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Abstract

Preslaughter management procedures that decrease fecal contamination of skins/hides are likely to reduce biological hazards on
carcass surfaces during slaughter and processing. This trial was conducted to determine the effects of preslaughter spray-washing
on stress responses and skin and carcass bacterial counts in goats. Twenty meat goats were slaughtered in two groups (replicate) on
2 different days (10 goats/replicate). Animals were randomly allotted to treatment (1 min spray-wash) or control (no wash) groups
(n = 5/(treatment replicate)). Blood and skin swab samples were collected from control and treated animals before and after the
washing treatment. Bacterial counts on the carcasses immediately after dressing were also recorded. Treatment, sampling time or
treatment × sampling time did not affect the plasma cortisol, glucose and non-esterified fatty acid (NEFA) concentrations. Skin
aerobic plate counts were the same in both treated and control groups prior to washing treatment, but were significantly less
in the treated group when sampled after washing (treatment × sampling time, P < 0.05). Aerobic plate counts were 3.6 and 4.4
log10 CFU/cm2 in the treated and control groups, respectively. However, skin Escherichia coli counts did not significantly decrease

due to spray-washing treatment. Spray-washing treatment also did not influence carcass E. coli or aerobic plate counts. Results
indicate that skin bacterial counts can be significantly reduced by preslaughter spray-washing, without increasing stress in goats.
Preslaughter spray-washing may be a cost-effective skin decontamination method that can be easily adopted in goat slaughter plants.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction

The skin or hides of animals entering the abattoir
are a potential source of contamination of carcasses
with pathogenic bacteria (Grau, 1987) and prevalence of
Escherichia coli on the hide is strongly correlated with

carcass contamination in cattle (Philips, 1999; Elder et
al., 2000). Counts of naturally occurring bacteria on cat-
tle hides and lamb pelts in abattoirs are generally greater
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than 6 log10 CFU/cm2 (Bacon et al., 2000; Duffy et al.,
2000).

Although different post-slaughter strategies are prac-
ticed in meat plants to reduce carcass contamination,
incidences of meat-borne diseases are still a major prob-
lem. Thus, much of the research has been focused on
post-slaughter sanitation to improve the safety of meat
products (Callaway et al., 2003). Recently, researchers
have also been concentrating on developing preslaughter

intervention strategies to reduce food-borne pathogens in
animals and on the carcasses.

Preslaughter animal washing has been shown to
reduce hide contamination in cattle when the spray-
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ashing was performed using water-containing antimi-
robial agents (Mies et al., 2004) or powerhosing using
otable water to reduce microbial contamination of the
ide in cattle (Byrne et al., 2000). However, any pres-
aughter treatment is likely to increase stress in animals,
hich is undesirable from both an animal welfare and
eat quality point of view (Kannan et al., 2000). Blood

ortisol, glucose and non-esterified fatty acids (NEFA)
oncentrations have been found to increase 15 min after
ncountering a stressor in goats, and these hormones and
etabolites are considered to be good indicators of stress

Kannan et al., 2002).
There are currently no data available on the decontam-

nating effect of spray-washing of goats before slaughter.
his experiment was, thus, conducted to determine the
ffects of preslaughter spray-washing on stress responses
nd skin and carcass bacterial counts in goats.

. Materials and methods

.1. Animals and spray-washing treatment

This trial was conducted in the month of June (sum-
er) using 20 meat goats. In a randomized complete

lock design, the animals were slaughtered in two groups
replicate) on 2 different days (10 goats/replicate).
nimals were randomly allotted to the treatment (spray-
ash) or control (no wash) groups (n = 5/(treatment

eplicate)). Pre-treatment (Pre-trt) blood and skin swab
ampling was done prior to application of the spray-
ashing treatment. Blood samples were collected by

ugular venipuncture. Skin swab samples were collected
rom a similar area of the right hind leg of each animal
n the holding pen.

Spray-washing of individual animals was done in the
ingle file race for a period of 1 min. Spray-washing of all
nimals was done by the same individual using potable
ap water and a hose fitted with a spray nozzle. Water
ow through the nozzle was set, such that the spray
id not cause any visible discomfort and startling of the
nimals, but maintained optimum pressure to remove
irt and feces from the skin/coat. The water contained
.4–0.8 ppm chlorine as required for potable water.

