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ABSTRACT

Mechanically separated turkey meat (MSTM) is onéhefcheapest sources
of protein; however its use for production of futiprocessed poultry products is
limited due to undesirable composition. pH-shiftiagtraction was applied to
overcome the problems associated with MSTM. In firs¢ study the effect of
acid pH-shifting extraction with the aid of citraxid and calcium ions on lipids
and heme pigments removal from MSTM was invest@jatEhe maximum
removal of total, neutral and polar lipids was aeld with addition of 4, 6 and 2
mmol/L of citric acid, respectively. Addition of & 8 mmol/L of citric acid was
the most efficient for total heme pigments remoirathe second and third studies
chemical, functional and rheological propertiespafteins isolated from MSTM
were investigated as influenced by different (2%, 10.5 and 11.5) extraction

pH. Gel-forming ability was found the highest fdd 8.5 extracted protein.
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CHAPTER 1. LITERATURE REVIEW
1.1 Development of mechanical deboning process

A few decades ago the primary focus of the pouitrgustry was on
production of whole poultry carcasses. Changes anple’s lifestyle, which
included health concerns and economic consciousfaesed the poultry industry
to evolve in order to better meet consumer’'s exexts and fulfill their
demands. Recently, consumer preferences shifted fraying whole birds to
buying further-processed products. For instancel, 962 whole birds accounted
for 83% of the broiler processing market, whil2®08 only 11% of broilers were
sold as whole birds (NCC, 2009). This change isoeanied by increased
poultry consumption worldwide and it is expectedtthy 2020 poultry will be the
overall meat of choice (Bilgili, 2002). Recognitiaf poultry meat as a healthy
component of a diet, possibility to purchase com@nready-to-eat type of
products and higher product diversification, altute to the increased demand
for poultry products. Increasing demand for cutama further-processed poultry
is associated with the increased supply of neckskdand frames, which require
proper utilization. About 24% of these parts arked(Trindade et al., 2004). In
an attempt to recover the meat that is firmly dtéacto the poultry carcass and
facilitate its conversion to more saleable foods,m&chanical separation
(deboning) process was developed. The first mechhdeboners were designed
for fish in Japan in early 1940’s. The mechaniegasation of poultry began in

late 1950’s in U.S. (Trindade et al., 2004). Thiwgess offers an excellent



opportunity to improve the edible yield from prosig plants and increase the
availability of animal protein in the food supplyqung et al., 1983). Around 700
million kg of mechanically separated poultry medSPM) is produced each year
in the U.S. alone (Stanley, 2008). The separatirmegss involves grinding meat
and bone together, and forcing the mixture throaidime screen of a mechanical
deboner (e.g. Paoli, Beehive, Bibun) (Froning, 198llphant, 1997). The “soft”

materials, including meat, fat and connective egsarte separated from the hard
material (bone) by the application of high pressuféne composition of

mechanically separated meat (MSM) is highly vagadhd depends on species,
animal age, bone to meat ratio, skin content, ype bf machine and its setting
(Crosland et al., 1995; Henckel et al.,, 2004). Doepaste-like texture and

relatively low price, MSPM is used in production fafther-processed products,
such as bologna, frankfurters, turkey rolls, nuggdtamburgers, etc. The
increased use of MSPM for further-processed pradoas highlighted the need to
improve meat quality associated with organoleptid &unctional characteristics

(Sosnicki and Wilson, 1991).

1.1.1 Deboning equipment

Avalilability of mechanical deboners reduces labosts drastically and
allows to retrieve the meat which cannot be remofredn bones by hand
deboning. MSM is produced by machines which firghd) or crush bones,
followed by separation of bone and tendon by faydime tissue through a sieve

(Hedrick et al., 1994). Two general categories ebahing equipment are used in

2



the poultry industry.The first category includes equipment where the tnea

forced from the outside to the inside through pations in the drum and the
bone residue goes to the outside of the drum.drother equipment category the
meat is forced from the inside to the outside thloa perforated cylinder, with

the bone part left inside (Froning, 1981; Fronimgl #cKee, 2001). Three basic
deboner types are currently available on the maatbut, 2002). In the first,

belt-drum type, raw material is passed betweerbbeubelt and a micro-grooved
steel drum. The meat is squeezed through the p¢efbrsteel drum, while the
harder bones and connective tissue remain outsidde second, rotating auger
type, bones and frames go through a bone cuttezdoce their size. Then, the
ground mixture is subjected to a screw-driven bgriead. Under pressure, the
material is squeezed out through the perforatesl sidinder encasing the auger.
The remaining bones and connective tissue are gusheard and exit at the end
of the head. The third type of the deboner is aduyictally pressed batch system.
Similarly to the rotating auger machines, bonespaeecut prior to be deboned in
a batch-type chamber. Inside, the material is fbragainst a stationary slotted
surface by a high pressure hydraulic-powered rastopi The material is

squeezed through the cylinder openings under higdsspre (Barbut, 2002).

Deboners can process from 230 to 9000 kg of propgecchour depending on the

size and capacity (Froning and McKee, 2001).



1.1.2 Regulations of mechanical deboning process

In most countries MSM is generally considered bepobr quality and
therefore subjected to strict regulations regardimgse as a binding agent or as a
meat source for the production of minced meat petsd(Henckel et al., 2004).
The norms and guidelines are generally based daeiprdat and calcium content,
the size and number of solid particles (bone pag)cin the separated meat and
on use and storage of MSM. A minimum protein contgrMSM should be 10%,
or 14% if destined for retail sale (CFIA, 2008). MShall have a fat content no
more than 30% (CFR, 2005). The legislation regardiandling, processing, use,
nutritional standards and microbiological quality avariable between different
countries. For example, in Denmark, if MSM is usgdevels less than 2%, it
does not have to be declared on the label. In Alistrexported product is
labelled as “edible mechanically deboned meat” awmhtains a statement
declaring maximum calcium, moisture and minimumt@rocontent. FSIS (1982)
of US imposed some restrictions on the amount gpé bf products, where
MSPM might be used. Most of them are based on spangcular component
presented in MSPM, like calcium.

CFIA (2008) regulations regarding labelling, statedt MSM may not be
described simply as "meat" on food labels, but nimestabelled as "mechanically
separated"” species (e.g. beef, pork, chicken). GE0Q9) allows the use of MSM
in standardized and non-standardized cooked medupts; fresh and preserved

sausages, and uncooked burger products (sold ordyfiozen state). The use of



MSM in comminuted meat, e.g. ground beef, grounk o in meat patties is

prohibited.

1.2 Composition and associated problems of mechanically separated poultry

meat (M SPM)

1.2.1 Protein quality

Increased utilization of MSM in production of sagea and other further-
processed products raise the question about thikiondl value of these products
for human consumption. Protein quality specifieddRR (2005) requires that
MSM have a minimum protein efficiency ratio (PER)205 or have an essential
amino acids content of at least 33% of the totalnanacids present. PER is a
method to determine the quality of food protein doymparing weight gain to
protein intake (Grodner, 2004). MacNeil et al. (8Pieported PER values of 2.65
for skinless mechanically separated broiler necis 245 for a combination of
skinless mechanically separated backs and necksrddson might be due to a
partial removal of connective tissue during prosegssuch as collagen, which
has poor amino acids composition (Newman, 1981¢. difierence in PER values
among different studies is based on variabilityhi@ bone source and the levels of
connective tissue and calcium present (Happich e1@/5).

MacNeil et al. (1978) observed the following esg#ntamino acids
composition of deboned skinless broiler necks (grafhamino acid residue per
100g of total amino acid residues): histidine (H&p1, lysine (Lys) 8.74,
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threonine (Thr) 4.74, cysteine (Cys) 0.65, valiMal] 4.10, methionine (Met)
2.82, isoleucine (Iso) 3.63, leucine (Leu) 8.25 agicknylalanine (Phe) 3.89.
Table 1.1 represents the approximate compositiotiftdrent poultry parts after
deboning.

Table 1.1. Proximate composition of mechanicallypasated meat (MSM)
produced from different parts of poultry carcass

Part of the Moisture Protein Fat

carcass (%) (%) (%) Reference
Turkey frame 72.7 16.4 10.4 (Radomyski, 2000)
Turkey frame 73.7 12.8 12.7 (Essary, 1979)
Turkey frames
with skin and 69.8 17 12.8 (Radomyski, 2000)
drumsticks
Chicken backs g4 g 145 176  (Grunden etal., 1972)
and necks
Chicken backs 62.4 13.2 21.2 (Froning, 1970)
Skinless necks 76.7 15.3 7.9 (MacNeil et al., 1978)
Chicken backs 63.9 13.98 21.16 (Henckel et al.4200
Hen thigh 69.9 105 @gg (Kondaiahand Panda,

1992)

The variability in moisture, protein and fat corttei MSPM is described
by a wide range of factors, including the type @amne used, the history of the
material subjected to deboning and the preparaironedures used (Goldstrand,

1975).

1.2.2 Lipids and heme pigments
The considerable shearing action caused by medaiatetoning results in

cellular disruption, the extent of which depends the screen sizes of the
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machine. As a consequence, bone marrow released tine broken bones,
accumulates in the resultant product causing isedeme pigments and lipids
content. These pigments and lipids fractions dithee amount of protein in the
resulting product. Mechanical deboning causes aetfold increase in heme
protein content compared to hand-deboned meat ifiyaand Johnson, 1973).
Hemoglobin (Hb) and myoglobin (Mb) are the mainrpéents responsible for the
color of MSPM. Other pigments are also present @atnbut in small amounts,
therefore their effect on the meat color is mininiglkhalifa et al., 1988).

Aeration during the deboning process facilitatesdatkon of myoglobin to

oxymyoglobin. Further oxidation, due to the inteéi@t with the metal surfaces of
the separator and the continuous availability ofgex, results in metmyoglobin
formation, giving an undesirable brown color to greduct (Janky and Froning,
1975). Hb also contributes to the color instabitiftyMSPM, since it can be easily
oxidized and is susceptible to heat denaturatioringuprocessing. Abnormal

brown, green and gray color defects were obsemddrther-processed products
containing MSPM (Froning and McKee, 2001). Moreoyeeme pigments are
known to have a pro-oxidant effect on lipids. Banarrow contains 0.09-0.23%
of iron, which has been identified as an oxidatmatalyst in muscle tissue
(Skibsted et al., 1998). Under some conditions hpigments leak iron to form

more simple iron species, which may bind to neghfixcharged phospholipids

and catalyze Fenton-type reactions in the membr@edsen et al., 2005).



The lipid content of chicken bone marrow is 46.5¥hgerein neutral lipids
constituted 98.4% of the total lipids, which areegwminantly triacylglycerols
(TAG), and 1.7% of phospholipids (PL) fraction (Moe and Ball, 1973).
Inclusion of bone marrow leads to a higher varratiothe fatty acids content and
a higher percentage of cholesterol and PL in machby separated chicken meat
(Al-Najdawi and Abdullah, 2002). The PL fraction diSPM is highly
unsaturated (Gomes et al.,, 2003). Even though wradatl fatty acids are
beneficial to human health, they are more pronexidation, causing problems
with shelf life stability and sensorial quality. 8des the bone marrow lipids,
subcutaneous fat, skin and abdominal fat also ibané to the high lipid content

of MSM.

1.2.2.1 Problems associated with lipids and heme pigments content

One of the major problems with MSPM is the rapicseinof oxidative
deterioration, which limits its acceptability for eat products production.
Oxidation has been implicated in a number of delmie effects on lipids and
pigments, causing discoloration, drip-losses, l@#dr development, reduced
shelf life, loss of nutritional value and functiditia(Matsushita, 1975; Gray et al.,
1996; Morrissey et al., 1998; Coronado et al., 2002e problem of lipid
oxidation has an economic impact on the meat imguas it leads to the
development of potentially toxic reaction produaklehydes, ketones, alkanes,
etc.) and chemical spoilage in the food system (Mtty et al., 2001; Reig and

Toldra, 2010). Poultry meat is notably sensitivdipad oxidation because of its
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high content of polyunsaturated fatty acids (PUFBdtsoglou et al., 2002).
MSM is particularly susceptible to lipid oxidatidmecause of its high fat content
(Mielnik et al., 2003). Lipids in meat are commordiassified into two types:
depot or intermuscular and intramuscular or tidguids (Watts, 1962; Love and
Pearson, 1971). The neutral lipids (mostly TAG) thie principal components of
intermuscular lipids, which are generally localized specialized connective
tissue in relatively large deposits. Intramusclilgids are integrated into and are
widely distributed throughout the muscle tissued eontain a high amount of PL
(Watts, 1962). Incorporation of myoglobin and hetob@ during the deboning
process also accelerates the rate of oxidativegasa(Love and Pearson, 1971).
Lipid oxidation catalyzed by iron porphyrins maycdenpose PUFAs and destruct
pigments (Kendrick and Watts, 1969). Mb has beeowshto be the major
catalyst for lipid oxidation; however its mode dftian is controversial. It has
been suggested that the interaction of Mb with bgdn peroxide (kD-) or lipid
hydroperoxides results in the formation of ferrybrglobin, which initiates free
radical chain reactions (Harel and Kanner, 19893 Btaal., 1994). Mb is also a
source of iron, which has a strong catalytic effectlipid oxidation (Ahn and
Kim, 1998). Lee et al. (1975) suggested that thghdst pro-oxidant activity
occurs at the linoleic acid to heme pigments ratib00:1. They also reported that
the ratio for mechanically deboned chicken was #8@hich shows the critical

role of interaction between lipids and pigmentglenoxidative stability of a meat



system. Kendrick and Watts (1969) observed the thesttruction of heme
compounds as a result of contact with linoleic acid

One of the most widely used methods to determindatixe stability of
meat is the measuring of malondialdehyde (MDA),stdered the most abundant
and highly reactive product of PUFAs peroxidatiodanero, 1990). The
evaluation of MDA is based on the reaction withobarbituric acid reactive
substances (TBARS), followed colorimetric assayindon et al. (1974) indicated
that mechanically separated turkey had minimadllgxidation when stored up to
10 weeks. In contrast, Smith (1987), who inveséddhe lipid oxidation rate with
the same raw material, reported that lipid oxidatomcurred rapidly during the
first seven weeks of frozen storage, followed bgtegrease in TBARsS number
during the latter part of storage. Froning et 4871) reported that mechanically
separated turkey stored at -24 °C for 90 days stddwgh TBARs values. Those
differences may be attributed to a wide range daftofs, such as oxygen
availability, light and temperature (Monahan, 2008)r instance, Pettersen et al.
(2004) investigated the different packaging effemtslipid oxidation of MSTM
and found that MSTM stored in air had higher TBARdues compared to meat
stored in a vacuum or modified atmosphere packadihg study of Schnell et al.
(1973) showed that the particle size had an effecthe oxidative stability of
MSPM as evaluated by TBARs numbers, with the lelseing inversely

proportional to particle size.
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One of the issues having arisen with MSM is thdesterol content, which
is affected by the amount of bone marrow, bodyafad skin (Al-Najdawi and
Abdullah, 2002). The major concern is that overcomgtion of MSM may result
in health problems for persons prone to hyperuriagabbnormally elevated blood
level of uric acid) or hypercholesterolemia (Yourd®85). However, MSPM is
used in the production of further-processed prajuahere cholesterol content
should be declared on the label. Therefore, it suggested that those people who
need to control the cholesterol level in their dretuld be able to make an
educated decision of whether to purchase the ptptased on the information
provided on the product label (Froning and McKe@)D). Serdaroglu and Turp
(2005) reported a cholesterol content of 63.6 mgd0 g of MSTM. Ang and
Hamm (1982) reported 81 mg of cholesterol in 108f gnechanically separated
broiler meat.

Along with lipid oxidation, color and flavour ardsa characteristics that
need to be vastly improved upon for MSPM. The dadeodor of MSM is reported
to be due to the release of heme pigments andethetion in connective tissue
content, which does not contain pigments (Field,/5)9 Often the color
evaluation is based on measurements of tristimedlsrimetry, including L*, a*
and b* values. The L* value on a 0 to 100 scaleotisnthe color from black (0)
to white (100). The a* value denotes redness (greenness (-), and the b* value
denotes yellowness (+) or blueness (-) (Chamul7R00he lightness “L”, redness

“a” and yellowness “b” of mechanically separatedckbn were 53.4; 16.4 and
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7.0, respectively (Perlo et al., 2006). Froningakt(1973) studied the effect of
skin content on MSPM color and found that fat frekin increased the dilution of
heme pigments, resulting in lighter, less red amatemyellow final product.
Dhillon and Maurer (1975) compared the color stgbibetween MSPM and
ground beef after storage during 6 months at -25Tt@y found that redness was
more intense for ground beef; however after probohgtorage no difference was
observed. MSPM also often has a rancid flavour amama if not chilled
immediately following manufacture. It sometimes hasburned” flavour and
aroma because manufacturers were attempting tescimaximum recovery by
increasing the back-pressure in the deboner (Bar,c@98).

Lipids play an important role in flavor perceptias they are carriers of
lipophilic flavor molecules including off-flavor. y¢iroperoxides, the products of
lipid oxidation, are essentially odourless, butlvdecompose to a variety of
volatile and non-volatile secondary products (Matir 1994). It is recognized
that a problem with warmed-over flavour (WOF) uspalccurs in refrigerated
cooked meats within 48 hours of storage; however résearchers, Gray and
Pearson (1987), reported on development of WOF $MVas well. In the study
of Mielnik et al. (2002), it was found that the &ddth of MSTM to comminuted
sausages facilitated the development of rancidbtiaduring storage at -25 °C, as
determined by the concentration of volatile commsunThey also found that
TBARs values and volatile compounds were highlyrelated with rancid

flavour. The flavor stability of MSM depends on ma@kl composition, deboner
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type, quantity of heme compounds, contact with inedsts and the temperature
of deboning (Ockerman and Hansen, 2000).

MSM is already being used in the formulation of dégriied products
(sausages, balls, loaves, etc.). However, comnmdneaesistency and puree form
sometimes limit its use in products (Kondaiah amaada, 1992). MSM reduced
the palatability of products in which it is incomated (Ockerman and Hansen,
2000). Several authors reported on undesirableitexf MSM (Froning, 1981;
Field, 1988). High lipid content was shown to haveegative effect on texture,
making it softer (Raphaelides et al., 1998). Thmesauthors also mentioned on

the grainy or gritty structure, due to possiblesprece of bone particles.

1.2.3 Calcium and bones content

One of the important points of criticism raiseddonsumers for acceptance
and usage of MSPM is high calcium content, whicbasimonly associated with
the high amounts of microscopic bone particles @Kehet al., 2004; Branscheid
et al., 2009). Presence of organoleptically deldetaone markedly decreases the
acceptability of any product utilizing MSM (Charitad., 1977). According to the
regulation CFR (1995) calcium content of MSM froorkey or mature fowl
should not exceed 0.235% and no greater than 0.lii5psoducts made from
broilers processed at the age from 6 to 8 weeks.réason for this difference in
requirements is that mature fowls have more brittiees and turkeys have larger
bones; therefore slightly higher calcium contenthie final product is expected

(Froning and McKee, 2001). The CFR (2005) requited the content of solid
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bone fragments be less than 3% on the meat wehtyeigleast 98% of the bone
particles must have a maximum size no greater @&mm and no bone patrticles
larger than 0.85 mm in their greatest dimensiomti¢¥a size is important since

larger particles might cause a gritty structure potential dental problems. The
percentage of calcium or bone in MSM is variabld depends on the amount of
meat attached to the bone, the size of grindee pthé extent to which the bones
were broken, the yield of processing and the pérthe carcass subjected to
deboning (Field et al., 1974; Goldstrand, 1975).

Nutritionists reported that many population groupatticularly adolescent
and older females, consume significantly less galcthan recommended (Miller
et al., 2001). MSM helps to maintain the balancealtium to phosphorus ratio
and prevent calcium deficiencies in the human (ietwak, 1975). Posner (1969)
reported that nonreversible hydrolysis of bone oEcin aqueous media at
physiological pH values. Field (1988) confirmedttbane particles from MSM
are totally solubilized in HCI solutions equal teetconcentrations of HCI in a
stomach and present no hazard to consumers. The $murce of calcium is
especially useful for people who cannot toleraték s a calcium source due to

deficiency of lactase enzyme (Ockerman and HarZ@00).

1.2.4 Microbiological quality
MSM is highly perishable, since it usually contaihggh microbial
contamination. The level of contamination depends tloe slaughtering and

deboning conditions, times and temperatures to lwiihe product is exposed
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during processing. The main reasons for the mietoloiad of MSM are poor
hygienic measures, including environment, handlezguipment, and also
improper holding temperatures during deboning atmtage. The deboning
process may increase the temperature of the resdbveeat (Newman, 1981). The
screw press types of machine (e.g. Beehive, Pa@ie reported to cause an
increase in temperature between 10 ° to 13 °C (Mawand Collinson, 1974;
Meiburg et al., 1976). In some cases the use oéapnder may further increase
the temperature by as much as 17 °C (Paoli, 19TBgse relatively high
temperatures and paste-like structure create agllertenvironment for bacterial
growth. The release of intracellular fluids, whigte rich in nutrients, availability
of air, temperature and a higher pH all contribtdemicrobial multiplication
(Froning, 1981; Field, 1988). Mulder and Dorreste{il975) observed that
transmission of pathogenic bacteria to the finalemal during different stages of
processing was frequent and not influenced by thethod of separation.
Frequently the source of contaminati&@al(monella, Campylobacter, Listeria spp
and Clostridium perfringens) comes from animal carcasses (ICMSF, 2005).
MSPM is often heavily contaminated, both with spgé and pathogenic bacteria,
including salmonellae (Ostovar et al., 1971). Tésutts of the study by Malicki
et al. (2006) showed that the average counts ofhpeyrophic and mesophilic
bacteria, proteolytic bacteria, lactic acid baetesind Pseudomonas spp. were
much higher in MSTM compared to raw turkey bredste high surface-to-

volume ratio and homogeneous structure of MSM itatd the spread of bacteria
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throughout. USDA/FSIS has established the HACCPceuore to control

microbiological quality of mechanically separatedilry (USDA/FSIS, 1999).

1.3 Characteristics of skeletal muscle proteins

Muscle proteins are generally classified into thresain groups:
sarcoplasmic, myofibrillar and stromal or connegtisssue proteins. This division
is based on their function in a muscle and soliybih aqueous solvents. The
sarcoplasmic proteins contribute to around 30%eftotal protein and are water-
soluble proteins. They include hemoglobin, myoglobicytochromes and
glycolytic enzymes (Wang, 2006).

Myofibrillar proteins, which are the major proteina muscle cells,
comprise about 60% of the total muscle proteinsamedconsidered to be soluble
in relatively concentrated salt solutions (0.34¥)0(Damodaran, 1997).

