CHAPTER IV

EFFECT OF SLAUGHTERING METHODS ON CHEMICAL CHA@OF

BROILER CHICKEN MEAT DURING REFRIGERATED S ShGE

4.1 INTRODUCTION

Chicken meat is generally regarded as better thanw'm ‘be@ Se it xw‘}’ white meat

which contains less fat and cholesterol, easy@!dl

restrictions (Liu et al., 2012). However

]

deteriorates quickly if it is improperly ha g
torage. After slaughtering
%v@maintain the quality of meat

Processing of poultry involves slau Mg,
operation, the next problem @ fa %

from spoilage when the m&mductlis meanigdor immediate consumption. Quick

0

L

refrigeration after sla Mis Re )le c&ﬂrs to prolong the quality of meat.
o [5306
a

Refrigeration after @(er "is es 1 éﬂ}retard microbial growth, lipid oxidation
'

and spoilage. Lif}y idation, proteitndegradation and the loss of other valuable
N

molecules a \s consequence of meat spoilage process. There are three main

mecha@ ponsible for meat spoilage during refrigerated storage post mortem:
(a) microbial spoilage, (b) lipid oxidation and (c) autolytic enzymatic spoilage (Dave
& Ghaly, 2011).

Microbial spoilage by psychrotrophs are the major cause of spoilage in meat at

chilling temperature. They belong to microbial genera of both Gram positive such as
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lactic acid bacteria and Gram negative bacteria such as Pseudomonas spp. and

Enterobacteriaceae (Gill & Newton, 1978; Holzapfel, 1998). Species of Pseudomonas

are particularly responsible for spoilage of meat stored at refrigerated temgerature

(Labadie, 1999; Jay et al., 2003; Ercolini et al., 2007). However, the mj N of
vacuum packaged chill stored meat in most cases is characterised by %gtrophic

lactic acid bacteria (Dainty et al., 1992; Borch et al., 1996; Nychas et W%),

Lipid oxidation (often measured with TBARS test) is an i nt factor after

microbial spoilage that causes meat deterioration in both and cooked meat

0; Nam et al., 2 5 tM@).\Qﬁpid
| S

rmation of free radicals whiChgtormsp akde desv. volatile
V

products (Ladikos & Lougovois, 199
oxidation controls the fo
compound responsible for the development of r%X;
(Guillen & Guman, 1998; Ahn et al., 2009). hte of lip

meat products is dependent on fat cont %y :C&V$S. @aem pigments and
%n

I r {AQQE, 1986; Du et al., 2000;

Chagq%leat colour
id@l in refrigerated

transition metal ion content particul&

N
Choe & Min, 2006; Min et at, 20&;, TB#RS?a u@ween 5 mg MDA/kg meat
I

. g P s
and above (Insaust1 et al;él)
fitness for human cons {10

e' d asgdeeptable threshold for detecting
&
Since blood comp pe;y1 113\@&11 has been reported to be a powerful
va

promoter of lipS%ation“( ﬁdow al., 2007), there is a need to evaluate the

S’ | |
extent of ENE xidation as affecte} by residual blood, haem pigments, iron and
1

iler chicken slaughtered by two methods (HM and NHM) meat during

copper
refrigerated storage. Hence the objective of this study was to determine the effect of

slaughtering methods (HM and NHM) on the chemical changes that occur during

refrigerated storage of broiler chicken meat.
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4.2 MATERIALS AND METHODS

Breast meat (200 g) from five carcasses of previously slaughtered birds form both HM
and NHM were kept in polythene bags and stored at 4°C. At predetennl time

intervals (day 1, 3, 5, 7 and 9) samples were taken for further analysis. 1%

4.2.1 Determination of Mineral Contents Y"

Mineral content namely iron (Fe**), calcium (Ca™), zinc Yﬁagnesmm Mg™),

copper (Cu*") and manganese Mn*? were determi ing t ¢ wei# method of
minerals determination as described by Addeen et aR&014). Dne a" I Yerated

breast meat (0.5 g) was digested in HNO3/H-0, ( %lcrowave

ped th eight high-

i):@ was transferred to

I'w eionised water.

