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Abstract 

Lipid ox idation in meat and meat products is the major biochemical process that occurs during 

storage and cooking of beef leading to quality deterioration: undesirable odour and fl avour ca lled 

rancid ity. Rancidity may give rise to toxic compounds like malondialdehyde . The objective of 

this work was to determ ine the effect of musc le storage for different duration on quality and 

oxidation of four beef musc les (Quadriceps femaris, Longissimus dorsi, Ii?/i'aspinatus and 

Rhomboideus). Beef muscle samples were vac uum packaged in polyeth ylene bag and stored at 

sub zero (4 °C) temperature for day 0, 7, 14 and 2 1 before analysis were made for different 

parameters of study. Measured responses were determinat ion of th iobarb itu ric ac id reactive 

substance (TBARS), total pigment, heme iron (mg/kg), concentration of metm yog lob in , L 'aobo 

colour va lues, pH value, prox imate composit ion and senso ry evaluat ion. The TBARS mean 

values showed an increasing trend with increased storage time, whi le tota l pigment and heme 

iron decreased. The formation of metmyoglobin increased with increased storage time. The color 

parameters (L *, a', b*) showed a decrease with increasing storage t ime regardless of muscle 

type. The pH values tend to increase with increasing sto rage time. Musc le storage types 

significantly affected mean proximate va lues. Sensory analyses revealed deteriorat ion in fla vour, 

color, aroma, texture and overa ll acceptance. It was concluded that muscle storage time affects 

meat. 
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1. Introduction 

Meat (carcass) can be defi ned as a ll animal ti ssues suitable for consum ption. Commonl y meat 

comes from domesticated farm and aquatic animals. Meat provides high qua lity protein 

(essent ia l amino ac ids), vi tamins and minera ls such as iron and z inc. Meat is not onl y a rich 

source of iron, but it prov ides the most bioavail able fo rm of iron (hem-i ron) and also enhances 

non-heme iron absorpt ion especiall y from cereal and legum e-based meal s. As these nutrients are 

requi red for prope r growth an d ma intenance, they make meat high ly nutri t ious food for 

consum pt ion. Meat is al so composed of water, fat, and other water-so lu ble organi c material. 

Meat fat is important in human nutriti on w ith n-3 polyunsaturated fatty acids (PUFA) and 

conj ugated lino le ic acid (CLAs). Rich nutrient matrix meat is the fi rst-cho ice of ani mal protei n 

for many peop le al l over the worl d (Aj iboye, el at. 20 II ; Dave and Ghaly, 20 I I). 

Beef ca rcass is structured from more than a hundred different muscles which have d ifferent 

propert ies (K lont, el al. 1998). The di fference w ill resul t in vari ous outco mes in process ing 

characterist ics and consumer acceptab ility. For instance the contact between different musc le 

types and locations with oxygen cou ld contribute to meat ox idation and/or disco loration, which 

accoun ts for abo ut half of the co lor changes in meat. It a lso causes un desi rable sensory 

characteri sti cs like o ff-fla vo r and may al so lead to the formation of toxic co mpounds. The aroma 

changes resulting from the fo rm at ion of new volat i Ie odorous compoun ds formed , du ri ng 

pro longed storage time. Fu rthe rmo re, fl avor mod ifi cati ons and color darkness is due to hyd roxyl 

ac ids and condensation reacti on between ox idati on products and proteins, respecti ve ly. A new 

texture might a lso be attribu ted to the oxidative induct ion of prote in c ross lin ks . Finall y, nutri t ive 

value and safety o f the meat w ill be im paired (Kanner and Rosentha l, 1992). 



Well balanced and good nutr ition is getti ng more attent ion as a result of poor diet and sedentary 

life style al l over the world . It has shown that meat is cons idered as a nutri tious food because of 

its varied and dense nutri ent compos ition. In order to best qualify fo r consumption, bes ides its 

nutriti ve val ue, meat needs to have attractive sensory prope rties. In public hea lth point of view, 

meat industries are trying to redu ce the amou nt of fat contained in the meat to make it hea lthier 

for consumption, which a lso address li pid oxidat ion of meat during storage. However, lipid 

ox idation w ill not be minim ized by reducing the fat content of the meat al one; the type of fat and 

processing method will a lso d ictate the extent of quality and safety deteri orat ion resulted due to 

lipid ox idat ion (Cascone, 2006) . Furthermore, spec ies/breed, age, sex, cut o f meat, surface 

drying of th e meat and surface spoilage can cause change in th e color and auto-oxidation of 

meat. 

The co lor and appearance of the meat are the major indicators of quality and freshness, which 

dictates consumer's outlook 0 1' sati sfacti on, hence the purchasi ng decision . Meat co lor is largely 

determined by the content of myog lo bin and its derivative. Pro longed exposure of meat to ail' can 

show co lor and flavour change on the meat surface due to the reaction between myoglobin and 

oxygen, and react ion of free radicals with oxygen (Cascone, 2006). 

In Ethi opia slaughter stocks are presented for slaughter fo r formal 01' informal s laughter. After 

slaughter, carcass is loaded to vehi c le and handed over to butchery for retai ling. Retail di splay o f 

ca rcass under incandescent light in an open butchery room co uld make it susceptible to oxidation 

by li ght, temperature and microo rgani sms. As mentioned by (Rowe, el al. 2004) beef is th e 

vulnerable type of meat fo r lipid ox idation. Amo unt o f endogenous cata lysts such as myoglobin 

and free ioni c iron, reducing compounds, anti ox idants (fo r example, ca rnos ine and re lated 

dipeptides), and cata lase are the basic conditi ons that contro l th e rate of lipid ox idation in meat. 
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Knowledge about carcass musculature is im portant especia ll y in the area of meat marketing and 

resta urant businesses to meet consumer demand at most. In fact, lipid oxidat ion is causing health 

risk on human like the format ion of atherogenetic agents, which considered as havi ng the 

properti es of mutagenic and carc inogenic propert ies (Karwowska and Dolatowski, 2007). 

As a result , thi s study in vestigated the effect of musc le location on ox idat ion of meat during 

storage. Longi ss imus dors i, Infraspinatus, Quad ri ceps femor is and Rhombo idus musc les of beef 

located at d iffe rent quarte rs were used in th e stud y. They were hypothesised to have no 

differences in heme pigment and li pid content, and cou ld have differences in oxidation. 

1.1. Statement of problem 

Despite the fact that beef is nutri tious, it cou ld be prone to spoilage due to handling of the 

ca rcass on she lf consequent to ox idation. Th us, ox idat ion causes nutritional dete rioration of the 

meat as well as fo rm ation of und esirab le senso ry cha racteri st ics and tox ins. On the other hand, 

bee f producers need to add value while consum ers are interested to buy qu al ity meat. Therefore, 

it was im perative to ident iry sources of beef quality deterioration and the extent to whi ch these 

quality compromising factors affect qua lity. Such investigation requires envi s ion o f beef into its 

different location in order to opt im ise reta il cond itions of beef musc les so as to curta il the 

problem o f ox idation and add value . A lso it is reasonable to assume that musc les have 

di fferences in the ir biological makeup beca use of thi s they need to be treated on an indi vidual 

basis when fabri cating and merchandi s ing indi vidua l reta il cuts or porti ons from muscles of the 

chuck and round (B ratcher, 2004). 
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1.2. Significance ofthe s tudy 

The findings from thi s study contribute to the better understanding of different muscle cuts from 

loca l breeds and there-by contribute towards the reduction of beef oxidation. In doing so it helps 

in extend ing th e durat ion of healthy stay of the beef on shelf, th us enables va lue addition. Further 

und erstanding of interactions among retai l processing, inherent characteristics of beef and 

consumer interest could provide platform for further stud y. 

1.3. Objectives 

Therefore, thi s study generally assessed the impact of beef musc le storage on retail processing 

with the fo llowing specific objectives . 

Specific objectives 

I. To study impact of muscle storage on beef quality 

2. To determine cond itions that might ass ist in lipid oxidati on of musc le food 

3. To opt imi ze the causes of meat di sco loration and degradation for consumer acceptabi lity. 
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i. Literature review 

i.i.Different types of muscle locations in beef 

Muscle type is the major factor controlling the rate of discolouration of beef muscle on exposure 

to oxygen, accounting for almost half of the variances in colour stabi lity. According to research 

findings oxidation rate of muscle longissimus was found to be very stable than most of muscles 

in beef (Klont, et at. 1998). 

Beef muscle in a carcase can be divided in to 9 prime cuts (Fig 1.); these are chuck, brisket, 

shank, rib, plate, flank, sirloin, short loin and round (hip). Muscle types are different in their 

toughness as the result of fiber types, connective tissue, etc. (Dinh, 2008). 

A BREAKDOWN OF BEEF PRJ:\I /\I . ell r:-, 
b,· ' Il,c I lcolltll\' HUld,cr 

1m Rit 
Round 

_~nU1k 
Sholl PI t 

n :. I>ER;\ 1l1~ ' a.s 

:\ tEDIl ' :\ I n : NDER 1\ lUSt' I.ES 

I.ESS TENDER :\ Il JS ' LES 

Figure I. Anatomical locations of different beef cuts (Wadhwani, 2008) 

Different cuts of meat have different shelf-life, which is influenced by intrinsic biochemical 

nature of different muscle types (AM SA, 20\2). 
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2.2. General Information on Beef Chuck Muscles 

In beef chuck or shoulder there are about thirty muscles. Infraspinatus, longissimus dorsi and 

rhomboiues are the three chuck muscles that were tested in this study. The anatomical locations 

of muscle infraspinatus and rhomboideus are shown in fig. 2. Whereas portion of muscle 

longissimus dorsi presented in fig. 3. Muscles located on chuck have intennediate toughness 

when compared to the other parts of beef cuts (Wadhwani, 2008). 

I. Infraspinatus- it is a large muscle which almost fills the infraspinatus fossa ventral to 

the scapular spine (Wadhwani, 2008). Infraspinatus is found under the thoracic group and 

located at the scapular cartilage. Its functions include abduction of the ann and rotating it 

out-wards. According to (Jones, el al. 2007) it also acts as a lateral ligament. The general 

movement of cattle involves not extending their front limb to any great extent as a result 

the infraspinatus muscle is not used extensively in locomotion of cattle, hence the front 

limbs mostly move in a forwardlbackward movement (Searls, et al. 2005). 

Figure 2. Beef chuck localintion within the chuck; cross-section at the 
Key 

I = Triceps brachii 3 = Supraspinatus 
2 = Infraspinatus 4 = Subscapularis 

5 = Serratus ventralis 7 = Complexus 
6 = Rhomboideus 
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II. Longissimus dorsi - also known as longissimus thoracis et lumborum by its full name. 

It is along muscle which fonns the large round eye of meat in rib and loin steaks or 

chops. It is also defined as a muscle lying ventrally to the transverse processes of the 

vertebra (Wadhwani, 2008). 

The muscle originates at the last cervical and the first thoracic vertebrae. It lies bilateral to 

the dorsal spinous processes and dorsal to the ribs and transverse spinous processes and it 

inserts onto the ribs. the transverse and mammillary processes of the thoracolwnbar spine 

as well as to the tuber, the crest and Ihe ventral surface of the ilium and the first three 

sacral vertebrae (Scheven, 2010). 

Figure 3. Beef chuck locaIjzation within Ihe cbuck; cross-section at the 5'" no (Wadbwani. 2008) 
Key 

I = Multifidus dorsi 

2 = Spinalis dorsi 
3 = Complexus 

4 = Longissimus dorsi 

5 = Longissimus oostarum 
6 = Serratus ventralis 

7 = Latissimus dorsi 
8 = Trapezius 
I) = Rhomboideus 
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Ill. Rhomboideus- It is ventral to trapezius. The trapezius is located superficially between 

the left and right scapular blades (Wadhwan~ 2008). Rhomboideus arises on the 

ligamentum nuchae from the second cervical thru the eighth thoracic vertebrae. Its 

function includes moving the scapula forward and upward (Jones, el al. 2007). 

2.3. General Information on Beef Round Musdes 

Adductor, biceps fanoris, quadriocps femoris, ga>1IlICiimIius and shank muscles are the major 

muscle types which are pn:senl in the round of beef (Kirchofer, el al. 2002). 

I. Quadriceps femoris - is one of the major muscles in beef round; it funns the main 

muscle bulk on the cnmiBI aspect oftbe thigh, but is am:n:d by the tmsor muscle of the 

fascia lata, the sartorius and the medial fi:moraJ fiIscia. Quad! icers ftmoris is a targe 

muscle which is composed of fOur muscles known IS VlI31Us intejlu""jus, VlI31Us bIk:ralis, 

vastus medialis and m:tvs femoris (Fig. 4) (Budras, el aI. 20 I J). 

Figul'e 4. I:kef' Routld Itlu,clc locali l.alioll within lhc I'<l und, cross scclion (Wadhwani, 2008) 

~ 
1 - s..'1nul1cmbi-di1vSU.> 

2 = SelliitendiJlosus 

J - jj", .. ",. IO;liltliiS 5- ill"'''lh lell.ons 7 - ~ dS< .. ~ Im:.J",i,:> 

4 = Vastus lateraljs 6 = Rectus femoris 8 = Adductor 

(ROlsOOwn) 
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Rectus femoris orig inated just at cranial to the acetabulum of the ilium, which also crosses 

the hip joint. Due to this rectus femoris can flex the hip joint. The other three heads 

(vastus lateral is, vastus intermedius and vastus medialis) originated on the femur without 

crossing the hip joint, so they are only involved in the act to extend the stifle joint (Fig. 5) 

(Budras, et al. 20 II). 

The main role of quadriceps femoris is that, it's the main extensors of the stifle and the 

straight muscle; in addition it also flexes the hip. In general it is involved in almost all 

activities involving the leg, like standing and walking (Jones, et al. 2007). 

Figure 5. Beef Round muscle localization within the round, cross section (continues) with rectus 

femoris shown (Wadhwani, 2008) 

Key 

I = Semimembranosus 

2 = Semitendinosus 

3 = Bicepsfemoris 5 = Vastus intermedius 

4 = Vastus lateralis 6 = Rectus femoris 

7 = Vastus med ialis 

8 = Adductor 
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2.4 . Conversion of MuscIe to Meat 

When an animal dies, a comp lex process of metabo li c, physical and structura l alterations occur 

to musc les; that result in the conversation of musc le to meat. Thi s conversion doesn'l happen 

suddenl y, this de lay can take from several hours to days to term inate all li ving thing funct ions 

and become meat. The first change is the exhaust ion of availab le energy. When the muscle tissue 

tries to keep homeostasis (ma inta ining syste ms of the body for li fe to maintain a balanced 

in ternal environment) it w ill attempt to stay on prod ucing energy the fo rm of ATP. First muscle 

will use creatine phosphate used up for the rephosphorylation of ADP to AT P. When the 

creat ine stores are ru n-out, the cata bo lism of g lycoge n prov ides energy th rough the glycolyti c 

metabo li c pathway (Rathgeber, 1999; Anderson , 20 II ). 

