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FREE CALCIUM ION CONCENTRATION FOLLOWING CALCIUM ADDITION TO MEAT
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Background

Calcium ions play a critical role in many cellular reactions. The content of calcium in skeletal muscle is similar in pork, beef
poultry and is about 1.5 mmoles Ca/kg fresh muscle (Zarkadas et al., 1987) but most of the calcium is ‘bound’. The ‘free’ calcium cont®
in muscle rises during rigor development from about 0.2 pmoles Ca/kg to between 100 and 130 umolesCa/kg (Dransfield, 1992; Jeacocke:
1993) at full rigor. Free calcium ions are implicated in meat tenderness mainly by stimulating proteolysis by activating calpains (DmnsﬂC] !
1992) but may also have a direct tenderising action on the myofibrillar proteins (Takahashi, 1999). The level of free calcium in posl—l'i‘:"”
meat is therefore sufficient to activate p-calpain but not calpain Il which requires about 500 pM Ca for half maximal activity 7 vit
Additional tenderness can therefore be obtained by activating calpain II by the addition of calcium chloride to meat. However for llm\iﬂ“_”ﬂ
tenderisation. calcium ions needs to be added at a final concentration of between 20 and 40 mM (Alarcon-Rojo and Dransfield, 1989) W hich
is well above the level needed to fully activate calpain II. The reason why such a high concentration is required has not been studied.

In practice, the addition of calcium chloride solutions (to a final concentration of between 10 and 40 mM) to pre-rigor or post-I
muscle usually increases tenderness but pre-rigor additions can give toughening. Injection of calcium chloride (30 mM final concentrat
into pre-rigor muscle can also cause a bitter taste (Morgan et al., 1991) and bitterness tends to increase with increasing chilled storage tim
calcium-injected meat (Morgan ef al., 1991; Rousset-Akrim ez al., 1996). The origin of the bitterness is unknown.
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Objectives
The aim of this work was to determine the available (free) calcium ions following addition of calcium chloride to beef at ¢
estimate if their concentration could activate calpain II and be responsible for the bitter taste sometimes observed in calcium-injected beet-
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Methods

M. Sternomandibularis muscles were removed at 1 hour (pre-rigor) or at 24 hours (post-rigor) post-mortem, minced and solu
of calcium chloride (up to 20 ml/kg of 2 M CaCl,) added to give final concentrations up to 50 mmoles added calcium chloride/kg of mu
The samples were stored at 4°C and the samples, together with the drip, centrifuged at 90 000g for 25 min. and the free calcium 10°
concentration in the supernatant determined by ion-specific electrode (Orion, ion plus) used according to the manufacture’ >
recommendations. For determinations in cooked meat, the meat was heated at 70°C for 25 min. and the cooking loss was recorded. The
cooking loss fluid was discarded and the remaining cooked meat was centrifuged and the free calcium content of the supernatant measured &
done for the raw samples. Measurements of free calcium ion concentrations were done on duplicate samples of meat.
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Results and Discussion i

The concentration of calcium by selective ion probe in the supernatant of post-rigor beef was 128 + 60 uM (Table 1). This 15 m
agreement with estimates (Dransfield, 1992) and measurements using specific chromophores (Jeacocke, 1992) and indicates that only calpal®
I would become active during the development of rigor mortis in muscle. Early studies (Parrish er al., 1981) indicated that the leve 0)
calcium in a TCA supernatant from beef may rise to 1000 uM during chilled storage for 10 days which could be expected to be su[‘ﬁcicl?‘ .
activate calpain 1. However, it is likely that this over-estimates the free calcium ion concentration and the amount of free calcium ’_“m
determined in this work did not change during chilled storage for up to 15 days (Table 1). This suggests that there would not be 5L11~1]€1011
free calcium ions, even in aged meat, to activate calpain IT which is consistent with the stable content of calpain II during storage (Dransfie'™
1992). The total concentration of magnesium ions (8 to 10 mmoles/kg fresh muscle) was similar to findings in other meats (Feidt and Bljuﬂ;
Bellut, 1999) and did not increase during chilled storage for up to 2 weeks (results not reported). ~Similar to our findings on free calciv”
ions, the content of free Mg (4 mmole/kg) and K (70 mmole/kg) ions in goat muscle was found to be stable from 1 to 2 days chilled
(Feidt and Brun-Bellut, 1999). Proteolysis during storage would therefore not appear to change the calcium ion binding.

