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Abstract: This study mvestigated the effect of different antioxidants of dietary supplementation with
Andrographis paniculata, turmeric and c-tocopherol on lipid and color stability of Infraspinatous (1S) kacang
crossbred goat kids muscle. Total 4 treatments of 8 animals each were randomly selected, consisting of control
(CN), 400 mg kg™ Vitamin E (VE), 0.5% kg~ DMI Turmeric (TU) and 0.5% kg~ DMI Andrographis paniculata
(AP). After 100 days feeding period, goats were slaughtered and infraspinatous muscle was sampled. The
muscle was vacuum-packaged and displayed for 0, 7 and 14 days in a chiller at 3-4°C. Percent of drip loss in the
IS muscle were not significantly different among of dietary supplementation antioxidants (VE, TU and AP) with
CN. Period of display did not affect (p=0.05) drip loss in IS muscle. Percent of cooking loss mn the IS muscle
were different among of dietary supplementation antioxidants (VE, TU and AP) and AP supplemented diet only
decreased significantly (p<0.05) cooking loss with CN treatment. Increasing the aging time had not significant
effects on percent cooking loss in the IS muscle. Warner-bratzler shear force was not affected by dietary
supplementation antioxidants i IS muscle. However, mcreasing the aging time sigmficantly (p<0.05) decreased
Warner-bratzler shear force value or improved tenderness of IS muscle in kacang male goat kids.
Supplementation of dietary antioxidant turmeric improved the IS muscle I.* (lightness), a* value (redness), b*
(yellowness) values, Chroma, Hue angle values and E enhanced significantly (p<0.05). Dietary antioxidants
supplementation decreased TBARS value however, VE significantly (p<0.05) decreased lipid oxidation in IS
muscle of kacang crossbred goat kid. TBARS value increased during the first seven days store in refrigerator
but net significant (p=0.05). TBARS value high significantly increased in aging time at 14 days (p<0.01). Dietary
antioxidants supplementation and sampling periods of blood plasma decreased (p<<0.05). TBARS value of blood
plasma of goats. In conclusion, feeding herbal antioxidants supplementation of male goat kids resulted in a
general improvement of blood plasma and TS muscle oxidative stability as compared to feeding a control diet.
Meat color deterioration, measured as changes of color descriptors aging (over) time was less pronounced
IS muscle from animals fed herbs (TU and AP) and VE diets than in IS muscle from CN fed goats.
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INTRODUCTION

Several active components of herbs and spices can
prevent lipid peroxidation through quenching free radicals
or through activation of antioxidant enzymes like
superoxide dismutase, catalase, glutathione peroxidase
and glutathione reductase. Main molecules responsible
for the antioxidative properties of herbs and spices are
phenolic substances (flavonoids, hydrolysable tannins,
proanthociamdins, phenolic acids, phenolic terpenes) and
some vitamins (B, C and A) (Frankic et al., 2009). Often
used herbs rich in flavonoids such as Andrographis

paniculata (Gupta et al., 1983), phenolics are turmeric
(Curcumin longa) (Armothayammn  ef al, 2005;
Gmnnberg et al., 1996). Lipid oxidation 1s a major cause of
chemical spoilage in meat and food. To avoid or delay this
autoxidation process antioxidants have been utilized with
the practice bemng carried out successfully for over 50
years. Addition of vitamin E to the feed increased
¢-tocopherol concentration in sarcosomes and thus,
significantly increased the stability of the lipids against
oxidation, 1t has been found to inprove the quality of farm
ammal products (Armstrong, 2002; Pokomy et af., 2001).
Lipid oxidation results in the production of free
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radicals which may lead to the oxidation of meat pigments
and generation of rancid odors and flavors (Faustman and
Cassens, 1990). Meat color 1s another important parameter
and the main factor affecting on judge of consumers use
to the freshness and wholesomeness of meat
(Tnsani et al., 2008). The bright red or cherry red color in
meat has considerable effect on acceptability and
purchasing decision at retail points (Lynch ef al., 1999,
Gatellier et al., 2005; Insani et al., 2008). Concentrations of
endogenous antioxidants depend on animal species,
muscle type and diet (Decker et af., 2000). Information on
the effects of feeding on Lipid oxidation of chevon quality
1s limited (Lee et al., 2008).

