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(ABSTRACT)

This study was conducted to optimize the parameters involved
in the electronarcosis of market chicken and turkeys. A
prototype constant current stunner designed at the
Department of Electrical Engineering of Virginia Polytechnic
Institute and State University was used. Broilers were
electrically stunned with 8, 29 and 50 mA per bird. Turkeys
were electrically stunned with 10, 30 and 50 mA per bird.
Three weight classes, controlled by age, were used as
treatment levels. Broiler males were grown for 36, 43 and
50 days while females were grown for 37, 44 and 51 days.
Turkey hens were grown for 84, 98 and 112 days, while toms
were grown for 112, 126 and 140 days. Pre-stun levels of 3,
5 and 8 hours of feed and water withdrawal were used for
each weight class and sex. The effect of sex, weight and
feed and water withdrawal on stunning efficiency, recovery
time, blood splatter, bone breakage, color and pH of the
breast meat was determined. The experimental unit for each
specie, sex, weight and feed withdrawal class used was a
"pen" comprised of 10 birds. A total of 130 birds, by

gender and specie are used for each repetition. Two



repetitions of all experiments were accomplished. A third
repetition was done in turkeys, but this time a cooping time
of three hours prior to slaughter was added. All data was
statistically analyzed with ANOVA and a Box-Behnken response
surface design was used to optimize the current for the
different experimental variables. Results indicated a
significant (p < 0.0001) gender difference in resistance,
recovery time and prevalence of defects in both broilers and
turkeys. Optimization of the stunning process parameters
was not achieved due to inability of the model to express
logistic regression equations at the levels used in this

study.
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I. INTRODUCTION

There are several reasons for the stunning of poultry
prior to slaughter, one being the humane need for a process
that will reliably render an animal insensible to pain and
sensation prior to death, another to render the bird
motionless to facilitate head capture for bleeding and also
to reduce struggle during bleed-out. Among the stunning
methods available for use, electrical stunning is the method
of choice used by the poultry industry (Stadelman et al.,
1988).

In the United Kingdom, the Farm Animal Welfare
Coordinating Executive (1980), quoted by Heath (1984b),
reported that electrical stunning of poultry is particularly
unreliable where the water bath method is used, indicating
that "in a test of significant size, one third of the birds
emerged dead from the water bath and another third were
understunned".

Live production and bird handling practices have been
incriminated among the factors contributing to the
occurrence of bruises and hemorrhages; however, a more
significant number of these defects are thought to occur
during the slaughter process (Bilgili, 1992). Ineffective
electronarcosis results in defects which cause downgrading

of the poultry carcasses, decreasing their value and



increasing the cost of production. According to Gregory et
al. (1990) electrical stunning is one of the most important
causes of bone breakage during processing of turkey hens.
Application of an excessively high voltage during stunning
has been associated with a high incidence of quality
defects. These include broken bones (Gregory and Wilkins,
1989a), exploded or damaged viscera (Heath, 1984a), bloody
wing joints, red wing tips (Heath, 1984a), blood splattering
in the breast meat (Veerkamp and de Vries, 1983), shoulder
hemorrhages (Gregory and Wilkins, 1989b) and inadequate
bleed-out from major blood vessels (Gregory and Wilkins,
1989c). All of these result in a decrease in the value of
the meat products.

This study was performed to optimize the stunning of
market age chickens and turkeys, utilizing an
electronarcosis system that applies constant electrical
current by adjusting voltage to compensate for the bird-to-

bird variability in resistance.



IX. REVIEW OF LITERATURE

A. REASONS FOR STUNNING

1. Requlations

As stated in the Humane Methods of Slaughter Act of
1958 all livestock under U.S.D.A. inspection must be
humanely slaughtered (National Research Council, 1985).
Though the law does not include poultry in its definition of
livestock, the Poultry Inspection Regulations of the
U.S.D.A. (Code of Federal Regulations, 1992) state that
"Poultry should be slaughtered in accordance with good
commercial practices in a manner that will result in
thorough bleeding of the carcasses; assuring that breathing
has stopped prior to scalding".

