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Abstract

Water and lipi-solublemeat flavour precursors are gradudtiymedpost
mortemvia biochemical reactions. Storage time and temperature can affect final flavour
precursor concentrations which in turn will affect the sensory quality of cooked meat.
Selected key flavour precursawgre monitoredn Bison bisonlongissmus dorsimuscles
from six animalsstored at 2, 4, 8, 15 a2d daysat 4°C, in order to evaluate the effect of
postmortemconditioningon the formation oflavour precursors. Results were correlated
with sensory data obtained using quantitative desegipinalysis with 8 trained panelists.
While lipid-soluble flavour precursors remained mostly unchanged, significant increases
(P<0.05) in concentrations of watesluble flavour precursors including reducsupars
(eg. ribose, xylogefree aminaacids €g. valine, leucineandadenosiné -driphosphate
(ATP) degradation products (eg. inosine and hypoxanthine) were obtained with chilled
storage conditioningostmortem The overall balance and correlations of wat@uble
flavour precursors with storagiay 15 and 21 were reported and can potentially impact

the eating quality of cooked bison meat.
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Chapter 17 Introduction

Evidence suggests that meat constituted a substantial portion of the diet of even
the earliest humans. Hunter and gagiedepended on the organized huntifitarge
animals such asisonanddeer(Lawrie & Ledward, 2006)Although the consumptiorf o
bison has occurred for several yearggicent years, bison agribusiness has increased
rapidly with approximately 200,000 bison being raised for livestock in Cgsdtstics
Canada, 2006)rhere is also aotable shift in consumer behavior towards the purchase
of alternative meat products. Bison is vastly becoming a popular meat choice due to its
associated health benefits such as higher levels of unsaturated fatty acids compared to
beef(Mihalopoulos et al., 20095everal studies have observed the nutrient composition
and health promoting benefits of bison meat, however the chemical analysis ef water
soluble flavour precursors including reducing sugsugar phephates, freamino acids,
nucleotidesnucleosides and basas well as lipids and their correlation with the sensory
gualities of bison meat have not been extensively evaluated particularly during chilled

storage conditioning at 4°C.

1.1 Conversion of Mscle to Meat

The present thesis focusesraw meat and the effect of biochemical reactions on
the formation of reducing sugars, sugar phosphates, free amino acids, nugleotides

nucleosides and bases as welligisl flavour precursors as shown in Figdréd.1.


http://en.wikipedia.org/wiki/Bison
http://en.wikipedia.org/wiki/Deer

Chemical

Biochemical :
. Reactions
Reactions
(Heat)

Muscle _— Raw Meat _— Volatiles
Examples: Flavour Precursors: Examples: Examples:
ATP degradation Reducing sgars Maillard reaction Pyrazines
Glycolysis Phosphatewgars Strecker degradation Furfurals

Amino &cids Lipid oxidation Aldehydes
Nucleotides Thiamin degradation Ketones
Lipids

Thiamin

Figure 1.1.1Conversion of muscle to meat. Development of flavour precursors via
biochemical reactions in muscle post slaughterthanl conversion to flavour volatile

compounds during heating.

Meat often represents the muscle tissue of an animal. Muscles are made up of
bundles of cells called fibers which are full of filaments made up of two proteins: actin
and myosin. The convei of muscle into meat is a complex process in which all
mechanisms responsible for the development of meat qualities are interdegEnddiat
etal., 200600 Muscl es are responsi blgbt(Huietral, t he maj
2001) There are two types of musculature which are nonstriated and striated. Smooth
muscles are nonstriated muscles, while cardiac and skeletal muscles are striated muscles.
The muscle of interest ihe current study is the skeletal muscle, specifically the

longissimus dorsi(LD) muscle oBison bison

The concept of conversion of muscle to meat is complex as shown in Figure 1.1.2.

Upon the slaughtering of an animal, from an industry stand poiinih@al undergoes



exsanguination, removal of hide, hair or feathers, evisceration and a final washing step

which is completed within one hour pesdaughter.

[ SLAUGHTER ]

N

@E-RlGORSTATE \ INDUSTRY
- Exsanguination

- Xsrsoctl,iecgﬁ,%%nr;ifssggses No - Re.moval _of hide, hair or feathers
oxygen! - EVIscgranon
- Creatine phosphate decreases - Washing
- Supply of nutrients to muscle
cease
- Anaerobic metabolism / RIGOR MORTIS
Anaerobicglycolysis begins Onset occurs between 1 to 12 hours
- Glycogen is converted to lactic - Stiffness occurs
acid - pHdrops
- pH decreases
U protein denafration l
U lactic acid causes pH toap
from 7.21 7.4 t0 5.35.5 POST-RIGOR

- Meat tenderizes

- Undergoes biocheital reactions
responsible for the flavour
precursors in meat.

Figure 1.1.2Conversion of muscle to meat: Patiughter stepadopted from ta

following reference¢Damodararet al, 2008; Schreurs, 2000)

The animal undergoes three stages after death. The first stepis-tigor state
in which the muscle becomes soft aetobicglycolysis ceases due to the lack of
oxygen. ATP and creatine phosphate decrease and the supply of nutrients to muscles

ceases. Anaerobic metabolism gadtmortemglycolysis then begins. Glycogen is

3



converted to lactic acidPostmortemglycolysis is important to the overall quality of the
meat. With no blood flow to carry the lactic acid away, the acid builds up in the muscle
tissue. An acid content that is too high may result in meat that is pale and watery due to
the loss of its watebinding a&ility whereas if the acid level is too low the meat will

become tough and dry. In tpee-rigor state the pH decreases and causes protein
denaturation while the lactic acid causes the pH to drop from between 7.2 and 7.4 to 5.3
and 5.5. The decrease in pHthis stage is very important for certain biochemical
reactions to take place. The second staggas mortis. Rigor mortisis a temporary

process occurring duringostmortemglycolysis and is characterized by progressive
stiffening of the muscléKinsmen, Kotula, & Breidenstein, 1994)he onset ofigor
mortisoccurs between 1 to 12 hours for most animals. Durggy mortis, stiffness

occurs and the pH continues to drop. The third stagestrigor in which the meat
tenderizes and the muscle continues to undergo biochemical reactions that are responsible

for the flavour precursors in meat.

A study by Kim et al. (2000) observed the changes in the metabolic and pH
concentrations during the 24 hquostmortan period in two different muscle typé®
andpsoas majofPM) of five 21-month old Hanwoo bulls. The adenosthé&
triphosphate (ATP) concentration drops drastically within the first 12 hours and then
remains fairly constant for tHeM muscle type whereasTP in theLD muscle continues
to gradually decline throughout the 24 hpostmortemperiod. At the 24 hour period,
both muscle typesontainedess than 2umoles per gram of muscle of ATP. This can be
explained by the initial amount of glycogen in eaalsole when slaughtered. ATP is

important for the commencement of selected biochemical reactions. Similar to the ATP



concentrations, the pH of both muscle types gradually decreasepH of

approximately 5.6 to 5.8 over the 24 hour pe(i§in et al, 2000)

1.2 Muscle composition

The average grass and gré&al bisontriceps brachii(shoulder clod),
longissimus thoracisemimembranosysop round) andjluteus mediugop sirloin)
muscle consists of roughly 75 pent moisture, 22 percent protein, 2 percent lipids and
1.2 percent asfMarchello, 2001; Marchellet al, 1989;Marchello et al.1998) Red

meats normally contaiinon, zinc, vitamin B, and protein.

1.3 Flavour Precursors in Meat

Flavour is one of the most important sensory attributes for the overall acceptance
of meat(Bryhni et al., 2002)It is important to note thataéour is described as the
sensation caused by the properties of any substance taken into the mouth which
stimulates one or both of the sense of taste and éidfeet, 2007) The major flavour
precursors of meat can bwvided into two categories: (1) low molecular weight water
soluble compounds namely reducing sugars, sugar patespliree amino acids,
nucleotidesnucleosides, basesd (2) lipids. Reducing sugars particularly
monosaccharidegre the most basic unit§ carbohydrates. Some monosaccharides have
a sweet taste and are the building blocks of disaccharides and polysaccharides. Some can
give rise to a number of isomeric forms which can have different chemical and physical
properties but the same chemical faten Reducing and phosphorylated sugars are
limiting flavour precursors since even small changes in their natural concentration can

have a significant impact on the eating quality of cooked meat. The importance of



reducing and phosphorylated sugars fortflegour formation is via their contribution in
the Maillard reaction in the presence of amino a@idisttram, 1998)In chicken, ribose,

a five carbon reducing sugar, is particularly important for flavour gener@l@ni et

al., 2008). Results demontte that an increase of only 24dold in ribose concentration
(25mg/100g wet weight) was sufficient to significantly increase the desirable aroma and

flavour of cooked megtAliani & Farmer, 2005a)

Amino acids are molecules containing an amine group and -@lsiile that varies
between different amino acids. The key elements of an amino acid are carbon, hydrogen,
oxygen and nitrogen. Amo acids are the structural units that make up proteins and are
broken into essential and nonessential amino acids in the human diet. Some of the
essential amino acids include: isoleucine, leucine, lysine, methionine, phenylalanine,
threonine, tryptophama valine, whereas some nonessential amino acids that may be
essential in some cases include: alanine, cysteine, glutamine, proline, serine, tyrosine,
arginine,ornithine, etc(Furst & Stehle, 2004 Rulfur containingamino acidsre
important flavour precursors dte their @rticipationin the Maillard reaction. Cysteine
is shown to be an important sulfur containing compound that when present in the
Maillard reaction helps generate desirable key volatiles in melatasua roasty aroma

and flavour(Mottram & Nobrega, 1998)

Nucleotides areomposed of a nitrogenous base, a-ttaebon sugar and one to
threephosphategroups. Phosphate groups fobmndswith either the 2, 3, or-Barbon of
the sugar. Nucleotides can contain eithpuaneor apyrimidinebase An example oa

nucl eoti de i s-moh@Hdsploate (IMR). e nutleobasedand sugar


http://en.wikipedia.org/wiki/Phosphate
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http://en.wikipedia.org/wiki/Pyrimidine

(ribose) comprise a nucleoside, for examplédoye or inosine. An example of a base is

hypoxanthine.

It has been recognized since research in the 1950s and 1960s that lipids are
important precursors of the characteristic aroma of cooked meats due tbdheal
degradatior{fMottram, 1998) Lipids encompass molecules such as fatty acids and their
derivatives including phospholipids @ell asothersterotcontainingmetabolitesuch as
cholesteral Triglycerides arestes derived from glyceroland thredatty acids
Thermal oxidation, lipid oxidation and/or degradation contribute to the flavour of meat i
addition to the adipose tissue which may contribute to the overall juiciness of the meat
(Enser, 2001)In fresh meat, lipids also contribute to oxidative rancifiyser, 20013s

well as both desirable and undesirable volatiles upon heg@ioggram, 1987)

1.4 Chemical Reactions

Uncooked meat has little or no aroma and only a blikedtaste(Gwartrey,
2005) When meat is cooked, the individual wotuna coils of protein molecules that are
formed and held together by bonds are broken and the coils unwind. Heat also shrinks
muscle fibers which cause water to be released and protein molecules talaeoddis
process is called denaationsince the structure of the protein changes. The
characteristic meat flavour is formed during the cooking process whevotediie
flavour precursors react through a series of chemical reactions. The Maillardrrésac
one of the most important namzymatt chemical reactions that ocdugtween an amino
group of an amine, amino acid, peptide or protein and a carbonyl group of a reducing

sugar during heating processes.
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The Maillard reaction was first describedthe 1910s and was named after
Louis-Camille Maillard. The Maillard reaction is responsible for the brown pigments,
desirable flavours and nutritive changes in meat. When the reactive carbonyl group of
sugar reacts with the amino group of the amino ag@hge of aromas and flavours are
formed. The browning reactions that occur in meat cause a roasted and seared flavour.
High temperature, intermediate moisture levels and alkaline conditiom®albte the
Maillard reaction bubrowning reactions do noiccur until all surface water is vaporized

(Albumen, 1982)

Strecker degradation is another chemical reaction that involves the oxidative
deaminati on and -amno dcid i thé paesenae of a didarbanylt U
compoundMottram, 1991) This leads to the formation of an aldehydataining one
fewercarbonatomhan t he ori gi namincketonenT™e aci d, and ¢
aminokdones are important intermediates in the formation of several classes of
heterocycliccompounds including pyrazines and thiazoles. In the Strecker degradation of
cysteine, hydrogen sulfide, ammonia andadehyde are formed, as well as the
expected Strecker al dehy-@dminokemngddMat@mnoacet al d

1991)

Lipids can contribute to meat flavour in many ways such as (1) thermal oxidation
of lipids which is another major reaction during heating of meat that results in flavour
active compounds that contribute to meat flav®dottram, 1996Mottram, 1998) (2)
lipids may react with other components in tissues which creates other flavour

compounds, (3) lipids may also act as a solvent for several aroma compounds such as



sulfur and potentially minimize their aroma potential to help produce more desirable meat

flavours(Mottram, 1996; Wasserman, 1972)

1.5 Chilled Storage Conditioning

Chilled storage conditiong influenceghe formation of different flavour
precursorandhas been shown to be crucial to the eating quality of different types of
meat(Koutsidiset al, 2008a; Mottram & Nobrega, 1998)nderhygienic conditions,
meat can be stored at or above its freeing pelnb{C) for a few weeks without
spoilage, however as the muscle pigment mygldenatures, its iron oxidizeshich
may cause a brown discoloration near the surface of the(hzeatie & Ledward, 2006)
With prolonged storage, meat will undergo an aging process that can increase its
tenderness and flavour. Overtime, muscle proteins will denature with the exception of
collagen and elastin iconnective tissue and likely undergo proteolysis. Flavour
precursors are fmed by enzymatic and microbigthanges ipostmortemmuscle.
Microbial changes are importamtowevertheyare not investigated in thissearch
Enzymatic changes are affecteddmnditions such as temperature and pH which will
alter the flavour profile of the meat. In order to evaluate postmortemconditioning
may affect flavour formation in meat, changes in nucleotide degradation products, free
amino acids, reducing sugasd sugar phosphates as welligisl concentrationsn

bisonLD muscle stored at 4°C.

This is the first study to investigate tbiect of chilled storage conditioning on
key flavour precursors in bison meat and to correlate these chemical resultsmgclud

reducing sugars and sugar phosphates, free amino acids, nucleuitessides and



basesas well as lipids to those observed during sensory evaluations of cooked bison meat

stored at 4°C for 2, 4, 8, 15 and 21 days.

