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Introduction
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In a recent study by Kauffman et al. (1992), a survey of 14 U.S. pork plants revealed that only lfc?ty.
the carcasses were considered to have ideal quality on the basis of color, firmness, and water holding & ;
Pale, soft, and exudative (PSE) lean was found in 16% of the carcasses, 10% were dark, firm, and dry jence
and over 50% of the carcasses were normal in color, but the muscles were soft and exudative. If the ¢
of problems such as PSE is to be effectively controlled, quality parameters must be incorporated int0 the 3
market price of a hog. Therefore, it is important to develop sensitive and accurate instrumentation to 3¢
quality abnormalities on line before carcasses are lodged in the chill cooler. ability

Low frequency electrical impedance measurements can provide insight into the structure and V! ver
of muscle tissue. Relationships between pork quality and its electrical properties have been studied P}’ Scaled fo
investigators, who have shown that low frequency electrical conductivity and capacitance of muscle 15 i 0
water holding capacity (Swatland, 198 1,1982; Pfutzner and Fialik, 1982). Since PSE formation is
higher rates of pH change, cellular breakdown, and an increase in extracellular fluid, the hypothcsis tha
conductivity of PSE muscle should be higher than normal muscle seems valid. However, there are maﬂt{l poof
authors with conflicting reports on the ability of commercial conductivity sensors to detect carcasses Wit gher
water holding capacity and ultimate quality in the early postmortem stage. Typically, PSE meat yields b ents
average conductivity values at 45 and 60 minutes postmortem, but the standard deviation of the measu"
have been too large to allow adequate differentiation between normal and abnormal quality (Fortin a0
Raymond, 1988; Warriss et al., 1991).

Accurate measurement of low frequency biological impedances is difficult due to the interfac® grode
between the electrodes and the electrolytic material being measured. This interface is referred to as eled
polarization and its magnitude and phase depend on both measurement frequency and current density- £ issue
muscle tissue, electrode impedances are usually on the order of a few kilo ohms _ and the impedancé © o larg®
is usually a few hundred ohms. Bipolar electrical measurements in biological materials may be subject thi est
impedance errors due to electrode polarization. Use of a constant current, tetrapolar circuit permits the
accuracy in measurement of biological impedance at low frequencies because complications due t0 electr
polarization are avoided. Current is injected through two outer electrodes, and the potential is measur’
between the two inner electrodes using a differential oscilloscope with high input impedance. If the mP‘;ﬂd the
impedance of the oscilloscope is high with respect to the sum of the two electrode interface impedance®
impedance of the tissue, negligible current flows into the inner electrodes, minimizing polarization. el

This study focused on fundamental relationships between electrical properties of muscle and 1
with other variables, such as time postmortem, pH, frequency, and electrode configuration, with a go :
identifying optimum conditions needed to predict muscle cell membrane and ionic changes in the early
postmortem stages.
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Materials and Methods
eriof
Twenty-five randomly selected hogs were stunned on the left side, with one electrode plac"d pfﬂlo
to the base of the ear and the second approximately 36 cm caudal, using 60 Hz, 300 V, for apprOXimat. simbS
seconds, shackled by the right hind leg, and exsanguinated. After exsanguination, a section of the long! . rigo
muscle (LM) was excised from the last rib to the 2nd lumbar vertebra. This sample was used to monitof
shortening patterns and complex impedance behavior.




EXCised M
Uscle Measurements ' :
Rngr Shortem'r?g patterns were monitored using methods and the apparatus descnbe_d by Foercrieis; et al
(1-9 ). Two muscle strips were taken from the LM running parall.el to the muscle ﬁber; aniii unr]ners i 10
il In jacketed temperature chambers held at 37 C. The rigor patterns and tension deve! ;)(}))r:eco 2
E?mt'ored by a data acquisition system for a period of 10 hours, with measurements taken e\;eryh e wére
ext:t € Of rigor onset rigor completion, total time of onset to completion, and rate of muscle sho g
“ted from the shor’tenin atterns. _ ;
u A tetrapolar electr(ﬁig circuit was used in the complex (i.e., magnitude and phasle gngle) m\sletgallg:ve
0 o remenys as described by Littwitz et al. (1990). The LM sample was wrapped tightly in sara; o
ﬁ)l:yegezpenneability, and four needle electrodes spaced 1 cm apart ;vgre ;:ilaced pe}()ierpen;ilnc(:iull);rat; a;gle o
“temg into the muscle. The muscle sample was held at 37 C and impedance
I;:r ed mmzeg 1 kHz sinusoidal current of 0.156 mA rms over a peﬁ:((ii lc))f 10 hour§. r/}\:ffli ::sr:]srtjgt was
10 convert reg; ements to resistivity and was calculated by compariso :
reSiStances i e iviti by a YSI conductance probe (Yellow Springs,
of saline solutions with conductivities measured y a
fi);l)' Repeated calculations of cell constant were performed before and after each muscle anasu'rertr}l;nt to
el ; line j characteristics of the measurement technique were chaqglng over tupe. A variation ;ns 4
ad%-h-]cal Circuit affected the magnitude of the measured impedance in thf: ﬁrst. nine muscle sample 1 :
.dlnon, Small variations in electrode orientation with respect to fiber orientation may }113‘\;;: ;::duscdb n(z)irr;gn #g
. p : : .
bo nees in Measured transverse impedance. Therefore, relative magnitudes were calc y

