The Animal Biology, 2019, vol. 21, no. 1

UDC 636.39:591.175.612.39 https://doi.org/10.15407/animbiol21.01.021
COLOR CHARACTERISTICS OF GOAT MEAT UNDER DIETARY REGIME
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Color of goat meat is affected by energy and protein levels of diets. In this experiment the effects of three levels
of metabolizable energy 0.8, 1.0 and 1.2 (2.0, 2.4 and 2.8 Mcal. kg DM) and three levels crude protein 0.8, 1.0 and 1.2
(12.6, 14.0 and 16.8 percent) on color to identified the optimum levels of dietary energy and protein for kid meat were
established. Control groups and other experimental groups included 1, 2, 3, 4, 5, 6, 7, 8, and 9 fed by ration of energy
to protein ratio of 1:1, 1:1.2, 1:0.8, 1.2:1, 1.2:1.2, 1.2:0.8, 0.8:1, 0.8:1.2 and 0.8:0.8 respectively. For this case meat
samples of 27 kids fattened carcass were taken under completely randomize design with a factorial experiment of 3 %3
(three levels of energy X three levels of protein) for 4 months fattening period. Three kids of each group (9%3 equal
27 kids) were randomly slaughtered and then after 24 hours longissimus dorsi (LD), infraspinatus (IS) and biceps
femoris (BF) muscles were sampled for measuring color. The IS, LD and BF muscles were vacuum-packaged and put
on a plastic hurdle (about 30 g) and conditioned for 1, 7 and 14 days in a chiller at 4 °C for measuring color.

Effects of different levels of energy and proteins were significant on L* (lightness), a* (redness) and
b* (vellowness) of kid meat color. In the present experiment the least square means of L*, a* and b* in the IS
muscle were not affected by the time of display (1, 7 and 14 days). The post-mortem aging time were signifi-
cantly increased L* of kid meat color in high energy and protein treatment (P<0.05).

1t can be concluded that the diet with 2.8 Mcal/kg DM metabolizable energy and 12.2 percent crude pro-
tein (energy to protein ratio of 1.2:0.8) suggested as an appropriate diet for L* meat but the diet with 2 Mcal/kg
DM metabolizable energy and 16.8 percent crude protein (energy to protein ratio of 0.8:1.2) suggested as an
appropriate diet for a* kid meat color.
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KOJIIPHA XAPAKTEPUCTUKA M’ACA KI3 3AJIEKHO BIJ PIBHA I'OAIBJII
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JloCHiTHUIIBKUH IEHTP CLITBCHKOTO TOCIIONAPCTBA Ta MPUPOIHUX PECYPCIB,
[Iexpe-Kopa, mpogintis Yexapmexans i baxtuapis, AREEO, Ipan

Konip msica ki3 3anescumo 6i0 emicmy enepeii ma npomeiny 6 payioti. ¥ ybomy excnepumenmi 6Cmanos-
JIEHO 8NIUE MPbOX Pi6Hie 0ominHoi enepeii 0,8; 1,01 1,2 (2,0; 2,4 i 2,8 Mxan/ke cyxoi peuosuru) ma mpoox pieHie
cupoeo npomeiny 0,8; 1,01 1,2 (12,6, 14,01 16,8 %) na 3abapenenmsi m’sca 0nsi 6CMAHOGNIEHH ONMUMATLHO-
20 pieHs enepeii ma npomeiny 6 payioui kiz. /locnio nposedeno Ha 9 epynax Kis, SAKUX Ympumyeaiu Ha payionax
31 cnigsioHoweHHAM eHepeii 0o npomeiny 1:1; 1:1,2; 1:0,8; 1,2:1; 1,2:1,2; 1,2:0,8; 0,8:1; 0,8:1,2 1 0,8:0,8 siono-
8i0H0. Byno suxopucmaro 27 pandomuo 6idibpanux ki3 y gpaxmopromy exchepumenmi 3a cxemoro 3 %3 (mpu pieui
enepeii X mpu pieni npomeiny). Tpusanicmo 0ocnidy — 4 micsyi. Hanpukinyi 0ociidy 3ab6usanu no mpu meapuru
3 KooicHOT epynu (3x9=27). [{na oyinxu Konwopy m sica uepes 24 200 niciis 3a0010 3 myut 8idibpanu 3pasku m 130601
mKaHuKu. Hatldoswun m 513 cnuru (longissimus dorsi, LD), nioocmvosuii m’si3 (infraspinatus, 1S) i 0eéoconosuti m a3
cmeena (biceps femoris, BF). 3pasku ms3060i mxanunu (npubnusno 30 2) 6aKyymHo YRAKO8Y8AIU Md UMPUMYEATU
Y X0n00unvhuxy 3a memnepamypu +4 °C npomsieom 1, 7 i 14 0i6.

