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Muscles of Pietrain, Duroc and PLW XPL pigs show differences in structure, texture and rheological properties. The muscles that showed
higher: hardness, springiness, gumminess, viscosity, and lower chewiness were characterised by thicker connective tissue (both peri- and endomy-
sium), a higher muscle fibre cross-section area and a lower amount of intramuscular fat. Those muscles were also the least susceptible to massage-
-induced changes in their structural elements and textural parameters. The porkers whose muscles showed higher values of textural parameters

had larger structural elements and were less susceptible to massaging.

INTRODUCTION

Texture is one of numerous meat quality attributes and,
by definition, reflects meat structure [Bourne, 1982]. The
opinion prevailing among researchers is that the harder
the meat, the thicker its fibres and connective tissue, and
the lower its content of intramuscular fat [Tyszkiewicz,
1979; Karlsson, 1994; Liu et al., 1996; Fang et al., 1999;
Wichtacz et al., 1996]. Consequently, such meat may be
less susceptible to various processing technologies which,
by disrupting meat structure, shape the final product’s tex-
ture. Muscle massaging is one of such processes; massaging
substantially reduces muscle hardness, thereby increases its
tenderness [Tyszkiewicz, 1995]. Softening of muscle tissue is
attributed to changes in meat structural elements, involving,
i.a. loosening of fibre structure [Wajdzik, 1997; Xaragayo
et al., 1998], fibre swelling, increased water holding capacity
[Rejt et al., 1978; Tyszkiewicz, 1997] and increased collagen
solubility [Cierach, 1996; Potczyfiska & Szmainko, 1996].

The aim of the present study was to compare the suscep-
tibility to massaging of three muscles (L, SM, and BF) taken
from pure-bred (Pietrain and Duroc) and crossbred (Polish
Large White X Polish Landrace - PLW xXPL) porkers.

MATERIALS AND METHODS

Muscles of 30 porkers were examined. Twenty of them
were purebreds: 10 Pietrain and 10 Duroc, and the remaining
10 were crossbreds of Polish Large White X Polish Landrace
(PLWXPL). The porkers were slaughtered at 100%2 kg.
Analyses were made on the following three muscles excised
from the right half-carcass of each porker: M. longissimus (L),
M. semimebranosus (SM), and M. biceps femoris (BF).

Following the pH,; measurement, each muscle was
halved. Both halves were weighed and one was injected
with curing brine (11% NacCl, 1.5% curing mixture, 87.5%
water) in the amount of 25% by weight, and massaged in
a vacuum massaging apparatus (-0.8 atm, 6 rpm drum
speed) for 8 h (the 0.5 h massaging to 0.5 h rest cycle). The
effective massaging time was 4 h. The unmassaged half of
the muscle was a control sample.

A slab was cut out from the central part of both mas-
saged and unmassaged muscles. Three samples were col-
lected from the central part of the slab. Those samples
intended for structure analysis were processed with the par-
affin method, microtome-cut into 10+1 um slices, placed on
glass slides, stained with hematoxylin and eosin, and sealed
with Canada balsam [Burck, 1975]. Histological analyses of
the slides, involving measurements of the connective tissue
(peri- and endomysium) thickness, muscle fibre cross-sec-
tion area, and intramuscular fat content, were carried out
with the MultiScan v. 6.02 computer image analysis soft-
ware.

Both parts of the muscle (massaged and unmassaged)
were weighed, packed separately in plastic bags, and scald-
ed (in 75°C water) in a steam-cooker until the temperature
in the muscle centre reached 68°C. After cooling down and
re-weighing, the samples were stored for 12 h in a refrig-
erator (4°C). Subsequently, the muscles were cut across the
fibre length to produce 201 mm thick slices. Texture and
rheological measurements were performed in an Instron
1140 apparatus by applying the TPA test (0.96 cm punch
diameter, 80% deformation) and relaxation test (1.26 cm
punch diameter, 10% deformation for 120 s), at a crosshead
rate of 50 mm/min. The TPA test allowed calculating the
values of the following parameters: hardness, cohesiveness,
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springiness, chewiness and gumminess [Bourne, 1982]. The
relaxation test allowed calculating the modulus of elasticity
and the modulus of viscosity by the generalised Maxwell
model, consisting of three parallel elements: the Hooke
elastic body and two Maxwell viscous-elastic bodies; and
expressed by the following equation:

-E, -t
1

)+E2.exp(_ﬁi't)]

where: 9, stress (kPa); €, deformation; E,, Hooke body elas-
tic modulus (kPa); E;, E,, Maxwell body elastic moduli 1 and
2; w1, Mo, Maxwell body viscous moduli 1 and 2 (kPa x s); t,
time

For each sample, the sum of elastic moduli (Ey + E; + E,)
and the sum of viscous moduli (u; + u,) were calculated.