reaction system (Model Anton Paar Multt OOO“e

pressure quartz vessels. After digestion was le{,#

a volumetric flask and the volume was Edau
The reference elements standa ﬂjp rSd a% sted in Appendix 1 then

l
measured by a Perkin-Elm alyst SO gmg‘cl absorptlon spectroscopy. The

mineral content was calc@s s@low i expressed as mg/kg wet sample.

mg mineral/kg sar }& -

Where X = copcigtration of the sam@m mg/L

TV = total of sample in ml

4.2.2Q‘mination of haem iron content

Haem iron content of chicken meat was determined by the method of Cheng and
Ockerman (2004) with slight modifications. On each day for analysis, 2 g of ground

meat sample was thoroughly mixed with 9 ml of acid acetone (90% acetone, 8%



69

deionised water and 2% HCI v/v/v) and allowed to stand for 1 h at room temperature.
The mixture was filtered with a Whatman No 1 filter paper (Whatman International,
Ltd, Maidstone, England) allowed to stand for a few minutes. The absorbange of the
clear filtrate was read at 640nm using Implen Nanophotometer P330 (Im x

Miinchen, Germany) against an acid acetone as blank. Haem 1rc$

calculated as follows; Yv

Haem iron content (ppm) = Total pigment (ppm) X O.(?.

ent was

Where total haem pigment (ppm) = Agsp X 680 \d
{ 2

The haem iron content was expressed as mg/100g of w @ple.j ’ g

TBARS were determined according to the 1&

AN
modifications. Ground chicken meat wa th@ mL of a solution
o

containing 0.375% of 2- thlobarbltu id ( 5% gi&;loroacetlc acid (TCA)

and 0.25N HCI. The mixture we in bated ‘1 wagery b@t 95°C for 15 min, followed

xo{ was éﬁnfuged at 3600xg, 4°C for 20

min (Combi 514R, Ham@ed rea)C?‘/e supernatant was collected and the

by cooling with running w

absorbance was rea@g usmg mp@Nanophotometer P330 (Implen GmbH,

Miinchen, % BA}{SUvalﬁe s calculated from the standard curve of
\,

( ppm) by extr\apolatlon and results were expressed as mg

malonaldehy

malona g wet sample.
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4.2.4 Sodium Dodecyl Sulphate Polyacrylamide Gel Electrophoresis (SDS-

PAGE)

4.2.4.1 Sample Preparation .

Protein from chicken breast was extracted after 1 and 9 d storage at 4 C mg the
method of Zaman et al. (2012) with modifications. Approximate of muscle

sample was homogenized cold (on ice) using homogenizer (Yell 1le DI 25 basic,
Colonial Scientific, Richmond, VA) in 10 ml of 0.25 M ate ruffer (pH 7.5)

with 0.1% triton X-100. Solution was then centrifuged af@QQ0x fo 3 1n at 4° C

(Combi 514R, Hanil BioMed Inc., Korea.) and @atant w chl@d and

preserved in 1ml aliquots at -80°C. Y.

\/
4.2.4.2 Protein Quantification \0) u‘ Ok
oy

Protein was quantified using the Bra@assa& follp®in method of Bradford
(1976). Bradford reagent (GE H%e, § S@n) 800 pl of was mixed
with 200 pl of sample soluti% orba J meagured at 595nm using Implen

Nanophotometer P330 (I@Gmbh, "nch@(}ennany) Protein concentration
\
was determined from tl@dar ou wmtsgﬁal dilutions of bovine serum albumin

(BSA, BIO-RAD @ P 7“ 4“\9
Y'
A X

9
4.2.4.3 Pre pal of separating gel solution (12.5%)

é‘
/7),

The s@g gel solution was prepared as described by Laemmli (1970) as shown in

Table 6. After the mixture has been completely dissolved, the gel mixture was
immediately loaded into the casing with a pipette and filled to the line on the casing. It

was allowed to polymerize for about 20-30 min at room temperature.
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Table 6: Separating gel solution (12.5% Acrylamide)

Ingredients Volume (ml)

H-O0 10.2 Y-
0.5 M Tris-HCI, pH 8.8 7.5 \
20% (w/v) SDS 0.15 s )

Acrylamide/Bis-acrylamide (30%/0.8% w/v) 12.&'
15

10% (w/v) ammonium persulfate (APS)
TEMED

4.2.4.4 Preparation of stacking gel solution (4%) \d' X~

—_

The stacking gel was also prepared as described by LaSggml

(1?7 ) ag sh
\0 N
7. The stacking gel solution was carefully loa% t}ﬁ f th%&)'arating gel.