Busisneno cmamucmuuno 8ipo2ionuil éniue pieHs enepeii ma npomeiny 6 payioni Ha L* (6nidicms),
a* (uepsonysamicmv) ma b* (scosmusny) m’sica. Cepeone keadpamuune gioxunenus pisnuyb L* i b* y nio-
0CmbOB8OMY M A31 He 3anedcano 6i0 mpusarocmi 30epicannus m’saca (1, 71 14 0i6). V ki3, sxi ompumysaniu
PAyioH 3 BUCOKUM MICIOM eHepeii ma npomeiny, cnocmepieanu oinvuty onidicmo m’sica (P<0,05).

Payion 3 emicmom obminnoi enepeii 2,8 Mkan/ke cyxoi pewosunu ma 12,2% cupoeo npomeiny (cniegio-
HowenHs enepaii 0o npomeiny 1,2:0,8) onmumanvruil onst L* (6nidicms), a payion 3 emicmom oOMIiHHOL eHep-
eii’ 2,0 Mxan/ke cyxoi pewosunu ma 16,8% cupoeo npomeiny (cniesionowenns enepeii 0o npomeiny 0,8:1,2)
Hatikpawuil 011 a* (yepsonysamicms).
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HccnenoBarenbCckuii IEHTP CEIBCKOTO X035MCTBA M IPUPOJIHBIX PECYPCOB,
[Taxpe-Kopa, nposunuus Yaxapmaxan u baxtuapu, AREEO, Upan

Lsem msica ko3 3a6ucum om cooepacanus SHepUuU U NPOMeuHa 8 payuore. B smom sxcnepumenme ycma-
HOGeHOo grusHue mpex yposrel oomennou suepeuu 0,8; 1,0u 1,2 (2,0; 2,4 u 2,8 Mxan/xe cyxoeo eeujecmsa) u mpex
yposueil coipoeo npomeuna 0,8; 1,0u 1,2 (12,6, 14,0 u 16,8 %) na oxpacky msaca 015 yCmaHo8NeHUs ONMUMATIbHO2O0
VPOBHsL dHep2ul u npomeuna 8 payuone ko3. Onvim npoeeder na 9 2pynnax Ko3, KOmopbix COOepiHCa Ha PpAYUOHAX
¢ coomHowiernuem suepeuu k npomeuny 1: 1; 1: 1,2, 1: 0,8, 1,2: 1; 1,2: 1,2; 1,2: 0,8, 0,8: 1, 0,8: 1,2 u 0,8: 0,8 co-
OMBEeMCMEEHHO. 27 PAHOOMHO OMOOPAHHBIX KO3 UCHOTb308AHO 8 (DAKMOPHOM dKCHepumenme no cxeme 3x3 (mpu
VPOBHsL IHEpeuU X mpu ypoeHs npomeuna). Ilpodondcumenvrocmov onvima 4 mecaya. B xonye onvima npogoounu
YOOU mpex JHcUBOmMHbIX U3 Kadicoou epynnwl (3x9 = 27). dua oyenxu yeema msaca uepez 24 y nocne y00s uz myus
0moodpanu 06pasybL MLIUEUHON MKAHU: ONuHHetiwas mvluya cnunsl (longissimus dorsi, LD), nooocmuas mviuiya
(infraspinatus, 1S) u 0syenasas mviuuya 6edpa (biceps femoris, BF). Obpazywl mvrueurnoti mxanu (npumepto 30 2)
BAKYYMHO YNAKOBBIGAU U BbIOEPIHCUBANU 6 XONI0OUNbHUKe npu memnepamype +4 °C 6 meuenue 1, 7 u 14 cymox.

