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The accuracy of portable pH meters and the nitrazine yellow method was com
pared with the reference method by determining the pH of 74 beef and 96 pork
muscles. The pH was measured directly from the muscle. The results showed sta
tistically significant differences (p < 0.001) between the different electrometric
combinations. Combinations of portable pH meters with puncture electrodes gave
systematically higher pH values than the reference method. These differences were
not very large but they may be of practical significance. The use of a piercing cover
on the electrode to help the insertion of the electrode into the meat is not recom
mended, since it may cause a rise in pH values. Electrometric methods were found
to be more precise than the nitrazine yellow method . On the basis of these findings
there still is a need of further harmonization of the methods used for pH measure
ment of meat.

meat quality ; pH determination; electrometric methods ; portable pH
meters ; nit razine yell ow method.

Introduction
The pH measurement of meat is widely used
to assess the shelf life and quality of the car
cass in meat inspection and in the meat in
dustry for determining the different uses of
the carcass. Dark cutting beef poses a speci
fic problem . The high ultimate pH of DFD
meat boosts bacterial growth and shortens
storage life considerably. The determination
of pH is essential in order to avoid the
packaging of DFD meat and keep it off the
fresh-meat market. This means rapid , con
secutive and accurate measurements on the
killing line.
The pH value of meat is also used in the in
ternational meat trade (Anon. 1982a). The
increase and liberation of the meat trade
also implies harmonization and rehabilita
tion of the methods used.

There are several works in which the au
thors have compared the precision of the
different methods used in the determination
of the pH of meat (Prost 1955, Hofmann
1968, Bager & Petersen 1983, Dransfield et
al. 1983, Korkeala et al. 1986). Korkeala et
al. (1986) found that the differences between
the different electrodes used appeared to be
greater than those due to the treatment of
the meat samples. They used the direct
puncture method, meat-water mixtures and
muscle homogenates . Prost (1955) and van
Gi/s & van Logtestijn (1965) considered elec
trometric determinations better than the
various colorimetric and indicator methods.
On the other hand Honikel & Fischer (1977)
showed a very close relationship between
pH values obtained with special indicator
test strips and with glass electrode . There is
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still a need for more reliable evaluation of
the different methods.
The purpose of the present work is to eva
luate the reliability of methods used in prac
tice, since the pH measurement of meat be
fore cutting and packaging is becoming more
and more important. Two portable pH me
ters with puncture electrodes, which can be
used on the killing line and which are used
in Finland, were therefore compared to the
combination Korkeala et at. (1986) found to
give the average picture of the pH among the
7 electrometric methods they used. In addi
tion, the colour indicator nitrazine yellow
method was compared with the electrome
tric determinations. The study used beef and
pork carcasses with low and high pH.

Materials andmethods.
Sampling
Thirty-seven beef muscle samples from
M. triceps brachii caput longum (MT) and
M. adductor (MA) and 48 pork muscle
samples from MT and MA were taken about
65 h (range 24-180 h) after slaughter . The
pH of the samples was measured immedi
ately after sampling .

Measurement ofthe pH
The pH of the samples was measured direct
ly from the muscle with penetration electro
des (Anon. 1974, Anon. 1982).
The Knick 742 Microprocessor pH meter
(Knick Elektronische Messgerate Gmbh &
Co, Berlin) with a Knick 6929 Thermocom
pensator probe and with a combined glass
electrode Ingold 404-T (Dr. Ingold AG, Zu
rich, Switzerland) was used as the reference
method. The ability of this method to deter
mine pH is described by Korkeala et at.
(1986).
The other methods used were combinations
of portable pH meters and electrodes, as fol
lows:
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Knick 651 Portamess pH meter with
combined glass electrode Ingold 404-T
with piercing cover, referred to below as
"method A".

WTW pH 90 pH meter (Wissenschaft
lich-Techn ische Werkstiitten GmbH, Fe
deral Republic of Germany) with com
bined glass electrode Ingold LoT
406-M3, referred to below as "method
B".