Based on the functional role in muscle, myofibrilfaroteins are further
divided into contractile, regulatory and cytoskalgiroteins. The most abundant
contractile protein is myosin (Xiong, 2004). Myogkigure 1.1) has a molecular
weight of approximately 480 kDa and consists ofssikunits; two heavy and four
light chains, arranged into a molecule with two reg@gaped globular heads
attached to a long-helical tail. Hydrolysis of a myosin heavy chaiitiwtrypsin
yields light meromyosin (LMM) and heavy meromyogtiMM). Treatment of
myosin with papain generates two identical globhleads (subfragment 1) and a

myosin rod (LMM and HMM S-2) (Smith, 1994). The tvgbobular heads are
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relatively hydrophobic and are able to bind toraclihe tail portion is relatively
hydrophilic and responsible for the assembly of sayointo thick filaments

(Xiong, 1997).

LMM - HMM——>
"'-'_-51"'_"""'"51'-'
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Figure 1.1. Schematic representation of the myoswmlecule (LMM; light
meromyosin; LC, light chain; HMM, heavy meromyos8it, subfragment 1; S2,
subfragment 2). Reprinted from PROTEIN FUNCTIONAMTIN FOOD
SYSTEMS. EBOOK by N. S. Hettiarachchy and G. R.gi#e Copyright 1994
by Marcel Dekker, Inc. Reproduced with permissibiMarcel Dekker, Inc. in the
format of Dissertation via Copyright Clearance @ent

Actin, the second most abundant contractile proteirms the thin filament
of the sarcomere. Actin molecule consists of twatgin strands twisted upon one
another (Hossner, 2005). During contraction, aatid myosin interact, resulting
in the formation of the actomyosin complex. Troporand tropomyosin are
regulatory proteins, which are associated with filaments, while cytoskeletal
titin and nebulin are the structural componentmgbfibrils (Aberle et al., 2001).
Stromal proteins (connective tissue) constituteudld®% of the total protein and

are considered to be insoluble in an agueous mediurere are two types of
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connective tissue: proper and supportive. Connectigsue that covers the
muscle, muscle bundle and muscle fiber (epimysiuperimysium and

endomysium, respectively) is known as connectigsug proper (Alvarado and
Owens, 2006). Bones and cartilage refer to supmoabnnective tissue. There is
also an extracellular matrix, which is fibrous trusture and made up of proteins
called stromal. The major stromal protein is cadlagPonce-Alquicira, 2004).
Elastin and reticulin are minor constituents of teomal fraction. Meat

tenderness often decreases with animal age aslaaoéhigher cross linkages that

occur in the collagen.

1.4 Protein extraction techniques

One of the possibilities to overcome the problessoaiated with MSM is
to extract muscle proteins in order to prepare tional protein isolates, which
can be used for the production of further-processedt products and other food
applications. Two main extraction technologies ased in this regard, and both
were initially developed for the extraction of pewmts from fish. These
technologies include surimi and pH-shifting (acithdaalkaline extraction
processes). Since the MSM is a material differegoif fish, the extraction
processes need to be optimized in order to bedstotpoultry muscle proteins. In
the following paragraphs a detailed discussion alioel steps involved in these

two technologies will be provided.
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1.4.1 Surimi processing

Surimi is one of the major fish meat transformadigilartin-Sanchez et al.,
2009). It is a wet concentrate of myofibrillar pewts made from raw minced fish
flesh. It is an intermediate product for the prdearc of a variety of foodstuffs
(FAO, 2005a; 2005b), such as the traditional Jagparikemaboko or shellfish
imitation products, which include crabsticks, crhglgs, crab meat and others
(Carvajal et al., 2005; Blanco et al., 2006). Beft®60 surimi was produced and
used within a few days as chilled raw material lbseathe product was unstable
during frozen storage due to the denaturation thamnd myosin. Discovery of
cryoprotectants, such as sugars and polyphospHasgs maintain protein
functionality during the frozen storage (Nishiyaagt 1960; Tamato et al., 1961;
Park and Lin, 2005). About 95% of all surimi proddds in a frozen state and the
term “frozen surimi” is more related to the additiof cryoprotectants than to
freezing by itself (Sonu, 1986). The productionsafimi includes the following
steps: raw materials preparation, deboning, washmdining, dewatering,
addition of cryoprotectants and freezing. The detan each of the processing
steps in surimi production are further discusseder& are three methods of
material preparation before deboning. Method seleaiepends on the desired
qguality of the final product (Park and MorrisseyQ0R). This step affects the
guality and yield, because endogenous and micrpbidéases from guts and skin
affect the gel-forming ability of surimi if they arpresent in high amounts

(Martin-Sanchez et al., 2009). The next step isodety, performed by using a
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perforated drum that minces the fish and removgsanes by forcing the tissue
through 3-5 mm perforations. Once the raw fishifless been obtained, cyclic
washings are applied to remove sarcoplasmic pt¢amzymes and heme
proteins), fat and other impurities which might @a&se the surimi value
(Vilhelmsson, 1997; Hultin et al.,, 2005). This alswreases the quality of
myofibrillar proteins, which in turn positively &€t the functional properties
(Hall and Ahmad, 1997). Generally, three cyclesldf minutes washing with
water: mince ratios of 3:1 or 4:1 are used in itdalsapplications (Park and
Morrissey, 2000). After each washing the dewatesiieg is applied.

The over usage of water is one of the major problefmsurimi processing
leading to an increase in utility costs and patiatproblems (Park and Morrissey,
2000). However, the quality of the final surimihighly dependent on the amount
of water used in its production. Several studiesehbeen investigating the
improvement of the washing procedure. Chen (20824 wair-flotation washing
(AFW) to achieve a higher removal of unwanted coomais by air infused into
cold water. Hultin et al. (2005) and Balange anchjBleul (2009) used salt-
alkaline washing (SAW) to aid in the removal of leepigments. The yield from
AFW was slightly higher compared to SAW, but theisu obtained from SAW
showed a slightly higher ability to form a gel.

After washing, the meat is passed through a refineremove the small
parts of bones, skin and connective tissue (Venaigdf006). As a result of

repeated washing cycles the moisture content isesefrom 82-85% to 90-92%.
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It is important to remove the excess water befbeeaddition of cryoprotectants.
The removal of water, thereby increasing the cotmagon of proteins, is
achieved by using a highly efficient screw presshmee. To improve water
removal, a mixture of NaCl and CadD.1 - 0.3%) could be added to the final
wash (Park and Lin, 2005). The addition of salb d&ilitates protein unfolding,
resulting in better gel strength; however it alsoederates protein denaturation
and consequently might decrease the shelf lifek(Rad Morrissey, 2000). The
traditionally used cryoprotectants include: 5% #oip 4% sucrose and 0.3%
polyphosphates. Sorbitol and sucrose act as criggiemts and also stabilize the
protein gel network during freezing. Sucrose alsimhits ice crystal formation
and water migration from proteins. Phosphates llageability to increase water
retention and the ability of proteins to reabsagoitl during thawing (Rasco and
Bledsoe, 2006). After mixing with cryoprotectarfish flesh is formed into 10 kg
blocks, put in plastic bags and frozen for 2.5 Bawr until the core temperature
reaches -25 °C. Frozen surimi is further store@@t’C. The final surimi contains
15-16% of protein, 75% moisture and 8-9% of fregzstabilizers (Shaviklo,
2007). The yield of surimi is relatively low, sinoae-third of the fish flesh is lost
during the washing steps. In general, less than @bite fish weight is recovered

as surimi (Rasco and Bledsoe, 2006).

1.4.2 Acid and alkaline extraction processes (pH-shifting method)
Considering the disadvantages of the surimi pracgssincluding

inefficient removal of membrane lipids and excessivater usage, a new pH-
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shifting method has been developed at the UniwyerditMassachusetts (Hultin
and Kelleher, 1999). The pH-shifting process uwttizthe principle of pH-
dependent protein solubility. First, proteins awmubilized in either acidic or
alkaline mediums, followed by precipitation at tkeelectric point (pl) (pH about
5.0-5.5), with the possibility of final neutralizat of pl precipitated proteins.
Figure 1.2 represents the acid/alkaline extragbimtess. During step 1, water is
added to finely ground raw material at a ratio frbré to 1:9 and homogenized.

During step 2 of the acid pH-shifting process, nityaifar and sarcoplasmic
proteins are solubilized by adjusting the mixtuoepH 2.5-3.5, usually by the
addition of 2 N HCI. For the alkaline pH-shiftinggeess, the water/meat slurry is
subjected to solubilization at a pH of 10.5-11.5ually by the addition of 2 N
NaOH (Kristinsson et al., 2005). During step 3 skione particles and membrane
lipids (under favourable conditions) are separaftein the myofibrillar and
sarcoplasmic proteins by centrifugation (HultinD@Q Usually three fractions are
formed after first centrifugation: a bottom lay@mgposed of skin, bone patrticles,
connective tissue proteins and impurities; a middier composed of a soluble
protein fraction and a neutral lipids fraction e top.

During step 4, the pH of the soluble protein fratis adjusted to the pl of
about 5.0-5.5, to induce precipitation of both niyollar and sarcoplasmic
protein fractions. The final protein isolate is aeered by centrifugation.
Sarcoplasmic protein fraction, which is mostly weshoff during surimi

processing, is largely precipitated along with nilyollar protein in the final
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isolate of the pH-shifting extraction. The moistwfethe final isolate may vary
from 82 to 90% depending on the initial source satgd to the extraction. The
final pH of the sample can also be readjustedhénfinal step, the cryoprotective
substances are added to the protein isolate. Asmd- alkali-produced protein
isolates have a “Generally Regarded as Safe” (GRA&)s in the US (FDA,

2004).

1. Homogenized
mince/water mixture

{

2. Acidic (pH 2.5-3.5) or alkaling
(pH 10.5-11.5 solubilizatior

Y

3. Centrifugatio
Y ¥ ¥
Sediment: Middle phase:
skin, bones, Soluble proteins Upper phase:
impurities, (myofibrillar and Neutral lipids
membrane lipids sarcoplasmic)
Y

4. Protein precipitation at
isoelectric point (pH 5.0-5.5

Y

5. Recover
precipitated proteins

by centrifugation
Supernatant: y | g

Mostly water %

Sediment = Protein isolate

Figure 1.2. Schematic diagram the pH-shifting pssce
(Adopted from Ingadottir, 2004).
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1.4.2.1 Protein yield

The new pH-shifting protein extraction method haangnadvantages over
surimi processing. Minced materials might be digesubjected to the acid or
alkaline processing, since the undesirable compewth as bone parts, skin, fat
and impurities are removed by centrifugation. pltsiy provides a higher
processing yield, because sarcoplasmic proteirtidrags precipitated together
with myofibrillar proteins (Nolsoe and Undeland,02). The process is faster
since washing and refining procedures are excludedso decreases the amount
of water used, in turn decreasing water waste (&lav2007). Moreover, the
water obtained from pH-shifting process has lesld sparts as a result of
centrifugation (Park et al., 2003). Under optimuonditions (meat to water ratio)
neutral and polar lipids might be removed from itigal material, increasing its
oxidative stability during storage.

Protein yield is one of the important factors, whibave economic
implications for the processor. Protein yield o ffH-shifting process depends on
three main factors: solubility of proteins at erteeacid or alkaline pH, the size of
the sediment after centrifugations and proteinlsibty at the pH of precipitation.
Preferably, the initial solubilization should beghj while the other two factors
should be low (Nolsoe and Undeland, 2009). Hultimd aKelleher (2000)
demonstrated that 94.4% of mackerel light meat ccdnd recovered using the
acid-aided process. Undeland et al. (2002) useati @rcalkaline solubilization to

extract proteins from herrin@{upea harengus). The study showed that 92% and
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89% of the initial muscle proteins were solubilized pH 2.7 and 10.8,
respectively and resulted in protein yields of 74%&@ 68%, respectively. The
same results were reported in the study of Krisbnsand Liang (2006) on the
pH-shifting processes of Atlantic croakdfi¢ropogonias undulates). The authors
found that the acid-aided process led to higherteprorecoveries (78.7%)
compared to alkaline treatments (65%). Kristinssbal. (2005) reported a 71.5%
yield for acid-processed and 70.3% for alkali-resr@d protein from Channel
catfish (ctalurus punctatus). Rawdkuen et al. (2009) obtained higher recovery
yield from tilapia in the acid-aided process (85)49%llowed by the alkaline-
aided process (71.5%) and surimi (67.9%). The sasdts on the higher protein
yield from acid-aided extraction process were rgggbin the studies on the other
fish species, such as mullet catfish, Spanish Matkeroaker (Kristinsson and
Demir, 2003) and Pacific whiting (Choi and Parkp2p The reason for a lower
protein yield with alkaline extractions was suggdsto be due to less protein
precipitation on pH readjustment to 5.5 comparethéoacid process (Kristinsson
and Hultin, 2004). However, Kristinsson and Ingad@2006), who investigated
protein vyields from tilapia @rechromis niloticus) light muslce, found no
significant difference in protein yield betweendeaind alkaline treatments. They
reported protein yields from 56% to 61% for thedaaided process, and from
61% to 68% for the alkali-aided process. Batistal ef2007) reported that protein
yields from sardineSardina pilchardus) muscle achieved 77% and 73% for the

alkaline and acidic processes, respectively.
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Kim et al. (2003) studied the influence of solutakion pH on protein yield
from acid- (pH 2 and 3) and alkaline-aided (pH 1@.5 and 12) extractions from
Pacific whiting using a 1:10 fish meat to waterigafThe study revealed the
highest protein yield at solubilization pH of 12qand 70%) and the lowest at pH
10.5 (around 60%). No difference was found in protgield between
solubilization at pH 2 and 3 (62-63%). The auth&uggested that the difference
in protein yields was due to the effect of the nteawvater mixing ratio, since the
fish proteins were highly soluble at pH of 10.5 whe 50-fold dilution rate was
implemented. Therefore, not only pH, but also titidn factor has an influence
on the final protein yield.

Liang and Hultin (2003) used alkaline extraction @i 10.8 and
precipitation pH 5.2 for protein recovery from manically deboned turkey. The
ratio of meat to water was 1:6 (wt/vol), and cdagation (10,000 >g). They
found that protein yields were 62.2% for coarsalgupd and 63.9% for finely
ground mechanically deboned turkey. Apart from pHsolubilization, other
factors, such as meat to water ratio and the parsize of initial material have
influenced on the final protein yield.

Kelleher and Hultin (2000) using an acid solubiiaa with isoelectric
precipitation achieved a yield of 83.5% protein recovered from chicken breast
muscle and a yield of 68.6% for protein recovenainfchicken thigh and leg
muscles. The difference in protein yield was sutggesdue to the varying

amounts of connective tissue in the starting materBetti and Fletcher (2005)
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conducted the study to determine the effects abhetibn pH and precipitation pH
on the protein yields from boneless and skinlesddarleg meat. The effect of 8
extraction pH (8.0 - 12.0) and 8 precipitation [B8(- 5.2) was investigated. The
highest yields, over 70%, were found at extractipH above 10.5 and

precipitation pH above 4.4. Omana et al. (2010¥istl the effect of different

alkaline solubilization pH (10.5; 11; 11.5; 12) gnidorecipitation (pH 5.2) on the
protein yield from dark chicken meat. The authesorted the highest yield at pH

12 (94.2%).

1.4.2.2 Lipidsreduction and stability of isolated proteinsto oxidative
deterioration

Lipid oxidation is one of the problems associatathwa high lipid content
of the material subjected to the pH-shifting exii@tc Therefore, decreasing the
amount of lipids is important. During the pH-shifyi process the amount of lipids
that can be removed depends on lipid content oftéting material, viscosity of
the homogenate after solubilization and the speedhe first centrifugation
(Nolsoe and Undeland, 2009). Acid solubilizatiorH(i3) of catfish protein
removed 74% of fat (Dewitt et al., 2007). Batistaak (2007) reported that fat
content reductions in sardine muscle were 65.3% %h@0% for the protein
recovered after alkaline and acid solubilizatioesprectively. Kristinsson and
Demir (2003) investigated the lipid reduction ofdaand alkaline recovered fish
proteins. The lipid reduction for acid-recoveredatneas 38.1% for croaker, 58%

for mullet, 76.9% for mackerel and 85.4% for cdififor alkaline-recovered meat
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the values were 68.4%, 81.4, 79.1% and 88.6%, c&spl to the species.
Rawdkuen et al. (2009) found that 67.8%, 85.2 &8% of lipids were reduced
in the tilapia muscle after being processed wittinsiy acid- and alkaline-aided
treatments, respectively. Kristinsson et al. (20@pprted a higher lipid reduction
of 88.6% for alkaline extraction (pH 11.0) compatedd5.4% acidic extraction
(pH 2.5) of proteins from Channel catfish. When slaene authors compared the
pH-shifting and surimi proces, the latter provideds lipids removal (58.3%).
The higher efficiency of the pH-shifting method 1gids removal is due to the
use of centrifugation, which causes precipitatibthe membrane phospholipids
to the bottom layer of the centrifuge tube, andasafon of neutral lipids to the
top (Hultin and Kelleher, 2000). This separationbesed on the difference in
density and solubility (Kristinsson et al., 2008jistinsson and Liang (2006) also
showed a higher lipids removal by the alkali-aigiedcess (68.4%) compared to
the acidic (38.1%) process. The higher lipid renhdornalkali-treated samples is
thought to be due to the greater emulsificationitsitmf the proteins at alkali pH,
since some of the proteins might be lost in a @l lipid phase (Kristinsson et
al., 2005). In comparison to acid and alkaline aotiobns, surimi processing
showed lower lipid reduction (16.7%).

Liang and Hultin (2005b) studied the effect of aahe chloride and citric
acid addition on the improvement of PL removal frish muscle homogenate
solubilized at pH 10.5. They found that more th&fo80f PL were removed with

calcium chloride concentration of more than 20 mithe presence of 1 mM of
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citric acid. When the effect of these two compoun@ds measured during acidic
extractions (pH 3) of proteins from co@d4dus morhua) muscle, it was found that
with 8 mM of calcium chloride and 5 mM citric acdidition, 90% of PL removal

was achieved (Liang and Hultin, 2005a).

Using Blue MusselsMytilus edulis) with 13.5% (dry weight) of initial fat
content, Vareltzis and Undeland (2008) studiedetfiects of acid (pH 2.8) and
alkaline (pH 11.1) extractions on lipids removaheV reported that acid-aided
extractions provided lower lipid content (11.0% dry weight) compared to
alkaline (18.8% on dry weight). The addition of Bnof citric acid and 10 mM
of calcium chloride to the homogenate of blendedsels prior to acid or alkaline
solubilization, greatly decreased lipid contentbioth acid and alkaline treated
samples.

Froning and Johnson (1973) used centrifugatiomjarove the composition
of mechanically deboned fowl meat. They found thising centrifugation
conditions of 20,000 rpm for 15 min at 5 °C deceebtotal fat content by 62.8%.
Dawson et al. (1988) used a water washing proceiés the addition of
bicarbonate (pH 8.0), followed by precipitationp 6.8 to remove lipids and
pigments from mechanically separated chicken nided.study resulted in 88.3%
reduction of lipid content compared to the raw mateLiang and Hultin (2003)
found the decrease in lipids content from 10.8%him original coarsely ground
mechanically deboned turkey to 0.9% in the restltdkali-extracted protein

isolate, and from 19.3% in the original finely gnou mechanically deboned
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turkey to 1.0% in the resultant protein isolate.d\féerence in lipid reduction was
found between the different alkaline pH of extraet(10.5, 11.0, 11.5 and 12.0)
for dark chicken meat in the study of Moayedi et(2010), however around 50%
reduction of lipids was achieved compared to tfhage material.

Kristinsson et al. (2005) in the study on the Cleroatfish reported that
none of the processing methods, including acid akeline extractions, led to
significantly higher TBARs values compared to theteng raw material.

Kristinsson and Liang (2006) compared the leveldimfl oxidation of
Atlantic croaker Kicropogonias undulates) processed with acid, alkaline
extractions and surimi. The TBARs value of the emmed isolates was
significantly higher than alkaline and surimi prese and remained higher
throughout the storage at 4 °C during a period #fdays. The higher lipid
oxidation for acid-extracted isolates is believedbe due to the increased pro-
oxidative potential of the heme pigments, which ldcwave denatured at low pH
and then partly coprecipitated with the muscle girst at pH 5.5.

Froning and Johnson (1973) showed that centrifagatif mechanically
deboned fowl resulted in higher oxidative stabitynpared to the raw material.
Dawson et al. (1988) conducted a study on the etxraof myofibrillar proteins
from mechanically separated chicken meat using asgimate solution (pH 8.0)
and precipitation at pH 6.8. They indicated thatere though lipid content
decreased by 88.3%, extracted meat was more sieejat lipid oxidation as

compared to the raw material. The authors suggehltgdhis susceptibility was
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as a result of the unsuccessful removal of PL. Sdrae results were found in the
study of Moayedi et al. (2010) on alkaline extraatiof proteins from dark
chicken meat. Higher amounts of TBARs were obseiwethe alkali-extracted
meat compared to the raw material, as a resuleopoor removal of PL.
Undeland et al. (2005) tested the effect of theitemtdof antioxidants on
reduction of lipid oxidation during acid-extracti¢pH 2.7) process and during the
storage of herring protein isolate. The followingtiaxidants were tested:
erythorbate (0.2%, 9.3 mM), sodium tripolyphosphé@@PP; 0.2%, 5.4 mM),
ethylenediaminetetraacetic acid (EDTA; 0.044%, @nb1), and milk proteins
(4%). The study revealed that the addition of esgtate alone, or in combination
with STPP/EDTA, decreased lipid oxidation duringogessing. During ice
storage, the highest stability was obtained whei Avas used instead of STPP.
Vareltzis et al. (2008) determined the effect aficiacid and calcium
chloride ion on the oxidative stability of acid (p#0) extracted proteins from
ground cod muscle. The authors showed that treasnwath 5 mM of citric acid

and 10 mM of calcium chloride markedly inhibitegdidl oxidation.

1.4.2.3 Color properties

The acceptable color of meat products has oneeostiiongest influences on
consumer preferences (Mugler and Cunningham, 1Mg¢globin is a protein
responsible for the red colour of meat. Myoglobagsl not circulate in the blood,
but is fixed in the tissue cells and is purplishcmlor. The remaining colour

comes from the hemoglobin which occurs mainly ie dirculating blood and a
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small amount can be found in the tissues aftergbit|n (Muchenje et al., 2009).
The color of the protein isolate depends on thé&aincharacteristics of the
material subjected to the extraction process, tholy part of the carcass and the
amount of pigments present. Undeland et al. (2006@hd that protein isolate
from the light herring muscle obtained from alkaliextraction had higher
lightness, yellowness and whiteness compared tdicaextractions. Choi and
Park (2002) compared the color characteristics éetwacid-extracted and surimi
processed protein isolates from Pacific whitingot@in isolates obtained from
surimi isolates were lighter and whiter comparedatid-extracted. The same
results, of lower lightness from acid-produced lgs sardine Qpisthonema
liberate) protein isolates compared to the isolates maden fisurimi, were
reported by Cortes-Ruiz et al. (2001). Perez-Mataws Lanier (2007) found the
highest whiteness for surimi process, followed lgpline and then acid-extracted
proteins from Atlantic menhadeBrvoortia tyrannus). In comparison among the
effect of surimi, acid and alkaline pH-shifting edtions, Yongsawatdigul and
Park (2004), found that the lightest isolates w@meduced from surimi
processing, followed by acid and alkali-processexgin isolates. They reported
that surimi exhibited whiter appearance due torémoval of myoglobin during
washing.