Buvisgneno cmamucmuuecku docmoseproe enusHue ypoeHs suepeuu u npomeuna @ payuote na L* (oneo-
Hocmb), a* (kpacnosamocmy) u b* (ocenmusny) maca. Cpednee keadpamuueckoe omiaoHenue pazuduti L* u b*
6 NOOOCHMHOU Mblulye He 3a6Ucelio 0m Npodondcumenvhocmu xpanenus maca (1, 7 u 14 cymox). ¥ ko3, komopwie
NONYHANU PAYUOH C BLICOKUM COOEPHCAHUEM IHEPLUU U NPOTHEUHA, HaDI00anu sviculyio bneonocmv msca (P<0,05).

Payuon c cooepacanuem obmennoii anepeuu 2,8 Mran/xe cyxoeo eewecmea u 12,2 % cvipozo npome-
una (coomnowenue suepauu x npomeury 1,2:0,8) onmumanvuwiil onsa L* (brednocmy), a payuon ¢ cooepaica-
Huem oomennoll suepeuu 2,0 Mkan/ke cyxoeo éewecmsa u 16,8 % cvipozo npomeuna (coomuoutenue snepauu
K npomeuny 0,8:1,2) nauryywuii 0na a* (kpacnogamocmy).

Karouesnie ciosa: KO3bIL, [IPOTEMHOBOE U QHEPI'ETUYECKOE I[TMTAHUME, ITOCJIE-
YBOMHOE XPAHEHUE MSICA, LIBET MSICA

The color of meat is one of the most im- this is the color of freshly cut meat. When a freshly
portant quality attributes influencing the consum- cut surface of meat comes in contact with air, myo-
er’s decision to purchase. Such perceived fresh- globin is oxygenated and converted to oxymyoglo-
ness primarily determines the retail shelf life. bin, which gives meat a bright cherry red color.
Extending this period should improve retail sale If only small quantities of oxygen are present, such
ability. The color of meat depends of many factors as in a partial vacuum or a sealed semi-permeable
such as concentration of haeminic pigments and package, myoglobin is converted to metmyoglobin
particularly of myoglobin, the physical character- through oxidation giving the meat a brown appear-
istics of the meat, essentially pH, and the chemical ance [6, 19]. Formation of this brown color is a se-
state of these pigments. Reduced (or deoxy) myo- rious problem in merchandising meat because most
globin is the purple pigment of deep muscle and consumers associate it with a product that has been
of meat surface under vacuum [8]. stored too long. Hunter Lab color values, especially

Meat color is largely a contribution of a* values, are a good indication of the redness of
myoglobin, a heme protein found in muscles. In meat; the higher a* value, the redder the meat. The
a well-bled muscle tissue, myoglobin constitutes value of a color is an indication of the overall light
8090 % of the total pigments present. Other heme reflectance or brightness. The color of meat is an
proteins such as hemoglobin and cytochromes con- impression seen by the eye and is influenced by the
tribute little to the color of fresh meat [3, 5]. The viewing conditions [11]. Factors such as the type

myoglobin “pigment” has a purplish red color and and intensity of lighting, temperature, packaging
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film and the atmosphere within the package will
affect the perceived color impression [14].

In general, a high myoglobin concentration
results in more red color within skeletal muscle,
as measured by the hue. The difference between
red (dark) and white meat has been attributed to
the protein concentration in particular muscles [7].
Meat color is objectively defined often in terms of
the Hunter colorimetric co-ordinates, L*, a* and b*
[16]. L* is the lightness component, indicating the
black-whiteness of the meat. Its values range from
0 (all light absorbed) to 100 (all light reflected); a*
spans from —60 (green) to +60 (red) and b* spans
from —60 (blue) to +60 (yellow) [1, 19].