The amount of free calcium ions was directly proportional to the amount of added calcium ions (Figure 1). Following post- n
addition, about 25% of the added calcium was free in raw muscle and about 20% in cooked muscle (Figure la). Free calcium “’]
concentration following calcium addition to pre-rigor muscle was 18% in raw muscle and 12% in cooked muscle (Figure 1b). So, in hO’IH
raw and cooked muscles, additions of calcium chloride to pre-rigor muscle (Figure 1b) tended to give lower free calcium concentrations “,‘]‘
did calcium additions to post-rigor muscle (Figure 1a). This is inconsistent with the observation that pre-rigor injections of calcium chloric®
into pre-rigor meat tends to give more bitter flavour that when injected in to post rigor meat (Rousset-Akrim ez al., 1996).

Morgan et al. (1991) used mature cow carcasses and injected pre-rigor muscles to a calcium concentration of 30 mM which 22 ;
more tender meat than the non-injected cold-boned meat. The Ca-injected meat had higher flavour scores described as metallic, l’i“"",;m\
livery which increased with chilled storage. They suggested further studies should be done on the flavour of Ca-injected meats. lniccllon;r
equivalent to 30 mmoles Ca/kg produced metallic off-flavours (Morgan et al., 1991) however, at 10 mmoles Ca/kg there was no off-flavo:
detected (Wheeler et al., 1993; Hoover et al., 1996). In a later study, Rousset-Akrim et al. (1996) used 10 mM CaCl, injected at | hour
24 hours post-slaughter. In pre-rigor injected muscle, they found no tenderising effect, an increased bitterness and saltiness w hich incrét
further during chilled storage. When injected post-rigor, the meat was more tender and, again bitterness scores tended to increase dut
chilled storage. Wheeler et al. (1993) and Eilers e al. (1994) also observed sour, bitter and livery flavours in injected meat, especially W
the concentration of CaCl, was more than 10 mM.

Calcium chloride in water has a bitter or salty taste with a threshold between 2 and 30 mM and a median threshold of 10
(Amerine ef al., 1965). It seems likely that, in meats, the taste of salts is related to the concentration of free ions. With calcium ;1ddi110‘1:"
mM free calcium ion concentration is achieved with post-rigor addition of CaCl, to 10 mM in both raw and cooked muscle (Figur® .:m
More calcium chloride (to 15 and 20 mM respectively) would need to be added to pre-rigor muscle to give a 2 mM free calcium !
concentration (Figure 1b). It seems likely then that a bitter taste would be detected by some consumers at additions as low as 10 mM.

Calcium injection is usually carried with concentrations from 10 to 30 mM CaCl,, concentrations sufficiently high to give the e
taste observed in some trials. However, the low free calcium ion concentrations following addition to pre-rigor muscle cannot c.\‘l‘]"_”n ;
apparent bitterness observed following pre-rigor injections. Also, as no measured changes were found in free calcium ion concentra
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the supernatants from raw or cooked meat during storage of raw meat at 4°C for up to 2
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Oserved increase in bitterness during storage of calcium injected muscle.
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weeks, no explanation can be offered for the

Table 1. Free calcium (mM; means and standard deviations) following calcium additions and chilled storage
Added CaCl, Chilled storage (days post-slaughter)
(mmoles/kg) ] 3 8 5
Puasrs 0 0.0+ 0.0 0.1£0.0 0 =200 0.1 0.0
re-rigor =
m‘i liin 10 I.1+0.0 1.3+0.1 1.3+0.0 1.5+ 0.0
JE
RAW . 30 6.2+02 5.8+0.5 63+04 4.9+ 0.0
MUSCLE . 0 02+£0.0 0.2 +0.1 0.2:=£0.1 0.2+0.0
Post-rigor =
L 10 1.8+ 0.6 B9 05 2302016 2.0+0.6
1mnjection =) = =
i 30 66T ()==0 = 7.0=£1.6 6.8+1.9
p 00 0 0.2+0.0 01 E0.0 031010 0.2=£0.1
re-rigor
n?mi:[i 10 1.0+ 0.0 1.0+ 0.1 0.9+ 0.1 1.1+0.1
COOKED ! 30 4.0+ 0.1 4.0+ 0.1 4.0+ 0.1 29+0.1
MUSCLE Post-ri 0 0.3 £0:0 0.3+0.0 0.3+0.1 0.3+0.0
st-rigor
i 10 2.8+0.0 2.8+0.0 29+0.0 3.0+0.2
injection = - —p=
2 30 5.8+0.2 Se == 011 5.5+0.1 64102
16 16
£ Raw muscle A=
= 12 y=0.3x-04 r2=0.99 s 12
ES g = Raw muscle
T £ T =0.2x-0.2 r2=0.99
£2 s Ec 8 y
S g 5 8
8 = © >
oY 4 Cooked Muscle % 2 4
<L I (R > <IN y=0.2x+0.4 r2=0.99 ORI il A Cooked Muscle
- i y=0.1x +0.01 r2=0.99
0 0
0 20 40 60 0 20 40 60
Total calcium chloride (mmoles/kg muscle) Total calcium chloride (mmoles/kg muscle)

