkowej (5/5/1. Oznaczano: zawsitwody, biatka ogélnego, ttuszczu, NaCl, fosforu
catkowitego oraz kolagenu. Wyliczano tak zwane mienniki to jest stosunki zawasim: wody do
biatka (liczba Federa W/B), ttuszczu do biatka, éwefdo biatka oraz kolagenu do biatka. ¥dia
wosci reologiczne mortadeli badano metddASRA. Rosacy w recepturze udziat fopatki o wszej
zawartdgci biatka powodowat wzrost zawastn fosforu ogélinego w produkcie i prowadzit do wzmia-
nia jego struktury i poprawy konsystencji, co obigov sk liniowym wzrostem plastyczioi (P) oraz
spadkiem elastyczia (E) i ptynnaici (F) produktu. Natomiast rogay w recepturze udziaiotadkéw
wieprzowych o wyszej zawartéci wody skutkowat nieoczekiwanym ostabianiem stk pogarsza-
niem s¢ konsystencji produktu, czego wyrazem byly: spgulaktycznéci (P) oraz wzrost elastyczia
(E) i ptynnaci (F).

Stowa kluczowe: fosfor, kolagen, charakterystykalagiczna, receptura surowcowa pro-
duktéw misnych



