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SUMMARY
Microbiological quality of broiler carcasses, with or without visible ingesta contamination, was

compared at pre- and postimmersion chilling sites. A total of 1,080 carcasses was sampled in
seven commercial processing plants and analyzed for aerobic bacteria (aerobic plate count; APC),
Escherichia coli and Campylobacter spp. counts (log10 cfu/mL), and incidence of Salmonella based
on USDA approved microbiological procedures.

In all plants, the APC (4.22 vs. 3.27), E. coli (2.36 vs. 1.22) and Campylobacter spp. (1.69 vs.0.83)
counts (log10 cfu/mL), and Salmonella incidence (20.7 vs. 5.7%) were significantly (P < 0.05) higher
on pre- vs. postimmersion chill carcasses, respectively. Microbial load on carcasses collected from
pre- and postimmersion chill sites differed significantly among the plants in this study. However,
there were no statistically detectable differences (P > 0.05) in microbial counts between carcasses
with or without visible contamination at both sampling sites. Overall, immersion chilling resulted
in about a 1-log reduction in microbial load on carcasses, compared to prechill levels. These results
demonstrate the lack of a direct correlation between the presence of visible ingesta and microbial
contamination on poultry carcasses.
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DESCRIPTION OF PROBLEM

Since its introduction in 1996, the Hazard
Analysis Critical Control Point (HACCP) Sys-
tem has revolutionized the implementation,
monitoring, and assessment of food safety and
inspection procedures in meat and poultry
plants. Microbial standards for levels of Esche-
richia coli (performance criteria) and incidence

1 To whom correspondence should be addressed: sbilgili@acesag.auburn.edu.

of Salmonella (performance standard) on car-
casses have been introduced and used to validate
slaughter procedures and HACCP plans at plants
[1]. Additionally, “zero-fecal tolerance” for visi-
ble fecal contamination prior to chilling has been
implemented as a food safety performance stan-
dard that must be addressed by HACCP plans
[2].
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FIGURE 1. Average microbial counts (log10 cfu/mL) of carcasses at prechill and postchill sampling sites. a,bMeans
within a microbial group with different letters differ significantly (P < 0.001). Pooled SEM = 0.03. APC = aerobic
plate count.

In contrast to microbial standards, which are
monitored at the end of the slaughter process
(i.e., after chilling), the visible fecal contamina-
tion standard is enforced prior to chilling [3].
Although often disputed [4], this ruling is based
on the assumptions that fecal material is the
primary vehicle for foodborne pathogens on

FIGURE 2. Average microbial counts (log10 cfu/mL) of carcasses, with and without visible ingesta, at the prechill
sampling site. Means within a microbial group did not differ significantly (P > 0.05). Pooled SEM = 0.05. APC =
aerobic plate count.

poultry carcasses, and, when present on prechill
carcasses, may be a source of cross-contamina-
tion during the immersion chilling process. The
contents of the upper digestive tract (i.e., crop,
proventriculus and gizzard) or ingesta may also
serve as a source of carcass contamination dur-
ing processing, especially when accidentally
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FIGURE 3. Average microbial counts (log10 cfu/mL) of carcasses, with and without visible ingesta, at the postchill
sampling site. Means within a microbial group did not differ significantly (P > 0.05). Pooled SEM = 0.03. APC =
aerobic plate count.

ruptured during evisceration [5, 6]. This recent
research has introduced the likelihood of a pre-
chill zero-tolerance standard for visible ingesta
[2].

The process of chilling poultry in immersion
water has undergone many changes since its
introduction at the turn of the century. On-line

FIGURE 4. Average Salmonella spp. incidence (%) of carcasses, with and without visible ingesta, at prechill and
postchill sampling sites. Means within a sampling site did not differ significantly (P > 0.05).

immersion chillers, introduced in the 1950s, im-
proved the efficiency of the process by enhanc-
ing heat transfer and significantly extending the
shelf life of poultry [7]. Under properly defined
and monitored operating conditions (i.e., prechill
carcass rinse, dwell time, temperature, agitation,
overflow rate, and chlorination), the immersion
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chilling process has been shown to greatly im-
prove the microbiological quality of poultry car-
casses [8]. Research on counter flow immersion
chilling systems has demonstrated significant re-
ductions in levels of all microorganisms and
cross-contamination [9, 10], especially with
chlorination of the water [11, 12, 13]. Applica-
tion of prechill performance standards ignores
the antimicrobial effects of the immersion chill-
ing process and isolates this important food
safety intervention step from the slaughter and
evisceration processes.