The pH of the samples was also measured
with an aqueous solution of the nitrazine
yellow indicator (0.0 I %) test (Anon. 1955,
Schonberg & Zietzschmann 1958).
Each pH measurement was read and recor
ded to the nearest 0,0 I pH units electro
metrically and to 0, I pH units with nitra
zine yellow. The meat used for the measure
ment was free of visible fat and connective
tissue.
The samples were measured chilled. The
measurements were carried out in the labo
ratory (22"C) at least twice with all electro
des and once with nitrazine yellow. The
electrodes were cleaned (Anon. 1974) after
each measurement and the pH meter cali
bration was checked according to the in
structions of the manufacturer with buffer
solutions with pH 4 and 7 (Dr. W. Ingold
AG) at regular intervals . The temperature of
the buffer solutions was SOc.

Statistical methods
The ordinary pH scale, rather than the hy
drogen ion concentration scale (Hs-scale)
sometimes recommended in the literature
(cf. Murphy 1982), was used as in Korkeala
et al. (1986).
The arithmetric mean of the 2 replicate pH
values was used as the basic unit for all
other calculations except in the case of nitra
zine yellow, where only I measurement was
available.



pH measurement methods in meat

Table I . Means and standard deviationsof pH values of muscle samplesmeasured
with different methods.

125

Methoda

Muscle
samples N Reference A B

All 168 5.84 ± 0.40 6.11 ± 0.38 6.03 ± 0.37
Beef 74 5.74 ± 0.39 6.00 ± 0.35 5.94 ± 0.36
Pork 94 5.92 ± 0.39 6.20 ± 0.39 6.10 ± 0.36
MTb 84 5.93 ± 0.41 6.22 ± 0.38 6.11 ± 0.38
MAC 84 5.74 ± 0.37 6.01 ± 0.35 5.94 ± 0.34
pH < 6.00 118 5.62 ± 0.19 5.91 ± 0.18 5.82 ± 0.16
ph > 6.00 50 6.35 ± 0.29 6.59 ± 0.28 6.50 ± 0.28

Nitraz .

6.5 ± 0.2

a SeeMaterials and Methods.
b MT =Musculus tricepsbrachii caput longum.
c MA=Musculus adductor.

Statistical comparison of the 3 pH-measure
ment methods was performed using repe 
ated-measures-model analysis of variance
(Winer 1971). The ditTerences between the
reference method and methods A and B
were tested by pre -defined contrasts in the
repeated measures analysis of variance. An
ad hoc cut -otT ru le was used to divide the
samples into 2 groups - the " high" pH
group and the "low" pH-group - as follows:
If the average over the 3 pH-measurement
methods of a muscle sample was above 6.0
it was included in the group "pH above
6.00", if the average was lower than or equal
to 6.00 it was included in the group "pH
6.00 or below". Analysis of variance was
then performed for the second group sepa
rately, with nitrazine yellow as a fourth me
thod incl uded in the "pH above 6.0" samp
les.
All calculations were performed using the
SAS statistical package on a microcomputer.

Results
The means and standard deviations of the
pH-measurement methods for the 4 types of
methods and the ditTerent muscle sample
groups are presented in Table I . The results

of the F-tests for the equality of means are
shown in Table 2. Results showing statisti
cally significant ditTerences between the refe
rence method and other methods are also
presented in Table 2.

Ta bIe 2 . Significance of differences between pH
measurement methods and the reference method.
The F-values refer to pre-defined contrasts in re-

peatedmeasures analysisof variance.

Methoda F-value

MethodA 365.35 p < 0.0001
Method B 346.17 p < 0.0001
Nitrazine
yellowmethod 8.52 p < 0.01

a SeeMaterialsand Methods.

Table 3 . Classification of samples into pH clas
sesby different methods(in per cent).

pH

Method'' > 6.00 > 6.20 > 6.50

Reference method 27.4 20.2 10.7
MethodA 50.6 32.7 16.7
Method B 40.5 27.4 14.9
Nitrazine
yellowmethod 39.9 28.6 13.1

a SeeMaterialsand Methods.
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Fi gure 1. Scatter diagram of pH difference between method A and the reference method .
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Figu re 2. Scatter diagram of pH difference between method B and the reference method .
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Table 3 and Figures I and 2 illustrate the
magnitude and nature of these differences . In
Table 3 the percentage of muscle samples
classified into particular pH-groups by a
method is reported. In Fig. I the difference
between method A and the reference method
and in Fig. 2 the difference between the refe
rence method and method B is plotted
against the pH-level of the sample measured
by the reference method. Figs. I and 2 show
both that the differences are rather systema
tically positi ve and that they do not vary
markedly along the pH-scale.
The correlation coefficient between nitra
zine yellow and the reference method was
0.66.