The nature of the method used for the stunning of
poultry prior to slaughter can be chemical, mechanical or
electrical; with electrical stunning being the method chosen
by this industry to induce unconsciousness in the birds. 1In
electrical stunning a sufficient amount of electricity must
pass through the brain of the bird for a given amount of
time to produce instant unconsciousness (American Veterinary
Medical Association, 1978) and induce a reversible state of
insensibility for a short period of time. If the time
required to induce unconsciousness from bleeding exceeds the
length of the insensibility period induced by the stunner,

3



feel pain and suffer (Grandin, 1989; Gregory and Wotton,
1986) .

The sensation of pain is initiated when damage or
intense stimulation of tissue occurs. Substances such as
histamine, angiotonin, serotonin, prostaglandin, bradykinin,
adenosine triphosphate, and H* and K* ions, are released
from the damaged tissue and modulate or stimulate pain
receptors that send impulses to the thalamus and cerebral
cortex resulting in the recognition of pain by the animal.
For pain to be experienced, the cerebral cortex and
subcortical structures must be functional. An unconscious
animal does not experience pain because the cerebral cortex
is not functioning as a result of treatments such as
hypoxia, depression by drugs, electrical shock or concussion

(A.M.V.A., 1978).

2. Carcass quality

The use of electrical stunning not only allows for the
performance of humane slaughter practices but also has the
benefit of facilitating the slaughtering operation through
the physiological conditioning of the birds that results
from the relaxation of the muscles of the neck and
contraction of the wings which permits a proper cutting of

the veins during exsanguination. Wing flapping and bird



struggling is diminished during bleed-out (Dickens and
Shackelford, 1988). In addition, blood pressure, heart beat
and respiration, are stabilized during stunning and picking

is made easier (Wabeck, 1987).

B. THE TECHNIQUE OF ELECTRICAL STUNNING

According to the wide variation in resistance from bird
to bird, reported by Schutt-Abraham et al. (1983) and Heath
(1984b), stunning at low voltage would allow some birds to
regain consciousness before venesection and some would go
sentient into the scalder.

To reliably induce instantaneous insensibility after
stunning, a sufficient current (amperage) must pass through
the brain of the animal (Croft, 1952); therefore enough
voltage (pressure) must be applied since only a small
portion of the total current will follow the brain path and
the rest will remain on the surface of the body (Grandin,
1989). The use of a power supply that maintains a constant
current flow has been recommended (Grandin, 1989; Heath,
1984b; Ingling and Kuenzel, 1978, Sparrey et al., 1992)
since the current is what induces unconsciousness and the
voltage is the pressure that pushes the current through the
animal. With constant current, the voltage is the parameter

which fluctuates depending on the resistance of the animal.



In the past, electrified knives and contact grids and
plates have been used to achieve stunning, none of these
methods are being currently used with the exception of hand-
held stunner knives which continue to be effective in small
scale operations (Gregory and Wotton, 1990a). At present,
the most common electrical stunning method used in

commercial operations is a brine water bath.

1. Review of electricity and electrical circuits

Usually electricity is expressed in terms of amperes.
One ampere (A) is the flow of one coulomb of electricity
(6.28 billion electrons) through a single point during one
second:
AQ (charge, coulombs)
I(current, amperes) = =———=———e——mme—eoe——m—-

at (time, seconds)

The amount of force required to move one coulomb of
electricity through a resistance of one ohm is termed one

volt. Ohm's Law expresses these relationships as:

V(voltage,volts) = I(current, amperes) X R(resistance, ohms)

Thus, as voltage increases, the current moved through

the circuit for a given resistance, increases as well.

6



Electrical power is measured in watts and one watt is
consumed when one ampere of current flows through one point
to another under the pressure of one volt (Bilgili, 1992).

An alternating current or voltage is defined as one
which varies, repeating its pattern at reqular intervals of
time called the period, and whose time averaged value over a
period is zero (Kuenzel and Ingling, 1977). To produce an
alternate current (AC), electrons in the coil are driven in
opposite directions. A direct current or voltage is one
which is always in the same direction (positive or negative)
with respect to a reference level. 1In a direct current
(DC), electrons flow from a steady source in the same
direction through a circuit in a constant or pulsatile way.
In both types of current, frequency refers to the number of
cycles per second and is expressed as Hertz (Hz), household
currents alternate at 60 Hz. Both AC and pulsed DC
currents, can be modified to alternate at higher frequencies
(Tippens, 1989).