Dawson et al. (1988) found that bicarbonate washiegtments greatly
lightened (L* = 64 vs 49) the color and decreasedredness (a* = 4.5 vs 9.0) of

mechanically deboned chicken meat. Hernandez e{18B6) used phosphate
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buffers of pH 6.4, 6.8, 7.2 and 8.0 to extract mgits from mechanically deboned
turkey meat (MDTM). They reported that lightness MDTM increased by
51.1%, redness decreased by 64.0% and yellownessaged by 26.0% when

washed with 0.04 M phosphate buffer with a pH ©f 8.

1.5 Functional properties of muscle proteins

Protein functionality is a complex of physicocheatiproperties that allows
protein molecules to interact among themselvestlagid environment to generate
the quality and stability of the final product (Xig, 2004).

These properties greatly influence product textuomoking vyield,
appearance, and hence, palatability and consunceptnce. In meat processing
the most important functional properties are cfassiinto three categories, based
on protein interactions: protein-water interactigg. solubility); protein-fat
interaction (e.g. emulsification); and protein-@iat interaction (e.g. gelation).
Depending on the product formulation and processimgscle proteins undergo
specific structural changes, producing various ays<haracteristics of the final
product (Xiong, 2004). Therefore, for the succdssfse of fish and poultry
protein isolates in food formulation it is necegstrat these characteristics are
preserved during the extraction process.

Functional properties are affected by the primarycsure of proteins. The
proportion of amino acids, as well as their seqaemdll affect the hydrophilic-

hydrophobic properties. Conformation of the protelain will influence protein
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solubility characteristics and intermolecular iatgrons during heat treatments.
Hydrophobic-hydrophilic areas of the protein exmbse the medium, electrical
charges and surface polarity will also be affedigdhe conformation of protein
molecules (Sebranek, 2009). Protein functional @riogs are also influenced by
the processing history of the material and intéoactwith a range of
environmental factors. This is where methods ofcessing play a key role.
Physical stresses, which include muscle fragmemtgtyrinding or chopping) or
tumbling of the meat pieces cause a great forteetdinal proteins modifications,
achieved through changing ionic strength, pH medamid moisture content
(Sebranek, 2009). In meat processing, the protepguties of interest typically
include: protein solubility, water-holding capagcifgaming characteristics, ability

to form a heat-set gel and emulsifying capacityitiHSui, 1997).

1.5.1 Solubility

Solubility can be defined as the amount of prothet goes into a solution
under specified conditions (e.g. pH, salt and pnoteoncentration and
temperature) (Singh and Flanagan, 2006). Solulblitprotein is an indicator of
protein denaturation, which in turn affects othendtional properties such as
foaming, emulsification and gelation (Stefansso®94). pH and ionic strength
are the most important factors affecting proteiulsility.

The degree of protein solubility is a result ofatlestatic and hydrophobic
interactions between protein molecules. Proteiffiaserhas a net charge, which

depends on the pH of the environment. When a prdtas an equal number of
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positive and negative charges on its surface thégity is minimal and that pH

is referred to as the pl. At pH values above omowethe pl, proteins carry
negative or positive charges, respectively. In lx#tbes the presence of a charge
results in increased solubility. Therefore, mositgins show a U-shaped curve,
when solubility is plotted against pH (Damodara99a).

Addition of salt also has a significant effect ahubility. An increase in salt
concentration (within particular limit) causes dfeet called “salting-in” and is
attributed to the ability of salt ions to enhanbe surface charge of the protein.
However, at high concentrations of salt (above 1 $4}t ions will compete with
protein for the available water, resulting in ppa@tion of proteins. This effect is

referred to “salting-out” (Culbertson, 2006).

1.5.2 Water-holding capacity

Meat as a complex biological system meat consist5éb water, with the
balance being made of 20% protein, about 2% f&%00f carbohydrates and
about 2.5% of minor components (e. g. minerals,sphorus compounds, and
vitamins) (Pedersen et al., 2003). The majoritymater in a muscle is held in
space between thick (myosin) and thin (actin) féats of the muscle cells post-
mortem (Bond et al., 2004). Once muscle is hardestee amount and location of
water in the meat can change depending on theetisself and how the product is
handled (Honikel, 2004). The water-holding capa¢MyHC) of muscle is an
important parameter because it influences both litgtime and quantitative

characteristics of meat and meat products (Kauffrenal.,, 1986). WHC
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represents the ability of meat to retain its inhexgater. It is usually expressed in
terms of expressible moisture, drip loss or cods]avhereby the latter two are
the essential problems in meat processing. Sintcerwsthe large portion being
added to the meat products, it is critical to pdevas much water-holding ability
as possible. Maintenance of a high water holdingtybs a key factor when
product appearance, eating quality and yields ansidered.

The minimum WHC of proteins is at its pl. This igesult of decreased
repulsion between protein molecules and reductfospace within the myofibril
(Huff-Lonergan and Lonergan, 2005). When the pHali®ve or below the pl,
increased electrostatic repulsion between proteidaces protein swelling and
WHC increases (Gault, 1985; Miller, 1998). Sodiuntodde plays an important
role in water retention, providing solubilizatiorf myofibrillar proteins. One
explanation of the effect of sodium chloride on mpng WHC is the swelling
capability myofibrillar proteins, which can swelbable, depending on the salt
concentration. Chloride ions tend to increase mBistatic repulsive forces
between proteins. With increasing repulsive foreks,protein structures unfold.
Sodium ions surround the filament, resulting inaloconcentration differences
and increase the pressure within myofibrils. Thduices swelling and provides a
higher number of protein side chains to bind wdtdiller, 1998). Improving
WHC can be achieved not only by changes in pHalad by the addition of food

salts, such as lactic, citric or ascorbic. An iase in water binding with the
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addition of acid showed a strong effect of lower phl proteins, which causes

swelling of fibers (Medynski et al., 2000).

1.5.3 Emulsification

Meat emulsion is a two-phase system, consistingidfy coarse dispersion
of a solid (fat) in a liquid (water) in which thel&l is not miscible. Proteins are
good emulsifiers which assist in keeping the wated oil together in meat
emulsions. In meat emulsion, myofibrillar protelmsve the most important role,
when compared to sarcoplasmic meat proteins (Zerlah, 1993). Sarcoplasmic
proteins are able to emulsify fat, but with certimitation, while myosin, due to
polar and non-polar amino acids structure and heglyth-to-diameter ratio, can
increase flexibility and ordering of the moleculas the surface of the film
(Xiong, 1997). Jones (1984) proposed that the Iplivbic heads of myosin
orient toward a lipid phase, whereas the more palaregion orients toward an
agueous phase.

The major factor for producing a stable emulsiotoigreate a protein film
on the surface of lipid droplets to decrease iataal tension (Damodaran, 1996).
The stability and rheological properties of the &iauns are influenced by many
factors, such as pH, viscosity of the aqueous ph@se and temperature of
processing and meat-to-fat ratio. Bull (1971) répdrthat as the proteins
approach their pl, the protein molecules genetaby their net charge and exhibit
maximal attraction to each other. This is accomgaduhly a decrease in solubility,

resulting in a decreased emulsification capacity.
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1.5.4 Foaming characteristics

The foaming properties include the ability to prodwa large interfacial area
of foam per unit of protein and to stabilize filngaanst internal and external
forces. Foamability is associated with the filmAong ability at the air-water
interface (Mita et al., 1977; Mita et al., 1978jotfeins that rapidly adsorb at the
newly created air-liquid interface and readily umgte unfolding and molecular
rearrangement at the interface, possess betterafubiy (Yu and Damodaran,
1991). The stability of the protein-stabilized foas also dependent on the
rheological properties of the protein film. This bgecause a viscous, gel-like,
cohesive film with high elasticity produces moraldé foams. The foaming
properties of proteins are related to their hydaoiptity and their charge
(Indrawati et al., 2008). For example, proteinst thi@e highly charged and less
hydrophobic may not be able to form a cohesive akwdue to a strong
electrostatic repulsion at the interface (Damodarb®96). Apart from this,
several additional factors such as protein conagatr, ionic strength, pH,
temperature and the presence of other food comp®radfect foamability of
proteins (Damodaran, 1990). Usually an increaspratein results in increasing
rate of adsorption of protein at the air-water lifstee, leading to a reduction in
surface tention, and thus increase in foamabilithiq et al., 1996; Cornec et al.,
2001). The foaming properties might also be enhéinbg partial heat
denaturation (Mitchell, 1986; Damodaran, 2005).sTimprovement happens due

to an increase in surface hydrophobicity, whichreases the energy barrier for
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adsorption (Indrawati et al., 2008). In regard Bff ipfluence on foamability, the
reduced electrostatic repulsion between molecuteth@ pl allows a higher
amount of protein adsorption at the interface (Ywl ®amodaran, 1991). This
increases the thickness of the film and improvsestliteological characteristics

(Indrawati et al., 2008).

1.5.5 Gelation

One of the very important functional propertiesnuiscle proteins is their
ability to form a gel. A gel is an intermediategaabetween a solid and a liquid,
where proteins form a three-dimensional network ihable to immobilize water,
exhibiting a no steady-state flow (Fennema, 1996).

Gelation has been described as a multi-stage @aneslving: the initial
denaturation of native protein structure and unfgdof the protein molecules,
followed by aggregation and cross-linking betweeatgins. While heated, the
non-covalent bonds (ionic, hydrogen, van der Wdatses and hydrophobic
interactions) which provide secondary and tertistipactures become weakened,
and break down with increasing temperature. Thiscgss is associated with
protein denaturation. Unfolding of the protein sture usually occurs at the
initial stages of denaturation. Finally protein{@ia interaction will lead to the
formation of a three-dimensional gel network. Adrmale of attractive forces and
repulsive forces between proteins is necessaryadge good network formation
(Arntfield et al., 1990). For example, if the netlas too weak, the viscosity will

increase, but the flow of the fluid still be podsiland a gel will not be formed. In
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contrast, if interactions between proteins aresioong, the network might break
up expelling the water (Mangino, 1992). Properbés gel are affected by the
type and number of protein-protein interactiongjragation and arrangement of
unfolded proteins, which are determined by pH, dorstrength, heating

temperature and rate, fiber type, salt and prot@incentration (Zayas, 1997;
Xiong, 2004). The pH has a great effect on prosmcture, amount of water
bound and protein-protein interactions. To attahfgrmation it is also critical to

maintain a proper pH to achieve the optimum baldme®veen unfolding and

denaturation extension, as well as attractive apdlsive forces between protein
chains (Mangino, 1992; Feng and Hultin, 2001).

Lan et al. (1995) concluded that the heating mienportant for gelation in
order to have a proper sequence (arranged unfoldaggregation and gel
formation). Temperature is an important aspectluanfcing the quality
characteristics of the final gel. Thus, determmaiof optimal heating and cooling
procedures is important. For example, for some ispegel strength may be
improved by holding the gel at 50 °C before thealffimeating to 80-90 °C.
However, for other species, that heating pattesnltg in a loss in quality, due to
proteolytic degradation of muscles (Hultin, 2002).

Salt in general affects the structure of proteinlengles and their
interaction with water. Thus, it influences botte tholubility of protein and the
rate of thermal denaturation. In combination wigémperature and pH, there is

generally an optimal level of salt that favors fpemation.
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The proteins that mainly contribute to gel formatiand gel strength are
myofibrillar. Among them, the most important is nsyo (Sasaki et al., 2006). The
gel formation of myosin gradually increases witlerthal treatment (Liu and
Foegeding, 1996). Usually gelation starts with tingosin molecule unfolding at
35-40 °C. Above 40 °C head-to-head interaction®rathe formation of
aggregates. Continuous heating to 55 °C and abdaNenarease cross linking
between aggregates to form a three-dimensional gel.

The two most widely used tests to measure the gitienf a given gel are
the large and small oscillatory strain tests. Lasggain (fracture) test is used to
analyze cooked and cooled gels. Small oscillattigirstest (no deformation) is
usually used to control the sample during cooking.

Large strain testing is carried out by torsionalingture, folding and
uniaxial compression tests. Small oscillatory mdtieoused to monitor the solid-
to-gel transition during heat-induced gelation (l&aMunizaga and Barbosa-
Canovas, 2005). To discriminate the “real” gel frdm “weak” gel or solid, the
storage modulus (G’) and loss modulus (G”) ardeatd (Matsumura and Mori,
1996). Storage modulus (G’) is associated withtigig while loss modulus

(G”) represents viscous characteristics of the gel
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1.6 Changesin protein conformation as a result of the pH-shifting extraction
process

During acid and alkaline extraction processes thwem is exposed to
extreme pH conditions which induce its partial ddiimg. This partial unfolding
accelerates changes in the protein structure anfbrroation, resulting in some
modifications to the protein properties after rdfoy (Kristinsson and Hultin,
2003a). Study of Kristinsson (2001) showed thatutlderwent conformational
changes when subjected to low and high pH, withlfiefolding at the pl. It has
been revealed that the Hb molecule was fully dissed at pH from 1.5 to 3.5;
hence the heme group lost contact with the disigtidme. In contrast, when
subjected to alkali treatment in the pH range frbinto 12, almost no effect on
Hb conformation was observed. This was reportedb& due to strong
coordination of heme to distal histidine in alkimkated proteins. The author also
found that helical structure of myosin rods watteliaffected at low and high pH,
but the head group was substantially unfolded.

Kristinsson and Hultin (2003a) stated that cod mya®nformation and
structure varied after treatments at an extreme e authors showed that,
unlike alkaline pH, at pH 2.5, the rod portion bétmyosin completely separated
due to an electrostatic repulsion. The arrangeroktite globular head portion of
myosin was altered at both acidic and alkaline pifter readjusting the pH to
the neutrality (pH 7.5), a reassociation of theviyezhain occurred in the case of

the low pH treatment, while light chains remainadsdciated after both pH
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treatments. The same authors also asserted thiatsthef myosin ATPase activity
(adenosine triphosphate) and the more reactivéynyl groups were as a result
of the irreversible changes in the globular heagiore (Mohan et al., 2007)

confirmed that acid and alkaline treatments hadogendrastic effect on the head
group of myosin from mulletMugli cephalus) than on its rod part.

The study of Kristinsson and Hultin (2003b) showt the unique
structure that proteins possess after a pH tredtmemsponsible for improved
functional properties (e.g. gelation, emulsifica)io The partially
unfolded/refolded protein structure is more flegilaind thus able to form a better
network during a heat induced gelation. A numbeistoidies (Choi and Park,
2002; Undeland et al., 2002; Kristinsson and Dera03) reported that the
guality of gels obtained from pH-shifting extracteebtein was the same or better
compared to gels produced using the surimi proogssi

The solubility as a function of salt concentrat{@®600 mM KCI) did not
show any difference for native or refolded protempreover emulsification
properties of treated myosin were improved compdcednyosin in its native
state. When studied the pH-shifting effect on codgofibrillar proteins,
Kristinsson (2001) found that treated proteins ladigher solubility than the
native proteins. In general, studies showed thdh lmoyosin and myofibrillar
proteins functionality was improved after alkalingther than acid process.
Raghavan and Kristinsson (2007) studied the chamgesnformation of catfish

(Ictalurus punctatus), as affected by the different anions (JQ? and PQ®), pH
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(1,5; 2.0 and 2.5) and salt addition. It was fotimat the G’ (storage modulus) of
different acid treatments decreased in the follgnimder: Cl > SQ* > PQ.
Among the different pH treatments, tl& of myosin treated at pH 1.5 was
significantly higher than myosin treated at pH Re&sults indicated that addition
of NaCl during unfolding and refolding (pH 7.3) sad less denaturation than if
NaCl was added after refolding.

In another study Raghavan and Kristinsson (2008kffect of different pH
(11.0; 11.5 and 12.0) and bases (KOH and NaOHherconformation of catfish
myosin was determined. It was found that unfoldieiglding (pH 7.3) treatments
increased the G’ value for all treatments, esplgciat pH 11, indicating a greater
level of protein denaturation. The presence of paidvided certain stability to
myosin conformation during alkaline unfolding aneéndturation. Moreover,
KOH resulted in a higher denaturation and a higjedling ability (G’) compared

to NaOH.

1.7 Possibilitiesfor co-extraction of valuable compounds from mechanically
separ ated turkey meat (M STM)

A significant amount of time and effort has been iputo the development
of techniques for myofibrillar protein extractiorom low-value muscle foods. In
contrast to the successful exploitation of protethere has been no progress in
methods aimed for co-extraction of other valuabtempounds during the

extraction process, including lipids, pigments aodnective tissue. Considering
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the possible application of co-extraction technglogg may provide great
opportunities to establish a new generation re@m®nog system. Figure 1.3

represents the potential co-extraction of valuabl@pounds from MSTM.

Mechanically separated
turkey meat (MSTM)

Isolation of PUFAs Therapeutic treatment
(w-3 andw-6 fatty acids) — of knee osteoarthritis
<. | Lipids i
Encapsulated : Extraction of
phosphatidylcholine Connective proteoglycan
(lecithin) tablet tissue \
Extraction of
Isolation and < o collagen
characterization of the| Pigmen (]
pigments Gelatin production
]

Pigments which can

Isolated proteins
be used as colorants P

— | Edible film

production
Food supplements of Functional
organic iron ingredients for food
applications

Figure 1.3. Opportunities for co-extraction of \ahle compounds from
mechanically separated turkey meat (MSTM).

The pH-shifting process results in significant remdoof lipid fraction,
including phospholipids, which are usually discard€he study of Miller et al.

(1982) showed that phosphatidylcholine was the mpimspholipids in MSM.
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Phosphatidylcholine (lecithin) is known as a suppat used for a variety of
therapeutic reasons. The phospholipids fraction efssists oto-3 andw-6 fatty
acids, which are recognized to have a beneficfalence on health. Pigments are
also a part of the extraction process, which ardunimer utilized. However, it
may be used as a good supplier of organic ironn€ctive tissue may be used in
several ways. Connective tissue, collagen, mayubidigrd and added back to the
protein isolates to improve its gel forming abilitgollagen preparations can be
successfully used as a carrier of foodstuffs ommig additives (Dubois, 1992).
For instance, Briassoulis (2004) suggested theofismllagen in the form of a
biodegradable encapsulating material. Collagen gregjpns are also used as
carriers of antioxidants in the production of wietye and liver sausages. This
limits lipid oxidation more than the direct additioof antioxidants to meat
products (Waszkowiak and Dolata, 2007). For exampie meat products,
collagen is used to make edible casings and asgaadient in sausage products
to increase the protein content of the produds. #iso added to emulsified type of
products to improve their emulsion stability. Hpa¢-denatured collagen, when
added in a quantity no more than 10%, improvedibgdtrength and juiciness of
restructured low-fat and low-salt beef (Kenney let 8992). To make the native
collagen tissue from animal carcasses useful fod fapplications, it has to be
converted to a gelatin by means of denaturatiolipvied by partial hydrolysis.
Currently, gelatin derived from connective tissuesnes and skins of cows and

pigs is being used.
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Moreover, possible extraction of proteoglycans framnnective tissue
might be used in the pharmaceutical industry. K@an®le, chondroitin sulphate
(the major proteoglycan) is used in the treatménbiot ailments. Glucosamine
(component of cartilage extracellular matrix), eitlalone or in conjunction with
chondroitin sulphate, is the most commonly usedplupent for preventing or
relieving the symptoms of osteoarthritis. In cosabn, there is great potential to
convert and utilize more of MSTM co-extraction bygucts as valuable

products.
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1.8 Resear ch objectives and outline of thethesis

The objective of this thesis project was to inceedbe utilization of
mechanically separated turkey meat (MSTM) by pHtisigg extraction of protein
isolates. In order to accomplish this goal différsub-objectives were defined.
(a) Determine the optimum extraction pH values ¢hieve the highest protein
solubility
(b) Study the effect of addition of citric acid améicium chloride on the
composition and protein yield of proteins isolatesm MSTM
(c) Assess the effect of different extraction pHammposition of protein isolates
obtained from mechanically separated turkey me&TM)
(d) Establish the effect of pH treatments on ligomposition and oxidative
stability of MSTM protein isolates
(e) Characterize color characteristics from is@atebtained from different
extraction pH
(f) Define the effect of pH of extraction of rhegloal and textural properties of
recovered MSTM protein

(9) Investigate the protein functionality as afeetby different extraction pH

The outline of the thesis is as follows. Chaptds Bk review of literature
pertaining to the factors affecting the composittdmechanically separated meat

and different protein extraction techniques (su@amd pH-shifting).

The effect of addition of different volumes of atracid and calcium

chloride during acid pH-shifting protein extraction improving the composition
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of final protein isolates is presented in ChapteiP®btein yield, lipid content
(total, neutral and polar), oxidative stability (ABs) and total heme pigments
content are investigated. The results presentédisnchapter have been accepted

for publication in the Journal of Poultry Science.

Chapter 3 deals with the evaluation of the effdafliferent extraction pH
on the composition and chemical properties of ttteaeted MSTM proteins. The
influence of 4 extraction pH values on protein ¢i@ind extractability, surface
hydrophobicity, sulfhydryl group content, SDS-PAQkofile, lipid and amino
acid composition are elucidated. This chapter gisovides information on
additional co-extraction opportunities of collagand glycosaminoglycan. The
results of this study have been accepted with aomiavision in the Process

Biochemistry Journal.

Chapter 4 attempts to identify the protein funcaildy in terms of the
cooking and water losses, emulsifying and foamiryitees. Textural and
rheological properties of protein isolates as flced by extraction pH are also
determined. The results presented in this studg baen published in the Journal

of Food Science.

Chapetrs 5 and 6 are concluding chapters, wherestinemary, future

research and industrial relevance are described.
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CHAPTER 2. IMPACT OF CITRIC ACID AND CALCIUM IONSON
ACID SOLUBILIZATION OF MECHANICALLY SEPARATED TURKEY
MEAT (MSTM): EFFECT ON LIPID AND PIGMENT REM OVAL!®
2.1 INTRODUCTION

Consumption of poultry meat has greatly increasest the past decades. In
particular, consumer tastes began to shift fromedepence for whole carcasses
toward cut-up parts (breast, thighs, wings, etnd processed poultry products.
The increased demand for these types of produatsedaan increased availability
of neck, back and frame supplies that can be psecemto MSPM. The latter is
used for production of frankfurters, fermented sa@s and restructured meat
products (Dhillon and Maurer, 1975). The mechanieloning process includes
grinding meat and bone together and forcing the thimugh a fine screen to
remove bone particles (Froning, 1981). During thiecess, in addition to the
extreme mechanical stress, extraction of considemamount of lipids and heme
components (Hb and Mb) from the bone marrow andtadrconditions results in
problems with lipid oxidation and color instabilitf the final product. Hb and
Mb are known to be the main pro-oxidants in mudoleds (Richards et al.,
1998); their oxidation is usually associated witthoc problems in muscle foods.
Therefore, removing pigments from MSPM could havéemeficial effect on
color intensity and fast lipid rancidity, which farn extend the shelf life stability

of raw and cooked MSPM-based products.

