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Abgtract
Considering the common use of electrical stimulation in meat technologies, it was conducted a study with 10 female goats, in order to determineits
effect onimproving quality criteria. The goats, kept in therest period before slaughtering, were stunned and exsanguinated. The subjectswere cut into
halves through median lines. Theright halves were applied 50 Hz, 1.5 minuteslong, 30 or 100 Volts of electrical stimulation (ES) and the left halves
were kept as control group. The carcasses were studied in +4°C stable refrigerator conditions for 7 days and pH, water activity, water holding
capacity, drip loss, shear force, color, sensory panel values and total aerobic mesophilic bacterial count values were measured. Our findings showed
that ESintroduced faster decrease and lower values of pH decline compared to the control group. The application implemented |lower values of water
holding capacity, yet no significant difference between groupswas found. The application had anegativeimpact on water activity and anincreasewas
observed after the ES. ESincreased the drip lossbut only 1% and 7" days resultswere found to be highly significant (p<0.001) between ES and control
groups. Significant differencesof shear force valueswere measured between ES and control groups on the 7" day (p<0.05). For the col or measurement
ESimproved the color criteria, yet only significant differencewasfound for the L* valueonthe 7"day (p<0.01). Thetotal aerobic mesophilic bacterial
count valuesindicated apositive influence of ES, but only for the Longissimus muscle significant differences were observed (p<0.01). For both raw
and cooked sensory panel valuesit was observed that, ES had an positiveimpact on quality criteria. Also significant differencesfor raw sensory panel
values were measured (p<0.01). In conclusion, our study showed that low voltage electrical stimulation is a useful method for improving quality

criteriaof goat meat.
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Introduction

Considering meat consumption, quality characteristics, such as
color, tenderness and taste, have an important effect on customer
satisfaction. In order to improve the quality of the meat for a
better customer satisfaction, physical, chemical and
microbiol ogical methods are applied to the meat either in carcass
form or boneless meat 1. For this purpose, vegetable enzymes,
such as papain, bromelain and ficin, proteolitic enzymes obtained
from some fungus such as Sarcodon aspratus 2 and from some
bacteria such as Bacillus spp., €l astase are used ®. Another one of
these applicationsiselectrical stimulation, whichisappliedtothe
carcasses and boneless meat immediately after the slaughter.

The electric current flowing through the muscle tissue causes
pH decline by increasing post mortem glycolysis*®. It dso partialy
decreases the microbial total count of the carcasses ¢ by
preventing cold shortening and improving some quality
parameters such as color, shear force and flavour "8,

Although goat meat is a good source of protein just like other
kinds of butcher’smeat, itsfat content islower than that of lamb.
Therefore, it is prefered by the conscious consumers to beef,
lamb and pork. On the other hand, thereisacommon opinion that
goat meat’sflavour ispoorer than other kinds of meat °. Increasing
maturity and old age reduces the desired flavour and causes
toughness. Improving the tenderness of such carcasses may
improve their marketing opportunities by increasing the retail
price'.
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There are severa studies on stimulating butchery carcasses
with high and low electrical voltages 2. Many researchers 115
reported that low voltage electrical stimulation applications
prevents cold shortening, improves tenderness and declines pH.

For the purpose of determining the effects of low voltage
electrical stimulation applications onlamb, five minutes after the
slaughter, Polidori et al. ** performed electrical stimulation (ES)
application of 28 V 60 Hz for one minute duration, to 24
Rambouillette lamb carcasses. ES was applied to the carcasses
after they werekept in the chilling room. Samplesfrom Longissimus
and Semimembranosus muscles of the control group were taken
to beanalyzedinterms of the quality of meat. Semimembranosus
and Longissimus muscles get tender in the seventh day and
between 2-7 days, respectively.

Wiklund et al.* applied ES of 80 V, 70 Hz for 20 seconds of
duration, five minutes after the slaughter, to different forms of
meat obtained from 26 carcasses of over 3-years-old castrated
reindeers. Immediately after the ES application, the meats were
deboned. It was reported in the study that the tenderness of the
sliced and cubed meat from the shoulder were improved.

Biswas et al. © studied the effects of electrical stimulation in
different voltages on goat carcasses. For this purpose, 35, 110,
330, 550 and 1100V with fixed 50 Hz e ectrica current wereapplied
tothe carcasses of 30 male Black Bengal Goats between 5-8 years
of age for three minutes. In the samples from the electricaly
stimulated carcasses, sarcomere length was increased, fibre
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diameter, pH and water holding capacity weredeclined. According
to the sensory panel tests, electrically stimulated muscles were
reported as more tender than the control group.