After pouring the stacking gel, the comb&%refully : neéﬁ the top of the

casing, and left for about 10-15 min to so%r at rooM,t 6&11%

% (|} ":5~
" &
Table 7: Stacking Gel SolSNgY( °%gnid$
3! =
Ingredients { 'O Volume (ml)
£k
H,0 \ I %" 3.075
0.5 M Tris- M 6. Q éo 1.25
20% (W/v) ’ ,-' ) 0.67
Acryla \Qﬁs-ac ?1321 @8’50.8% wiv) 0.67
10% %ammoni m gers\l’M'ate (APS) 0.025
T, 9 0.005

4.2.4.@6 buffer Preparation

Stock sample buffer (0.06 M Tris-C1, pH 6.8, 2% SDS, 10% glycerol, 0.025%

Bromphenol Blue) was prepared as shown in Table 8.



72

Table 8: Preparation of the sample buffer

Ingredients Volume (ml)
H,O
0.5 M Tris-HCI, pH 6.8

10% (w/v) SDS
Glycerol

0.5% Bromphenol Blue (w/v water)

4.2.4.6 Preparation of running buffer

Running buffer (1000 ml) was prepared by mixg

glycine, 0.1% (w/v) SDS with distilled water atw .
SDS-PAGE was used to detect the ra %}r%%j\:r@?n during refrigerated
"

a@"j(w\@"with 12.5% acrylamide

separating gel and 4% ac%@ stagkin ge@le gel was subjected to
"'Uj f &

electrophoresis at 120 V;)Qor IZP \ @Mini Protein II unit (Bio-Rad
Laboratories, Inc., Ric d, CA,
Brilliant Blue R-2

b Bafgic
&Lt
methanol and 130 tic acid” A sta@d marker (Bio Rad laboratories, Inc. Bio-

\
Rad) was @eferemce to estimate the molecular weight of the protein bands.
10

Deter%
in Appendix 2.

storage using the method describe

Pr@ bands were stained with Coomassie

f molecular weight of protein bands obtained was calculated as listed
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4.2.5 Data Analysis

The data obtained were analysed using the Student’s t-test of Minitab 16 and the level

of significance was determined at P < 0.05. \Y-
43 RESULTS A: D)

4.3.1 Mineral Contents of Broiler Chicken Meat

Six mineral (Fe, Cu, Mg, Mn, Ca and Zn) of fresh breast m xplelwere evaluated

using the atomic absorption spectrophotometer (Table 9). e, an of breast
¥

meat samples from HM were significantly (P<0.05 er'than NHW, P'e.agatent of

’ N
HM was 10.00mg/kg, Ca content was 120.30 mR?a W ontér%{'as 302.34

mg/Kg. The Fe, Ca and Mg content of Nl@l& o g,lo42. 7 mg/Kg, and
317.10 mg/Kg respectively. c :\T
e ﬁ q
&

However, Zn and Mn content of H& sigw{cagtly E@.’OS) higher than NHM.

N .
The Zn and Mn content of 1@37.2 an? .S@Kg, respectively. The Zn
g/K nte’

content of NHM was 0.80 an \\{ as 1.48 mg/Kg. No significant
(P>0.05) difference was \

ld a;}"' tzr)gyr both HM (0.76 mg/Kg) and NHM
(1.48 mg/Kg). ) Q

NS
& (kl ’ .q./ >

~’7;~},

77



Table 9: Effect of slaughtering methods on mineral contents of broiler chicken meat®

Mineral Contents HM NHM Statistical
(mg/kg) Slgmﬁc nce
Zn 7.20+0.71 0.80+0.43

Mg 302.34+2.49 317.10+1.46 3 )
Fe 10.00+1.64 1577276 Yv

Cu 0.76+0.39 1.48+0.61

Ca 120.30+2.41 147.87+2.7 zl *

Mn 8.58+2.74 1.48+1.90

S

Z

®HM = Halal method; NHM = Non-Halal method, n= 5, *
significant at P<0.05.