In a recent study, thengissimugumboram(LL) muscle of 16 Charolais steers
raised on a concentrate diet was analyzed at 1, 3, 7, 14 and 21 days for nucleotide, sugar,
amino acid and free phosphate anal{Kisutsidis et al.2008a) The conclusionf this
study indicated that the most significant changes occurred in the increased concentrations
of the watersoluble flavour precursors of ribose, methionine and cysteine, which are all
important in the potent meat flavour volatiles in model systeroa hpating Koutsidis
et al, 2008a) After 21 days of conditioning, the increase in total amino acids was greater

than that observefdr sugar and sugar phosphates.

1.6 Hypothesis

The hypothesis of this thesisas:

Theconcentration of keftavour precursors generated by different biochemical
reactions will be altered during chilled storage at 4°C. The concentration changes and
overall balance of key flavour precursors dunpagtmortemconditioning will impact

theeating quality of cooked bison meat.

1.7 Objectives

The objectives of this thesmgerethreefold
(2) To elucidate the effect @ostmortemconditioning ofBison bison LOmuscle
duringchilled storage at 4°C on the formation of selected flavour precunstirs

muscle.
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(2) To evaluate the effect of chilled storage conditioning at 4°C on the sensory

guality of cooked bison meat.

(3) To correlate sensory evaluation results to the chemical analysis of flavour
precursors ipostmortemLD musclesof Bison bi®n during chilled storage conditioning

at 4°C.
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Chapter 2 - Experimental Design

2.1 Choice of Animal and Muscle Type

In recent years, bison agribusiness has increased rapidly with approximately
200,000 bison being raised for livestockdanadgStatistics Canada, 2006)here is
also a notable shift in consumer behavior towards the purchase of alternative meat
products. A 2004 telephone interview survey by CROP Research Marketing, looked at
themeat product consumption habits of North Americans and observed that out of 301
Canadians (68% female and 32% males between 18 and over 65 years of age), more than
6 in 10 respondents (including the United States and Mexico data) are often or sometimes
onthe lookout for new food products. Almost 38% of Canadians (Quebec, Ontario,
Manitoba, Saskatchewan, Alberta and British Columbia) consume specialty meats.
Among all specialty meats, bison is mentioned most often (47%), with approximately
64% of Canadiafn=231) respondents that indicatedytthave heard of bison meat.
Approximately92% of Canadian households consume medile bison meat
consumption frequency indicates that out of 278 Canadianai&Bison at least once a
month, 18% less than once amttowhile 77% of Canadians have never had bison meat.
Of those respondents that have consumed bison meat, 47% and 29% edbssder
meat to be just as nutritious or more nutritious than traditional meats respectively, while
42% and 74%hought bison meaaadfewer caloriesand less fat than traditional meat,
respectivelyand54% foundthe quality of bison meat to be about 54% the same as
traditional meat producfROP, 2004)Bison meat ultimately benefits from a highdév

of awareness in Canada and at the forefront of choosing alternative meats, bison has been
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deemed to have fewer calories and lower fat corfizmgkell et al, 1997; McClenahan
& Driskell, 2002)when compared to beéRuleet al, 2002)

Many studies have looked at the nutritional composition, coakietihods
(Juérez et al., 2010; Mitenaharet al, 2001) effectof food preparation and cooking
treatments via aging, heat treatment, mechanical and electrical manipulation as well as
the effect of additives such as antioxida@ahoo & Anjaneyulu, 199, binders
(Devadasoret al, 2010; Modiet al, 2004)and tenderizer@Ohandaet al., D02; Naveena
et al, 2004)on sensory qudles of bison meat. At this point, no studies have looked at
the small molecular watesoluble compounds such as amino acids, reducing sugars
nucleotidesnucleosides and basasd theircontribution to the formation of bison meat
flavour particularly dung chilled storage conditioning at 4°C. The concentration of
flavour precursors in meat is known to be affected by factors such as diet, breed, species
andpostmortemconditioning(Dwivedi, 1975) For the purpas of this research, the
longissimus dorsi (LDjribeye) muscle was used because it is a popular muscle type
consumed and has been used in many bison studies to date. Figure 2.1.1 shows the
different muscle cutsThe rib spans frorthe sixthrib to the twéfth. Thelongissimus
dorsimuscle is théongest subdivision of the back muscle grolgsat from bison
(Bison bisom also known as North American buffalo, is gaining acceptability as an

alternative meat sour¢®icClenahan et al., 2008nd has been used for this research.
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Figure 2.1.1Bison muscle cutBeef University, 2011)
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2.2 Meat Samples

ThelLD muscle from six grakfied heifers (approximately two years oWdas
provided bythe Manitoba Bison AssociatioBisonwere slaughtered according to
Canadian Food Inspection Agen@fFIA) regulations and theD muscles were removed
two days posslaughter at Winkler Farms (Winkler,BJ Canada) after which they were
delivered to Preferred Meats (WinnipegBMCanada) in separate vacuum packed bags.
TheLD muscle (Figure 2.1.2) was peat into steaks of 2.5cm thickness and vacuum
packed at the Weston Sensory Laboratory at the University of Manitoba in Food Saver
11-inch x 18 feet vacuum packaging bags (Zellers, Canada) that were cut and sealed with
a Food Saver Advanced Design V2490 Home Vacuum Packaging System (London
Drugs, Canada). Steaks were held at 4°C for 2, 4, 8, 15 army&pdsislaughter after
which watersoluble and lipidsolubleextractionsas well as sensory evaluaticdosk

place.One bison steak from each animal was used for all extractions.
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Figure 2.1.2Bisonlongissimus dorsinuscle.

2.3 Shelflife of Fresh Meat

The $elf-life of fresh meat i®f huge importance in the retail marketplace. Shelf
life is the amount of time that passes before a meat product becomes unpalatable or unfit
for human consumption due to growth of spoilage organ{fabknore, 2009)Although
this research does not focus on microbiological growth, appropriate procedures were
followedin regards to meat handling, storage temperature and length of storage to ensure
microbiological safety of fresh bison meat both chemickand sensory evaluation
analyss. Shelflife properties may include appearance, texture, flavour, colour and
nutritive valug(Singh & Singh, 2005)

The most effective practice for improving théetg and quality of meat is storage
temperatur¢Koutsoumanis & Taoukis, 2005Refrigeration temperatures of 4°C was
used to store bison meat for 2, 4, 8, 15 and 21 days for this study, which has been shown
to extend the shelf life of meat, however meat can still spoil as a result of aerobic,
psychotropidacteria whictaredefined as bacteria that are capaiflgrowth incold

environment(Lambertet al, 1991) Vacuumpackaging of fresh and chilled bison meat

15



was used to modify the internal environment in hopes tienelxshelf life and help ensure

the quality of fresh meat. Vacuum packaging was accomplished using a vacuum
packaging bag with very low moisture and/ggn transmission rates. Oxygen was
removed via a vacuum chamber and package was heat sealed to keep in freshness and
seal out environmental determinants such as oxygen that help bacteria grow. In
wholesale, fresh beef primals have a 4°C shelf life ofé8& @s long as it is vacuum
packaged properl§American Meat Institute Foundation, 2011)

The composition of meat can also influence microbial spoilage. Protein and fat do
not change and are not sttates for microbial attack during the onset gbrj whereas
bacteria often usew-molecular weight substances formed dupogtmortem
glycolysis. For example, glucose is a substrate used for grovdteodbmonas
putrefaciens, Brochothrix thermospita, EnterobacterandLactobacillusmicro-

organisms during anaerobic conditiqf@ll, 1986).

Microbial spoilage and growth of micarganisms was not a priority for this
study, howeveit was important to addresadensure proper safety procedures at all
times when handling, storing and especially when cooking fresh meat products for human
consumption. Conditioning times for this study were carefully considered. The early
conditioning time of 2 days was establisteded on the regulations by {BEIA that
would not allow the carcass to be cut until the bison careashednandatory pH level.
The final conditioning time of 21 days was established on the basis that the meat is still

acceptable ancheets microbiologal safety leved associated with fresh meats.
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2.4 Extraction Methodfor Flavour Precursors in Meat

2.4.1 Watersoluble extractiorior flavour precursors

The watersoluble extraction method used for bison analysfsegfamino acids,
reducingsugarssugar phosphatesucleotides, nucleosides and bases adapted from
(Koutsidis et al.2008b)and is outlined in Figure 2.1.3. Bison steaks were removed from
storage at 4°C and weighed on a3H1 scale (Denver strument, USA) and recorded.
Steaks were cut into small cubes using a razor, all visible fat was removed and 30 grams
of meat was homogenized using a Hamilton Beach Chef Prep (Sears, Canada)
commercial chopper. The remainder of the steak was vacuum pedkaemod Saver
11-inch x 18 feet vacuum packaging bags (Zellers, Canada) that were cut and sealed with
a Food Saver Advanced Design V2490 Home Vacuum Packaging System (London
Drugs, Canada) and stored at 4°C. Meas homogenized for 15 pulsas15 secods
homogenization time and date was recorded. The pH of homogenized meat was recorded
in duplicate for accuracy using PICCOLO Plus ATC pH/°C meter (Hanna Instruments,
Portugal).The pH of homogenized meat was 4.98+0.15 for biddmuscle at storage
day 2andpH did not change throughout conditioniidl. equipment was washed after
each steak extraction. Three grams of meat was accurately weiglaetR3101 scale
and transferred into 28I Nalgene Oak Ridge centrifuge tubes (Rochester, NY, USA).

The remander of the homogenized meat was vacuum packed and pla@&a¥@t The
addition of 10ml of cold deionized water and internal standards includd@ul of
rhamnose (2ng/ml), 300ul of norvaline (1.5mg/ml) and 40Qul of cytidine (Img/ml)
which werepreparedm deionized watefor sugar, amino acid and nucleotide analysis,
respectively. Tubes were theapped anghaken by hand for 5 minutes followed by
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centrifugation for 30 minutes at 3,8t 4°C in an AccuSpiff 3R centrifuge (Fisher
Scientific,Ottawa, ON Canada). The supernatant was decanted and fillewst gravity
through Whatman 54lter papers (Fisher Scientijicising short stem Kimble Chase
funnels (KIMAX, Mexico) into 50ml polypropylene ©rning tubes and the residugere
re-extracted wh 5 ml of cold deionized water and placed in the centrifuge for 15 minutes
at 3,00@ at 4°C. The supernatant was then combined thélprevious supernatant and
filtered again through Whatman 54 filter papers into newnbpolypropylene Corning
tubes taemove any fat and/or tissue particles. To complete the \sakaile extraction
process, 10nl of filtrate was transferred to a b Amicon Ultra (3000 Da molecular
weight cutoff) ultrafiltration tube (Millipore Corporation, Bedford, MA, USA) and
placeal in centrifugefor 4 hours at 3,0@at 4°C. All watersoluble extractions were

performed in duplicate and the filtrates were st@e80°C until analyzed
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Figure 2.1.3Flow chart of watesoluble extraction of bisonD muscle.
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2.4.2 Lipidsolule extraction for flavour precursors

The lipid-soluble extraction method used for analysis of free fatty £4Ei€8),
triglycerides(TG), phospholipid¢PL) and cholesterol wasom Folch et al. {957 and
is outlinal in Figure 2.1.4. One gram of homogemizaeat (described in sectior2pin
duplicate was accurately weighed and transferred tl3®rex tubes (Fisher Scientific
followed by 4ml of 0.025% anhydrous calcium chlorifléaCL) solution. Calcium
chloride was 96% pure and was purchased from Sigidaich Canada Ltd.@akville,
ON, Canada). The tissue and Ca®hs then homogenized using PT 2100 polytron
(Kinematic, Switzerland) for approximatelyl® seconds. Polytron was rinsed 3 times
with distilled waterand any tissue was removed from bkalbletween samples to avoid
cross contamination. A total of 201 o f 099. 9% chloroform and
purchased from Sigmaldrich Canada Ltd. was added to tubes; vortexed using a Maxi
Mix Il (Thermo Scientific, DubuqueA, USA) for 1 minute and centrifuged an
Allegra™ 6 centrifuge (Beckman Coulter G Inc. Ontario, Canadafor 12 minutes
at 2000 revolutions per minute (rpm) at room temperature. Samples were then removed
and placed at 4°C for 1 to 2 hoursatthieve good phase separation. Thpar phase
consisting of methanol and water was transféinto 30ml Pyrex tubes using glass
pipets and placed-20°C, whilethelower phase consisting of chloroform, neutral lipids,
phospholipids and cholesterohstransferred using glass pipets into-areighed 30ml
Pyrex methylated tubes without capswer phase tubes were then dried down under
nitrogen using a NEVAP™111 nitrogen evaporator (Organomation Associates Inc.,
Berlin, MA, USA) with low heat (45%0°C) until completely dried. Tubes were then

weighed and total lipslwerecalculated by subtréiag the final weight of tube without
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caps containing lipid from inéil weight of tube without cap$o ensure no tissue was
incorporated into the weight of total lipids, a final rinsing step was added and involved
the addition of C:M (2:1) to tubes comteng lipids. Sides of tubes were rinsed and lipids
were transferred to 1l methylated praveighed Pyrex tubes, followed by a second
rinse with C:M (2:1) and was once again added to the same smaller methylated tube.
Tubes were dried down under nitrogemighed and total lipsiwerere-calculated and 1
ml of C:M (1:1) was added to each tube. The crimpad of tubes was then taped with
teflon tape (Rona, Winnipe§)B, Canada) to avoid evaporation of chloroform and
samples were then stored-80°C. At alater date, tubes were-deied under nitrogren,
weighed and total lipids were-palculated. C:M (1:1) was then added at a concentration
of 25mg/ml. All lipid extractions were performed in duplicate and store8G2C until

analysis.
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Figure 2.14 Flow chart of lipidsoluble extraction of bisonD muscle.
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Chapter 3 - Sensory Evaluation

With a shift in consumer behavior towards purchasing alternative meat products
such as bison as discussed in section 2.1, investigating the sensory qpfdlises meat
is important for both producers and consumers. Flavour is one of the most important
sensory attributes to the overall acceptance of fBzghni et al., 2002)Meat flavour is
thermally derivedMottram, 1998and is formed during the cooking process when non
volatile flavour precursors react through a series of chemical reactions. The Maillard
reaction is one of the most important remzymatic chemical reaons that occurs
between amino acids and reducing sugars during heating pro@dsseam, 1998) The
Maillard reaction is responsible for the brown pigments and desirable meaty flavours in
cooked meatKoutsidis et al., 2008hlottram, 1998) While the flavour of cooked meat
is influenced by compounds contributing to the sense of taste, it is the volatile
compounds formed during cooking that detielerthe aroma attributes and contribute to

the characteristic flavours of mgddottram, 1998)

The amount and nature of precursors present in meat depends on several factors
including species, diet, breed goastmortemtreatment including ageing and
conditioning(Koutsidiset al, 2008a) Chilled storage conditioning has been shown to be
crucial to the eating quality of different types of meat such as(Keetsidiset al,
2008a)and pork(Meinertet al.,2007) Several studies have demonstrated the importance
of conditioning on the enhancement of certain meat sensory attributes. Miller et al.
(1997) concluded that ageing of beef for 14 days compared to 7 days increased flavour
intensity as measured by trained pane(istdler et al., 1997) Significant changes in

flavour attributes are related to extielpostmortemconditioning and an increase in
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flavour intensity can be attributed to the accumulation of wsdkrble flavoumprecursors
(Campoet al.,1999) Few studies have correlated the chemical anabydlavour
precursors with sensogvaluationanalysis and quality changes related to flavour

particularly in bison meat.

