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Introduction

In most countries consumers prefer white veal. Consequently production methods have been designed in the pae
meet this demand, although thera is still a considerable variation in Jean colour. However, anima] wellfapy
May object against methods which include the housing in individual pens with slatted floors and the exclusiye
feeding of milkreplacer with sub-optimal Fe-levels. Research conducted at "$choonoord" suggests that abnopmal
behaviour patterns may occur under these conditions (Van Putten, 1982; in press). ;
In various European countries research has been conducted towards alternative production systems

juscle

" fongissim

; ¥ whi
been reviewed recently at the T.F.C Seminar "The Welfare of Veal Calyes" (1%81). Some alternatives ;nc!ugg
group hoiising and access to bariay ctraw. However, one of the drawbacks of such production methods, is the

among preducers that auality will decline by the use of straw [
Beneficial effects of alpeotrical stimulation in veal calves have been reported for tenderness (Smith et 3}
1979) and recently also for lean colour scores (McKeith et al., 1982). We have found similar effects of thig
treatiment ‘n our evperinients cn beef (Eikelenbeon et al,, 1981; Smulders et al., 1981 ). !
The presant study was doctianed to investigate the effact of electrical stimulation on the quality of veal. 1

housad in groups and with acrese to straw,

. semi membr

Materiel and Methods ' B
T gl e P,
. total of three axparimints ware conducted with 32, 28 and 28 veal calves of the YMeuse-Rhine~ldsse) (MRTJ) P
breed, vespectively, TJable 2
In axporiment 1 tha veal calves were housed in groups of 15 per pen {24 w°) and they raceived milkrepla sresented. N
through machine-faeding, In the ether twe experiments, animals were bucket-fad and housed in qroups of § pen pey haenioglobine
(7.5 < In a1l three - inents stray was used as a bedding material, white the animals had also access to ajated t
vlev atvaw as ad?itionel feeding material (app. 100 g/day) s of the
lsamples wers taken from a1l enimals at one week ante mortem and snalysed for haemoglobin {HE), exp At 45 mi
4 sach suneriment animels were maived on the basis of their Hh-leveis and within each pair randomly. ignifica
assignad o elect shimilatfon and cortral (unstimulated) treatment, of carc
In the three aynerinents average Tiveweighi (+ 5.0.) at slaughtor wes 7i4 (+ 21}, 212 (+ 11) and 202 (& :
kg, respactivaly, £ icn? stimulation was apriied wiz the nestrils and shackia immediately after deblesdi /5 post
(5 = 10 min nost mopts; y n_';:.‘.;rr 3 relatavely low veltage (85 V peak. 14 Hz) for one minute, using cemmercially Aturation (
Wwaiiadte equipnart (Sifak?) Simrishem, Swaden},
The pil ard temperaturz wore detarmined at o devts of 23 cm in longizsimus and semimembranasus muscle at 40
and 21, 44, 63, 81 and 20 hrs post morten  Furthermora central temperature decline was assessed with the probi
inserted at 16 om dapih via the semimenbranosus muscle. ; -
At 40 min and 24 | wost moetam carcesses vere weighted and their lean colour assessed at the exterior Surs
face of the carcass in & seoring system of 1 (Tight) - 4 (dark}. which is part of the orading system for con
reraial earcass aweluetion. At 59 nir post mortem carcasses entered the 'shock tunnels and conveyed t_hraugh-
thes compartments of 20 min porieds =2t an afr temperature of =14, -8 and -4 9C, vespectively ({air velocity

& msecTt). Subsequentiv cancasses were cooled at 2 OC and at an air velocity of 0.2 msec-!. d A-Haenr
P2 24 hrs poct poriem the longissivus nuscle was sampled at the 5-8th rib and muscle colour was scored: 55 lear
visually (sca'e 1-1) ac wail as determined with the Hunter phetometer (L, a and b values). From 5 rarndomly ! __
distributed locz%ions on the cross section of the muscle., samples were collected for measurement of SM‘CO’;W_. SCle colol
Terath (Voyle. 1971). Sinilar samples were also taken for determination of tetal haematine _(Hornsey, 1956) ¢ Uter |-ya
2nd transmission voive (Har:, 1962). A 600-800 q sample was vacuum-packed and stored at 2 OC. ) s [ a-va]
AL day T pest poeiem deip=Toss and oolour (Hunter photometer: i, a and b val ues) were determined and b-va]
were heated in a watarbath vnatil 2 centrai core temperature of 70 OC was reached. The samples were cut Tl‘l* d L-va)
lenaituding) dipection us ca machznically driven borer, From zach sample ten cores were used for shear fop a-va]

IEASUPEMORLS . Using 2 Watnar-fratzler operating head mounted in an Instron Universsl Testing machine, Pe:k i . l;-va]
mA%T M s ssed in kgfem?, Similariy prepared cores were usec in prefevence tests for toil ];Sgrper
o ’ - 1SS 101
ness., !
After avaraging swar peplisate measirements par carcass, data were subjccted to analysis of variance.