The aim of this study was the investigation of the changesin
the quality criteria of goat meat caused by low voltage electrical
stimulation.

Materialsand M ethods
Materials. Ten female Malta Goat between 2-5 years old, which
are at the same age period, same breed, and are subjected to the
same feeding process, were processed by the approval of the
Institute of Health Sciences (Approva number: 06/13.02.2008).

Preslaughter and slaughtering process. One day before the
slaughter, the animals were held in different shelters, and they
were kept without feed and water 12 and 6 hours, respectively,
before slaughter, in order to prevent any kind of negativity about
slaughtering hygiene. After the rest period, the goats were put
through health detection and sent for slaughter without stress.
Theanimal swere stunned applying 20-250V, 1.0-1.3A and 1-3
seconds of electroshock, and then carefully about the hygiene,
bleeding was performed. Following the dressing and eviscreation
processes, the carcasses were halved by splitting along the
vertebral column, and the right sideswere kept for ES treatment.

Postslaughter electrical stimulation treatment: In order to
examinetheeffects of ES, approximately at the 30-45" minute of
the post-mortem after slaughter, electrical stimulation of 50 Hz
was applied for 1.5 minutes, to the right side of goat carcasses,
which were previously splitted along the median line when one of
theelectrical current clampsof 30 and 100 Voltswere attached to
theneck, and the other to thehind limb. L eft sides of the carcasses,
which werenot electrically stimulated, were assigned asthe control
group. Following the EStreatment, the half carcasseswere moved
to the chilling room, and 18-24 hours after the daughter, they were
separated according to their muscle groups. After Longissimus
muscles of the electrically stimulated and the control groupswere
removed, the meat were put through microbiological (total aerob
bacterial amount), sensory (color, savour flavour, appearance,
toughness) and physicochemical (instrumental color, Warner-
Bratzler shear force, pH, water holding capacity, water activity
value, drip loss) analysis.

Physicochemical analysis: At 1, 3, 6, 12 and 24 h of postmortem,
pH was measured using a pH-meter with an appropriate probein
the internal parts of the carcasses.

Following the slaughter, the carcasseswereweighed asawhole
onthe0, 1, 3and 7 dayswhilethey werekept inthefridge at 4°C.
Thereby, the drip loss was evaluated by subtracting the values
from the previous day’s values using adigital scale?’.

To measure the water holding capacity 300 mg meat samples
were collected from control and treated sides of the carcasses on
the 1, 3 and 7 days of the postmortem phase and placed on
Whatman No.1 filter paper. The sampleswere kept between glass
dips, and under afixed weight of 1 kg for 20 minutes. At theend of
the waiting period, the filter paper was taken. The impressions
released by the water were measured using millimetric paper and
calculated by appropriate formulas 8. Water holding capacity =
Range of dispension (cm?)/total area(cm?)

Water activity measurements of the samples from each carcass
halveswere carried out using awater activity device (hygrometer)
on 0, 1, 3and 7 days of postmortem period *'.

For Warner-Bratzler shear force analysis the samples from
M.longissimus dorsi were measured on the 1, 3 and 7 days by
using Instron device and Warner-Bratzler shear force system *°.

Color analysiswas carried out for the samplestaken onthe 1, 3
and 7 days of postmortem phase. First, the sampleswere cleaned
from fascia and fat and cut into small pieces. The device was
calibrated with black, white and green frames before using.
ColorFlex Hunter Lab Color Measurement System (Hunter
Associates Laboratory, Inc., ABD) was used according to CIE
L*a*b* values, and the average of the five resulting values was
taken 1,

Microbiological analysis: Swapsfrom shoulder, back, loinsand
longissimus dorsi muscles of the carcass halves were taken as
samples on the 0, 1, 3 and 7 days of post mortem. For the total
mesophyl| aerobic bacteria count, spill plantation was done into
Plate Count Agar (PCA, Merck 1.05463), and after theincubation
period of 48 hoursat 37°C, al the proliferated were counted 2.