The color of meat depends of different factors such
as a number of haemmic pigments and particularly of
myoglobin, the physical characteristics of the meat,
essentially pH and the chemical state of these pigments.
Reduced (or deoxy) myoglobin is the purple pigment of
deep muscle and of meat surface under vacuum
(Gatellier et al., 2001). Although, consumers demand lean
meat, especially in developed countries with a high
incidence of cardiovascular diseases (Banskalieva et al.,
2000). Lipid oxidation in meat increased after 4 or 7 days
of storage (Luciano et al., 2009, Morrisey et al., 1998), it
results in deterioration of flavour, color, odour, quality
and nufritive value. But skeletal muscle also contains
antioxidants that may mterfere with the reactions induced
by free radicals.

Tocopherols, carotenoids and ubiquinols constitute
the main lipid soluble free radical scavengers in meat
(Decker et al., 2000). Lipid oxidation can also be reduced
by supplementing antioxidants to the diet of the ammals
(Coronado et al., 2002). Although, synthetic antioxidants
are widely used m the meat industty the consumer
concern over their safety and toxicity initiated search for
natural sources of antioxidants (Nuala ef al., 2006).
Dietary antioxidants can be delivered to the muscle where
together with the native defense systems, they counteract
the action of pro-oxidants (Descalzo and Sancho, 2008).
Ruminant diets supplemented with antioxidants such as
vitamin E have been extensively studied as means of
improving meat oxidative stability.

Natural antioxidants are found in almost all plants,
microorgamsms, fungl and even in ammal tissues
(Akarpat et al., 2008). In recent years, substances derived
from the plants such as dried herbs and essential oils
have been successfully used to reduce lipid oxidation in
meat products (Hstevez et af, 2005). Antioxidant
properties of herbs/spices/plant and other food extracts
are apparently related to their phenolic content,
suggesting that their antioxident action 1s siumilar to that
of synthetic phenolic antioxidants (Lai ef al., 1991).

Curcumin is a good antioxidant and inhibits lipid
peroxidation in rat liver microsomes, erythrocyte
membranes and brain homogenates (Reddy and Lokesh,
1994). It was suggested that the curcuma antioxidants are
more potent compared to vitamin E (Miquel et al., 2002).
They exhibit strong antioxidant activity comparable of
that to vitamins C and E (Toda et al., 1985). Vitamin E
might help to extend the shelf life of aged meat (Liu et al.,
1996).

Tenderness may be the most important eating quality
parameter that determines consumer acceptability
(Miller et al., 2001 ; Savell and Shackelford, 1992). Tt was
reported that sigmficent improvement m chevon
tenderness occurs within the first 4 days of refrigerated
storage. Further improvements m Warner-bratzler shear
force were not as evident thereafter (Kannan ez ai., 2002).
The objective of this study was to effect of different
dietary antioxidants (vitamin E,
Andrographis paniculata (AP)) on color stability of
Biceps femoris muscle of goats under refrigerated retail
display.

Turmeric and

MATERIALS AND METHODS

Total 4 treatments of 8 animals each were randomly
selected, consisting of contrel (CN), 400 mg kg™ Vitamin
E(VE), 0.5% kg™ DMI Turmeric (TU) and 0.5% kg~ DMI
Andrographis paniculata (AP) added to their daily feed
intake. After 100 days feeding period, goats were
slaughtered and biceps femoris muscle were sampled. The
muscle were vacuum packaged and displayed for O, 7 and
14 days in a chiller at 3-4°C. All animals were fed 30%
roughage and 70% concentrate (CN group). For the
feedlot treatments, the supplement was umformly mixed
into the dry ration. All diets were formulated to meet the
nutritional requirements of growing goats and adjusted
according to their body weights. Each animal was
provided with 0.62 m’ of floor space with ad libitum
access to water.