Ap Tores we

wedel inciude; efferts for treatment, experiments. pairs of carcasses within experiments and intef‘?ﬂt:;:"‘u, . fect |
Lreatment and evperinints, Since the analysis showed that interaction between treatment and experimen oriment ng fy
significant for 2 zuL af tha ie woazuremants for pH, treatment differances have been avarnqerlluwcl‘ ?x;zweeﬂ i . n:fﬂns

For svaluation o Lendemness, cach member of a trained 17-membors taste panel made comparisons be Y

stimilated and contrnl sempie from each pair of carcasses and assigned ranks and' scores for tenderness (P

farence test), The enalysis of taste panel results was based on differences within pairs of cbsetvat‘luns- | : _arva
dected to @ two-way analysis of variance with pairs of carcasses and members of the panﬁ‘-ﬂs.fac“?s'nducf tie
composition of the panai wer not fuily consistent in 211 three experiments a separate analysis was C?on k’i?:n
each experiment. The analysis showed that the contribution of the members of the panel to the vm‘lﬂzed agd itiog
non-significant. Therefore, the treatment effact, being the general mean of d]ffgr‘ences‘ may be te;aue b L fl’ld-igc
the meen square for pairs of carcasses. The results of the three experiments, which were similar, ¢ cances Ore, The
combined by averaging the means and By performing t-tests, using the pooled mezn square for pairs 0 o ot :
as an estimate of the variance. SCle 4,
S0Eh
Results and Discussion 3 el

: < . . . i ¥ ahle
The results of pH- and tamperatiure measurements during the first 24 h post mortem are presented 10 -.zst
significantly (P<.01) wore rapid pH-fall was obssrved in the stimulated veal carcasses At 45 min B

a8



) in these carcasses was already below 6.0, while in control carcasses these values were reached after app.
he pDeeP muscle temperature ip the M. semimembranosus was significantly higher in stimulated carcasses at

A ost mortem. Similar tendencies were found at other sites and measuring moments.

m,]udged from the reported ambient or muscle temperatures the chilling rate in our study was higher as com-
L4 with the studies of Smith et al. (1979) and Mc Keith et al. (1982) on electrical stimulation in veal. Yet,
! ination of the results of pH and temperature measurements suggest that, according to Bendall's (1972) concept

the critical conditions (temperature < 11 OC and pH > 6.2),cold shortening should not occur in the underlying

5. ]
5 oy -
Cine, SN hie 1. Mean values for pH and temperature of M. Tlongissimus (rib) and M. semimembranosus (round) during the
- - first 24 h post mortem from electrically stimulated (ES) and control (C) veal carcasses,
e Time pH Temperature (°C)
in the post mortem at 23 cm at 23 cm at 15 cm
we]]fap ES C ES C ES C
" 1ongissimus 40 min 5.86  6.83%% 38.3 38.0 - -
3t abnorpg iy 1ong 23 h 5.48  6.50%* 24.0 23.8 ~ .
; A 4% h 5.45  6.26%* 17.6 17.2 - -
L 61 h 5.41  5.93% 4.2 13.7 = -
s 1 ) 8k h 5.39  5.70%* 12.8 12.5 . -
€ fea 24 h 5.38  5.50%% _ 4.5 4.3 - -
Sm' e
4(;5' :,Ehtﬁ: | semimembranosus 40 min 5.89  6.85%% 36.3 35.6 41.4  40.0"%
T 3 2k h 5.46  6,44%* 19.4 18.5 35.9 35.3
ity of yveal 43 h 5.44  6,21%* 14.8 14.5 30.1  29.7
E 6% h 5.39 5.84%% 13.1  12.7 25.0 24.9
1 83 h 5.37 5.66%% 11.8 11.6 21.0 20.9
24 h 5.36 5, 40%* 4.7 4.7 Vi | 6.9

el (MRIJ) - i
In Table 2 the results of electrical stimulation on carcass lean colour and muscle colour characteristics are
ssented. No significant differences were found in plasma Hb-levels and muscle haem-pigment (myoglobine and
sglobine), parameters which have been shown in various studies (Charpentier, 1966; Eeckhout et al., 1969) to
related to muscle colour. Therefore, the ante mortem classification of veal calves for treatments, on the

5 of their plasma-Hb values, proved to have been succesfull.

(Hb ), exp At 45 min post mortem the lean colour score on the intact carcass, as is done in commercial practice, showed
randomly m significant difference between the treatments. However, at 24 h post mortem there was a significant improve-
Nt of carcass lean colour and of the colour of the longissimus muscle cross-sectioned at that moment. These
servations are further supported by the results of objective measurements with the Hunter photometer at 1 and
days post mortem,which show significant differences between treatments in L (lightness) a and b values.

