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Four of the most suitable parameters for use in assessing the stress associated with the transportation of
animals to slaughter are: muscle glycogen, muscle pH, meat color, and shear force. Glycogen level is measured
by the technique of Somoygi, Good and Kramer (1933) ; muscle pH can be accurately measured by blending 2 grams
of the muscle in 20 mls of .01 M iodoacetate pH 7.5 and reading the resulting pH with a combination electrode
(Ono et al., 1977). Meat color is best evaluated by a trained taste panel scoring duplicate samples cooked on
di fferent days (Lewis et al., 1967). Shear force is measured using a Warner-Bratzler shear device (Lewis

et: al.,1967).

Shorthose (1977) assessed the effects of resting sheep after a long (1110 km) journey on concentrations of
plasma constituents and post-mortem changes in muscle and meat properties and reported that animals rested for
only 18 hours had less glycogen in the longissimus dorsi muscle and liver at slaughter than those rested for

120 hours. The ultimate pH values of the longissimus dorsi (5.94) and the semitendinosus (6.31) muscles of rams
rested for 18 hours were greater than those of the same muscles from animals that ate during their 120 hour rest

period. Meat color was darker in chops from animals rested for 18 hours than those from animals rested for
120 hours.

The stress associated with the struggling, fighting and overcrowding of animals prior to slaughter can be
assessed by analyzing post-mortem pH changes, water holding capacity and color of lean. Huf fman et al. (1969)
reported the use of a portable pH meter as a convenient and rapid technique for determining muscle pH changes
post-mortem on the freshly exposed surface of the semimembranosus muscle. Water holding capacity can be
determined using an inverse phase gas chromatograph as described by Coelho, Miltz and Gilbert (1979). In
addition to the very subjective visual appraisal of meat color, reflectance analysis can be used to give a more
reliable and accurate determination. Using this technique, Ngoka et al. (1982) observed substantially greater
redness and increased myoglobin concentration in breasts from birds subjected to normal excitement prior to
slaughter and allowed to struggle freely during slaughter.

The most convenient methods for measuring the effects of pre-slaughter stress caused by acute changes in

envi ronmental temperature and pressure are by recording physiological parameters such as respiration rate, heart
rate and rectal temperature. Respiration rate can be recorded by an apparatus that responds to changes in
pressure in the pleural cavity or the trachea. A pneumograph, stethograph or plethysmograph may be used to
indicate changes in the circumference of the thorax and thus record respiratory movements. The pneumograph
consists of a coil spring inside a rubber tube tied around the thorax. One end of the tube is closed; the

other end is connected to an appropriate recording device. The stethograph consists of a cylinder with a rubber
diaphragm at each end fastened to a cord around the thorax. The cylinder is connected to a recording device.

In both the pneumograph and stethograph, inspiration decreases the pressure in the apparatus, and expiration

increases the pressure. Translation of these pressures to a line of pen-recording instrument indicates
respiratory movements.
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an electronic amplifier and recorded. Pressure changes are then permanently recorded as a pen 1S cauvsed IO woNe
on graph paper with changes in the transducer created by blood pressure changes. Blood pressure 1s conventionally
measured in millimeters of mercury (mm Hg) (Frandson, 1975).

Bleed-out volume is determined by collecting all blood directly into graduated cylinders when the animal is
exsanguinated (Westervelt et al., 1976).

ATP, creatine phosphate and lactic acid are assayed according to the procedures of Bergmeyer (1963), while the
competitive protein binding technique (Gilman, 1970) can be used to assay for c-AMP. Glucose-6-phosphate can be
determined according to the procedures of Schmidt et al. (1972). Glucocorticoid levels have been determined by
the procedure of Martin and Martin (1968); however, the competitive protein binding technique has been found to
give more accurate results (Buckland, Belgrave and Lague, 1968). Analysis for epinephrine and norepinephrine can
be done by the photo-fluorometric method. More recently radio-immunoassays have been develooed for many of
these analyses.

Color of lean, tenderness, juiciness and flavor can be best evaluated by a trained taste panel. Cooking loss is
determined as the difference between the raw and cooked weights of a unit volume of meat. Shear force is
measured using a Warner-Bratzler shear device (Lewis et al., 1967).

Because of the large number of methods available for measuring stress during slaughter, it is very probable that
one will need to select a limited number of methods based on the resources available. In determining what stress
indices should be studied, one should assess the versatility, repeatability, cost and reliability of the

di fferent methods. Of the methods described, heart rate, respiration rate, rectal temperature and carcass pH
have been found to best fit the criteria (Westervelt et al., 1976).

It is always very difficult to study the effects of specific stressors on a live animal without introducing
artifacts due to the investigative technique (Alder, 1976). This is particularly so in the measurement of such
parameters as respiration rate, heart rate and glucocorticoid levels where recording instruments have to be
attached to the animals. Will it ever be certain beyond a reasonable doubt that the experimental manipulation
necessary to obtain the needed samples or observations are not themselves so stressful as to compromise the
results? As mentioned earlier, the advent of radiotelemetry has been particularly useful in overcoming the
problems associated with recording physiological data from unrestrained animals.

Although biotelemetry has undoubtedly improved the accuracy of stress measurements, there are a number of other
possible sources of error. There is some evidence to suggest that the peak concentration of glucocorticoids
which occurs in animals during a daily cycle represents the maximum secretory rate for that animal (Perry, 1973).
Thus, if an animal is stressed at this time there will be no response in terms of an increase in the level of
glucocorticoid.
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