Thermal drip from unmassaged and massaged samples
was calculated in per cent from the difference in muscle
weight before and after thermal processing.

Statistical treatment of data (STATISTICA v.5.5A)
involved the calculation of the mean values for each muscle
and each breed of porkers. The Student’s t-test (at o = 0.05)

o=¢- [Eo-exp(

was used to determine the differences between the muscles
within a breed and between the breeds for each muscle.

RESULTS AND DISCUSSION

The results of the analyses performed show that the
muscles of the three pig breeds compared differ in: texture
(Table 1), rheological properties (Table 2), and amount
of thermal drip (Table 3). The Pietrain pig muscles were
characterised by the highest: hardness, cohesiveness,
springiness, gumminess, and chewiness; they produced the
highest viscous modulus and the highest thermal drip. The
lowest values of textural parameters, as well as the smallest
thermal drip, were typical of the Duroc muscles. The values
of textural parameters of the PLW x PL muscles, although
intermediate with respect to those shown by the purebreds,
were more similar to the Duroc than Pietrain muscles. No
significant inter-breed differences in pH,4 were detected in
any muscle (Table 2).

Simultaneously, particular muscles within each breed
were found to differ in their: texture, rheological properties

TABLE 1. Mean values of textural parameters of the L, SM, and BF muscles of PLWxPL, Duroc and Pietrain porkers.

Toxture attribute PLWxPL DUROC PIETRAIN

L | sv | BF L | sv | BF L | sm | BF
CONTROL SAMPLES
Hardness (N) 68.5 ¢ 7524 96.8 7 59.64 67.94 90.65 80.5 4 85.34 135.2%
Cohesiveness (-) 04109 0402  0375{,  0390¢  0397{ 03609 04504 0.425 0.426%
Springiness (cm) 1.12¢ 116§ 1.19¢ 1.15¢ 116§ 121%, 1.11¢ 1.19¢ 1.265
Gumminess (N) 31.5¢ 35.1¢ 4327 26.7¢ 31.3¢ 39.5} 4024 43.14 72.64
Chewiness (Nxcm) 28.1¢ 30.2¢ 3637 2321 27.0¢ 32,67 36.24 36.34 57.64
MASSAGED SAMPLES
Hardness (N) 4054 4244 65.87 30.64 36.74 58.1% 63.84 69.94 123.2%
Cohesiveness (-) 0.380 ¢ 03407  0335(° 03807 03815 03507 04155 0390 0.370%
Springiness (cm) 1.204 1.267 1.297 1.334 1.354 1.41% 115 ¢ 1.24 & 130
Gumminess (N) 18.59 1821 2847 1551 18.9% 28.7¢ 30.44 33.84 59.34
Chewiness (Nxcm) 1544 14.41¢ 2207 11.6¢ 14.0¢ 2037 26.54 27.34 45.64

a, b —samples in a row, denoted by different letters, were significantly different within a breed (p<0.05); 1,2 — samples in a row, denoted by differ-
ent numerals, were significantly different between breeds (p=0.05); x — difference between massaged sample and the control was not-significant

(p=0.05)

TABLE 2. Rheological properties of the L, SM, and BF muscles of PLW XPL, Duroc and Pietrain porkers.

PLWxPL DUROC PIETRAIN
Rheological attribute

L SM BF L SM BF L | sM | BF
CONTROL SAMPLES
Sum of elastic moduli (kPa) 250 ¢ 330} 300, 240 ¢ 3607 3597 3104 3704 2505
Sum of viscous moduli (kPaxs) 63500¢  72100¢ 1230007 60250¢  68200%  115480% 965404 881005  162870%
Relaxation time (s) 254 ¢ 218 4109 2511 189 ¢ 3220 31154 2387 6515
MASSAGED SAMPLES
Sum of elastic moduli (kPa) 375§ 4907 4659 420 5307 6265 3195 375% 260 §*
Sum of viscous moduli (kPaxs) 47900 613004 912509  46850%  61200™ 826807 579805 655905  99800%
Relaxation time (s) 1274 125¢ 19674 112 115¢ 1329 1824 1904 3845

a, b —samples in a row, denoted by different letters, were significantly different within a breed (p<0.05); 1,2 — samples in a row, denoted by differ-
ent numerals, were significantly different between breeds (p=<0.05); x — difference between massaged sample and the control was not-significant

(p=0.05)
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TABLE 3. Mean values of pH,4 and thermal drip of the L, SM, and BF muscles of PLWxPL, Duroc and Pietrain porkers.