Sensory analysis. The sensory analysis of the samplesfrom goat
meat was performed by apanelist group of five peopleonthel, 3
and 7 days of post mortem. Within the scope of evaluation of the
samples, the raw and the cooked were graded separately. While
color, savour, appearance and tenderness were the considered
criteriafor theraw samples, for the cooked ones, flavour wasalso
considered, and each one was graded out of 10. Cleaned from
their fasciaand fat, the meat were cooked in afixed-temperature-
ovenuntil their inner temperaturewas 75°C. After each group was
graded, their averages were taken 2L,

Statistical evaluation: The results from microbiological,
physicochemical and sensory analysis, which were obtained from
the experiments on goat meat, were eval uated statistically by SPSS
Generd Linear Model Comparison Test 2.

Resultsand Discussion

The pH values obtained from carcass halves through the
measurements at the 1, 3, 6, 12 and 24 h are given in Table 1.
According to these results, it was found that the pH values
obtained from electrically stimulated carcass halves were lower
than the ones from the control group, and they had a more rapid
faling progress. However, significant difference was observed
not between the eectrically stimulated and the control groups
but between the days.

Resultssimilar to our findingswere a so obtained by Strydom et
al. . Ten Charolais breed sheep were slaughtered and the left
sideswere stimulated by 400 V electrical current for 45 seconds,
while nothing was applied to the right sides. The carcasses were
chilled under normal conditions. Results show that pH reached
the values 6.2-6.0 rapidly. Biswas et al. © reported in their study
on goatsthat significant improvement was observed on carcasses
electrically stimulated with different voltages (35, 110, 330, 550,
1100) and 50 Hz frequency.

Wiklund et al. ¢ used 26 male reindeer in their study, and they
performed the treatment with 80 V. Although pH decline was
observed intheir resultsfrom M. Longissimusdorsi and M. Biceps
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Table 1. Average and standard errors of the pH values measured in muscles.

Treatment 0 hour 3" hour 6™ hour 12" hour 24" hour

ES 30 6.60 £ 0.118 6.50 + 0.143 6.40 + 0.144 6.20+ 0.255 5.80£0.161°

ES100 6.55+0.118 6.40 +0.143 6.30 +0.144 6.10 + 0.255 5.70 £ 0.161°

Control 6.65 + 0.083 6.55+0.101 6.55+1.102 6.45+0.181 6.30 £0.114°

Average 6.60+0.062"  648+0.075 “®  641+0.076%%  625+0.135%  593+0.085€
NS NS NS NS o

p
ab: The difference between the mean values having a different letter at the same column is statistically important. [(*): p < 0.05 (**): p < 0.01] NS Statistically not
significant (P > 0.05), Control: control group, ES Stimulation treatment A.B: The difference between the mean values having a different letter at the same row is

statistically important.

femoris, this decline was only around 0.07. Zywica et al. %
observed in their study on young bulls that the softening of
Longissimus dorsi muscle and the declinein pH valueswere at a
significant rate. Considering pH values, as the statistical
calculations approve, it is observed that there is no correlation
between the amount of the electrical current and the carcass mass.

The effects of low voltage ES treatment on small ruminant
carcassesto the quality of meat was studied by Kahraman 2. The
EStreatment was carried out with two different voltages (50 and
100V) and 100 Hz for two minutesto theright sides of the carcasses,
and theleft sideswas kept asthe control group. After thetreatment,
samples were taken from M. longissimus dorsi muscle, and the
required analysiswere performed in order to determinethe quality
of the meat. A rapid pH decline was observed in the electrically
stimulated meat compared to the control group. Ferguson et al. 4
electrically stimulated 22 merinos breed sheep with 300 V for 20
minutes. The resultsthey reached showed that although diet was
not effective, ES caused asignificant differencein pH decline.

It has been observed that the drip loss amount obtained from
the ES-treated carcass halves is greater than from the control
group. High amount of significant difference (p<0.01) has also
been observed statistically both between the measurement days
and between the treatment groups. Taylor et al. % electrically
stimulated the left halves of 36 pigsweighing 70-80 kgwith 35V
and 14 Hz for 64 secondsto obtain resultsin agreement with ours.
Channon et al. % treated 48 female pigs in two of their studies.
Different from the results we have obtained, in the first of those
studies, they reported that ES did not affect the drip loss, whilein
the other #, they reported that the drip loss was not only affected
by ES, but also increased by the rising voltage. In the study by
Bond et al. 22 on 40 sheep, the treatment was carried out with 200
V andwith the nostral ring and therectal probein thefifth minute.
Their results showed that ES did not change the drip loss.