When aero bic metaboli sm through TCA cyc le and e lectron transport chain sta rts to decline, then 

c ircumstances stall to favour the producti on of lact ic acid . When blood circul ation stops, it 

makes sure that there a re no means of oxygen and energy delivered to th e musc les, this brings 

the change from aerobic metabo lism (TCA cyc le and e lectron transport chain) to an aerobic 

metabo li sm (lactic ac id fermentati on) (Anderson, 20 11 ). In general in the process invo lved in the 

convers ion of muscle to meat, muscles use glycogen to produce ATP and lactic acid is produced 

(Ra in es, 2008). 

In the process of anaero bic metabo li sm, pyruvate is produced by g lyco lys is and changed to lactic 

ac id. In the condition of li vi ng musc le ti ssue, lactic acid plays ro le in s lowing of acidosis, muscle 

fatigue and ofa substrate for metabo li sm by the mitochondri a. But in postmortem musc le tissue, 

mitochondria become functional for a limited period of tim e because o f its vulnerab ility to 

degradation by caspases. Wi th the absence of blood circulation, the role of mitochond ria and 

removal of lact ic ac id presented by the dec line o f pH to approximate ly 5.4-5.8 occurs in the 

musc le t issue. Th is change a lso goes w ith the ri se in ioni c strength and th e fai lu re to keep 
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reducing conditions with in the muscle. These changes end up producing many effects on the 

proteins of the musc le tissue . Some of the changes include a dec line in pH, shortening of the 

sarcomere, and a release of Ca2
+ from the sarcoplasmic reticulum, cause a toughening and 

subseq uent tenderizat ion of postmortem musc le ti ssue musc le (Rathgeber, 1999; Anderson , 

20 11). 

2.5. Rigor mortis 

Immediate ly after death, the muscle is so ft, lim p, and dry and can be reversibl y extended by 

using low load (5- 15kPa) . Cadaveric ri gidity (rigor mortis) occurs after a few hours. The onset of 

rigor depends on the species type and on the types of muscle. For instance the speed of rigor 

deve lopment in beef is 10-24 hours, in pork 4 - 18 hour and in chicken 2 - 4 hours. Cessat ion of 

blood c irculati on ends the O2 supp ly to musc le. The continual of metaboli sm in anaerob ic 

environment causes the beg inn ing of biochemica l and structura l changes in the muscle t issue. 

These changes cause rigor mortis (ri g idity of musc les) (D ransfield and Sosnicki 1999; Dave and 

Gha ly, 20 II). 

Rigor morti s depends o n ATP deficiency and al so on the internal and external conditi ons. For 

instance at the time of slaughte r, if the anima l used up the energy reserve (ATP and glycogen) 

ri gor happens fa ster, than anima l wh ich was resting at the time of slaughter (Behrends 2004; 

Pethick, el af. 2005) . Pre and post s laughter practices bring an effect on quality of meat whi ch 

affects th e retai l experience . 

2.6. Retail management and color of beef 

The purchas ing deci sions of customers can be different when they come to buy meat, one of the 

major reaso n can be quality percepti on. Quality can be perceived mainl y by co lor. For customers 

th e bright red co lor of meat serves as a s ign fo r fre shness, wholesomeness, and good eat ing 

qua lity (Min and Aim, 2005; Steele, el af. 20 12). 
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The majo r sensory qua li ty characteristics appearance/co lor, texture and flavor are the main 

quality attr ibutes that affect consumer acceptance of meat and lipid peroxidat ion is the primary 

cause of these quality deterio rat ions in meat and meat prod ucts. The shelf life and qua lity of 

meat products a re strong ly in fl uenced by the init ial meat q uality, addi tives, packaging 

parameters, and storage conditions. If these cond it ions are not practiced properl y they end up 

hav ing a negative im pact on the qua li ty of meat (M in and Ahn , 2005). 

The process of li pid peroxidation starts immediatel y after s laughtering, and during certainl y post­

slaughterin g events. The conversion of muscle to meat has biochemica l changes li ke post 

mortem aging cause the destruction of the ba lance between proox idant and ant iox idant factors. 

The rate and extent of lipid peroxidat ion in musc le ti ssues appea rs to be dependent o n degree of 

muscle t issue damages during pre-s laughtering events such as stress and physica l damage and 

post-sla ughtering events such as ea rl y post mortem, pH, carcass temperature, shorten ing, and 

tenderiz ing techniques such as e lectrica l stim ulation. Moreover, different processing facto rs 

manipulate the amount of lip id peroxidat ion in meat; composition of raw meat, aging time, 

cooking or heating, s ize red ucti on processes such as grind ing, fl aki ng, and em ulsification , 

deboni ng, espec ia ll y mechanica l deboning, addi t ives such as salt, nitrite, sp ices, and 

anti oxidants, temperatu re abuse d uring hand ling and d istributi on, oxygen avai lab ili ty, and 

pro longed storage (M in and Aim, 2005) . 

2.7. Causes of meat spoilage 

Pre-s laughter and post-s laughter han d li ng of an imal and meat p lays an important role in meat 

qua lity. The amount of stress to the animal pre-slaughter decreases the leve l of glycogen thi s will 

change the pH of meat ei ther to higher or lower leve ls depending on the produ cti o n of lact ic ac id. 

The break ing down of glycogen in the animal body leads to the prod uction of lacti c acid throu gh 
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anaerobic glycolytic pathway. pH levels between 6.4-6.8 brought Dark, Firm and Dry (DFD) 

meat. A long term stress causes DFD and a shOlt term stress results in a Pale, Soft and Ex udative 

(PSE). PS E meat has a pH of 6.2 whi ch is lower than normal thi s result in breakdown of protein 

which provides an optimum cond ition for the growth of bacteria, the texture and color of the 

DFD, PS E and normal meat (Dave and Ghaly, 20 II). 

G lycogen 

1 G lycogenolys i s (1 ATP) 

Glucose 

1 Glyco lys is (2 A TP) 

G -3-P 

1-... 2 ATP 

""" e-/ H -r 

Pyn.lvicacid 

1 Fernlentation 

Lactic acid 

Figure 6. Anaerobic glycolytic pathway (Dave and Ghaly, 20 II) 

The foul' main mechan isms of meat and meat spoilage after slaughter and during process ing and 

storage are 

• Microbial spoilage 

• Protein oxidation 

• Lipid oxidation and 

• Autolytic enzymatic spo il age (Dave and Ghaly, 20 11 ) 

2.8. pH and color change of meat 

The level of pH in meat is very important 111 process 111g, because it can have inf1uence on 

appearance/color, texture/tenderness and f1avour (Ke, el al. 2009; Istrati , el al. 20 I I). Many 

factors which occur ante and postmortem happened as a result of change in the meat pH (Ra ines, 

2008). 
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pH va lue aro und 7.0 (6 .6-7.5) favors the optimum pH va lu e fo r growth o f microorganisms. Few 

microorgani sms' grow below pH 4.0. Meat and sea food have final ultimate pH above 5.6 and 

above, which make these prod ucts susceptible fo r bacterial , mold and yeast spo ilage (Anderson, 

20 11 ). 

pH of musc le depends on ani mal diet and stress, which affects the g lycogen content present at 

s laughter time. If the g lycogen amount ex hausted before s laughter, decrease in pH w ill s low 

down and highe r than norm al ultimate pH w ill arise, g lycogen is a spec ific kind of carbohydrate 

whic h serves as so urce of energy fo r li vi ng anima l. T hi s has direct re lation w ith the amount of 

final pH atta in ed upon completi on o f rigor morti s (Mago ro, 2007). The fina l pH of beef which is 

gotten after completion of ri gor mortis wi ll be around 4.8-7.2 depend ing o n the glyco lytic 

potenti al at the time of slaughter though the normal range of pH is from 5.4 to 6.0 (Quasem, e/ 

01. 2009). 

The pH and co lor of meat are well related. Dark Finn Dry (OFO) and Pale Soft Exudative (PSE) 

meats are two conditions of meat re lated with the amount of pH in thc animal muscle (Magoro, 

2007). 

2.8.1. Da,·k Firm Dry (DFD) 

OFO occ urs when the anima l is exposed to chron ic or long term stress befo re slaughter, like 

transportation of animal fo r a long di stance, long ho urs of fa sting and overcrowding of the 

animal s fo r a long t ime. OFO beef is the result of long term stress before s laughter which leads 

to reduction of sto red g lycogen, hence less glycoge n is ava ilable post-m ortem di sturbing the 

normal process of ac idification and causing th e pH of meat high . OFO is defined as meat whi ch 

has ultimate pH of 2: 6 after 12- 48 ho urs of postm ortem (Adzitey and N urul , 20 11). 
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In OFO where meat have hi gher amount of pH val ue prote ins w ill be ab le to bi nd more strong ly 

with wate r then allowing less free water. When there is a combination of water with prote in, the 

musc le fibers w ill get swollen th is will leave less space between musc le fibers. As a resu lt meat 

that has higher amount of pH value is dry and will ha ve darker appearance hence there is less 

free water to reflect light. In addition to thi s at higher muscle pH, enzymes that use oxygen are 

more active, whi ch causes less oxygenation of the surface myoglobin and a darker co lor (Page, 

e/ al. 200 I ; Patten, et al. 2008). 

OFO is one of the reasons for consumer reject ion because customers relate OFO meat with o ld 

anima l, spo il age, undesi rabl e flavor, toughness and poo r shelf life (Miller, 2007). 

2.8.2. Pale Soft Exudative (PSE) 

The oppos ite of OFO meat is PSE meat. This condition happens to animals which were exposed 

to ac ute stress before undergoi ng s laughter. Some cond it ions whi ch cause short term stress to 

an imals include use of e lectri c goads, fighting among animal just befo re stick ing, beating of 

animal s prior to slaughter and overcrowd ing in the animal s. PSE is defined as meat wh ich has 

pH < 6 after 45 minutes of postmortem. In PSE the pH of the meat falls very rapid ly whi le the 

carcass is still warm. The combination of high temperatu re with lower pH resu lts in denaturation 

o f so me muscle prote ins which cause a decrease in water holding capacity. PSE meat is 

characte ri zed by its pale color, soft mushy texture and a very wet surface. It has a low water 

b in ding propert ies and loses weight (water) rapidly during cooking (M ill er, 2007; Adz itey and 

Nurul, 20 II ). 
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Figu re 7. Post-mortem pH dec li ne patter and associated with meat (Raines, 2008) 

2.9. Meat sur face color 

Connect ive ti ssue, structure and intram uscul ar fat gave meat its optically non- homogeneous 

surface. Intram uscul ar fat got co lo r which is different from the lean part of meat. In general, the 

color of the lean part in meat considered as the ' co lor of the meat' . Only whe n the matrix has a 

homogenous surface then the measured area can be cons idered as the co lor of the entire surface 

but thi s is not a lways the case w ith meat (Wu lf and Wise, 1999). 

Co lor of meat is one of the most important organo leptic characteristi cs. The customers' decision 

to purchase meat mostly depends on the color o f meat because they tend to re late th e co lor of 

meat wi th fl avor, tenderness, safety, storage time, nutri tio nal value and satis faction level. Co lor 

is subjecLive psycho-physica l property which ex ists in between the observer's eyes and bra in, 

meaning it is not a characteri sti c proper to th e object under observati on, it is important to find out 

parameters in order to measure, c lass ify and reprod uce it. There are many ways of objecti ve 

measurments of co lor of food, some of them are done o n the extract ion of pigment 

concentreation. But thi s extraction methods are t ime cons uming and ted ious. To overcome thi s 

problem various methods have been in vented. Fo r inistance, there are methods whi ch measure 
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the light reflected from the food surface. It has been fo und that these scatte ring va lues are related 

to sensory scores (No llet and Toldra, 20 I 0). 

2.10. Different muscle locations and their color differences 

Different musc le locations have different oxygen demand based on the ir function s. The various 

colors between different muscle types occur because of variation in oxygen consumption rate 

and myoglobi n autox idation rate in each muscle type (Klont, et al. 1998). Hence the 

concentration of myoglobin differs from one musc le type to the other. In addition to th is when 

an imal gets o lder the myog lobin concentration a lso tend to increase . More intense color 

concentration is found in areas where there is high concentration of myog lobin. Myog lobin 

concentrati on a lso d iffers in between species for example beef has more myog lob in than pork or 

lamb, whi ch resu lts in more intense color (Bo les and Pegg,200S). 

2.11. Myoglobin 

Myoglobin is a g lobular heme protein found in the muscle of meat-produc ing animals. It is made 

up of a s ingle polypeptide chain , g lob in , consisting of 153 am ino acids and a prosthetic heme 

group, an iron (II) proto porphyrin-I X complex. The heme gro up g ives myog lobin and its 

deri vat ives their distinctive co lor. It has bee n known to be a major contributor to the co lor of 

musc le, depending upo n its redox state and concentrat ion. Myoglobin concentration is affected 

by both genetics and environment. The heme is attached to the protein by a hi stid ine amino acid 

and the Slh bond from iron. The 61h bond is relati vely free to bind oxygen, nitri c ox ide, carbon 

monoxide or other compounds that affect co lor. A second hi stidine on the prote in chain on the 

other s ide of the heme is important to stability of fresh meat color. The color of thi s pigment can 

be changed by the bound atoms or compounds to it (AMSA, 2012). 

Mb (m yoglobin) is a monomenc heme protein with a heme prosthetic g roup and a g lobin 

(prote in ) moiety. The g lobin chain consists of e ight he lical segments forming a co iled structure 
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enwrapping the heme, and the abil ity of Mb to bind oxygen is due to the presence of heme 

located within the heme crev ice. The globin chain confers water so lubility to the heme group and 

protects the heme iron from externa l environments/ox idation so that the prote in can maintain its 

functi ona lity. The resonant nature of the conjugated double bonds in the heme group is 

res ponsib le for the ability of Mb to absorb visible li ght and thus serve its functi on as a pigment 

(Baron and Andersen, 2002). 