Slaughter was done at experimental slaughter house
in the Meat Science Laboratory, Department of Ammal
Science, Faculty of Agriculture, University Putra
Malaysia. Goats were fasted for 12 h with free access to
water and weighed immediately prior to slaughter. The
animals were slaughtered according to the Halal methods
where a throat cut was employed to sever carotid arteries
and jugular veins. Carcasses were dressed according to
(Colomer-Rocher et al, 1992) and cut according to
Farid (1991). IS muscle was sampled from left side
carcasses. Samples were split to 3 part and vacuum
packed for display for 0, 7 and 14 days at 4°C. At the end
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of the display period, samples were frozen at -80°C for the
determination of meat quality parameters within a month
(drip loss, cooking loss and color).

Lipid phase antioxidant activity (TBARS method): Lipid
oxidation was evaluated using the Thiobarbituric Acid
Reactive Substances (TBARS) method. The TBARS
assay was performed as described by Buege and Aust
(1978) with modifications. The production of
Thiobarbituric Acid Reactive Substances (TBARS) was
measured spectrophotometrically at 535 nm during the
20 min of mcubation at 80°C and expressed as
concentration causing 50% mhibition (IC50). The ground
muscles samples (1 g) was mixed with 5 mL of 0.375%
thiobarbituric acid, 15% trichloroacetic acid, 0.25N HC1
stock solution in a glass test tube. The mixture was heated
for 10 min in a boiling water bath (100°C) to develop a pink
color. The test tube was then cooled with tap water and
then centrifuged at 5000 rpm for 15 min. Absorbance of
supernatant was measured at 532 nm using a
spectrophotometer (Spectronic® 20 Genesys™). The
TBARS were calculated from a standard curve of 1, 1, 3, 3
Tetraethoxypropane (TEP) and expressed as mg
Malondealdehyde (MDA) kg™ sample.

Meat color measurement: The color of TS muscle was
measured using the ColorFlex® system (Hunterlab, Reston,
VA) with illuminant D65 as the light source. The
instrument was calibrated against black and white
reference tile prior to use. The L* a* and b* color
coordinate values were measured on the cut surface of IS
muscle chop from left side of each carcass after a 30 min
bloom time at 4°C.

Colorimetric co-ordinates for goat meat have been
reported by Babiker and Bello (1986), Babiker et al. (1990),
Dhanda et al. (1999), Husain et al. (2000), Kannan et al.
(2001), Simela et al. (2004) and Webb et al. (2005).

Three measurements were taken from each sample.
The average of the three measurements was recorded as
color coordinate value of the sample for days 0, 7 and 14.
Hue angle was calculated as tan™ (b*/a*) x (180/p)
whereas saturation index or chroma (a measure of color
vividness) was calculated as (a**+b*)1/2 (Hunter and
Harold, 1987). The color measurement was carried out on
each sample using to enhance the fraction of redness
relative to those of yellowness and lightness, the
Enhanced redness (E*) was calculated using the following
modified equation as described by Liu ef al. (2003):

pr=242
b L

Water holding capacity: Water holding capacity of the IS
muscle, included measurement for drip loss and cooking
loss. At 0, 7 and 14 days post mortem, IS sample was
weighed (about 50 g) and put on a plastic hurdle. Then
both items (meat samples on the plastic hurdle) were put
into sealed polyethylene bags and hermetically closed to
prevent surface evaporative loss. After a 24 h storage
period at 4°C, the meat samples were removed from the
bag and reweighed. The difference in the weight of the
samples before and after storage, divided by the sample
weight before storage x 100 accounted for the % drip loss
(Lanza et al., 2003).

The measurement of cooking losses was conducted
on the IS sample at three display period (days 0, 7 and 14).
About 50 g of each sample was weighed and held in
plastic bags and immersed in an 80°C water bath until the
internal temperature reached 78°C.