4.3.2 Haem Iron Content of Broiler ch eat d St

A significant (P<0.05) decrease in the h m iron t fbr meat was observed
during 9 d storage at 4°C (Table 10). , 5 ﬁnd © ii’@ge at 4°C, HM samples
recorded a significant (P<0.05) lo@em on ompared to NHM samples
and, the haem iron content 2, 55\.‘ £ é@ and 1.31 mg/100 g sample,

fN s es was higher during 9 d storage at

respectively. The haem 1@!%@1\4
O

4°C and ranged betw 28 éample However, on day 7 of storage at

\
4°C, no mgmﬁca&wenc; > observed in the haem iron content values

for both HM H samples alt@h HM recorded a lower value (1.76 mg/100 g

sample) ¢ d to NHM (2.36 mg/100 g sample).

S
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Table 10: Effect of slaughtering methods on haem iron content of broiler chicken

meat”

Storage time HM NHM Statistical S gn'ﬁc?ce
(days) mg/100g mg/100g \

1
.%
*

1 2.55+0.21 3.25+0.29 *
3 2.17+0.08 2.97+0.11 Y"

5 1.98+0.14 2.75+0.07 V*

7 1.7620.16 2.36+0.29 z ks
9 1.3140.26 2.05+0.20 I \*d- NG

LS

®HM = Halal method; NHM = Non-Halal method, n = 5, * means%; niﬁcat} alP<QJo3, N%Tn’eans not
N

significant at P<0.05.
N D

o? &
4.3.3 Thiobarbituric Acid Reactive Subs (TBAR O

AN
Extent of lipid oxidation in broiler c@ refist ? dug® 9 d of storage at 4°C
1

was evaluated by measuring the 'J%. e ﬁ The TBARS values were
0

\
f Jo ge'lzzb (Figure 4). An increase in
A N O

TBARS values were obseo&m thebreayy mea %ring 9 d storage at 4°C. Slaughter

\
methods had no signif‘%ﬁijﬂé)&y‘ oiler chicken meat lipid oxidation on
O
1,3 and 9 d of st%%ﬂhoy bﬁ @ values increases with storage time. The
Yv

TBARS values o on 1, 3 and ?\@t)f storage were 0.47, 0.77 and 1.52 MDA/kg

estimated from the standard

sample, resp ly. Similarly, NHM recorded TBARS values of 0.65, 0.85 and 1.59

MDA@ple respectively on day 1, 3, and 9 of storage at 4°C.

However, on day 5 and 7 of storage at 4°C, significant (P<0.05) differences were

observed in the TBARS values. NHM showed significantly (P<0.05) higher values of
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1.48 and 1.53 MDA/kg sample compared to 1.31 and 1.44 MDA/kg sample recorded

for HM.

Figure 4: Standard curve of malonaldehyde (0-2ppm)

Table 11: The TBARS val‘%E MDIJ‘!(.JQ}B? of broiler breast meat of both

HM and NHM during 9 stfri drate ora@t 4°C*,
\
\ 1 O

Storage time M 4 (JN‘HM Statistical Significance
Q— S

(days)
%0.4 +0.85 ?' é 650, .
1 : 7+0 \c}, 0.65+0.05 N.S
\ 0.77+0.05 0.85+0.04 N.S
6% 1.3120.05 1.48+0.07 *

1.44+0.03 1.53+0.05 *

W

9 1.52+0.04 1.59+0.04 N.S

“HM = Halal method; NHM = Non-Halal method, n = 5, * means significant at P<0.05, NS means not significant at
P<0.05.
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4.3.4 Protein Degradation during 4°C storage

The changes in breast meat muscle proteins were extrapolated from the standard curve

of bovine serum albumin (BSA) (Figure 5). The protein concentration jn broiler

chicken meat slaughtered by HM and NHM method ranged between 1
(Table 12). At day 1 of storage at 4°C the protein concentration in b and NHM
were 1.52 mg/ml and 1.44 mg/ml respectively. However, at day 9 Rt:rage at 4°C, a
significant decrease in the protein concentration was obse both HM (1.39

mg/ml) and NHM (1.28 mg/ml).