1 min spray-washing treatment delivered approxi-
ately 12 l water at a temperature of 15–18 ◦C. The

ntire body surface, excluding the head, was evenly
prayed.

Post-treatment (Post-trt) swab samples were taken

rom left hind leg in a similar area from the control and
reated animals, prior to stunning (10 min after the wash-
ng treatment). Blood samples were collected again dur-
ng exsanguination (Post-trt) for determination of plasma
Research 67 (2007) 14–19 15

cortisol, glucose and non-esterified fatty acid concen-
trations. Bacterial counts on carcasses were determined
immediately after dressing.

2.2. Plasma cortisol, glucose and NEFA
concentrations

Blood samples were taken via jugular venipunc-
ture into 10 ml vacutainer tubes containing 81 �l of
15% EDTA solution. All efforts were made not to agi-
tate the animals during blood sampling and the tubes
were placed on ice immediately after collection until
the plasma was separated. The blood tubes were cen-
trifuged at 1000 × g for 30 min to separate the plasma.
The aliquots were frozen at −20 ◦C for subsequent
determination of plasma cortisol, glucose and NEFA.
Plasma cortisol concentrations were determined using
a Coat-A-Count (Diagnostic Products Corporation, Los
Angeles, CA) RIA kit as described by Kannan et al.
(2000). The assay was validated for goats using the pro-
cedures of Chard (1990). Blood glucose was analyzed
using an IDEXX VetTest® 8008 Dry Chemistry Ana-
lyzer and a single-slide testing kit (IDEXX Laboratories
Inc., Westbrook, ME). The plasma sample was drawn
into a pipette tip and dispensed onto each testing slide.
As the sample was absorbed and filtered through the
layers of the slide, color changes occurred due to bio-
chemical reactions. The colors and intensity were mea-
sured by an optical system. Plasma NEFA concentrations
were analyzed using a commercially available kit (Wako
Chemicals, Richmond, VA) as described by Kannan
et al. (2002). The assay was performed using acetyl
CoA synthetase/acetyl-CoA oxidase method (NEFA C
Code No. 994-75409 E). The absorbance values were
determined using a Shimadzu® (Model UV-2401 PC)
UV–vis recording spectrophotometer (Shimadzu Scien-
tific Instruments Inc., Columbia, MD).

2.3. Microbial counts

Sterile sponges, hydrated with 10 ml buffered pep-
tone water (BioPro Enviro-Sponge Bags, International
BioProducts Inc., Redmond, WA) and disposable, ster-
ile paper templates with an area of 5 cm × 5 cm were
used for sampling skin and carcass microbial counts.
Skin swabs in the hind leg region were made before
subjecting the animals to feed deprivation and prior to
slaughter. Using a modified procedure of Byrne et al.

(2000), swab samples were made in the leg region, within
the 25 cm2 template area making five wipes vertically
and five wipes horizontally. Carcass swab sampling was
made using a procedure similar to the one prescribed by
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4. Discussion

The hide of the live animal becomes contaminated
with both pathogenic and non-pathogenic microorgan-
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USDA for generic E. coli testing (FSIS-USDA, 1996),
but with modifications. A template with a smaller sam-
pling area and fewer vertical and horizontal passes were
used to suit the smaller size of goat carcasses instead of
a 10 cm × 10 cm template recommended by the USDA.
Swab samples from the carcasses were made immedi-
ately after skinning and before evisceration and washing
of the carcass using a 25 cm2 disposable sterile template
at three different anatomical locations (flank, brisket and
leg) for a total sampling area of 75 cm2. Swabbing at each
carcass site, within the 25 cm2 template area, consisted of
five wipes vertically and five wipes horizontally. Swab
samples were kept aseptic, using sterile gloves which
were changed between samplings. After sampling, the
sponge bags were kept in icebox and transported to the
laboratory for analysis.

