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Introduction,

Because a new slaughter-house had to be built in one of o
factories it was necessary to choose the most satisfactory sumf
ing method legally permitted in the Netherlands, Owing to difﬂ‘
culties to be expected in application at a large scale, captivy

ot
bolt stunning was not investigated. The experiments were conc®

44
ated on carbon dioxide and different electrical stunning me th° 0
§
o)
As the period elapsing between stunning and bleeding and

v
the position of the pig during bleeding may be expected t0 inf
of!
ence meat properties these factors were varied as far as fﬂct

conditions permitted,

Materials and methods.

o0

Groups of 15 Dutch Landrace pigs were taken at random ¥
ey
the factory pens after a resting time of 1 1/2 to 2 hours. ™ ¥
o
were subdued to the four stunnins and bleeding procedures de®

‘ : e
ed below, This was repeated 10 times so that 600 animals wer

0
. of
involved altogether, On each day all the different wmethods v
used, distributed at random, ;
a5’
The experiments were carried out in.February and march

The procedures used were as follows:

1.Stunning by means of a CO,-air mixture (757 co,) in 2

Bleeuing in a vertical p . sition approximately 25 secC

w2 () e



ter
v the stunned pigs leave the tunnel, This is the normal factory
chdur

2. Electrical stunning, 70 Volts A.C., applied between the
*Wpleg Of the pig by a pair of tongs during 15 seconds (legally
pnlated time), Bleeding in a vertical position appr. 15 seconds
Mter that
: 3. Electrical stunning as described under 2; bleeding in a
‘2onta) Position shortly (appr. 6 secs,) after stumning.

&, Electrical stunning, 300 Volts during i 1/2 seconds (legal-

tt::r::tted maxima); bleeding in a horizontal position short time
8t. So called electroshock method.

Innediately after bleeding pH of the blood and pH and tempera-

Urg of e .
i vy M.longissimus dorsi were measured. A sample of the meat

8

Cut

Qt1 out ang preserved in ligquid nitrogen for biochemical exami-
On "

Abo
Ver, ut 35 minutes post mortem temperature, pH and rigor value
e

ng
the 8%ured in the M.semi-membranaceous and again a sample of
M

N,
Bgissimus dorsi preserved in liquid nitrogen.

The
PH-meter used was a portable E.I.L. type 30 C fitted with

°‘b1
n
®d electrode type SDSN 33/C.

To
"~ Weasure the temperature a thermophyl type 9401 (Wecotherm)

b ¢
®®ler type 1.20 A was used,
The
S8amples of M.longissimus dorsi were analysed on:

lnct&te :
; enzymatic method according to Hohorst, 1)

g1y°°gen
ATp

; anthrone method 2)
enzymatically making use of the Boehringer

o test combination TC-J 15979 TAAC
e
3 &tin Phosphate; diacetyl method 3)
Raemyp,
isolation according to Shermin §)

=241 =



{
i as
24 Hours after slaughtering the carcases were assessed

hemorrhages in the shoulder muscles,

ol
The loins were judged visually on general appearance (¢ ‘
‘r
1
texture); after that they were stitch pumped with a pulyphoSF
¢
nr?

L 3 , . t
containing brine (0,5% phosphates on meat) and drained for ‘

days,
¢ gd' !
eurd®” |

A 600 gram piece from each loin was canned and past
o

centre temperature appr. 70°C. After storage under refriger8 {
for at least a week the cooking loss was determined, The reyl;
obtained were subdued to analysis of variance and the signi‘”‘
of the differences between the mean values was tested.
Results
These are given in the table,