th Mpedance (Z) and phase angle(6) to the value of the initial postmortem measurement.

S Postmon asurements :
W At IS?TSC::I?S?) I\I;Ilg:nutes postmortem, conductivity measurements of the right side intact LIvIITLnduscle
beere {aken gt the last rib using the Tecpro PQM probe. The parallel electrodes of the probe were inse
i © €Xposed vertebrae on the midline of the split carcass opposite the last rib. Pl 5 g

TeSpocr:. - 13, 45, and 90 minutes postmortem, LM samples were taken from the 12th, 1 h, a?hl teos le,
The vely, g om the right side. The ATP/IMP absorbance ratio anc% pH were 'evaluated u;mg : n;; ed %
dy A absorbance ratio assay (R-value) as described by Honikel and F{scher_(19_7 ') was perfi g
Peat, PH was measured in duplicate by homogenizing 1 gram of muscle tissue in distilled water for

"3 ang Measuring the pH with an Orion glass electrode.
P2 Houy Car

cass Me ts :

Side At24 h;\:r Sars)l:setrtll;z?'tem, one section of longissimu§ was talgen from the 8th to the (]x(i)th rib on the left

 Water hOIding capacity, pH, R-value, color and subjective quality scores were rneasurP . o
of Water holding capacity (WHC) was measured by the filter paper press method (FPP) Ilsedﬁ .30
Sec’?lsc[e lissue and Whatman #41 filter paper. A pressure of approximately 700 kPa was appli orrt
The : Using Carver Press. 3 replications of this measurement were completed at 24 hourg postmortem.

S area was divided by the area of the thin meat film to obtain a measurement of e@dahvmess. 3
from, Section of the LM muscle 2.5 cm in thickness was allowed to ploom for 30 minutes aﬁctrlzzzlﬁs::g
On thlhe Garcass. Hunter Color L*a*b measurements were made on the tissue sample at 5 cixferg; -
scﬂle: Ser le surface and averaged. Subjective color, marbling, and firmness were evaluated using 5 po;

¥ NPPC standards (Kauffman, 1992).

Re,
s ang Discussion

1 Relati(,ns i ean exudativeness, color, and marbling with some of the postmortem
g;i‘clors . qualit};srseb:l?:\:nirll ’?‘I;ble 1. Increased exudation as measured by the Filter Pa{?er Plrz:vs :egll?d
g f, VS related to increased ATP depletion at 90 minutes, low PHa, faster rates of pH dec u:‘e, g pHu,

S Tates of rigor onset and completion with a correlation coefficient of approximately 0.4.

U:tes- d 24 hours postmortem, conductivity measured by the Tecpro PQM probe had the thh::ctm
Te ons With FPP, The Hunter Color value of "a" was significantly correlated to ear.ly pofs’u.nor s P
lemwmenm_ Muscles with rapid pH declines, ATP depletion, and onset @d completion of rigo Pt
i °r hue. These results demonstrate that color is not a good indicator of exudativeness due 9th
faster ? 0fcarCasses with red, soft, exudative (RSE) lean. Marbling scores were lower' f(?r carc;ls_;ir wi
impf:d “Mortem glycolytic rates. The presence of mart?ling may lead to lgwer cor:guctmgi \(,Zrcorrelaﬁons
ety g Measurements due to fat's insulative properties, which may attribute to the neg

Marbling anq PQM measurements.