Water holding capacity values, with respect to the statistical
averages, did not reach the results which show significant
differences between neither different daysnor ESand NES grups
on the same day. Biswas et al. © reached results similar to ours
with their study on Bengal goats at the age of 5-8. They separated
the goatsinto five groups, and electrically stimulated them with
35, 110, 330, 550 and 1100 V, respectively. The samples showed
significant differences (p<0.05) with respect to water holding
capacity in electrically stimulated ones since pH decreases water
holding capacity. Strydom et al. ! ES treated the left sides of 10
cholarisbreed with 400V at the 45" minute. Their results showed
that the water holding capacity was lower than in the control
group athough no significant difference was observed. Similarly,
Li etal. ®treated 28 bullswith 24V and 50 Hz ES, and when they
observed in different chilling conditions, they saw that although
ES has negative effects in terms of water holding capacity, this
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effect could be improved using rapid chilling conditions.
Rosenvold et al. * also reached similar resultsin their study.

Water activity values appear in electrically stimulated carcass
halves were higher than the control groups. In this study, water
activity valuesfrom the group treated with ES100 and the control
group show significant difference (p<0.05), aswell asthevalues
measured in different days. Different from our research, Kahraman®
did not observe any significant difference between the control
group and 20 ES-treated carcasses.

The shear force values obtained from the el ectrically stimulated
carcass halves were lower than in the control group (Table 2).
Considering the voltage groupsin our study, only the ES100 was
significantly different from the control group (p<0.05). However,
when the measurement days are concerned, significant difference
was observed between the mean values of the 1% and 3 days and
the 7" day.

Hildrum et al. 3 worked on Longissimus dorsi muscle to
investigate the effect of ES on chilling and freezing in terms of
beef quality characteristics. With thetreatment of 90V and 15 Hz
for 32 seconds, they observed that during agening, chilling and
freezing are not effective. Polidori et al. 5, similarly to our work,
measured shear force values on the 2™ and the 7" days, and
reported that ES remarkably affected these values and improved
tenderness. The shear force results showed that ES treated on
Longissimusdorsi muscleat the 48" hour had anoteworthy effect,
whilethe same effect was not observed in Semitendinosus muscle.
Wiklund et al. ** had findings very similar to each other in
Longissimus dorsi and Biceps femoris muscles in terms of yield
and composition, and they reached highly positiveresultsin shear
force values. Yanar and Yetim ° reported that while Instron
Warner-Bratzler Shear parameters, such aspesk force, initial force,
belonging to LD muscle, are highly affected by ES (p<0.01),
Semimembranosus (SM) isnot affected at al. Instron Compression
Test result, thoughness and peak force 2 values obtained from LD
weresignificantly affected (p < 0.05) by ES. Onthe other hand, it
is observed that Instron Compression Test parameters of SM
muscle were not affected by ES. Geesink et al. 7 electrically
stimulated 80 sheep with 1130 V for 20 minutes after slaughter.

Table 2. Average and standard errors of the shear force values
measured in muscles.

Treatment Day 1 Day 3 Day 7

ES 30 13.25 +0.857 10.92 £0.664®  10.11 £0.519®
ES100 11.93 £0.857 9.33 +0.664° 8.92+0.519"
Control 14.05 +0.606 11.34 £0.470° 10.85 £0.367°
Average 13.08 £0.452*  10.53 £0.350* 9.96 +0.2738
)4 NS NS *

ab: The difference between the mean values having a different Tetter at the same column is statistically
important. [(*): p < 0.05 ] (NS) Statistically not significant (p > 0.05), Control: control group, ES
Stimulation treatment A.B: The difference between the mean values having a different letter at the
same row is statistically important.
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Table 3. Average and standard errors of the color characteristicsin muscles.

Treatment Day 1 Day 3 Day 7
L a b L a b L a b
ES 30 3430 13.40 17.30 35.20 12.62 17.80 36.40 11.90 16.24
£2.183  +0.676"  +0.758% +1.661% +0.684% +0.894 +1.397° +0.817% +1.761
ES100 35.90 14.60 16.20 37.30 13.80 17.55 39.80 12.70 15.77
+2.183 +0.676°  +0.758° +1.661° +0.684° +0.894 +1.397° +0.817° +0.854
Control 33.46 12.80 19.10 32.66 11.90 18.70 3245 10.50 16.81
+1.544  +0.478° +0.536" +1.175° +0.484° +0.632 +0.988° +0.578° +7.703
Average 34.55 13.60 17.53 35.05 12.77 18.01 36.21 11.70 16.27
£1.151%  +0.356% +0.399 +0.876 2 +0.360 * +0.471 +0.736 2 +0.431 8 +0.433
p NS NS NS NS NS NS ok NS NS

ab: The difference between the mean values having a different letter at the same column is statistically important. [(*): p < 0.05(**): p < 0.01]

(NS) Statistically not significant (p > 0.05), Control control group, ES Stimulation treatment

A.B: The difference between the mean values having a different letter at the same row is statistically important.

