


protons thus obtained were taken as those relaxing the fastest. A magnetisation value was read off somewhere
between 15 and 45 ms from the FID-curve and was put into the equation describing multiphasic relaxation
given by Zimmerman and Brittin (1957). The relaxation time of the fastest relaxing water protons was then
calculated using the equation.

Rods of approximately 3,5 g (two for each temperature) were cut from the centre of the meat slice and put into
test tubes with the fibres parallel to the tube walls. The samnles were cooked for 30 minutes in different
water baths held at 40, 50, 60, 70, 80 and 90°C.

The piece of cooked meat was cut into two halves. One was used for histological nrenaration and the other
for NMR measurements and water contentanalysis. Histoloaical nrenaration and NMR-measurements were also made
on raw meat.

The meat samples were fixed overnight in 4% glutaraldehyde and then washed in phosphate buffered saline for

1 hour. Embedding was made with 5% agar according to Kotter (1955) and the embedded samples were then frozef
and mounted with the muscle fibres perpendicular to the knife in a cryostat microtome (type TE, SLEE, London)
The microphotographs were taken with a Nikon Optiphot 1ight microscope. The negatives were mounted in an
enlarging apparatus and the outlines of the frame and the extracellular space around perimysium was drawn

by hand on a paper at a total magnification of 300X. The total area and the area of extracellular space arO“”d
the fibre bundles were cut and weighed. By assuming even_distribution of water all over the meat sample the
percentage water at the extracellular space around the fibre bundles (at the perimysium) was calculated.

Results and discussion

In figure 1 the percentage protons of the discernible Tz-re1axation processes of water protons in raw, cooked
and drained meat can be seen in the form of histograms.” Three relaxation processes are obtained in all samp1e®’
The percentage of water having the longest relaxation time, i.e. T, > 1 s, was considered as more or ]ess

'free water'. The relaxation time of water without any nroteins s6lved or dispersed is about 2,5 s. By
assuming that the fast exchange between small bound fraction of water adjacent to the biopolymers and the
larger ‘free' fraction of water is the cause of the reduced relaxation time of water protons, a long relaxatio”
time will suggest a long diffusion distance of the 'free' water protons to the exchange site. This means

that larger pores of water within the structure have a areater chance of obtaining relaxation times in the
proximity to that of free water than smaller pores. Assuming that water in large pores is most likely to be
drained off from the meat (capillary forces) we have compared, at every cooking temperature studied, the
percentage of water having the longest relaxation time (T, > ls) in cooked, undrained sampies and the water

in the cooking loss. The results of this comparison exnrgssed as a histogram can be seen in fiqure 2.
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Figure 1. The percentage of water protons having discernible relaxation times
for samples of whole meat (beef longissimus dorsi being raw (1),
cooked (HB) and cooked, drained (EB). The cooking temperature was
varied from 40 to 90°C (n = number of samples).
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Figufe 2. Water loss (%) expressed

as cooking loss ([3J) or [ Cooking loss

NMR-'free water' (EZ) 72 NMR - “free water’
for meat samples of beef A
Tongissimus dorsi as a A
function of cooking i w
temperature (a: n = 2; 7
b: n=13% c:'n =4). i j
1
|
M |
| b= 7 | 7
%0’ 50 0 70" 80 “%0°

Cocking temperature [°C]

w;;EEmo&vatures below 60°C the percentage of water drained from thg sample was hiah t
Sam. - Water', detected by pulse-NMR, whereas the reverse was found for temperatures above 60°C. However, the
) nction of temperature is observed for both ways of studyina the water holdinq of meat,
1t of water Toss for temperatures up to 60°C, at 70°C there is the largest increase
» and at both 80 and 90°C cooking will result in the highest and the same level of

er than the amount of

ce of cooked meat was drawn out of the NMR-tube for weiching, that below and equal to
was more susceptible to disintegration than above 60°C. According to the microphotographs
2ctions of M. longissimus dorsi seen in figure 3 there is a more loose meat structure at
and equal £
|

to 60°C than above this temperature. This more open structure at 60°C
from larger extracellular space especially around the fibres, which was also the
1 ) for beef psoas muscle.
i ( in pieces of meat that consist of more cracks. Therefore meat cooked at 60°C
ptible to fall apart and thereby leak more water than it should. We sugaest that this
1

