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Background

Dietary creatine has been shown to increase total muscle creatine (Balsom, Soderlund, Sjodin & Ekblom,
1995), of which approximately two-thirds is creatine phosphate (Balsom, Séderlund & Ekblom, 1994; Casey,
Constantin-Teodosiu, Howell, Hultman & Greenhaff, 1996). Increased availability of creatine phosphate is
believed to contribute to the increased maximum and total work capacity (Casey & Greenhaff, 2000) and
reduce the recovery period (Balsom et al., 1995) of humans supplemented with creatine. In relation to meat
quality, it has been suggested that the increased creatine phosphate may delay the lactate formation in the
muscle and consequently postpone the pH decline post mortem. On the basis of postponed pH decline, and
possible increased water retention due to increased intracellular osmotic draw caused by the creatine
phosphate, Berg and Alle (2001) proposed a hypothesis of increased WHC in meat from pigs supplemented
with creatine. Alteration in the water mobility has been indicated in several studies by tendencies to greater
myofiber hydration (Berg & Allee, 2001), reduced cooking loss (Maddock, Bidner, Carr, McKeith, Berg &
Savell, 2002) and increased WHC (James et al., 2001).

Objectives

The objectives was to study interactions among breeds, creatine supplementation, and cooling profile in
relation to WHC in pork.

Materials and methods

A total of 80 pigs, 40 Duroc and 40 Landrace pigs were allocated to 4 groups and supplemented with 0,
12.5, 25 or 50 g creatine monohydrate (CMH)/d for 5 days prior to slaughter. Pigs were fed 2 x 1375 g feed
mixed with CMH for 5 days prior to slaughter. The body weight was registered in the morning 5 days before
slaughter and before transport to the slaughter plant. The development in water mobility and distribution was
measured in LD muscles of control and pigs supplemented with 25 g CMH/d by NMR T, relaxation
(Bertram, Karlsson & Andersen, 2003) from 20 min to 210 min post mortem. The temperature was logged
every min from 20 min until 24 h post mortem, and duplicate pH measurements were made in longissimus
dorsi (LD) at 1, 15, 30, 45, 60, 120 and 1440 min (24 h) post mortem. After 1 h one half of the carcass was
placed in a chilling room at 4°C (temperature profiles in Figure 1) and the other half in the freezer for 1 h at
approximately —28°C, and then transferred to a separate chilling room at 4°C. Water holding capacity
(WHC) was also determined as drip loss in LD in approximately 100 g samples using the plastic bag method
(Honikel, 1998). The data was statistically analysed using the mixed procedure in SAS (SAS V8).

Results and discussion

Body weight gain of the pigs after 5 days of supplementation increased linearly with dietary inclusion of
CMH and at a dose of 50 g/d the gain was increased by approximately 2 and 3 kg in Duroc and Landrace
respectively (Table 1). When disregarding the breed, all groups of CMH supplemented pigs had a
significantly increased weight gain compared to control animals. Weather this increased gain is as lean body
mass (Balsom et al., 1995) or as increased water retention (Juhn, 1999) will be investigated further in this
study.

In Duroc pigs pH was higher compared to Landrace at all time points, but in control animals and those
supplemented with 12.5 g CMH/d this difference was only significant 24 h post mortem (Table 2). Contrary,
in groups of pigs supplemented with 25 and 50 g CMH/d the Duroc breed had significantly higher pH at all
time points, except after 15 and 30 min for pigs supplemented with 50 g CMH/d. Among Duroc animals pH
was higher in pigs supplemented with 50 g CMH/d at 30, 45, 60 and 120 min post mortem compared to



ICoMST 2004
50" International Congress of Meat Science and Technology, Helsinki, Finland

control Duroc animals, whereas there was no systematic differences between supplementation groups within
the Landrace. In general the difference in cooling profile (Figure 1) only affected pH of the meat after 2 and
24 h post mortem. As a whole, carcasses frozen for 1 h had a higher pH at 2 h post mortem (P = 0.005) and
specifically Duroc supplemented with 50 f CMH/d and Landrace supplemented with 25 g CMH/d had
increased pH upon freezing. After 24 h the effect of cooling profile was more pronounced; generally pH was
higher in frozen samples (P < 0.0001) and specifically Duroc supplemented with 12.5 g CMH/d and all
groups of Landrace had increased pH upon freezing.