Table 2 shows correlations between pH, R, and PQM measurements at different times pos_tm?ﬂcﬁ‘;"g
PQM measurements become more correlated with PH and R as the postmortem period progresses, indicd re.
that 90 minutes may be the earliest time that the Tecpro PQM probe is sensitive to changes in muscle stqu“«of
Another important observation is the lack of correlation between ultimate pH and any other meaSL‘I‘31’3"11t:'()wn
PH, R, and PQM. This observation may be partially explained by the fact that 5 hogs in the study were
to be homozygotes (nn) for the stress gene. pH in homozygotes has been observed to return to normal P
levels (van Laack et al., 1993). e of
The average value of measured impedance at 37 C was 1445 216 ohm-cm and the average VAV
the phase angle was 8.251.84 degrees. These values are comparable to impedance and phase angles repoe
by Zheng et al. (1984) for excised porcine muscle at 37 C. The magnitudes of impedance and phase % fweeh
changed as a function of time. Since wide variation in impedance and phase angle magnitudes existed ecnt of
muscle samples, the measurements were normalized for each sample by dividing by the initial measurcﬂ;] a6
impedance and phase. A summary of the relationships between measured relative impedance (Z) and P P
angle (8) values with postmortem pH, R-values, and ri gor patterns measured on the excised LM is Shf’wn :
Table 3. Relative impedance and phase angle measurements were characterized by the following varna’™==
Time of initial low Z and 6 value, Time of peak Z and 0 value, Relative magnitude of Z and 6 peak valu‘:;wcn
Relative magnitude of Z and_0 at 15, 45, 90, and 120 minutes postmortem, and the change in Z and 0 be
different times postmortem. 4 phase
In muscle samples with high postmortem metabolism, the relative magnitude of impedance a% P
angle initially increased rapidly, peaked within the first hour postmortem, and then both Z and 6 b.egan;oz peﬂk
decrease. This relationship is illustrated by positive correlations of approximately 0.68 between f-_‘me g
and time of rigor completion. One carcass in the study which exhibited an extremely fast decline in P
onset of rigor showed an immediate decrease in Z and 0. In muscle samples which exhibited slower and 0
postmortem changes, Z and 6 initially decreased slightly, and then began to increase. This increase it 06
tended to be slower and resulted in higher relative peak values shown by a negative correlation of near 1y 1ing
between Zpeak and Bpeak with rate of rigor completion. Correlations between pH, R, and muscle Shonfh the
with electrical properties of the muscle were slightly higher for the © measurements. 0 values reflect b®
changes in muscle resistance and the change in muscle capacitance. o
The 25 carcasses were divided into two groups based on FPP, with 17 carcasses classified 85 gnt
WHC (FPP<1.95) and 8 classified as abnormal WHC (FPP>1.95). Table 4 is a summary of meaSUremH fall,
mean values for normal and abnormal WHC. Mean values of pH and R at 45 and 90 minutes, rate OfI:l
time of rigor onset and completion are all significantly different. Ultimate pH value was not significa y 48
different between the two groups. The abnormal WHC group had significantly lower marbling scores ”
higher Hunter Color "a" value. Conductivity measured by the PQM probe on the intact carcass was tat 15
significantly higher for the abnormal WHC group at both 90 minutes and 24 hours, but was not differe?
or 45 minutes. oD
Relative impedance began to increase in a shorter period of time following excision in the abn i
WHC group. Mean values of Z and 6 were higher for the abnormal group at 15 minutes postmorter,
began to decrease more rapidly between 15 and 90 minutes, leading to lower mean values of Z and © Btc grouP’
minutes postmortem. The mean value of © at 90 minutes was significantly lower for the abnormal o
indicating that muscle capacitance was decreasing more rapidly in this group between 15 and 90 minut®
postmortem.

Conclusions

: 40!

Tecpro PQM probe had the highest success in indentifying carcasses with low water holding 08}‘; ad
at 90 minutes and 24 hours postmortem, but had little success at 45 or 15 minutes postmortem. Im had #
phase angle measurements on excised muscle samples showed that muscles in the abnormal WHC g u};es i
more rapid increase in impedance and phase angle in the first 60 minutes postmortem, while many Sa™
the normal WHC exhibited a short decrease in impedance and phase angle in the first 15 or 20 minuws'ore
Therefore, measurements of the rate of change of conductivity or impedance and phase angle may be e ve if
successful before 1 hour postmortem. In addition, measurement of the phase angle may be more effect
identifying carcasses with abnormal water holding capacity.
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