! A version of this chapter has been accepted for publication in the Journal of Poultry Science.
(Authors: Y. Hrynets, D. A. Omana, Y. Xu and M. Betti).
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Membrane polar lipids being rich in PUFAs are cdastd to be the
primary substrates for lipid oxidation as comparéd neutral lipids
(triacylglycerols). Since the phospholipid fractigmajor part of polar lipids) of
MSPM is highly unsaturated (Gomes et al., 2003} itesirable to remove as
much phospholipid as possible, which in turn migreatly increase the stability
of proteins to lipid oxidation. While the hydropholiriacylglycerols are fairly
easy to separate from minced muscles, the membpate are relatively difficult
to remove because of their amphiphilic nature (Gehret al., 2009). To
overcome the problems resulting from mechanicabdetly, Japanese researchers
developed a process involving water washing of fialscle minces that result in
a functional protein ingredient called “surimi”. Wever, low processing vyield,
inefficient removal of membrane lipids and exceslsiiarge volumes of water
are the factors that limit the usage of this predéiltin and Kelleher, 2000a).

A new approach to extract functional proteins framderutilized muscle
protein sources has been introduced by Hultin agiteKer (1999). The process is
based on pH-dependent solubility of muscle protdorstheir separation and
recovery from the undesirable components, suchxamtively unstable lipids in
cellular membranes (Kristinsson and Hultin, 2003)is process involves protein
solubilization at acid or alkaline conditions arecaovering of the solubilized
proteins by precipitation at their isoelectric poiRlultin and Kelleher (2000b)
reported removal of 37% and 51% of phospholipidsifichicken breast and thigh

muscles respectively at pH 2.8. The study of Unatklet al. (2002) on recovery
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of functional proteins from herring muscle achiev2d-30% phospholipids

removal by an acid solubilization process. In ortteimprove the stability of

extracted protein to lipid oxidation, Liang and Hul(2005a) also examined the
effect of acid solubilization of fish proteins. Theeported that treatment with
citric acid and calcium ions could aid in removélneembrane lipids from cod

muscle homogenates at pH 3.0. The authors suggestieditric acid and calcium

ions are able to disconnect the linkages betweembranes and cytoskeletal
proteins, which are further separated via high-dmeatrifugation.

Earlier studies showed that calcium ions were #blacilitate aggregation
or fusion of membrane/phospholipids vesicles (Fralkeal., 1980; Wilschut et al.,
1980). The efficiency of calcium ions in precipitet of phospholipoproteins of
cheese whey was also reported (Maubois et al.,)1%8wever, no work has
been carried out on the effect of citric acid aattiom chloride during protein
extraction from MSTM. Hence, the objective of theegent study was to
investigate the effects of citric acid and calciwiloride on improving the
efficiency of recovered proteins from MSTM. An afiloinal objective was to
optimize the concentration of citric acid and oafgi chloride to obtain high
protein yields along with lipid and pigment remavdihe effect of these
compounds to improve the oxidative stability of trexovered proteins from

MSPM was also assessed.
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22MATERIALSAND METHODS

2.2.1 Materials

Mechanically separated turkey meat (MSTM) was olgéifrom Lilydale
Inc. (Edmonton, AB, Canada). MSTM (250 g) was dlleto polyethylene bags
and kept at -20 °C until use. Before extractiomgigzs were thawed overnight at
4 °C. All chemicals used were reagent grade andimdd either from Fisher

Scientific (Waltham, MA) or Sigma-Aldrich Co. (Stouis, MO).

2.2.2 Extraction procedures

Acid-aided protein recovery from MSTM was done &s the method of
Liang and Hultin (2003) with some modifications {Bend Fletcher, 2005). Cold
(2-3 °C) distilled water/ice mixture and 200 g oSVM were mixed at 1:5 ratio
(meat: water/ice, wt/vol) followed by addition @gpective concentration of citric
acid and/or calcium chloride. Extraction steps weggdformed at low temperature
(4 °C). The mixture was homogenized using a 900tWrdod Processor
(Wolfgang Puck WPMFP15, W.P. Appliances Inc., Hoibpd, FL, US) for 15
min. After homogenization, 1200 mL of the meat sluwas transferred to a
beaker and placed at 4 °C for 30 min. Thereafter,pH of the homogenate was
adjusted to 2.5 by drop-wise addition of 2 N HChtthieve the maximum protein
solubility. This solubilization pH was chosen based the solubility study
conducted during our preliminary work, where thghest value for MSTM
proteins at acidic conditions was obtained at pbl (Beported in chapter 3). The

pH-adjusted homogenate was centrifuged using ann#Val-E refrigerated
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centrifuge (Beckman Coulter Inc., Palo Alto, CA, U 25,900 >g for 20 min at

4 °C. Centrifugation resulted in the formation bfete phases: an upper phase of
MSTM neutral lipids; a middle phase of soluble pio$ and a bottom phase of
insoluble proteins and membrane lipids. The solyietein fraction (middle
layer) was collected and pH was adjusted to 5.2s¢electrically precipitate
proteins. The precipitated proteins were furthertiiieiged at 25,900 g for 20
min at 4 °C. The precipitate was re-suspended wair/ice mixture (water/ice,
350 mL/350 g) by homogenization for 10 min and pkeof the homogenate was
then adjusted to 6.2. The proteins were finallylemtéd via centrifugation at
25,900 xg for 20 min at 4 °C. The isolated proteins wereedaoat -20 °C until

analysis.

2.2.3 Protein yield

Protein yield was estimated according to the mettestribed by Omana et
al. (2010). Protein yield was calculated based odifference in total protein
content between isolates and raw MSTM, and expdess@ercentage. Protein
content was estimated by the Biuret procedure asritbed by Gornall et al.
(1949); Torten and Whitaker (1964). Bovine serubuaiin (Hy-Clone, UT, US)

was used as a standard.

2.2.4 Total lipid extraction
Total lipids were extracted from 10.0 g of procelsseeat and 5.0 grams of
raw meat separately with 120 mL of chloroform: naetbl solution (2: 1, vol/vol)

by homogenization (Fisher Scientific, Power GenQ®D) at setting 1 for 10 min
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accordingly to the method of Folch et al. (1957jteA30 min the homogenates
were filtered through Whatman No. 1 filter papeo. allow clear phase separation
40 mL of 0.88% (vol/vol) sodium chloride solutiorasvadded and the mixture
was carefully transferred to the separation funnifter separation, the
chloroform phase was filtered through anhydrousiwuodsulphate (Fisher
Scientific, NJ, US) placed on Whatman No. 1 fijpaper. This filtration was done
in order to remove the trace of water that possibby present in chloroform
phase. After the filtration chloroform phase waangferred into a pre-weighed
round-bottom flask. The upper phase was discalade it was rich in non-lipid
components. In order to remove solvent, lipid etdavere dried in a rotary
evaporator (Rotavapor, RE 121, Buchi, Switzerlandder temperature not
exceeding 40 °C. The flasks were then placed iotain oven at 60 °C for 30 min
and weighed accurately after desiccation for 30. mMoallow further analysis of
lipid classes the total lipid extract was dissolvied 10 mL of chloroform,
transferred into pre-weighed vials and frozen & °£. Lipid reduction was
calculated from the difference in lipid contentweén raw and treated materials

and expressed as percentage.

2.2.5 Fractionation of the main lipid classes

The total lipids extracted from MSTM were furthepsarated into neutral
and polar lipid fractions using the method desctilly Ramadan and Morsel
(2003). The separation of these two lipid classas warried out using a glass

column (30 cm x 2 cm; height x diameter) (Chemiglhge Sciences, NJ, US
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packed with slurry of silica gel (70-230 mesh; Whah, NJ, US). This slurry was
prepared by suspending silica gel in chloroforn®b (Wt/vol). Total lipid solution
(9 mL) obtained from the lipids extraction was waléml to pass through the
column. Chloroform (60 mL) was used as eluentahitito separate neutral lipids
(triacylglycerols). After the removal of these tiyéglycerols, 60 mL of methanol
was applied to the column in order to elute pajads.

The obtained fractions were completely evaporatedryness and kept in a
hot air oven at 60 °C for 30 min. The final weiglitthe flasks was taken after
desiccating for 30 min. Both neutral and polar digyarts were determined

gravimetrically and expressed as a percentage.

2.2.6 Thiobarbituric acid reactive substances (TBARS) deter mination

TBARs were determined in triplicate for each exii@cgroup and also raw
material using a modification of the procedure désd by Kornbrust and Mavis
(1980). Meat samples (3 g) were homogenized in 270m1.15% KCI with a
Power Gen 1000 S1 homogenizer (Schwerte, Germamy) fmin operated at
setting 3. 100Qul of 80 mM Tris-maleate buffer (pH 7.4), 4Q0 of 2.5 mM
ascorbic acid and 4Q@ of 50 mMferrous sulphate were added to 320@&liquot
of the homogenate and incubated for 0, 30, 60, a@ 150 min using a 37 °C
water bath. After incubation 4 mL of TBA-TCA-HCI riure (26 mM TBA
(thiobarbituric acid), 0.92 M TCA (trichloroacetacid) and 0.8 mM HCI) was
added to the sample and thereafter the test tubes kept in boiling water for 15

min. Then the samples were cooled to room temperand the absorbance of
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the solution was read at 532 nm against the blamkaming all the reagents
except homogenate. The readings were taken usspgetrophotometer (V-530,
Jasco Corporation, Tokyo, Japan). TBARs concentratias calculated using the
extinction coefficient of53, = 1.56 x 10 M ™ cmi™. The extent of lipid oxidation

was expressed as hanomoles of malondialdehyde (MAgram of meat.

2.2.7 Total pigment deter mination
The estimation of total pigment content was done byect

spectrophotometric measurement according to théodedescribed by Fragueza
et al (2006), with slight modifications. The pigmentsrev@xtracted from 10 g of
meat sample with the mixture of 40 mL of acetonenll of HCI, and 1 mL of
water. The mixture was vortexed for 3 min and addwo stand for 1 hour at
room temperature. After the extract was filteredotiygh Whatman No. 1 the
absorbance was recorded at 640 nm against an e&idr@ blank using a
UVIVIS spectrophotometer (V-530, Jasco Corporatidmkyo, Japan). The
absorbance value was multiplied by a coefficieni6fl8 and the concentration
of total heme pigments was expressed in milligrasiyoglobin per gram of

meat.

2.2.8 Experimental design and statistical analysis

The experimental design is shown in Figure 2.1.
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Add Citric acid

v \ 4 \4 \ 4 A 4 \ 4

0 2 4 6 8 10
mmol/L mmol/L mmol/L mmol/L mmol/L mmol/L
Add CaCl, Add CaCl, Add CaCl, Add CaCl, Add CaCl, Add CaCl,

0 0 0 0 0 0
mmol/L mmol/L mmol/L mmol/L mmol/L mmol/L
v v 4 A4 \ 4 A4

8 8 8 8 8 8

mmol/L mmol/L mmol/L mmol/L mmol/L mmol/L

Figure 2.1. Experimental design of the proteinaotion process.

The extraction range of variables and their respedevels were chosen
based on literature data (Liang and Hultin, 200%ag experiment was conducted
as a 6 x 2 factorial arrangement with six levelitric acid (0; 2; 4; 6; 8; 10
mmol/L) and two levels of calcium chloride (0 andn®ol/L) and was replicated
three times resulting in a total of 36 extractiodsalysis of variance was
performed by using SAS software (SAS Institute,8)98 order to determine the
significance of the effects of these variables. Tinedel tested both the main
effects for citric acid and calcium chloride. Th&eractions were determined

using residual error:

Y = p+ [CA] + [CaCh] + ([CAJ*[CaCly) + e
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where Y - dependent variablg,- treatments average, CA - citric acid, Cacl
calcium chloride, e - residual error. Means wer@asated using Tukey's
adjustment. Differences were considered to be fsgmit based on 0.05 level of

probability. The results were expressed as mearevaktandard deviation.

2.3 RESULTSAND DISCUSSION

2.3.1 Protein yield

A preliminary study by our group on solubility of$4M proteins revealed
the highest protein solubility at pH 2.5 among eli&nt acidic conditions
investigated (reported in chapter 3); this pH wasdufor this study as a high
recovery yield was expected. Moreover, the efficierof acid extraction of
protein might be a result of additional recoverysafcoplasmic proteins along
with myofibrillar protein fraction, as low pH fadihted protein solubilization,
further resulting in higher protein yields (repartén chapter 3). This is in
agreement with the basic principle of the pH-shdftiprocess, which states an
additional recovery of sarcoplasmic proteins duergraction process (Ingadottir,
2004). High protein yield is very important durimglustrial extraction of proteins

for economical reasons. Results for protein yie&slown in Table 2.1.
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Table 2.1. Effect of citric acid and calcium chétgion protein yield, lipid and total heme pigmemtent of proteins
recovered from MSTM by the acid pH-shifting process

Treatments

P-values

Citric acid (CA)

Calcium chloride

Source of variation

Parameters (CaClh) . .

Citric Calcium Interaction

0 2 4 6 8 10 0 8 ("’(‘f/g iglggg)e (CA)* (CaCl,)
mmol/L  mmol/L mmol/L mmol/lL mmol/lL mmol/L mmol/lL mmol/L
n 6 6 6 6 6 6 18 18

Protein yield (%) 712" 728 716° 856 478 598° 667 694 <0000l 0.3444 0.6545
(93) (68 (81 (52) (96) (9.0) (137) (14.9)

Total lipid content (%) 2.2 2.3 1€ 19" 1Pe 24 2.0 20 00001 05032 <0.0001
(05  (03) (03) (03) (02) (0.7) (0.6)  (0.4)

Neutral lipid content (%) 103 ~ 0.68° 0.658° 047 079° 090" 076 075 (017  0.8584 0.2937
(0.30) (0.14) (0.35) (0.24) (0.26) (0.24) (0.33)  (0.28)

Polar lipid content (%) 068 029 053" 070  047° 067" 055 056 <0000l 0.8643 0.0045
(0.11) (0.12) (0.16) (0.22) (0.10) (0.15) (0.24) (0.15)

(Tnc]’t"’}' h;'r?:egigme”t 06 1.0F 0968 055 08F 09% 058 108 <0.0001 <0.0001 <0.0001
99 (0.15) (0.13) (0.35) (0.35) (0.61) (0.14) (0.28) (0.23)

Bifferent letters in the same raw represent sigaiit (P < 0.05) difference between means. Valyaienthesis
represent standard deviation (n=3)
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No significant interaction was found between CA &alC} effects P =

0.6545). At the main effect levels, only CA sigo#ntly affected protein yield?(

< 0.0001). Maximum protein yield (85.6%) was ack@when 6 mmol/L of CA
was added to the MSTM homogenate. Further incre€8\ concentration to 8
and 10 mmol/L caused reduction in recovery yietdgéneral, protein yield tends
to be slightly higher when extractions were carriedt at lower CA
concentrations rather than higher. Even thoughpitegein yield was slightly
improved by addition of CA, the values were nomngdigantly different from the
control, indicating a small influence of CA on it yield during acid extraction
process. The protein yield obtained from acid ettoa process depends on three
main factors: the solubility of the protein duriegposure to low or high pH, the
size of the sediments after centrifugation and dbkibility at precipitation pH

(Nolsoe and Undeland, 2009).

2.3.2 Total lipid content

Lipids in meat are classified as neutral lipidsaftylglycerols) and polar
lipids (PL) (Kono and Colowick, 1961). Neutral lifsi are stored in connective
tissue in relatively large deposits, whereas ptiads are integrated into and
widely distributed throughout the muscle tissues. drder to increase the
utilization of the extracted proteins, total ligidm MSTM must be reduced.

The total lipid contents of protein isolates pregbas a function of CA and
CaCl concentration are shown in Table 2.1. A signiftdateraction between CA

and CaC] was found P < 0.0001). Within these treatments the maximum
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removal of total lipids from MSTM (94.7%) was ackheel with addition of 4

mmol/L of CA (Figure 2.2).

H 0 Calcium chloride (mmol/L) O 8 Calcium chloride (mmol/L)
35

3 abc

be be
bed

cd cd

>
in

cd

[

cd

-
L

[y

Total lipid content (%o)

=
in

=]

0 2 4 6 8 10

Concentration of citric acid (mmol/L)

Figure 2.2. The effect of interaction between citaicid and calcium chloride on
total lipid content of proteins recovered from MSTEM acid pH-shifting process.
Results are presented as mean (n=3) * standardtideviDifferent letters within

a figure represent significar®® € 0.05) difference between means.

The most evident effect from combination of CA &aCh was observed
when 8 mmol/L of CaGlwas used in combination with 10 mmol/L of CA, whic
in turn decreased the total lipids to only 42.6%npared to that of CA without
CaCl addition. This suggests that addition of 8 mmafLCaC}L may diminish
the effect of CA at higher concentrations. In gaheall the combinations

removed on average 90.8% of total lipid from MST#atistical analyses also
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showed the significanP(< 0.0001) main effect of CA on total lipid conteritthe
protein isolates; as in the case of interaction highest removal of total lipids
from MSTM was achieved with the addition of 4 mrhotf CA. However, no
significant P = 0.5032) difference was attained for total lipmhtent among the
treatments when the main effect of Catis analyzed.

For the comparison between initial material andraeted proteins the

composition of raw MSTM is presented in Table 2.2.

Table 2.2. Properties of raw neatbally separated turkey meat

(MSTM)*
Parameters Raw MSTM
Total lipid content (%) 21.7 (1.2)
Neutral lipid content (%) 13.3(1.6)

Polar lipid content (%) 6.3 (0.4)
Total heme pigment (mg/g of meat) 4.9 (0.4)

value in parenthesis represent standard deviatio8)(

2.3.3 Neutral lipid content

Neutral lipids (triacylglycerols) are mainly richn i saturated and
monounsaturated fatty acids and related to thesadile energy source required
for the broiler chicken (Betti et al., 2009). Theutral lipid content of the isolated
proteins is presented in Table 2.1. Neutral lipdhoval from MSTM was not
affected by the interaction between CA and G4BI= 0.2937). Furthermore, the

main effect of CaGlon neutral lipid content showed no significaRt< 0.8584)
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influence. However, when the main effect of CA agutnal lipid content was
evaluated, a significanP(= 0.017) effect was found. Addition of 6 mmol/L of
CA resulted in maximum (96.5%) removal of neutipid fraction from MSTM.
The lipid content in this treatment was found to2u2 times lower compared to
control sample. Increasing the CA concentration8toand 10 mmol/L or
decreasing to 4 and 2 mmol/L resulted in increasingeutral lipid content. The
results showed that the addition of different levelt CA improved the removal

(93.3-96.5%) of neutral lipids from MSTM.

2.3.4 Polar lipid content

Although the polar lipids are less predominant inspie tissues, they are
considered to be more susceptible to oxidative ghsicompared to neutral lipids.
This is attributed to high content of unsaturatattyf acids, close contact with
catalysts of lipid oxidation such as reactive oxygpecies (ROS), and the large
surface area exposed to the aqueous phase (Gande88). Thus, the removal
of phospholipids is highly desirable in terms ofproving stability of extracted
proteins to lipid oxidation. Results for polar tipiraction content are reported in
Table 2.1. The interaction between CA and Ga@ls found to have a significant

(P = 0.0045) effect on polar lipid content (Figur8)2.
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Figure 2.3. The effect of interaction between citaicid and calcium chloride on
polar lipid content of proteins recovered from MSDyacid pH-shifting process.
Results are presented as mean (n=3) * standardtideviDifferent letters within

a figure represent significarf® € 0.05) difference between means.

Maximum polar lipid removal was attained for treatrhwith addition of 2
mmol/L of CA; at these conditions 96.4% polar Ipiere removed from MSTM
to reach a final content of 0.22%. Polar lipid @mitwith the addition of 2
mmol/L of CA was 3.1 times lower compared to thatoal sample, indicating an
influential effect of CA for polar lipid removaldm MSTM. Further increase in
the CA concentration to 4, 6 and 10 mmol/L resultetess efficient removal of
polar lipids. With the addition of 8 mmol/L of Cab 6 and 10 mmol/L of CA
significant removal of polar lipids was observedwever addition of Caglto
treatments with 2, 4 and 8 mmol/L of CA decreasedfficiency of polar lipids

removal. Removal of polar lipids was considerabghhwith a range from 86.6 to
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96.4% when different concentrations of CA were meooated in the MSTM
protein homogenate. The high efficiency of CA falgy lipid removal may be
due to its ability to disconnect the linkages betweytoskeletal proteins and
membrane lipids, linked together via electrostatieraction. CA might play a
role as a binding agent for the basic amino acsidtees of cytoskeletal proteins
competing with the acidic phospholipids of membga(igepina et al., 2003). As
a result, membranes released from the cytoskgdetédins might aggregate due
to low pH achieved by addition of CA and then bemoged by centrifugation
(Liang and Hultin, 2005a). Removal of up to 90% tbé phospholipids was
achieved with addition of 5 mmol/L of CA along wighmmol/L of CaClin a
study on acid solubilization of fish muscle progefiiang and Hultin, 2005a). In
previous studies on removal of membrane lipids ffmim muscles the addition of
CA along with calcium chloride has been successgfuied (Liang and Hultin,
2005a; 2005b). However, the present study revehbdaddition of CaGldid not
have a significantR = 0.8643) effect on polar lipid removal. This midie the
result of differences in the composition of raw emetls used for the extraction
process. MSTM contains large quantities of bonéigges and hence the calcium
content in the raw material is expected to be hkgr. this reason, it is possible
that the addition of 8 mmol/L of Caflo a starting material already rich in

calcium ions showed no effect on polar lipid reduct
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2.3.5 Extent of lipid oxidation (TBARS)

Lipid oxidation is a complex process by which unsatted fatty acids reacts
with molecular oxygen via free radicals, and forergxides or other products of
oxidation (Gray, 1978). Secondary oxidation produstich as aldehydes, ketones
and esters, are responsible for the increasediaetidon and rancid flavour
(Ladikos and Lougovois, 1990). Spectrophotometrietedtion of these
compounds by TBARs test has been widely used fiimatng oxidative stress
effects on lipids (Gray, 1978).

The changes in TBARs values for raw MSTM and protsiolated at

different extraction conditions are presented guFe 2.4.