The present study aimed to evaluate the effect of chilled storage conditioning at
4°C on the sensory quality of cooked bison meat andttoeiucorrelate sensory
evaluation results to the chemical analysis of flavour precurspestmortemLD

muscleof bison during chilled storage conditioning at 4°C.

3.1 Meat Samples

Preparation of meat samples used for sensory evaluation is outlisection 2.2.
After steaks were held at 4°C for 2, 4, 8, 15 and 21 daysstasjhtemfter whichthey
were frozen at20°C to test the effect of storage day conditioning on the eating quality of

bison meat.

3.2 Ethics Approval

Volunteers were recruitefrom staff and student populations according to the
JointFaculty Research Ethics Board at the University of Manitoba. The ethics approval

certificate is located in Appendix A.

3.3 Maintenance of Confidentiality

Confidentiality was maintained by assiggia random number to all panelists.
The sheet that lists the subjects and their number was only accessible to the principal

researcher and his assistant. Once all sessions were completed the list was shredded so
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that final data would only be recorded uspapelist numbers to facilitate data entry.
Published data will not be connected with any names of individuals but reported as mean
values only. All personal information provided by the panelists will be stored in a locked
cabinet and shredded after fiveays from the date of ethics approval or publication of

the research, whichever comes first.

3.4 Quantitative Descriptive Analysis

Sensory analysis was conducted using a quantitative descriptive analysis method.
Quantitative descriptive analysis (QDA)dee of the main descriptive analysis
techniques in sensory evaluati@@tone & Sidel, 2004)The method is based on a
panelist's ability to verbalize perceptions of a product in a reliable manner and involves a
trainingprocedure, development and usesefisory language, and the scoring of products
on repeated trials to obtain a complete quantitative descri@tone, 1992)Panelists
for the bison sensory evaluation were trainednploy an unstructured 15cm line scale
to score the selected sensory attributes, where 0 indicated a low and 15 indicated a high

attribute intensity. Appendix B is an example of an unstructured 15cm line scale ballot.

3.5 Materials and Methods

3.5.1 Recritment of panelists

Panelists were recruited for the bison tasting through email (Appendix C). All
members of the Faculty of Human Ecology (FHE) and Richardson Centre for Functional
Foods and Nutraceuticals (RCFFN) at the University of Manitoba weraseamail
containing a recruitment letter (Appendix D), written consent form (Appendix E) and
guestionnaire (Appendix F) as attachments. Posters were also posted around the FHE as
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well as at the RCFFN at the University of Manitoba. Word of mouth was also

encouraged. No previous participation in sensory evaluation panels was required by
volunteers. All volunteers were made aware that they would be trained to evaluate aroma,
flavour and texture attributes of bison steaks over a course of six to eight temding

three evaluation sessions thaiudd run approximately 45 minutes each. Only volunteers
that were available, interested and were not allergic to any food products used in the
study were selected as a panelist. Panelists consisted of one male arfdrealen

between the ages of 20 to 35. All panelists were compensated for their participation with
$50 gift cards for the University of Manitobaokstore, under the condititimat they

participated in every training and evaluation session.

3.5.2 Samplerad standard preparation

Before sensory analysis, five bison steaks representing the five storage days were
randomly selected from steaks available from six different bisons and thawed at 4°C on a
tray overnight for approximately 15 hours. Steaks weréntoitl.5cm cubes
(approximately 6.92+0.5@rams raw weight) and placed in 6.4cm x 2cm aluminum
foilware BakeKing Tart Forms (Sobeys, Canada), which were capped and sealed with
pre-cut aluminum foil as shown in Figure 3.1.1a. All samples were labeled watidam
threedigit code (see Figure 3.1.1b) using SIMS 2000 Version 6.0 (2009) computerized
sensory software (Sensory Integrated Management Software, MorrifGWiSA).

Samples were then randomly placed on 43.8 x 29.2cafhaking sheets and held at

4°C for approximately 1% hours before cooking. For sensory evaluation, each tray had
two reference samples that were used for internal temperature testing of samples during
cooking.
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Figure 3.1.1a) Cut raw bison samples b) Bison sd@s prior to cooking

3.5.3 Sample cooking and holding

Bison samples were cooked in a Fdgire Professional Series Even Cook
conventional oven on thhird rack level from the top. Theven was turned on
approximately 15 minutes before cooking in oraerdach and stabilizat thedesired
cooking temperature of 121°C (250°F). One tray was placed in the oven at a time.
Samples were cooked at 121°C for 10 minutes to an internal temperature of 74.7+4.4°C.
Internal temperature was tested using a Type K therater (Fisher Scientifi©ttawa,

ON, Canada). According to Health Canada (2010), an internal temperature of 71°C is
considered to be medium while 77°C is considered well @idealth Canada, 2010)

Pink and red @loured meat and pink juices were observed in bison samples with an
internal temperature less than 70°C, therefore an internal temperature closer to 75°C with
slight pink coloured meat and clear juices was considered optimal for the cooked bison

samples whout reducing meat tenderness.
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Corning PC300 model hotplates (Fisher Scientific) were used to hold a
maximum of four samples at 50°C until randomly sampled by panelists. All samples

were analyzed immediately after preparation was complete.

3.5.4 Trainirg of panelists

During six training sessions of 45 minutes each, panelists wtogether as a
group to identifydefine attributes and determine appropriate standards that clarify these
attributes in bison under guidance of an experienced group leddeisayreements
amongst panelists were addressed and standards were altered accordingly until an
agreement was met amongst the panelists. Panelists agreed on the standards that
represented the attributes and their definitions shown in Appendix G. Atdoair
aroma, four flavour and six texture attributes were determined amongst the group to
identify and define cooked bison attributes based on the standards and meat samples used

during training.

3.5.5 Sensory evaluation

Three evaluation days were hétdevaluate the intensity of four aroma, four
flavour and six texture attributes of cooked bison meat representing the five different
bison samples that were randomly selected and represent the five different conditioning
days of 2, 4, 8, 15 and 21 damnelists were seated in individual partitioned work
stations at the Weston Sensory Laboratory at the University of Manitoba as shown in
Figure 3.1.2. All stations were equipped with SIMS 2000 Version 6.0 (2009)
computerized sensory software, while ligitrh incandescent bulbs directed through red

opaque plastic masked color differences in samples. Filtered water at room temperature
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was provided in each work station for cleansing the palate between samples and white
cotton gloves were provided in case s&spvere slightly warm. Samples were randomly
selected using SIMS 2000 Version 6.0 (2009) computerized sensory software and were

placed on hot plates through sliding doors in each work station when they came out of the

oven.

Figure 3.1.2Sensory panel work stations.

3.5.6 Statistical analysis

Two-factor mixed model (panelistrandom effect; storage dayfixed effect)
ANOVA was performed using SPSS (Version 19) and PanelCheck V1.4.0 software
programs. Mean storage day difaces were determined using least significant
difference (LSD) with a significance level of P<0.05. According to Lawless and
Heymann (1999), the-@ay ANOVA is an appropriate statistic for the use in sensory

analysis when all panelists rate all prodytswless & Heymann, 1999)

3.6 Results and Discussion

The Fvalues of the sensory attributes for the storage day effect are shown in

Figure 3.1.3. Baking of bisdnD muscle at 121°C showedsignificant increase in
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vinegar/sour aroma, initial tenderness, juiciness and overall tenderness and a significant
decrease in connective tissue and chewiness attributes at a significance level of P<0.05
and P<0.001 between storage days. Mean storage day differences usingreSD we
observed between 2 and 15 days for the above aroma and texture attributes (see Table
3.1.1). Initial tenderness, juiciness and overall tenderness significantly increased from
storage day 2 at 6.6+3.2, 6.6+2.8 and 5.9+3.4 to 10.9+2.5, 9.7+2.8 and 3@#+2.

storage day 15 respectively, lfmhed by a significant decreasethese attributes at

storage day 21. No significant differences in beef, brothy/salty and oily/fatty aromas,
beef, sour, salty and oily/fatty flavours and oily mouth coating were fbatwleen

storage days of bison meat.
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Figure 3.1.3Storage day effect on sensory attributes of biddmuscle.
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Table 3.1.1

Storage day effect on sensory characteristics of bison meat.

Conditioning Timeat 4°C(Days)
Attributes

2 4 8 15 21

Beef Aroma 9.3+2.6 8.1+2.6 7.8+3.0 8.3x3.0 9.2+2.6

Vinegar/Sour Aroma  5.7+2.3  6.4+2.7° 6.4+3.72° 7.6+3.0 6.9+2.4

Brothy/Salty Aroma 6.8+2.9 6.8+2.9 7.1+3.1 6.9+£3.2  7.0+£2.9

Oily/Fatty Aroma 7.8+2.9 6.8+3.0 7.0+£2.9 7.0£3.4  6.8+2.7

Bed Flavour 8.8+3.0 8.5%+2.6 8.6+2.8 9.0+2.3  9.6x1.7
Sour Flavour 6.4+3.6 7.0+3.4 6.8+3.3 6.9£3.0 6.9+2.9
Salty Flavour 5.6+£2.9 5.4+2.5 6.0+2.8 6.4+3.1 6.0+2.6

Oily/Fatty Flavour 6.4+3.4 6.2+2.6 6.0+2.8 7.3£3.0 6.4+3.1

Initial Tenderness  6.6+3.2 7.6+2.6° 9.2+3.% 10.9+2.5 8.4+3.4

Juiciness 6.6+2.8 8.4+2.4° 9.0+23° 097+2.8 82+2.7F

Overall Tenderness 5.9+3.4 7.8+2.9 83+2.¢9 104+25%5 8.6+2.9

Connective Tissue  8.2+3.% 7.0+3.6° 7.1+3.4° 42+3. 5.7+3.2°

Chewiness 9.8+3.3 87+2.8° 83+36° 52+7.6 7.1+3.7

Oily Mouth Coating 5.5+2.7 5.7+3.1 5.7+3.3 7.0x2.9  6.5%3.7

Note Values are means of 8 panelists in triplicate + standard deviation.

Different letters in the same row indicates a signi

Results showmi Figure 3.1.4 demonstrate the panelist effect on sensory attributes
of bison meat. Significant differences irvBlues in panelists for most attributes except
for initial tenderness and juicinease shownThese differences can be partly explained

by inconsistencies between panelists ranking attributes in different orders or panelists
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ranking attributes on different sections of the unstructured 15cm line scale. The
panelist/storage day interaction shown in Figure 3.1.5 shows no significant difference in
all attributes except beef flavour at a significance level of P<0.05. This difference has
been associated with one panelist that ranked the attribute higher than oélista
Removing this panelistom the results was not an option as this panetsitributed

resultsthat were in range with other panelifds all other attributes.
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Figure 3.1.4Panelist effect on sensory attributes of bisBhmuscle.
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Figure 3.1.5Panelist/storage day interaction on sensory attributes of bi3anuscle.

A relationshipbetween beef aroma and flavour with storage day 21 as well as
chewiness and connective tissue with day 2 and 4 were observed in the STATIS PCA bi
plot as shown in Figure 3.1.8TATIS is a more intuitive and visually powerful analysis
method comparckto PCA. Itis a generalization of principal component analysis (PCA)
whose goal is to analyze several sets of variables collected on the same set of
observationsThe goals of STATIS are 1) to compare and analyze the relationship
between the different tiasets, 2) to combine them into a common structure called a
compromisavhich is then analyzed via PCA to reveal the common structure between the
observations, and finally 3) to project each of the original data setshentompromise
to analyze commmualities and discrepanci€fébdi & Valentin, 2007) Figure 3.1.6 shows

a good separation of 70.3% between storage day 2, 15 and 21 days on the PC1 axis.
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Figure 3.1.6Relationship between storage day and seratiiputes of bison meat.

3.7 Conclusion

As expected, theD muscle of bison during chilled storage conditioning (4°C)
has influenced the sensory qualities of the cooked meat using quantitative descriptive
analysis. Of all the attributes of eating qualtenderness has been rated the most
important factor affecting beef palatabilifyasanthiet al, 2007)and has been identified
as the most important factor affecting consumer satisfaction and perception of taste
(Naveena et al., 2004Initial and overall tenderness significantly increased (P<0.05) in
this study from storage day 2 to 15. A correlation with tenderness at storage day 8 and 15
according to the STATIS PCApilot was present in bison. Buffalo meat has been rated

superior to beefKeshava Rao & Kowale, 1986; Valet al, 1984)while older animals
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have more connective tissue and are not preferred dueatioughnessApproximately

2 year old heifers were used for this study and may be considered more tender than older
bisons. Tenderness can also be affected by the cooking method, for example, microwave
cooking has been shown to produce less tefteleghimi, 1992)and less desirable meat
flavours(Hineset al, 1980)while pressure cookers and water baths are cooking methods
often used to optimize tenderness duth&r rapid cooking and consistent increase of the
final internal temperatur@Buck et al, 1979) The cookng method applied in this study
utilized the natural juices from bison meat while baking in a conventional wgh

may have contributed to the initial and overall tenderness of the meat. Tenderness and
juiciness are closely related, the more tender the meat is, the more quickly juices are
released by chewing and thus the juicier the meat ap(@arss, 1986) Cooking meat

at 100°C caverts collagen to gelatin thereby tenderizing the ri@atnsfield, 1983)

This temperature can alboeakdown fibres itonnective tissue/hich increass

tenderness of meandalsoreduces chewiness. The mean storage day differences show a
significant decreas@<0.05)in connective tissue and chewiness from storage day 2 to 21

in bison samples.

No significant difference@<0.05)between storage daysere observed in our
study for aroma and flavour other than vinegar/sour aroma. A study by Irueta et al.
(2008), observed that there was no significant difference in flavour, odour and amount of
connective tissue scores during aging at a significanced&¥at0.05 in male crossbred
water buffaloes of 20 to 24 months old that fed on naturally grown pastures. The study
looked at the.D, biceps femoris (BF), gluteus medius (GM), gastrocgnemius (GG),

semimembranosus (Skhdsemitendinosus (STuscles that ere vacuum packed and
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stored at 2+1°C for 0, 15 and 25 days while the meat aged and 2.5cm steaks were cooked
on an electric grill to an internal temperature of 71+0.5°C. Similar behaviors with flavour
and odour were observed along with tenderness, chesxamekjuiciness scorésurueta

et al, 2008)which showed an increment at 15 days of chifie@age conditioning at 4°C

in water buffalomeat.