Visual analysis and instrumental measure-
ments have not always correlated due to errors in
training panelists and failing to manipulate physio-
chemical properties appropriately with instru-
mental analysis [9]. Visual appraisal by a panel
enables inference on human perception of meat
color and discoloration, but is subjective. Ob-
jective procedures, such as reflectance are more
convenient and rapid but their quantitative rela-
tionship with human perception is less precise [2].
The sensitivity of instrumental and visual methods
to color differences may not be the same and the
consumer may not detect small color differences
detected instrumentally [20]. However, discolor-
ation as seen by the naked eye does not always
correlate with instrumental data. A researcher not-
ed that visual data revealed more rapid increases
in discoloration percentages than metmyoglobin
percentages [2]. Fat color in goat, sheep and beef
meat is an important trait when it comes to con-
sumer preference. Some markets prefer white fat
while others prefer carcasses with fat with a more
yellow tinge to it. Many countries which import
beef from North America, such as those consti-
tuting the Asian market prefer beef with a hard
white, as opposed to yellow fat [17, 18].

Materials and Methods

Experimental design. The total of 27 num-
ber kid meat samples were taken of fattened car-
casses under complete randomizes design with
a factorial experiment of 3x3 with 9 groups for
4 months fattening period. Three levels of metabo-
lizable energy 0.8, 1 and 1.2 (2, 2.4 and 2.8 Mcal/kg
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DM) and three levels crude proteins 0.8, 1 and 1.2
(12.6, 14 and 16.8 percent). Control group and oth-
er experimental groups of 1,2, 3,4,5,6,7,8,and 9
were fed by ration of energy to protein ratio of 1:1,
1:1.2,1:0.8,1.2:1,1.2:1.2, 1.2:0.8, 0.8:1, 0.8:1.2 and
0.8:0.8 respectively by total mixed ration. Three lev-
els of metabolizable energy (2, 2.4 and 2.8 Mcal kg
DM) and three levels crude proteins (12.6, 14 and
16.8 percents) on color to identified the optimum
levels of dietary energy and protein of indigenous
kid meat. After slaughtered and post-mortem 24 hours
were sampled of the longissimus dorsi (LD), in-
fraspinatus (IS) and biceps femoris (BF) muscles
the important muscles of carcass. The muscles
were vacuum-packaged and put on a plastic hurdle
(about 30 g) and conditioned for 1, 7 and 14 days in
a chiller at 4 °C for measuring L*, a* and b* color.
Atthe 1, 7 and 14 days post-mortem, infraspinatus
muscle sample was weighed (approximately 30g)
and put on a plastic hurdle. Then both items (meat
samples on the plastic hurdle) were put into sealed
polyethylene bags hermetically closed to prevent
surface evaporative loss. Meat color is objectively
defined often in terms of the Hunter colorimetric
co-ordinates, L*, a* and b* [16]. L* is the lightness
component, indicating the black-whiteness of the
meat. Its values range from 0 (all light absorbed) to
100 (all light reflected); a* spans from —60 (green)
to+60 (red) and b* spans from —60 (blue) to +60
(yellow) [1, 19].

The color measurement was carried out on
each sample using the ColorFlex® system (Hunt-
erlab, Reston, VA) with D65 illuminant and 10°
standard observer. The instrument was calibrated
against black and white reference tile prior to use. A
total of three readings of the L, a, b values and spec-
tral reflectance (400—700 nm) were collected from
different sites of each sample and averaged [9, 10].

Statistical analysis. The experiment was
a completely randomized design. Color charac-
teristics of goat meat in different post-mortem
aging periods were analyzed using the MIXED
procedure of Statistical Analysis System package
(SAS) ver. 9.1 (SAS Institute Inc. Cary, NC) with
time as a repeated measure. Most interactions be-
tween treatment and time were no significant and,
thus, were not reported. Differences were consid-
ered significant at P<0.05. Results are expressed
as mean+S.E.M.
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Results and Discussion tables 1, 2 and 3. The different levels of energy

and protein in post-mortem aging periods hadn’t

The color of the fresh and aged (1, 7 and effects on L* (lightness), a* value (redness), b*

14 days) IS, LD and BF muscles are presented in values (yellowness) of the LD, IS and BF muscles.