It should be pointed out that carcasses exten-
sively contaminated with digestive tract con-
tents, whether ingesta or fecal material, are re-
moved from the main processing line at inspec-
tion stations and are condemned or reprocessed
at a separate off-line station. Prechill perfor-
mance standards for contamination often in-
volves visible specks of <1/16 in., as all car-
casses are vacuumed (internal cavity), washed
inside and outside with chlorinated water,
scrubbed with brushes, trimmed, and rewashed
prior to the prechill examination point.

In this study, the microbiological quality of
broiler carcasses, with or without visible specks
of ingesta contamination, were compared at pre-
and postimmersion chilling sites. Data generated
under conditions of in-plant commercial opera-
tions should allow objective assessment of the
scientific basis of a zero-tolerance standard for
ingesta.

MATERIALS AND METHODS

Participants and Sample Collection

Seven commercial broiler companies [14],
participated in this study. In each of these seven
plants, carcasses with and without visible ingesta
specks (treatment; Trt) were collected for micro-
biological analysis, at pre- and postimmersion
chilling sites (site) over 4 sampling d. Carcasses
were sampled after the final wash and before
entry into and immediately after immersion
chillers at each plant.

On each sampling day, 40 carcasses (10 car-
casses per Trt; 20 per site) were aseptically col-
lected and rinsed with 400 mL of Butterfield’s
phosphate diluent, as per sampling procedures
outlined by the USDA [15]. A total of 1,080
carcasses was sampled (160 per plant, except for

one plant with only 120 samples) and analyzed
in this study. Given differences in immersion
chilling systems in commercial use, no attempt
was made to standardize the operational parame-
ters (i.e., type of chilling system, rate of over-
flow, level of chlorination etc.). However, all
the participant plants were under USDA inspec-
tion and operating under their respective
HACCP plans.

Microbiological Assays

Carcass rinse samples were held at 4 to 5°C
prior to, and at less than 10°C during, shipment
overnight to the designated laboratory. Samples
were appropriately diluted and plated for aerobic
plate counts (APC) and E. coli counts (cfu/mL
rinse fluid), and Salmonella spp. incidence (%)
by methods described by the Association of Of-
ficial Analytical Chemists [16]. Campylobacter
spp. was quantified based on the enumeration
method of Line et al. [17].

All quantitative data were transformed to
log10 prior to analysis by the general linear mod-
els procedure of SAS software [18]. The statisti-
cal model used included plants as blocks, main
effects of Trt and site, and their interaction. Chi-
squared tests were performed to compare Salmo-
nella spp. incidence between the treatments at
each site, as well as between sites.

RESULTS AND DISCUSSION

Sampling site (prechill vs. postchill) was sig-
nificant (P < 0.01) for all three microbial groups
(Figure 1). Carcasses sampled after immersion
chilling had lower counts (log10 cfu/mL) of APC,
E. coli, and Campylobacter spp. than those sam-
pled prechill. Overall, immersion chilling re-
sulted in about 1-log reduction in microbial num-
bers. Similarly, immersion chilling reduced (P
< 0.05) the incidence of Salmonella from 20.7%
(prechill) to 5.7% (postchill). The positive effect
of immersion chilling on bacterial numbers ob-
served in this study is consistent with effects
reported in the literature [19, 20, 21, 22].

Immersion chilling systems have evolved
over the years, with the incorporation of many
changes, including counter current flow [23],
continuous overflow [24], air agitation [25], pre-
chill spray washing [26] and continuous chlori-
nation [27, 28]. All of these changes, no doubt,
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have contributed significantly to the effective-
ness of modern-day chilling systems in terms of
chilling efficiency and microbiological quality.