PLWxPL DUROC PIETRAIN
Traits
L | sm | BF L | sm | BF L | sM | BF
pHa, 5.60¢ 5.65¢ 5700 570¢ 5.65¢ 5750 555¢ 5.60¢ 5.65%
Cooking loss (%) 13.8¢ 1361 1629 1291 12.8¢ 14.69 27.24 28.04 31.4%
Cooking loss after massaging (%) 924 7.1% 13.6{ 9.4¢ 59°% 12.9¢ 2574 19.5% 2895

a, b — samples in a row, denoted by different letters, were significantly different within a breed (p=<0.05); 1, 2 — samples in a row, denoted by dif-
ferent numerals, were significantly different between breeds (p=<0.05); x — difference between massaged sample and the control was not-significant

(p=0.05)

TABLE 4. Mean values of structural elements of the L, SM, and BF muscles of PLWxPL, Duroc and Pietrain porkers.

Structure attribute PLWXPL DUROC PIETRAIN

L | sm | BF L | sm | BF L | sm | BF
CONTROL SAMPLES
Perimysium thickness (wm) 12349  13.95¢ 16987, 8255  10.685  1524{  16.53{  17.82%  19.95%
Endomysium thickness (wm) 1.38¢ 142¢, 150{,  1.104% 1.12¢ 1.28¢% 1.60¢ 1.64% 1.89%
Fibre cross-section (um?) 1111¢ 1520°% 16827 1220 ¢ 18675 23815 21685 23505 30624
Area of intramuscular fatty tissue (um?) 2612007 385540¢ 1759507 3152007 5421507 230780f 110000f 260100{ 95200 {
MASSAGED SAMPLES
Perimysium thickness (um) 16.78 { 17.51{5 18561  12.20% 14.96 % 1723 19317 20.134 20.51
Endomysium thickness (wm) 1259 129{% 1450 098%  1.065  121% 150¢ 1565 @ 182%
Fibre cross-section (um?) 1568¢ 19727 20467 1952% 28465 31745 28105 28505 33004

a, b —samples in a row, denoted by different letters, were significantly different within a breed (p=<0.05); 1,2 — samples in a row, denoted by differ-
ent numerals, were significantly different between breeds (p=<0.05); x — difference between massaged sample and the control was not-significant

(p=0.05)

and thermal drip (Tables 1, 2, 3). Regardless of the breed,
BF proved to be the hardest, most springy, gummiest, most
viscous, and least chewy; it produced the largest thermal
drip and the highest pH,s. The lowest values of textural
parameters were recorded for L, whereas SM showed inter-
mediate values; and L and SM did not differ significantly in
the amount of thermal drip and pH,4 (Table 3).

A comparison of muscle structure between the breeds
revealed that the Pietrain muscles had the thickest peri- and
endomysium, the thickest muscle fibres, and the lowest
amount of intramuscular fat. The thinnest connective tissue
and the largest amount of intramuscular fat were typical of
the Duroc muscles, whereas the PLW x PL muscles con-
sisted of the thinnest fibres (Table 4). Other authors who

compared different pig breeds in terms of muscle structure
also reported inter-breed differences in muscle fibre thick-
ness [Skorjanc ef al., 1994], amount of collagen [Lan et al.,
1993], and amount of intramuscular fat [Jacyno et al., 1995;
Enfilt er al., 1997; Falkowski & Milewska, 1999].

The data obtained allow concluding that the harder or
the more springy a muscle, the larger its fibre cross-sec-
tion area and the thicker its peri- and endomysium. This
conclusion is supported by data reported by other authors
who found muscles with larger fibres to be harder [Prost,
1975; Tyszkiewicz, 1979; Lachowicz et al., 1998 a, b], to
have thicker connective tissue [Petczynska, 1979; Liu et al.,
1996; Fang et al., 1999], and to contain less intramuscular
fat [Dransfield, 1977; Wichtacz et al., 1996; Kirchheim et al.,
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FIGURE 1. Effects of massaging on changes, expressed as percentages, in: a) perimysium thickness; b) muscle fibre cross-section area in the

muscles of the PLWxPL, Duroc and Pietrain porkers examined.
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1997]. Lachowicz et al. [1998 a, b] found the muscle fibre
diameter to be positively correlated with elastic and viscous
moduli. They also showed that the higher the intramuscular
fat content, the lower the relaxation test results.

The present work shows that the pigs whose muscles
were characterised by a more delicate structure, with small-
er structural elements, were more susceptible to massage-
-induced changes in those elements (Table 4). The muscles
of pure-bred Duroc pigs, with the thinnest connective tis-
sue and the largest amount of intramuscular fat, were the
most susceptible to structural changes. For example, their
perimysium thickness increased by about 13-48%, depend-
ing on the muscle, and the fibre cross-section area increased
by about 33-60% (Figure 1). On the other hand, muscles
of Pietrain porkers, with the thickest connective tissue,
the largest fibre cross-section area and the lowest amount
of intramuscular fat, were the most resistant to massage-
-induced changes.