The underlined numbers indicate a significant differe®

relation to the values found with other stunning procedure&




002 stu Electri Electri Electrical
nning lo cal stu cal stu stunning
1 ng time nning nning 300 V short
o between 70V 1o 70 V sho time hori
p stunning ng time »rt time zontal ble
4 and blee vertical horizon eding
. ding bleeding t{il blee
’ ding
E \\\\\§~‘-‘.~‘7 average average average average
il My
' "°°d 6476 7.06  7.08 7.12
BN ;{101'18-dors1 6216 6633 636 6441
4 Te;z'q’) " ui-neabr, 5298 6.15  6.19 615
A ey, O'ielong.dorsi 39.0 39.4 3943 39.1
pig°;1’u‘seHLi—membr. 40.5 40.4 40.4 40.5
lagy, value 8.0 6.5 71 649
i M.long.dorsi
mol/g O 3647 34.1 333 314
1 ZO-1 4—402 3909 59‘9
9
gl o= 1 04 10-1 606 ?‘5
VCOSEn M°10ng.d.
mg/g O 2.29 2.88 2.52 Coz-‘vz-
1 2.06 2.62 2.60 241
A'Ep N - 0.23 0.26 0.08 0.02
'l°n8-dorsl
mol/g O %¢39 376 3«73 378
B 4 1 2.47 297  2.97 3.06
. dorsy - 0.92 0.79  0.76 0.72
mol/g 0  6e4 74 8e3 742
Nag 1 5.8 5¢7  7e2 547
WidopcOntent M - 0.6 1.7 11 1.5
Rop o4 mol/g 0,18 0.155 0417 0.16
h&%mogﬁ"“lders with
3ot hageg 21 60 56 Vi
Qct%;i.gs With unsatis
§%0k,, "°Xture and col. 30 32 12 22
°r'%2§s cured loin
&l can content 12.4 12,2 10.6 1.4
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Discussion, |

Inhalation of the COp-air mixture by the pigs will reﬂult’ﬂ
severe hypoxaemia that gives rise to excess production of 15"”“‘
in the animal's tissues as indicated by the experiments of Hucr
abee 5) 6), Lundsgaard-Hansen 7) anc Cain 8).

This may be the explanation of the high lactate conten‘.ﬂ
the low pH of the M.longissimus dorsi as well as of the lo¥ pHO{
the blood immediately after death in COo-stunned pigs,

The severe state of hypoxia probably also is the expla“‘t gl
of the somewhat lower initial ATP content and the wmore rapidbﬁ
down of this substance giving rise to a sooner onset of rigo”

U
mortis, In the end the COg-stunned pigs showed a high perce"”‘ k

of loins with PSE characteristics and high cooking losses. \

~ o
The effect of the COp stunning procedure on pig meat Pfopic :
e

I
¥
g
9) found a somewhat higher glycogen content and a higher pH £ t

ties, as described in literature, is not uniform,K Tadic and ¢

0
M.gracilis immediately post mortem in COp stunned pigs when ©

P
ed with pigs stunned by 70 V. electricity. From their exp°r1'°ﬂw A

0
they conclude that COg-stunning is a favourable method a18°‘w

correct dosing of electrical current is complicated in practi pd

gt

Mc., Loughlin and Davidson 10) in their studies do not find as? { ]
70

differences in PH, of LD muscle in pigs stunned by COgp OF by ¥ §
¢

electricity, At the other hand Bendall c.s, 11) find a decf"' f !
u’

the average pH; of the LD wmuscle of 0,17 in progeny tested P
of 0,15 in commercial pigs when COy, gas is used for atunnin‘ !

stead of 70 V, electricity, y ’
cv

Acoording to Mc Loughlin 10) this needs not to mean any ﬂ”

flict, because stunning procedures may well have a potentlal

—2hh—




Qity
to
8dversely influence meat guality, but in using small num-

‘l‘a
of
Pigs in each experiment maximum care can be paid to ante

Ortem
handling and stunning,

Ou
g - ®Xperiments were carried out under production conditions
0 g
th Pecia] attention was paid to ante mortem treatment; only
8
un
Ding Procedures were controlled carefully,.

Hﬁemo rrh
m“h ages in organs and muscles are connected with the
04

o :
L) 4 't“nnlng and in general bleedings small in size are

Sat
g, ik %part from this small haemorrhages more extensive ones
Occur

%D"\tu, in particular in the shoulder, in the COg stunning

® in use in our factory,

” pr°v1°“8 experiments it was established that these bigger

ulltlt :rhaenorrhages: rendering the shoulder less fit or even

Pigy Processing, were not caused by improper handling of the

e transPort, unloading or during the resting period in

1nt::y Pens. They are the effect of the struggling of the

°hepl ® barrow passage way leading to the tunnel and in the
descending part ox it.