12 r —o—Raw MSTM

1 -
= Sos | —=—( Citric acid/0
= g ' CaCl12 (control
2 sample)
= 506 T —a—2 Citric acid/0
= Y
E Soa | CaCl2
z E ﬁ -84 Citric acid/0
= 202 - CaCL2

0 | | | | ' —e—6 Citric acid/0

0 30 60 100 150 CaCl2
Incubation time (min)

Figure 2.4.Effect of citric acid on oxidative stability of pn recovered from
MSTM as determined by induced thiobarbituric a@dative substances (TBARS)
method. Results are presented as mean (n=3) tasthddviation.
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Since the addition of CagHtid not show significant effect on removal of
polar lipids from MSTM, the rate of lipid oxidatiomas tested only for samples
treated with 0, 2, 4 and 6 mmol/L of CA. Increasaagmcentration of CA to 8 and
10 mmol/L also did not show significant improvememtpolar lipid removal,
therefore the lipid oxidation tests were not detesad for these treatments.
TBARs values at 0 min of incubation time were digantly (P < 0.05) lower for
samples extracted with addition of 2 mmol/L of QAhen the incubation time
reached 150 min the same samples tend to be samify @ = 0.0559) lower
from control and the other treatments. The lowesell of lipid oxidation in this
treatment is probably due to the efficient remafahe majority of phospholipids
as revealed by phospholipids analysis (Figure 2&ul et al. (1984) reported
that 90% of thiobarbituric acid reactive substan¢EBARS) formation was
contributed by polar lipids of chicken meat. Thghast MDA value, regardless
of incubation time, was found for raw MSTM and tl&ues were significantlyX
< 0.05) higher compared to extracted samples. Stady revealed the addition of
2 mmol/L of CA might act as a protection againptdioxidation by removal of
polar lipids. This effect might be also attributedl its ability to chelate pro-
oxidants like iron and heme proteins, via bondsnfedt between the metal and
carbonyl or hydroxyl groups of citric acid moleciflee et al., 2009). CA is also
often used as an antioxidant to stabilize fish neusturing frozen storage
(Pokorny, 1990) and is included among the antioxislavhich are generally

permitted in foods (E 330) (Mikova, 2001). Our iésare in agreement with the
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study of Vareltzis et al. (2008) who reported tloat pH treatments improved the
oxidative stability of protein isolates from cod seie, while calcium chloride

alone did not.

2.3.6 Total heme pigments

Color is an important factor which affects consumperception of product
quality and influences purchasing decisions. &l one of the key parameters
when comparing different processing treatments. r@lvethe market is most
interested in protein isolates as white as posgikabilo-Munizaga and Barbosa-
Canovas, 2004). The two major pigments responéioléhe color of MSTM are
myoglobin and hemoglobin (Hernandez et al., 1988)ich are also known as
catalysers of lipid oxidation in meat (Richards adt, 2005). Therefore, the
effective removal of these pigments might not onigprove the color
characteristics of protein isolates, but also iaseetheir stability to oxidative
deterioration. The effect of CA and CaGh removing total pigments from
MSTM during acid solubilization is shown in Tablel2The interaction between
CA and CaClwas found to have a significarR € 0.0001) influence on the total

pigment content of protein isolated from MSTM (Fig2.5).
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Figure 2.5. The effect of interaction between citaicid and calcium chloride on
total heme pigment content of proteins recoverethfMSTM by the acid pH-

shifting process. Results are presented as meaB) (A=standard deviation.
Different letters within a figure represent sigodnt (P < 0.05) difference

between means.

The lowest total pigment content was observed featiments with the
addition of 6 or 8 mmol/L of CA during extractiof.23 and 0.25 mg/g of meat,
respectively). The values were around half thahefcontrol sample. In general,
treatments with the combinations of CA and Ga@moved from 72.2 to 95.3%
of total heme pigments from MSTM. The present staldp revealed that addition
of CaC} to protein homogenates decreased the effectiveafgagment removal
from MSTM. It has been reported that Calicreases the size of the aggregates
caused by increased protein-protein and decreasgéirpwater interactions, by

occupying negative charges on polypeptide chairedtéd et al., 2005). Hence, it
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may lead to precipitation of heme pigments to tldtdm sediment during

centrifugation after isoelectric precipitation.

2.4 CONCLUSION

In conclusion, CA significantly influenced proteyreld, lipid and pigment
removal during extraction of proteins from MSTM.€Tbptimum concentration of
CA for maximum protein yield was found at 6 mmolHowever, 2 mmol/L of
CA was the most efficient for the removal of phagghds. This resulted in
greater stability of isolated proteins to lipid dation compared to raw MSTM.
CA also significantly affected the total pigmenttent of the protein isolates,
which has a direct relation to the color of extealcineat. Increase in protein yield
with efficient lipid removal during extraction wilbenefit industry in utilizing
protein isolates from MSTM for the production ofther-processed products in
order to improve their functionality. Thereforeetladdition of CA to the acid
solubilization technique is a highly appealing ad&give for extraction of proteins

from MSTM to help overcome its compositional prabke
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CHAPTER 3. COMPARATIVE STUDY ON THE EFFECT OF ACID- AND
ALKALINE-AIDED EXTRACTIONSON MECHANICALLY
SEPARATED TURKEY MEAT (MSTM): CHEMICAL
CHARACTERISTICS OF RECOVERED PROTEINS?
3.1 INTRODUCTION

In recent years, consumption of poultry meat anthé&r processed poultry
products has greatly increased worldwide. One efrétasons for the increased
consumer preference for poultry products is thetgreavailability of choice for
poultry cuts, such as wings, thighs and breast.s€gumently, in USA, the
consumption of chicken and turkey from 1950 to 20@Teased from 12 to 52 kg
per capitd USDA/ERS, 2007). In Canada, per capita consumpifarhicken was
21.5 kg in 1989 and reached 31.8 kg in 2008 (CF@)82 As a result,
considerable quantity of poultry carcass parts,hsas necks, backs, and
drumsticks, became available. Utilization of thdsss desirable parts can be
achieved through mechanical deboning to producénarecally separated poultry
meat (MSPM) for the manufacture of variety meaasined meats and emulsified-
type products.

The main problem encountered with MSPM is due ® niethod of
production, which includes grinding meat and botwgether and forcing the

mixture through a perforated drum with consequepgasgation into two fractions,

2 A version of this chapter was accepted for publication in the Process Biochemistry Journal (doi:
10.1016/j.prochio.2010.09.006). (Authors: Y. Hrynets, D. A. Omana, Y. Xu and M. Betti).
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such as mechanically separated meat and bone eeditlis causes the release of
a considerable amount of fat and heme componemts tine bone marrow which
becomes incorporated into the meat product. Hetiee fundamental problems
with proper utilization of MSPM are the high contesf lipids, pigments and
connective tissue (Yang and Froning, 1992), whiehdl to dark meat color,
susceptibility to lipid oxidation, undesired texdurproperties and sometimes
unpleasant odor due to the rancidity of fat. Theseperties may result in
problems with further processing and consumer daocep.

One of the alternatives to overcome these probkmismake MSPM more
suitable for further processing is the extractidriumctional proteins from these
raw materials. The most well known extraction medths surimi processing,
which was initially developed for extraction of Hiproteins (Pepe et al., 1997).
However, low processing vyield, inefficient remowval membrane lipids and
excessively large volumes of water usage are Igifiactors of this approach
(Hultin and Kelleher, 2000). To address the proldehutilization of low-value
meat, a new pH-shifting extraction method was dgwed at the University of
Massachusetts (Hultin and Kelleher, 2000). The oukthlso known as acid or
alkaline extraction is based on the pH-dependemabgiy principle. The
technology involves initial solubilization of muscproteins at low or high pH,
followed by precipitation at the isoelectric poartd further pH adjustment to the
original meat pH. When exposed to acid and alkatmeditions, proteins carry a

net positive and net negative charge, respectiwelyich is a key factor for
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obtaining high solubility, along with low viscosibf the initial homogenate. Low

viscosity provides separation of insoluble partspeeially membrane lipids,

which are known to be the primary substrates faert@rative changes in lipid

oxidation (Maestre et al., 2009) and their remogakxpected to increase the
stability of the final isolate greatly.

Several studies on the utilization of recoveret fisoteins by pH-shifting
processes have been conducted. These studies slhagiedecovery yields and
improved functionalities of the recovered protenosnpared to proteins obtained
using conventional surimi processing (Kristinssoid ®emir, 2003; Kristinsson
et al., 2005). Moreover, acid and alkaline treattmeninimize the risk of lipid
oxidation due to efficient removal of both neuteald membrane lipids under
favorable circumstances (Nolsoe and Undeland, 2009)her valuable
components from MSPM are also of interest. One sedmponent is
glycosaminoglycan (which are the important conefits of proteoglycans),
which can be obtained in different fractions duripg extraction. One of the
applications of glycosaminoglycans, chondroitinfatal, in particular, is the
therapeutic treatment of knee osteoarthritis, wisctine most frequently reported
reason for long term disability in UK and Canadda@R et al., 2009; Badley,
1995). To the best of our knowledge, no publicatias reported the analysis of
proteoglycans during the protein isolation process.

Development of novel and economical protein sourseme of the major

challenges for the present world food market. Thhs, application of the pH-
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shifting process for efficient recovery of proteinem MSPM appears promising.
In addition, it helps to improve the utilization &fis low value meat source.
Therefore, the objectives of this study were toeduatne the feasibility of pH-
shifting process to recover proteins from MSPM #&mdnvestigate the effect of

different pH treatments on chemical propertiesheke proteins.

3.2MATERIALSAND METHODS
3.21 Materials

Mechanically separated turkey meat (MSTM) was olatdifrom Lilydale
Inc. (Edmonton, AB, Canada). The blocks of meatenert in a frozen state into
pieces (250 g) and filled into polyethylene bags &ept at -20 °C until use.
Before extraction, samples were thawed overnigl® aE. All the reagents and
chemicals used in the study were of analytical grad
3.2.2 Methods
3.2.2.1 Protein solubility

In order to find the effect of different pH on tkelubility of proteins in raw
MSTM, a solubility curve was created, as describgdKim et al. (2003). Six
grams of raw MSTM was mixed with 300 mL of refrigeed, deionized water in a
homogenizer (Fisher Scientific, Power Gen 1000 Sdhwerte, Germany) at a
setting of 3 for 1 minute. The homogenate (30 miswadjusted from pH 1.5 to
12.0 in 0.5 intervals, using 0.2 M and 1 M HCI oca®H, with the aid of a pH

meter (Denver Instrument, Ultra Basic, UP-10, Cadlar, US). The homogenate
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was centrifuged at 25,900gxat 4 °C for 20 min. The protein concentrationtod t
supernatant was determined by Biuret method (Gbentall., 1949). The protein
solubility of the middle layer was expressed adigndm per gram of meat. Four
replications were carried out for each measurement.
3.2.3 Extraction procedures
3.2.3.1 Preparation of protein isolate by acid-aided process

The acid-aided protein recovery from MSTM was daseoer the methods
of Liang and Hultin (2003) and Betti and Fletche20@5) with some
modifications. Protein extractions were carried autder low temperature
conditions (4 °C) in order to maintain the funcadity of the final product. For
each test, 200 g of MSTM were homogenized with c@leB °C) distilled
water/ice mixture at 1:5 ratio (meat: water/ice/wal) using a 900-Watt Food
Processor (Wolfgang Puck WPMFP15, W.P. Applianges, IHollywood, FL,
US) for 15 min. After homogenization, 1200 mL ofetimeat slurry was
transferred to a beaker and placed at 4 °C for BO Rurther, the proteins in the
homogenate were solubilized by drop-wise additibr2avi HCI to reach the
maximum solubility points at acid conditions with values of 2.5 and 3.5, as
determined from the solubility profile. The protesmspension was centrifuged
using an Avanfi J-E refrigerated centrifuge (Beckman Coulter IiRajo Alto,
CA, US) at 25,900 g for 20 min at 4 °C. After centrifugation, thregdas were
formed: an upper layer of MSTM neutral lipids; addie layer of soluble proteins

and a bottom layer of insoluble proteins and memdbigids (this layer is termed
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as the sediment fraction in this chapter). The teidiayer of soluble proteins was
collected and pH was adjusted to 5.2 by 2 M NaOHbrisker to isoelectrically
precipitate proteins. The precipitated proteins evéhnereafter centrifuged at
25,900 x g for 20 min at 4 °C. The precipitate wassuspended in water/ice
mixture (water/ice, 350mL/350g) by homogenization £0 min and pH of the
homogenate was then adjusted to 6.2. The proteare Wnally collected via
centrifugation at 25,900 g for 20 min at 4 °C. After complete extraction the
moisture content of the resulting protein isolateas adjusted to 80%.
Cryoprotectants (5% sorbitol, 4% sucrose, 0.3%olyiphosphate, 0.4% sodium
bicarbonate and 0.03% sodium nitrite) were mixeth\protein isolates in a pre-
chilled Wolfgang Puck WPMFP15 900-Watt Food Prooeg8V.P. Appliances
Inc., Hollywood, FL, US). The isolated proteins westored in the freezer at -20

°C until analysis.

3.2.3.2 Preparation of protein isolate by alkaline-aided process
The extraction process was carried out in the ssegeience as acid-aided
extractions, and differs just in the first solubdtion step. Here, the MSTM

proteins were initially solubilized at pH valuesidf.5 or 11.5.

3.2.4 Total protein content and recovery yield
The total protein content of both the raw mateaiadl final protein isolates
from different solubilization methods was estimateg the Biuret procedure

(Gornall et al.,, 1949; Torten and Whitaker, 196M)eat sample (1 g) was
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dispersed in 20 mL of 0.5 M NaOH, heated in thdilgiwater for 10 min and
cooled in an ice-water bath. After cooling the $iolu was filtered through
Whatman No. 1 filter paper. Then, 15 mL of therdile was centrifuged with 15
mL of anhydrous ether (J-6B/P Beckman, Beckfastruments, Inc, CA, US) at
2278 xg for 10 min. After centrifugation, 1 mL of the lowphase was taken and
mixed with 4 mL of Biuret reagent and the absorleawas measured at 540 nm
(V-530, Jasco Corporation, Tokyo, Japan). Bovineurse albumin (Sigma-
Aldrich, St Louis, MO, US) was used as a standard.

Protein recovery of acid- and alkaline-aided treaatta was determined
according to the method described by Omana et28lL(). The recovery yield
was expressed as a difference in total proteinetardf isolates (after isoelectric

precipitation or final) and raw MSTM.

3.2.5 Protein extractability

Frozen MSTM protein isolates were thawed overngjlt °C. Sarcoplasmic
and total protein extractability was determined hgmogenizing (Fisher
Scientific, Power Gen 1000S1, Schwerte, Germargpfsample at speed setting
of 1 for 45 sec in 20 mL of 30 mM phosphate buffeH 7.4) and 50 mM
phosphate buffer containing 0.55 M potassium iodfuté 7.4), respectively. The
homogenate was centrifuged in Avéntl-E refrigerated centrifuge (Beckman
Coulter Inc., Palo Alto, CA, USA) at 15,300 ¢ for 15 min at 4 °C. The

supernatant was filtered through Whatman No. Zrfihaper and the protein
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content of the clear filtrate was determined byr8iumethod (Gornall et al.,

1949).

3.2.6 Protein surface hydrophobicity

Sarcoplasmic and myofibrillar protein surface hyarobicity were
determined using 1-anilino-8-naphthalenesulfon&teréscent probes (ANS; 8
mM in 0.1 M phosphate buffer, pH 7.0) accordingthe method described by
Kim et al. (2003). Sarcoplasmic proteins were etéd by homogenizing 2 grams
of meat sample in 20 mL of 30 mM phosphate buffad (7.4) for 45 sec,
followed by centrifugation at 15,300g«for 15 min at 4 °C. The supernatant was
used as sarcoplasmic protein solution. The pelietined after centrifugation was
re-suspended in 50 mM phosphate buffer containib§ M potassium iodide (pH
7.4), homogenized and centrifuged as described eabdlie supernatant was
filtered through Whatman No. 1 filter paper and tpno concentration was
determined using Biuret method (Gornall et al., 994 he protein solutions were
serially diluted with the same buffer to the finadlume of 4 mL to obtain
concentrations ranging from 0.008% to 0.03%. Aftexing with 20l of ANS
solution, fluorescence was measured using a floeree plate reader
(Fluoroscan Ascent FL; Thermo Electron Corp., Vantanland) at an excitation
wavelength of 355 nm and emission wavelength of A60 The net relative
fluorescence intensity (RFI) was obtained by suitiing the RFI of each sample

measured without ANS from that with ANS. The ifitddope of the RFI versus
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protein concentration (expressed in percents) \aszulated by linear regression

analysis and used as an index of the protein sutgdrophobicity.

3.2.7 Total and reactive sulfhydryl groups content

The estimation of total (T-SH) and reactive (R-S$diifhydryl groups
were performedising protocols of Choi and Park (2002) and Kinmalet(2003),
respectively. Protein extracts were prepared by dgmnizing (setting 3 for 1
min) 2.5 gram of recovered protein in 25 mL of -glgcine buffer (pH 8.0)
containing 5 mM of EDTA. The homogenate was filteteefore use. For T-SH
estimation, to 1 mL of the filtrate, 4 mL of 10 Mréa and 5Qul of Eliman’s
reagent (10 mM 5,5’-dithiobis (2-nitrobenzoic agid)ere added and mixed well
by vortex mixer (Fisher, Scientific, ON, CA). Insmof R-SH, 1 mL of filtrate
was mixed with 4 mL of tris-glycine buffer (pH 8.@nd 50ul of Ellman’s
reagent. The mixture was kept for 1 h at 4 °C wittermittent stirring. The
absorbance of the solutions was measured at 413gamst a blank of Ellman’s
reagent at the same concentration without protesitsy a spectrophotometer (V-
530, Jasco Corporation, Tokyo, Japan). The SH obmtas calculated by using
molar extinction coefficient of 13, 600 Mcm® and expressed gsmol/g of
protein. The protein content of the filtrate wadedained by Biuret method

(Gornall et al., 1949).
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3.2.8 Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-
PAGE)

Proteins were separated according to the procediseribed by Laemmli
(1970). Precast 10-20% ready gels (Bio-Rad Labaestdnc., Hercules, CA)
were used to separate proteins in a Mini-PROTEAMateell attached to a
PowerPack Basic electrophoresis apparatus (Bio-Raubratories Inc., 1000
Alfred Nobel Drive, Hercules, CA, US). For each gden 20ug of protein was
loaded and ran at constant voltage of 200 V. Stahpeotein marker from Bio-
Rad (Bio-Rad Laboratories Inc., Hercules, CA, US)swvoaded into a separate
well. After staining and destaining, gels were smahusing an Alpha Innotech
gel scanner (Alpha Innotech Corp., San Leandro, @Ath FluorChem SP

software.

3.2.9 Amino acid analysis

Amino acid analysis was carried out on a Beckmasnte®y 6300 High
Performance Analyzer by post-column ninhydrin mdtilogy after hydrolysis of
proteins in 6 N HCI and 0.1% phenol for 1 h at 260 Pickering Laboratories 15
cm sodium column and Pickering's sodium eluentdsaftvere used in the study.

Data was collected and analyzed using Beckman ®BySi&d software.

3.2.10 Total lipid extraction
Total lipid content was determined using the metbb#&olch et al. (1957).
Accordingly, 10.0 g of processed meat and 5.0 graimaw meat were separately

extracted with 120 mL of Folch solution (chlorofarmethanol solution, 2: 1,
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vol/vol) by homogenization for 10 min. After 30 mithe homogenates were
filtered through Whatman No. 1 filter paper. Tooall clear phase separation, 40
mL of 0.88% (vol/vol) sodium chloride solution wadded and the mixture was
carefully transferred to a separating funnel. Afieparation, the chloroform phase
was filtered through anhydrous sodium sulphateh@isScientific, NJ, US) and
transferred into a pre-weighed round-bottom flaskjle the upper phase was
discarded as it was rich in non-lipid componentser€after, the chloroform was
evaporated at 40 °C using a rotary evaporator (Rp@, RE 121, Buchi,
Switzerland). The flasks were then placed in adnmobven for drying at 60 °C for
30 min and weighed accurately after desiccation3fbmin. For further analysis
of lipid classes, the total lipid extract was wakhath 10 mL of chloroform and
dissolved lipids were transferred into pre-weigheals and frozen at -20 °C.
Lipid reduction was calculated from the differenndipid content between raw

and treated materials and expressed as percentage.

3.2.11 Fractionation of themain lipid classes

The method of Ramadan and Morsel (2003) was usedeparate the
triacylglycerols (neutral lipids) and phospholigidolar lipids) fractions in total
lipid extracts. The separation of two lipid classes accomplished using a glass
column (30 cm x 2 cm; height x diameter) (Chemiglage Sciences, NJ, US)
packed with silica gel (70-230 mesh; Whatman, N3) by applying the slurry of
the adsorbent in chloroform (1:5, wt/vol). Lipidiston (9 mL) obtained from the

total lipids extraction was applied to the colurieutral lipids were eluted first
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using 60 mL of chloroform. After the triacylglycdésowere removed, 60 mL of
methanol was applied to the column, which resuheglution of polar lipids. The

obtained fractions were completely evaporated ymess and kept in a hot air
oven at 60 °C for 30 min. The final weight of thiasks was taken after
desiccating for 30 min. Both neutral and polar digrarts were determined

gravimetrically and expressed as percentage.

3.2.12 TBARs measur ement

Lipid susceptibility to oxidation was measured bg tnduced thiobarbituric
acid reactive substances (TBARs) method as a necatliin of the procedure of
Kornbrust and Mavis (1980). Briefly, 3 g of samplas homogenized in 27 mL
of 1.15% KCI with a Power Gen 1000 S1 homogeni&ah{verte, Germany) for
1 min at setting 3. A 200l aliquot of the homogenate was mixed with 1Q00f
80 mM Tris-maleate buffer (pH 7.4), 4Q0 of 2.5 mM ascorbic acid and 4Q0
of 50 mMferrous sulphate and incubated for 0, 30, 60, XY@ X560 min in a 37
°C water bath. After incubation, 4 mL of TBA-TCA-H@ixture (26 mM TBA
(thiobarbituric acid), 0.92 M TCA (trichloroacetacid) and 0.8 mM HCI) was
added to the sample and further the test tubes placed in boiling water for 15
min. After cooling to room temperature, the absodeawas recorded at 532 nm
against the blank containing all the reagents exdemmogenate. TBARS
concentration was calculated using the extinctioroefficient of
E3=156 x 1OM™cm™. The extent of lipid oxidation was expressed as

nanomoles of malondialdehyde (MDA) per gram of meat
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3.2.13 Analysis of connective tissue components

Collagen and glycosaminoglycan concentration in na@at, sediment after
first centrifugation, and final isolates were estted by analyzing hydroxyproline
and uronic acid contents, respectively. Samples vasmhydrated and defatted
with several changes of acetone and then with ofdam: methanol (2:1, vol/vol)
solution. For hydroxyproline analysis, dry-defatteaimples (50-100 mg) were
hydrolyzed in 6 N HCI in the presence of nitrogenl1a0 °C for 20 h. Then,
hydrochloric acid was removed by evaporation inoavater bath (80 °C) with
nitrogen flushing. The dried preparation was cooted room temperature,
dissolved in water and filtered (Whatman No. 1)eTear filtrate was subjected
to the colorimetric method of hydroxyproline anayas reported by Stegemann
and Stalder (1967).