The resistance of a conductor is an inherent property
and it is independent of current and voltage. The
resistance of a wire of uniform cross-sectional area is
determined by (Tippens, 1989):

° the kind of material: different materials offer

varying amounts of resistance to the flow of electrons.



° the length: the resistance of a conductor is
directly proportional to its length.

o the cross-sectional area: the resistance of a wire
is inversely proportional to its cross-sectional area.

° the temperature: for most metallic conductors, the
resistance increases directly with temperature. However,
the resistance of most liquids and nonmetallic conductors
decreases with a raise in temperature.

Regardless of current or circuit type, in brine-bath
stunners the birds suspended by their legs on shackles
represent a parallel set of resistors with each bird acting
as a separate circuit. The total current flowing through
this parallel arrangement in the stunner is the sum of all
individual currents (Bilgili, 1992). The resistance of the
system includes the inherent resistance of the stunner as
well as the resistance of the birds (Ingling and Kuenzel,

1978).

2. Commercial stunners

Ingling and Kuenzel (1978) reported that a variety of
electrical systems are presently available and in use in
processing plants to stun poultry prior to slaughter.
However, they also mentioned that no detailed description of
the stunning circuits have been published, the type of
circuit used at a determined plant being unknown.

8



Regardless of the current type, electrical stunning
results from the interaction of electrical force (voltage),
current (amperes) and resistance (ohms).

In the assumption that all commercial stunner have
similar design and operating principles, Sparrey et
al. (1992) describes them as a moving line with birds
suspended by their legs from shackles going above a water
bath maintained between 80-120 volts. The birds are
submerged in the charged bath for a determined time
dependent upon the type of bird being processed.

Bilgili (1992), discussed the importance of factors such as
proper control of brine solution, adequate contact between
bird and stunner, provision of enough stunning time
(approximately 7seconds) and a close monitoring of the
process, when using a brine-bath stunner.

Brine stunners have lower inherent resistance (less
than the bird), and fresh-water stunners have higher
inherent resistance than the bird. The plate stunner has a
resistance intermediate between the brine and fresh water
stunner and also has a greater variability in resistance

(Ingling and Kuenzel, 1978; Kuenzel and Ingling, 1977).

3. Current path on electrical stunning

Woolley et al. (1986a) have reported differences in the
proportion of current flowing through the various tissues of

9



a bird for a given current level. They reported a higher

proportion of the total stunning current flowed through the
paths of least resistance e.g; breast muscle, cardiac muscle
and brain. Under commercial conditions, electrical currents
applied to broilers in a head-to-feet direction, enters the
brain through either the optic nerve, the spinal cord or the

skull bone (Woolley et al., 1986Db).

4, Conditions used in electrical stunning

In Germany, Schutt-Abraham et al. (1983), using a water
bath stunner, measured the current flow in individual
broilers when applying a range of 40 - 120 volts for 4
seconds and found that at 70 volts an average of 46
milliamps was obtained which resulted in adequate stunning
in 62% of the birds, but at lower amperages only 19% were
properly stunned. Birds "stunned" at less than 20 milliamps
squawked and flapped as they left the stunner and tried to
escape immediately after removal from the shackles. It was
observed that stunning was improved by submerging the birds
into the water at least up to the base of their wings.
Veerkamp (1988) reported that a minimum of 20 milliamps/bird
are required to achieve stunning, although 45 milliamps/bird

is recommended for effective immobilization.

10



A survey done in 12 processing plants in Australia
showed a line speed varying from 25 - 125 birds/minute;
voltage of the bath from 55 to 165 volts; duration of
stunning from 2 to 75 seconds and bleeding time 45 -~ 180
seconds. As a result of the variables, some birds were dead
on leaving the stunner and prior to exsanguination, while
others were not dead before entering the scald tank
(Griffiths and Purcell, 1984).

