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INTRODUCT[ON: The preservation of meat by freezing and the
mproves marketing flexibility.
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handISin of frozen/thawed product
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ten desirable to select and
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e&iz the context of research, it is o : 2le
been muscle of a speciflc quality unt sufficient qaanttt&es have
leeiccumu!a(ed to initiate experiments. Hoyever, freez{ng/thawing
fee21fECt significant changes in meat bacteriology. In this ?egard,
&HZb“g/thuwing has been observed to reduce bacterial populathns

acher, 1950; Nassos et al., 1988), extend the lag phase of

‘m[iflal rrowth (kitchellmzng—lngr%m, 1960; Lowry and Gill, 1985) and

eezithe rate of bacterial growth (Sulzbacher, 1952). The effects of
(Jul ng/thawing on meat microblology and spoilage has been reviewed

» 1984; Lowry and Gill, 1985).

we(hmllty changes, associated with freezing/thawing have been less
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(Nilsdefined. There would appear to be few effects upon pork color
trattson’ 1969, Nocito et al., 1973; Jeremiah, 1980) or palatability
. (JEremiah, 1980) but dramatic increases in drip losses have

:een atte} 7 % : . ,

t buted to freezing/thawing (Jeremiah and Wilson, 1987).

Ung ¢ 23 with beef have revealed that protein solubllity was largely
Cted for up to 60 d of frozen storage (Wagner and Anon, 1986).
SPite the preceding there 1s a lack of quantitative data for
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11 ] I ial nteraclive ef !
r /| ‘ i ju ty. Thu t irrent study was
etet Ffte ) £ ng ) nh}‘v'!’! ive ({:1.‘11 LEY
asures, acterial growth and retail shelf life for thawed muscle
ive of the pale soft and exudative (PSE), normal and dark,

I ( pork muscle quality groups.

FERIALS AND METHODS: [en boneless backs, representative of threé
To% juality pes (PS} 1ormal, DFD) were selected from a commerclal
1 i the subjective evaluation of appearance and texture
! yrd i ulture Canada Pork Quality Standards ( Anonymous,

184). 2 cm loin chops were cut along the length of the

ngiss (LD) muscle and alternately assigned to a fresh or
frozen storage treatment. loin chops subjected to the freeze/thaw
Lreatment were vacuum packaged, frozen yr 90) day 30°C and t hawed
at 2°C for 2 day pri to analyses

thod for the subjective determination of muscle quality,
bacterial g wth and retail shelf life have been described in detall
(Greer and Murray, 1988
Loin chops from the centre and each end of the LD muscle were used
for jective measures of pork quality. The pH of the muscle was
measured in duplicate on each of the three chops using a Fisher
Accumet portable I meter fitted with a spear type Orion electrode.

[E color coordinat (L*, a*, b*) were measured in duplicate on the
same ee « ' a Minolta Chroma reflectance meter. Following
srinding the | le from the three chops, protein solubility was
measured accor the method of Barton-Gade (1984).

To simulate -ail conditions, loin chops were wrapped in an oxygen
permeable film and displayed for 8 days in a fan-assisted,

horizontal-type retail display case illuminated for 12 h/day with
Lncandescent lighting to give 1000 1x at the meat surface. Under
3 € nditions the surface temperature of the chops approximated
R0°C, ‘ each of the two treatments (fresh, frozen/thawed), five
loin chops/quality group were evaluated by an experienced S-member

4, 6 and 8 of retail display. Appearance
3.5 on

nsory pane n days 0, 2,
shelf life was arbitrarily defined as the time 1in days to reach
1 7-point subjective scale and odor shelf 1ife as the time in days toO
reach 3.0 on a 5-point subjective scale. :

Loin chops subjected to sensory evaluation were also sampled at the
same time to quantify bgcterial growth. Sampling involved
homogenization of 10 cm® of tissue, serial dilution in 0. 1% peptoneé

’

water and surface plating. Total psychrotrophic bacteria were
enumerated following incubation of Plate Count Agar (Difco) for 7 day$
ar-7%. Pseudomonads, Brochothrix thermosphacta and enterics were

determined as described by Baird et al. (1987). The lag phase of
bacterial growth and the | ition time were determined following a
s logarithmic plot of ime on retail display vs log counts.