-1

loss being larger than the amount of water Tiable for loss, as measured by pulse-NMR.
70°C and above, however, the meat structure is more compact and those larger pores
w mainly at the perimysium), which are 1iable for loss, will be held by the compact
I ore leakage of water will be prevented to a certain degree. This could be the
Nop ¢ amount of NMR-free water than actual cooking loss obtained at cooking temperatures of

- and above. This is further substantiated by the fact that the amount of 'free water' in the cooked and

Tular water
na structure.

the
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samples, as can be seen in Fiqure 1, is larger for the
Lthan those samples cooked at lower temperatures.
TH,§P°¥ measuring the amount of water relaxing with a relaxation time T, above 1 s with H'-pulse-NMR, water
h“ﬁéﬁ:IOF loss is me sured. The actual amount of water that is lost thus depends on the structure and the
& S e‘hé] handling of the meat. i y ) -

The De: in quurg 1 we can for all samoles see the existence of three dwscern?bFEAW7—re1axat1on processes.
Copgs o c€ntage of water relaxing with the shortest relaxation time (a T, ranging frém 46 to 26 ms) can be
interfilamental and intracellular watef. This reasoning is based on the

ples cooked to temperatures of 70°C and

fm];dered as mainly holding the

Mter?TTG facts. A very high fraction of the muscle volume is occupied by the myofibrils in the raw

Ume a;, which is in accordance with the high percentage of water of about 80% having the shortest relaxation

?mcﬁ _Tﬁreover, the domain of water with the shortest relaxation time has the highest protein concentration

it 1S expected to be the space within the myofibrils. ! .

Yepp, s P€en sugaested from 'H-pulse-NMR measurements (Hazlewood et al, 1974, Lillford et al, 1980, Tornberg &

Wigp 1Nk, 1984) that the medium-rate relaxing process, i.e. the one with a T, 100 -150 ms, is associated

dng '€ extracellular space. As can be envisaged from figure 3 the extrace?1u1ar space around the perimysium

Ndomys § ym can, for example, for the 50°C sample constitute up to 28% (calculated by a cutting and

‘éee'fﬁg Procedure). This figure clearly exceeds the value of 14% water relaxing with a T, around 150 ms

ia -]1q9re 4). Evidently, this way of looking at the medium-rate relaxing process does not always hold true.
Instead suggest that the percentage of water-protons relaxing at the medium-rate of T, 100-150 ms is

associated with the extracellular water situated around the fibre bundles. This reasofiing is based

O the f011owing. The probality of a water proton exchanging with any proton of hydration water is dependent
Concentration of hydration protons within the diffusion distance of each water molecule and thus

: an1”t$rfacial surface of proteins, which is highest within'the myofibrils., Coqsequgnt]y, those water

le .S being furthest away from the myofibrils will have the highest probability of having a slow relaxation,

e p EhOSE water protons situated in the middle of the extracellular space around the fibre bundles.

Py € therefore compared the percentage of water having a relaxation time of T, 100-150 ms (measured by

app ‘R) and the percentage of water associated with the perimysium, by cutting and weighing enlarged photo-

the transverse section of fibres as seen in figure 3. The result of this comparison can be seen in

Or the raw meat and for the meat cooked at the different temperatures studied.

at COmpare the difference in percentage water around fibre bundles as determined by pulse-NMR and microscopy

5Nge~r7 temperature it is on average + 1,8%. The standard deviation in determination of nercentage water by

}% DGNMR is, when averaged over all temperatures, equal to + 2,1%. This means that the error in determining

%tw@erC@”taqe water at the perimysium by pulse-NMR ( 20%) is of the same magnitude as the difference observed

rud " the two methods of measurement. Evidently, the percentage of water around fibre bundles can in this

ytﬁew € measured with 80% probability by the pulse-NMR method. This is probably not a general phenomenon as

Qca];-endS on the actual pore size distribution of water within the meat. Therefore, in order to be able to

Oftheze the different domains of water, as measured by pukse-NMR, with some accuracy, microscopial observation

aCtual meat structure is needed.
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