For uronic acid determination, dry-defatted sampl&8-200 mg) were
digested with twice crystallized papain |§g/mg of tissue) in 20 volumes of 0.1
M sodium acetate buffer (pH 5.5) containing 0.005B®WTA and 0.005 M
cysteine hydrochloride at 65 °C overnight. Afteoteolysis, trichloroacetic acid
was added to each digest to a final concentratiof?® (wt/vol) and the mixture
was held at 4 °C overnight. After the removal adqipitated proteins by filtration
(Whatman No. 1), the filtrate was dialyzed in rumgntap water for 24 h and then
for another 24 h in double deionized water at 4 T@e uronic acid content in
glycosaminoglycan containing fraction retained ihe tdialysis tube was

determined by the carbazole reaction (Bitter andirMui962; Kosakai and
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Yosizawa, 1979) with glucuronolactone as a standdite reaction mixture
consisted of 0.5 mL of solution containing glycosamglycan or
glucuronolactone standard, 3.0 mL of sulfuric acghgent (0.2 M sodium
tetraborate decahydrate in sulfuric acid) and O10fm0.5% (wt/vol) carbazole in

methanol.

3.2.14 Statistical analysis

The entire experiment, from MSTM through final miot isolate was
replicated at least three times. The results weq@essed as mean value *
standard deviation. Data were subjected to oneaveyysis of variance
(ANOVA) using the General Linear Model proceduretioé Statistical System
Software of SAS institute (2006). To identify sifycént differences among mean
values within the evaluated parameters at variddigrpatments, HSD Tukey's

adjustment with a 95% confidence leviel{ 0.05) was performed.

3. 3RESULTSAND DISCUSSION
3.3.1 Protein solubility

The basis for using pH-shifting processing on MSiitifization is the fact
that solubilization of muscle proteins is maximuml@av and high pH values.
Solubility is not only significant for the deternaition of the optimum conditions
for protein extraction, but also of great importane food industry applications.
The high solubility at certain pH values is reqdifer efficient separation of the

soluble proteins from undesirable meat constituéhpsds, connective tissue,
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impurities, etc.). However, low solubility is need® precipitate the solubilized
proteins at pl (Kristinsson et al., 2005) for betecovery. In order to investigate
the effect of different pHs on MSTM proteins, awwlity curve was constructed

with pH range from 1.5 to 12.0 in 0.5 incrementg(iFe 3.1).
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Figure 3.1. The solubility (mg/g) profile of mecheadly separated turkey meat
(MSTM) proteins at pH values from 1.5 to 12.0. Mestissue was homogenized
in 50 volumes of deionized water and pH was adgusteusing 0.2 M and 1 M
HCI or NaOH Results are presented as mean (n=4) + standardtibevi

The lowest solubility (or highest precipitation) deionized water occurred
at pH 5.5, which is in the range of isoelectricrigifor the majority of muscle
proteins (Xiong, 1997). At the pl, the negative goditive charges are equal, thus
association among protein molecules is strong dubke ionic linkages (Kinsella,
1984). As a consequence, protein-water interactiames replaced by protein-

protein interactions and precipitation occurs. Arcréase in solubility was
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observed with either acidification or alkalizatiowhen the proteins become
positively or negatively charged, respectively. 3daret charges provide more
binding sites for water, resulting in electrostatepulsion among molecules,
hydration of charged residues and increased prstdirent interactions
contributing to the increased solubility (Hamm, 4R9The highest protein
solubility in acidic conditions, (186.2 mg/g) watamed at pH 2.5, while for
alkaline conditions a maximum value of 245.3 mgasviound with pH 11.5. The
rapid increase in solubility on the acidic side pamed to the alkaline might be
attributed to more ionizable groups with pKa vallegween 2.5 and 7.0 than
between 7.0 and 11.0 (Undeland et al., 2002). Timéemm solubility profile
showed a U-shaped pattern; however, unlike theg@ymolubility curve for fish
muscle protein homogenates, the solubility was dotmbe the maximum at pH
11.5 and decreased at pH 12.0. Therefore, additmgoints 11.25 and 11.75
were added to the MSTM protein solubility analydibe results confirmed the
decreasing solubility with increasing pH from 110512.0. This is in agreement
with Omana et al. (2010), who reported the sanmdtfer reduction in solubility
from pH 10.5 to 12.0 for the chicken dark meat.slfimding further indicated that
poultry meat proteins are likely to behave diffehgnwhen exposed to the
extreme alkaline conditions compared to fish mupotgeins.

The pH-shifting process, which is widely used fatraction of proteins
from fish sources, was found to be possible toapml the recovery of poultry

meat proteins, MSTM in particular. Based on theilsiity study, four pH values
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(2.5; 3.5; 10.5 and 11.5) were selected as sonaitin pHs for the protein

extraction from MSTM.

3.3.2 Protein content and recovery yield

A high recovery yield is important for economic seas. The vyield of
protein achieved by acid and alkaline treatmenigeslominantly driven by three
major factors: the solubility of the protein duriegposure to low or high pH, the
size of the sediments after centrifugation and dbkibility at precipitation pH

(Nolsoe and Undeland, 2009). The results obtaioedlifferent extraction stages

are shown in Table 3.1.

Table 3.Protein content (%) and recovery yield (%) during
different  stages of protein extraction from MSTM

Extraction Protein yield Final protein Final recovery

pH after pl, % content, % yield, %
pH 2.5 70.6 1.7 18°53 0.6 66.4+ 5.4
pH 3.5 69.1+2.2 18°% 1.3 57.2+4.7

pH10.5 67.3+6.9 19%6- 0.2  63.6°+6.3
pH115 68.7+1.4 1990+ 0.2 64.8+25

Results are presented as mean (n = 4) + standeiatide.
Different letters within a oahn indicate significant
differencé<0.05.

Protein content and moisture of raw MSTM were 10a83% 64.8%,
respectively.

* pl refers to the isaethec precipitation.

The yield of the proteins recovered by isoeleqgbriecipitation indicated no

significant difference ¥ = 0.7972) due to the extraction pH. The final pnot
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content was found to be different between acid alkdline treatments, with a
tendency to increase from low to high pH valuesaFprotein content was found
to be maximum (19.6%) when MSTM was solubilizegt10.5, and minimum

when solubilized at pHs 2.5 and 3.5. Protein yididl not show any statistical
difference between the extractions carried out kt205, 10.5 and 11.5, while
yield from extraction at pH 3.5 was considerablydo (P = 0.0097). The increase
in recovery yield for pHs of 2.5 and 11.5 is higlalysociated with the solubility
profile (Figure 3.1), which showed the highest bdity at these pH values. Slight
decrease of recovery yield at pH 10.5 resulted pdiom decreased amount of
solubilized proteins as indicated by the MSTM sditybprofile. In general, the

percentage loss in recovery yield between pretipiigpH 5.2) and re-adjusting
to pH 6.2 was found to be around 6%. The resutigcated that optimizing pH

during solubilization is a prerequisite step to iaeh the maximum protein

recovery from MSTM.

3.3.3 Extractability of recovered proteins

Extractability is an important property since theaant of protein available
in the solution affects the functional propertiegpected from proteins. The
conformation of proteins, which is related to tmvieonment, plays a significant
role in determination of protein functionality. Algprotein extractability relates to
the surface hydrophobic (protein-protein) and hptiilic (protein-solvent)

interactions (Damodaran, 1997).
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The highest total protein extractability was obsenat pH 10.5, with a

value of 73.7 mg/g (Figure 3.2).
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Figure 3.2. Extractability of proteins recoverednr MSTM by acid- and
alkaline-aided extractions. Sarcoplasmic proteimsensolubilized in phosphate
buffer, while total proteins were solubilized in qdphate buffer (pH 7.4)
containing potassium iodide. Results are preseagednean (n=4) + standard
deviation. Different letters for respective paraenetin the figure represent
significant P < 0.05) difference.

The difference in extractability between solubiliaa pHs can be explained
by the different degrees of denaturation and thesequence of different degree
of protein refolding after pH readjustment to 82r results indicated that protein
isolates at pH 10.5 were less denatured comparttbse prepared at pH 2.5, 3.5
and 11.5. The lowest amount of solubilized totalt@ins (62.3 mg/g) was found
at extraction pH of 2.5. Kristinsson and Hultin Q29 showed that lower
solubility was a result of improper protein unfeldi Sarcoplasmic protein

extractability from recovered proteins as a funtid pH was not significantlyR
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= 0.0563) different among treatments (Figure 3Th)e sarcoplasmic protein
fraction comprised around 58% of total soluble @i, which confirms the
fundamental theory of the pH-shifting method, tleatsizeable amount of
sarcoplasmic proteins are recovered during acidi alkali-aided processes

(Ingadottir, 2004).

3.3.4 Protein surface hydrophobicity

Hydrophobic interactions play a major role in defgqithe conformation and
interactions of protein molecules in solution, #igr affecting the stability of
native protein structures. Surface hydrophobicitypmteins helps to determine
the rate of protein unfolding due to different pesing methods (Mohan et al.,
2006).

Myofibrillar protein hydrophobicity (Figure 3.3) washown to be
significantly different P < 0.0001) between treatments and the trend waitasim

to that observed in protein extractability (Fig@tg).
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Figure 3.3. Surface hydrophobicity of myofibrilland sarcoplasmic proteins at
different extraction pH values. Hydrophobicity igpeessed as initial slopes of
relative fluorescence intensity versus protein eor@tion in the presence of 1-
anilino-8-napthalenesulfonate. Results are predeate mean (n=4) + standard
deviation. Different letters for respective paraenetin the figure represent
significant P < 0.05) difference.

Extraction at pH 10.5 resulted in the highest myalfar hydrophobicity
(Ho = 465). Similar values were observed for extoams conducted at pH values
of 3.5 and 11.5 while at pH 2.5 extracted sampégsasented the lowest value.
The myofibrillar hydrophobicity was found to incemawith an increase in total
protein extractability (Figures 3.2 and 3.3). Eviough the observed results
appear to be in contradiction, it is important tnp out that protein extractability
depends not only on the amount of hydrophobic gsoexposed to the protein
surface, but also on the intrinsic factors sucprasein conformation and surface
polarity/hydrophobicity ratio (Kinsella, 1982). hese circumstances, although

proteins isolated at pH 10.5 showed the highestaserhydrophobicity and
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protein extractability, it might be possible thdtea the readjustment to pH 6.2,
the amount of polar and ionic groups were stilldominant over the non-polar
groups even if these latter were exposed to thiaair Therefore, exploring the
surface polarity/hydrophobicity ratio could be attée indicator of protein
denaturation than surface hydrophobicity by itself.

Sarcoplasmic protein hydrophobicity of the extrdcteroteins was
significantly higher P < 0.0001) for the alkali processed samples comptoed
acidic treatments (Figure 3.3). The cause of iregdahydrophobicity might be
due to the change in protein conformation, pardéidyl due to partial protein
unfolding. As a result, the intramolecular bondschihstabilize protein structure
are ruptured, thus facilitating the exposure ofrbptiobic groups to the surface

(Lin and Park, 1998).

3.3.5 Sulfhydryl groups content

Sulfhydryl group is considered to be the most iigadiunctional group in
proteins. The total and reactive sulfhydryl contéhrtgure 3.4) of proteins
extracted at different pH values indicated no digant difference between
treatmentsk = 0.5825 andP = 0.9841, respectively), even though hydrophopicit

was higher at pH 10.5.
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Figure 3.4. Total and reactive (free) sulfhydrylogp content of proteins
recovered from MSTM at different extraction pH wdu Analyses were
performed by using Ellman’s reagent. Results aesgmted as mean (n=4) *
standard deviation.

Monahan et al. (1995) also observed an increabgdrophobicity with no
change in sulfhydryl group content, probably duethe SH-SS exchange
reactions. However, an increase in total and reactulfhydryl group content was
found for pH treated samples compared to raw MS@&g not shown), which is
probably related to the protein unfolding, resgtim exposure of sulfhydryl
groups to the protein surface. The ratio T-SH/R{8Hraw and processed meat
was also characterized. For raw MSTM, the ratio wgsal to 1.42. A slight
decrease of T-SH/R-SH ratio for protein isolates3Z1land 1.36 for acid and
alkaline extractions, respectively) was observetijciw may be the result of

increasing the amount of disulfide bond formatiBirds et al., 2008).
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3.3.6 SDS-PAGE profile

Protein bands corresponding to myosin heavy chai$C) and actin were
most abundant after isoelectric precipitation fiatd and in the final protein

isolate (Figure 3.5).

10
Std 2. : : 5 R 5 35 105 115
%5 3.5 10.5 119 an 65 )
. Y .
After isoelectric  Eyiraction pH  Final protein
precipitation isolate

Figure 3.5. Sodium dodecyl sulfate-polyacrylamidd glectrophoresis (SDS-
PAGE) patterns of different samples from acid alkdlme extraction processes.
Std - the molecular weight standard.

MHC — myosin heavy chains.

*MLC — myosin light chains.

No difference in protein profile was observed amodiferent pH

treatments for the final protein isolates. The eneg of myosin light chains of

low molecular weight showed the degradation of niryasto its subunits. The
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intensity of bands corresponding to myosin heawjrcland actin increased in the
extracted samples suggesting that the concentrafitimese proteins increased in
the final protein isolates. Hence, this may havéeat$ on the improved
functionality of proteins in the final isolates cpared to that of raw material. Our
recent study (chapter 4) showed appreciable gelagonulsion and foaming
characteristics of the MSTM protein isolates. Witthproved functionalities of

protein isolates, MSTM can be better utilized falue-added processing.

3.3.7 Amino acid composition
The amino acids composition of raw MSTM and protewlates obtained

by extractions at different pH is shown in Tabl2.3.
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Table 3.2. Amino acid composition of raw mechanyca¢parated turkey meat
(MSTM) and protein recovered from MSTM at differextraction pH values

AminG acid Raw Extracted  Extracted Extracted Extracted
MSTM  with pH 2.5 with pH 3.5 with pH 10.5 with pH 11.5

Alanine 9.3+0.7 10.0+0.5 10.0+0.3 68.1.2 10.0+0.4
Arginine' 6.2+ 0.4 5.0+0.2 54+04 52+01 55+0.2
Aspartic acid 96+£0.2 11.8°+ 0.5 11.8°+ 0.6 10.5°+1.2 12.6+0.1
Glutamic acid 158 0.6 21.6+1.3 20.8+1.3 18.#°+ 3.2 20.8°+1.6
Glycine 7.6+0.4 59+0.1 6.1+0.3 6.6.1 7.0£0.9
Histidine' 3.3£0.01 0.7+£1.2 0.8£0.9 0.8+0.6 ND’
Isoleuciné 2 5.3+0.3 45+0.2 48+0.2 51+0.7 40.2
Leuciné? 85+1.3 8.1+05 9.2+1.0 9.1+27 86.6
Lysine 6.8+0.3 10.9+0.8 9.7+1.3 7.8+02 8.8+ 0.06
Methioniné 2.2£0.2 ND? 0.2+0.3 ND’ ND"
Phenylalanine 3.6 +0.01 3.3+£06 3.240.2 3.7+07 3.6+0.3
Proline 4.1+0.08 34402 3.4+03 35%0 34+01
Serine 43+0.2 3.3x0.2 3.6°+0.3 3.8°+0.4 3.8°+0.1
Threoniné 48+05 4.0+0.2 3.9+0.6 4.1+06 41+05
Tyrosine 29+0.2 29407 20+08 1.3+0.1 2209
Valing" 2 5.90 + 0.26 57+0.2 5.7+0.1 5.8+ 0.6 5.4%0.
TEAA:TNEAA,
% 36.8+0.6 35.8+0.4 36.9+1.0 423%7. 36.0+0.2

Values are expressed as mole / 100 moles (rel#i)ve

Results are presented as mean (n = 3) = standaiatide. Different letters
within a row indicate significant differenck;< 0.05.

TEAA — Total essential amino acids; TNEAA — totahessential amino acids.
ND - The amount of amino acid is below the detdetédvel.

*- Essential amino acids. Body cannot synthesieentitherefore it should
derive from food or amino acids supplements.
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1 - Essential for infants, since their bodies cammoduce them yet.
2 - Branched-chain amino acids (BCAA). Importantrtaintain muscle
tissue and also during times of physical stressiatetise exercise.

Glutamic acid was found to be the predominant ammeal and was
significantly (P = 0.0143) higher in acid treated samples compiredw meat. A
possible explanation for such an increase may b@lha due to the oxidation of
proline to glutamic acid, as reported by Stadtmk898). Despite the extractions
did not statistically affect proline concentratimalues were lower in acid treated
samples compared to the starting material. Lysinegssential dietary amino acid,
was found to be significantly?(= 0.0023) increased for the acid treated samples
compared to the raw meat. No significant differerfPe> 0.05) was found
between raw and processed meat for alanine, glyasweucine, leucine,
phenylalanine, proline, threonine, tyrosine andnealA significant(P < 0.0001)
loss of methionine for the pH treated samples waseved. The reason for the
methionine loss might be due to its oxidation dgiine extraction process, where
the proteins are exposed to acidic or alkali emrent. It was reported that
methionine can be oxidized to methionine sulfoxated methionine sulfone
during processing (Rutherfurd and Moughan, 200Bg dmino acid histidine was
found to decrease 82% on average for all extragtdéwalues, excluding pH 11.5
where it was not detected. It was reported thaidm® is an essential amino acid
for infants (Sathe et al., 2002); however histidimédentified as a precursor for
production of histamine. Histamine is known to beaaise of allergic reactions

(Jutel et al., 2005). The reduction in histidinetemt might be due to its oxidation
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during the extraction process. Cheng and Kawakisd®4) reported that histidine
is sensitive to oxidation and aspartic acid wasified as the major oxidation
product of histidine (Dean et al., 1989; Ueda et E)94). Oxidation of histidine
in the present study is further confirmed by tigngicant @ = 0.0074) increase
in aspartic acid content in the protein isolatesngared to raw MSTM. Our
results are in agreement with the study of Shahimtl Synowiecki (1996) who
reported a decrease in methionine and histidinéeodralong with increasing of
glutamic acid content during alkaline extractionmeéchanically separated seal
meat. The ratio of total essential amino acidsat@altamino acids showed no

statistically significant® = 0.1575) differences.

3.3.8 Lipid reduction and TBARs

Lipid reduction is the principal factor for prodagi functional protein
isolates from MSTM since the raw material is highlh in triacylglycerols and
membrane phospholipids. The latter contribute tyrdatthe oxidative reactions
due to the high content of unsaturated fatty agitldtin, 1995). The amount of
lipids that can be removed is linked to the fatteah of the starting material
(Nolsoe and Undeland, 2009). The total, neutral poidr lipids content of raw
MSTM were 23.5, 14.3 and 7.5%, respectively. Aaid alkaline extractions of
MSTM resulted in protein isolates with significgn{P < 0.0001) reduced lipid

content compared to the initial material (Table)3.3
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Figure 3.6. Effect of time and extraction pH ondative stability of raw material
and proteins recovered from MSTM as determinedhieyimduced thiobarbituric
acid reactive substances (TBARs) method. Resutpisented as mean (n=4) +
standard deviation.

However, no significant R > 0.05) difference was found among pH
treatments for removal of total, neutral and pdigids, which on average were
equal to 92.3, 93.0 and 90.7%, respectively. Adargduction of lipids from
MSTM by the pH-shifting technique was expectedaasxtreme pH values, the
proteins are solubilized, favoring the releasehef $storage and membrane lipids
(Rawdkuen et al., 2009). During the centrifugatstep the lipids are released to
the aqueous environment due to the differenceslurbgity and particle density

(Kristinsson et al., 2005). The meat: water rafico{ wt/vol) used in the study

also contributed to the high removal of lipids frad$TM (Nolsoe and Undeland,
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2010). Several studies have showed that a pH4stiftrocess is effective for
lipids removal. Kristinsson and colleagues (20G&orted an 85.4% and 88.6%
lipid reduction from skinless catfish fillets asfesfted by acid and alkaline
extractions. Kristinsson and Demir (2003) foundpéd! reduction of 76.9% for
acid and 79.1% for alkaline extractions from maekésh.

The effect of different extraction pHs on TBARs dmpment in the MSTM
protein isolates is shown in Figure 3.6. Analysis lipid oxidation showed no
significant difference among different pH treatnse@® > 0.05). However, there
was a significantR < 0.001) decrease in the amount of MDA for recedemeat
compared to the raw meat. The reason for decrdgsddoxidation is probably
due to the higher removal of membrane lipids. NifetBnce in the amount of
MDA in the samples processed at different pH issgsiant with the analysis of
polar lipids content (Table 3.3), wherein no diffeces were found among the

various extraction pH conditions.
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Table 3.3. Lipid composition of protein isolatesaeered from MSTM at different extraction pH valties

Treatment

oH Total lipids Neutral lipids Polar lipids

Content, %  Reduction, % Content, % Reduction, % t€un% Reduction, %

Acid extraction process
pH25 1.77+0.14 925%0.6 0.96 + 0.06 93.3+0.5 0.66+0.08 91.2+1.0
pH3.5 1.82+0.09 923+04 0.98+0.14 93.1+1.0 0.72+£0.09 904+1.3
Alkaline extraction process
pH10.5 183+026 922*11 1.04+0.2 92.7+1.4 0.73+£0.15 90.3+2.0
pH115 180+0.20 92.3+0.8 1.05 +0.09 92.7+0.7 0.70+£0.08 90.7+1.0

No statistical differences were observed. Data wtatstically analyzed by one-way ANOVA.
Results presented as mean (n=4) + standard deviation.
The total, neutral and polar lipids content of td8TM were 23.5, 14.3 and 7.5%, respectively.
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3.3.9 Analysis of connective tissue fractions

The extracellular matrix of connective tissue immposed of collagen fibers
embedded in an amorphous ground substance comagiytosaminoglycans
(Nakano et al., 2004). Glycosaminoglycans are finggranched polymers of
repeating disaccharide units of hexosamine andiaiamid. Thus, the amount of
uronic acid residues is important for quantitawelysis of glycosaminoglycans.
Collagen is the major protein of connective tissuigh relatively small amounts
of glycosaminoglycans. Determination of the amimidahydroxyproline is an
accurate way of measurement of collagen, since ther no other known animal
proteins containing any appreciable amounts of #msno acid (Gross, 1958).
The collagen and glycosaminoglycans concentratioveye estimated by
determining hydroxyproline and uronic acid, respety, in MSTM sediment
obtained after the first centrifugation and in timal protein isolate (Table 3.4).