Delaying the pH decline initially during the conversion of muscle to meat reduces protein denaturation and
may consequently reduce the drip loss. In this context the drip loss is assumed to be reduced in meat from
Duroc pigs compared to Landrace, and in Duroc pigs supplemented with 50 g CMH/d compared to control
Duroc animals. Furthermore, different cooling profiles may affect the drip loss despite the pH of the frozen
meat was only significantly higher 2-24 h post mortem.

In general terms this theory was confirmed, since drip loss, as determined by the bag drip method, was
reduced up to 30% in Duroc but slightly increased in Landrace upon CMH supplementation (Table 1). The
difference in cooling profile did not affect drip loss.

NMR T, relaxation data were analysed using distributed exponential fitting, which revealed the presence of
three water populations in the muscles. The slowest T, population, Tp,, expresses the amount of extra
myofibrillar water and has been shown to be positively correlated to the drip loss (Bertram, Donstrup,
Karlsson & Andersen, 2002). The difference in drip loss between breeds determined by the bag drip method
was not directly reflected in the NMR T, population measured initially post mortem (Figure 2). This may be
due to a difference in the contribution from intra muscular fat to the T,, population between the two breeds,
since Duroc is known to have more intra muscular fat than Landrace. However the tendencies towards
reduced drip loss in Duroc and increased drip loss in Landrace upon CMH supplementation was confirmed
by the post mortem development in the NMR T, population, which revealed a smaller and larger increase in
the T, population in muscles of Duroc and Landrace, respectively, upon CMH supplementation, although
none of the NMR data was significantly different because of the variation in the material. A large increase in
the T, population post mortem is known to result in a high drip loss (Bertram et al., 2003).

Conclusions

In general, a breed by dietary CMH interaction was observed for post mortem pH and drip loss. Thus, in
Duroc dietary CMH addition increased pH, and reduced driploss, while no significant effects of dietary
CMH addition were observed in meat from Landrace pigs.

Table 1. LSMeans of weight gain (g) of the live animals and WHC of the meat expressed as drip loss (%) (n
=10). Weight gain expressed as difference before and after 5 days of creatine monohydrate (CMH)
supplementation.

Duroc Landrace
CMH supplement (g/d) CMH supplement (g/d)
SEM 0 12.5 25 50 0 12.5 25 50

Weight gain (G)  0.64-0.72  5.77°  6.98° 732" 786" 573" 834" 7.3" 870
Drip loss (%) 0.50-0.51 431" 3.04" 3352 2098% 541™ 635  622°  6.24°

“®Means lacking a common superscript differ (P < 0.05). '~*Significance level in relation to control ' P =
0.07,” P=0.17,” P=0.06.
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Table 2. LSmeans of pH in Longissimus Dorsi of Duroc and Landrace supplemented with different creatine
monohydrate (CMH) concentrations, measured at various time points post mortem (n = 10). Cool: cooling at
4°C after slaughter, Freeze: freezing for 1 h, from 1-2 h post mortem.

Time (min)  Cooling Duroc Landrace
post mortem  profile CMH supplement (g/d) CMH supplement (g/d)
SEM 0 12.5 25 50 0 12.5 25 50

1 - 0.045 6.55™ 658  6.58™  6.66° 648" 651" 646"  6.51"
15 - 0.046 647"  6.46™ 654" 654" 644 6.41° 637" 6487
30 - 0.043  6.40" 644> 650 655  6.41° 640"  6.32° 647"
45 - 0.044 642"  6.40° 649" 6.56° 631°  631* 631"  6.38"
60 - 0.051 635 636" 6.38™ 647° 6280 6280 623"  627°
120 Cool  0.063 6.19* 623 624" 632 6.10° 6.11"% 6.01> 6.12%®
120 Freeze 0.063 6.25° 629%  625° 643> 6177 614 613 6.12°
1440 Cool 0.027 5.61° 564> 561> 5.62° 549 548 549 547>
1440 Freeze 0.027 5.63° 568" 563 569 553 555%  557%  550%

““Means within a row lacking a common superscript differ (P < 0.05). **Means within a column and within a
specific time lacking a common superscript differ (P < 0.05).

Figure 1. Mean of temperature in longissimus dorsi (LD) of carcass sides cooled at 4°C throughout, and sides
frozen for 1 h from 1-2 h post mortem (n = 80). Dotted lines indicate SEM.
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Figure 2. Development in NMR T, population after slaughter in control pigs and pigs supplemented with 25
g CMH/d. LSMean values are shown, SEM = 0.38 (n = 10).
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