Then, the bags were cooled under running tap water
for 30 mm and blotted dry with paper towels and
reweighed. Cooking losses as percentages were then
calculated from the difference between the weights
(Lanza et al, 2003, Sazili et al., 2004). Cooking losses
were calculated by applymg the (Lee ef af, 2008)
following equation:

Percentage cooking loss = (%)x 100

Where:

Wa = Weight of muscle slice after cooking (g) in water
bath

Wh = Weight of muscle slice before cooking (g) in water
bath

Texture Analysis (TA): At the end of each storage time
(0,7 and 14 days), the IS muscle was frozen and stored
at -80°C. Prior to the mechanical assessment of
tenderness, the cuts were thawed at 4°C, placed on
aluminum pans and covered with alumimum foil. The cuts
were then cooked in water both to an internal temperature
of 78°C were maintained for a further 10 min. The internal
temperature was measured in a representative cut from
each chop using thermocouple thermometers placed in the
geometric center of the muscle studied. After cooking,
cuts were chilled overnight at 4°C before core removal
(Kannan et al., 2002).

Up to 3 cores (0.9 cm diameter) were removed as
close to the longitudinal orientation of the muscle fibers
as possible. Each core was placed on the base plate of a
TA-HD plus_ Texture Analyzer (Stable Micro Systems,
UK) fitted with a Warner-bratzler blade and sheared once
in the centre and perpendicular to the longitudinal
direction of the fibres. Warner-bratzler shear force values
were reported as the mean of all core values of samples.

2841



J. Anim. Vet Adv., 9 (22): 2839-2847, 2010

To standardize the temperature of the cores between
samples. The instrument was set with a 30 kg load cell and
a crosshead speed of 3 sec min™' (Sazili ef ai., 2005).

Statistical analysis: A 5x4 factorial design (diets* display
days) with three replicates was employed for storage data
(drip loss, cooking loss, colour, shear forse, TBARS) with
treatments and storage time as main effects using two way
Analysis of Variance (ANOVA). Analysis of variance was
performed on all the variables using the General Linear
Model (GLM) procedure of the SAS statistical package
(SAS Ver 9.1, Institute, Inc.). Duncan’s multiple range test
(p=<0.05) was used to determine differences between
treatment means.

RESULTS AND DISCUSSION

Lipid oxidation in meat and plasma: In comparison with
the CN treatment, all three dietary antioxidant
supplements (VE, TU and AP) m the present experiment
decreased (p<<0.05) the TBARS values and protected lipid
oxidation of the IS muscle (Table 1). However, it is
interesting to note that the TBARS value in IS muscle
mcreased already at 7 days of refrigerated display storage
for the CN treatment but significantly (p<0.05) increases
occurred only after 14 days of display for the dietary
antioxidant (VE, TU and AP) treatments.

Therefore, the rate of oxidation was decreased by the
dietary supplements of antioxidants. The effect of dietary
antioxidants supplement were sigmficant (p<0.05) on
blood plasma as well as blood sampling periods at 4
weeks (p<0.05) and 8 and 14 weeks (p<0.01) (Table 2).

Intraction between dietary antioxidants supplement
and blood plasma sampling periods (Table 3) were
significant (p<0.05), special in AP and TU diets at third
and final periods were highly significant (p<0.01). In
agreement of the study, Galipalli ez al. (2004) reported that
the effects of diets supplementation on oxidative stability
of goat meat (chevon) were not significant but TBARS
mcreased over display time. Kannan et al. (2001)
observed that lipid with increasing refrigerated display
time in case-ready m cuts from oxidation mcreased
Spanish goat carcasses.

Concentrations of endogenous antioxidants depend
on diet, muscle type and animal species (Decker et al,
2000, Sante-Lhoutellier et ai., 2008). Results of research
by other researchers are in agreement (Lynch et al., 1999,
Mercier ef al., 2004). As expected, like the study in natural
antioxidants protected beef agamst lipoperoxidation
(Descalzo et al., 2005). Lipid oxidation results in the
production of free radicals which may lead to the
oxidation of meat pigments and generation of rancid odors
and flavors (Faustman and Cassens, 1990).