The heme group contains an iron ato m that ca n exist in a reduced (ferrous/Fe2+) or ox idized 

(ferric/Fe)+) form. T he iron can accept six e lectrons in its outer orb it and can thus form s ix 

coord inate bonds. Four of the bonds are with pyrro le groups of the heme porphyrin ring and one 

is with prox ima l hi stid ine (pos iti on 93 in the g lob in chain), wh ich connects heme to the g lobin 

cha in . Additionall y, another hi stid ine res idue (d ista l hi st id ine at pos ition 64 in the g lob in chain ) 

is in the vici nity of the heme but not bonded with the heme. The s ixth pos ition of heme iron is 

availabl e for binding with oxygen or other small ligands, such as carbon .monoxide (CO) or nitric 

ox ide (NO). The spacia l arrangement of dista l hi stidine and heme limits the s ize of the ligands 

occupy ing the s ixth coordinate in nati ve Mb and protects the heme by preventing its interactions 

with large biomo lecules (S um an and Joseph , 2013). 
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Figure 8. Chemica l structu re of myoglobi n (Chaijan , 2008) 

The functi on of myog lobin in li ve musc le and meat is d ifferent in a li v ing anim al it funct ions as 

the oxygen b in der and deli vers oxygen to the mitochondria, enabling the tissue to ma inta in its 

physiological functions. In meat the main purpose of myog lob in is to serve as the major pigment 

responsible fo r the red co lor. A lthough bleeding of food animals at harvest removes the majority 

of blood, some residua l blood is trapped inside the arteries and vei ns within the large ske leta l 

musc les, result ing in the presence of hemoglobin in meat. Hemoglob in and cytochrome p igments 

a lso contribute for the color of meat but in a of meat co lor but onl y in sma ller amount (Chaijan, 

2008; Suman and Joseph, 20 13). 

2. 11.1. Myoglobin oxidation 

The greater amo un t of myog lobin in the muscle the intense the co lor of meat. There a re three 

states of myog lob in: oxymyoglobin (OxyMb), metmyoglobi n (MetMb) and deoxymyog lobi n 

(DeoxMb). When we cut in to muscle we expose the myoglobin to oxygen. The react ion of the 

meat with oxygen takes about an hour and the meat becomes bright red or known as "bloom 

co lour" . Then th e myog lobi n becomes oxymyog lobin . the co lor whi ch is associated with fres h 
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meat. When a meat stored under refrigerator for several days the oxymyoglobin becomes 

metmyoglobin. Metmyoglobin is the brownish color of discolored meats, it comes from the 

oxidation of the iron portion of myoglobin and it's unattractive to customers. Appearance of 

metamyoglobin in meat which is on retail can be because of prolonged exposure to ultraviolet 

light from florecent light, fluctuation of temperature in retail and microbial growth. 

Oeoxymyoglobin is the myoglobin which is bound to water (or with oxygen removed), is a 

purplish in color, and is commonly seen in vacuum-packaged meat. Oeoxymyoglobin can be 

change in to oxymyoglobin in the presence of oxygen (Carpenter, el af. 200 I). 

-
- Carbox'Imvoebbln 

COMb Fe H 

Very 'ow > __ 
Oa .PR . 

I t=O~ __ 
Rx I (oxyseuanou): QM]j +O, _ QMll 

Rx 2s (oxilhtiou): QMS + [oxygl!l\cousumptiou or lo~' 0 : partUl pre:SSll.1"t!] . t!- __ Mtt.1R 

R x 2b (oxidatiou): ~-hydrOX)'liou -Hydrog~iou cotllpl~] +0: - MM2+ 0 :­

Rx '3 (Reduction): ~+ Oxy!eucousumptiou ..,..~~ rNuciug acti\.~. _ ~ 

Rx 4 ~:~+carbouw.Ol1oxide _~ 

Figure 9. Visible myoglobin redox interconversions on the surface of meat (Mancini and Hunt, 

2005) 

Oxidation of central iron atom within the heme group is the reason for the discoloration, which 

causes change from red OxyMb to brownish MetMb. When ferrous heme iron oxidizes to its 
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fe rri c form , oxygen is released and replaced by a water mo lecule (Behrends. 2004) . The amount 

of di sco lo ration in meat is dependent on the muscle types. Muscles that contain greater relative 

proport ions of red fibers , thus more lipid and greater oxygen consumption rates, appear to 

d isco lor more quickly (Chaijan , 2008). 

Temperatu re, pH, MetMb reduc ing activity, partial oxygen press ure and lipid oxidation are 

facto rs which affect OxyMb oxidation. Higher temperature, lower pH values and the presence of 

non-heme iron support the oxidat ion of OxyMb. MetMb reducing activ ity can be enzymicall y or 

non-enzymically based and favo rs maintenance of ferrous forms of myoglobin in meat. Part ial 

oxygen pressu res (p02) in which a complete vacuum ex ists or in which oxygen saturation is 

attai ned favor ferrous myoglobin form s. Low non-zer p02 favors MetMb formation. Studies 

show that lipid ox idation and OxyMb have correlat ion w ith each other (Faustm an, et al. 20 I 0). 

2.11.2. Myoglobin-initiated lipid oxidation 

Lipid ox idation in meat is assumed to be non enzymatic and that myog lobin and heme 

compounds are the major prooxidant in muscle food. It has been shown that H20 2 acting as an 

oxid izing agent caused changes in the oxidation state of the iro n in myoglobin , and induced the 

fo rmation of red-brown co lor. The interaction of H20 2 with metmyoglob in led very rapidly to 

generati on of an active spec ies, wh ich could init iate lipid peroxidation (Cha ijan, 2008). 

All of the above changes result in formation of free radica ls and oxidation of the iron part in the 

myoglob in . Various musc le types build up metamyoglobin at different rate as a result d iffe rent 

muscle cuts exhibit uneven d isco lorations (AM SA, 20 12) . 
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Figure I O. Myog lobin-Induced Lipid Oxidation (Ba ron and Andersen, 2002) 

Through different stages of meat production like process lllg, dist ribution and storage meat 

undergoes chemical and microbiological deteriorations. The most important contributors of 

pigment ox idat ion are temperature, relative humidity, oxygen partial pressu re, light, and lipid 

oxidation. Th is reaction goes together w ith rancidity caused by fat genera ll y (AM SA, 20 12). 

2.15. Lab model 

Computer imag ing (d igital imaging) an laysi s detects color change on beef surface . In thi s 

resea rch it is a lso observed that the the instrumental co lor measurments taken from digital 

images (01) of meat sample are re lated with sensory-pana li st scores. Accelerated development of 

hard ware and soft wa re for 01 in process ing and reduction of equ ipmen t costs in these past few 

years made thi s technology access ible and cost-effective (Larrafn, 2007). 

Measuring the co lor of meat using CYS (computer vi sion system) have some advantages over 

the measurement of co lo rim eter. The CYS system can ana lyze the entire surface of the meat and 

their characte ristics and defects. It a lso assesses the color with a non-destruct ive and objective 

method. But when using a co lorimeter it usua ll y analyzes "spot' (w ith a surface about 2-5 cm2
) 
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colorimeter cannot be ab le to measure a non- homogenous meat surface. with In a single 

measurement (Wulf and Wise, 1999). 

Nowa days color of food is measured by CIE L *a*b* va lues, hue ang le and chrome. The 

L *a*b*, or C IE La b, color space is an international standard for co lor meas urement, adapted by 

the commiss ion international d 'Eclairage (CIE) in 1976. L * is the li ghtness component ranging 

from O-black to 100-wh ite, a* positive va lues indicate redness, and negati ve values indicate 

greenness, b* positive va lues indicate yell owness negati ve values indicate blueness. The L *a*b* 

color is device independent, providing consi stent co lor regardless of the input or output dev ice 

such as d ig ital camera, scanner, monitor and printer. The L*a*b* values are mostly used for food 

research studies (Wulf and Wi se, 1999). 

The Lab color is the color system whi ch is closely resembles the human vision unlike the RGB 

(Red, Green and Blue) and CMYK (Cya n, Magenta , Ye llow and Black) color models . The L 

component resembles the human perception of lightness. Due to this it can be used to make 

accu rate color ba lance re lations by adjusti ng output curves in the a and b components, or to 

adjust th e lightness contrast using the L component (No ll et and Toldra, 2010). In (Larrain , 2007) 

it is hypothesised that L*,a* ,b* val ues can be used for indetection of co lor change in beef and 

other musc le foods. 

2.16. Optical properties of meat 

There are many techniques which are used to measure the tenderness of muscle; one of the 

promis ing methods is optical measurement. Optical method has many advantages like be ing non 

destruct ive, fa st, inexpensive and considered suitable for on line measurement (Yao, e/ af. 2006). 

The co lor of meat can be evaluated by two methods the first is by chemica ll y, by analyzing the 

pigments present and phys icall y by measuring th e interaction o f light. When look ing at light-
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musc le interacti on, li ght gets abso rbed and scattered in the muscle. The refl ection of li ght is 

dependent on both absorbing and scattering properties. The chemical com pos it ion of the tissue 

determin es the absorbing properties and the scattering propert ies are determined by the structural 

composition of the meat (Yao, et al. 2006; Price, 2008). 

Co lor essentiall y needs source of li ght that illuminates an object. Which as a result , adjusts the 

light and reflects (transmits) in to an observer. Then the observer senses the re fl ected light, and 

the combined elements prov ide the stimulus that the brain converts into our perception of co lor. 

Co lor has three quantitat ive ly definabl e dimensions these are hue, chrome and li ghtness (No llet 

and To ldra, 20 !O). 

Light get absorbed in the musc les by p igments such as myog lob in and its derivatives and the 

scatter ing of li ght in to different d irections occ urs due to the strike o f li ght in to muscles 

microstructural components like connective ti ssue and the sarcomere, whi ch are the fundamental 

structural and co ntractile units in ske letal musc les. Measurement of reflectance at the sample 

surface is as the resul t of both scatteri ng and absorption processes invo lved in light-musc le 

interactions. The measured diffu se refl ectance revea ls those photons which surv ived absorption 

and have been scattered d iffuse ly in the meat and have eventually escaped from the meat surface 

(X ia, el al. 2008). 
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Figure I I. Schematic representation of interacti on o f I ight with matter, 8, = angel of inc idence, 

8R = ange l of reflectance, 8·,= ange l of transmittance, n" n2 = refractive index of medium I and 

2, respective ly (Jha, 20 10) 

Major meat microstru ctures include microstructurcs like the co ll agen s tructu res, sarcomere 

length and myofibri ll ar structures (connecti ve t iss ue and myofi brill ar prote ins). These structures 

are a lso close ly re lated to beef tenderness but the chemica l composit ions such as water, 

myog lob in and its deri vati ves doesn' t have too much connection w ith beef tenderness. Light 

scattering prope,t y of meat is a lso dependent on these primary components (microstructures) of 

meat. Hence, light scattering property of meat can a lso help in determination of meat tenderness 

and changes on the scattering profi les can ind icate the change on tenderness property of the 

meat. optica l scatteri ng and absorption pro perties completely describe the li ght propagati on 

processes in ti ssue (X ia, et al. 2007; EIMasry and Sun , 20 I 0). 
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2.13. Iron distribution in tissue 

Iron in li ving things is fi nd in to in fi ve di stinct poo ls, whi ch include transport, storage, oxygen 

ca rryi ng, functiona l, and low molecular we ight irons, represented by transferrin, ferritin , 

hemoglobin/myoglob in, iron-dependent enzymes, and small transit pool of iron chelates, 

respective ly. Haemoglobin consist two-third of iron in the body, with sma ll er amounts of 

myoglobin , various iron-containing enzymes, and transferrin. Iron whi ch is not used for these are 

stored in in tracellular storage protein, ferritin and hemosiderin . The concentration of free ionic 

iron is extremely sma ll. An imal species, muscle type, and anatomical location of muscle 

determi ne the amount of myoglobin and haemoglobin in muscle tissue. Both myoglobin and 

hemoglobin-bound iron accounted for 73.3 , 47.0, and 28 .5% of total iron concentration in beef, 

pork , and chicken thigh meat, respectively. Myoglob in (70%) is the predominant iron compound 

in beef. Myoglobin acco unts for most of heme iron in beef and pork (Chaijan, 2008 ; Min , et af. 

2008). 

Resea rches have shown that heati ng or add ition of 1-120 2 caused the release of heme iron due to 

oxidat ive cleavage of porphyrin ring of heme. Transferrin and ferritin are major iron transport 

and sto rage proteins, which are capable of bind ing two and - 2500 Fe ( III ) ion at a time, 

respect ivel y. The amount of ferritin-bound iron in beef, pork and chicken thigh muscles are 

1.2%, 4.6%, and 11.1 % respectivel y. Ferri tin palys a ro le in oxidative deterioration by rel eas ing 

Fe (II) in the presence of reducing compound such as 0 2- and ascorbate, heat ing, or refri gerated 

storage (Chaijan, 2008). 

2.14. Iron in lipid peroxidation 

Iron is the most abundant transitional metal in biolog ica l systems and almost all iron occur bund 

to protein. Free iron amount is less mainly because of two reasons: I) Fe]- is not water so luble, 

and 2) Fe2
. participates in the generation of free rad icals. Iron has the possibi lity of various 
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oxidat ion states that is from -II to +VI but Fe (II ) and Fe (III) are the forms which are found 

mainly in biological system. Different li gand environments allow the potential of iron for various 

ox idation state, reduction potential, and electron sp in configuration which helps it to serve in 

mu ltifunctional roles as a protein cofactor. Meta l-b inding proteins in bio logical system are 

usua ll y class ifi ed by the funct ional role of metal ion: structural , meta l-ion storage and transport, 

electron transport, dioxygen bind ing, and catalyt ic prote in. However, these different purposes 

allow it to cata lyze the detrimenta l ox idation of biol11olec ul es such as DNA, protein, li pid , etc. 

(M in and Aim, 2005). Dietary protein deficiency, dietary iron loading, low concentrations of 

iron-b inding proteins, or ce ll injury results in an increase in extracellular or intracellu lar iron 

concentrations causes production of ROS, li pid ox idat ion and oxidati ve stress (Fang, el af. 2002). 

The structure and chemistry of the iron atom have an impact on the reactions and color changes 

that myoglob in undergoes. The ox idati on of ferrous-oxymyoglobin (Fe'+) to ferr ic­

metm yoglobin (Fe3+) is responsible for discoloration of meat during storage. Ferrous iron (Fe'+) 

can react with molecular oxygen to produce superoxide anion (0,°-) with concom itant oxidation 

to ferric iron (Fe3+). Hydrogen peroxide (H,O,), which may be produced by di sl11utation of 0 ,°-, 

can react with Fe'+ to produce hydroxyl radical (OHO). This reaction termed the Fenton reaction 

is the principal mechani sm for myoglob in oxidation. 