The sensory attribute changegpwstmortembison meat will be fither
correlated with the chemical analysis of reducing sygagar phosphateeeamino
acids, nucleotideswucleosides, basesd lipids stored at 4°C to compare any flavour

trends optimized during cooking in Chapter Eorrelation Studies.
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Chapter 4 - Raw Meat Quality Analysis
4.1 SugarsSugar Phosphatesnd Sugar Alcohols

Sugars and sugar phosphates are one of the threesohtble precursors in meat
products analyzed in this studgnzymatic changes postmortemmuscle, affecthe
concentrations of flavour precursors found inwreersoluble fraction, which includes
the breakdown of ribonucleotides to yield free ribose, the increase of free amino acids
and peptides through proteolysis and the depletion of glycogen to yietal afgow
molecular weight, sugaelated metabolitedawrie & Ledward, 2006)Heating of these
products gives rise to meaty aroniBsvivedi, 1975) The Maillard eactionis anon
enzymatic chenical reactiorthat occurs betweeaimino acids and reducing sugars and is
one of the most important reactiamesponsible for flavour formation in cookémbds,
includingmeat(Farmer, 1994; Mottram & Nobrega, 1998)

Several sugars and sugar phosphsties as ribos@Aliani & Farmer, 2005b;
Mottram & Nobrega, 1998Yibose5-phosphat€R5P)(Mottram & Nobrega, 1998)
glucose, glucosé-phosphat¢G6P)(Farmeret al, 1999) mannose and fructogaliani
& Farmer, 2005b; Madruget al, 2010)are usually found imost types omeatsuch as
chicken(Aliani & Farmer, 20053)beef(Koutsidiset al, 2008a) pork (Meinertet al,
2009)and goat megiMadruga et al., 201@ndare believed to display flavour
generating potentigMeinert et al., 2009)Ribose a five carbon sugand R5Fhawe
been shown to be important in aroma development in heated model systems and also
contribute to the desirable browning reactions in meas. addition of small quantities of
ribose to raw meat has been shown to increase the quantities of key odour aisygsoun

well as desirable roasgnd meaty notes in cooked mé@aarmer et al., 1999Aliani et
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al. (2005) demonstrated the importance of ribose as the key flavour precursor in chicken
meat.One study repwed that a increase of only two to fodiold in ribose concentration
(25mg/100g wet weight) was sufficient to significantly increase the desirable aroma and
flavour of cooked megiliani & Farmer, 2005a)MacLeod (1994fsuggetedthat in
beef, sugars may contribute sweet flavours and aropas heating
Postmortemconditioningcontributed taan increase inboseconcentrations and
is likely to have a majoeffect on flavour formatioiK outsidiset al, 2008a) Ribose
significantly increased from conditioning day 1 to day 21 at 4°C inldeefuscle.
Ribose has been reported to be the mostlabde sugar while fructose ithe most stable
(Macyetal., 1964) Therefore, ribose will likely alter or breakdown during high
temperaturesRibose can be formed from thegitadation of R5RAliani et al., 2008)
R5Phas been shown to undergo Maillard reactions signifigéaster than similar sugars
and sugar phosphatéSandwicket al, 2005) Madruga et al. (2010) reported that all
sugars present in goat meat decreased during cooking, while fructose had the highest
percentage l@sof 66%. This can be attributed to sugars involvement in the Maillard
reaction which produces several pentose and hexose degradation products containing
carbonyl groups that are main reactants for the formation of important heterocyclic
compounds such ggrazines, thiazoles and pyridines in meat volati\éadruga et al.,
2010) The odour obtaineddm these reactions are depemden the amino acid,
however the nature of the sugar is said to dictate the rate &abigon(Kiely et al.,
1960) In meat, sulfuicontaining amino acids particularly cysteine are important for

these reactions and will be discussed further in section 4.2.
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The presenstudyaimed to investigate thehanges in the centrations of
reducing sugarsugar phosphatesid sugar alcohola bisonLD muscle during chilled

storage conditioning at 4°C.

4.1.1Materials and Methods

4.11.1Reagents and chemicals

All reference compound2{deoxyD-ribose,D-xylulose5-phosphateD-
ribulose5-phosphatel.-rhamnoseD-ribose, rilitol, D-xylose,D-mannoseD-fructose,
D-glucose D-mannitol, myeinositol, D-ribose5-phosphateD-mannos-6-phosphate
andD-glucose6-phosphate) were purchased from Sigitdrich Canad Ltd. (Oakville,
ON, Canada) and wer epyridifeOv¥salgp purchased kamiSigmdar o u s
Aldrich Canada LtdN,O-bis(trimethylsilyl)trifluoroacetamidéBSFTA) was purchased
from Supelco (Bellagnte, PA USA).

4.1.12 Meat sampleand extraction method

Meat sampls and the watesoluble extraction method used 8ugar sugar
phosphat@nd sugar alcohalnalysis areoutlined in section 2.2 and 214respectively.

4.1.13 Silylationof sugars and sugar phosphates

The method used for silylation of sugars and sphasphates/as adapteftom

(Aliani et al., 2008)An aliquot of 0.5ml of bison extcacontaining 30& bf internal
standard rhamnoseas frozen at80°C in 2ml gashromatographyials (Fisher
Scientific, Ottawa©N, Canadapnd freezeadried overnight in a Thermo Scientific Heto
LyoLab 3000freezedrier (Fisher Scientific) Then 120¢ bf pyridine andl20 ¢ bf

BSTFAwereadded to freezdried samples anoriefly vortexed usinga Maxi Mix Il
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Percentage

Percentage

(Thermo Scientific, Dubuque, lowd®SA). Samples were placed apreheated oven

(Lab Line Instrument Incorporated, Melrose Park, IL, US#830°Cfor 30 minutesand

held at room temperature overnidfgfore beindgransferred to 10l glassinsertsto be

analyzed using gas chromatographgss spectrometry (GC/MJjigure 4.1.1 shows

ribose plotbefore and after silgtion.Chemical conversion of a compound to an

appr@riate derivative can sometimes improve the resulting 1sasstral data, either by

increasinghe compounds vapour pressurdgmaking its spectrum more easily

interpretablgMcLafferty & Turecek, 1993)
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4.1.14 Gas chromatographgnass spectrometry

GC-MS analysisof silylated bison watesoluble extractsvas performed using a
Varian 450GG240MS/4000 Mass Spectrometry system (Agilerghifmlogies, Walnut
Creek, CA USA). An aliquot ofsilylated sugar solution (14@l) was injected at 250°@ i
split mode (10:1onto a Factor Four Varian V& 30mcolumn(25mm id, 0.25 film
thickness). A filamentlelay of 4 minutes started eatin. The oven temperature was
initially at 100°C for Iminute then increased at 10°C/minute23)°C and was held for
2 minutesand therincreased at 5°C/minute 25°C and held for @ minutes. The total
run time was 30 minutes. The trandfae was maintained aZR°C. Helium was used as
carrier gawith a constantiow rateof 1ml/minutethroughout the runThe ion source
was operatea full scanelectron impact modgl) and he mass spectrometer scanned
from m/z 50 tom/z100Q Hexanewas used aablank and fo autosampler wash.

4.1.15 Semiquantification

Semiquariification of sugarssugar phosphatesd sugar alcohobst different
storage conditioning days at 4°C was performed using a suitable internal sig8ylafd
rhamnoseRhamnose is a six carbongsu and is a naturally occurring deoxy sugar.
Rhamnose is often isolated in certain plants and was selected as the IS for sugar and
sugar phosphate analysis due to its absgnoemeat productsThe areas of the
guantified ions for each sugatgar phospateand augar alcohevas manually
integrated in each chromatogram and divided by the area of the quantified ion for
rhamnoseTable 4.1.1 lists the quantified isased for integrationf each sugaisugar
phosphat@and sugar alcohol'he concentrationfohamnose was divided by the areas to

give the concentration for each sugdany sugars produdewo peaks in each
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chromatograntherefore the areas of both peakeye added togethér order to see what

we wouldobtainfor any concentration in comparistmthat of rhamnose.

Table 4.1.1

Quantified ion for sugar,sugar phosphatesnd sugar alcohols bison LD muscle

extracts.

Sugars,Sugar Phosphates€ Sugar Alcohols

Quantified lon (Integrated Ion)

(m/z)
Glucose 204
Mannose 204
Xylose 217
Ribose 217
Fructose 437
Mannitol 319
Myo-inositol 305
F6P 589

M6P 387.2

G6P 387.2
Rhamnose (1S) 204

4.1.1.6 Statistical analysis

Oneway analysis of variance (ANOVA) was performed using a SPSS (Version

19) software program to analygegar and sugar phgisatedata. Mean storage day

di fferences for

level of P<0.05.

4.12 Results and Discussion

each

compound wer e

det er mi

An example of a sugasugar phosphatend sugar alcohahromatogram from a

bison extract ishown in Appendix HThe concentration of totaéducingsugarssugar

phosphateand sugar alcoholsf bison extractareshown in Table 4.1.2
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Table 4.1.2

Concentraion of sugarsugar phosphatand sugar alcohgbroducts (mmol/kg) in bison
LD muscle dting postmortem conditioning over 21 days at 4°C.

Conditioning Timeat 4°C(Days)

Compounds
4 8 15 21

Glucose 5.05:1.16  4.98+0.88  6.86+0.80 5.69+0.83 5.78+0.6%
Mannose 0.78+0.46  1.08+0.58°  1.48+0.60° 1.66+0.38 1.94+0.48
Xylose 0.08+0.004* 0.18+0.®  0.28+0.08 0.51+0.16 0.62+0.24
Ribose 0.06+0.04  0.16+0.08°  0.39+0.3%° 0.4620.10 0.58+0.16
Fructose 1.32+0.80  1.90+0.89  2.94+0.87 3.32+0.53 3.80+0.84
Mannitol 0.32+0.17  0.35+0.13  0.44+0.11 0.37+0.09 0.36+0.11
Myo-inositol 1.08+0.74°  0.95+0.47  1.72+1.04 1.32+0.47" 1.03+0.38°
F6P 1.81+0.51  1.88+0.61  2.03+0.65 1.63+0.56 1.53+0.59
M6P 2.51+0.51  2.69+0.45  3.04+0.56 2.60+0.45 2.52+0.69
G6P 3.27+0.78  3.29+0.48  4.51+0.6% 3.81+0.48" 3.94+0.80"

Note. Values are means offiimals in duplicate £ standard deviation.

Differentlettersm t he same row indicates a significant diff e

The total hexose content of glucose, mannose and fructose significantly increased
(P<0.05)during storage, exceftiatglucose spiked at storage day 8 and decreased
thereafter. The expectatios that phosphates of these sugars would breakdown and
decrease over extended chilled storage conditiohimgever the sugar phosphates
remained fairly steady and showed no significant differéRe®.05)between storage
days, except for G6P that showesimilar pattern to glucose. The sudden increase of
G6P at storage day 8 may be explained by a conversion of gliigsesphate to G6P
by phosphoglucomutase

Glucog, G6Pand mannosé-phosphat€M6P) were found to be the major

contributors to the sugar @sugar phosphate content in bigxtractswith F6P, fructose
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and mannose following close thereaft®s shown imTable 4.1.2 Mannose has been
reported to have a minor role in relation to flavour generation in pork samples with added
mannoséMeinert et al., 2009)Glucosewas present ithe highest concentratiat all

five storage conditiang days, with the lowest concentratibeing4.98 mmol/kg at
storage day 4 t6.86mmol/kg at storage day &he results fobisonLD muscle are
similar to those reported for sugars in bg&dutsidiset al, 2008a) pork (Meinert et al.,
2009) lamb(Macy et al, 1964)and chicken med®liani & Farmer, 2005h)which have
all shown glucose to have the highest concentration, with ribose having the lowest
concentration compared to other sugars measuredtose sugarsybose and ribose had
the lowest concentratioms bisonLD muscle Both sugars increased linearly across
storage days, with a significaimcreasgP<0.05)between storage day 2 and 15, with
concentratios remaining steady giorageday 21. Bisonesultsaresimilar tothose
reported for beeKoutsidis et al. (2008 suggestd ribose concentrationguld increase
during chilled storage conditioning. Concentrations of ribose @@ 0.16 0.39 0.46
and0.58mmol/kg at 2, 4, 8, 15 and 21 storage days, sy in bisonLD muscle,
while results for bedfL muscle were observed at 1, 3, 7, 14 and 21 storagendkiys
concentrations of 0.2%.43, 0.76, 1.26 and 1.@&Tmol/kg respectivelyfKoutsidiset al,
2008a)andare 2 to 4 times higher than results reported in biSba linear increase in
ribose may be a result of the breakdown of ine&irBonophosphate (IMP) and the
accumulation of its enzymatic breakdown products hypoxanthine, inosine and ribose.
This pathways discussed in further detail in section A®. significant diferences
(P<0.05)between storage days werleserved irbison forthe sugar alcohahannitol.

Myo-inositol, also a sugar alcoh@dhoweda random concentration pattdyatween
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storage days ith a significant differencé<0.05)between storageag 4 and &s shown
in Table 4.1.2

The total hexose, pentose and sugar phosphate cantgsbn LD muscle is
shown in Figure 4.1.2. No significant differen¢Bs0.05)were detected in total sugar
phosphates. Pentose concentrations may be lower than total hexose and sugar phosphate
concentrations however, low concentrations of these pentoses are shown to be major

contributors to the formation of flavour of meat.
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Figure 4.12 Total hexose, pentosad sugar phosphate content in bis@nmuscle
during chilled storage conditioning at 4°C. Values are means of 6 animals in duplicate *

standard deviation.
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Large standard deviations and coefficgeat variations weréoundin bisonLD
muscle for sugarsnd sugar phosphates indicating a large animal to animal varasion
shown in Table 4.1.2 arge variations were also reported in hgefutsidiset al,
2008a) pork(Meinert etal., 2009)and goat megMadruga et al., 2010All six bisons
were the same breed and approximate age, fed the sambéasashdiet as well as
handled and slaughtered under the same conditions; thereforeonareate likely a cause

of natural genetic differences among animals.