At the laboratory, sponges were transferred to stom-
acher bags and 90 ml, 0.1% sterile buffered peptone
water (Difco Laboratories, Detroit, MI) was added to
each bag. The bags with the contents were pummeled
in a stomacher (Seward Model 400, Tekmar Company,
Cincinnati, OH) for 1 min. Serial dilutions were prepared
up to 10−7 with 0.1% sterile buffered peptone water.
By trial and error, appropriate dilutions that facilitated
enumeration of colonies were identified. In this exper-
iment, samples diluted to 10−3, 10−4 and 10−5 were
inoculated on petrifilm (3 M Microbiology Products, St.
Paul, MN) to determine E. coli (3 MTM PetrifilmTM

E. coli/coliform count plates) and aerobic plate counts
(3MTM PetrifilmTM aerobic count plates) as prescribed
by the supplier. Colonies were counted following a 24-h
incubation period (Fisher Isotemp Incubator, Fisher Sci-
entific, Pittsburgh, PA) at 37 ◦C for E. coli and aerobic
plate counts. Bacterial counts of skin and carcass sam-
ples were converted to log10 CFU/cm2 values.

2.4. Statistical analysis

The blood and skin microbial data were analyzed
as a randomized complete block design (RCBD), with
repeated measures using GLM procedures in SAS (SAS
Institute Inc., 1992). Carcass microbial counts were also
analyzed as RCBD.

3. Results

Aerobic plate counts on the skin were the same for
both the treated and control groups prior to washing

treatment, but the counts were significantly less in the
treated group when sampled after washing (P < 0.05;
Fig. 1). However, skin E. coli counts did not significantly
decrease due to spray-washing treatment (Fig. 2). Spray-
Fig. 1. Mean ± S.E. skin aerobic plate counts in goats determined prior
to (Pre-trt) and after (Post-trt) preslaughter spray-washing.

washing treatment did not influence the carcass E. coli
or aerobic plate counts (Table 1). Treatment, sampling
time or treatment × sampling time did not influence the
plasma cortisol, glucose and non-esterified fatty acid
concentrations (Fig. 3).
Fig. 2. Mean ± S.E. skin E. coli counts in goats determined prior to
(Pre-trt) and after (Post-trt) preslaughter spray-washing.
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Table 1
Effects of preslaughter spray-washing of goats on microbial counts of carcasses

Item Spray-washed Control S.E.M. P-value

E. coli (log10 CFU/cm2) 2.1 2.1 0.06 0.57
Aerobic plate count (log10 CFU/cm2) 4.0
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ig. 3. Mean ± S.E. plasma (A) cortisol, (B) glucose and (C) non-
sterified fatty acids (NEFA) in goats determined prior to (Pre-trt) and
fter (Post-trt) preslaughter spray-washing.

sms derived from a wide range of sources, such as
eces, soil, water and vegetation (McEvoy et al., 2000).
nimals can spread the contamination to other animals
uring transportation and the holding in sheds, either
irectly via body contact, indirectly via contact with
ontaminated floors or both (Reid et al., 2002). Hide

ontamination of the animals entering slaughter facili-
ies is affected by several factors, which could in turn
nfluence the bacterial counts on the carcasses (Davies
t al., 2000).
4.0 0.17 0.87

Aerobic plate counts were the same for both the
treated and control groups prior to washing treatment,
but the counts were significantly less in the treated group
when sampled after washing (P < 0.05; Fig. 1). However,
skin E. coli counts did not significantly decrease due to
spray-washing treatment (Fig. 2). The beneficial effects
of powerhosing to decontaminate cattle hides prior to
slaughter have been demonstrated by Byrne et al. (2000).
It was found that washing for 3 min markedly reduced
fecal contamination of the hides with E. coli O157:H7.
Washing for 1 min did not result in a significant reduc-
tion of bacterial counts, although the animals appeared
visibly cleaner.

Spray-washing for 1 min resulted in visibly clean
animals, which was readily apparent in goats with
light colored coats. Goat breeds utilized in the USA
for meat production, generally have a smooth coat
with short hair, which facilitates easy cleaning by
washing, without using any antimicrobial agents. Sev-
eral antimicrobial agents, such as lactic acid, ethanol,
acetic acid and chlorine have been previously eval-
uated as viable preslaughter hide decontaminants in
cattle (Mies et al., 2004). The potential drawbacks of
using antimicrobials, particularly at higher concentra-
tions, during preslaughter washing would create higher
operational costs and animal welfare concerns. In this
experiment, the reduction in aerobic plate counts due
to spray-washing indicates that this could be a cost-
effective method for decontaminating goats prior to
slaughter.

