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ALUATION OF TECHNIQUES FOR MONITORING PORK QUALITY IN AUSTRALIAN PORK PROCESSING PLANTS.

bRAHAM R. TROUT, CSIRO Division of Food Processing, Meat Research Laboratory, Cannon Hill, 4170, Australia

EUMMARY

A st
¥ Was carried out to evaluate the suitability of a range of techniques for evaluating pork quality when used on a routine basis in
;p ork

pmccssmg plants. The measurements were carried out at approximately weekly intervals in one of four different abattoirs over a
e Month period. Loins were randomly selected at each plant and quality attributes were objectively evaluated using the following
;' hqu€S' Minolta Chroma Meter, Colormet probe, fibre optic probe (FOP), visual colour and texture scoring, pH, protein solubility,
Pt Paper water- holding capacity, and high speed centrifugation water-holding capacity. Quality was assessed by measuring 48-hour
lp logs and the yield of cured cooked product. Using these two quality measures and sample pH, an index was developed that classified

; * Pork i Into five quality groups: Extremely DFD (dark firm and dry).......Extremely PSE (pale soft and exudative). The results were
I

Matig;
Ica] analysed was then carried out on the data to determine how effectively each of the objective techniques separated the pork
O .
he five different quality categories. Of the techniques evaluated, the Minolta Chroma Meter L and b values, Colormet L value and

) “ould be used to separate the samples into the five quality groups (p < 0.01).
"RODUCTION
P()St‘rigor porcine muscle varies considerably in its ability to hold water during storage, processing, transit and retail display. This
“use porcine muscle is very prone to two conditions that affect its water holding ability: PSE (pale soft and exudative) and DFD
i firm and dry). These two conditions represent the extremes of the water holding ability in post-rigor muscle. The incidence of
“onditions are influenced by variables as diverse as genetics, anatomical location of the muscle, preslaughter treatment, stunning
: "hods ang postslaughter cooling rate.

/ In Australia, the incidence of PSE and DFD in pork is high and very variable. Our recent survey of the quality of pork in five

J Or abattoirs showed that over a twelve month period the average incidence of PSE and DFD was 32 and 15%, respectively: the
deme of PSE varied from 5%-65% and DFD from 0%-45% (Trout et al., 1991).
Becayse of this extreme variation in pork quality, the Australian pork processing industry is interested in accurate and rapid
% hnqucs for evaluating quality. Although many techniques have been developed to evaluate pork quality (Kauffman et. al., g s
Ese techniques have not been evaluated and compared in abattoir environments. Moreover, with most techniques it has not been
Lo mmed if they give similar results when used in different abattoirs or whether the techniques are robust enough to be able to give
Uisteng Tesults over a period of time when used by different operators.
Hence, the objective of this study was to evaluate the suitability of a range of techniques for evaluating pork quality when used
"Outine bais in pork processing plants.

AT
mER'ALS AND METHODS.
¢ collection and description of techniques. Pork loins were selected randomly from one of four abattoirs at approximately weekly

CIva]
% 792 loins were collected during the course of the study. On each collection day, twenty four loins were selected from one of
D]dnts over

U the

foy
a period of four hours so as to obtain a representative sample of the previous days kill.
dbdttmrs the loins were cut approximately 20 cm from the anterior end. The 20 cm section of loin removed was the portion
exmnded between the 4/5th rib and the 11/12th rib. The filter paper WHC test of Kauffman et al. (1986b) was carried out on both
b Wrfaces using a 5.5cm S&S 589 filter paper on one surface and a 5.5cm Whatman No 3 on the other. The time between cutting
‘Sessmg WHC was reduced to 5.0 minutes as this had previously been shown to give more reproducible results (Trout, 1992).
After ; all samples had been collected, they were transported (30-180 min) in refrigerated insulated containers to a refrigerated room
Eng, ) Where they were evaluated. Probe measurements were taken immediately on all loins using the Colormet probe (Instrumar
!

ne
¥ ®ring Ltq, »St.Johns’, NF, Canada) and fibre optic probe (FOP) (Integrated Electro Optics, Barnsley, England). All fat, connective
Ue

»an
togy: 8 Overlying muscles were removed from the loin; the denuded .. dorsi (longissimus. dorsi) muscle was used for the all subsequent
rl"“edlately after trimming, the filter paper WHC test was carried out on a freshly cut surface on the posterior end of the sample
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using the unmodified procedure of Kauffman et al. (1986b). The loins were evaluated for colour and firmness by six trained asses¥ Qu

using an 8 point scale (1=extremely pale......8=extremely dark; 1 = extremely soft.....8 = extremely firm). Measurements Were m :Wh]
[Mjnol{

Camera Co. Ltd., Osaka, Japan]), 2) FOP, and 3) pH meter (HI 8424 Meter, Hanna Instruments SpA, Limena, Italy; in conjunCtiO" Wsub