4.13 Conclusion

The investigation of the effect pbstmortemstorage conditioning aP@ on
concentrations asugar sugar phosphatend sugar alcohdlavour precursors of bison
LD muscle revealed a significant increase of xylose, ribose, mannose and fructose across
storage days and a significant spike in glucose,-mgsitol and G6Rt storage day 8.
These concentration changes can potentially affect the formation of flavour wodspo
upon heating of meat. No significant differences were observed between storage days fo
mannitol, F6P and MGP

As expected, concentrations of ribose signifigaimcreased among storage days
This suggests a possible breakdown of IMP to inosinevad by the accumulation of
its enzymatic breakdown products of hypoxanthine and riboseag@ne nucleosidase
R5P and ribosé-phosphate (R1P) wermt detected in bison extracts therefibrie
suggests thatitherIMP is not broken down to hypoxanthéthrough a catalyzed reaction
by inosinate nucleosidasghich forms R5P and R1& due tathe potentialnstability of
R1P which causeid to be formed and converted rapidly at earlier stages of conditioning
This therefore suggests, that the AMP pathwiaght be the major contributor of ribose
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in bison extractever chilled storage conditioning over 21 days at.4REhough ribose
is present in small concentrations compared to other sugars and sugar pkasjsde
LD muscle, it will participate in #1formation of potent meat flavour volatiles in model
systems upoheating, especiallghroughits contribution to the Maillard reaction.

A discussion of the overall watepluble (including reducing sugarsiigar
phosphateand sugar alcohglsnd lipidsoluble results as well as the correlation of
reducing sugars and sugar phosphatexentrationso sensory evaluation results will be

discussed in ChapteriSCorrelation Studies.
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4.2 Amino Acids

Amino acids are another one of the thresersoluble precursors in meat
products analyzed in this study. Many studies have loakiée contribution of amino
acids to desirable meaty flavours as a result of the Maillard reaction which produces
volatiles during the heating processes of redusugars and amino acids , however to
the best of our knowledge no studies to date have examined the amino acid content in
Bison bisonThe cooking of meat generates hundreds of volatile compounds, but
relatively few make a key contribution to the odour #adour of cooked medgiliani &
Farmer, 2005b)Free amino acids have been reported to potentially contribute to
sweetness (i.e. alanine and glycine) and bitterness (i.e. leucine, tryptophan, phenylalanine
and tyrosie) (Gorbatov & Lyaskovskaya, 1980)hile their salts may contribute &
salty and unami taste which is often contributed by glutamic acid and its sodium salt
known asmonosodium glutamat®ASG) (MacLeod, 1994)

The concentration of free amino acids in meat can be significantly affected by diet
and breedKoutsidiset al.,2008b) Koutsidis et al. (2008 reported concentrations of
glycine, histidine, serine, asparagine, threonine, methionine, tyrosine, phenylalanine,
isoleucine, valine, leucine, proline, lysine and tryptophan to be significantly higher
(P<0.05) in silage versus concentrate fed animals. LySitgemeyeret al.,1988)and
methioning(Fenderson & Bergen, 197bpwever have been regarded as the most
important limiting amino acids in graimased diets. Levels of arginine were also reporte
to be higher in Aberdeen angus beef, while glycine was significantly higkér05)in
Hilstein-Friesian steers, which suggests a breed effect on free amino acid content in meat

(Koutsidiset al, 2008b) Sgnificant differences were also found in concentrations of free
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amino acids between breeds and muscle types of Maalruga et al., 201@nd chicken
(Aliani & Farmer, 2005ajneat.

Wasserman (1972) emphasized the importance of conditioning in the formation of
flavour precursors and suggested that enzymatic changes in muscle can alter the flavour
profile of the meat. Enzymatic reactiongpiostmortemmuscle can increase the levels of
free amino acids through proteolyff8asserman, 1972yhich is thedegradation of
proteinsby cellularenzymesalledproteasesThe rate of pH decline can affect
proteolytic activity during early stages of conditioningpmstmortemmuscle, ultimately
influencing thdevel of free amino acid®'Halloranet al, 1997) It has been reported
that a high pH ippostmortemmuscle can increase protease activity and further enhance
tenderization in the meéBeltran et al., 1997)

Sulfur-containing amino acids play a major role in flavour formation of meat.
Cysteine is a potent free amino acid precursor of meat flavour volatiles. Heterocyclic
compounds such as alkylthiazoles, acylthiazdtas|s, pyrazines, pyridines and
thiophenes have been isolated as volatile products produced by the Strecker degradation
of amino acids, especially cysteifddottram, 1998) Strecker degradation is a chemical
reacti on whi c-amiro acdrteanaldehydsay anemineintermediate.
Sulfur-containing amino acids such as cysteine are known to be indispensible precursors
and their participation in the Maillard reaction and Strecker degradation form
characteristic meat odours that breakdown during the cookimgat(Mottram, 1998)

For example, the addition of cysteine to raw muscle favoured the formation ofaroma
potent thiophenes in a heated model syqtdadruga & Mottram, 298) Thus, different

ratios in amino acid profiles may generate different flavour compounds.
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The present study aimed to investigate the changes in the concentrations of the

major amino acids in bisdoD muscle during chilled storage conditioning at 4°C.

4.2.1 Materials and Methods

4.2.1.1 Reagents and chemicals

All reference compounds not included in the EZ:faast for free (physiological)
amino acid analysis by GC/MS kit (Phenomenex, Torrance, CA, USA) such as norvaline
and L-cysteine were purchased findSigmaAldrich Canada Ltd. (Oakville, ONCanada)
and were 99% and 97% pure, respectively. Anhydrous isopropanol and acetone were also
purchased from Sigmaldrich Canada Ltd. All other reagents and amino acid standard
mixtures used for amino acid anakysvere included as part of the EZ:faast amino acid
kit components.

4.2.1.2 Meat samples and extraction method

Meat samples and the watluble extraction method used for amino acid
analysis are outlined in section 2.2 and 2.4.1, respectively.

4.2.1.3Derivatization of amino acids

An aliquot of thecentrifuged bison extract (1Q0) contains intemal standard
norvalineas discussed in section 2.4vas derivatized using the EZ:faast amino acid
derivatization technique for GC/MS (Phenomenex, Torranfe USA) to determine the
free amino acid content of the bison samples. Method sequences for sample preparation
by solid phase extraction and derivatization provided in the EZ:faast user manual were
closely followedwith the exception of the internal stamdaolution (reagent 1) (0.2mM

norvaline and 10% isopropanol) that was replaced with 10% isopropanol for bison
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extracts to avoid complications with the addition of extra internal standard. The solid
phase extraction was performed via a sorbent tip thdsl@mino acids while allowing
interfering compounds to flow through. Amino acids on sorbent parti@esthen
elutedinto the sample vial and quickly derivatized with reagent at room temperature in
agueous solution. Derivatized amino acids then migtatéhe organic layer for
additional separation from interfering compounds. The organic Veggremoved,
evaporated, and 1®uspended in fdissolution solvent to be analyzed e GC/MS.
The reason for derivatizing amino acids is the same for silglafisugars as discussed
in section 4.1.1.3.

4.2.1.4 Gas chromatographigass spectrometry

Analysis of derivatized wategoluble extracts was performed using a Varian
450GG240MS/4000 Mass Spectrometry system (Agilent Technologies, Walnut Creek,
CA). An diquot of the deriviized amino acid solution (1}) was injected at 250°C in
split mode (20:1) onto a Factor Four Varian-¥BOm column (25mm id, 0.25 film
thickness). A filament delay of 4 minutes started each amino acid run. The oven
temperature waitially set at 110°C for 1 minutehen increased at 30°C/minute
250°C and held for 10.33 minutes. The total run time was 16 minutes. The helium carrier
gas flow rate was kept constant throughibe run at Inl/minute. The mass
spectrometer scannesbim m/z50 tom/z550. Isopropanol:acetone (1:1) was used as a
blank and for autosampler wash.

4.2.1.5 Semquantification

Semtquariification of amino acids at different storage conditioning days at 4°C

was performed using a suitable internal stan@8yof norvaline.Norvaline is an amino
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acid with the formula ¢H11NO.. It was used as the IS for amino acids because it is
usually made synthetically and is not found in meat prodlibes areas of the quantified
ions for eah amino acid wremanually intgrated in each chromatogram and divided by
the area of the quantified ion for norvalifi@ble 4.2.1 lists the quantified ion that was
used for integration for each amino acitie concentration of norvaline of Ingg/ml

was then divided by the areas togihe concentration for each amino acid.

Table 4.2.1

Quantified ion for amino acids in bison LD muscle extracts.

Amino Acids Quantified lon (Integrated lon) (m/z)
Sarcosine 130
Glycine 74
Valine 116
Leucine 172
Isoleucine 130
Proline 70
Asparagne 69
4-Hydroxy proline 86
Glutamic Acid 84
Phenylalanine 148
U-aminopimelic acid 94
Glutamine 84
Ornithine 70
Lysine 170
Tyrosine 107
Tryptophan 130
Norvaline (IS) 158

4.2.1.6 Statistical analysis
Oneway ANOVA was performed using a SPSS (8en 19) software program
to analyze amino acid data. Mean storage day differences for each compound were

determined using Tukeyds test with a signi
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4.2.2 Results and Discussion

The GC/MS analysis of the bison extracts detectedrabamino acids that may
contribute to the flavour of meat upon heating. An example of an amino acid
chromatogram from a bison extract is shown in Appendix I. After 21 days of
conditioning the total amino acid content of bisgdh muscle had increased 51#%m
storage day 4 &.65to 16.95mmol/kg at storage day 21. A significantreasgP<0.05)
in total amino acigdtontent is shown in Table 4.2 & significantincrease (P<0.05%
shown from storage day 2 @78 mmol/kg to storage day 15 86.95mmolkg. The
values reported for total amino acid content in bi@nsimilar tahe concentrations
reported for beef L muscle(Koutsidis et al., 2008ayvhere it wageportedthata 58%
increase irtotal free amino adi contenbccuredirom 10.8mmol/kg at storage day 1 to
18.9mmol/kg at storage d&i.

The most abundarteeamino acids in bison were sarcos(ae intermediate and
byproduct inglycine synthesis and degradat)pwaline, -aminopimelic acid and
glutamine whereas asparagindjytiroxy prolineand tryptophan were present in small
amounts in bison extracts. Glutamine content irLibenuscle of bison had the highest
concentration compared to other amino acids which is sitoilasults reported for pork
(Meinert et al., 2009)eef(Koutsidiset al, 2008a)and goat megMadruga et al., 2010)
The sulfurcontaining compounds methionine and cysteine are known to be important
flavour precursorshoweverthesewere not detected in bison extracts. Cysteine levels are
often present in trace amounts in most meat tgpek as begKoutsidis et al., 2008a)
Cysteine is unstable and could have either been degraded in thesolalde extracts or

the method used for this study was sensitive enougfor cysteine analysis.
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No significant difference@<0.05)between conditionigp days were observed in
proline, U-aminopimelic acid, glutamine andrithine contentas shown in Table 4.2.2
The concentrations of all the other amino acids increased signifi¢RsilyO5)over
chilled storage conditioning for 21 days at 4°C. Valine, leucine and isoleucine all showed
asignificant increase from storage day 4 to 21, whereas asparatya;oky proline,
lysine and tyrosine showed a significant increase between storage day 2 and 15 with
concentrations remaining constant thereafter. Sarcosine, glycine, glutamic acid and
tryptophan did not show any significant concentration differe(fe€8.05)until
approximately day 8 to 15 in the conditioning process. Concentrations of phenylalanine
increased significantlfP<0.05)from 0.21 to 0.93mmol/kg at storage day 2 to 21,
respetively. Valine, leucine, isoleucine and phenylalanine are important amino acids in
flavour formation, providing Strecker aldehydes, such-a@ 3methylbutanals and

other aroma compounds such as pyrazfKesitsidiset al, 2008a)
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Table 4.2.2

Concentrations of free amino acids (mmol/kg) in bison LD muscle duringrmystm
conditioning over 21 days at 4°C.

Conditioning Timeat 4°C (Days)

Compounds
2 4 8 15 21
Sarcosine 1.01+0.3%  0.87+#0.46  1.21+0.16°  1.45+0.29  1.450.57
Glycine 0.29+0.16  0.29+0.1f  0.36x0.08  0.49+0.08  0.53+0.08
Valine 0.75+0.1%7  0.84+0.28  1.39+0.20  2.25%0.37  2.95+0.81
Leucine 0.29+0.16  0.37+0.09  0.60£0.04  0.95x0.1f  1.19+0.28
Isoleucine 0.3240.16  0.43+0.1f#  0.71+0.08  1.15+0.09  1.48+0.31
Proline 0.88+1.® 0.53+0.11  0.69+0.09  0.88+0.13  1.00+0.19
Asparagine 0.13+0.06  0.140.05  021+0.04  0.31x0.05  0.34+0.08
4-Hydroxy proline  0.10+0.04  0.10+0.02  0.18+0.03  0.28+0.07  0.33+0.07
Glutamic Acid 0.31+0.19  0.30£0.16  0.38:0.04"  0.46+0.08°  0.54+0.08
Phenylalanine ~ 0.21+007  0.32007  0.54004  0.77%0.07° 0.93:0.16°
U-aminopimelic
cid 1.35:0.46 1.28:0.48 0.98:0.36 1.12+0.46  1.200.53
Glutamine 3.25+1.58 2.12+1.01 2.92+1.14 3.13:1.60 2.23+1.39
Ornithine 0.22:0.17 0.19+0.15  0.25:0.24 0.25+0.19 0.20+0.13
Lysine 0.3#0.10°  0.380.08  0.61+006°  0.97+0.28  1.120.37
Tyrosine 0.26+0.06  0.36:004*  0.72015  1.0A0.24 1.23:0.34
Tryptophan 0094003  0.11x004° 010008  019+#0.12° 0.22+0.1C°
Total amino acids  9.782.67  8.6%2.6F 11.85+1.68° 15.722.58° 16.952.1T
Note. Values are means of 6 replicates in duplicate + standard deviation.
Different letters in the same row indicates

4.2.3 Conclusion

Amino acids are important for the formation of aroma volatilesipced by the

Maillard reactionand Strecker degradation, while the amino acid profiledtrestine

generation of different flavour compoun(@&ely et al., 1960) The effect opostmortem

conditioning at 4°C on concentrations of amino acid wstérble flavour precursors of
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theLD muscle revealed a sigicant increase in all amino acids with the exception of
proline, U-aminopimelic acid, glutamine, and ornithine. The concentration changes in
amino acids can potentially affect the formation of flavour compounds upon heating. The
sulfur-containing amino acids cysteine and methionine that produce volatile-sulfur
containirg compounds were ndetectedn bison extracts. As mentioned previously, this
may be due to cyst ei metliod usefhunotsdnsitideesigoughtba t i o n
detect cysteineél'he method used in this stubdgs been used in other studies such aé be
(Koutsidiset al, 2008a)andhave used the same detization method to analyze
cysteinehowever cysteine was only detectable in trace amounts. Cysteine is considered
to be important due to its reaction witho#e when meat is cooked. The aromatic
compounds phenylalanine and tyrosmerepresent in adequate amounts in bison
extracts.