Protein degradation occurred in the broiler chicke iijrﬁg\‘ﬂorage as

indicated in the protein patterns of HM and NH }§'m patterns
were observed during 1 day refrlgeratlon at a ﬁM Six protein

bands were obtained during 1 day refrlge te agK molecular weight
&

of the band ranged between 44KDa 1 za owdver, ay 9 of storage at 4°C,
&/

additional bands were recorded for %);nd'\ﬁl{M (7.7KDa and 29.1KDa

respectively).

Figure 5: A standard cu@o 'e Sg#im min (BSA)
S5d

/A,
/~_@
17
Qo(/dl

g7 -
£ 0.6,
&
@ 0. \ y = 0.5259x + 0.0029
< pp— R?=0.9912
@
c
(T
oY
< 0.1
0 ey 1
0 0.5 1 1.5

Concentration (mg/ml)

—_— e
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Table 12: Protein concentration of chicken meat solubilized in phosphate buffer®

Sample ID Protein Concentration
(mg/ml)
NH1 1.44+0.11

NHO 1.28+0.06 30)
HI 1.52+0.08 Y-

H9 1.39+0.09

®NHI= Non-Halal sample after 24 h refrigeration at 4°C, NH9=
refrigerated storage at 4°C, Hl=Halal sample after 24 h refrigeration
refrigerated storage, n=>5

1 s ple after 9 days of
> H9= H s at after 9 days of

Figure 6: SDS-PAGE patterns of broiler breast

gel and 4% acrylamide stacking gel at day 1 and ; ﬁ: NHI1= Non-
Halal sample at day 1; NH9= Non-Halal 9 olecular weight
marker; H1= Halal sample at day 1; H9= |

KDa NH1 NH9
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4.4 DISCUSSION

Iron is an important element of blood production and a large percentage of iron is
found in the red blood cell of the blood called haemoglobin. Dietary 1r0®t n
meat exists in two forms as haem and non-haem iron. Haem iron is d %ﬁom the
haemoglobin which is an important blood component. Haemoglobi omposed of
four polypeptide chains with each chain containing one haef va each haem

consists of an iron atom coordinated inside the porphyrin ri arii et al., 2007). A

strong positive relationship has been reported to ex19ghetw ewual blood,

haemoglobin content and iron content (Addeen et a , Na e’et.‘ép 2014).

Oellingrath et al. (1990) reported that the haemog C t me dependent

on the extent of bleeding of the carcass. “\ & E

A significantly (P<0.05) low Fe content meat gle indicative of effective
ﬁ

blood drainage in the carcass of ncke ' lo contalns iron. High Fe

loo lle t1n the chicken. The result

low'y
% y: &een et al. (2014) where low iron

content recorded for NHM meat st

from this study 1s consistent w1th t

ai slalgﬁered birds compared to un-bled,

content was also rep K&)r

conventional and d 1 ionlm

content values. n nfe @peé\ ly Fe and Cu have been reported to be a
& N

ipid oxidation Fﬁ?anonkaew et al., 2006). In this study, it was

&
d! c{, aughter which recorded higher iron

major promo
observe %/l meat samples has significantly (P<0.05) lower Fe and Cu values

comp

A significant (P<0.05) decrease in the haem iron content was observed as storage time
increased. A similar result was reported by Addeen et al. (2014) and Luciano et al.

(2009) for chicken and lamb meat. Declines in haem iron content with increasing
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storage time were probably due to haem breakdown, causing the release of non-haem
iron (Benjakul & Bauer, 2001). This released non haem-iron can stimulate lipid
oxidation of muscle during extended storage (Tappel, 1995). It has also bee rted
that L* and a* values of breast and thigh meat decreased with storage % ang &
Chen 1993), hence this can explain the drop observed in the haem ﬂ&ontent has
storage time increased. Furthermore, Purchas et al. (2003) reported Me drip losses
from meat during storage contained significant amount of iron Yyarticularly soluble
haem iron. This could also explain the decline in the hacjgasi n@orage time

{ 2
increases in this present study. A low haem iron co@nd Fejcont t'in %&' meat
-\

samples confirm effective blood removal in the caﬁ; broifes chi ke%ﬁéat.