Table 1: Effects of treatments and display day (0, 7 and 14) in IS rmuscle on
antioxidant activity of the Thiobarbituric Acid Reactive Substances
(TBARS) as units of Malondialdehyde (MDA) in  chevon
(mg MDA kg™! chevon)

Treatments Mean SE
CN 1.69° 0.16
VE 1.27¢ 0.12
TU 1.41% 0.18
AP 1.30° 0.11
Displsy day

1 0.97¢ 0.17
7 1.21* 0.07
14 2.11* 0.14
Treatments * -
Display day *

Treats*day *

CN: Basal diet-control; VE: Basatvitamin E, TU: Basal+turmeric;
AP: BasaltAndrographis paniculater * * *Means within columns with
different superscripts are different among different treatments and display days
(p<0.05). *: p<0.05, **: p<0.01

Table 2: Effects of treatment and sampling time day on blood plasma lipid
oxidation by TBARS (MDA) assay measurement in goat blood
plasma (pmol MDA L™! of plasma)

Plasma
Parameters Mean SE
Treatments
CN 1.35 0.07
VE 1.06° 0.08
TU 1.08° 0.08
AP 1.01° 0.11
Blood sampling periods
0 day 1.5 0.13
4 weeks 1.23% 0.06
8 weeks 0.8% 0.06
14 weeks 0.81° 0.06
Treatments * -
Sampling periods ik -
Treat*periods w -

CN: Basal diet-control; VE: Basalt+vitamin E; TU: Basal+turmeri;
AP: BasaltAndrographis Panicuiata, = * *Means within columns with
different superscripts are different (p<0.05). *: p<0.05, **: p<0.01

Table 3: Effect of treatments on different blood plasma sampling lipid
oxidation by TBARS (MDA) assay measurement in goat blood
plasma (umol MDA L~} of plasma)

Second Third Final
blood plasma Blood plasma  bloodplasma
Prestarting sarmpling gampling sampling
(0 day) (4 weeks) (8 weeks) (14 weeks)
Parameters MeantSE
Treatments
CN 2.03*£0.200 1.97°+0.16° 18I*£0.07*  1.69+ 0.06"
VE 2.01%+0.16*  0.92% (.18 0.76"£0.07° 0.787£0.06"
TU 2.02°+0.16*  1.37%0.17® 0.9F£0.06" (.88 0.05%
AP 2.06%40.16  1.16%0.16% 0.9070.07%  0.76%0.06°

CN: Basal diet-control; VE: Basaltvitamin E; TU: Basaltturmeric;
AP: BasaltAndrographis Pamicuiata, * * “Means within columns  with
different letters are different among treatments (p<<0.05); *¥*Means within
rows with different superscripts are different among blood sampling periods
(p<0.03)

Color: Meat color 1s the main factor affecting

ruminant product acceptability at retail points of purchase
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Table 4: Percent least square means of Infraspinatus muscle color of goats in different treatments and different display days

L# a*? b3 C# Hue’ E®
Parameters Mean+SE:
Treatments
CN 3260047 8.62+0.18 7.934+0.21¢ 11760647 42 53+£0.522 1.2040.02¢
VE 31.57x0.46° 8.82+0.18 7.94+0.21¢ 11.89+0.65° 41.92+0.520 1.18+0.02¢
TU 36.10£0.47° 12. 6£0.20° 14.0+£0.23" 18.88+0.76" 48.11+0.64° 1.4840.04°
AP 31.53=0.46° 9.55+0.1% 8.48+0.21¢ 12.82 0.67 41.51+0.52¢ 1.20+0.02¢
Display day
0 33.22+0.44= 11.03+0.17 9.2%+0.1% 142320620 41,100,073 1.43+0.020
7 32312043 9.04+0.16" 9.49+0.19* 12.88+0.61% 43,71+0.74% 1.2440.02¢
14 33.32+0.440 8.58+0.16° 9.99+0.19 12.41+0.62° 44,234+0.76" 1.16+0.02¢
Treatments * * * * * *
Display day NS * * * * NS
Treats*day NS * * * * NS

=% Neans within columns with different superscripts are different (p=0.05). 'Measure of darkness to lightness (a greater value indicates a lighter color). *Greater
value indicates redder color. *Greater value indicates more yellow color. “Chroma or saturation index is measure of the total color/vividness of color (greater
value indicates greater total color/more vivid color). *Degree changes from the true red axis (larger number indicates greater shift from red to vellow). *Enhenced

redness E =a/b + al.. NS: Non Significant *: p<0.035

(Liu et al, 1996). In terms of appearance, goat meat tends
to have a slightly lower a* value than had been reported
for sheep meat but indications are that the colour is
acceptable to consumers (Webb et al., 2005). The color
stabilities of the fresh and aged muscle (0, 7 and 14 days)
are shown in Table 4.

