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Summary

Background. Electrical stimulation and conditioning of carcasses are carried out to improve the
quality of meat. The aim of the study was to evaluate the effect of these treatments on the glyco-
lysis process and tenderness of beef.

Material and methods. The longest lumbar muscles (m. longissimus lumborum) were the exper-
imental material. They were divided into four groups by tenderization treatments: ES — high
voltage electrical stimulation, KD — conditioning for 18 h at a temperature of 12—-15°C, ES+KD —
electrical stimulation and conditioning, in conjunction, K — standard cooled carcasses. Glycolysis
was evaluated on the basis of the pH value, the content of glycogen and lactic acid after 45 min,
and 3, 14, 17, 21, and 28 days post mortem. Tenderness was measured on the 3%, 14% 17t 215
and 28" day based on shear force evaluations.

Results. At 45 min after slaughter the value of pH of the muscles was decreasing at the highest
rate in the case of ES and ES+KD. Meat of those carcasses displayed the best tenderness after 3
and 14 days, especially when compared to K samples (p < 0.05).

Conclusions. Among the evaluated meat tenderization treatments, ES had the greatest impact on
improving meat tenderness. The conjunction of ES and KD did not cause significant changes in
the process of glycolysis and meat tenderization.
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Introduction

Meat quality is influenced via numerous factors connected with animals rearing
conditions, as well as postmortem treatments, which are applied on carcasses, influen-
cing the biochemical processes of the muscle tissue (Domaradzki et al., 2016). To the
group of these practices belong both electrical stimulation and carcasses conditioning.
Electrical stimulation brings about an increase in the rate of glycolysis and an increase
of muscle acidification (Adeyemi and Sazili, 2014; Mombeni et al., 2013; Rhee and
Kim, 2001). The course of glycolysis shows a significant influence on forming the qual-
ity of meat (Pospiech et al., 2011), especially on its tenderness (Hwang and Thompson,
2001; Kim et al., 2013; White et al., 2006). The aim of the research was an evaluation of
the impact of various tenderization treatments on the course of glycolysis and bovine
meat tenderness.

Material and methods

The experimental material were the longest lumbar muscles (m. longissimus lumbo-
rum), derived from eight bulls of Holstein Friesian breed, slaughtered in standard abat-
toir conditions. Standard quality muscles (RFN, Red Firm Normal) were taken which
were evaluated on the basis of the pH value — measured 45 min and 48 h after the
slaughter and the IMP/ATP ratio. They were divided into four groups by tenderization
treatments. ES and K groups of muscles came from one individual. After the slaughter
the left carcass was subjected to electrical stimulation (ES), and the right one was
cooled (K). The samples of ES+KD and KD groups also came from one individual: the
left carcass was subjected to electrical stimulation and next to conditioning (ES+KD).
The right one was only conditioned for 18 h at 12—15°C (KD). The cooled muscles were
cut out 48 h after slaughter.

Glycolytic changes were assessed after 45 min and 3, 14, 17, 21, 28 days post mor-
tem. The measurement of pH value in muscles was done applying a portable pH meter
of Handylab 2 type (PN-ISO 2917:2001, 2001). The content of glycogen (GL) was
assessed according to Dalrymple and Hamm'’s (1973) enzymatic method, and lactic acid
(KM) applying Bergmeyer’s (1974) method. Meat tenderness was measured on the 3™,
14% 17% 21% and 28% day based on shear force evaluations by help of a TA.XT.plus
texture meter with a Warner-Bratzler’s countershaft. The meat slices of 2.3 cm thick-
ness were thermally processed in a convection-vapour oven produced by Rational com-
pany (model SCC 61E) till 72°C were reached in the geometric center of the sample.
Shearing force indispensable for cutting was expressed in newtons per 1 cm?,

Statistical analysis was conducted using the Statistica 10 program. The calculations
of mean values and standard deviation were conducted. The results of the experiments
were subjected to monofactorial analysis of variance taking into account the effect of
time and type of tenderization treatment. Significance of differences between means
was defined by help of Fisher’s LSD test.
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Results and discussion

pH meat value was a reflection of the glycolysis process in the muscles of the car-
casses in focus and the ratio of their quality (Lee et al., 2002). During the storage, pH
value decreased in all the groups but the fastest decrease was observed in the muscles of
the electrostimulated carcasses (Table 1). ES and ES+KD muscles, 45 min after slaugh-
ter showed a significantly lower (p < 0.05) pH value compared to K and KD carcasses’
muscles (Table 1). ES brought about an increase in the rate of muscles’ acidification,
especially in a short time after slaughter, which is confirmed by the research of Mombeni
et al. (2013), as well as Rosenvold et al. (2008). King et al. (2004) indicate that pH value
is, on average, lower by 0.4 of a unit than in the control carcasses which results from elec-
trical stimulation. In these experiments the difference between pH value of the muscles
coming from ES, ES+KD carcasses and those from K, KD reached 0.37 of a unit.