. fF
a Phillips C64-1 Combination Glass Electrode, Phillips, South Australia). Samples were taken progressively from the posterior end | Ho

the loin for 1) drip loss (Honikel et al., 1985) 2), protein solubility (sample to buffer ratio 1:10; 0.04M pH 6.5 phosphate bUﬂerrnd
WH‘/Q[

bec

on both ends of the loins with the following instruments: 1) Minolta Chroma Meter (Illuminant D65, 2° observer angle, CIE L,a,b

modification of the procedure of Lopez-Bote et al., 1989]), 3) pigment concentration (Trout, 1991), 4) high speed centrifugation
(Bouton et al.,1971) and 5) cure uptake and cured loss.

: : ; y : . 1 Ve
Cure uptake and yield was carried using a weighed 100 + 1 g sample. The sample was injected with 15% of its weight of b

, , , : ) : : e 008
using a 18g needle and 30ml syringe (final sample concentration 2.2% salt, 0.5% sodium tripolyphosphate, 135ppm sodium nitrité; 0.5 or

Wl
sodium erothorbate, and 0.54% sugar), vacuum packed and stored at 5°C for 73 hours. After 73 hours storage, the samples were rem?| 0]

; i ' . nutfc
from vacuum bags, reweighed, placed in polyethylene bags, heated to 70°C for 60 minutes, cooled in running tap water for 30 mintou

ioht and ‘?1@;

removed from the bags, patted dry with paper towel and reweighed. Cure uptake was calculated from the initial sample weig

D
weight before cooking. The cured yield was calculated from the initial sample weight and the weight after cooking. “)r!

Assessment of techniques. To evaluate the effectiveness of each technique, an index was developed using 48-hour drip loss, Lured

(100 - cure yield) and ultimate pH to classify the pork into five quality groups: Extremely DFD (dark firm and dry).....Extremely PSE (pa PSE
soft and exudative). The criteria used for each quality group was as follows: &
1. Extremely DFD Ultimate pH > 6.5

2. DFD 6.0 < Ultimate pH < 6.5 u
3. Normal Ultimate pH < 5.9 and (drip loss + cured loss) < 7.0% 5
4. PSE Ultimate pH < 5.9 and (7.0% < [drip loss + cured loss] < 14.0%) :)l:;
5. Extremely PSE  Ultimate pH < 5.9 and (drip loss + cured loss) > 14.0% OCH[‘;WH

Statistical Analysis. All samples collected, regardless of date of collection or abattoir from which they were collected, were all

i
g : TR ] : . ; ol T
to one of the five quality categories using the criteria described above. The mean values for each technique evaluated were dete”

. = 5 " : ! s . ed The
for each quality group. The resulting values were analysed by analysis of variance using a completely randomised design with U7

mgﬂF dif
the

treatment numbers. Fischer’s Least Significant Difference test was used (p < 0.01) to determine difference between treatment

RESULTS AND DISCUSSION !

a¢l
In previous studies in this area, drip loss hds been used as an indicator of the extent of PSE in pork. However, this dppr( {Pap
]&
ater dri?

)P

not completely satisfactory since other factors such as postmortem muscle shortening can result in pork muscle having gre
than normal (non-PSE) muscle (Honikel et al., 1986). Consequently, if drip loss is used as the selection criterion, normal (n(mPSE g
muscle that has cold shortened can be incorrectly classified as PSE. To overcome this problem in this study, an index was devel” '“im
which is the sum of the drip loss and cured loss. This approach was used because both of these losses are economic losses and bO* a fon
directly related to the extent of PSE in the muscle. J"edy
Colour and texture scores. Analysis of the data (Table 1) showed that neither colour nor texture score could be used to Separﬂte rnet]
pork samples into the five quality categories (p > 0.01). Colour score could be used to distinguish between Extremely DFD; DFD H‘dt
Normal pork but not between Normal and PSE. Moreover, the mean colour scores of 4.4 for PSE and 3.6 for Extremely PSE Wereq d“d
high and, according to the descriptors used by the evaluators, would correspond to pork colours of ‘Normal’ and between Slbhtly wHt
and ‘Moderately Pale’, respectively. These results reinforce the findings of Kauffman et al. (1992) who found that many pork e PSE
that have low WHC have normal colour. Texture scores were even less effective than the colour scores in separating the pork in® Prﬂt
five quality categories. J.'ffe
Tristimulus La,b values. The objective measures of colour in this study (the Minolta Chroma meter values for surfac® 4 ,\1" W

f
into 1° Pgp

measurement and the Colormet probe for internal colour measurement) were both effective at segregating the pork samples
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55 Quaj
dll v .
ty Categories (Table 1). With the Minolta readings, both L and b values could be used to categorise the samples (p<0.01); however,