Table 3.4Hydroxyproline and uronic acid contenggy(mg of dry-defatted

weight) in mechanically separated turkey meat (M3 &N its protein
fractions obtained during extraction process

Hydroxyproline Hydroxyproline Uronic acid content Uronic acid content

Treatment s:(;rr:izzi ';ﬂt:r%l (;?nn;fen:c:?eme in the sediment after in the final protein
centrifugation isg}ate 1% centrifugation isolate

Raw € -

MSTM 11.6+0.8 - 1.7+0.1 -

pH 2.5 50.86+ 4.0 0.5+ 0.1 7.6+£0.1 08+0.1

pH 3.5 31.%+52 0.6+ 0.2 43+0.0 0.4£+0.0

pH 10.5 23%+45 0.6:0.3 1.6+0.2 0.9+0.0

pH 11.5 59.1+55 0.3:0.1 3.8+05 0.8+0.1

'Results are presented as mean (n=2) + standaratidevi Different letters
within a column indicate significant differende< 0.05.
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The hydroxyproline concentration in the final stels (< Jug/mg) was on
average 23 and 82 times lower compared to MSEM12 ug/mg) and the
sediment fraction (23.3-59{1g/mg), respectively, with no significant difference
among pH treatmentsP(= 0.5026). This indicates that the myofibrillar and
sarcoplasmic proteins were the major part of theaeted proteins, while most of
the connective tissue (collagen) were presentarsddiment. At acidic extraction
conditions, the concentration of hydroxyprolinetire sediment was 1.6 times
higher at pH 2.5 compared to pH 3.5.

A similar trend between these pH values was obsdefeethe uronic acid
concentration. The ratio of uronic acid to hydrosgfme, which represents the
estimation of amorphous ground substance to calldiger, was similar between
pH 2.5 and 3.5 and was almost identical to the esd114) corresponding to
MSTM. When the proteins were extracted in alkatioaditions, it was found that
hydroxyproline and uronic acid concentrations ie tediment fractions were
more than two times higheP (= 0.0005 andP < 0.0001, respectively) at pH 11.5
than pH 10.5. However, the uronic acid values werger compared to the
corresponding values observed at acidic pH, whedulted in the lower (> 3
times) uronic acid to hydroxyproline ratio. Furttetudies are needed to explain
pH dependent variations in the ratio of uronic d@oithydroxyproline.

The results give an insight into the possibilityestracting proteoglycans
from the sediment fraction during the co-extractidrvaluable components from

MSTM.
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3.4 CONCLUSION

The study demonstrated that at pH 2.5, 10.5 an8, ke proteins from
MSTM were most soluble, leading to higher proteields at these pH values.
Among the different extraction pH values, the hgghtotal extractability was
achieved at pH 10.5. Acid- and alkaline-aided etioas were equally effective
in removing total, neutral and polar lipids from 8. Consequently, TBARS
analysis showed no difference between acid andimdkareatments; however the
values were significantly lower compared to raw MSTP < 0.0001). SDS-
PAGE profiles for both acid and alkaline extracionndicated higher
concentration of myosin heavy chains and actin @meg to MSTM indicating
concentration of myofibrillar proteins. No statrsti difference was found in the
ratio of total essential amino acids to total amamds between MSTM and
extracted proteinsAnalysis of uronic acid content revealed that mofkithe
proteoglycans accumulated in the sediment fractibaace paving the way for a

co-extraction technology of the valuable componé&ais MSTM.
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CHAPTER 4. EFFECT OF ACID- AND ALKALINE-AIDED
EXTRACTIONS ON FUNCTIONAL AND RHEOLOGICAL PROPERTIES
OF PROTEINSRECOVERED FROM MECHANICALLY SEPARATED
TURKEY MEAT (M STM)3
4.1INTRODUCTION

Development of novel techniques for the recoveny atilization of poultry
by-products has been a very active area of researcalecent years. These
techniques are aimed at isolating the protein ifvactfrom these underutilized
meat sources since protein isolates are an imgdrigredient in the human diet
(Young, 1975). Mechanically separated meat is dnth@® cheapest sources of
protein which can be recovered efficiently usinffedent extraction techniques.
In the year 2000, more than 182 million kg of megubally separated poultry
meat (MSPM) were produced in the United States é@olan and Hansen, 2000).
MSPM contains 13-15% of protein (Froning and Johnsi®73); however, the
mechanical deboning process results in the relelaaeonsiderable amount of fat
and heme components from the bone marrow and thrdigguption of muscle
cells. Therefore, the utilization of MSPM s linttedue to its dark color and
undesirable textural properties (Froning, 1976)téin recovery using a pH-
shifting process can be used to overcome theségongb The major advantage of

this process is that poultry muscle proteins candoevered economically at a

3 A version of this chapter is published in the Journal of Food Science (2010; 75: E477-E486).
(Authors: Y. Hrynets, D. A. Omana, Y. Xu and M. Betti).

145



relative high recovery rate and the isolated mupctgeins may have improved
functionality (Undeland et al., 2002; KristinssardeDemir, 2003).

Gelation is one of the most important functionabpmrties of muscle
proteins during thermal processing. A protein gela continuous network
structure of macroscopic dimensions immersed iquad medium and exhibiting
no steady-state flow (Ziegler and Foegeding, 19Bf)teins in gels are important
because they contribute to water entrapment ang@adicles immobilization in
processed meat and poultry products through adhésices (Ziegler and Acton,
1984). These properties are critical for the cozatf unique textural properties of
cooked products, such as frankfurters, bolognayve®aand rolls. Myofibrillar
proteins are responsible for the formation of vedastic gel matrices and strong
cohesive membranes on lipid globules in emulsiofieng, 1997). Kristinsson
and Hultin (2003) showed that fish proteins possessique structure after pH-
shifting extraction, which leads to improvemenftwictional characteristics, such
as gelation, emulsification and solubility.

After acid- and alkaline-aided extractions, palyialunfolded/refolded
protein structure is more flexible and is able tonf better protein networks
during heating (gelation) and is able to adsorbameadily to interfaces and yield
lower interfacial tension (emulsification) (Ingatiotand Kristinsson, 2010).
Protein extractions obtained using acid and alkalireatments of several fish
species showed equal or better gel-forming abddynpared to those obtained

from surimi processing (Kristinsson and Demir, 2008deland et al., 2002).
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Darker color is another problem with MSPM, due he trelease of a
substantial quantity of hemoglobin from bone marrauring mechanical
deboning (Froning, 1976). Hemoglobin oxidizes gaaild is highly susceptible
to heat denaturation during processing and storbigenoglobin content was
found to be tripled after mechanical deboning oblelfowl carcass (Froning and
Johnson, 1973). The study of Moayedi et al. (2G#0}he alkaline extraction of
proteins from chicken dark meat resulted in inceedgyhtness of protein isolates,
which was attributed to the removal of heme pigmefmyoglobin and
hemoglobin).

Since the utilization of MSPM is also limited duwe its poor texture, the
assessment of textural properties of proteins tsdldrom MSPM is of much
importance. Texture is an important sensory evadngtarameter that is used as
an indicator of food quality (Ross, 2009). Humamcpgtion of meat palatability
is obtained by an interaction of sensory and playgcoperties during chewing.
Evaluation of texture involves measuring the resgoonf a food when it is
subjected to forces, such as cutting, shearingyicigeand compressing. Texture
profile analysis (TPA) is a widely used method tetedmine the textural
properties of food. Data on the functional and lbgcal characteristics of acid-
and alkali-recovered protein isolates from meclalhjicseparated turkey meat is
not available. Therefore, the objective of thisdgtwas to determine the effect of
the pH-shifting technique on improving color andtteal properties of MSTM.

The effect of both, acid and alkaline extractionaswinvestigated with the
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emphasis on functional, textural and rheologicalrahteristics of the recovered

proteins.

4.2 MATERIALSAND METHODS
4.2.1 Raw material and chemicals

Mechanically separated turkey meat (MSTM) was olatdhifrom Lilydale
Inc. (Edmonton, AB, CA). MSTM (250 g) was filledtmpolyethylene bags and
kept at -20 °C until use. Before extraction, samplere thawed overnight at 4

°C. All the reagents and chemicals used in theéystuere of analytical grade.

4.2.2 Preparation of protein isolate by acid-aided process

The acid-aided protein recovery from MSTM was acglished by the
method described by Liang and Hultin (2003) andiBeatd Fletcher (2005) with
slight modifications. Protein extractions were cocteéd under low temperature
conditions (4 °C) in order to maintain the funcabmproperties of the final
product. To prepare the protein isolate, 200 g & was homogenized with
cold (1-3 °C) distilled water/ice mixture at 1:5tica(meat: water/ice, wt/vol)
using a 900-Watt Food Processor (Wolfgang Puck WPME:- W.P. Appliances
Inc., Hollywood, FL, US) for 15 min. Homogenate Q02mL) was transferred to
a beaker and allowed to stand for 30 min at 4 Y& proteins in the homogenate
were then solubilized by drop wise addition of 2HI to reach the maximum
solubility at pH values of 2.5 and 3.5, as detesdifrom the solubility profile, as
reported in chapter 3. Acidic homogenates wererifeged in Avant? J-E

refrigerated centrifuge (Beckman Coulter Inc., Palwm, CA, US) at 25,900 ¥
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for 20 min at 4 °C. Three phases were formed atetrifugation: a top phase of
MSTM neutral lipids; a middle phase of soluble pi$ and a sediment phase,
containing a water-insoluble protein fraction andnabrane lipids. The middle
layer of soluble proteins was collected and pH admisted to isoelectric point
(pH 5.2) with 2 M NaOH. The precipitated proteinserey recovered by
centrifugation at 25,900 g for 20 min at 4 °C. The precipitate was re-suspend
in water/ice mixture (water/ice, 350mL/3509) by ragenization for 10 min. The
pH of the resultant homogenate was adjusted tdy @&op wise addition of 2 M
NaOH. Proteins were finally collected by centriftiga at 25,900 >g for 20 min
at 4 °C. The moisture content of the recoveredegmoisolates was adjusted to
80%. Cryoprotectants (5% sorbitol, 4% sucrose, Ot8@olyphosphate, 0.4%
sodium bicarbonate and 0.03% sodium nitrite) wepesthwith protein isolates in
a pre-chilled Wolfgang Puck WPMFP15 900-Watt FootbcBssor (W.P.
Appliances Inc., Hollywood, FL, US). The isolatetbfeins were stored in the

freezer at -20 °C until analysis.

4.2.3 Preparation of protein isolate by alkaline-aided process
For the alkali extraction process the procedurescrileed above were
followed except for the first solubilization steidere the MSTM proteins were

initially solubilized at pH values of 10.5 or 11.5.

4.2.4 Cooking loss
Raw samples were prepared by manually grindingeprasolate samples

(12 g) with 2.5% NaCl in a pestle and mortar fomiid. The paste was packed in

149



polypropylene capped tubes (1.7 cm x 10 cm, Simg@@&, CA) without air
pockets. The stuffed tubes were then heated iwtter bath at 95 °C until the
internal temperature reached 75 °C. The intermap&Fature was measured using
thermocouples, inserted in the centre of the sanidter cooking, the gel was
removed from the tubes and accurately weighed iddally. The samples were
then stored in polyethylene bags at 4 °C overmgiatr to texture profile analysis.

The cooking loss was calculated as follows:

(%) {Original sample weight — weight after cooking) o

Cooking loss
g Original weight

4.2.5 Determination of expressible moisture (EM)

The expressible moisture of the protein isolatesama estimation of water
loss, was evaluated by using a texture profile yaeal (TA-XT Express, Stable
micro systems, Ltd., Surrey, England), which wastgghe adhesive test mode
prior to the measurements. Three grams of meat Isawgre placed on the pre-
weighed filter paper (Whatman No. 1), and presssd/den two glass plates, with
a target force of 1000 g for 2 min. After squeezig filter paper along with the
absorbed water was immediately weighed. Expressiloisture was expressed as
percentage. Six press tests were performed for gaehhment. The following

formula was used to calculate the expressible mn@st

Expressible moisture (%6)&Y/&tPaper — Dry papef), o
Meat weight
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4.2.6 Emulsifying activity index (EAI) and emulsion stability index (ESI)

The measurements of emulsifying activity index adulsion stability
index were conducted according to the method desdrby Moure et al. (2002)
with slight modifications. Oil-in-water emulsion w@repared by mixing corn oil
with protein solution (myofibrillar or sarcoplasmat the concentration of 0.4
mg/ml) at 1:3 ratio (vol/vol) in an homogenizer fker Scientific, Power Gen
1000 S1, Schwerte, Germany) operated for 1 miretting 3. Immediately after
homogenization, 0.05 mL of emulsion was dilutedstonL with 0.1% sodium
dodecyl sulphate (SDS) solution and the absorbasasemeasured at 500 nm in a
1-cm path cuvette using a spectrophotometer (V-388¢o Corporation, Tokyo,
Japan). The EAIl was calculated from the followigg&tion:

EAI =233 x A
where A is the absorbance estimated just after emulsie@pgation. The
emulsion stability index was determined by meagutime absorbance of these

emulsions after 10 min of standing. The ESI wasuded as follows:

ESI=10 x—HAo

oA Ao
where Ay is the absorbance determined after 10 min.
4.2.7 Foam expansion (FE) and foam volume stability (FVS)
The measurement of foamability was performed as ther method
described by Wilde and Clark (1996). Known volunoégproteins (myofibrillar
and sarcoplasmic) were whipped using a vortex m(xesher Scientific, On, CA)

at speed 10 for 2 min.
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Foamability or foam expansion was expressed aseptxge volume increase

after mixing using the following equation:

Foam expansion (%)-£0am volume (mL), 1
Initial liquid volume

The stability of the foam volume was calculategpbascentage of foam remaining

after 30 min at 25 °C.

Foam volume stability (%) ¥0lume of foam (mL) retained after 30 min o
Volume of foam after whipping

4.2.8 Total pigment deter mination

The total pigment content was evaluated by dirgcgophotometric
measurement according to the method of Fraquezal. €2006), with slight
modifications. For each run, 10 g of the sample waghed into 50 mL capped
glass tubes and 40 mL of acetone, 1 mL of HCI, amalL of water, were added.
The mixture was vortexed for 3 min and allowed tand for 1 hour at room
temperature. The extract was filtered through WiaatiNo. 1 filter paper, and the
absorbance was read at 640 nm against an acidracbtank using a UV/VIS
spectrophotometer (V-530, Jasco Corporation, Tokhgpan). The absorbance
value was multiplied by a coefficient of 17.18 a@hd concentration of total heme

pigments was expressed in milligrams of myoglokengram of meat.

4.2.9 Color characteristics
The color characteristics of samples were measanethe surface of raw
MSTM and freshly prepared protein isolates usinlyliaolta CR-400 (Konica

Minolta Sensing Americas, Inc, Ramsey, NJ 07446hite standard plate was

152



used to calibrate the colorimeter. Tristimulus catoordinates L*, a* and b*
were recorded. The L* value on a 0 to 100 scaletd=nthe color from black (0)
to white (100). The a* value denotes redness (greenness (-), and the b* value
denotes yellowness (+) or blueness (-). Three ngadber treatment sample were
taken and the average reading was recorded. Taesity of the red, saturation,
Hue and whiteness were calculated as follows:

Intensity of the red = a* / b*

Saturation = (a+ K)'?

Hue = arctan b*/a*

Whiteness = 100 - [(100-L*+ a* + b*?]*2

4.2.10 Textureprofileanalysis

Texture profile analysis was carried out on cookachples by employing a
texture profile analyzer (TA-XT Express, Stable misystems, Ltd., Surrey,
England). The samples were cut into cylinders (i diameter, 10 mm height)
and subjected to the TPA mode analysis. Three sEmpér treatment were
compressed to 50% of their original height for Zleg with the aluminium
cylinder probe (d = 5 cm). The time between two pmssions was set as 1 s.
Determination of texture attributes was performetha trigger force of 5 g with
the speed of 5 mm/s. Attributes were calculatedfalows. Hardness: the
maximum force required for the first compressiohe®iness: the work needed to
chew a solid sample to a steady state of swallovipginginess: the ability of the
sample to recover to its original shape after it Eompression. Cohesiveness:

represents how well the product withstands a sedefiormation relative to how
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it behaved under the first deformation. Measuresehsamples were carried out
at room temperature. Data were recorded and arthpa®matically by software

provided with the instrument.

4.2.11 Dynamic viscoelastic behaviour of isolated proteins

The dynamic viscoelastic behaviour (DVB) of isothtproteins during
heating and cooling was monitored using a Physi€RMRheometer (Anton Paar
GmbH, Virginia, US) under oscillatory mode, employia 2.5 cm parallel plate
measuring geometry. Four grams of protein isolateewnixed thoroughly with
2.5% of sodium chloride (w/w) in a pestle and motta obtain a fine ground
paste. The paste was subjected to DVB measureméhis. gap between
measuring geometry and peltier plates was adjustdd0 mm. Approximately 2
g of paste was placed on the peltier plate at £1@e the sample was pressed by
lowering the measuring geometry plate, excess samas removed with a
stainless steel spatula. The samples were heaipd4r° to 80 °C at a rate of 2
°C/min and cooled from 80 ° to 4 °C at the same.rdb determine the linear
viscoelastic region (LVR) an amplitude sweep wagied out in a range of
deformation from 0.1 to 10%. After determining LVRjeasurements of the
samples were conducted by applying a controlleairstf0.5%) with a constant
frequency set at 1 Hz. The two sine waves had aepldference tal®, which
gave elastic (storage moduluy @nd viscous (loss modulus'Gelements of gel.
These two values along with ténwere recorded simultaneously throughout the

heating and cooling processes by the instrumenur Feplications were
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performed, each using a fresh paste preparationtl@mdcaverage values were

plotted.

4.2.12 Statistical analysis
All data were analyzed by one-way-analysis of vareéa (ANOVA) using

General Linear Model procedure of the Statisticgbt&n Software of SAS
institute (Version 9.0, SAS Inst., Cary, NC, USp&pand reported as means and
standard deviation among means. The entire expetjmi®m MSTM through
final protein isolate was replicated at least thtieees. Comparison of means
within the evaluated parameters at various pH rmeats was carried out by HSD
Tukey's adjustment with a 95% confidence leveln8igance of difference was

established & < 0.05.

43 RESULTSAND DISCUSSION
4.3.1 Cooking loss and expressible moisture

The ability of meat proteins to retain water is afethe most important
quality attributes influencing product yield andailso has an impact on eating
quality of the product (Cheng and Sun, 2008). CogKbss provides an insight
into the tenderness of a meat product, which eteelto the ability of proteins to
bind water and fat. Expressible moisture is a measi the water-holding
capacity (WHC) of meat proteins and changes in Wittiicate the changes in the
charge and structure of myofibrillar proteins (Haji75). In the present study

the effect of different pH of extraction on WHC wassessed by estimation of
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cooking and water losses. No significaRt{ 0.5699) difference was found for

cooking loss (Figure 4.1) among different treatraent
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Extraction pH

Figure 4.1. Cooking loss of proteins recovered fid®ITM at different extraction
pH. No statistical differences were observed. De¢ae statistically analyzed by
one-way ANOVA. Results are presented as mean (Asfgndard deviation.

However, cooking loss of protein isolates was sigantly lower (6.23% on

averageP < 0.0001) compared to raw MSTM (29.27%; Table .4.1)
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Table 4.1. Characteristics of raecimnically separated turkey meat

(MSTM)?

Parameter Value
Cooking loss (%) 29.27 £5.1
Expressible moisture (%) 46.70 £ 0.61
EAI (myofibrillar proteins) 2.37+0.18
EAI (sarcoplasmic proteins) 1.01 £0.07
ESI (myofibrillar proteins) 56.67 £ 3.19
ESI (sarcoplasmic proteins) 7.80 £0.53
FE (myofibrillar proteins) (%) 93.30 + 20.82
FE (sarcoplasmic proteins) (%) 10.0 +0
FVS (myofibrillar proteins) (%) 61.69 +10.85
FVS (sarcoplasmic proteins) (%) ND
Total heme pigments (mg/g of meat) 3.77 £0.69
Hardness (gram force) 142.82 £ 20.33
Springiness 0.66 = 0.03
Chewiness 43.63 +11.27
Cohesiveness 0.46 + 0.02

Results are presented as mean (n=3) + standaratidevi
ND denotes — not detectable.

Such a significant difference in cooking loss betweaw and processed
meat is probably due to the difference in compositof those two materials.
Total lipid content of raw meat and isolated pnoseivas 23.50% and 1.81%,
respectively (reported in chapter 3). Thereforeilevbubjected to heat treatment
raw meat will be loosing more fat in addition te tivater loss resulting in higher
cooking loss.

The results obtained from the analysis of expréssiboisture, as an

evaluation of water loss, are presented in Figu2e 4
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Figure 4.2. Expressible moisture (expressed asterwass) of proteins recovered
from MSTM at different extraction pH. Results anegented as mean (n=6) +
standard deviation. Different alphabetical letiarghe figure represent significant
(P < 0.05) difference between means.

Expressible moisture varied among treatments amdhitfhest (14.269% =
0.0249) was obtained for samples processed witl2 pHProteins extracted with
pH 10.5 represented the lowest water loss of 12.86%6 decrease in water loss,
which refers to the higher ability to retain waterprobably the result of higher
protein content of samples extracted with pH 1@&%,reported in chapter 3.
Extraction of proteins at this pH also resulted the highest surface
hydrophobicity of myofibrillar proteins (reported chapter 3). The exposure of
hydrophobic amino acids to the protein surface nmayease the number of
hydrophobic interactions, leading to the formataina gel network with higher
ability to entrap water (Niwa, 1992). Water losssviaund to be significantlyR(<
0.0001) higher for raw MSTM (46.70%; Table 4.1) gared to the processed

meat. These results suggest that WHC of MSTM cbeldyreatly improved by

the extraction treatments.
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4.3.2 Emulsifying activity index (EAI) and emulsion stability index (ESI)
Emulsion is a heterogeneous system consisting tdast two immiscible
liquid phases, one of which is dispersed in theesioth the form of droplets.
Emulsion is stabilized through physical entrapmafiat globules within protein
matrix followed by formation of an interfacial pem film around the small fat
globules (Barbut, 1995). The ability of proteinadsorb at the water-oil interface
during the formation of emulsion avoiding floccutet and coalescence is
indicated by EAI. On the other hand, ESI estimadtesrate of decrease of the
emulsion turbidity due to droplet coalescence am@ming, leading to emulsion
destabilization. Therefore, EAI and ESI increaseemwliproteins favor emulsion
formation and stabilization, respectively (Selmare al.,, 2008). The
emulsification properties of acid and alkaline agted proteins were evaluated by
their ability to form and stabilize emulsion with and the results are presented in

Table 4.2.
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Table 4.2. Emulsifying activity index (EAI), ensin stability index (ESI), foam expansion (FE) &oam volume stability (FVS)
of myofibrillar and sarcoplasmiofeins extracted from MSTM at different extractjoir*

FE FE FVS FVS
EAI EAI ESI ESI myofibrillar sarcoplasmic myofibrillar sarcoplasmic

Extraction  myofibrillar sarcoplasmic myofibrillar sarcoplasmic proteins proteins proteins proteins
pH proteins proteins proteins proteins (%) (%) (%) (%)
pH 2.5 241+09% 1.98+0.06 39.62+1.63 5.07+0°57 190+ 17 72+ 13 56+ 17 53+ 9
pH 3.5 2.4@ 0.09 1.94+0.09 38.18+0.98 5.86+0%23 163t 12 110t 10 63+ 3 68+ 9
pH 10.5 2.63 +0.09 1.890+0.10 4452+4.01 6.60+0%38 170+ 27 118+ & 70t 4 69+ 13
pH 11.5 266+0.f1 1.75+0.10 45.66+4.77 6.42+0%17 172+3 103+ 6° 72+ 7 76+ 5

Results are presented as mean (n=3) + standaratideviDifferent alphabetical letters within a ol represent significant
P < 0.05) difference between mean values.
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EAI of myofibrillar proteins was significantly défent P = 0.0184) among
treatments, with the highest value obtained at pF%.1In general, alkali extracted
protein showed slightly higher EAI compared to aeidracted protein. Among
the myofibrillar and sarcoplasmic proteins, thédashowed significantly lower
emulsification ability P = 0.0010). This was expected since the capabilfty
sarcoplasmic proteins to emulsify fat is limited llgeir globular nature
(Tantikarnjathep et al., 1983).