Fe2+ +02-7 Fe3+ +0 ,°-

202°- + 2H+ -7 H, O, + 0 , 

Fe'+ + H, O, -7 Fe3+ + OH- + OH o 

Figure 12. React ive oxygen spieces generated by Fenton reaction (Chaijan, 2008) 

2.17. Lipid oxidation in meat 

Lipid oxidation in musc le foods is in itiated by stressors arising from both internal and external 

sources. Factors such as pre-slaughter stress, phys ica l damage, post-slaughter carcass 
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temperature, pH value, extent of thermal processing, grinding, deboning. storage and the use of 

additives such as salt, nitrite and antioxidants can all affect the rate and extent of lipid ox idation 

in muscle food s (Cascone, 2006; Ke, ef at. 2009). 

The ox idative deterioration of lipids containing a num ber of carbon-carbon doub le bonds can be 

defined as lipid peroxidation (LP). The most important stressors are the reactive oxygen species 

(ROS) in c luding hydroxy l radical s, peroxyl radicals, superox ide anions, hyd rogen peroxide, and 

nitri c ox id e. ROS can form a reaction with prote in and lipids (Rowe, et al. 2004) . 

Frozen meat tends to stay oxidatively stab le however processes like mincing, cooking and 

vario us processes before the ch ill ing stage destroys the cell membranes in the muscle which 

ass ist in the reacti on of unsaturated fatty acids with prooxidants I ike non- heme iron thus 

speeding up the rancid ity and quali ty deterioration progress of meat by lip id ox idation. Lipid 

peroxidation , the oxidative deterioration of th e polyunsaturated lipids of food brings about the 

development of hydroperoxides to shOit-chain aldehydes, ketones, and other oxygenated 

compounds, which accounts responsible for the format ion of rancidity in food. Oxidation 

reaction affects the co lor, the flavou r, the smell and dec lines the nutritional quality and safety of 

the meat. Ma londialdehyde (MDA), a major degradation product of lip id hyd roperox ides. This 

compound is of particu lar concern s ince it has been shown to be mutageni c. Carcin ogenic and 

implicated in other pathological processes such as the formation of fluorescent pigments typical 

of cellular ag ing (Boe, 20 12). 

Oxidati ve deteriorat ion is a major quality loss in muscle foods. The disadvantage of ox id ative 

effect inc ludes o ff-flavor development, di sco lorat ion , nutrient loss, and hea lth ri sks including 

economic loss (K lont, ef al. 1998). 
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2.1S. Mechanism of lipid oxidation in meat 

A utox idat ion of lipid and format ion of free radi ca l are natu ral phenomena that cause ox idati ve 

dete rioration and off-flavour production in meat. Autoxidation is the main chemical process of 

lipid oxidation in muscle food , the reaction of unsaturated lipids with oxygen to form 

hydroperoxides involving three free radical mechani sms which are initiation , propagation and 

termination (Dave and Ghaly, 20 I I). 

A. Initiation 

The initiation state will begin with catalysts like heat, metal ion and irradiation acts as catalysts 

to form free radical s . The reaction of free radical s with oxygen form peroxyl radica ls as follows 

Heat/ light 
RH _________ ... RO + HO 

Metal 

ROOH---------... RO° + DOH 

°01-1 
RI-I + { _______ .... RO + {H20 

nOR {ROH 

Figure 13. Ini tiat ion reacti on of li pid oxidation (Mohamed, e/ al. 2008) 

B. Propagation 

During thi s stage the peroxyl radicals react with other molecules and form more new free 

radical s, and these new free radicals will a lso produce other free rad ica ls thi s is call ed a chain 

reaction. 

RO+O, -------_. RO,o 

RI-I + R02°-------_. ROOI-I + RO 

Figure 14. Propagation in lipid ox idation reaction (Mohamed, el af. 2008) 
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C. Termination 

Term inations o f free radica ls occur when free radi cals react with e lements but stops forming free 

radical. 

--------.. R-R 

RO,o+ RO,o --------.. ROOH + RO 

-------. RO, R 

Figure 15. Termination in lipid oxidation reaction (Mo hamed , el al. 2008) 

Oxidat ion of lipids and production of free rad ica ls occurs naturall y and it affects fatty acids and 

causes ox idat ive deterio rat ion and development of o ff-flavours in meat. After post-slaughter, 

when blood c irculation and metabolic processes stop ox idation stalts to happen . Antiox idants can 

inhibit oxidation by remov ing free radicals (Mohamed, et al. 2008; Dave and Ghaly, 20 II ). 
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Figure 16. Genera l ized scheme for autox idation of unsaturated lipid fatty acids and its 

consequences (Sickler, 2000) 

2.18.1. Free radicals 

Free radi cal s can be defined as molecu les with un pai red electron on the outer most shell. They 

are genera ll y unstable and very reactive. Once form ed these highly reacti ve rad ica ls can start a 

chain reaction. Examples of oxygen free radi cals are superoxide, hydroxy l, peroxy l (R02'), 

a lkoxy l (RO '), and hydroperoxyl (H0 2,) rad ica ls. N itric oxide and ni trogen d iox ide CN02) are 

two nitrogen free radica ls. Oxygen and ni troge n free rad icals can be converted to other non-

radica l reactive species, such as hydrogen peroxide, hypochlorous ac id (HOC I), hypobromous 

ac id (HOB r), and peroxynitrite (ONOO') . ROS, reactive nitrogen species (RNS), and reactive 
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chlorine species a re produced in animals and humans under physiolog ic and patho logic 

conditions. Th us, ROS and RNS in c lude radi ca l and non-radica l species (Fang, ef al. 2002). 

Tab le I. Impo rtant react ive oxygen spec ies and lipid aldehydes and thei r common abbrev iations 

Reactive Oxygen Species and Aldeh ydes 

Radi ca ls 

Hydroxy l (HO') 

Superox ide (02") 

Lipid peroxy l (ROO') 

Alkoxy l (RO') 

Peroxyl (ROO') 

Source (Boe, 2012) 

2.18.2. Antioxidants 

Non-rad ica ls 

hydrogen peroxide (1-1 20 2) 

s ing let oxygen (02) 

lipid hydroperoxide (ROO H) 

4-Hydroxy-2-hexenal (HHE) 

4-Hydroxy-2-nonenal (HNE) 

Antioxidants are substances that de lay onset of, or slow down rate of oxidat ion. They wo rk either 

by inhibiting the formatio n o f free radicals in the initi ation step or interrupting propagation of the 

free radical chain . Food antiox idants can be appli ed in fresh and further processed meat to 

prevent rancidity and im prove co lor stabi lity (Ismail, ef 01. 2009). 

Antiox idant add itives are class ifi ed as primary (long term ) or secondary (processing) 

antiox idants, Primary antioxidants can be natural (rosemary extract, tocopherols, smoke, etc) or 

synthetic [BHA (butylated hydroxy l ani so le), BHT (buty lated hyd roxyl toluene), TBHQ (tert-

buty l hydroquinone) etc.]. Primary ant ioxidants fo rm a reaction w ith free rad icals formed in fat 

oxidat ion and break the cha in reacti on fo rm ed by the free radical s. Secondary antiox idants have 

the ro le of oxygen scavenging properties, synergists and speeds up curing reacti on. Examples of 

secondary antioxidants are citric acid, ascorbic acid, ascorbates, erythorbates, phosphates, 

lactates, starter cu ltures, etc . They playa ro le of oxygen scaveng ing by remov ing it, chelate and 
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create low redox potentia l/reducing conditions that enhance the cu ring reactions. The proper use 

of anti ox idants is important to get e Ffective results, in meat promoting curing reacti on and 

prevent ran cid ity development. The spec ifi c antiox idant shoul d be employed for a specifi c meat 

system based on an y flavo r attributes, so lubility, type o f fat, and type of ox idation (I smail , el al. 

2009; Dave and Ghaly, 20 II ) . 

2.19. Products of lipid oxidation 

Without oxygen life cessed to ex ist though it causes damage to various ce ll s. The toxi city of 

oxygen is caused by increased production of ROS. A lthough ROS are produced under normal 

phys io logy, they don ' t excide the capacity of, natural defence systems in body. The reducti on of 

oxygen molecul e by way of one-e lectron reduction processes produces short- li ved but highl y 

reactive oxygen products such as hydroxyl radi ca l (-OH), superox ide ani on (OT"), hydrogen 

perox ide (J-hO,), hydroperoxyl radi cal (HO,-), and iron-oxygen complexes (ferryl and perferryl 

radica l), al l o f which may directly o r indirectly parti c ipate in lipid peroxidation processes in meat 

and meat prod ucts (Min and Aim, 2005) . 

Hydroperox ides a re products o f primary lipid autox idation (with general formula ROOH). They 

a re compounds whi ch are non-vo latile, odourless, tasteless and re lati ve ly stable at moderate 

reaction conditions li ke low temperature and absence of metal ion, but th ese conditions are not 

fo und in muscle foods so the hydroperoxides becomes susceptible to further fi 'ee radi cal chain 

reaction such as isomerizati on and decompos it ion. Hydroperoxides decompose readil y by 

hemolytic cleavage to form a lkoxy l (RO·) and peroxyl (ROO· ) rad icals (Cascone, 2006) . 

2 ROOH ..... ROO· + RO· + J-b O 

Decompositi on of lipid hydroperox ides is a complex process which produces many chemicals 

that may have bio log ical effect and result navo ur deterioration in fat-conta ining foods. The 

radica ls whi ch are formed from thi s are hi ghl y reacti ve and decomposed qui ckl y by the 
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homo lytic scission of a carbon-carbon bond or oxygen-oxygen bond to produce compounds of 

various chemical nature including aldehydes, ketones, este rs, alcohols, hyd rocarbons, furans, 

epoxides and lactones as well as polymers. These secondary product of lipid ox idation are 

flavor-active, particularly a ldehydes, that have a low threshold values in parts per million or even 

parts per billion levels, as a result they are accountab le fo r the development of warmed-over 

fla vor (WOF) and meat flavor deterioration (MFD) (Boe, 20 12). 

Table 2. Consequences of Lipid Ox idation Activ ity 

Loss of flavor 

Deve lopment of off- fl avors (rancid ity) 

Co lor changes : 

• Myoglobin (red) ~ Metmyoglobin (brown) 

• Loss of carotenoid 

Accumulation of oxidation products with potentiall y detrimenta l health implication 

Prote in denaturation 

Funct ional ity changes 

Loss of nutrient value 

Source (Boe, 201 2) 

The product of secondary li pid ox idation depends on the types of fatty ac ids present in lipid 

foods and a lso the random nature of free rad ica l react ions. These products affect organo leptic 

properti es (color, flavor, taste, texture and safety) and degradation of nutri t ional value and their 

wholesomeness, further more they are al so assoc iated with biologica l oxidation and may also 

interact with other foods components and change the ir funct ional and nutritiona l properties (Boe, 

20 12). Measu rement of secondary ox idation products of li pid oxidation is suitable since these 

products are genera ll y odour-active, where the products of primary lipid oxidati on products are 
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co lourless and flavourless. Examples of secondary lipid products include aldehydes, ketones, 

hyd rocarbons and alcohols, among others (Feri oli , 2007). 

Among secondary li pid products MDA (Ma londialdehyde) is one of them. T hi s is a compound 

form ed by degrad at ion of fatty ac ids with three or more doubl e bonds, it is the principal and the 

most studi ed product of lip id ox idat ion and can be considered as the major ind icator of the 

extend of lipid ox idation, both for the earl y appearance as ox idation occurs and for the sens itivity 

of the ana lytica l meth od (Boe, 2012). 

2.20. Methods for estimating lipid peroxidation 

There are many phys ical and chemical tests, including instrumental ana lyses, which have been 

used in th e laborato ries and industry for determination of li pid ox idation. To list some of the 

methods the we ight-gain and headspace oxygen uptake method for oxygen abso rption; 

chromatographi c ana lys is for changes in reactants; iodometric titrati on, ferric ion complexes, and 

Fo urier transform infrared (FTlR) method fo r perox ide valu e spectrometry for conjugated dienes 

and tr ienes, 2- thibarb ituric acid (TBA) val ue, p-an is id ine va lue (p-AnV), and carbonyl va lue; 

Rancimat and Oxidative Stab ili ty Instrument (OS I) method for oi l stabi li ty index; and electron 

spin resonance (ESR) spectrometric assay for free-radical type and concentrat ion (S hahidi and 

Zhong, 2005). 

2.20.1. TBA reactive substances (TBARS), mainly Malondialdehyde (MDA) 

TBA is the most common method used in the determinati on of lipid ox idati on of food products . 

This assay measures the pink chro mophore by using spectrophotometry, with an abso rption 

maximum at 530-532 nm, which is formed by the reaction of Thio barb ituric Ac id (TBA) and 

secondary products, such as malondia ldehyde. TB ARS (Thi obarbituric acid react ive substances) 

va lues are reported as mi ll igrams of malond ialdehyde (MDA) eq uiva lents per kil ogram of t iss ue 
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or samples and have been corre lated w ith off fla vor scores (Bess, 2011 ). But it should be a lso 

noted that other oxidi zed prod ucts can react with TBA reagent and produce a pink color hence 

the term thiobarbituric ac id reacti ve substances (TBARS) is used instead of MDA (S un , ef al. 

2011). 

The TB A test is used frequently to assess the ox idat ive state of a vari ety of food systems 

a ltho ugh the re are limitat ions to thi s method ; the TBA test prov ides an outstanding means fo r 

eva luating li pid ox idat ion in foods (Boe, 2012). 

H. '-y-'lN'-',; OH II II 

2 II + J L 
N'--;; o~o 

TBA MDA 

SyN 
0 11 110 N SH 

H .'A / 11,0 
'-'.:: '-'.:: 

: 1(+ 2112° 
,~ 93' C 

... 'l ~ :::,... 
~ 

011 0 11 01-1 
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Figure 17. Reaction ofthi obarbituric acid (TBA) and Malonaldehyde (M DA) (Feri oli, 2007) 

In general, MDA can react w ith severa l functional groups on molecules including prote ins, 

lipoprote ins, RN A and DNA. Checking the level of MDA in food stuffs and in bio logica l 

materials can be used as an important indicator of extent of lipid peroxidation (Boe, 20 12) . 