No significant Trt (visible ingesta vs. no-
ingesta) or site by Trt interaction effects were
detected for levels (log10 cfu/mL) of APC, E.
coli, and Campylobacter spp., or for the inci-
dence of Salmonella spp. This result indicates
that the incidental presence of visible ingesta
specks on broiler carcasses, prior to or after chill-
ing, is not associated with microbiological qual-

CONCLUSIONS AND APPLICATIONS

1. Microbial counts on broiler carcasses were significantly higher at prechill than at postchill.
2. Presence of visible ingesta on prechill or postchill carcasses does not influence microbial counts.
3. Modern immersion chilling systems represent an effective food safety intervention step.
4. There is no scientific basis for using visible ingesta on carcasses during processing as a Food

Safety Performance Standard.

REFERENCES AND NOTES

1. United States Department of Agriculture. 1996. Pathogen
reduction: Hazard Analysis and Critical Control Point (HACCP)
systems; Final rule. Food Safety and Inspection Service. Fed. Regist.
61:38806–38944.

2. United States Department of Agriculture. 1997. Poultry In-
spection: Revision of finished product standards with respect to fecal
contamination. Fed. Regist. 62:5139–5144.

3. United States Department of Agriculture. 1998. Poultry post-
mortem inspection and reinspection—enforcing zero tolerance for
visible fecal material. Directive 6150.1. Food Safety and Inspection
Service, Washington, DC.

4. Jones, F. T. 1999. Zero-tolerance for fecal spots: Was FSIS
right? Poultry (October/November):38–41.

5. Hargis, B. M., D. J. Caldwell, R. L. Brewer, D. E. Corrier,
and J. R. Deloach. 1995. Evaluation of the chicken crop as a source
of Salmonella contamination of broiler carcasses. Poult. Sci.
74:1548–1552.

6. Ramirez, G. A., L. L. Sarlin, D. J. Caldwell, C. R. Yezak,
Jr., M. E. Hume, D. E. Corrier, J. R. Deloach, and B. M. Hargis.
1997. Effect of feed withdrawal on the incidence of Salmonella
in the crops and ceca of market age broiler chickens. Poult. Sci.
76:654–656.

7. Brant, A. W. 1974. The current status of poultry chilling in
Europe. Poult. Sci. 53:1291–1295.

8. Thomson, J. E., W. K. Whitehead and A. J. Mercuri. 1974.
Chilling poultry meat—A literature review. Poult. Sci. 53:1268–
1281.

9. Mulder, R. W. A. W., and C. H. Veerkamp. 1974. Improve-
ments in poultry slaughterhouse hygiene as a result of cleaning before
cooling. Poult. Sci. 53:1690–1694.

10. Mulder, R. W. A. W., L. W. J. Dorresteijn, G. J. P. Hofmans,
and C. H. Veerkamp. 1976. Experiments with continuous immersion
chilling of broiler carcasses according to the code of practice. J.
Food Sci. 41:438–442.

ity (Figures 2, 3, and 4). This finding is consis-
tent with that of Fletcher et al. [29], who could
not demonstrate a significant correlation be-
tween visible contamination and subsequent
pathogen numbers on broiler carcasses.

Although prevention of carcass contamina-
tion with digestive tract contents should be an
important goal during processing, the data gener-
ated in this study indicate that visible carcass
contamination has no predictive value for esti-
mating the microbial quality of the carcass.

11. Mead, G. C., and N. L. Thomas. 1973. Factors affecting the
use of chlorine in the spin-chilling of eviscerated poultry. Br. Poult.
Sci. 14:99–117.

12. Ranken, M. D. 1973. Chlorination and the hygienic operation
of spin chillers. Pages 353–358 in Proc. 4th Eur. Poult. Conf., Lon-
don, UK.

13. Waldroup, A. L., B. M. Rathgeber, R. H. Forsythe, and L.
Smoot. 1992. Effects of six modifications on the incidence and levels
of spoilage and pathogenic organisms on commercially processed
postchill broilers. J. Appl. Poult. Res. 1:226–234.