th‘pizdle %04 Ciric 9), making use of a gas chamber that allow

'mme.a *o waix in quietly, do not find any significant haemor-

W

e the
hour Tefore paid special attention to shoulder bleedings.

a%umlexper1‘°“t8 21% of the shoulders from COg-stunned pigs
Bhwud° Qe.orrhasea. In one third of the cases they made the
% ®88 fit or unfit for processing.
OthQO Pligs S8tunned by 70 v electricity had a higher incidence
MSXG1v:thges but these were mainly of the pin point type; only
e Tise to reduction in quality of the shoulders,

s
tunning witn 30C V¥ electrical current only in low per-

~285-




centage of the shoulders small-size haemorrhages could be tound:

: = . : w
rhe favourable results in this respect of 300 V., electrical st

: ' 2k )
ing are in accordance with those of Giszke and Glees 12). The®

betﬂwen

5):
stunning and bleeding to reduce haemorrhages as does andrup 1

authors point also to the importance of the time elapsing

rhis time-lapse seems also to be unfavourable to meat qué e
In comparing the two 70 Volt stunning methods (2 and 3) diffeﬂﬂ
in lactate formation and rate of glycogen breakdown but in Part‘
cular in percentage of PSE-loins and cooking loss are found.
0
\s it is not to be expected that the position of the Carc”
during bleeding plays a dominating role, the differences mustbo
ascribed to the effect of time, {
rhe significantly higher haemine content in the LD muscleo
g
COp stunned pigs indicates a poorer exsanguination of th® car?
despite bleeding in a vertical position,

radic and Ciric 9) stated a lower haemoglobin content in

. : b
mscles of COy-stunned pigs, In our case the pigs very probd

¢
were in a more stressed condition, This together with a higher
centage of CO, (75 against 70) may have led to stopping of the
heart-action before complete bleeding. w
from the experiments described it may be concluded thato‘
dioxide stunning, as applied in our experiments, gives the 16 g
satisfactory results, For the new slaughter-house to be built’
therefore preferre« lectrical stunning, For the time beins !

{

) n
chose 70 Volt, whether we will apply electroshock stunning i o

ture depends on the results of experiments as yet to be cafrwﬂ
But it may also be concluded that the carbon dioxide Stunniﬂ

procedure can be improved by a lay-out that causes less dg‘ga‘

in the pig 14) and that reduces the time between stunning and

bleeding,

-24c—-



References
)

n“LHOhorst as described in H.U.Bergmeyer's "Methoden der

nzY'ﬂatischen Analyse", Verlag Chemie G, ,B,H., Weinheim
Bergstrasse 1962, pag.266.
2) W

‘% . Hasgiq and S,Abrahams in "Methods of Enzymology", Vol.III,
P.35,

S : y > |
P'Collowick, N.O.Kaplan eds,, Academic Press, New-York 1957,

3)
A
T Banoy in Collowick and Kaplan, Vo.,III, p.851.
)
D
< Shermin in Collowick and Kaplan, Vol,IV, p.643.
5) y
'E'H“Ckabee, J.Clin, Invest., 37, 264 (1958).
6)
\;"
7)\" E‘Huckabee Amer. J"’hysiOI., -1_1—0. 255% (\IQ—‘())
i o8
8) undSgaard-nansen Pflugers Archiv, 292,60 (1967).
Sy
9) *C81n, Amer.s.Physiol.21a, 1322 (1968).
R,
Tadic » M.Ciric, VIIIth Meeting of Furopean Meat Research
01- :
l) ke, Moscow 1962, paper 17,
d.y
( * Me Loughlin V.E.J.Davidson, Irish J, of Agric.Res. 5,55
1965)
1U
R.Bendall, A.Cuthberson, D.P,Gatherom, J.Food Techn. 201
'1966)
12
] -Giszke, A.Glees, Fleischwirtschaft 46, 118 (1964)
3)
Manqy 3 i ; h Workers
UP, Xth European ‘feeting of Meat Research or ;
lOsk
M) 11q¢ 1964, paper C1.

Wi
4 Chmann Jorgenson, A.Laursen (Roskilde) U.S.Patent 3, 487,
H_’)7

-l