2.21 . Health and nutritional implication of lipid oxidation products 

These days the nutritional and toxicological effects of lipid oxidat ion in food, in relati on with 

human hea lth has given much interest. Although the product of prima ry lip id ox idation may not 

be tox ic, tox ic effects can be found on secondary li pid ox idation products. Furthermore the 

interaction of lipid ox idati on products and food components particularly, vitamin and proteins, 

produce major nut ri t ion and sensory prob lems (Boe, 20 12). 

Recent stud ies has showen that dietary li pid pe roxidation products reduce act ivities of glucose-6-

phosphate de hydrogenase and other enzymes involved in fatty acid synthesis in the liver. Also 
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ox idized fat can lead to ce llular damage in vario us organs, cardiac fi broti c les ions, hepatic bil e 

duct lesions and a ltered fatty ac id compos ition of ti ssue lipids. In relation to this, animals which 

are fed ox idi zed oil s reported to show increased liver and kidney weights (W'sowicz, et al. 2004; 

Boe, 20 12). 

The primary products hyd roperoxides are mostly decomposed in the stomach, but in a sma ll 

amo unt they can be converted to th e co rrespond ing hydroxy l fatty acids that we re absorbed and 

transported to the blood. As a result they can promote thrombosis, acce lerate progress ion of 

atheroscle ros is and participate in the deve lopment of cancer in human (Boe, 20 12). 

Secondary li pid oxidation products, li ke a ldeh ydes are absorbed, in free form or conjugated w ith 

amino acids, from gastro intestinal tract to plasma and incorporated into liver and musc le. These 

compounds can react with protein and DNA to form cross-li nk bounds that have been show 

mutagenic and cytotoxic activity (Fang, et al. 2002; Boe, 201 2). 

The presence of MDA in foodstuffs can be representati ve of rancid food . This a ldehyde is 

considered as indicator of li pid peroxidation but it's al so a h igh ly toxic molecul e. The interaction 

of MDA with DNA and protein is referred as potentially mutagenic and atherogenic. 

Furthermore MDA affects the card iovascul ar system, in vivo it has shown that it reacts with 

primary amines in li poprote ins (LDL) generating lysine- lysine cross- lin ks. These react ion 

products are responsible for the initiation of the atherosclerotic les ion . Moreover 

malond ia ldehyde, can react with the free amino grou ps of prote ins and lipids in the cell 

membranes to fo rm cross- linked products between the various components of the membrane, 

which assist in rig idity of the membrane (Cascone, 2006). 
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2.22. Interaction of lipid oxidation products with food components 

Initiation of lipid oxidation in food is by free radical and/or s inglet oxygen mechani sms which 

generate a series of autocatalytic free radical reactions. These autoxidation reactions cause the 

breakdown of li pid and the fo rmation of a wide variety of oxidation prod ucts. Type and amount 

of these products can differ wide ly between fo ods and they depend on the composition of the 

food as we ll as many env ironmenta l factors (Boe, 20 12). 

The tox ico logica l s ign ificance of li pid ox idation is resulted by reaction of secondary lip id 

ox idat ion products with other food components. These interactions can lead to lim it ing the 

bioavai labil ity of lipid breakdown prod ucts or can lead to the fo rm at ion of tox ic products derived 

from non -li pid so urces (W' sowicz, et af. 2004; Cascone, 2006). 

Secondary lipid oxidation products can be absorbed and may cause an increase in oxidative 

stress and de lete rio us changes in lipoprote in and plate let metabo lism. On the other hand primary 

products of lipid oxidation - hydroperox ides are abl e to decompose li pid so luble vi tami ns 

(vitamin A, E, D and K) or its provitamins (carotenes) and, also water-so lub le vitamin C 

(W'sowicz, et af. 2004). 

Moreover the interaction of lipid ox idat ion products with prote in and other food com pone nts has 

major effect on ox idat ive and flavor stabil ity and texture during process ing, cook ing and storage. 

Degradation of protein-conta in ing foods affects the nutr it ional value of food . It can also generate 

brown color appea rance and unpleasant odours and taste (Boe, 20 12) . 
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3. Matet'ial and Methods 

3.1. Location of the study site 

Beef samples we re co llected from Bah ir Dar town of Amhara National Regi ona l state (ANRS), 

Ethiopia. It is located approximately 578 km north- northwest of Addis Ababa. The major 

fa rming system of the area is mi xed crop - li vestock system. Cattle breed in the area is said to be 

Fogera breed. 

The town is provided with one municipal abattoi r whi ch g ives slaughter service to the butchers 

retai ling meat. In the city, there is a lso private abatto ir whi ch is ded icate fo r slaughter and meat 

ex port. It is owned by Ashraf PLC, Sudanese meat exporting company. In the town there are 

about 38 butcheries wh ich are d istributed in the 9 kebeles of the town. 

3.2. Description of the abattoir 

The public abattoir operates at medium capac ity of throughput for slaughter. Estimated number 

of heads slaughtered per day is 150 cattle and 200 shoats. Slaughter stock is brought to the 

lairage of the abattoir; await slaughter for about 12 hours in the la irage with no feed provision. 

Antemortem examination is conducted during thi s period. Animals unfit for slaughter are either 

sent to recovery room or rejected as unfit for slaughter. 

Once antemo rtem inspection is conducted, slaughter stock fit for slaughter are channelled to 

sticking room for exsanguination. Then carcass dress ing and fabricat ion proceeds. Meanwhil e, 

postmortem inspection of carcass is conducted by inspector. Gross or parts of carcasses unfit for 

consumption are condemned. Carcasses fit for consumption are allowed to ex it and loaded for 

d istribution to butcheries . 
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The abattoi r does have standard sanitary operational procedure for the faci li ties and operators of 

the slaughter. However, no certification was documented in any form s of internationally 

recognized standards of HACCP or ISO 2200. 

3.3. Description of the butcheries 

About 38 butchers were di stributed throughout the city. These formed the sampling frame of the 

sample co llection for the study. Among the butchers tlU'ee were randomly (lottery method) 

selected and visited. All the butchers hang the carcass against white painted wall under 

incandescent light. Meat starts from the time of the receipt. Carcass is received by butchers after 

about 2 hrs of completion of slaughter. Among the visited butcheries, two of the butchery men 

wore whi te protective clothing while the third did not. In all cases, no head covers and hand 

gloves of the butchery men were observed. Retail fac ili ties and operation table seems subject to 

regular cleaning. However, the butcheries had no protecti ve features for fli es or insects attracted 

by the carcass via windows or doors. Consequently there might be a possibility of contamination 

of the carcass which eould lead to safety and quality compromise. The butchery men responded 

saying that they didn ' t undergo any form of fo rmal training in aseptic handling and carcass 

fabrication. 

3.4. p\IJ'chase and preparation of the muscles for the study 

General facts of the area reveal that beef animals for slaughter belong to indigenous Fogera 

breed. Slaughter animals were purchased by the butcheri es from terminal markets of the area and 

submitted to the abattoir for slaughter service and carcass delivery. 

Three carcasses from the randomly selected butcheries were the basis of muscle samples selected 

fo r the study. Selected muscles were made to represent entire quarter of the carcass in order to be 

biologica lly meaningful. Accordingly, for muscles from four locations were sampled. These 
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were Rhomboideus (hump meat), Infraspinatus (top blade, flat iron, or triangle), Longissimus 

dorsi (rib eye, strip, loin eye), and Quadriceps femori s (k nuckle, s irlo in tip). One k il ogram of 

each muscle was purchased at about 5 hours after slaughter. 

After purchase, the samples we re aseptically transported for 15 minutes to Ashraf meat export 

PLC for packaging . Once in Ashraf meat export abatto ir, pH measurements were taken fo r day 0 

and the samples were vacuum sea led in po ly ethylene bag using Mult ivac Packaging machine 

(Multivac C500, Multivac Inc. , Kan sas City, MO) and labe led. Following the vacuum package, 

day zero sample was immersed in a liquid nitrogen for about 30 seconds . Days 7, 14 and day 2 1 

samples were aged at 4 DC temperature in a chilled box (during transportat ion) and refrigerator 

once in the laboratory. A ll the samp les, e ither after immersion in a liquid nitrogen or under 

s imu lated condition, were transported to the labo ratory of Center of Food Science and Nutrition. 

Once at the center, samples executed experimental period we re stored in deep refrigerator at -20 

DC until analysis. 

3.5. Sample prepaJ'ation 

Appropriate size samples were taken from each musc le types for each test days and freeze dried 

in a freeze drier (Chri st Beta 1-8 LD plus) for the stud ied parameter. In the freeze drying 

proced ure, the meat samples were ground usi ng a blender (Wa ring commercial grinder). Then 

the ground samples were labe ll ed and placed in sma ll glass plates separate ly. After that the 

labelled meat samples were p laced in a freeze drying machine until they become dry. Freeze 

dried meat samples were ground to powder us ing a mortar. Powders were sea led in plastic bags 

and ana lysed for determ ination of crude protein and fat. 
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3.6. Determination of moisture content 

Moisture of beef was determined in duplicate using oven drying method (AOAC, 2000) using 

the offi cial methods 925.09 the empty dish was dried in a ir oven at 105 °C for an hour. Then the 

conta iner was p laced in desiccato rs to coo l for 30 min and then weighted. Next chopped samples 

were mixed thoroughly and homogeni zed; 5 g of the chopped beef was put in to the dried dishes. 

Then the d ishes with their samples were left in the air oven to get dry for about 4 hI's. at 105 °C 

until their weight remains constant, and taken out of the oven to cool at room temperature in 

desiccators then we ighted. 

Calculations 

Moisture content (% by mass) = (W2-W 3) x lOO 

Where: WI = weight of wet sample 

W2 = we ight of di sh plus weight of wet sample 

W 3 = weight of di sh plus sample after drying 

3.7. Dctct'mination of cl'Ude fat content 

Ether extract values were obtained from dupli cate samples from each muscle type. 

Approximate ly 2 g of dried samples were added into extraction thimbles, and then covered with 

about 2 cm layer of fat free cotton . The thimbles with sample were placed into a Soxhlet 

Extract ion Chamber. Cooling water was switched on , and 50 ml of diethyl ether was added to the 

extract ion flask through the condense r. The extract ion was conducted for 4 hI's. at 55 °C. The 

extraction flask with fat was removed from the extraction chamber and placed in the drying oven 

at 92 °c for about 30 minutes, cooled to room temperature in desiccators for about 30 minutes 

and we ighed. 
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Ca lculation: -

W = W2- WI 

Crude fat in g/ I OOg fresh sample = (W* I OO)/Ws 

W = weight of fat (g); W2 = weight of extraction flask after extraction (wt. of flask and fat) ; 

WI = we ight of extraction flask before extraction (wt. of fl ask); Ws = weight of dri ed sample. 

3.8. Detcrmination of crude pl"otcin content 

Duplicate samples were analyzed by Kj eldahl method (AOAC, 2005) official method 979.09. 

This method is basica lly di vided in to three parts: (I) digestion , (2) distil lation and (3) titration. 

Half a gram of dri ed meat was we ighted in to Kje ldah l digestion flask and then digested by 

heating at 37 °C fo r three hours in the presence of 6ml HCI, 3.5 ml H20 2, 3 g of catalyst mixture 

(ground 10 9 of CUS04 with 150 g of K2S04). After digest ion is comp leted the sample was 

cooled for 30 minute at room temperature and neutrali zed by addition of25 ml NaOH (40%) and 

diluted using 25 ml disti ll ed wate r. The digestion produces ammonium sul fate using the nitrogen 

from the beef prote in. The add ition ofNaOH converted the NH2S0 4 to ammonia gas. 

Then 25 ml of di stilled water, 25 ml of Boric acid and 3 drops of Methyl red indicator was added 

to 250 ml receiving flask. Then the flask was connected to the disti ll er fo r distillation . The 

di stillation process was stopped when the vo lume of rece iving flask reached between 200-250 

ml. Finally, the nitrogen content was estimated by titration of the ammonium borate formed with 

O.IN hydrochlori c ac id . In the procedure multiplication factor of6.25 is used. 

Cru de prote in = N x 6.25 
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3.9. Determination of total ash content 

In this study, the total amount of mineral content in bee f musc les was determined by dry ashing 

method, accord ing to (AOAC, 2000) using the offic ial methods 923 .03 according to the 

proced ure, porce la in c rucible were cleaned and d ried in an oven for 30 minute at 105 DC. Next 2 

g of dried sample (from the moi sture determined samp les) was weighed in to ashing dish 

(po rce lain) and charred o n hot plate under a fum e hood. The temperature ( ISO °c - 300 °C) was 

increased s lowly unti l smoking ceased and the sample was totall y charred . Then, the samples 

were changed to ash in a muffle furnace at 550 DC for 5 hours and taken out of the furnace and 

cooled at room temperature for an hour. Then the cruc ibles were reweighed with ash. 

At the ashing stage water and other volatile materia ls are vaporized and C02, H20 and N2 was 

formed by o rga nic substances burned in the presence oxygen. 

The ash content of th e beef was ca lculated as 

Whe re W J = we ight of the empty crucib le 

W2 = weight of the crucible w ith ash 

WI = we ight of the orig inal sample 

3.10. Detcnnination of pH 

pH from each sample was measured on day 0, 7, 14 and 2 1. Oup l icate, chopped samp les ( l Og) 

were homogeni sed in 100 ml of distil led water fo r I min using a homogenizer. Then, the pH of 

the supernatant was measured using a digita l pH mete r (Seggern, e/ al . 2005). The electrode on 

the pH meter was kept in the supe rnatant until a sta ble pH va lue was read. The pH meter was 

cal ibrated us ing pH 4.0 and 7.0 buffers. 
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3.11. Determination of total pigment 

Samples were ana lyzed in duplicate from each musc le us ing the method according to 

(Wadhwa ni, 2008). In the procedu re, a total of 5 gm ground beef is placed in 100 ml beaker to 

which were added , 20 ml of acetone, I ml of distill ed H20 and 0.5 m l of concentrated Hel (37 

%). The so lution was then mixed w ith g lass rod in the beaker. The beaker was covered w ith 

parafilm and kept in the dark for an hour at 4 °e . The sample was then fil tered through Whatman 

# I fi Iter paper. The fi ltrate absorbance was measured at 640 nm with UV-V IS 

spectrophotometer (Bechman DU-64). A so lu ti on w ith 80% acetone, 2% He l and 18% H20 is 

used for the blank. The j.lg/g of tota l heme pigments was calculated by multiplyi ng the 

absorbance by 680: 

Tota l pigments (ppm; j.lg /g ) = Abso rbance at 640 nm x 680 

3.12. Determination of heme iron content 

Heme iron was ca lcul ated by the modified technique of (Ozer and Sari yObaN, 20 I 0) ; the iron 

content was est imated with the factor of 0.0882 fLg/ fLg hematin . The va lue obtained us ing 

procedure from section 3.11 was used for tota l pigment. 