Gregory and Wotton (1990b) reported when using a
constant current water bath stunner with current waveform of
50 Hz sinusoidal AC, for 4-5 seconds; that increasing the
current between 60 and 90 milliamps per bird caused 90% of
the birds to fibrillate. When 45 and 60 milliamps per bird
were used, some birds did not lose neck tension, and if this
was used as criterion to asses stunning, it meant they were
not properly stunned. They concluded that "a stunning
current of no less than 105 milliamps should be used to
provide at least 52 seconds of apparent insensibility and
that currents of less than 75 milliamps should never be
used".

Gregory and Wilkins (1989d) recommend the use of
currents of less than 130 milliamps or greater than 190
milliamps to stun chickens, since they found the incidence

of carcass defects to be lower in these ranges of current.
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They reported an increase and then a decrease in carcass
defects such as red wingtips, shoulder joint and hemorrhages
of the wing veins with increasing current. The incidence of
deep breast muscle hemorrhages was reportedly higher for
currents above 130 milliamps, and broken bones occurrence

was increased between 75 and 170 milliamps.

C. FACTORS AFFECTING STUNNING

Schutt-Abraham et al. (1983) reported no age, weight or
sex effect on the resistance of broilers 6 to 8 weeks o0ld,
noticing that the individual resistance varies between and
within broilers. These findings were supported by those of
Heath (1984b) who reported dependency between current and
the impedance of the individual bird, but indicated that
age, sex and body weight had little effect on the impedance
of broilers. He also noted that even though wetting the
legs of layers reduces their impedance by up to 90%, it has
much less effect on the impedance of broilers.

Grandin (1989) indicated that an animal's sensitivity
to electricity can be affected by factors such as weight,
fat thickness, access to drinking water prior to stunning,
wetness of the skin, mineral content or salt content in the
water which is on the skin, skin thickness and age. She
describes o0ld laying hens with scaly legs as having a higher
electrical resistance than young broilers, noticing that the

12



electrical resistance of poultry increases greatly as the
animal ages.

Woolley et al. (1986a,b), determined the resistivity of
different tissues of birds and found little variation from
bird to bird with the exception of the skull bone which
indicates that birds with thick and dense skull bones are
most likely to be inadequately stunned. The abdominal fat

tissue had the greatest resistivity of all tissues measured.

D. EFFECTS OF STUNNING ON POULTRY

1. Physiological effects

Lopes da Silva (1983) describes how seizures are
induced by affecting the spontaneous electrical activity of
the higher brain centers upon application of a sufficient
amount of current to the brain. As a result of this
seizure, a state of unawareness and unresponsiveness is
induced (Gregory and Wotton, 1989) such, that birds are
unable to respond to an external sensory stimulus. This
seizure indicates that electrical stunning disrupts primary
pathways in the brain, making it unlikely for the stunned
birds to be responsive to sensory stimuli. In a previous
study, Gregory and Wotton (1987) determined that currents
above 100 milliamps per bird caused inhibition of
epileptiform activity in the brain and that currents below
100 milliamps caused low frequency epileptiform activity.

13



Stunning stimulates muscle contractions and
simultaneously decreases the heart and respiratory rates
with an increase in blood pressure (Kuenzel and Walther,
1978) .

Signs of effective stunning are body tremors, rigid
extension of the neck, lack of response when the comb is
pinched and absence of the corneal reflex (Heath et al.
1981). Some of the physical changes that may be observed
during stunning include arched necks, open-fixed eyes,
tucked wings, extended-rigid legs, quivering (tonic spasms
and tremors), turned up tail feathers, and lack of
defecation which decreases as the stunning current increases
(Wabeck, 1987; Papa and Dickens, 1989).

Richard and Sykes (1967) reported that recovery
from stunning at 90 volts for 4 seconds occurred within
approximately 45 seconds after the electric shock was
applied, with bradycardia (slow heart rate) persisting for
about 2 minutes. All physiological parameters altered by
stunning, were reported to return to normal levels within
60-75 seconds from stunning by Kuenzel and Walther (1978)
and when the stunned condition was assessed by absence of
corneal reflex, Scott (1978) reported that stunned birds
remained unconscious for 35 to 40 seconds after stunning.

Gregory and Wotton (1990b) reported an increase in time
for recovery of tension in the neck muscles with an

14