Il ith
‘l the Colormet probe only the L values were effective (p<0.01).

nol
J The results obtained with the devices for the objective measurement of colour appear to contradict those obtained with the

wil Sub;
ec
fective Scoring, in that the objective techniques could discriminate between the five quality groups while subjective scoring could not.
loy
Veve
l °T, these two sets of results are not necessarily contradictory since the subjective scoring is measuring perceived colour differences
l € Objective colour meters measure light scattering. Although the objective devices are designed to measure colour, in situations

Cre t
* he Pigment concentration does not vary (such as in this study [Table 1]) the devices actually measure light scattering. This is

Clayg : J 2 . . : . ? s . .
, 5¢ the perceived colour of meat is a function of the light scattered and light absorbed. At constant pigment concentration the
b[]ﬂ (1[‘1

e

t]
100 in colour is due to variation in light scattering. This conclusion is supported by the fact that the Minolta L value is more highly
“Orrel Gl " N It : ;
ated (r=0.97) with the FOP values (which measures light scattering), than it is with visual colour score (r=-0.71).
ov Foy Op .
Fat on and Fat off. Both FOP measurements, fat-on as an internal muscle measurement and fat-off as a surface measurement,
{64
ulcoy)q be used 1o
L T
aBure |5 : < g / - ; ek S A ;
| I€ light scattering at wavelengths not affected by pigment absorbance (in this case in the near infrared) are effective for evaluating

)
Pk Qualiyy,
10

categorise the pork into the five quality groups. As has been shown before (MacDougall, 1970) devices such as this that

One difference between the fat-on and fat-off measurements was that the fat-off values were higher than the fat-on values for the

bl Py
P17
and Lxlremc]v PSE categories. A possible reason for this is that with the denuded muscle (i.e., the fat-off sample) some of the light

{ "dvels 3.1, i, : : : :
‘ lhmugh the sample and dissipates; as a result less light is reflected back to the device and the resulting FOP reading are lower.
A Point to note with the values obtained with the FOP is that they are relative and not absolute values. It was found in earlier

ng
that the FOP values obtained with a particular sample depended on the model of the instrument used, the brand of the instrument

Useq a
nd the calibration blocks used for calibrating the instruments. However, the values obtained with one instrument were highly

Cory,
eld ) i i
ted with another provided that the same calibration blocks were used with both instruments. This between instrument variation

IW}

th
€ FOP js a major problem with setting pass/fail limits for each quality group.

. -~ Filter Paper. All three of the filter paper WHC techniques could allow differentiation between Normal, PSE and Extremely PSE

i
I

qW' I "Ples (p<o. 01). None of the three filter paper techniques could, however, differentiate between the Extremely DFD and DFD samples.

N €ason for this being that there was little difference in WHC between the Extremely DFD and the DFD samples. There were bigger

gt 1((

{the

Othe

lChD T'two filter papers techniques. However, there was also a similar increase in the s.e.d, hence the use of the Whatman No 3 filter
Per

)Il had pq

an
€€s between the mean values for the Normal, PSE and Extremely PSE categories with the Whatman No 3 filter paper than with

advantage over either of the methods using the S&S filter papers.

p'h he Purpose of using three different filter paper methods was to overcome deficiencies in the original method of Kauffman et al.
986t ;

) o
of I ) With their original method, the procedure was used in a laboratory with a holding time between cutting and measuring of 15
inyge
‘ es.
L b The problems with this method are that the S&S 589 filter paper can not absorb all drip released during that time (particularly
Om
M Ext
e T®mely PSE samples) and the method is too slow to use in a processing plant. To overcome these problems, the time was

| “lceq
) 05 minutes in both modifications and the Whatman No 3 filter paper (a thick absorbent filter paper) was used in one of the

etl’mq
S,
The results from this study indicate that there is little difference between the three methods. A subsequent study has shown

tlt h
Cu
a 5¢ Of the S&S 589° and 5.0 minutes between cutting and measuring gives results which are more reproducible and more highly
) n d
pé tly correlated with drip loss (r=0.994) than the other two methods (Trout, 1992).
| hl
1/ PS gh speeq centrifugation. WHC determined by high speed centrifugation could not differentiate between the PSE and Extremely

Samp)
v’{p Ples (p>o,. 01) and hence is not a procedure recommended for evaluating pork quality.

Tote,
0 59 . g e ok e F=lls
l“b"'ty The protein solubility method, although not effective at differentiating between Extremely DFD and DFD pork, could

1er

re

](p_ €nt betWCen ¢

Houlg pe

p E Much more variable than the methods previously described that can differentiate between the Normal, PSE and Extremely
Qua

he other four categories. This method does, however, have a relatively high s.e.d. indicating the results obtained with
f‘

hty
groups,
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