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£ Listeria monocytogenes and Salmonella in Flaked Unwashed and Color-Modified Turkey
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The Y
growth/survival of L. monocytogenes and Salmonella spp. was evaluated in two thermally-processed

turke
Y raw Materials. Boneless, skinless thighs were processed to produce flaked unwashed turkey (FUT),

and §
Portion was washed with 0.03 M sodium phosphate buffers to prepare color-modified turkey (CMT). Raw

Mater;
al s g 5 <
S were cooked and inoculated with L. monocytogenes and Salmonella to simulate post-processing

Contam; i
aminatjon conditions.

falmone1 o

Inoculated samples held at 4 and 20°C were analyzed at selected time intervals.
nNumbers declined in cooked samples stored at 4°c for 21 days, but increased approximately 6 logs

by 2
da i o
¥YS in FUT and cMmT held at 20 C. L. monocytogenes increased approximately 5 logs in samples held 14
days °
at ¢~ o
C. By2 days at 20C, L. monocytogenes increased more than 5 logs in both materials. Generally,

the growth ;
) /survival of these pathogens was not found to differ between FUT and CMT.

NTRobycr1oy:
Flakin
9 and color modification procedures can increase the utilization of poultry dark muscle tissue in

furth
er
Processed products. Flaking is a particle reduction method that has been shown to enhance texture,

flaVQ

Ty &

o ' tenderness, and binding properties of meat. It may be employed as an alternative technique to
©Ppin i

*h o Srinding, slicing, and mechanical deboning. Color modification (washing) can be used to lighten
€ color

o of dark pPoultry tissue by removing myoglobin and hemoglobin. Color modification produces a raw
Ateria)
; ol
hat resembles breast meat in appearance and is lower in fat content. The combination of flaking

ang col
or s .
n Modification methodologies yields a raw material that may be potentially incorporated into value-
i turkey Products.
Funct.
io :
nal (Elkhalifa et al., 1988), compositional (Elkhalifa et al., 1988; Phelps et al., 1990)

Matrjt;
10na
. (Phelps et al., 1990), and microbial quality characteristics (Pruett et al., unpublished data)

hay,
e been 4 5
€Scribed for flaked unwashed turkey (FUT) and color-modified turkey (CMT). The increased tissue

Surfac
€ are .
th a4 created by flaking and the changes in tissue chemistry produced by washing appear to alter

igh p
eat ; .
relative to its potential as a microbial growth medium. Therefore, information is needed

Tegarg;
ing th L
£1 € activities of foodborne pathogens in these raw materials, especially when inherent microbial

Ora
s tevels are reduced.
&lmo
S 2nelig cooked FUT a

CM7 w,
a
s Conducteq througho

The objective of this research was to determine the fate of L. monocytogenes and
nd CMT. Furthermore, a comparison of the numbers of pathogens between FUT and

Of tp; ut time intervals of each study. This was performed to indicate whether washing
10h tigg

Patp “€ changed the properties of this substrate relative to the growth/survival abilities of these
OQeng,

My

TER
— ALS AND wergops,

Two
~Strajp .
Smp) Composites of both Salmonella and L. monocytogenes were used for inoculation. Strains
Oyeqd in this

e ]
“Leritiqg,,
K2

I
- prepaxatio

Study were nalidixic acid-resistant mutants of Salmonella typhimurium and Salmonella

Wonocytogenes strain Scott A, and a L. monocytogenes meat isolate.

trth‘ N for inoculation, the two strains of Salmonella were inoculated into individual tubes of
icage 4
5} .
fach Y broth (rsp; Difco) and incubated for 24 hr at 37°C. From trypticase soy broth cultures of
=S
\

almone)
1 :
acCDrd & Strain, 8 mL of broth were transferred to a 15 mL centrifuge tube, and cells were harvested

ing to
2djygg Methods suggested by Schnaitman (1981). Inoculum solutions were spectrophotometrically

ed and
e} : . :
Were Pooled to obtain a 1:1 strain ratio. Inoculum preparation for L. monocytogenes strains that

cultUre ;
d in T ] 3
for s 7 TSB with 0.6% yeast extract and incubated for 24 hr at 37 C was similar to that described

\élmgﬂglig.
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Thigh handling, flaking, and color modification was accomplished using the method outlined by Elkhalif?

et al. (1988) and modified by Phelps et al. (1990). Portions of CMT and FUT (200g) were aseptically weigha

into 250 mL sterile metal beakers, covered with aluminum foil, and placed in a 93.3°C water bath. Thé

tissues were cooked for approximately 25 min or until an internal temperature of 71.1°C was achieved. Afte

cooking, CMT and FUT portions were allowed to cool and then were aseptically divided into 11 g quantitie®’

Eleven-gram samples in sterile petri dishes were spiked with 0.11 mL of inoculum from either of the two

strain composites formulated for each pathogen. The resulting inoculum level was approximately 3.5 109

0
T0

CFU/g for Salmonella-inoculated samples and 3.0 log CFU/g for meat spiked with L. monocytogenes.
a
determine the extent of the initial competing microbial flora, aerobic bacterial numbers were determin®

in cooked tissue portions (11 g) on the day of heat processing.