Table 1. Changes in the pH value in the muscles during storage
Tabela 1. Zmiany wartosci pH w migéniach w czasie przechowywania

Time after slaughter ES KD ES+KD K
Czas od uboju
45 min 6.324°+0.13 6.7550+0.23 6.38%°£0.09 6.6950 +0.27
48 h 5.56° £0.06 5.54* +£0.04 5.55*+0.08 5.57* +0.06
3 days — 3 dni 5.41*+0.06 5.37*+0.017 5.41°+0.20 5.45*+0.10
14 days — 14 dni 5.52% +0.04 5.47*+0.10 5.48*+0.05 5.53*+0.04
17 days — 17 dni 5.53% £0.07 5.48*+0.08 5.50* £0.08 5.53*+0.04
21 days — 21 dni 5.52%® +0.05 5.51*+0.11 5.49* £0.06 5.54* +0.05
28 days — 28 dni 5.56°+0.12 5.55*+0.22 5.54*+0.17 5.58*+0.16

Values in rows marked with various capital letters differ statistically significantly at the level of p < 0.05,
values in columns marked with various small letters differ statistically significantly at the level of p < 0.05.

Warto$ci w wierszach oznaczone réznymi duzymi literami r6znig si¢ statystycznie istotnie na poziomie
p < 0,05, wartosci w kolumnach oznaczone réznymi matymi literami roéznig si¢ statystycznie istotnie na
poziomie p <0,05.

The GL amount in postmortem muscles was connected with the process of glyco-
lysis (Neath et al., 2007). Its content was decreasing during the storage time (Table 2) and
was the highest after 45 min compared to the other times of the experiment (p < 0.05).
Changes in GL content were also observed 3 days after slaughter. Despite the absence
of a meaningful differentiation, the lowest GL content after 45 min of storage was noted
in ES and ES+KD muscles (Table 2). The result of the anaerobic glycolysis was KM
appearance (Choe et al., 2008) and that is why an increase of its amount in muscles was
observed during the storage time (Table 3). An impact of ES and KD on its increase was
found. After 45 min and 3 days the highest content of KM was found in ES and ES+KD
muscles compared to K (Table 3).
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Table 2. Changes in the amount of glycogen in muscles during storage (mmol/kg)
Tabela 2. Zmiany zawartosci glikogenu w migéniach w czasie przechowywania (mmol/kg)

Time after slaughter ES KD ES+KD K
Czas od uboju
45 min 33.34¢ +9.89 38.35°4+8.59 30.34° +4.70 38.02°£15.74
3 days — 3 dni 18.08° +4.53 14.99 £3.86 15.37° £5.58 17.16* £5.03
14 days — 14 dni 7.26* £0.57 6.02* £1.95 5.79* £2.05 8.13* +£2.18
17 days — 17 dni 8.95* £2.73 7.47* £3.64 6.53* £3.30 8.84* £2.74
21 days — 21 dni 8.21°+4.17 6.84* £3.62 7.01* £3.92 747" £4.07
28 days — 28 dni 8.11*+4.34 5.92* +4.04 6.54* +4.67 7.14* £4.06

Values in columns marked with various small letters differ statistically significantly at the level of
p <0.05.

Wartoséci w kolumnach oznaczone réznymi matymi literami r6znig si¢ statystycznie istotnie na poziomie
p <0,05.

Table 3. Changes in the amount of lactic acid in muscles during storage (mmol/kg)
Tabela 3. Zmiany zawarto$ci kwasu mlekowego w migsniach w czasie przechowywania
(mmol/kg)

Time after slaughter

Czas od uboju ES KD ES+KD K
45 min 59.5348 £12 46 51.2148* £23.09 68.135° £12.89 40.44%° +8.74
3 days — 3 dni 92.62* +5.40 91.34* 49,16 94.34* +7.78 85.53% £10.41
14 days — 14 dni 90.02* +3.81 93.05* +9.75 82.24™ +20.54 82.59* +8.81
17 days — 17 dni 92.20"8 +6.98 96.948 18 33 84.36% £11.98 88.7248 +5 02
21 days — 21 dni 93.174B2 £3.38 93.625 4,26 97.385249.15 86.30"7 £7.90
28 days — 28 dni 93.77* +6.86 93.47* £7.58 93.64* +8.78 94.26" +7.06

Values in rows marked with various capital letters differ statistically significantly at the level of p < 0.05,
values in columns marked with various small letters differ statistically significantly at the level of p < 0.05.

Wartoéci w wierszach oznaczone réznymi duzymi literami roznig si¢ statystycznie istotnie na poziomie
p < 0,05, wartosci w kolumnach oznaczone réznymi matymi literami roznig si¢ statystycznie istotnie na
poziomie p <0,05.

Attention should be paid to the fact that the value of shear force of meat was factu-
ally the highest (p < 0.05) on the 3 day in group K (97.08 N/cm?) compared to ES and
ES+KD carcasses muscles (respectively: 52.70 N/cm? and 54.93 N/cm?) (Table 4). Re-
search of numerous authors (Hwang and Thompson, 2001; Mombeni et al., 2013; Rhee
and Kim, 2001; Rosenvold et al., 2008; Simmons et al., 2008) confirm ES of carcasses
meaningfully influenced the meat’s tenderness.
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Table 4. Changes in the tenderness (evaluated by the shear force) of beef meat during storage

(N/cm?)