A similar pattern emerged from inter-breed compari-
sons of the muscles (Table 4). The L muscle, with fibres hav-
ing the smallest cross-section area, as well as the SM one,
with the thinnest connective tissue and the highest amount
of intramuscular fat, showed the most extensive massage-
-induced changes. The muscle fibre cross-section area in L
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increased, depending on the breed, by about 29-60%, while
the perimysium thickness in SM increased by about 13-40%.
The BF muscle which, regardless of the breed, showed the
thickest connective tissue, the largest fibre cross-section
area, and the smallest amount of intramuscular fat, was the
least responsive to massaging effects. Its fibre cross-section
area and perimysium thickness increased by about 8-30 and
3-9%, respectively. Monin et al. [1997], Knight et al. [1989],
and Minelli ef al. [1994] explained differences in the sus-
ceptibility of various muscles to conditioning by the differ-
ences in the histological structure of the muscles. Numerous
authors, i.a. Knight et al. [1989] and Katsaras & Budras
[1993], are of the opinion that connective tissue forms
a barrier to brine penetration, thereby limiting muscle fibre
swelling. On the other hand, by loosening muscular tissue,
intramuscular fat facilitates brine access to fibres [Albrech
et al., 1996], which most probably results in their more
extensive changes.

The next result of higher susceptibility to massaging of
a muscle is a more extensive change in its textural parame-
ters and rheological properties; the same conclusion applies
to differences between the breeds (Figures 1-3). As a result
of massaging, muscle hardness in the Duroc was reduced by
36-49%, whereas a 9-21% reduction was recorded in the
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FIGURE 2. Effects of massaging on changes, expressed as percentages, in: a) hardness; b) springiness of muscles of PLWxPL, Duroc, and Pietrain

porkers examined.

a)
% g

70

60

50
40 +—|

30 —

20+

PLWxPL DUROC PIETRAIN

1L [[1sm W sF

b)
% 80

PLWxPL DUROC PIETRAIN

1L [1sv A sF

FIGURE 3. Effects of massaging on changes, expressed as percentages, in: a) elastic modulus; b) viscous modulus of muscles of PLWxPL, Duroc,

and Pietrain porkers examined.
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Pietrain. The L and SM muscles, regardless of the breed,
showed a larger (by ca. 30% in the Duroc and PLW x PL,
and by ca. 50% in the Pietrain) drop in hardness than the
BF muscle.

CONCLUSIONS

1. The muscles examined were found to differ in the
size of their structural elements as well as in their textural
parameters and susceptibility to massaging, both within a
breed and between the breeds.

2. The muscles of Duroc porkers were the most respon-
sive to massaging; the least susceptible were the muscles of
Pietrain porkers.

3. Of the muscles examined, regardless of the breed, L and
SM muscles were the most responsive to massaging. Those
muscles showed the most delicate structure and texture.

* Paper presented at the VI International Scientific
Conference “The effect og genetic and non-genetic traits
on the quality of pork meat” 24-25 April 2003, Siedlce,
Poland.
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POROWNANIE PODATNOSCI NA MASOWANIE WYBRANYCH MIESNI SWIN RASY
PIETRAIN, DUROC ORAZ MIESZANCOW WBPxPBZ

Matgorzata Sobczak!, Kazimierz Lachowicz!, Roman Czarnecki’, Leszek Gajowiecki’,
Andrzej Klemke', Joanna Zochowska'

!Zaktad Technologii Migsa, Wydziat Nauk o Zywnosci i Rybactwa, *Katedra Hodowli Trzody Chlewnej,
Wydziat Biotechnologii i Hodowli Zwierzqt, Akademia Rolnicza, Szczecin

W badaniach stwierdzono zro6znicowanie struktury, tekstury i wtaciwosci reologicznych mig$ni §win rasy pietrain, duroc
i mieszaficow wbpxpbz. Migdnie bardziej twarde, sprezyste, gumowate, lepkie i trudniej Zuwalne charakteryzowaly si¢
grubsza tkanka taczna (peri i endomysium), wicksza powierzchniag wldkna mig§niowego oraz mniejsza zawartoscia ttuszczu
Srodmiesniowego. Jednoczesnie byly one najmniej podatne na zmiany elementéw struktury i parametréw tekstury w czasie
masowania. Grupy tucznikéw, ktorych migs$nie wykazywaly wyzsze wartosci parametréw tekstury charakteryzowaly si¢
wickszymi elementami struktury oraz gorsza podatnoscia na proces masowania.