a. Addition of calcium to post-rigor muscle

Figure 1.
Horizontal dotted lines indicate the minimum

F)Qrtillcnt Literature
“Merine. MA . Pangborn, RM. and Roessler EB. 1965. Principles
of Sensory evaluation of food. Academic Press, London.
“arcon- Rojo, A. and Dransfield, E. 1989. Effect of calcium ions
On texture of beef during conditioning. Proceedings of the 354
ICoMsST, (nmnmm pages 1141-1144.
"ansfield, E. 1999. Meat tenderness - the p-calpain hypothesis.
”J]‘()Luulm\vx of the 45" ICoMST, Yokahama, Japan. p. 220-228.
S, JD, Morgan, JB, Martin, AM, Miller, RK, Hale, DS, Acuff,
GR. Savell, JW. 1994. Evaluation of calcium chloride and lactic
acid injection on

chemical, microbiological and descriptive
.Cii::“'il?ulcs of mature cow beef. Meat Scicm'c:.“a&—.l—ﬁ—»-li I »

. C. and Brun-Bellut, J. 1999. Release of major ions during

Mgor mortis development in kid Longissimus dorsi muscle.
€at Science, 51, 81-90.

LC., Cook, KD., Miller, MF., Huffman, Wu, CK.,
—-dndsdcll JL. and Ramsey, CB. 1996. Restaurant Consumer
“‘CCeptance of Beef Loin Strip Steaks Tenderized with Calcium
Chloride J Animal Science, 73, 3633-3638.

RE. 1992. The concentrations of free magnesium and
dlkillll] ions both increase in skeletal muscle fibres entering
rigor mortis. Meat Science, 35, 27-45.

oove, KL.,

free c

581

b. Addition of calcium to pre-rigor muscle

Relationships between free and total calcium ions added to minced beef Sternomandibularis
(2 mM) bitterness threshold concentrations of calcium chloride in water.

JB, Miller, RK., Mendez, FM., Hale, DS. and S JW.
Using calcium chloride injection to improve tenderness

J Animal Science, 69, 4469-4476.

, Culler, RD; and Zeece, MG. 1981. CAF
activity, concentration and the 30,000-Dalton
component of tough and tender bovine Longissimus muscle. J.
Food Science, 4, 196-202

Rousset-Akrim, S., Got F,
Influence of CaCl, texture and
flavour of beef. Int. 1,333-343.

Takahashi, K. 1999. Mechanism of meat tenderisation during post-
mortem ageing: calcium theory.  Proceedings the 45"
[CoMST, Yokohama, Paper 4-L3, pages 230-235.

Wheeler, TL., Koohmaraie, M., Landsdell, JI GR and
Miller, MF. 1993. Effects of post-mortem injection time,
injection level and concentration of calcium chloride on beef
quality traits. J. Animal Science, 71, 2965-2974.

Zarkadas, CG., Marshall, WD., AD., Nguyen,Q., Zarkadas,
GC., Karatzas, CN. and Khanizadeh, S. 1987. Mineral
composition of selected bovine, porcine and avian muscles, and
meat products. J.

Morgan, avell,
1991.
of beef from mature cows.
soely Ig (@]

calcium

Parrish, F(

MC. and

injections on

Bayle, Culioli, J.
NaCl the
J Food Science and Technol., 3

1996
and

of

, Siragusa,

Khalili,

Food Science, 52, 520-525.