Tabela 4. Zmiany krucho$ci (mierzonej sita cigcia) wotowiny w czasie przechowywania (N/cm?)

Time after slaughter ES KD ES+KD K
Czas od uboju
3 days — 3 dni 52.70°* £15.15 79.08"8 £31.34 54.93% £25.52 97.08%8 £20.69
14 days — 14 dni 31.53*4 £3.70 46.41°5€ £2.20 36.56™48 £13.90 | 53.31% £7.43
17 days — 17 dni 32.47% £4.12 44,238 1919 32.27%A £13.36 56.14*® 9,70
21 days — 21 dni 28.42%A £1.34 44178 £15.27 29.11°4 £6.17 47.86"5 £10.78
28 days — 28 dni 30.95* +4.72 45.03% +£22.54 32.81°£9.17 48.30* +16.71

Values in rows marked with various capital letters differ statistically significantly at the level of p < 0.05,
values in columns marked with various small letters differ statistically significantly at the level of p < 0.05.

Wartoéci w wierszach oznaczone réznymi duzymi literami roznia si¢ statystycznie istotnie na poziomie
p < 0,05, wartosci w kolumnach oznaczone r6znymi matymi literami réznig si¢ statystycznie istotnie na
poziomie p <0,05.

ES and ES+KD treatments significantly influenced the speed of glycolysis and ten-
derness of meat tissue (Tables 3 and 4). The research carried out by Hollung et al.
(2007), Hwang and Thompson (2001), as well as Simmons et al. (2008) indicates
a simultaneous influence of the ES and KD treatment of cattle carcasses on the course
of glycolysis and improvement of meat tenderness. It is worth stressing though that the
changes concerning KD treatment conducted independently are slower compared to the
situation when it is combined with ES.

Conclusions

1. ES carcasses treatment accelerated the process of glycolysis. 45 min after the
slaughter, significantly lower pH value of ES and ES+KD muscles was observed, com-
pared to non-electrostimulated carcass.

2. After a 3-day storage, muscles from ES and ES+KD exposed carcasses were
characterized by a significantly lower (p < 0.05) shear force value, compared to the
control ones. The above proves that the ES treatment is most efficient in speeding up
glycolysis and significantly influences the improvement of meat tenderness.
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PRZEBIEG PRZEMIAN GLIKOLITYCZNYCH W MIESIE TUSZ BUHAJOW
PODDANYCH ROZNYM ZABIEGOM TENDERYZACII

Streszczenie

Wstep. Zabiegi elektrostymulacji i kondycjonowania tusz wykonuje si¢ w celu poprawy jakosci
migsa. Celem badan byta ocena wptywu tych zabiegdw na przebieg procesu glikolizy i kruszenia
mig¢sa wotowego.

Material i metody. Materiatem doswiadczalnym byly migsénie najdtuzsze ledzwi (m. longissimus
lumborum). Dzielono je na cztery grupy wedtug zabiegdéw tenderyzacyjnych: ES — elektrostymu-
lacja wysokonapigciowa, KD — kondycjonowanie przez 18 h w temperaturze 12—15°C, ES+KD —
elektrostymulacja i kondycjonowanie tacznie, K — tusze chtodzone standardowo. Glikoliz¢ oce-
niano na podstawie wartosci pH, ilosci glikogenu i kwasu mlekowego po 45 min oraz 3, 14, 17,
21 i 28 dniach post mortem. Krucho$¢ migsa oceniano w 3., 14., 17., 21. i 28. dniu na podstawie
warto$ci sity cigcia.

Wyniki. W czasie 45 min po uboju warto$¢ pH badanych mig$ni malata najszybciej w przypadku
tusz ES 1 ES+KD. Migso z nich cechowato si¢ najlepsza kruchoscia juz po 3 i 14 dniach, szcze-
gblnie w pordwnaniu z probami K (p < 0,05).

Whioski. Sposrdéd zabiegéw tenderyzacji migsa najwigkszy wpltyw na polepszenie kruchosci
migsa miala ES. Polaczenie ES i KD nie spowodowalo istotnych zmian w przebiegu glikolizy
i kruszenia migsa.

Stowa kluczowe: wotowina, glikoliza, elektrostymulacja, kondycjonowanie, krucho$é

Corresponding address — Adres do korespondencji:
Ewa Iwanska, Instytut Technologii Miesa, Uniwersytet Przyrodniczy w Poznaniu, ul. Wojska
Polskiego 31/33, 60-624 Poznan, Poland, e-mail: eiwanska@up.poznan.pl

Accepted for publication — Zaakceptowano do opublikowania:
26.10.2016

For citation — Do cytowania:

Iwanska, E., Mikotajczak, B., Grzes, B., Zywica, R., Banach, K., Iwanowska, A., Pospiech, E.
(2016). Changes in glycolysis process in bulls’ meat carcasses subjected to different tenderization
treatments. Nauka Przyr. Technol., 10, 4, #43. DOI: http://dx.doi.org/10.17306/J.NPT.2016.4.43



	Introduction
	Material and methods
	Results and discussion
	Conclusions
	References