Following inoculation, the meat samples were transferred from petri dishes to sterile Stomacher bags ar

o y X iof
hand kneaded for 15 sec to disperse the inoculum. Samples were incubated at 4°C (typical refrlgerat”

temperature) or 20°Cc (abuse temperature). Uninoculated controls of CMT and FUT were stored with b

monocytogenes-inoculated samples to ensure that L. monocytogenes did not survive cooking. This was no*
necessary for the inoculation studies with Salmonella since only nalidixic acid mutants of this pathﬂqé
should be recovered on the selective medium.

Inoculated tissues containing Salmonella strains and incubated at 20°c were analyzed at 0, 1, 2, 3,
and 5 days. Samples inoculated with L. monocytogenes and held at 20°c were tested at 0, 12, 24, 36, 3N

48 hr. Portions spiked with either Salmonella or L. monocytogenes and stored at 4°c were evaluated at da’

o, 1, 4, 7, 14, and 21.
v
At selected time intervals, inoculated samples were homogenized with 99 mL of 0.1% peptone water °
obtain 1:10 dilutions. Salmonella numbers were determined by spread-plating 0.1 mL portions onto Bri11id"

1
Green (Difco; Detroit, Mich.) agar plates supplemented with 100 ppm nalidixic acid (Sigma; St. Louis, MO

o g
Plates for the recovery of salmonellae were incubated at 37 C for 24 hr. L. monocytogenes counts wé
estimated by spread-plating 0.1 mL portions onto Modified Vogel Johnson (Difco) agar plates and incubat?

° , : ; : : , ;o8
at 37°C for 48 hr. Isolates of pathogens from selective media were confirmed using appropriate biochemi?

and serological tests.

Moisture determinations were made on cooked CMT and FUT samples following AOAC (1984) methods. pH vﬁlw:
were obtained from the 1:10 dilutions used for plating at sampling intervals. This was done to monitofcw
effect that pathogenic bacterial growth had on muscle pH. Microbial counts were converted to logaritmy
and analyzed by the General Linear Models procedure of the Statistical Analysis System (SAS, 1984) Usw;
a split-plot design of ANOVA.

RESULTS AND DISCUSSION:

The mean moisture content for cooked FUT was 70.1% and that for cooked CMT was 77.3%. Since the mOiSt&i
content of cooked tissues was at or above that of fresh poultry, which has a water activity of .98 to'é
(Bryan, 1980), it was not considered a factor limiting microbial proliferation in these tissues. pH Vawﬁ
of inoculated FUT and CMT samples remained around neutrality. Therefore, the change in muscle pH wasé
regarded as a parameter substantially affecting microbial growth.

Rerobic counts were <2.0 log CFU/g in cooked FUT and CMT following thermal processing. Initial inocﬂf

3 38
levels of pathogens were higher than those of the inherent microbial flora. The reduction in the ini®

. e K
microbial flora could have enhanced the competitive ability of Salmonella and L. monocytogenes in cof

tissues.
: ek 0f
Salmonella counts declined gradually in inoculated FUT and CMT held at 4°C (Table 1). Decreases (p‘o
'
¢ P
in salmonellae were seen in FUT by day 21 and in CMT by day 14. Concentrations in both meat type$ ¥
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Simila .
T until after day 7 when counts in CMT began to fall more rapidly than those in FUT (Table 1).

] Ney
d ert y s
: hELesS' there was no difference (p>0.05) in Salmonella numbers between the two refrigerated tissues

a
e © any Sampling interval. The combinati i ifi
. ion of refrigerated storage and color modification may have had a
Table
Y = §§im9&2££g numbers estimated in Table 2. L. monocytogenes numbers estimated in
inoculated FUT and CMT stored at inoculated FUT and CMT stored at 4
50 4 and 20°cC. and 20°C.
)
) Log CFU/g + S.D. Log CFU/g + S.D.
o
i
I . FUT i
(dayS) CMT Time FUT CMT
o4 (days)
4°% 4°%
o g BBt 3.56 + .10° 0 3.00 + .06 3.06 + .13*
g : 353" % 7? 3.51 + .14° il 3,41 $:203" clro TS E g
. 3.53 + .12% 3.50 + .07° 4 3097 12 4,13 + .19 "
4 ! 3.40 + .07% 3.45 + .10° 7 5.01 + .67 5.73 + .77%
> 24 3,370 12 3.21 + .34% 14 8.19 + .29% 7.94 + .41
p - g o308 e 850 3.02 + .28° 21 8.68 + .08% 8.27 + .28%
o 20°c 20C
g 3.57 + .12° 3.56 + .10° 0 3.06 + .13 3.01 + .0S°
: 7-71 ¥ .23° 7.65 + .46° 12 4.10 + .05 4.37 + .10
b 3 9.62 + .28° 9.260 ¢ 19, 24 6.97 .73 7.06 + .44
+ 9.93 + .07% 9.78 + .08° 36 8.14 + .14° 798 107
) g 989 .14 25 S 48 8.68 + .47 8.29 + .90
9.96 + .06° 9.83 + .07°
fi A0.c,q
'Value . 2l
lettei 1N the same column with identical ab¢dyalues in the same column with identical
S are not different (p>0.05). letters are not different (p>0.05).
0 A.B
"*Values in the same row with identical letters
ol are not different (p>0.05).
More
) adverg
- € effect on the survival of salmonellae in tissues as opposed to cold storage at 4°C alone.
4 Crage pe
% yond 27 days may have yielded a difference (p<0.05) between CMT and FUT Salmonella numbers.
0 pOSsibl 2
o € underestimation of Salmonella numbers in tissues held at 4°C may have occurred as a result
2 Cell ..
8 injy i
aciq Jury. Direct plating on the Salmonella-selective medium (Brilliant Green agar with nalidixic
) Coul
d
4 have Prevented the recovery of cells potentially injured by refrigeration.
§ Oth +;
e tisg °
Tapiy UesS at 20°C were excellent growth media for salmonellae. Numbers in FUT and CMT increased
p Y'{a :
day 3 Pproxlmately 6 logs) from O to 2 days (Table 1). Counts peaked at approximately 10 log CFU/g by
I and rema;
may ained at that level until day 5. Exhaustion of nutrients and/or the buildup of waste products
ol explain
f t i
Sligh he leveling of counts after 3 days of storage. After 1 day at 20°C, counts tended to be
tly 10
we i .
i = T 1n CMT than in FUT throughout the storage period. However, there was no difference (p>0.05)
mon
T—nella
e Numbers between FUT and CMT at any sampling interval.
¢ T wo "
Y rk §
prolif S supported by previous researchers who have demonstrated the effect of temperature on
g €ratj