Differences in objective muscle quality measures, lag phase,

generation time and retall shelf life were determined by two-way
analysis of variance including, as classification variables, quality
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§roup (PSE, normal, DFD) and treatment (fresh, frozen/thawed) as well
88 their interaction.

b RESULTS AND DISCUSSION: There are reports relating variation in
°:Cter{al growth (Rey et al., 1976; Greer and Murray, 1988) and
Jective muscle quality measures (Van der Wal et al., 1988) to
nherent differences in pork quality. Few, howé?ng_have published
8ta concerning the effects of pork freezing/thawing and the potential
Uteraction with muscle quality.
The data in Table 1 show the effects of pork muscle quality and
reenng on pH, soluble protein and L* values. In accordance with

X——_.—___-_ _________
Table |,

Effect of the quality of the longissimus dorsi muscle
and freezing on objective measures of pork quality

gualiiy Objective Quality Measurg,
(r°up Treatment pH Soluble Protein L ~
"= 10) (g/kg)
PSE Fresh 5. 392 119° 60. 12
b
Thawed & 567 1222 57.8
Normay Fresh . 183° 51.4°
Thawed T 187¢ 50. 34
OPp Fresh 6. 439 2059 40. 2%
£
Thawed 6.53° 211 38.2
Standard Error 0.01 1.4 0.3

l
Agrlculture Canada pork quality standards (Anonymous, 1984).

2

Color intensity (CIE).

2. 3

leagt squares means within the same column with a similar
€rscript are not different (P > 0.05).

\\
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Othe,
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reports (Van der Wal et al., 1988), PSE demonstrated a lower
mate pH, paler color (greater L* value) and less soluble protein




and DFD had a higher pH, more soluble protein and darker color than
normal pork.

More importantly, freezing/thawing produced minor but significant
effects (P<0.05) upon objective quality measures. Significant (P <
0.05) interactions were determined involving quality group and
treatment for both pH and soluble protein but not L value. Desplte

the minor contribution of interactions between treatment and quality
group, frozen/thawed pork had a higher pH, more soluble protein and 8
darker color than fresh pork. Also, frozen/thawed pork had lower a*

values and higher b* values than fresh (data not shown).

The differences in objective muscle quality due to freoztng/thawing
in the present study were relatively small and may be of little
practical consequence in comparison to the larger differences between
muscle of different Inherent quality. Thus results are consistent
with those of others who have reported that freezing/thawing had
little or no effects upon pork color (Nilsson, 1969; Jeremiah, 1980)
or the protein solubility of beef muscle (Wagner and Anon, 1986).

The data in Table 2 show the effects of pork quality and treatment
upon the growth parameters of the total psychrotrophic bacterial
population during the simulated retail display of loin chops. It

Table 2. Effect of the quality of the longissimus dorsi muscle and
freezing on psychrotrophic bacterial growth on pork

d8y9)
Lag Phase (days) Generation Time (

Quality Group (n = 20)1

a
PSE P e 0. 27,
a
Normal 1.65° 0. 20,
DFD 0.76° 0.21
Standard Error 9,13 0.01

Treatment (n = 30)

a
Fresh 1.553 0. 23]
Thawed 1. 23 0.22
Standard Error 0.10 0.0l

lSee Table 1.

a-b scrlpt

"“Least squares means within the same column with a similar super

are not different (P > 0.05). ——_‘—”’/////
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Should be stressed that these data were selected for the purpose of
demOHStration and that pseudomonads, Brochothrix thermosphacta and
fiterice responded in a similar fashion.