Heme iron (ppm; fLg/g) = tota l pigment (ppm; pg/g) x 0.0882 or 

Heme iron (mg/kg) = total p igment (mg/kg) x 8.82/ 100 

3.13. Determination of metmyoglobin content 

The ana lys is of metmyog lob in content was performed as described by (Ozer and SariyObaN, 

20 I 0). Dupl icate minced beef samples (5 g) were placed into a 50 ml po lyp ropy lene centrifu ge 

tube, and 25 ml of ice-cold phosp hate buffer (PH 6.80, 40 mM) was add ed into the tube. For the 

preparation of phosphate buffer we used Na21-1P04 (sodi um hydrogen phosphate) and Na l-i}P04 
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(Sodium dihydrogen phosphate). Then mi xture in the tube was homogenised fo r lO s at 1,500 

rpm with a stirrer (lKA ® Eurostar power contro l-visc stirrer) . The homoge ni sed sample was 

a llowed to stand at 4°C for 1 h and centrifuged at 3000 rpm. The supernatant was filtered 

through Whatman # 1 filter paper and the abso rbance was read at 572, 565, 545, and 525 nm by 

scanning the visible spectrum with a spectrophotometer. The percentage of metmyoglobin was 

calculated us ing the following eq uation : 

% Metmyoglobin = 

[- 2.5 1 (A572/A525) + 0.777(A565IA525) + 0.8(A545 IA525) + 1.098] x 100 

3.14. Determination of lipid oxidation (TBARS) 

Beef steaks were analysed in duplicate for thi obarbituric acid reactive substances (TBARS) as 

described by (Wad hwani , 2008). Evaluation was made on days 0, 7, 14, and 2 1 to provide 

measurement of lipid ox idatio n. Samples (0.5 g) weighed in test tube w ith 2.5 mL stock solution, 

conta ining 0.375% TBA, 15% TCA and 1.0 N HC!. Sample tubes were heated in hot bo iling 

water bath for 10 min unt il pink co lor developed and then coo led und er running tap water. 

Samples were centr ifuged at 5500 rpm for 25 min. Absorbance of supernatant was read at 532 

nm using UV-VIS spectrophotometer (Bechman DU-64) against a blank sample having all 

reagents except the beef sample. The malondialdehyde (M DA) concentrat ion was ca lculated 

using an extinction coeffic ient of 1.56 X 10 5 M· I cm .1 . The MDA concentrat ion was converted 

to Thi obarbituric acid (TBA) number (mg MDA/Kg meat sample) as shown below: 

TBA II (mg/kg) = sample A 532 X (I M MDA chromagen I 1.56 X 105) X 

[( I mole I L) I M] X (O .003L I O.5g meat) X (72.07g MDA I mole MDA) X ( I OOOg I kg) 
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3.15. Determination of meat surface color 

Color change measurement was eva luated according to the method of (Yam and Papadakis, 

2004), The method uses a combination of digital camera, computer and graphics so ftwa re 

Photoshop (Adobe system) to measure and analyse the surface color of beef steak, 

A d ig ital camera with reso lution of 15 mega-p ixe ls was used to measure co lor change by 

captu ring the color image of the meat samp les under proper light ing in a dark room, Briefly, the 

camera was set up on a tr ipod and the lens faced downwards towards the sample supporting 

plane, The di stance from the bottom of the camera lens to the sample surface was set as 35 cm, 

Images of displayed beef samples were captured on a black background matter under the 

follow ing camera setting; manual mode, no flash and reso lution of 1024 x 1680 pixels, After 

zoom ing the lens to make the sample cover the whole field of view and focusing, the image of 

each samp le was taken and stored in JPEG (Jo int Photographic Experts Group) form at for image 

process ing and analysis, Photographing was ca rried out on day 0, 7, 14 and 2 1, The beef samples 

were taken out of their vacuum pack and they were allowed to bloom for 30 minute, The L*a*b* 

values were measured using graphics softwa re Adobe Photoshop CS3, 

3.16. Optical scattering property 

A He lium Neon (HeNe) laser w ith 632.8 nm was mounted at 90° to the sample surface to collect 

the back scattered light from meat. The co ll ection fiber was positio ned fo r scan ni ng via a 

translation stage so that refl ectance could be measured at di fferent pos it ions a long the scanning 

plane, The scanning plane of the co ll ection plan was parallel to the p lane of incidence, but was 

offset by a smal l d istance o f 1,5 mm to avo id colli s ion w ith the incident fibe r. Detection was 

made by photo detector, mounted on a traveling stage , The scattering light the n acq ui red and 

processed by a personal computer (Yao, et ai, 2006) , Unfortunate ly detecting the scattering light 
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from the meat at a specific point was not poss ible because the detector used was large and thus 

blocked the incident light from reaching the sample hence the detector was placed far away from 

the sample. This leads to the co ll ection of scattered li ght from larger area of the samp le. Thus, 

results that are obtai ned are generali zed scattering propert ies of meat samp le. 

3.17. Sensory evaluation 

The sensory eva luation used humans as instrument to assess the co lor, texture, aroma and overa ll 

attr ibutes of the meat sam ples. 

Beef steaks were evaluated by 15 semi-trained panellists over the 4 different sto rage periods for 

all musc le types. The sessions were held e ither in mid-morning or mid-afternoon. Panel lists were 

laboratory workers which are accustomed to sensory eva luation tests, flllt hermore they were 

consumers. They also received introductory trai ning prior to analys is. 

Packag ing systems ind iv iduall y opened with a scissor, and the panel eva luated the color, odor, 

texture and over a ll acceptab ili ty of the steaks. The samples for evaluat ion were presented at 

room temperature (:::25 QC), in plastic trays and were ide ntifi ed with three-digit random numbers. 

Place where the sensory cess ion conducted was we ll ventilated and free of no ise and odors. 

Panelli sts ranked each package us ing a five point sca le ( I = d islike extreme ly to 5 = like 

extremely). 

3.18. Statistical analysis 

All the data except optica l scattering was analyzed either by one way Analysis of Variance 

(ANOVA) for the treatments or independent t-test. Statistically signifi cant means were separated 

using Duncan Multiple Range mean separation techn iq ue. Significance was declared at p <0.05. 

Computation was done using SPSS Version 20. All measurements were reported as Mean ± SE. 

Optica l data was co llected and illustrated by fi gures. 
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4. Result and Discussion 

4.1. Moisture content 

Moisture content of infraspinatus and quadri ceps femor is s ignificantly red uced between day 0 

and day 2 1 (Table 3). In both muscles ', moisture on day 2 1 decreased compared to day zero. Non 

sign ificant mean moisture d iffe rence was observed fo r muscles long iss imus dorsi and 

rhombo ideus. 

Table 3. Mea n moisture (% ) and fat (%) content o f the beef samples over tes t days 

M uscle M oisture % Fat % 

Day 0 Day 21 Day 0 Day 21 

Infraspinatus 75.90 ± 0.3 8" 73.81 ± 0.48" 7.95 ± 0.28' 7.74 ± 0.20" 

Quadri ceps femoris 77.3 8 ± 2. 12b 73 .99 ± 0.33 ' 7.23 ± 0.22' 7.08 ± 0.1 4' 

Longiss imus dorsi 75.40 ± 0.43 ' 74.29 ± 0.45' 8.52 ± 0.29' 8.42 ± 0.18' 

Rhomboideus 25.36 ± I. 13' 23 .28 ± 0.8 1" 66.28 ± 2.78' 64.71 ± 2.42' 

Mean va lues having different superscripts within a row are signifi cantly different at p < 0.05. Sample size, 

(n=3) 

This res ult is not consi stent with the resu lts ofYuksel el af. (2011). T hey repo rted that s igni fica nt 

differences in moisture loss depend on the storage durat ion. But in the ir find ing it is reported that 

long iss imus muscle have low drip (moisture) loss and quad riceps musc le have hi gh amo unt of 

moisture loss among the muscle groups relative to clays of storage Yukse l, el af. (20 I I) which 

agrees w ith the current res ult. Several authors have postulated that an increase in marbling score 

is related with an increase in fat content and a decrease in moisture conte nt (Brackebusch, el al. 

199 1). Therefo re, in thi s study also it was noted that inherentl y marbled Rhomboideus had the 

least moisture content and hi ghest fat content respective to each test day. Fu rthermore, it has 

shown that moisture content of meat is inversely proporti onal to its lipid content (Patten, el al. 

2008; Ka rakok, el af. 20 I 0). In the present study, no such relat ionshi p was noted. However, 
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plausible assumption for non -statistical difference noted in this experiment for mean mo isture 

content of both Longiss imus dorsi and Rhomboideus could be the lesser fat content attributed to 

the breed of slaughter stock. Drip loss typically attributed to marbled musc les may not have been 

pronounced as well (Yukse l, el at. 20 11). 

4.2. Fat content 

From Table 3 it can be seen that at day 0 va lue of fat percentage varies from 7.23 - 66.28%. 

There was no sign ificance difference (p < 0.05) du ring the storage period. Although, it wasn' t 

stati stically significance a decrease in fat percentage was observed throughout the test days . 

Moreover the highest marbli ng score goes to musc le rhomboideus and the least amount belongs 

to musc le quadriceps femoris (Pedrao, et al. 2009) . Hence the percentage of ether extract (fat) 

increased with increased marbli ng score (Segge rn , 2005). 

At day 21, the amount of fat percentage shows decrease in each muscle type but the difference is 

not stat ist ical ly significant. It has been reported that the va lue of lipid slowly starts to decline 

with increased storage time (Hu i, 2006) . The reasonab le exp lanation for loss of li pid during 

storage is that some li pid from the samples may be re leased in a fo rm of drip loss. Vacuum 

packag in g may be one of the most effecti ve packag ing materi a ls agai nst dri p loss a lthough it 

doesn't prevent it because drip loss depends on several in tr ins ic factors like; spec ies, pH and type 

of musc le ( I-I ui , 2006). 

4.3. Protein content 

The percentage of prote in at the start of tria l varied from 18.88 - 22.80% (Table 4) . The mean 

protein content of quad riceps femo ri s, longiss imus do rsi and rhomboideus show no sign ifica nt 

difference (p < 0.05) through test days. Regard less, s li ght dec lin ing trend of mean prote in ove r 
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lest days was observed . Even though the leve l variat ion of prote in content looks constant the 

min imum amou nt of prote in was scored by muscle rhomboideus. 

The least amount of protein va lue in rhomboideus musc le can be explained by inverse rel at ion of 

marb ling score with protein content in musc les (B rackebusch, et af. 1991). 

Table 4. Mean protein (%) and Ash (%) content of the beef samples over test days 

Protein % Ash % 

Muscle DayO Day 21 Day 0 Day 21 

Infraspinatus 20.06 ± 0.36" 19.13±0.26' 1.04 ± 0.02a 1.1 5 ± 0.00' 

Quadriceps femoris 22 .80 ± 0.43a 2 1.80 ± 0.35 ' 1.2 1 ± 0.02a 1.28 ± 0.04b 

Longiss imus dorsi 2 1.29 ± 0.26' 20.4 1 ± 0.26' 1.11 ± 0.05' 1.19 ± 0.03b 

Rhomboideus 18.88 ± 0.20' 17.1 6± 1.67' 1.35 ± 0.02' 1.46 ± 0.04b 

Mean values hnving different superscripts within a row are s ignificantly different at p < 0.05. Sample size, 

(n~3) 

At day 2 1 the on ly musc le type that shows signifi cant dec li ne in % of protein as compared to day 

o is Infraspinatus. Several authors have hypothes ized the reason fo r protein loss, which is purge 

01' drip, most ly of proteins which are water-so luble, sarcop lasmic proteins (Dalton, 2005; Huff-

Lonergan and Lonergan, 2005). Hence the decl ine of protein va lue in test days in musc le 

infraspinatus Ca n be expla ined by drip loss which causes leaching of sarcoplasmic proteins. 

4.4. Ash content 

The ash percentage at day 0 varies from 1.35 - 1.04 % (Tab le 4) . No significant difference (p < 

0.05) was noted fo r mean ash content of muscle infraspinatus between test days. Muscle 

long issimus dorsi , quadriceps femori s and rhomboideus show a s light increase of mean ash 

content at day 2 1 than at the beginning of the trial. 
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Over 21 days the content of ash shows an increase, this condition can be explained by moisture 

loss with increased storage time which causes the total content of dry substances to show an 

increase (Kuzelov, et af. 2011). 

4.5. pH 

The pH variations for meat samples according to storage time are shown (Fig IS). The mean for 

pH measurement ranges between 5.40 - 5.S3 at day O. The pH values show a significant increase 

with the increase of storage time, except where rhomboideus of all muscle types did not show 

significant difference from day 0 to day 7. 
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Figure. IS. pH value at different test days, SE om , at p < 0.05. Sample size, (n=3) 

Q.F. = (Quadriceps femoris) Inf= (lnfraspinatus) 

L.D. = (Longissimus dorsi) R = (Rhomboideus) 

In this study the samples of beef were taken a few hours after slaughter, maybe while still 

undergoing a stage of post mortem changes. This can be the cause for the initial value of pH 

being around 5.4 - 5.S instead of around 7. The highest pH measurement goes to rhomboideus, 

followed by quadriceps femoris, infraspinatus and longissimus. Storage time had statistically 

significant (P < 0.05) effect on pH values. 

52 



The increase of pH through storage time is in agreement with other researches that found out 

vacuum packed muscles tend to show an increase during storage time (Patten, et al. 2008 ; 

D'agata, el al. 20 10). Although this study was not consistent with the results of Stanisic, et al. 

(20 12) who reported that the increase in pH doesn' t seem to be significantly different through 

storage time. 

While looking at the pH variation among storage time, there are studies which explain the slight 

and constant increase in pH value. Such an increase in pH is due to progressing alkalization 

caused by the release of basic products of protein breakdown throughout the post-slaughter 

endogenous changes (Stanisic, et al. 201 2). In addition to this, the observed trials of variation of 

pH values between muscle types might be attributed to the amount of glycogen present at 

slaughter time. The amount of glycogen in muscle tissue depends on animal species and type of 

muscle (Przybylski , Monin e/ al. 2006). In studies it is indicated that muscles with high 

concentration of glycogen have lower pH values (Wan'iss, 20 10). Animal ' s diet and stress before 

slaughter affects the amount of glycogen in the muscle which also affects the pH (Patten, el al. 