Lipid oxidation is among the most critical quwra lr ecauge t does not only

interacts with protein oxidation (Hall, 1 Mt CSTI t ggloration (Guillen-

Sans & Guman-Chozas, 1998), but al wiarily res isib \r producing many off-
i ' O %

odour and rancid flavour in the t dri ended st e (Vercellotti et al., 1992;

; n
Min et al.,, 2005). Inefﬁc% d injl

vo%.‘b}‘e\,g'ing may cause more blood
N

(haemoglobin) to be retaj m the' bre¥st meag>This retained haemoglobin could

cause increased oxidat®\5i g m?ﬂ,t!r educed shelf life.
N
The 2-thiobarbit reatty }bstézs (TBARS) assay is most commonly used

N
to determine oxidation in n‘re(a which determines malondialdehyde (MDA)

%,
Ne

C

content (%ﬁo et al., 2009). The result obtained from this study shows that
TBA@eS increased with storage time in both HM and NHM (Table 11). At 1, 3
and 9 d post mortem, TBARS values of both HM and NHM were not significantly

different (P>0.05) but values obtained for HM was lower compared to NHM.

However a significant difference (P<0.05) in the TBARS values was observed on day
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5 and 7 of refrigerated storage with HSM having the lower value of TBARS compared

to NHM. The result from this study is similar to findings of Nakyinsige et al. (2014),

Addeen et al. (2014), Chueachuaychoo et al. (2011), and Ziprin (2001) gho also
reported a significant increase (P<0.05) in TBARS value with increase irct e time
in chicken, turkey and rabbit meat. However, TBARS values obtaine% both HM

and NHM did not reach the 5 mg MDA/kg acceptable threshold cogidered safe for

human consumption as reported by Insausti et al. (2001) Yw

Nakyinsige et al. (2014) attributed the extent of lipid oXi¥ggon tq presslgffighter stress
L

- Y.
and early post-mortem pH decline. Richard and 200 $oséryed that
2 iy

effective bleeding significantly reduced ranciditw'ma relfTish %fed at 2°C.

A

samples with lower TBARS value %e that tiv@eeding is essential to
™ N

Protein degradation involves the#nz

n

n

tissues into simpler one S enin(§) meat. The enzymes can either be

N |
L]
endogenous or microi&)rotelses (Rfadhi (EB et al., 2004). SDS-PAGE is a reliable

N
method widely u@ qualﬂ; Ely aréze protein degradation during post-mortem
) N
storage by @natlon of mol r weight (Penny & Ferguson-Pryce, 1979).

Proteinb m this study were found to be dispersed between higher (146.8 KDa)
and TOyger (7.7 KDa) molecular weight (Figure 6). The protein pattern of breast
chicken meat from both HM and NHM during day 1 of storage at 4°C showed similar
patterns with no observable changes. This result is consistent with the findings of

Addeen et al., (2014) who also reported no observable changes in the protein patterns
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of chicken slaughtered by conventional neck cutting, decapitation, Islamic ritual

method and un-bled method during day 0 of refrigerated storage at 4°C. However, at

day 9 of refrigerated storage at 4°C, new bands of 29.1 KDa (HM) and,Z.7 KDa
dbea

(NHM) were produced. Protein degradation during extended storage ti%
consequence of spoilage microflora metabolism or due to endog&xs enzymes
(Signorini et al., 2007; Addeen et al., 2014). The discovery of a bmith molecular
weight of 7.7 KDa on day 9 of refrigerated storage at 4°C in N?hnay be responsible

for the tissue softening observed in the NHM meat. (d
[ ]

Y-
45 CONCLUSION é | _@
4 \T
Results obtained from this study showed %g:thg‘ lauﬁg' affected the

chemical changes in meat during refriger age at 2R extent HM meat
showed better keeping quality with lo nc onf\f\§¥e %tent lipid oxidation
and lesser extent of tissue softenj n co ast, fgh ues of these parameters

during refrigerated storage as rec 1n HM at cate poor keeping quality.
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