Among treatments, there was a tendency to be gignify higher for P =
0.0592) ESI of myofibrillar proteins for alkali eatted samples. The latter values
were also around 7 times higher compared to the dSlarcoplasmic protein
fraction. This effectiveness of myofibrillar prateiis probably due to the ability
of myosin to display both hydrophobic affinity ftat and hydrophilic affinity for
water. Myosin provides a distribution of polar amon-polar amino acids, thus
enhancing the orientation between two unlike pha&sbranek, 2009). High
length to diameter ratio of the myosin moleculeatentributes to the molecular
flexibility and rearrangement at the protein filmarface (Xiong, 1997). ESI of
sarcoplasmic proteins showed significa® £ 0.0039) difference in stability
indexes with alkali extracted samples representieghighest values (6.42 and
6.60%). This is in agreement with our previous iings (reported in chapter 3) on
surface hydrophobicity of sarcoplasmic proteins,exh significantly higher
values were reported for alkali extracted samptasapared to acid extractions.

The exposure of a higher number of hydrophobic sateathe protein surface
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probably enhances the ability of alkali treated glas for emulsion stabilization

(Damodaran, 2005).

4.3.3 Foam expansion (FE) and foam volume stability (FVS)

Food foams are dispersions of gas bubbles in aintans liquid or
semisolid phase. Foaming is responsible for theatds rheological properties of
many foods. The behaviour of the proteins at theidi/air interface is important
since the formation of protein film around air blédsbis essential for foam
capacity and stability (Xiong, 1997). The foam exgan and foam volume
stability of protein isolates from MSTM preparedditferent extraction pH are
presented in Table 4.2. The foaming properties detwthe pH treatments were
found to have no significant differenceB ¢ 0.05), except foam expansion of
sarcoplasmic proteins. The latter was significar{ffly= 0.0014) lower when
proteins were extracted at pH 2.5. It was repotttatl foamability is related to the
protein surface hydrophobicity (Damodaran, 1994yhHsurface hydrophobicity
improves foam characteristics as the unfolding oftggn molecules expose
hydrophobic groups resulting in increased intecactat the air/water interface
(Were et al.,, 1997). In our previous study (cha@prwe found that surface
sarcoplasmic protein hydrophobicity was lower foidareated samples compared
to alkaline extractions. Therefore, reduced foanpa&sion of sarcoplasmic
proteins at pH 2.5 might be associated with the hg@rophobicity at this pH. FE
of sarcoplasmic proteins were found to be signifiga (P = 0.0019) lower

compared to that of myofibrillar proteins. Howetkere was no significanP(=
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0.8550) difference among the FVS of these two prdi@ctions. This suggests
that even though myofibrillar proteins have highaéility to form the foam, the
stability might be maintained at the same level lgth myofibrillar and

sarcoplasmic protein fractions. FE (myofibrillardasarcoplasmic) and FVS of
sarcoplasmic proteins were found to be signifiga(® < 0.0001) lower for raw
MSTM (Table 4.1.) compared to processed sampless Tdenotes that
conformational changes of proteins during acid ali@line treatments lead to

improvement of foaming properties.

4.3.4. Total pigmentsand color characteristics

Color is an important factor for determining consush perception of
product quality and significantly influences pursimg decisions. Color is also a
principal characteristic when different processitrgatments are compared,
especially considering increased interest of cumesrkets in isolates as white as
possible (Tabilo-Munizaga and Barbosa-Canovas, R00#e two pigments
which are mainly responsible for the color of MSTMe myoglobin and
hemoglobin (Hernandez et al., 1986), thus theieaife removal could greatly
improve color characteristics of recovered meate Tatal pigment analysis
showed significantly® < 0.0079) higher content in alkali extracted sasgD.56
mg/g of meat) compared to that of acid treatme®t44( mg/g of meat) (Figure

4.3.).
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Figure 4.3. Total heme pigments content of proteewovered from MSTM at
different extraction pH. The original material (r&&TM) contained 3.77 mg of
total heme pigments per 1g of meat. Results arsepted as mean (n=3) *
standard deviation. Different alphabetical letiarghe figure represent significant
(P < 0.05) difference between means.

The highest total pigment removal was found whenTMSroteins were
extracted at pH 2.5 (88.96%), while the lowest Yeaieextractions at pH 10.5 and
11.5. Chaijan et al. (2006) reported that sarcoplasproteins (including
myoglobin and hemoglobin) and other proteinaceoaternals were not removed
in the alkaline-aided process, since myoglobin iigh tightly bound with
muscle proteins and co-precipitated during theaetion process. Our previous

study on surface hydrophobicity of sarcoplasmidgins (reported in chapter 3)

showed higher values for alkali-extracted protesompared to acid extractions.
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Stronger protein-protein interactions at alkalind probably result in higher
aggregation of sarcoplasmic proteins leading teipition into sediments after
isoelectric precipitation. In general, extracti@siowed 86.72% removal of total
pigments, resulting in around 0.5 mg of heme pigsigrer 1.0 g of meat.
Comparable values were reported by Pikul et aB§)%or turkey breast meat.
Color characteristics (L*, a*, b*, a*/b*, saturatipHue and whiteness) of

the recovered proteins by the pH-shifting procesgeesented in Table 4.3.
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Table 4.3. Color characteristics of prote#movered from MSTM at different extraction pH

Parameter Raw MSTM 2.5 3.5 10.5 11.5
a* 7.45+ 024  3.66+1.12 2.84+ 0.76 451+ 0.2  3.58+1.19
b* 16.49 +0.36  14.43+225  14.44+0.98  16.05250 15.82 +0.39
L* 58.94+ 158 69.84+1.75  61.5% 4.74° 59.90+2.75 57.40t 4.08
a*/b* 0.45+0.07  0.27+0.13 0.20+0.07  0.28£0.0%  0.22+0.07
Saturation  18.180.3F 14.95+1.88  14.74+ 0.8 16.67+ 0.20° 16.24+ 0.64"
Hue 65.67+ 0.9 75.23+6.67 78.75t3.68  74.30+0.89° 77.36t 3.8

Whiteness 52.461.27 64.82+1.99 57.85+4.38" 54.93+2.47 53.19+ 4.36

Results are presented as mean (n=3) + standaratideviDifferent alphabetical letters within a row
represent significar® € 0.05) difference between mean values.
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The results are shown in comparison to the inmaterial (raw MSTM). In
general, acidic and alkaline isolates greafly<(0.0001) decreased in the redness
(@*), with no difference being found within pH tteeents. The decrease in
redness is due to the removal of pigments duringaetton (Figure 4.3).
Yellowness (b*) values remained constaRt £ 0.0984) for raw MSTM and
different extraction treatments. Lightness (L*) wagnificantly increasedR =
0.0035) for the samples processed with extractldmp2.5. The concentration of
total pigments is the influential factor for the kalues (Gasperlin et al., 2000).
Thus, the extension of total pigment removal, whi@s observed to be higher for
acid treated samples contributed to the increagbthkess. Whiteness increased
significantly (P = 0.021) compared to the raw meat, with the highelkie (64.82)
observed at pH 2.5. This is expected, because theness values are mainly
influenced by the lightness, which was the highessamples extracted with pH
2.5. Both lightness and whiteness values are ireesgent with the results
obtained from the analysis of total pigment contevttich indicated the highest
removal at extraction pH of 2.5. A significant degse P = 0.0036) was observed
for a*/b*, which indicates a decrease in intengifythe redness value. The ratio
decreased from the original value of 0.45 foundréav MSTM to 0.24 in general
for processed meat. High a*/b* obtained for the raeat is primarily because of
the high total pigment content. Saturation valuegeinine how different the
color is from gray and expressed as depth, vivisiraesl purity (Elkhalifa et al.,
1988). There was a significant decrease in saturaf® = 0.0036) observed

between raw MSTM and acid extracted meat. As redobty Hernandez et al.
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(1986), the samples having a dominant red colorldvgive a higher saturation
value than the samples with a more homogenouststeudn this study the lower
purity of alkali extracted meat compared to acehtments might be the result of
higher total pigment content. Hue angle shows tngrek of departure from the
true red axis to the CIE (International Commissadrllumination) color space
(Brewer et al., 2006). The Hue values were foundeaignificantly P = 0.0046)
higher for proteins recovered at pH 2.5; 3.5 and bmpared to raw MSTM.
This is expected, since increased Hue angle irelicat decrease in perceived
redness (Brewer et al., 2006). As the result afaexion procedures, the red color
was decreased due to the removal of heme pigm@ussequently samples
decreased in darkness with the dominance of Hughw an indication that the

color shifted slightly to the yellowish spectrumafifinan and Mellet, 2003).

4.3.5 Texture profile analysisand dynamic viscoelastic behaviour of isolated
proteins

Complimentary information on textural properties pbtein isolates was
obtained using small and large deformation testsn#all deformation test was
applied to investigate elastic and viscoelastipprbties of gels, which is related to
gel quality and strength. Uniaxial compression afeh sample between two flat
parallel plates (large deformation test) was usedetermine textural properties,
such as hardness, chewiness, springiness and vehess.

Texture profile analysis (TPA) of the MSTM protajels is summarized in

Figure 4.4.
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Figure 4.4. Hardness, chewiness, springiness arieesoeeness of proteins
recovered from MSTM at different extraction pH. Batistical differences were
observed. Data were statistically analyzed by oag-WWNOVA. Results are
presented as mean (n=3) * standard deviation.
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No significant differences(> 0.05) were found for any of the parameters.
Generally, the higher hardness of the gels devdidpen MSTM protein was
observed at pH 10.5, with the value of 1773 grancfo The lowest value for
chewiness (934) was observed at pH 3.5. The lowkrevfor this parameter is
associated with the higher ability to form a videséc network (Figure 4.5 A, B),
as chewiness represent the ability of the samplaegmin its shape after
compression. Chewiness is also one of the importdatracteristics, which
associates with meat tenderness (Gullett et abD6RNo significant difference
found for springiness value is probably due to shene water content between
samples, as the extraction process was followeadpystment of water content to
80%. While no difference among treatments was fotordcohesiveness, the
samples extracted at pH 11.5 appeared to be higher.

Gelation of muscle protein is a multi-step thermuaiypic process which
involves protein unfolding and aggregation prior ttee formation of three-
dimensional network structures (Xiong and Blanchd@94). Hamann (1988)
indicated that rheological parameters could be used predict sensory
characteristics, texture and functionality of comunted meat products. The
dynamic rheological technique is widely used foe #valuation of gelation of
myofibrillar proteins. Viscoelastic properties dbsage (G, loss (G) modulus
and tan deltad) between acid and alkaline extractions were detexdhupon
heating and cooling. Changes in storage modulss, heodulus and ta# during

heating is given in Figure 4.5 A, B and C.
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Proteins isolated at different pH values showedhala trend for both G
and G' values. However, the 'Gralues were considerably higher in magnitude
than the G values indicating the formation of more elastitsg@he G value is
an estimation of energy dissipated as heat perssidal cycle and is used to
evaluate the gel viscosity.

During the heating phase, thé §&owed only marginal change, until the
temperature reached 36 °C, where onset of gelaimurred (Figure 4.5A).
Storage modulus (§is a measure of the energy stored in materialraodvered
from it per cycle of sinusoidal shear deformatiom andicates solid or elastic
characteristics. The increase in [as been attributed to the ordered protein
aggregation and formation of three-dimensional oetwith water entrapment in
the matrix (Dileep et al., 2005). The gelation tstawith unfolding of myosin
molecules at 35 °- 40 °C (Sebranek, 2009). The smTeasing pattern was
observed in loss modulus for heat induced gelatiodark chicken meat protein
isolates indicating the formation of a viscoelastetwork (Omana et al., 2010).
G' values increased until temperature reached 56 °<GG8further increase in
temperature caused weakening of the gels as shpwadrease in Gralues. This
decrease might be due to the result of denaturatidight meromyosin, leading
to increased fluidity (Egelansdal et al., 1995)e Thaximum increase in G’ value
was in the temperature range of 40 ° to 56.6 °@ fbices which are responsible
for the formation of the gel network include hydnopic interactions, disulphide

cross bridges and hydrogen bonds (Hamann and Mad®01992). Overall, the
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patterns of slopes for acid and alkaline extrad®®iTM proteins were similar,
excluding pH 10.5.

Tan 6 values indicated a major transition point at terapge of 47.3 °C for
proteins extracted at pH 2.5, 3.5, 11.5 and 51.8t@roteins extracted with pH
10.5 (Figure 4.5 C). This transition point refesshie denaturation of the myosin
molecule. This is consistent with rheological asadyof alkali-extracted proteins
from dark chicken meat (Omana et al., 2010). Thhas attributed the transition
temperature at 50.1 °C to the denaturation of nmyd@ne minor transition point
was observed for acid extracted samples at aro6ntC6 which corresponds to
the denaturation point of collagen (Martens et 4882). Above 35 °C ta®l
values were found to be decreasing until the teatiper reached 47 °C for pH
2.5, 3.5, 11.5 and 52 °C for the pH 10.5. In gelneraecrease in tahindicates
the formation of an ordered gel network. The usdaofé to estimate the gel
characteristics has the advantage of incorporatiagontributions of both '‘Gnd
G" into a single parameter to evaluate the final netwWEgelandsdal et al., 1986).

Storage modulus values of different protein is@aevarious temperatures

(5°,56.6 °and 80 °C) are given in Figure 4.6.
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Figure 4.6. Average storage modulus (G', kPa) & 56.6 ° and 80 °C for
proteins recovered from MSTM at different extraotipH. Results are presented
as mean (n=4) * standard deviation. Different dhetigal letters in the figure
represent significanP(< 0.05) difference between means.

The highest® < 0.0001) Gvalue (at 5 °, 56.6 ° and 80 °C) was obtained
for the sample extracted with pH 3.5. The lowest waserved with pH 10.5
extracted samples, while' @r proteins extracted at more extreme pH of 28 a
11.5 was not significantly different from each othEhe same trend was observed
with increasing temperature to 56.6 °C (the pedkes#or storage modulus). At
80 °C protein extracted with pH 3.5 possessed fsgmitly (P = 0.0005) higher
G’ compared to pH 2.5 and 11.5.

On cooling from 80 ° to 4 °C, all samples showedramease in Gand G'
as interactions between the proteins become stromgh the decrease in

temperature (Figure 4.7.).
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However, a notable difference was observed for pI5 &xtracted proteins,
where G and G' showed the lowest values. During cooling the higlvalue was
reached at the end of the gelation process. Theease in storage and loss
modulus is attributed to the formation of hydrogbonds during cooling
(Hamann, 1988). High ‘Gvalue during cooling is also an indication of the

formation of a firm gel structure (Ingadottir andistinsson, 2010).

4.4 CONCLUSION

The present study indicated that functional proeertand rheological
characteristics of MSTM could be greatly improveg dxtraction procedures.
Emulsion activity index of myofibrillar proteins wabetter at extraction pH of
11.5. Proteins extracted at pH 3.5 showed highidityato form a viscoelastic gel
network. Acid extractions were more efficient innfe pigment removal, which
resulted in better color characteristics than atkahted samples. Further research
is needed to improve color properties of alkalirasted protein isolates. The
study revealed that acid and alkaline processing loba the alternatives for
recovering functional proteins from MSTM. In comsllon, proteins extracted at
pH 3.5 were found to be the most suitable considerthe rheological

characteristics as well as pigment removal.
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CHAPTER 5. PROJECT SUMMARY AND IMPLICATIONS

The desire of the food industry to convert low almeat products into
value-added and high-priced commodities resultedda@velopment of new
processes, which helps in increased utilization tbése raw materials.
Mechanically separated meat is one of the cheapestes of protein obtained by
grinding meat and bones together and forcing theure through a perforated
drum. Currently MSTM is considered as a low valyepboduct and available for
the use in poultry products processing mainly fadpction of further-processed
products of lower value. The use of MSTM for thedurction is limited due to its
high lipid content, undesirable color and textymadperties. Production of protein
isolates by pH-shifting process is a new conceptpfotein recovery from low
value meat. The benefits from this extraction psscare due to possible
improvement of protein functionality, which depenadls the composition and
chemical characteristics of protein isolates.

The aim of the first study was to improve the cosippon of MSTM by
pH-shifting extraction with addition of citric aci@hd calcium chloride. In order
to accomplish the goal, six levels of citric acid 2, 4, 6, 8 and 10 mmol/L) and
two levels of calcium chloride (0 and 8 mmol/L) &dumh were examined. The
highest protein yield was found for treatment wéthmmol/L of citric acid. In
general, all the combinations removed an avera®® &% of the total lipid from
MSTM. The lowest amount of total lipid was obtairfed samples treated with 4

mmol/L of citric acid. Maximum removal of neutrapid and polar lipid was
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attained with the addition of 6 and 2 mmol/L ofricitacid, respectively. The
isolated proteins were less susceptible to lipidlaon compared to raw MSTM.
The most efficient removal of total heme pigmentswbtained with addition of
6 or 8 mmol/L of citric acid, while addition of caim chloride had a negative
effect on total pigment content. The study revedleat acid extractions with
addition of citric acid resulted in significant rewal of lipids and pigments from
MSTM, improved stability of the recovered proteits lipid oxidation and
provided appreciable protein recovery yields.

Second and third parts of the project focused enstidection of the most
suitable pH for protein extraction, therefore tlife@ of 4 pHs (2 acidic and 2
alkaline) was estimated. The evaluation and furdeenparison was based on the
determination of chemical, functional and textypabperties of protein isolates
along with their composition.

The results did not show any statistical differerc@rotein yield between
the extractions carried out at pH 2.5, 10.5 and5.1However, yield was
considerably lower when pH of extraction was 3.%m $ignificant differences
were found between the various pH of extractionstaal, neutral and polar
lipids, which on average were equal to 92.3, 93:d 80.7%, respectively.
Analysis of lipid oxidation (TBARs) showed no diféace between acid and
alkaline treatments. SDS-PAGE analysis showed atgreconcentration of
myosin heavy chain and actin in protein isolatesygared to the raw MSTM.

Amino acid analysis of isolates showed higher catre¢gion of glutamic acid and
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reduced levels of histidine and methionine compaoedhw MSTM. Uronic acid
and hydroxyproline analysis revealed that moshefgroteoglycans and collagen
were deposited in the sediment fraction obtainednduthe centrifugation step
following protein solubilization. Proteins extradtat pH 10.5 showed the lowest
water loss. Emulsion and foaming properties wetsdoto be slightly higher in
alkali-extracted proteins compared to those fordaextractions. Textural
characteristics (hardness, chewiness, springinessahesiveness) of recovered
proteins were found to be unaffected by differextraetion pH. The protein
extracted at pH 3.5 formed a highly viscoelastit mgtwork, whereas the gel
formed from proteins extracted at pH 10.5 was fowadbe weakest. Acid
treatments were more effective for removal of tbiaine pigments from MSTM.
Color characteristics of protein isolates were radhk improved compared to the
initial material and tended to be better when sttbpgbto acid extractions.

In conclusion, the determination of the optimalragtion pH depends on
the final application of MSTM protein isolate. Cadexing the current trend of
increasing demand for further-processed poultry dpets the following
discussion is based on the opportunities to use M$iotein isolate in these
types of products. In order to find better extractpH values the comparison was
performed based on the difference in protein yi@dlor, lipid composition,
nutritional value and functional properties.

Protein yield is very important due to economic sidarations. A present

study revealed that the lowest protein yield wasea@d at extraction pH of 3.5.
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Therefore, extraction pH values of 2.5; 10.5 and Mere further considered in
order to determine the optimum extraction pH. Aeotimportant property, which

affects the acceptance of products, is color, eslhedightness and whiteness.
Higher values for lightness and whiteness were robsefor isolates prepared at
extraction pH of 2.5. No differences were found ag@H treatments based on
the lipid composition and nutritional value. Howeveonsidering that acidic pH

could be more “natural” (due to HCI secretion iansach during food digestion)

the preference may be given to the acidic pH.

Among the functional properties studied, emphas&s wnainly put on
evaluation of WHC, determined by water and cooliogses. WHC is a very
important property for the preparation of restruetl poultry prouducts (i.e.
battered and breaded products), which affects igld ynd the quality of the end
product. The highest water loss was obtainedhierproteins extracted at pH 2.5;
however processors are interested in cooking llose she products will undergo
cooking before consumption. There has been nordiffee found in cooking loss
among different pH treatments. As a result we psepthat pH 2.5 is most
preferable for the extraction of proteins from MSTMoreover, from the first
study it was found that the addition of 6 or 8 m#aif citric acid may aid in
removal of total heme pigments. With this consitdera we conclude that
extraction pH 2.5 with the addition of 6 mmol/L @fric acid would be the best

option for protein recovery from MSTM.
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Future work can be focussed to study the effecaddition of protein
isolates on sensorial characteristic of furthercpssed poultry products. Another
research aspect might include the potential pdagilmf co-extraction of other
valuable components (i.e. connective tissue, phagptls) from MSTM during

the preparation of protein isolates.
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CHAPTER 6. INDUSTRIAL RELEVANCE

Mechanically separated meat is a product obtaingthgl the last stage in
poultry processing. Currently it is taken from fhrecessing plant by the pet-food
industry or used for further-processed productslosfer quality. The higher
utilization of this MSTM by producers is limited euo the composition of the
product. The limitations are based on high fat enfjtsusceptibility to oxidative
changes, dark color and the small particle sizeditg to undesirable textural
properties. One of the approaches to overcome theddems is to extract and
purify the functional proteins, which can be usedaafood ingredient in the
preparation of value-added meat products (i.e. drgrgnuggets, rolls). Protein
isolate, in general, might be used in the food stdufor nutritional reasons to
increase the protein content and also to enharcprtitein functionality, such as
emulsification, foaming, water and fat absorptibnconclusion, the recovery of
proteins from MSTM using the pH-shifting processuldo help the poultry
processors to be more profitable and could alsateran opportunity to produce
functional ingredients to be used in a food indus®ne of the most important
advantages for the poultry industry could be thesgmlity of production a 100%
poultry product, without any additions of soybeaggs and milk proteins in the

preparation of processed meat products.
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