2008). 

4.6. Concentration of total pigment 

Total pigment measurement ranges from 139 - 273.81 ~g/g on day 0 (Table 5). Mean total 

pigment content was significantly reduced between day 0 and day 21 in muscle longissimus dorsi 

and rhomboideus. Whereas no significant difference was observed in muscle infraspinatus and 

quadriceps femoris through the storage time. 
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The variation of total pigment among muscle types can be expla ined by anatomical location and 

phys iolog ical functions, whi ch result in d ifferences in metabo li sm which causes un ique co lor 

biochem istry in each individ ual muscle type (S um an and Joseph, 201 3). 

Table 5. Total pigment (" gig) va lue of the beef samples over test days 

M uscle Day O Day 7 Day 14 Day 21 

Infraspinatus 273.8 1 ± 5.27' 268 .03 ± 3.00" 267.3 0 ± 5.44" 265 .44 ±4.98" 

Quadriceps femo ris 297.06 ± 4.02" 289.99 ± 5.98" 289.19 ± 8.09" 286.46 ± 6.46" 

Longi ss imus dorsi 173.57 ± 6.54c 16 1. 85 ± 2.24b 161.43 ± 4.69b 160.04 ± 10.04' 

Rhomboideus 139.48 ± 4.97b 13 1.1 9 ± 1.85" 128.63 ± 5.23" 127.02 ± 3.38" 

Mea n va lu es having different superscripts within a row arc significantly different at p < 0.05. Sample s ize, 

( ,, ~3 ) 

For muscle long iss imus dorsi and rh omboideus at day 0 the tota l pigment va lues are higher than 

the rest of other test days. This means the musc les appear more red at day 0 than the rest of test 

days (Tambunan, 2008). The rest of other muscles show a hi gher total p igment value at day 0, 

alth ough it doesn' t show a s ignificant difference when compared w ith the other test days. 

Wi th increased storage time the amount of total pigment shows a decrease , the poss ible 

~ 
exp lanati on fo r thi s is p igment ox idation . It is suggest that total pigment and myog lobin amounts 

are we ll re lated to the variation of lipid peroxidation of stored raw meat (M in and Ahn, 2005). 

Furthermore, the difference of tota l pigment measurement betwee n muscles type can be the 

result of residual blood (hemoglobin) from one musc le to another, which also causes d iffe rence 

in amount of hemoglob in and myog lobin . One of the main reasons fo r var iation of pigment in 

muscles is physical act ivity (Segge rn , el al. 2005). According to Tambunan (2008) the difference 

of IOtal pigment between musce types may be due to the amo unt o f myog lobin present in the 
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muscles. Muscle to muscle differences in myoglobin content is because of muscle fibers that are 

present. 

4.7. Concentration of heme iron 

Heme content of the beef samples according to storage time is shown (Table 6). At day 0 the 

heme content of the muscles varies from 12.29 - 26 .1 9 mglkg. In general the heme content 

shows a decrease with increasing storage but this decrease was not significantly different in 

muscle infraspinatus and quadriceps femoris whereas the difference was sign ificant in muscle 

longiss imus dorsi and rhomboideus at p < 0.05. 

Table 6. Mean Heme iron (mg/kg) value of the beef samples over test days 

Muscle Day 0 Day 7 Day 14 Day 21 

Infraspinatus 24. 15 ± 0.46" 23 .63 ± 0.26" 23 .57 ± 0.48" 23.40 ± 0.43" 

Quadriceps femoris 26.19 ± 0.35" 25.57 ± 0.52a 25. 50 ± 0.71" 25.26 ± 0.56a 

Longissimus dorsi 15.30 ± 0.57' 14.27 ± 0.19ab 14.23 ± 0.41 "b 14.11 ± 0.88a 

Rhomboideus 12.29 ± 0.43 b 11.56 ± 0.16" 11.34 ± 0.46a 11.19 ± 0.29" 

Mea n va lues having different superscripts within a row arc significantly different at p < 0.05. Sa mple size, 

(11 =3) 

The color of meat is dependent on the chemistry of the heme pigment myoglobin (Mohamed, el 

al. 2008a). The total heme content is an ind ication of myoglobin + hemoglobin content 

(Wadhwani,2008). 

From table 6 it can be seen that muscle infraspinatus and quad riceps femori s have more heme 

iron content, which makes them appear more red in color than the rest of the muscles. Red meat 

has more heme iron level, because heme iron is found in myoglobin and haemoglobin molecules 

(Met, el al. 2013). 
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It is noted that with increased test days the amount of heme shows a decrease in musc les 

long issimus dorsi and rhomboideus. This is in agreement w ith Ozer and SariyObaN (20 I 0) who 

reported that the drip from meat re leased during storage contained sign ifi cant quantities of iron 

and main ly so luble heme iron. 

4.8. Amount of metmyoglobin 

The amount of met myog lobin at the beginning of the tr ia l was lower than the rest of the test days 

for all musc le types. At day 0, the amount of metm yog lobin meas urement vari es from 8.90 -

10.35 %. From Table 7 it is evident that metmyoglobin va lues were significantly influenced by 

storage time. 

Table 7. The Metmyoglobin (%) value of the beef samples over test days 

Muscle Day 0 Day7 Day 14 Day 21 

In frasp inatus 9.00 ± 0.02" 14.03 ± 0.0 1 b 22.60 ± 0.05' 29.53 ± 0.07d 

Quadriceps femori s 10.35 ± 0.05' 14.67 ± 0.05b 22.77 ± 0.05' 28.22 ± 0.03d 

Longissimus dorsi 8.90 ± 0.06' 13.13 ± 0.06b 20.34 ± 0 .06' 25.24 ± 0.04d 

Rh omboideus 7.94 ± 0.04" 11.30 ± 0.06b 17.08 ± 0 .07' 24.22 ± 0.02d 

Mean values having different superscripts within a row are significantly different at p < 0.05. Sample size, 

(n~3) 

As expected with increased storage t ime the amount of metmyoglobin in all muscle types tend to 

increase too. This finding is consistent with Jeremiah and Gibson (2000) who stated that 

metmyog lobin formation increased over time, regardless of muscle type (Behrends, 2004). Once 

formation of metmyoglobin started it al so acts as a pro-ox idant for the beg inn ing of lipid 

oxidation process (Seydim, el af. 2006). 

It is hypoth es ized that pigment and lipid ox idation are linked. Muscle which has the hi ghest 

mctmyoglobin content a lso had the highest amount of lipid ox idation (O ' Sulli va n, e l at. 2004) . 
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Furthermore, according to Faustman and Cassens ( 199 1) muscles which have greater oxygen 

consumption rate di sco lored more rapidly. The oxygen consumption rate is an important issue 

fo r musc le color stabi li ty but maintained that enzymatic reducing activity was the most important 

factor determ ining metmyoglobin accumu lation in di ffe rent muscles. 

4.9. Determination of lipid oxidation (TBARS) 

The initial (Day 0) TBARS values of the four muscles we re lower when compared to the other 

test days. Musc le infraspinatus has the hi ghest and muscle longissimus dorsi has the least amount 

of TBA at day O. A significant difference (p < 0.05) was observed for mean TBARS values 

within du rati on of storage, with increased storage time the value of TBARS al so show an 

increase regardl ess of muscle type (Tab le 8). 

Table 8. TBARS (mg/ kg) value of the beef samples over test days 

Muscle DayO Day 7 Day 14 Day 21 

In fraspinatus 0.57 ± 0.03a 0.64 ± 0.0 1 b 0.76 ± 0.02c 0.83 ± 0.05ct 

Quadriceps femoris 0.42 ± 0.07a 0.49 ± 0.03b 0.58 ± 0.02e 0.65 ± 0.03d 

Longissimus dorsi 0.24 ± 0.02 a 0.28 ± 0.04b 0.35 ± 0.05e 0.58 ± 0.06d 

Rhomboideus 0.3 1 ± 0.08a 0.37 ± 0.05b 0.43 ± 0.03c 0.49 ± 0.07d 

j\!leHn va lues havin g different superscripts within a row are significantly different at p < 0.05. Sample size, 

(11 =3) 

Lipid oxidation and Mb ox idation were closely related in meat w ith an increase in one resulti ng 

in a similar increase for the other. This was thought to be related to direct Mb oxidation or 

destruction of Mb reducing systems by free rad icals du rin g lipid ox idation (Ca lkins and Hodgen, 

2007). TBARS est imates the formati ons of secondary reactive lipid oxidat ion products, such as 
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aldehydes. which form covalent adducts with myoglobin, accelerating heme oxidation fo llowed 

by meat di scoloration (Joseph, ef af. 2012). 

In the current study the increase of metmyoglobin is in similar trend as of lipid oxidation (see 

Table 7 and Table 8). When lipids are oxidized, free radicals are produced, which cause a 

destruction of the pigments, thereby causing increased di scoloration and metmyoglobin 

formation (Behrends, 2004). 

The difference between the content of TBARS value between the muscle types might be related 

to their heme pigment levels. Meat with a higher pigment content is more oxidative, and thus its 

colour is less stable (Florek, et al. 2009) . 

Comparison of different TBA numbers from other findings is difficult because TBA method has 

been subj ected to several modifications and al so the comparison of TBA numbers from different 

tests did not seem to be meaningful. In TBARS test, due to the possibility of malonaldehyde to 

react with protein and the interfering action of other compounds, it is generally employed in 

comparing samples of the same material at different stages of oxidation rather than determining 

the exact amount of secondary oxidation products (Ferioli , 2007). 

It is concluded that, the different TBA determ inations can lead to different results and 

interpretations. However, the TBA evaluation has been a very useful tool to study the effect of 

several treatments and processes on lipid oxidation (Pensel, 1990). 
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4.10. Surface color (Lab values) 

4.10.1. Hunter L* Color Values (Lightness) 

From Fig.19, it can be seen that rhomboideus has the highest amount of L* value (lighter) 

whereas quadriceps femoris exhibit the lowest score for L* value (darker) at all test days. Hunter 

L * values are commonly used to evaluate the lightness of steaks. This value is possIbly related 

with the fibet- characteristic. 
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Figure 19. L * values at different test day 

Q.F. = (Quadriceps femoris) Inf= (Infraspinatus) 

L.D. = (Longissimus dorsi) R = (Rhomboideus) 
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The L * value show a significant decline (p < 0.05) in all muscle types with increased storage 

time. From this it can be seen that muscles act differently during different storage conditions in 

terms of their lightness. The reasonable explanation for the decreasing of L * value tbrongh test 

days is. vacunm packaged fresh meat has a dark. purplish red color. The dark. purplish red color 

occurs because oxygen has been removed fiom the package and reducing enzymes have 

converted the meat pigment back to myoglobin (Boles and Pegg, 2(05). 

59 



4.10.2. Huuter a* Values (Redness) 

Throughout the test days the highest amount of a* (redness) value is subjected to muscle 

quadriceps femoris and the least belongs to muscle rhomboideus. The a* values (redness) tends 

to be a predictor of color. From Fig. 20 it can be noted that different muscle types have different 

color stability through storage duration. 
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Figure 20. a* values at different test day 

Q.F. = (Quadriceps femoris) Inf = (Intraspinatus) 

L.D. = (Longissimus dorsi) R = (Rhomboideus) 

Studies reported that a* values were negatively related to the duration of storage as shown by a 

decrease in a* values as time increased (Behrends, 2004). The decrease of a* (redness) value can 

be the result of gradual accumulation of metmyoglobin on the meat surface, as they are 

negatively correlated (Florek, el at. 2009). 

The color stability between the muscle types vary considerable, this can be explained by 

distribution of muscle fiber across muscles that vary in location and function within the living 

an imal (King, el at. 20 I I). 
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The current research is in agreement with several authors that reported the stability of muscle 

longissimus (McKenna, 2003; Behrends, 2004). The stability of this muscle can be related with 

its least metmyoglobin concentrations (King, et at. 20 II). In addition the abundance of 

mitochondria in muscle infraspinatus can be the reason for the rate of oxidation and color 

instability (Florek, et al. 2009). 

4.10.3. Hunter b* Values (Yellowness) 

On fig . 21 it is indicated that at the beginning of the trial the b* (yellowness) values are higher 

when compared to the later stages of the experiment. At day 0 the b* values of muscle 

quadriceps femoris, infraspinatus and longissimus dorsi doesn ' t seem to vary that much, but 

through time the values started to show differences in the rate of change in b* value. In all 

muscles, yellowness decreased over the course of storage period. 
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Figure 21 . b* values at different test day 

Q.F. = (Quadriceps femoris) Inf= (Infraspinatus) 

L.D. = (Longissimus dorsi) R = (Rhomboideus) 
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The muscles tend to show similar b* values at the beginning of the u'i al but as storage time 

increases they become more diffe renti ated , This variation can be expla ined by each individual 

muscle' s own unique biological and biochemical properties as a result various muscle types have 

different rate of discoloration and shelf-life, for example beef chuck is considered to be the least 

color-stable muscle (Page, el al. 200 I), 

This study is similar with the finding of Lee, el al. (2001) who documented that increased 

storage time will result in an increase in pH value and decrease in all Lab values of meat 

amples, 

In the current research , it has been observed that declining L *, a*, and b* values are 

accompanied by increasing muscle pH (see Fig 18). It has been rep0l1ed that the values of a* and 

b* are highl y related to muscle pH than value of L* L * value is highly correlated with lean 

maturity, which shows that lean maturity is more a fi.ll1ction of lightness/darkness, whereas 

muscle pH affects muscle color by altering hue (red , yellow, green, blue, or an intermediate) 

more than li ghtness/darkness (Seggern, el al. 2005). 

4,11. Optical scattering properties 

In this study distribution of optical scattering coefficients in the studied muscles has been 

measured (Figures 22 and 23) at day 0 and day 2 1 respectively. In Fig. 22 it was shown that at 

day 0, the scattering coefficient of longissimus dors i muscle has the highest va lue among these 

muscles. RJlOmboid and quadriceps femor is muscles have similar scattering di stributions 

intensity. The least intensity of scatter was recorded for muscle infraspinatus. 
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Figure 22. Optical distribution of the muscles on day 0 

Q.F. = (Quadriceps femoris) 1nf= (Infraspinatus) 

L.D. = (Longissimus dorsi) R = (Rhomboideus) 
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Normally, scattering property in beef muscles is directly relaled to tenderness property of the 

muscles. In this study, however, this observation was not evidenced. Nevertheless, this 

relationship could be aifucted by a number of pre-slaughter and post-slaughter processing 

practices. Consequently, this finding report is consistent with the work of Yao, et al. (2006), 

who stated dial, there is a correlation between optical scattering and Wamer-BratzIer sbear force. 