Led by the datathey have obtained, in two days of post mortem,
although the shear force values were positively affected, the
analysisinthe period of six weeks, showed no differencefromthe
control groups. The results obtained by Zywica et al. 2 and
Greathouse et al. *? support our findings.

Crouse et al. * electrically stimulated only one side of the
carcasseswith 550V, 2-2.5A and 60 Hz. The probes needed for the
stimulation were applied between scapula, on thorasic vertebra
and on thefeet. The quality of meat and its conditions under high
temperature were investigated for bulls. The carcass was chilled
48 hours after it was obtained, thus, the quality improvement of
ES dropped unexpectedly. King et al. * planned the treatment in
their study as one of the electrodes would be applied to the neck,
and the other to the rail system. They observed that low voltage
stimulation was not effective on meat color and tenderness
improvement in goats. Nevertheless, high voltage treatment was
observed to be effective on tenderness values on the 1-3 days of
post mortem.

Color development was observed with the findings obtained
from color measurement, whilesignificantly different resultsshown
in Table 3 for the 7" day were obtained (P <0.01) only in L*.
Gadiyaram et al. %, in their study with 20 castrated goat of two
different breed, after the treatment of 580 V, measured the color
values on the 24™ hour, and different from our findings, they were
not able to obtain significant relationship between ES and color.
Crouseet al. * stimulated only one sideswith 17 pulsesat 550V,
2-2.5A and 60 Hz, and applied the probestointer scapular thorasic
vertebrae and to the feet. As aresult, the stimulated sides had a
brighter color and a fresh appearance; however, no difference
between other quality parameterswas observed. Intermsof color
parameters, Ferreira et al. *° obtained significant differencesin
their study although they did not reach an intense correlation.
Wiklund et al. ¢ used 26 reindeer younger than 3 years. They
completed stunning and slaughter processes in five minutes, and
after eviscreation, they electrically stimulated them with 80V for
20 seconds. Different from our findings, the measurements, which
were carried out using a Hunter cromometer in order to obtain
even color, did not reveal significant differences between the
groups. Moreover, King et al. * reported that low voltage
stimulation was not effective on meat color and tenderness of
goats.

Results obtained from total mesophylic aerobic bacteria count
values show that ES implementation has a micraobiologically
positive effect; however, intermsof their values, significant results
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(p<0.01) were observed only in Longissimus muscle. Biswas et
al.® noticed that microbiological valueswerelower in electrically
stimulated ones compared to the control group. This explains
why shelf life of ES-treated meat is longer. Different from our
findings, in the study of Kahraman 2* with 20 sheep stimulated
with 50 and 100 V, statistically significant difference was not
observed in total mesophylic aerobic bacteria.

Sensory panel testsin both the raw and cooked for the quality
parametersimproved in the ES groups. However, val ues obtained
from raw samples scores had significant differences (p<0.01). Yanar
and Yetim 2 investigated the effects of ES on shear force and
sensory quality parameters of aged sheep carcasses. For this
purpose, carcass halves of 14 sheep at the age of 3-5 were
dectricaly stimulated with 350V, and the effects of ES on sensory
shear force parameters were evaluated. It was seen that ES
remarkably improved (p<0.01) the panel tenderness point of
Longissimus dorsi (LD) muscle. Although Greathouse et al. *
pointed out that ES causes ahigh amount of losswhilethemeat is
beeing cooked, they have not observed any difference between
the treatment and the control groups in this respect. On the
contrary, they have reported that ES-treated meat were more
delightful andjuicy.

Conclusions
Low voltage electrical stimulation applied to goat carcasses not
only hastens agening by declining pH and causes a better meat
color and brightness by enhancing shear force values, but also
improves its tenderness. Therefore, increasing the commercial
value of goat carcasses, it isconcluded that el ectrical stimulation
has a positive effect on meat industry.
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