i0n o 3
» in f salmonellae in poultry. Morad et al. (1982) reported that counts of Salmonella typhimurium
¢ Oculated cooked

days turkey held at 4°C remained near 5.0 log CFU/g throughout 8 days of storage. After
0 Stora e o
g¢ at 15 C, Salmonella counts increased approximately 5 logs in vacuum-packaged turkey slices

ang
rea
BLES(To ang Robach, 1980).

In
Creageg (p<0.05) ;

: Concent n L. monocytogenes occurred by day 4 in FUT and CMT samples held at 4°C (Table 2).
% Tationg
o i i : . : 2
P higher f listeriae increased over 5 logs in both tissues by day 21. On day 7, numbers in CMT were
i (

P<0.05
co“nts ) than those in FUT. At other sampling intervals, no differences (p>0.05) in L. monocytogenes

OCCurred
b N s r
: thap th etween the two tissues. Nevertheless, after 7 days, numbers in FUT tended to be higher
; ose in

CMT.

Multiplication of L. monocytogenes at 4°C was not surprising since prior research has

q Sho
4 i thig Organj
nism

to grow at a minimum temperature of 1°C (Seelinger and Jones, 1986).
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List
L. monocytogenes proliferated at virtually the same rate in both tissues stored at 20°C, with increasesS
(p<0.05) in numbers occurring by 12 hr (Table 2). Levels in both tissues increased to above 8.0 log cFu/d b\
by 48 hr from an initial inoculum of around 3.0 log CFU/g. A near 4-log increase was seen from 0 to 24 N Dan
in both tissues, before growth slowed from 24 to 48 hr. Counts of listeriae did not differ between FUT an‘
CMT (p >0.05) at any sampling time. S

Carpenter and Harrison (1989) and Harrison and Carpenter (1989) demonstrated that L« monocytogeﬂégprm

populations that survived cooking in chicken breasts could proliferate at a typical refrigeration

Slic
temperature (4°C) and a slightly abusive temperature (10°C). However, a slower growth rate would be
Wer
expected for cells injured by thermal processing. As a result, comparing the growth characteristics of &’
L
‘m

monocytogenes in the above studies (pre-processing contamination) to those of our study (post—processim
contamination) would be difficult. Nevertheless, L. monocytogenes was shown to grow in cooked poultry at In
4°C in the current and cited studies. 18 ¢
CONCLUSIONS:

In all studies, pH and moisture were not considered to be major factors influencing microbial growth
Salmonella concentrations declined gradually in cooked raw materials held at 4°C. Salmonella proliferatd
essentially at the same rate in inoculated, cooked samples of FUT and CMT held at 20°C. Counts in pot”
tissues increased approximately 6 logs after 2 days of storage.

L. monocytogenes grew readily in cooked tissues held at 4 and 20°C. Counts increased over 5 logs i Mh“
samples held at 4°C for 21 days. By 48 hrs at 20°C, numbers of listeriae in CMT and FUT increased more th?’ Coyy
5 logs. A 4 log increase was seen from O to 24 hrs in both tissues followed by a reduced growth raté LJW
Except for one sampling interval, (day 7 tissues inoculated with L. monocytogenes), counts of pathogens dﬁ

not differ (p >0.05) between FUT and CMT.

It was concluded that neither FUT nor CMT was a unique environment for the growth/survival of eithe*

) Out
Salmonella or L. monocytogenes. Also, it was found that washing thigh tissue generally does not (p>0~0& :
F
make this material a more or less favorable growth medium for either of these pathogens. ler
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