Table 1
Color in infraspinatous muscle (IS) of goats meat under different treatments and post-mortem aging period (n=27)

Color characteristics of goat meat
L* a* b*

Muscle | Treatments | 1 day 7 day 14 day 1 day 7 day 14 day 1 day 7 day 14 day
1 347 | 35.8% 37.7° 13.8® 14.3%® 14.9% 7.83¢ 8.12¢ 8.21%

2 36.1° 36.9° 38.3 13.2e 12.8° 13.4° 8.08° 8.61° 9.19

7 3 34.6* 35.4% 36.4% 13.8® 14.4® 15.2%® 7.47° 7.78 8.09°
T? 4 30.9° 31.5° 31.3° 15.3 15.8° 16.8° 7.44° 7.58° 7.88
= 5 37.1° 37.7° 38.9° 12.8° 12.6° 13.3° 8.22¢ 8.63° 8.59%
a 6 30.4° 30.8° 32.3% 15.7 16.2 17.7° 7.31° 7.49 7.64°
é 7 34.6® 35.6% 36.5% 13.9% 15.1%® 14.2%® 8.02° 8.77a 8.95%
k= 8 38.2 39.4° 40.8° 12.7° 12.4° 12.3% 8.14 8.33* 9.37°
9 34.3% 35.6% 36.9% 14.2%® 14.6® 15.5% 7.94 8.56° 9.21*

+SEM 1.53 1.74 1.78 0.81 0.89 0.94 0.45 0.48 0.39

Note: in this and the following tables *a,b — Means within columns with different superscripts are different among
treatments (P<0.05). L* — lightness, a* — redness, b*— yellowness.

Table 2
Color longissimus dorsi (LD) of goats meat under different treatments and post-mortem aging period (n=27)
Color characteristics of goat meat
L* a* b*
Muscle | Treatments 1 day 7 day 14 day 1 day 7 day 14 day 1 day 7 day 14 day
1 333" 34 23 35.4% 12.5%® 12.7° 13.3% 8.23% 8.64% 9.13%
a 2 3412 35.22 37.32 11.6° 11.4® 10.9% 8.56% 9.422 9.77%
= 3 32.8® 33 .42 34 7% 12.5%® 12.8° 13.42 7.99° 8.25% 8.69%
7 4 31.4 30.8° 32.3° 14.52 14.92 15.6* 7.84° 8.11° 8.34°
< 5 35.22 36.7% 39.82 11.4° 11.1° 11.3% 8.12% 8.43% 8.39b
§ 6 29.8° 30.4° 31.2° 15.32 15.82 16.32 7.81° 7.99° 8.24°
5 7 33,9 34 4 35.8® 12.1® 11.8° 11.1° 8.44» 8.67® 8.89%
go 8 36.1° 37.3¢ 37.7% 10.8° 10.4° 10.1° 9.342 9.56* 9.952
< 9 32.7% 33.6% 34,1 13.2 13.6% 14.1® 8.34% 8.69% 9.01%
+SEM 1.27 1.39 1.65 0.97 0.76 1.06 0.39 0.42 0.44
Table 3
Color in biceps femoris (BF) of goats meat under different treatments and post-mortem aging period (n=27)
Color characteristics of goat meat
L* a* b*
Muscle | Treatments | 1 day 7 day 14 day 1 day 7 day 14 day 1 day 7 day 14 day
1 33 .4ab% 34,3 36.1% 15.4% 15.2% 16.4% 8.76° 8.92? 9.323
- 2 34 7% 35.1® 36.9 14.8® 14.5%® 13.7% 9.142 9.67° 9.97*
E 3 32.1° 34,1 35.8® 15.7% 15.9% 16.6% 8.89° 9.65° 9.342
E 4 28.9° 31.1° 31.6° 16.4* 17.12 17.82 8.44° 8.68° 8.77°
§ 5 37.5% 38.1° 38.5¢ 14.3%® 14.1%® 147 8.72° 9.322 9.78®
S 6 28.4° 30.1° 31.4° 17.52 18.12 18.42 8.117 8.36° 9.08®
§, 7 33.7%® 352 36.1 14.9% 15.2% 14 .42 8.92? 9.66° 9.932
% 8 37.32 37.8° 39.22 13.2° 12.6° 12.1° 9.322 9.532 9.81%®
9 31.9° 33,74 353 15.1%® 15.6® 16.1%® 9.16* 9.77 9.96°
+SEM 1.71 1.61 1.88 1.18 1.46 1.66 0.56 0.48 0.39
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Effects of different levels of energy and protein
on color of infraspinatous (IS) muscle in most of
groups were significant (P<0.05), but post-mortem
aging time of different levels of energy and protein
were not significant. Effects of dietary energy and
protein treatments in different post-mortem aging
periods on color in the IS muscle was found to be
significant in table 1. In the present experiment the
least square means of L* (lightness), a* value (red-
ness) and b* values (yellowness) in the IS muscle
were not affected by the time of display (1, 7 and
14 days). The post-mortem aging time were signifi-
cantly increased L* of kid meat color in high ener-
gy and protein treatment (P<0.05). Increasing post
mortem aging days reduced L* an all treatments.
The different levels of energy and protein signifi-
cantly increased a* value from fresh IS muscle. In-
creasing the post-mortem aging periods decreased
a* and at seven days in the IS muscle and at 14 days
post-mortem (P<0.05). This confirmed report by
Kannan [12] reported that the post-mortem aging
period decreased redness of shoulder of chevron
cuts, also discoloration of chevron occurred with-
in four to eight days post mortem. This is import-
ant because meat color is the main factor affecting
ruminant meat acceptability at retail [15]. Chevon
has been reported to have lower L* and higher a*
than lamb, mainly due to the amount of marbling
(intramuscular fat) of goat carcasses is lower than
lamb [3, 13].