: {ation (S=(a2+b2)}), denoting lack of greyness or purity, was significantly (P<..01) increased in stimulated
samples .

miikreplacep
5 of 5 per
0 access ta

mmercially

le at 40 min

th the p '“$ fable 2. The effect of electrical stimulation (ES) on carcass lean and longissimus muscle colour characteristics
- A from veal calves preselected on their plasma Hb-values.

xterior SUr= =

em for come rait Time ES c S.E. Sign. of diff.

d through its {ante/post mortem)

- velocity of ' iy [T}
< scorol Mlasma-Haemoglobine 7 days a.m. 8.91 8.89 .04 NS
ey arcass lean colour score 40 min p.m. 2.27 2.34 .15 NS
¢ sarcomeres - 24 h p.m. 2.00 2.34 .15 P < .05
., 1956) fiscle colour score 24 h p.m. 1.61 2.82 .18 P < .01
e funter |-value 24 h p.m. 49.9 46.8 .58 P < .0l
n amo1es a-value 24 h p.m. 11.4 10.6 .20 P < .01
:'ﬁui"?nsa““’; . D-value 24 h p.m. 10.2 945 .15 P < .01
ohear force Hiter L-va)ue 7 days p.m. 49.8 47.9 .67 P < .05
ne. Peak OF a-value 7 days p.m. 11.3 10.3 .17 P< .01
< for tenders Yot b-value 7 days p.m. 10.0 9.3 .13 P < .01
i } + 1 pigment (haematin) 24 h p.m. 44.9 40.1 2.69 NS
riances T =Tnission value 24 h p.m. 38 27 1.97 P < .05
action heb Th

ments was O -uE:f“t 0f the treatment on colour may possibly belexpwined by some denaturation of sarcop1as_.m'ig groteins.

~axperinentss er‘”E! from the induced rapid post mortem pH-fail in stimulated carcasses. Indeed, we found significantly
between & tE'inFl ansmission values in stimu]ated carcasses, suggesting some decrease in water solubility of these

ness (pre-b_ 10 the ;;i;m‘ttzananssian values indicative for PSE- meat (>70) in swine (Hart, 1962) were by far not reached
ati , SUb= s oelllated veal.

‘igfogince -he Se:an ‘Values for waterbinding and tenderness characteristics from electrically stimulated and control car-
conducted 198 are presented in Table 3. No significant difference was observed in carcass weight loss through drip and

ation was pg:"'t?u'l during the first 24 h. However, a significant (P<0.05) increase in weight loss during vacuum storage
sted againsﬁ ___mmgt:_ﬂg of the longissimus samples was found. Similar observations were made in our studies on electrical

Brbi on in beef (Eikelenboom et al,, 1981; Smulders et al., 1981). The effect of electrical stimulation on

Efora 'ding may be explained from the observed effect of the treatment on sarcoplasmic proteins, d1scussed

Choy The study of Smulders et al. (1982) on the effects of electrical stimulation and hotboning in veal, con-
8t the same plant, suggests that both electrical stimulation and cold shortening exert a negative effect

Stle waterhinds :
e o
n the binding capacity.

have been =
of carcasses

1A ] Shopte. esent study a considerable cold shortening must have occurred incontrol carcasses, as indicated by
Tahle r{:em Woect or sarcomere length and relatively large increase in maximum shear force. This condition was, as
post mo » Clearly prevented in electrically stimulated carcasses. .




The results of sensoric panel preference tests (ES vs C) are presented in Table 4. They show Supepq
and scoring of ES veal over control veal. The estimated preference for stimulated samples was 79.5 ¢ S°r
As compared with the studyof Smith et al. (1979) the effect of electrical stimulation on tendernesg is Mo
nounced, which is undoubtedly due to differences in the applied chilling rates. Morg _

=

Table 3. The effect of electrical stimulation (ES) on waterbinding and tenderness characteristics of?

1
muscie from veal carcasses. Ongigwh
—_—
Trait Period/Time ES C S.E. Sign.
post mortem of diff,
Carcass weight Toss (%) 40 min-24 h 1.36 1.50 .07 NS
Drip loss (%) 24 h-7 days 2.74 2.23 .17 P < .05
Cooking Tloss (%) 7 days 22.76 21.41 .47 P< .05
Sarcomere length (um) 5 24 h : 1.66 1.23 .03 P< .01
W.-Br. max. shear force (kg/cm“) 7 days 2.78 4.90 .18 P < .01
Table 4. Results of sensory panel preference tests for tenderness of electrically stimulated (ES) vs, control
veal (C). T
Trait ES C S.E; S]gn
of diff.
Mean ranking score a) ) 1.21 1.80 .05 P<.01
Mean tenderness rating 7.21 6.09 .10 P < .01

ag scored pairwise, 1 is preferred over 2.
10=extremely tender, 8=tender, 6=slightly tender, 5=s1ightly tough etc.

The results of our study suggest that improvements in meat colour can be achieved through electrical stimy
in veal calves housed in groups and with access to straw. Since a possible negative effect on meat colour
such an alternative production method is counteracted, the treatment may possibly contribute to the introd
in practice of such improved production systems from the animal welfare point of view. Similar effects of
electrical stimulation were found in veal calves derived from traditional production systems (Smulders et al
1982 and data to be published). 1

The results of our investigations on electrical stimulatijon have led to the development of a new, safe ant
fully automatic system for early post mortem electrical stimulation, which is now in commercial operation in
veal plant.
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