14. Plants from the following companies participated in this
study: Fieldale Farms Corp.; Gold Kist, Inc.; Mountaire Farms, Inc.;
Perdue Farms, Inc.; Pilgrim’s Pride Corp.; Sanderson Farms, Inc.;
and Tyson Foods, Inc.

15. United States Department of Agriculture. 1996. Pathogen
reduction: Hazard Analysis and Critical Control Point (HACCP)
systems; Final rule. Fed. Regis. 61:38806–38944.

16. Association of Official Analytical Chemists. 2000. Aerobic
plate and E. coli counts were determined by the Petrifilm methods
AOAC 990.12 and 998.08, respectively. Official Methods of Analy-
sis. AOAC International, Gaithersburg, MD.

17. Line, J. E., C. Lattuada, and N. Stern. 1998. Campylobacter
recovery and enumeration from broiler carcasses. Page 68 in Proc.
85th Annu. Meet. Int. Assoc. Milk Food Environ. Sanit. Nash-
ville, TN.

18. SAS Institute. 1988. SAS/STAT User’s Guide. SAS Institute
Inc., Cary, NC.

19. Surkiewics, B. F., R. W. Johnston, R. W. Moran, and G. W.
Krumm. 1969. Bacteriological survey of chicken eviscerating plants.
Food Technol. 23:1066–1069.

20. Mead, G. C., and N. L. Thomas. 1973. Factors affecting the
use of chlorine in the spin chilling of eviscerated poultry. Br. Poult.
Sci. 14:99–117.

21. Mead, G. C., and N. L. Thomas. 1973. The bacteriological
condition of eviscerated chickens processed under controlled condi-

 by guest on February 7, 2015
http://japr.oxfordjournals.org/

D
ow

nloaded from
 

http://japr.oxfordjournals.org/


JAPR: Research Report238

tions in a spin chilling system and sampled by two different methods.
Br. Poult. Sci. 14:413–419.

22. Mulder, R. W. A. W., L. W. J. Dorresteijn, G. J. P. Hofmans,
and C. H. Veerkamp. 1976. Experiments with continuous immersion
chilling of broiler carcasses according to the code of practice. J.
Food Sci. 41:438–442.

23. Mead, G. C. 1975. Hygiene aspects of the chilling process.
Pages 35(1)–35(8) in The Quality of Poultry Meat. 2nd Eur. Symp.
Poultry Meat Quality, Oosterbeek, The Netherlands. Ponsen &
Looijen, Wageningen.

24. Blood, R. M., and B. Jarvis. 1974. Chilling of poultry: The
effects of process parameters on the level of bacteria in spin chiller
waters. J. Food. Technol. 9:157–170.

25. Dickens, J. A., and N. A. Cox. 1992. The effect of air scrub-
bing on moisture pickup, aerobic plate counts, Enterobacteriaceae,

and the incidence of Salmonellae on artificially inoculated broiler
carcasses. Poult. Sci. 71:560–564.

26. Notermans, S., R. J. Terbijhe, and M. Van Schothorst. 1980.
Removing faecal contamination of broilers by spray-cleaning during
evisceration. Br. Poult. Sci. 21:115–121.

27. Thomson, J. E., J. S. Bailey, N. A. Cox, D. A. Posey, and
M. O. Carson. 1979. Salmonella on broiler carcasses as affected by
fresh water input rate and chlorination of chill water. J. Food Prot.
42:954–955.

28. Waldroup, A. L., B. M. Rathgeber, R. H. Forsythe, and L.
Smoot. 1992. Effects of six modifications on the incidence and levels
of spoilage and pathogenic organisms on commercially processed
postchill broilers. J. Appl. Poult. Res. 1:226–234.

29. Fletcher, D. L., E. W. Craig, and J. W. Arnold. 1997. An
evaluation of on-line “reprocessing” on visual contamination and
microbiological quality of broilers. J. Appl. Poult. Res. 6:436–442.

 by guest on February 7, 2015
http://japr.oxfordjournals.org/

D
ow

nloaded from
 

http://japr.oxfordjournals.org/