This correlation indicates that when Wamer-Bratzler shear force increases the scattering 

coefficient also increases. 

Based on this correlation, muscle longissimus dorsi muscle bas the highest scattering coefficient 

which also means that it is the roughest muscle from the rest of the other muscles fullowed by 

rhomboideus and quadriceps femoris muscles wbicb shows similar scattering distributions in 

quantity and finally infraspinatus muscle. 

63 



Based on Yao and Berg (2008) it can be hypothesized that optical scattering coefficient shows 

the tenderness-related muscle structural properties such as sarcomere length and collagen 

content. The relation shown here is mainly brought by variation in collagen content. However, 

the variations in sarcomere length and proteolysis a lso play important roles in determining the 

correlation between scattering coefficients and Warner-Bratzler shear force. 
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Figure 23. Optical scattering properties ofthe four muscle types at day 21 

Q.F. = (Quadriceps femoris) Inf= (Infraspinatus) 

L.D. = (Longissimus dorsi) R = (Rhomboideus) 
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The reason for muscle rhomboidus to show the highest scattering coefficient at day 21 (Fig. 23) 

is that it has improved in tenderness more than the rest of the muscles because aging of muscle 

under controlled environment tends to improve the tenderness characters of muscles. 

Improvement of tenderness through storage time has been reported in many studies (Dinh, 2008; 

Anderson, 20 I I). 
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While looking at the four muscles, each have different optical scattering properties, this indicate 

that the fundamental structural and contracti le units in each skeletal muscles are different bases 

on their functions by their anatomical locations in the animal. 

In contrast with the previous studies (Xia, el af. 2008) states that WBSF (Warner bratzler shear 

fo rce) have a negative correlation with optical scattering properties of meat. The content of 

cOlUlecti ve ti ssue and co llagen so lubility are the main factors which assist in tenderness among 

muscles. High collagen content results in higher WBSF in addition to this, high collagen content 

result in higher reduced scattering coefficient. 

In general the correlation between optical scattering and beef tenderness depends on the primary 

mechanism regulating tenderness in a specific muscle. In samples where tenderness variation is 

due to protein-protein interactions, manifested as sarcomere length, larger optical scattering 

indicates increased tenderness. Conversely, in muscles whose tenderness variations are due to 

co llagen content, a higher optical scattering implies tougher meat . Finally in muscle samples that 

are heavily influenced by aging, increased optical scattering is correlated with improved 

tenderness (Xia, et al. 2008). 

4.12. Sensory analysis 

4.12.1. Sensory Color Evaluation 
The highest mean of color score was recorded on day O. While, the least mean score of thi s 

attribute was observed between test days 14 and 21 (Table 9). The in itial visual color of samples 

from quadriceps femori s and longissimus dorsi was relativel y higher than those of muscle 

infraspinatus and rhomboideus. 
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Table 9. Sensory scores of color value ovcr tcst days 

Muscle Day 0 Day 7 Day 14 Day 21 

In fraspinatus 3.97 ± 0.53c 3.42 ± 0.536 2.42 ± 0.53' 2.57 ± 0.53' 

Quadriceps femori s 4.28 ± 0.75b 4.00 ± 0.81 b 3.57 ± 0.53b 2.7 1 ± 0.48' 

Longiss im us dorsi 4.28 ± 0.48b 4.14 ± 0. 37b 3.57 ± 0.53' 3.14± 0.37a 

Rhombo ideus 4.14 ± 0.37c 3.28 ± 0.48b 3.00 ± 0.57'b 2.87 ± O.78a 

Mea n values having different superscripts within a row are significantly differen t at p < 0.05. Sa mple size, 

(11= 15) 

Storage days gave s ignificant effect on mean co ior scores . The h ighest means were recorded for 

test day 0 with significant (p < 0.05) decrease up to test day 2 1. Therefore, the length of time 

which meat was kept in chill ed storage had an effect on the rate of different sensory attr ibutes. 

This fin ding is cons istent with the results of (McKenna, 2003) who stated musc le infraspinatus is 

grouped under musc les which have low co lor stabi lity. Moreover, it has been indicated that 

musc le infraspinatus can be o ne of the muscles, w ith high off-flavour propert ies, due to its hi gh 

co ncentration of mitochondria while compared w ith the rest of the musc les (Ca lkins and Hodgen, 

2007). 

4.12.2. Sensory aroma evaluation 

In a ll th e musc le types the hi ghest va lue recorded at the begin ning of the tria l and the least score 

was documented at day 2 1. During storage ti me there was a decline o n qua lities of sensory 

attribute rega rding aroma (Table 10). 

66 



Table 10. Sensory scores of aroma value over test days 

Muscle Day 0 Day7 Day 14 Day 21 

Infraspinatus 4.14 ± 0.3 7d 3.42 ± 0.53 ' 2.57 ± 0.53 b 1.71 ± O.4S' 

Quadriceps femoris 4. 14 ± 0.89' 3.85 ± 0.69"b 3. 14 ± 0.69b 2.00 ± 0.57' 

Longissimus dorsi 4.28 ± 0.75b 4.00 ± 0.57b 3.71 ± 0.48h 2.7 1 ± 0.48' 

Rhomboideus 3.85 ± 0.69b 4.00 ± O.SI" 3.57 ± 0.7S' 3.14 ± 0.69' 

Mea n values having different superscripts within a row are significantly different at p < 0.05. Samp le size, 

( n~ 15) 

At day 0, muscle longissimus dorsi was rated the highest fo llowed by quadriceps femoris and 

infraspinatus. The least flavor intensity was recorded for muscle rhomboideus. This finding was 

in agreement with Calkins and Hodgen (2007); Wadhwani (200S) which states that muscle 

longissimus dorsi has the highest flavor intensity and that muscle rhomboideus had the lowest 

flavor intensity when compared to other muscle type. Muscle quadriceps femori s had the highest 

off flavor when compared to longissimus dorsi and the lowest while compared with 

infraspinatus, which is in agreement with (Brewer, 2006). 

Muscle infraspinatus got the lowest score at the end of the trial. This might be due to its high 

production of hexanal, which is an indicator of ranc id odour and lipid oxidation development 

(Brewer, 2006). In addition muscle infraspinatus is one of the muscles, with high off-flavour 

properties (Calkins and Hodgen, 2007). 

The reason fo r the degradation of aroma value at day 21 can be as a result of lipid oxidation. 

Lipid oxidation can occur in foods containing significant amount of fat, like meat. This process 

causes aroma changes result from new volati le odorous compounds, flavour changes are caused 

by hydrox y acids. Further oxidation results in the formation of epoxides, cyclic peroxides and 
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bicyclic endoperoxides. Some of these compounds have distinct aromas which can affect the 

sensory aroma scores of muscle foods (Kanner aJld Rosenthal, 1992). 

4.12.3. Sensory texture evaluation 

Table I I shows the texture scores of the samples at di ffe rent test days. It shows that the highest 

score for textu re is recorded at the beginning of the tria l and the scores tend to decline as the 

du ration of storage increases. 

Table 11. Sensol), scores oftexture value over tes t days 

Muscle Day 0 Day 7 Day 14 Day 21 

Infrasp inatus 3.85 ± 0.696 3.42 ± 0.53 6 2.42 ± 0.53" 2.42 ± 0.53" 

Quadriceps femoris 4.57 ± 0.53c 4.14 ± 0.37"b 3.71 ± 0.48b 3.00 ± 1.00' 

Longissimus do rsi 4.28 ± 0.95c 4.00 ± O.OObc 3.42 ± 0.53 b 2.85 ± 0.69' 

Rhomboideus 3.71 ± 0.48b 3.57 ± 0.53 b 3. 14 ± 0.37·b 2.85 ± 0.69' 

Mea n va lues havin g different superscripts with in a row arc significantly different at p < 0.05. Samp le size, 

(n=15) 

The texture values of each main effect show decline with increased storage duration. This 

fi nding was consistent with Przysiezna (2007) who concluded the texture of meat that has been 

stored fo r a prolonged time wi ll be degraded by endogenous proteases and lipid ox idation. 

The current research disagreed with published data in which trained paneli sts fo und 

improvement in texture characteristics of meat samples through increased storage time (S tanisi6, 

e/ ai. 20 I 2). The reason for disagreement may be that the sensory scores in this study were done 

with semi-trained consumers; this might cause a difference in the texture sensory scores with 

personal preference (Wheeler, ef al. 2004). 

It has been reported that muscle infrasp inatus is one of the most tender muscle cuts in beef 

(Rhee, el al. 2004). But in the recent study, muscle quadri ceps femori s were stated as the most 

tender muscle of the four samples. This result was likely due to the consumer preference of 
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muscle cuts. The present study has established that, there is wide variability in the abi lity of 

individual semi trained consumers to accurately and repeatedly detect differences in beef steak 

texture. 

The scores for sensory texture values show decline wi th increasing storage time in all muscle 

types. According to Dalton (2005) freezing and frozen conditions influence the size and dispersal 

of ice crystals, which consequently negatively affect the tex ture of the meat. 

4.12.4. Overall sensory evaluation 

For overall sensory score at day 0 muscle quadriceps femoris and longissimus dorsi rated the 

highest followed by muscle infraspinatus; whereas muscle rhomboideus ranked the lowest for 

overall sensory properties (Table 12). 

Table 12. Overall sensory scores over test days 

Muscle Day 0 Day 7 Day 14 Day 21 

Infraspinatus 4.00 ± O.OOd 3.64 ± 0.24c 2.64 ± 0.47b 2.00 ± O.OOa 

Quadriceps femoris 4.35 ± 0.55c 4.00 ± 0.50ab 3.64 ± 0.47b 2.57 ± 0.53 a 

Longissimus dorsi 4.28 ± 0.48e 4.07 ± 0.18bc 3.7 1 ± 0.39b 3.07 ± 0.18a 

Rhomboideus 3.85 ± 0.24b 3.57 ± 0.34b 3.00 ± 0.50a 2.92 ± 0.60a 

Mean va lues havi ng differc nt superscripts within a row are signi ficant ly different at p < 0.05. Sam ple size, 

(1l~ 1 5) 

The highest sensory scores belong to muscle quadriceps femoris and longissimus dorsi 

because of their high total pigment value (appears more red than the rest of the muscles, see 

Table 9) which most customers relate with freshness and wholesomeness. 

The lowest overall sensory for muscle infraspinatus might be related with its susceptibility to 

oxidation and development of off-flavor (McKem1a, 2003). Likewise the reasonable explanation 
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for muscle rhomboideus least score of overall acceptability might have to do with its high 

marbling score. High marbling score is mostly related with unhealthy choice or hence high 

marbl ing score of rhombo ideus muscle may negati vely affected the panel ists increased desire 

for heal thy and more nutritious meat cut (Pedriio, e l al. 2009). 

At day 2 1, the scores of all sensory parameters show signifi cant decline. Li pid ox idation has the 

potential to cause a decline in quality attributes of muscle foods. The reason for the unattractive, 

darken color of the muscles is the result of condensation reaction between oxidation products and 

proteins, the change of aroma caused by new vo latil e odorous compounds and fi nall y the change 

in texture might be because of the ox idative induction of protein crosslinks (Kanner and 

Rosentha l, 1992). 
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5. Conclusion 

Postmortem biochemical processes influence the color of muscle foods, which is a major trait 

governing consumer perception of wholesomeness. Meat spoilage leads to the development of 

off- fl avo urs, off-odors and often slime formation due to the breakdown of valuable contents (fat, 

protein and carbohydrates) which make the product undesirable for human consumption. 

Nutritive value degradation and lipid oxidation in muscle infraspinatus, quadriceps femoris, 

longiss imus dorsi and rhomboideus occur in different ways and at different postmortem times. 

Best keeping quality belongs to muscle longissimus dorsi. 

Consumer acceptabi lity rates declines as the storage time increases. This is due to the change in 

pH, metmyoglobin, lipid oxidation and L "a*b* value. In the four test days the muscles become 

darker and unattractive to consumers. 

The nutritional values of these muscles decreased with increased storage time. The nutritional 

value of the muscles remained high until day 7. The change in nutritional value was because of 

oxidation which causes degradation in proximate values. Although the nutritive values of these 

four muscles does not decline that much, consumers won' t prefer them because of the dark 

appearance of the muscles, which makes them appear spoiled. 

Postmortem aging affected all of the muscles eva luated in this study in various degrees. Better 

understanding of storage condition for each muscle's with their biochemical and physical 

attributes, the industry can target individual muscles through processing or packaging strategies 

to help improve maximize color shelf-life and retard rate of oxidation in individual muscles. 
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6. Recommendation 

On the basis of the present study, the following recommendations are forwarded; 

I. It is recommended that the fo ur cuts of beef cuts investigated be stored under vacuum 

seal at -20°C for no more than 7 days with no appreciable loss of keeping quality. 

2. Vacll ulll packaging and freezin g doesn' t provide protection from lipid oxidation to the 

muscles for more than 7 days. So, addition of antioxidants may be one option to consider 

for expolt abattoirs that require to keep beef muscles under freeze storage for an extended 

period oftime. 

3. The storage of the fo ur muscle types under vacuum at -20°C pack shOlIId not extend 

beyond 7 days, as there will be loss of important nutritive values due to drip loss. 

4. General observations indicate that hygiene and sanitation conditions in butcheries around 

Barh Dar town require improvements. The Bahr Dar city administration is recommended 

to play an active role in promulgating new standards and regulations that take public 

safety as a priority. 

5. Investigation of other packaging and storage conditions is needed to keep beef muscles at 

desirable sensory and nutritional quality beyond 7 days . 
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Appendices 

Sensory acceptability test 

Eval uate the samples according to the numbers indicated and give value frol11 1-5 fo r each 

attribute based on the key given. 

If you have any questions please ask the server. 

5 =Like extremely 

4 = Like moderately 

3 = Neither li ke nor dislike 

2 = Dis like moderately 

I = Dislike extremely 

Attributes 

Color 

Aroma 

Texture 

Overall acceptability 

Preference ranking test 

123 456 

In front of you there are seven coded samples. Taste each sample. 

Please indicate your preference by giving score 

123 ___ 456 ___ 789 ___ 147 __ _ 

1st choice besides the sample that prefer most 

2nd choice besides sample that you prefer second 

3rd choice beside the sample that you prefer third 

4th choice beside the sample that you least prefer 

789 147 

General Comment ________________________ ____ _ 
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