Discussion
All the F-tests given in Table 2 reveal that
there are statistically significant differences
between the reference method and the other
pH-measurements methods.
The distribution of the samples into diffe
rent pH classes seems to depend on the me
thod used (Table 3). In the case of method A
the proportion of samples with high pH va
lues are greater than by the other methods.
Comparing method A and the reference
method, which gave the highest and lowest
mean of the pH (Table I), we find that me
thod A gives systematically higher pH va
lues than the reference method (Fig. I). The
maximum value of the difference between
method A and the reference method was
0.65 and the mean of the difference was
0.27. This difference could be due to the
piercing cover used on the electrode. Even if
the 3 diaphragms of the electrode were in
free contact with the meat , the cover might
diminish the strength of the contact. Al
though with puncture measurements there is
always the risk of breaking the electrode
shaft on insertion, the use of a piercing cover
on the electrode nevertheless seems disad-

vantageous. Comparing method B and refe
rence method, we find that method B too
gives higher pH values than the reference
method (Fig. 2). The mean of the difference
was 0.19. We also find that the difference
does not depend on the pH of the sample.
Differences like these may have a practical
meaning.
Errors in the pH determination of meat may
also be harmful in meat inspection. The esti
mation of the pH of meat is of value in the
judgement of borderline cases, particularly
of emergency-slaughtered animals, since it
indicates whether or not the meat will pos
sess adequate durability (Gracey 1986). In
addition the pH determination is important
in the interpretation of the boiling test. Kor
keala et al. (1988) found that in beef the
odour scores remain steady for samples with
a pH value under 6,2 and start to increase
rapidly in higher values .
In chosing carcasses for different uses on the
basis of the pH value of meat, are the mea
surements to be made on the killing line or
in the chilling room. Some authors have
stressed that the most accurate results are
obtained by the electrometric method using
minced meat, juice or homogenates (Hof
mann 1988). Korkeala et al. (\ 986) reported
the differences between electrodes to be
greater than the differences due to the pre
sentation of the meat samples. However,
only direct puncture measurements are use
ful on the killing line, where it is necessary
to make a large number of measurements in
rapid sequence. Portable pH meters are the
only way to measure the pH of meat electro
metrically on the killing line or in the chil
ling room.
Although nitrazine yellow has a high corre
lation with the reference method (0.66) it is
not suitable for common use in meat tech
nology . Van Gi/s & van Logtestijn (1967)
also stressed that nitrazine yellow is not
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suitable for scientific investigation. The me
thod may, however, in some cases be useful
in field conditions where electrometrical
methods are not available.
Our results show that the combinations of
different electrodes and pH meters by which
the measurement is carried out behave dif
ferently. However, we cannot say with cer
tainty which of the methods gives the best
picture of the real pH of the meat (Korkeala
et al . 1986). It therefore seems important to
attempt further research of the reliability of
methods usable in practice. The use of a
piercing cover on the electrode should be
avoided. When the pH value is used in the
evaluation of meat quality, the recommen
dations for the pH determination should be
included, due to great differences in results
obtained by different combinations of elec
trodes and pH meters.
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Sammanfattning
Jiimfbrelse mel/an olika pH miitn ingsmetoder
av kott .
Noggrannheten av portabla pH matare och nitra
zingult jamfordes med en referensmetod genom att
bestarnma pl-l-vardet av muskelprover 74 not
och 96 svin. pl-l-vardet mattes direkt fcln mu
skeIn. Resultatet visar statistiskt markbara skill
nader (p < 0.001) mellan de olika elektrometriska
kombinationema. Kombinationer av portabla pH
rnatare med penetrerande elektroder gay systema-

tiskt hogre pfl-varden an referensmetoden. Dessa
skillnader var inte stora men de kan ha praktisk
betydelse. Anvandningen av penetrerande hylsa

elektroden fbr att underlatta inforandet av
elektroden i kottet ar inte att rekommendera,
emedan den fororsakar en forhojning av prl-var
det. De elektrometriska metodema befanns vara
exaktare an nitrazingult. Resultaten av undersok
ningen utvisar att det fortfarande finns ett behov
att harmoniera metodema som anvands for att
mata kottets pH .
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