Since the lag phase and generation time were not influenced by a
slgniflcant interaction (P>0.1) between pork muscle quality and
treatment, the data in Table 2 show the main effects, only. The lag
Phase of pacterial growth was significantly shorter on DFD (P<0.05) in
‘Omparison to PSE or normal pork. Although the generation time of
psyChrotrophic growth was significantly longer on PSE pork (P<0.05)

18 proved to be an exception and in consideration of all four
4Cterial groups and both treatments there were few statistically
Significant effects of pork muscle quality on the bacterial generation
lme (data not shown).

ese findings support previous conjecture (Greer and Murray, 1988)
that pork muscle quality had more significant effects upon the lag
Phase of bacterial growth than upon the generation time. Other
Te8earchers have also concluded that muscle quality can effect the
duratlon of the bacterial lag phase (Rey et al., 1976; Newton and
Gill» 1978). The more rapid onset of bacterial growth on DFD beef
musg;e has been attributed to the higher ultimate pH (Newton and Gill,

197

AlthOugh the lag phase of bacterial growth was reduced (P<0.05) by
reeZing/thawing, the generation time was not changed (P>0.05). This
atter finding is in accordance with published data (Ritchell and
Ingram’ 1960; Yul, 1984; lowry and Gill, 1985), where bacterial growth
N thawed muscle has been shown to be similar to that of fresh.

The unexpected finding of the current study was the observation that
€ lag phase of growth was shorter in previously frozen and thawed
Wscle, 1In this regard, most investigators would agree that bacteria

1nj“rEd by freeze/thaw stress would demonstrate a longer lag phase
KitChell and Ingram, 1960; Rey et al., 1972; Lowry and Gill, 1985).

The data in Table 3 show the main effects of muscle quality and
feezing/thawing upon the retail shelf life of pork. It is noteworthy

4t the appearance shelf life was affected significantly (P<0.01) by
% muscle quality by freezing treatment interaction. This interaction
Yag demonstrable since the effects of freezing/thawing were
conaiderably larger on normal muscle than on either PSE or DFD. No
Juch interactive effects were determined when odor was used as a shelf

fe criterton.

A8 evident in Table 3, the direction of the response to muscle
quality was identical for both fresh and thawed pork. The results
Prov1de support to a related study (Greer and Murray, 1988) by

e"‘°n8trating that the deterioration in retail appearance was most
pl.o“OUnced in PSE pork, while DFD pork was most susceptible to the
®velopment of offensive odors.

e data in Table 3 also show that freezing/thawing significantly
§p<0-05) reduced the appearance shelf life of pork but had no
1gnificant effect (P>0.05) upon the odor shelf life. Possibly,
reezing/thawing had no effect upon bacterial-induced spoilage (odor)
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Table 3. Effect of the quality of the longissimus dorsi muscle
and freezing on the retail shelf life of pork

Shelf Life (days)

Appearance Odor

Quality Group (n = 20)l

PSE 2. 36% 7.142

Normal 3.89b 6.972

DFD 6. 61° 5. 20"

Standard Error 0.16 0.18
Treatment (n = 30)

Fresh 4,992 6. 63°

Thawed 3. 58" 6. 26°

Standard Error 0.13 0.15

1See Table 1.

a—CLeast squares means within the same column with a similar
superscript are not different (P > 0.05).

but effected a non-bacterial deterioration of. appearance (Fox et ale»
1980). In this regard there are data to support the view that
freezing/thawing does not render meat more susceptible to bacterial
spoilage (Kitchell and Ingram, 1960; Yul, 1984; Lowry and Gill, 1985)-

CONCLUSIONS: The current study provides evidence to support the
conclusion that freezing/thawing pork loin chops may promote a number
of small but significant changes in objective measures of muscle
quality (pH, soluble protein, color reflectance), 1increase pacterial
numbers and reduce the acceptability of appearance.

The interpretation of freezing/thawing effects may also be
confounded by the interactive effects of pork muscle quality (PSE,
normal, DFD). Relative to this, the magnitude of the response tO
freezing/thawing of pH, soluble protein and appearance shelf life,




di“kfed with quality groyp. Contrarily, the response to
eezing/thawing of the L value, bacterial lag phase, generation time
Odor shelf 1ife was similar for all quality groups.
al} SPite these quantitative effects, the direction of the response of
& Yariables was the same. Thus, one would expect pork muscle
ealty to have similar qualitative effects upon objective quality
eeUres, bacteriology and shelf life; whether fresh or thawed muscle
eprvaluated. These observations have important implications if pork,
€8entative of distinct muscle quality groups, is maintained in the
92en state and thawed prior to marketing or research.
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