Different levels of energy and protein
were affected on color of longissimus dorsi (LD)
muscle in most of groups and significant (P<0.05),
but post-mortem aging time of different levels of
energy and protein were not significant. Effects
of dietary energy and protein treatments in differ-
ent post-mortem aging periods on color in the LD
muscle was found to be significant in table 2.

In the present experiment the least square
means of L* (lightness), a* value (redness) and
b* values (yellowness) in the LD muscle were not
affected by the time of display (1, 7 and 14 days).
The post-mortem aging time were significantly in-
creased L* of kid meat color in high energy and
protein treatment (P<0.05). Increasing post-mor-
tem aging days reduced L* an all treatments. The
different levels of energy and protein significant-
ly increased a* value from fresh LD muscle. In-
creasing the post-mortem aging periods decreased
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a* and at seven days in the LD muscle and at 14
days post-mortem (P<0.05). Gatlellier report-
ed mixed-diet finishing Charolais heifers were
known to have better color in post mortem aging
periods [8]. This confirmed report by Kannan [12]
reported that the post-mortem aging period de-
creased redness of shoulder of chevron cuts, also
discoloration of chevron occurred within four to
eight days post mortem. This is important because
meat color is the main factor affecting ruminant
meat acceptability at retail [15].

Different levels of energy and protein were
affected on color of biceps femoris (BF) muscle
in most of groups were significant (P<0.05), but
post-mortem aging time of different levels of en-
ergy and protein were not significant. Effects of
dietary energy and protein treatments in different
post-mortem aging periods on color in the BF
muscle was found to be significant in table 3.

In the present experiment the least square
means of L* (lightness), a* value (redness) and b*
values (yellowness) in the BF muscle were not af-
fected by the time of display (1, 7 and 14 days). The
post-mortem aging time were significantly increased
L* of kid meat color in high energy and protein treat-
ment (P<0.05). Increasing post-mortem aging days
reduced L* an all treatments. The different levels of
energy and protein significantly increased a* value
from fresh BF muscle. Increasing the post-mortem
aging periods decreased a* and at seven days in the
BF muscle and at 14 days post mortem (P<0.05).
Yong [18] reported that color shelf life of the meat
from silage fed animals was extended by post-mor-
tem aging periods. This confirmed report by Kan-
nan [12] reported that the post-mortem aging period
decreased redness of shoulder of chevron cuts, also
discoloration of chevron occurred within four to
eight days post mortem.

Conclusion

In general, it can be concluded that the
diet with 2.8 Mcal per each kg DM metabolizable
energy and 12.2 percent crude protein (energy to
protein ratio of 1.2:0.8) suggested as an appropriate
diet for L* meat but the diet with 2 Mcal per kg
DM metabolizable energy and 16.8 percent crude
protein (energy to protein ratio of 0.8: 1.2) suggest-
ed as an appropriate diet for a* kid meat color.
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Perspectives of the future investigations.
Appropriate of metabolizable energy and crude
protein in kid goat diet extended color of meat that
influencing the consumer’s decision to purchase.
Such perceived freshness primarily determines the
retail shelf life extending this period should im-
prove retail sale ability.
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