The essential amino acids leucine, phenylalanine, tryptophan and tyrosine are
known to produce a bitter tastehile isoleucine)ysine, valine and the nonessential
amino acid proline are tasteld§orbatov & Lyaskovskaya, 1980}lycine may
contribute to the sweet taste of m@aorbatov & Lyaskovskga, 1980) These
compounds are all present in bison extracts and in combination with each other may
produce a desirable amino acid flavour profile. Other amino acoiddetectedh bison
extracts such as alanine, cysteine, methionine and arginine ntaputEna sweet,
sulphurous, meaty and tasteless attributes, respectively. Regardless of the concentration
or individual effect on taste of each amino acid, these precursors in combination upon

heating contribute to the overall flavour of the meat.
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A disaussion of the overall wateoluble (including amino acids) and lipid
soluble results as well as the correlation of amino acid concentrations to sensory

evaluation results will be discussed in ChaptéerCorrelation Studies.
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4.3 Nucletides Nucleosides and Bases

Nucleotidesnucleosides and basa® the thirdgroup ofwatersoluble flavour
precursosi n meat products anal ymoamahucleatideshaves st ud
been evaluated in relation to their ability to intensifyrmdify the flavour of foods
(Gorbatov & Lyaskovskaya, 198(Ribonucleotides, such #4P and guanosiné -0
monophosphatéGMP), play important roles in the flavour of meat and help suppress
sulfury, fatty, starchybitter and hydrolyzed vegetable type flavours in meat while
enhancing meaty flavou(érya & Parihar, 1979)Hypoxanthine, IMP and GMP
contributeanumami tastewhich is described as a pleasant byotin meaty taste kich is
intensified when ribonucleotides are combine with glutaniete/ever hypoxanthine
may also contribute to bitterne@dacLeod, 1994)

IMP breaks down upon heating and yields ribose and ribose phosphates
(Madruga, 1994)Pentoses, particularly ribose derived from ribonucleotides such as
inosine are important precursors for chemical reactions in (iediram, 1998) In
muscle ATP is essential for muscle function and is converteld/l® postslaughter
(Mottram, 1998) Initial ATP levels are variable and dependent on species, type of
muscle and prslaughter condition@_awrie, 1998) The generally accepted route for the
formation of ribose in meat is viadgtbreakdown of ATP to adenosiBeinonophosphate
(AMP) and then from IMP to inosine and then to ribose and hypoxanthine as shown by
thebold arrows in Figure 4.3.{Aliani et al., 2008) This pathway seems to be occurring
in most types of meat however, in most reported studies, only nucleotides, nucleosides
and bases were determined and no information wigards to ribose or other sugars was

provided. Therefore, the information provided for hypoxanthine may not necessarily be
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related to above reaction as it is important to note that other biochemical routes may also
promote the formation of hypoxanthine. Fastance, the breakdown of innsito R1P

and hypoxanthine bgurine-nucleoside phosphorylaseight partly explain the formation

of hypoxanthine in meat while IMP can also foR&Pand hypoxanthine through a

reaction catalyzed hbiposinate nucleosidasérevious studies on chicken crude extract
demonstrated, that even in the presence of inhibitarseine nucleosidas¢he enzyme
catalyzingthebeakdown of inosine (inosine Y hypox
was formed, indicating that other pathways are also invdlkiaini et al., 2008)In

some species, such as marine invertebrate muscle from Moliuseativeadenosine
aminohydrolaséacilitates the conversion of AMP to inosine via adenosine rather than
IMP (Hiltz & Bishop, 1975) Therefore, the hypoxanthine content in meat may not be

from a single metabolicgthway. The structure of IMP, inosine and hypoxanthine are

shown in Figure 4.3.2.

NH;

AMP EPL’ IMP

, deaminase
I 5 " d Inosine
nucleotidase . 5-nucleosidase Pi .
Pi NH Inosinate

j 3 nucleosidase
Adenosine Inosine

ﬁldengsme Pi purine-
eaminase nucleoside
Inosine phosphorylase

nucleosidase R1P

Ribose

5P

Hypoxanthine

Figure 4.31 Breakdown pathwasthat might occur in chickegAliani et al., 2008)
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Changes in these nucleotide, nucleoside anddmspounds have been followed
during the aging omeat frompigs (Gorbatov& Lyaskovskaya, 1980)eef(Koutsidiset
al, 2008a)and chicker(Aliani & Farmer, 2005a)Kinsmen et al. (1994) suggested that
inosine and hypoxanthine concentrations increaepwolonged storage once AMP has
entered a catabolic pathway. Concentrations of inosine and hypoxanthine can also be

used as an indicator of freshness in muscle f@dosmen et al., 1994)

)
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AN T CHOH N7 He N
. 9] "‘—"’ﬁa_q DIW)NH?
A OH -
N H “—<\_}A¥DH
Hypoxanthine HG
OH OH Inosine-5'-monophosphate

Inosine

Figure 4.3.2Strucures of hypoxanthine, inosine and IMP.

This present study aimed investigate the concentratiohanges of IMP, inosine

and hypoxanthine in bisdtD muscle during chilled storage conditioning at 4°C.

4.3.1 Materials and Methods
4.3.1.1 Reagents and chieals

All reference compounds (creatinine, cytidine, ATP, IMP, hypoxanthine and

inosine) were purchased from Sigikrich (Oakville, ON, Canadap nd wer e 098 %
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pure.Potassium posphatenonobasidKH,PQO,) and hydrochloric acid were also
purchasedrom SigmaAldrich Canada Ltd.

4.3.1.2 Meat samples and extraction method

Meat samples and the watluble extraction method used for nucleqgtide
nucleogde and basanalysis are outlined in sections 2.2 and 2.4.1, respectively.

4.3.1.3 High pressure liquid chromatography

A Varian920 high pressure liquid chromatography (HPLC) instrument with a 4.6
X 250mm Sheresor®@DS2 C18 column, 5um particle size fralaters Incorporated
(Mississauga@ON, Canadajvasadapted from Aliani et a(2008 and wasused for
nucleotide nucleoside and basmalysis. An injection of bison sample extract (@0as
outlined in section 2.4.Was eluted with an isocratic mobile gleakHPO, (50mM)
prepared with HPLC grade distilled water, pH was adjusted to 2.5 with the addition of
monobasic anhydrous hydrochloric acid (approximately 2 to 4ml added) and filtered
using 0.22pum MAGNA nylon membrane filters (GE Water and Process Texdies)
Oakville, ON, Canada) andnelectricvacuumpump prior to use. An Accumet Basic
AB15 Plus pH meter (Fisher Scientifioftawa, ON Canada) was used to monitor the
final pH values. Fresh buffer was prepared and changed after 30 runs. Precondfioning
the HPLC column consisted of a 5 minute elution with distilled water followed by 5
minutes with buffer. An isocratic method was used with a flow rate of 1 mitefirom
0 to 5 minutes which was then adjusted to 0.5 miteifor 1 minute (from 5 to 6
minutes) and was held at this flow rate for 4 minutepufpgradient between 10 to 12
minutes increased to a flow rate of 1.5 ml/oteand was held for 6 minutes. The

pressurgradient then decreased to a flow rate of 1 miingbetween 18 and 20 mireg
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and held constant and stable for 2 minutes. The total run time was 22 minutes with UV
detection at 254 nm. All samples were extracted and analyzed in duplicate.

4.3.1.4 Calibration curve

The calibration cungwereprepared using a range of standardistaining
various amounts of nucleotidesucleosides and bas&tandard solutions containing a
mixture of ribonucleotides were grared in 5ml of distilled water and containé€d29 to
2.19mg IMP, 0.02 to 0.681g hypoxanthine and 0.07 to 0.8%) inosire. Cytidine was
used as the internal standard (I1S) and @g0~vas added to each solution and mimics the
amount added to bison extracts. Standards were eluted with 50rab&ipon phosphate
buffer and 2& bf each solution was injected using the methodmlesd in the previous
section. The reference peak area (RPA) was plotted against the quantity of each
nucleotide nucleoside and bas€alibration curves and linear regression equations for
IMP, hypoxanthine and inosine are shown in Figure 4.3.3, 4.8.4.8b, respectively.
The curve and linear regression equation were used to calculate the concentrations of

nucleotidesnucleosides and baseghin bison extracts.

IMP y = 14.255x + 0.295
R?=0.9989
o 35.00 .
=z 30.00
3 25.00 L
s "
2 _ 20.00
§2 1500 —
< 10.00
2 5.00 ——
2 :
4 0.00 —
0.00 0.50 1.00 1.50 2.00 2.50
Concentration (mg/5ml)

Figure 4.3.3Calibration curve based on different concentrations of IMP.
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Hypoxanthine y=30.733x + 0.095
R’ =0.9996
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Figure 4.3.4Calibration curve based on differerdncentrations of hypoxanthine.
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Figure 4.3.5Calibration curve based on difént concentrations of inosine.

4.3.1.5 Statistical analysis
Oneway ANOVA was performed using a SPSS (Version 19) software program
to anayze nucleotidenucleoside and baskata. Mean storage day differences for each

compound wer e det er mi nsgdificanceilenegof P<O.05ey 6 s t es

4.3.2 Results and Discussion
The degradation of IMP and the accumulation of its enzymatduots

hypoxanthine and inosinare evident in bison extract chromatograms. An example of a
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nucleotide nucleoside and basdromatogram from a bison extract and a standard
mixture are shown in Appendix J and K. Tdegradatiorof IMP did not occur rapity
between day 2 and 8, however a significant decrease (P<0.05) is shown between storage
day 2 and 15 from an average6ob5t1.46to 2.92:0.91 mmol/kg and remainestable to
day 21 at ¥9+0.@ mmol/kg (see Table 4.3.1). At the end of 21 days of condiigpon
therewasstill sufficient IMP to be degraded further into inosine, hypoxanthine and
ribose. As shown in Table 4.3.1, thevasa gradual increase in inosine with a significant
difference from day 2 to 15 days of conditioning #md remaineatonstanuntil day 21.
While inosine remained unchanged after 15 days of conditioning, hypoxanthine
continued to significantly increase frahr29t0.51 at day 2 ta4.4:0.99 mmol/kg at day

21 as shown in Figure 4.3.6. This could be an indication tha idRer tlan keing

directly dgohosphorylated to inosines possibly hydrolyzed to hypoxanthine arR8P

(Koutsidiset al, 2008a) howeverR5P wasot detected in bison extracts

Table 4.3.1

Concentration of nucleotide degtation products (mmol/kg) in bison LD muscle during
postmortem conditioning over 21 days at 4°C.

Conditioning Timeat 4°C(Days)
2 4 8 15 21

Compound

IMP 6.55+1.46 6.50+1.67 52%2.07 2.92:0.97 1.99:0.60

Inosine 0.09:0.03 0.13+003 0.16:003 021+0.02° 0.23+0.0F

Hypoxanthine 1.29051* 1.79051%® 2.74047° 3.59+1.36° 4.40+0.99

Total b ) A
Nucleotides 7.93+1.18" 841117 8.182.16° 6.711.72° 6.61:0.98

Note.Values are means of 6 animals in duplicate + standard deviations.

! Differentletters in the same row indicates a significant difence at J <0. 05.
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Figure 4.3.6Mean concentration changes of IMP, inosine and hypoxanthine inldon
muscle during chilled storage conditioning at 4°C. Values are séd@hanimals in

duplicate + standard deviation.

Figures 4.3.7, 4.3.8 and 4.3.9 campthe mean concentration changes of IMP,
inosine and hypoxanthine during conditioning at 4°C, over 21 days for hiBynkeef
(LL) (Koutsidiset al, 2008a) chicken breast@liani & Farmer, 2005aand goat meat
(Madruga et al., 2010Koutsidis et al. (2008) reported similar resultsifdP in beef
with 6.27#0.17to0 2.63t0.12 mmol/kg from 1 to 21 days, respectively. A similar pattern
with hypoxanthineand inosine in théL muscle of beef duringostmortemconditioning
at 4°C was also observ@doutsidiset al, 2008a)

Certain degradation products such as creatine, creatinine and AMP could not be

detected with the HPLC method used or were present in trace amounts in meat extract.
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Figure 4.3.7Comparing IMP mean concentrations of bisbD), beef (L), goat and

chicken (breast) meat during chilled storage conditioning for 21 days at 4°C.
Condiioning days represent day 2, 4, 8, 15 and 21 days for bison; day 1, 3, 7, 14 and 21
days for beef, day 7 for goat and day 14 for chicken.
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Figure 4.3.8Comparing inosine mean concentrations of bi¢d)(beef (L), goat and
chicken (breast) meat duringitted storage conditioning for 21 days at 4°C. Same

conditioning days as shown in Figure 4.3.7.
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Figure 4.3.9Comparing hypoxanthine mean concentrations of bisdr), (beef (L),
goat and chicken (breast) meat during chilled storage conditioning fay3lat4°C.

Same conditioning days as shown in Figure 4.3.7.

4.3.3 Conclusion

The investigation of the effect pbstmortemstorage conditioning at 4°C on
concentrations of nucleotidaucleoside and baseatersoluble flavour precursors of
bisonLD mustle revealed a significant decrease of IMP and an increase of inosine and
hypoxanthine across storage days. These concentration changes can potentially affect the
formation of flavour compounds upon heating of meat. Concentrations of AMP were
non-existentsuggesting that by 2 dagsstmortemAMP has been converted to IMP via
the enzym@MP deaminaseéAs expected, conditioning decreased concentrations of IMP
and as a result concentrations of inosine via the eniyosee5 -ducleosidasand

hypoxanthine \ainosine nucleosidasacreased due to degradation processes of IMP in
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bison meat. Results do not suggest that the direct conversion of AMP to inosine took
place through the conversion of adenosine since traces of adenosine were not evident in
bison extrats.
Creatine and creatinine have been reported to be associated with the formation of
heterocyclic model systems in cooked m@agerstaet al.,1991) The normal
transformation of creatine and creatinpastslaughter could not be identified in bison
extracts. Creatine can be converted-eaaymatically to creatinine both vivo (Wyss &
KaddurahDaouk, 2000pndin vitro during heating of creatindlacy et al, 1970)and
should be considered as a compound of interest for future flavour research of bison meat.
A discussion of the overall watspluble (including nucleotidesucleosides and
base} and lipidsoluble results as wels the correlation of nucleotide, nucleoside and
baseconcentrations to sensory evaluation results will be discussed in Chépter 5

Correlation Studies.
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4.4 Lipids

The second category of meat flavour precursors in addition to-saltdsle
comporents are lipids. Lipids are present in muscles as structural components to muscle
membrane, as storage droplets for triacylglycerol between muscle fibres as well as
adipose tissue also known as the marblingEaser, P01). In postmortemmuscle,
lipids not only serve as an energy source stored in animal muscle but also contribute to
the flavour of meat and its quality attributes, particularly their fatty acids. While water is
the mat prevalent component of meaigproximately 73%Lambert et al., 1991)nost
of the flavour and aromearrying molecules artgydrophobicand are therefore dissolved
in fat (Enser, 2001)The four naturally ocurring molecules of focus for this research
were(a) free fatty acidsvhich are carboxylic acids with a long unbranched aliphatic
chain that can be saturated or unsaturated, (b) triglycenxidiet are esters derived from
glycerol and three fatty acid&) phospholipids which are major components of all cell
membrane as they form phospholipid bilayers, most of which contain a diglyceride, a
phosphate group and a simple organic molecule and (d) cholesterol which is a waxy
steroid of fat manufactured ingHiver or intestines. Fatty acids are often derived from
triglycerides and phospholipids.