The skin and viscera of animals entering an abattoir
are potential sources of contamination of carcasses with
pathogenic bacteria (Grau, 1987). Completely eliminat-
ing carcass contamination from the skin surface during
skinning is difficult and may not always be practica-
ble (McEvoy et al., 2000). The degree of visible fecal
contamination on the hide has been shown to affect the
contamination levels of the resultant carcass (Ridell and
Korkeala, 1993; McEvoy et al., 2000). In this study,
spray-washing treatment did not influence the carcass

E. coli or aerobic plate counts (Table 1). Reports have
shown E. coli O157 counts on the hide to be strongly cor-
related to carcass contamination (Philips, 1999; Elder et
al., 2000).
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Although spray-washing reduced bacterial counts on
the skin, the differential effect was not noticeable on
the carcasses. This may reflect sound and hygienic skin-
ning and evisceration methods practiced in the slaugh-
ter plant. Chances of carcass contamination during de-
hiding or skinning depend on the initial cuts through
skin, using the same hand for handling the hide and
the carcass surface, and the roll-back of the hide dur-
ing the skinning process (Hudson et al., 1998). Elder
et al. (2000) reported a 10.7% incidence of E. coli
O157 contamination on the cattle hides in the USA.
However, no significant correlation between the preva-
lence of E. coli O157 contamination on hides and
on the resulting carcasses was recorded. It was also
reported that the prevalence of pathogens on the car-
casses was higher than that on the hides (Elder et al.,
2000).

It is important that the washing treatment takes
place about 15–20 min prior to slaughter. Washed ani-
mals may not also come in contact with other ani-
mals. It has been demonstrated that fecal material and
microbes can spread more easily from wet animals (Bell,
1997). Furthermore, if the goats lie down after wash-
ing, more dirt and fecal material are picked up from
the floor than in unwashed animals. It may be crit-
ical to avoid undue delays in the processing of ani-
mals after the washing treatment, however, enough time
should be allowed for the animal skin/hair to dry (about
15 min). Care should be exercised while washing goats
with excessively dirty skin, as a dirty hide is likely to
retain moisture for longer periods and can easily spread
contamination.

Treatment, sampling time or treatment × sampling
time did not influence the plasma cortisol, glucose and
non-esterified fatty acid concentrations (Fig. 3). Plasma
cortisol concentrations are good indicators of the welfare
or the stress status of the animal and can be influenced
by different preslaughter practices in animals (Warriss,
1995). Catecholamine-induced glycogenolysis (Murray
et al., 1990) and lipolysis (Cryer, 1980) as a response to
stress also increases the circulating glucose and NEFA
concentrations in goats. In the current study, plasma cor-
tisol, glucose and NEFA concentrations all increased
after the washing treatment in both treated and control
groups, although the increases were greater in the washed
group. The lack of a significant treatment × sampling
time interaction shows that the washing treatment alone
did not contribute to significant increase in the stress of

the goats.

The increase in plasma cortisol, glucose and NEFA
concentrations noted in this study in both treated and
control goats post-treatment is probably due to social
Research 67 (2007) 14–19

isolation. Social isolation is a potent stressor in goats,
particularly, when goats do not maintain visual contact
with one another (Kannan et al., 2002). In the present
experiment, the washing treatment was done when the
goats were in the single file race. The goats could, thus,
not maintain visual contacts with their pen mates due to
their smaller body size.

During the spray-washing treatment, the animals
tended to move during the initial seconds in an effort
to avoid the water spray. However, after the first few sec-
onds, goats remained in one place in the single file race,
which made the washing process more efficient. This
experiment was conducted in the month of June when the
weather is warm in Georgia. Further studies are needed
to examine the effects of spray-washing treatments dur-
ing winter and the stress responses in goats.

5. Conclusions

The results indicate preslaughter spray-washing can
be used as an effective skin decontamination technique
in goat processing. Preslaughter spray-washing signifi-
cantly reduced skin bacterial counts, without increasing
stress in goats. The method is cost-effective and can be
easily adopted in goat slaughter facilities.
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