The dietary antioxidant supplementation treatments
had significant mfluences on the IS muscle L™ (Lightness),
a* value (redness), b* (yellowness) values and also
Chroma, Hue angle and E enhanced (p<0.05). Turmeric
had highly sigmficant (p<0.01) effect on L*, a*, b*,
chroma and E enhanced m IS muscle of goat meat. Aging
time had significant effect on the a*, b* values, Chroma
hue and E enhanced, special in 14 days (p<0.05) of IS
muscle. Increasing the display time was lighter and for
redness was vice versa (p<0.05). Supplementation of
pasture-fed cattle with vitamin E had no effect on meat
redness (a* value) of fresh or 47 days aged meat when
measured over a 7 days period of aerobic storage.

In contrast with previous publications (Armold ef al.,
1992; Descalzo et af., 2008; Lynch et al., 1999), supra-
nutritional supplementation of grain fed cattle with
vitammm E did not affect meat redness or stability,
compared with that from non-supplemented cattle when
viewed over a 7 days period of aerobic storage.

Therefore, the differences in post-mortem time could
have affected the efficacy of dietary vitamin E on
improving color stability (Yang et al., 2002). The stability
and improvement in meat color by vitamin E was
principally due to its ability to prevent the oxidation of
myoglobm and/or oxymyoglobin to metmyoglobin
(Cheah et al., 1995). Color of meat depends upon several
mdividual factor and their mteractions. While the species
of a meat animal has a remarkable effect on meat color, it
1s also greatly mfluenced by the chemical stability of the
meat pigment, myoglobin (Faustman and Cassens, 1990).

Ageing had a significant influence on lightness (I.*)
and yellowness (b*) color of the selected muscles
(Kadim et al.,, 2003). Chevon has been reported to have
lower lightness and higher redness than lamb, mainly due
to the lower intramuscular fat of goat carcasses
(Babiker et al., 1990; Kannan et al., 2001). Oman et al.
(2000) reported that the lean color score and overall
appearance decreased as surface discoloration mncreased
during 4 days storage of goat rib chops mn retail overwrap
packagmg at 2°C (Kamman et af., 2001} also found that
although shoulder cuts were reddest with the lhighest
chroma and lowest hue, surface discoloration of all
packaged cuts occurred within 4-8 days so, the case-
life of goat meat was similar to other red meat species.

The mechanism for increased color stability of meat
from vitamin E supplementation is not completely
understood. However, it has been speculated that lipid
oxidation products catalyze the
oxymyoglobin to metmyoglobin.

The direct antioxidant action of a-tocopherol on
membrane lipids may mdirectly delay oxymyoglobin
oxidation and thus, meat discoloration (Morrisey ef al.,
1998). Goat meat tends to be darker red have a coarser
texture with a detectable different flavour and aroma from
lamb and mutton (Schonfeldt et al, 1993a, b;
Sheradin et al., 2003, Webb et al., 2005). However, studies
on color stability and meat quality of goat meat with
antioxidant supplementation are favorable and interesting.

oxidation  of

Drip loss: The least square mean for the percent of drip
loss n the IS muscle (Table 5) was not sigmficantly
different among of dietary supplementation antioxidants
(VE, TU and AP) with CN. Display day were not affected
(p=0.05) m BF muscle on drip losing but in LD muscle with
aging time (0-7 or 14 days), drip losing increased 1.77-3.9
or 3.19% (p<0.05). Leheska et al. (2002) reported that
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Table 5: Percent least square means and standard errors of drip loss,
Cooking loss and Warner-bratzler shear force value (kg cm™) in
infraspinatous muscle of goats in different treatments and display

days
Parameters No. Drip loss Cooking loss Tenderness
Treatments
Control 8 2.42+0.32 31.8£1.42 4.26+0.33
Vitamin E 8 2.45+0.32 28.8+1.41 4.6140.28
Turmeric 8 1.98+ 0.31 30.3£1.42 4.5140.32
Andrographis 8 2.57+0.33 28.6=1.41 3.93+0.31
paniculata
Display day
0 32 2.27£0.27 30.5£1.32 5.03+0.24°
7 32 2.50+£0.28 29.3£1.31 457027
14 32 2.43+0.28 29.0£1.30 3.97+0.27