In fresh meat, lipids contribute to the overall eo|drip loss and degree of
oxidative rancidityfEnser, 2001)The flavour 6 meat can often be attributed to the
marbling fat which can also contribute to the overall juiciness of the meat, havesisr
dependent on the thermal oxidation of the ligielsser, 2001)lipid oxidation and/or
degradation. Marbling fat has been reported to have more predictable effects on juiciness

and flavour over tenderness of mgetu, 2006) It is also responsible for flavour
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differences among specidspids may brekdown via fatty acid oxidation and give rise
to volatile odour compounds which contribute to both desirable and undesirable flavours
(Mottram, 1987) Many studies have reported several hundred volatile compounds from
fatty acid oxidation during lipid degradation in meat such as aliphatic hydrocarbons,
aldehydes, ketones, alcohols, carboxylic acids and €Metgam, 1998) It has also
been reported that during lotgrm storag, these reactions may lead to rancid off
flavours, however in cooked meat these reactions occur rapidly and contribute to
desirable flavourgéMottram, 1998)

The variation in lipid content may also result in diffiet flavours.
Polyunsaturated (PUFA) are more susceptible to oxidative breakdown during cooking
than monounsaturated (MUFA) or saturat8AY) fatty acids leading to a greater
guantity of volatile products formgdhu, 2006) Phospholipids contain higher
proportions of unsaturated fatty acids, particularly arachidonic acid (20:4), which
undergoes oxidation more readily than saturated fatty ,ao@lsing them an important
source of volatiles during cookirflylottram, 1998)and whichcontribute to the formation
of desirable meat flavoufgarmer, 1994)Phospholipids are reported to contribute to the
aroma development in meat whereas trighides appear not to be as important
(Mottram, 1996) Reports suggest that lipid oxidation and the Maillard reaction do not
occur in isolation but rather interact together and produce a wide range of effects on the
volatile aroma compounds produd@@rmeret al, 1989) by reducing potent odours
from certain productef both reactions. The odour threshold from lidierived
compounds are generally higher than watuble pecursors such as sulfur and nitrogen

heterocyclic compound®ottram, 1998) Evidence also suggests that lipids appear to
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control the production of sulfur compounds during cooking of meat and suggests that
these corpounds are therefore maintained at optimum levels in the cooked meat
(Mottram, 1998) Saturated and unsaturated aldehydes from lipid autoxidation are
contributors in the volatile profile of cooked meats, particuldmgugh reactions

between carbonyl compounds and amino as well as thiol groups through the Maillard
reaction(Mottram, 1998)

The nutrient composition of bison and other meats are dependent on a number of
factorsincluding age, type of feed, gender, cut of meat. The fat content of meat varies
from animal to animal and part to part. Different flavour profiles are generated from fatty
tissues and are different among animal types such as pork, beef, chicken, tdrleytan
(Thu, 2006) The animal's age also plays a role in how much fat is in the meat. In general,
the older the animal, the more time it has had to build fat reserves in its muscles. The
older animal will producergater flavours derived from lipid3hu, 2006) Diet can also
play a role in the fatty acid composition of meat. Larick and Turner (1990), found
differences in théL fatty acids between grass and grain finisheerst which resulted in
different types of flavour volatiles. Differences occurred in gfesshed animals which
cont ai ned h iigoericracid (€18:8nB)sand-®& PUFAE synthesized from it,
while the grairfinished animals contained higher é&s of linoleic acid (C18:2) and
other n6 PUFAs(Larick & Turner, 1990)Reports have shown that if linoleic acid in
sheep and cattle adipose tissues is high, it will produce oily, sweet or bland tastes during
cooking, however high concentrations of oleic acid will improve the flavour of the meat
(Thu, 2006) Appropriate temperature holding and packing of meat can also contribute to

meat flavour, particularly if high conceations of linoleic acicrepresent since it can
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easily combine with atmospheric oxygen to give rise to oxidative rangicity, 2006)
Vacuum packaging was used in this study to prevent oxygen from interfering wit
molecules and further increase the rate of spoilage.

In addition to flavour, we must not ignore that the mainstream medical and news
media have long advised that the quantity and types of fats consumed play a role in
cardiovascular disease risk and hesliatugHealth Canada, 2008At the forefront of
choosing alternative meats, bison has been deemed to have fewer calories and lower fat
content(Driskell et al., 1997; McClenaha Driskell, 2002)than beef. Fat is an
important part of a healthy diet because it provides essential fatty acids and energy. Fat
also serves as a carrier for the absorption of vitamin A, D, K, E and carotérealth
Canada, 2008; USDA, 2005)he USDA (2005) recommendadotal daily intake of fat
between 20 to 35% of calories as well as a daily cholesterol intake of less than
300mg/day. Cholesterol can incredise risk of unhealthy blood lipid levels, which may
increase the risk of coronary heart disgasgeDA, 2005)

The present study aimed to investigate the changes pethentagesf fatty
acids in free fatty acids, triglyodes and phospholipidss well as concentrations of

cholesterol in bisobhD muscle during chilled storage conditioning at 4°C.

4.4.1 Materials and Methods

4.4.1.1 Reagents and chemicals

Chloroform (099%), methanol (0S®%), anh
methanolic KOH, &nilino-1-naphthalene sulfonic acid (ANSA), hexane, petroleum

ether, anhydrous diethyl ether, acetic acid angrB&thanol chemicals and compounds
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used for lipid analysis were all purchased from Sigktdrich Canada td. (Oakuville,
ON, Canada).

4.4.1.2 Meat samples and extraction method

Meat samples and the lipgbluble extraction method used ffA, TG, PL and
cholesterol analysiareoutlined in sections 2.2 and 24respectively.

4.4.1.3 Cholesterol analysis

Cholesterol wasnalyzed using a cholestei®L assay kit procedure (Diagnostic
Chemicals Id., Charlottown, PEICanada). A standard calibration curve was prepared
by making a series of dilutions using diluent included with the@xCcholesterol and
TG reagent multcalibrator (Diagnostic Chemicalstd.). Concentrations of calibration
solutions were 4.84, 2.42, 1.21, 0.61, 0.30 @i&mmol/L. The addition of Bl of each
standard watansferred into disposable culture tubes (Fisher Scientifian@ ON,
Canada) inrtplicate. A 4x diluteccontrol was prepared using 3ADof diluent and 100
pl of DC-TROL Level 2 solution (Genzyme Diagnostitdl, Framingham, MA, USA
and5 pl of the control was transferred into disposable cultureguib triplicate. A total
of 5l of lipid extract 25 mg/ml) was then transferred into disposable culture tubes in
triplicate and dried down undamitrogenevaporatorFive ul of diluent wasdded to
drieddown tube and &lank was prepared with{8 of diluent. Cholesterol reagent (b0
pl) wasadded to all thes and vortexed. Tubes waneubated for 20 mines at room
temperature and 2Q4 was transferred into a Costar-@@ll polystyrene assay plate
(Corning Incorporated, Corning, NY, USA) and read at B@0ometeusing a

FLUOstartOmega microplate reader (BMG Labte€htenbergGermany). The curve
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and linear regression equation of standard solutions were used to calculate the
concentrations of cholesterol within bison extracts.

4.4.1.4Lipid separation: Gplate (Neutral lipids)

The method used for separation of neutral lipids (free fatty acids, triglycerides and
phospholipids) is fronfrolch et al(1957) Thin layer chromatography-@ate silica gel
uniplates from Analtech Incorporated (NewddkE, USA) were marked with six columns
and activated at 110°C for at least 1 hour in an oven (Lab Line Instrimegrnivielrose
Place, IL, USA). A slvent system mobile phase was prepavét 80 ml petroleum
ether, 20ml diethyl ether and inl acetic acidThe ®lvent was poured intaTLC tank
(Fisher Scientific) containing filter paper and covered to atlematmosphere to
equilibrate. A standard solution was prepared in chloroform and methanol (1:1) using
TG, cholesterol ester (CE), cholesteféFA and diglyceride (DG) in concentrations of 5
mg/mL for TG, cholesterol and DG andrg/ml for CE and FFA. A total of 12| of
standard s spotted using a Hamilton EDsyringe (Fisher Scientif)an the first
column ofthe Gplate followed by 8Qul (2 mg) d bison lipid extract in the next fev
columns using a Hamilton 1Q0 syringe (Fisher Scientifjc A total of six Gplates were
used to fate all bison lipid extracts. Thgrnge was cleaned between each extract using
chloroform and methanol (1:1). Plateereplaced inthechamber for 30 minutes or until
solvent reached 1cm from the top of the plate. Blatreremoved, air dried and sprayed
with ANSA (0.1%) prepared in deionizedhter until covered. Plate wevesualized
under UV light using a UVGi58 handheld UV lamp (UVP, Lipland, CA, USA). TG,

FFA and PL bands were then marked with a pick, scraped onto weighing paper and
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transferred into small methylated tubes (Fisher Scientific). Saponification of TG and
methylation of TG, FFAand PL wergerformedas outlined in section 4.4.1.4 below.
4.4.1.5Saponification and methylation

Saponification of TG same$ was performed by adding i of 0.5N
methanolic KOH to methylated tubes tightly sealed with teflon tape and heated in
preheated dry sand usiagIsotemp hot plate (Fisher Scientific, Dubuqu®, USA) at
80-110°C for 1 hour and 30 minutes. Tubes were removed and allowed to cool for 10 to
15 minutes after which they underwent methylation.

Methylation of TG, FFA and PL sanmgd was performed by adhdj 1.5ml of BF;
in methanol and &l of hexane to tubes tightly sealed with Teflon tape and heated in
preheated dry sand at 110°C for 1 hour. Tubes were removed and cooled Ineffofe
deionized water was added. Samples were capped and vortexed béefgredmtrifuged
for 10 minutes at 1300rprithe ypper phase containing hexane and methglapeds was
transferred t@ 2 ml GC vialusingaglass pasteur pipette.

TG and PL methylated samples were dried down uadérogen evaporator
from approximatet 1.8 ml to 1.0ml and 0.5ml, respectively. FFA methylated samples
were dried down completely undiwe nitrogen evaporator, after whidtvy5pl of hexane
was added before transferring irt@lass insert. Theseat was dried down and 148
was once aga added taheoriginal GC vial, transferred taninsert and dried down. A
total of 20ml of hexane was added to the insEmtainingFFA samples. All samples

were vortexed and stored-80°C until GC analysis.
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4.4.1.6Gas chromatography

Analysis was performed using a Varian 48 (Agilent Technologies, Walnut
Creek, CA). An aligot of the lipid solution (2.@l) was injected at 250°C in split mode
(10:1) onto a Varian fused silica capillary 100m column (2.5mm ID). A filament delay of
5 minutes staed each lipid run. The oven temperature was initially at 100°C for 2
minutes, increased at 25°C/minutel75°C and held for 30 minutes, folled by an
increase at 15°C/minute 220°C and held for 10 minutasd increased at 20°C/minute
to 240°C and hdlfor 11 minutes. The total run time was 60 minutgisg FID
detectiom The helium carrier gas flow rate was kept constant throughout the run at 1.8
ml/minute. Hexane was used as a blank and for autosampler wash.

4.4.1.7 Statistical analysis

Oneway ANOVA was performed using a SPSS (Version 19) software program
to analyze lipid data. Mean storage day differences for each compound were determined

using Tukeyds test with a significance | ev

4.4.2 Results and Discussion

The total fat percentagin bisonLD muscle averaged 3.34%, 2.45%, 2.61%,
2.97% and 2.60% at storage day 2, 4, 8, 15 and 21, respectively. Total lipid content and
fat percentages for six bisons at 2, 4, 8, 15 and 21 days are shown in TablNal.4.1
significant differences (R305) in storage days were observed between the fat
percentages of bison. The cl@ent of variation (CV) rangeefiiom 39% to 51%,
suggesting there is a large variation between animal fat percentages. The variation

between replications suggests that tlgh ICV is not caused by an error in extraction but
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rather differenceamong animalsBison 3 appears to hatiadthe most total lipid and fat
percentage particularly during storage days 2 to 8 compared to other animals. Although
the six bisons consumecetBame feed, were the same age, gender and species other
factors such as stress, amount of feed consumed and genetic factors can influence the
nutrient composition and affect the variation between animals. Several studies have
reported the fat content o&kious muscle types in bison consuming either grain or-grass
based diets. Reports on fleagissimus thoracifLT) muscle showed a fat content of

1.57% to 3.31%Galbraith et al., 2006; Juarez et al., 2010; Kethl, 1995;Marchello

et al., 1998which is similar to those reported for bisod musclesn this study. Bison

LD muscle also contains less fat than choice beef at (M&rchello et al., 1989 The

total fat content of standard beef, pork andlefigissimusnuscles as well as chicken
breast has been reported as 2.7%, 4.9%, 4.0% and 0.7% respébtarelyello et al.,

1989 Rule et al., 2002)The total fat content of bison is therefore comparable to standard

beef.
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Table 4.4.1

Total lipids and fat percentages of bison LD muscles duringrpostem conditioning
over 21 days atL.