&¥Means within columns with different superscripts are different (p<0.05)

dietary treatment did not influence drip loss and cooking
loss m pork. Juiciness of meat 13 directly related to the
mtramuscular lipids and moisture content of the meat but
the water remaining m the cooked product s the major
contributor to the sensation of juiciness during eating,
chevon and its products are reportedly less juicy than
lamb and lamb products, a quality attributed to the lower
fat content of chevon (Lee et al., 2008).

Cooking loss: The percent of cocking loss in the BF
muscle (Table 5) was not significantly different among of
dietary supplementation antioxidants (VE, TU and AP)
with CN. Increasing aging time had significant effects on
percent cooking loss (p<0.05) in BF muscle whatever
increased postmortem aged from 0 day (34.0%) to 14 day
(28.7%) cooking loss decreased. Kannan et «l. (2001)
found that percent cooking loss was lugher at O day than
at 4, 8 or 12 days of display for goat steaks and they
reported that the average cooking loss was high in leg
cuts and low in loin cuts.

According to Trout (1988) cooking loss 1s more
dependent on ultimate pH, sarcomere length and cooking
condition. Bouton et al. (1972) suggested that the
myofibrillar protein structurally changes with ageing,
resulting in significantly reduced cooking loss for 6 days
rather than 1 day aged muscles. Ageing had a significant
mfluence on percent cooking loss of the selected muscles
(Kadim et al., 2003). Tn another study obtained, dietary
treatments did not have any effect on the cooking loss of
chevon chops (Lee et al., 2008).

Tenderness (Warner-bratzler shear force): VE, TU and
AP improved tenderness n IS muscle but not significant.
Aging time improved chevon tenderness occurred in
7 days and significantly (p<0.05) in 14 days. Tenderness
may be the most important eating quality parameter that
determines consumer acceptability (Miller et al., 2001,
Savell and Shackelford, 1992).

The tenderness value of chevon is often m the
acceptable range (Webb et al., 2005). Shear force values
depend on factors such as the treatment of the animals

prior to slaughter, postmortem methodologies, the
sampled muscle and method of sample preparation
(Webb et al, 2005). Kannan et al. (2002) reported that
significant improvement in chevon tendemess occurs
within the first 4 days of refrigerated storage and further
improvements in Warner-bratzler shear force were not as
evident thereafter.

Maximum tenderization of chevon occurs within the
first 4 days of aging, although myofibril weakening and
fragmentation continue to increase even after 8 days of
aging. The endomysium and perimysium of chevon did
not weaken up to 12 days of aging as evidenced by shear
force values and collagen solubility of intramuscular
connective tissue. Other researcher reported muscle
tenderness was significantly improved by ageng for 6
days at 1-3°C. Goat breeds may also differ in their meat
quality. Tn other experiments designed to improve
tenderness, daily intramuscular injections of vitamin E
were tried on lambs, from 5 days after birth and for 25
days (Maiorano et al., 1999).

Studies on extended aging periods, similar to those in
beef may not be relevant for chevon because of its shorter
shelf life than other types of red meat (Kamman ef al.,
2002). Several researchers have reported that chevon i1s
less tender than other types of red meat (Griffin et al.,
1992; Schonfeldt et al., 1993a).

The lower shear values observed in the present study
may be due to the fact that the diameter of cores used in
this study was 1 cm. This core diameter was chosen to
facilitate removal of at least two cores from each cut. The
longissimus muscle cross sectional area of goat carcass
is considerably smaller than carcasses of other traditional
red meat animals and maximum tenderization of chevon
occurs within the first 4 days of aging time (Kannan et al.,
2002).

CONCLUSION

Based on the present results, it can be said that
dietary antioxidants herbs
Andrographis paniculata have potential for improved
antioxidant activity, color stability and tenderness of 1S

from natural such as

muscle as well as dietary herbal antioxidents protected
lipid oxidation of bloed plasma in goat.
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