%(:nnéjl(tg):;gg Bison Meat Extracted (g) Total Lipids (Q) Fat %
1 1 0.0307 3.07

1 1 0.0305 3.05

2 1 0.0199 1.99

2 1 0.0176 1.76

3 1 0.0558 5.58

3 1 0.0512 5.12

4 1 0.0224 2.24

2 4 1 0.0256 2.56
5 1 0.0206 2.06

5 1 0.0285 2.85

6 1 0.0453 4.53

6 1 0.0528 5.28

Average 3.34

SD 1.40

CV (%) 42%

1 1 0.0254 2.54

1 1 0.0230 2.30

2 1 0.0158 1.58

2 1 0.0132 1.32

3 1 0.0540 5.40

3 1 0.0451 4.51

4 1 0.0248 2.48

4 4 1 0.0216 2.16
5 1 0.0203 2.03

5 1 0.0209 2.09

6 1 0.0158 1.58

6 1 0.0144 1.44

Average 2.45

SD 1.25

CV (%) 51%

1 1 0.0262 2.62

1 1 0.0267 2.67

2 1 0.0154 1.54

8 2 1 0.0212 2.12
3 1 0.0479 4.79

3 1 0.0472 4.72

4 1 0.0323 3.23

4 1 0.0274 2.74
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5 1 0.0208 2.08

5 1 0.0161 1.61

6 1 0.0164 1.64

6 1 0.0161 1.61
Average 2.61
SD 1.14
CV (%) 44%
1 1 0.0312 3.12

1 1 0.0222 2.22

2 1 0.0190 1.90

2 1 0.0196 1.96

3 1 0.0318 3.18

3 1 0.0361 3.61

4 1 0.0562 5.62
15 4 1 0.0432 4.32
5 1 0.0299 2.99

5 1 0.0311 3.11

6 1 0.0179 1.79

6 1 0.0179 1.79
Average 2.97
SD 1.16
CV (%) 39%
1 1 0.0442 4.42

1 1 0.0464 4.64

2 1 0.0182 1.82

2 1 0.0180 1.80

3 1 0.0319 3.19

3 1 0.0271 2.71

4 1 0.0238 2.38
21 4 1 0.0280 2.80
5 1 0.0175 1.75

5 1 0.0188 1.88

6 1 0.0205 2.05

6 1 0.0175 1.75
Average 2.60
SD 1.02
CV (%) 39%

Note.'Di f f erent |l etters in the same row indicates
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Results for cholesterol content in bidod muscle is showin Figure 4.4.1, with
cholesterol averages of 82.69, 61.34, 68.07, 74.81 and 8@ &Er 100 grams of meat at
day 2, 4, 8, 15 and 21 days, respectivBly signficant differences (P&05) in
cholesterol vasdetectedduring conditioning The method usefdr determination of
cholesterol content in this study has not been used in previous studies of bison.
Cholesterol content has been analyzed in bison by methods described by Stadman et al.
(1957) and the Association of Official Analytical Chemists (AOATPS5). The current
method was used to test the cholest&iolassay kit as an alternative method for
analyzing cholesterol in meat tissh@wever lipids did not dissolve properly suggesting
this method is better used for plasma and other bicdbgampes. In grassand grain
fed bison, cholesterol content has been reported to range fromtd&2ihg in the

ribeye muscléGalbraith et al., 2006; Marchello, 20(archello et al., 1998)

40.00
20.00
0.00
Day 2 Day 4 Day 8 Day 15 Day 21
Storage Day

Figure 4.4.1Cholesterol content (mg/100g of meatLih muscle oBison bisorduring
chilled storage conditioning for 21 days at 4°C. Values are means of 6 animals in

triplicate with standard deviations.
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An example of &FA chromatogram of a bison extract is shown in Appendix L.
Percentages of fatty acids for bidob muscle are shown in Table 4.4.2. The most
represented fatty acids in the lipids extracted from bison were stearic acid (C18:0), oleic
acid (C18:1n9) and palmitecid (C16:0) followed by linoleic aciC18:2)and
arachidonic acid (C20:4). Juarez et al. (2010) reported similar results in duffalo
muscle with oleic, stearic, palmitic and linoleic being among the top contributors to the
total fatty acid content abaw buffalo meat. Myristic and palmitic fatty acids are among
the most atherogenic fatty aci(fpadyet al, 1993) linoleic acid however, is thought to
be neutral with respect to atherogeni¢Bpnanome & Grundy, 1988Atherogenesis is
the formation of plaques made up of fat matgiase GEEK, 2011)A significant
difference (P<0.05) in storage days are seen in margaric acid (C17:@ghettorage
days 2 and 4 as well as a significant increase in eicosapentaenoic acid (EPA) (C20:5n3),
linoleic and arachidonic acid betwestorage days 2 and 21. Arasiiic acid undergoes
oxidation quickly making it an important source of volatiles dudagking(Mottram &
Elmore, 1998while high levels of linoleic acid have been shown to produce oily, sweet
or bland tastes during cookirighu, 2006)

In theLD muscle of bson, fatty acid results shedthat thesaturated fatty acid
contentrangedirom 56.34%, 61.74%, 54.95%, 55.05% and 49.74% at storage day 2, 4,
8, 15 and 21 days, resgively. The MUFA content rangddom 27.86%, 24.16%,

27.94%, 24.61% and 27.16% at sgwalay 2, 4, 8, 15 and 21 days, respely. The
PUFA content rangefilom 15.32%, 13.85%, 16.33%, 19.76% and 22.33% at storage day
2,4, 8,15 and 21 in bisdtD muscle, respectively. These results are similaséburated

fatty acidsin theLT muscle ofbison in which studies revealedgaturated fatty acid
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content of 42.7%0 57.8%, however MUFA content walightly lower and PUFA
contentwasslightly higher tharthose reporte{Uuarez et al., 2010; Marchello, 2001;
Marchello et al., 1998)The results fosaturated, monounsaturated and polyunsaturated
fatty acidare shownn Table.4.45, howeser some individual fatty acids were not

detected in some animals.

Table 44.2

Percentages of free fatty acids in bison LD during {mosttem conditioning over 21
days at 4°C.

Free Fatty Conditioning Timeat 4°C(Days)
Acid 2 4 8 15 21
C14:0 0.44+0.36  0.30+0.25 0.36+0.26 0.34+0.27  0.42+0.16
C15:0 0.34+0.10  0.29+0.21 0.32+014  0.36+0.19  0.39+0.15
C15:1 0.38+0.47 0.20+0.23 0.43+0.81 0.29+0.23  0.45+0.45
C16:0 19.81+3.34 18.80+7.55 21.43+3.10 23.89+5.24 24.51+3.52
C16:1 1.29+0.81 0.82+0.60 0.93+0.42 1.16+0.73  1.28+0.57
C17:0 1.90+0.76 0.90+0.56 1.16+0.18 1.07+0.40  0.99+013
C17:1 1.11+1.40 0.45£0.40 0.56+0.20 0.51+0.24  0.75%0.51
C18:0 26.19+8.68 22.46+7.83 24.82+4.97 21.91+2.65 19.95+4.30

C18:1(n9) 23.79+4.35 20.05+6.86 22.74+3.27 23.21+4.93 22.83+3.52
C18:2 6.61+4.28  7.08+4.668° 8.39+2.54° 10.34+4.148° 11.44+2.37
C20:4 2.64+1.76 3.68+2.36° 4.27+1.5%° 5.10+2.18° 5.84+1.24

C20:5n3  0.18+0.18 0.2620.36° 0.27+0.28° 0.46x0.36° 0.55+0.32
Note.Values are means of 6 animals in duplicate + standard deviations.

! Different letters in the same row indicateg@sii f i cant di fference at |} <0.

Similar fatty acids contributed to the total fatty acid contett&T G fraction
An example of &G chromatogram of a bisocextract is shown in Appendix NDleic
acid hadhe highest total fatty acid percentage acromsge days, followed by palmitic
acid and stearic acid. Linoleic acid contestslower than that reported lije FFA

fraction No significant differences ¢®.05) were detected iniglycerideswith the
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exception of stearic acid that shes\a significantdifference(P<0.05)between storage

day 2 and 8 as well as storage day 2 and 21. Table 4.4.3 shows the fatty acid breakdown
of triglyceridesover 21 conditioning days at 4°C. Other individual fatty acids were
detected inTG bison samples, however individdatty acids were not detected in some
animals. No observabfgatternsuggesting that triglycerides are broken iREA over

conditioning at 4°C was evident as shown Figure 4.4.2.

Table 4.4.3

The composition of triglyceride fraction (% free fatty acid€)ison LD muscle during
postmortem conditioning over 21 days at 4°C.

Free Fatty Conditioning Timeat 4°C(Days)
Acid 2 4 8 15 21

C14:0 1.96+0.50 1.76%0.35 1.75+0.48 1.82+0.48 1.90+0.54

C15:0 0.45+0.13  0.36+x0.14  0.36+x0.15 0.40+0.08  0.42+0.12

C160 27.89+7.63 26.67+4.44 27.83+4.85 28.56+3.87 23.46+12.46

Cle:1l 1.88+1.37 2.13+1.22 1.96%#1.24 1.80+0.1.18 1.97+1.46

C17:0 1.75¢0.32 1.64+0.20 1.75+0.19 1.74+0.21 1.76+0.38

Ci7:1 1.04+0.35 0.95+0.21 0.77+0.41 0.96+0.19  0.96%0.32

C18:0 11.21+9.8%4 17.2+1.48° 19.57+599 15.12+7.28° 19.21+2.88

C18:1(n9) 47.69+9.07 43.30+3.23 37.31+14.07 44.19+6.96 45.09+8.86

C18:2 1.99+0.56 1.67+0.35 1.66+0.51 1.72+0.42  1.69+0.45

C18:3n3 0.39+0.09 0.32+0.13  0.29+0.16  0.34+0.09  0.33+0.07

Note.Values are means 6fanimals in duplicate + standard deviations.

'Different letters in the same row indicate a signi:

In the TGfraction of theLD muscle of bison, fatty acid percentagesdaturated
fatty acid MUFA and PUFA content is shown Table 4.4.5. The results for fatty acids
in theTG fraction is similar to those reported featurated fatty acida the FFA fraction

as shown in Figure 4.4.3, however MUFAs are higher and PUFAs are lower as shown in
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Figure 4.4.4 and Figure 4.4Besuts for saturated fatty acids,WMFAs and PUFAs are

similar to those repoted in the ribeye for bison in a study by Marchello et al. (1998).

, 1riglycerides

— Free Fatty Acids

"~ —Phospholipids

Figure 4.4.2Example of bison late separation under UV light. Five columns

represat five different storage days from 2 days to 21 days (left to right).

Structural phospholipids have been shown to have an important role in flavour
formation in cooked medMottram & Elmore, 1998)An example of @@L
chromatogram of a bisoextract is shown in Appendix .M\n overview of the fatty acids
in thePL fraction are shown in Table 4.4.4. Phospholipids are important structural
components in cells and contain a lagproportionof polyunsaturated fatty aas than
triglycerides particularly arachdonic acid, which makes them more susceptible to

oxidation during heatingViottram & Elmore, 1998)Arachidonic acidvashigher than
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the results showim the FFA and TG fraains While these compounds contribute to the

flavour of meat, these lipid oxidation products have been shown to modify the profile of

Maillard-derived volatiles produced in cooked m@dbttram & Elmore, 1998)In the

PL fraction, linoleic acid, palmitic acid, stearic acid, oleic acid and arachidonic acid

contributed the greatest percentage to the Egtal content. High levels of linoleic acid

as previously discussed, has been shown to produce oily, sweet ordslissdduring

cooking(Thu, 2006) No significant differences were shown between storage days in the

PL fraction of bison samples.

Table 4.4.4

The composition of phospholipid fraction (% free fatty acids) in dismuscle during
postmortem conditioning over 21 days at 4°C.

Free Fatty Conditioning Timeat 4°C(Days)
Acid 2 4 8 15 21
C14:.0 1.36+1.24 1.18+1.13 1.32+0.94 1.31+1.55 1.42+1.31
C1e6:.0 17.59+1.71 16.51+1.98 15.67+1.57 15.88+2.80 17.40+2.40
Cil6e:1 1.51+0.42 1.38+0.42 1.32+0.26 1.38+0.36 1.45+0.23
C17:0 0.57+0.33 0.51+0.20 0.49+0.19 0.58+0.26 0.52+0.31
Cil7:1 0.43+£0.40 0.52+0.31 0.50+0.32 0.48+0.34 0.44+0.37
C18:0 11.68+1.48 11.19+1.53 10.98+1.39 10.56+1.94 11.61+1.56
C18:1(r9) 17.91+3.90 16.48+2.66 16.10+2.82 16.05+2.89 16.39+2.97
C18:2 22.75£3.93 24.58+2.51 24.69+1.89 22.51+2.67 24.55+2.83
C18:3n3 2.19+0.46 2.31+0.63 2.36+0.70 2.25+0.51 2.3+0.71
C20:4 10.29+41.91 10.13+1.58 10.26%1.05 9.40+1.58 9.28+3.59
C20:5n3 1.51+0.22 1.51+0.25 1.58+0.29 1.44+0.22 1.55+0.37
C22:5n3 2.52+0.43 2.44+0.28 2.60+0.33 2.32+0.35 2.52+0.46
C22:6n3 0.61+0.19 0.46+0.18 0.43+0.22 0.46+0.10 0.49+0.21

Note.Values are means of 6 animals in duplicate + standard deviations.

! Different letters in the same row indicateiagni f i can't
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Table 4.4.5

The tdal saturated, monounsaturated apdlyunsaturatedatty acids n bison LD muscle
during postmortem conditioning over 21 days at 4°C.

Conditioning Timeat 4°C(Days)

Lipid Fraction
2 4 8 15 21

Free Fatty Acid

Saturated 56.34+7.08 61.74+12.59 54.95+6.14 55.05+8.16 49.74+5.03

Monounsaturatec 27.86+6.40 24.16+9.63 27.94+3.62 24.61+10.61 27.16+7.25

Polyunsaturated 15.32+9.17 13.85+847 16.33+5.50 19.76+8.03 22.33+5.04

Triglycerides

Saturaed 43.71+10.71 48.4845.46 51.65%+9.79 48.20+7.21 47.16+10.41

Monounsaturatec 52.95+9.85 48.51+5.09 41.87+15.07 48.97+6.58 50.00+9.64

Polyunsaturated 3.34+1.29 2.84+0.78 6.47+12.80 2.83+x1.03 2.83%1.10

Phospholipids

Saturated 37.15+3.04 36.22+2.28 36.23+3.20 39.25+2.13 36.97+3.81

Monounsaturatec 21.70+4.27 20.88+2.75 20.41+3.24 20.94+2.78 20.77+3.39

Polyunsaturated 41.15+6.07 42.90+3.50 43.36%+2.66 39.81+3.69 42.26+4.49

Note.Values are means of 6 animals in duplicate + standard deviationgretisdividual fatty acids
were not detected in some animals.

! Different letters in the same row indicateiagni f i cant di fference at 1} <0.
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Figure 4.4.3Saturated fatty acid percentagesF&, TG and PLfractionsin bisonLD

muscle at storage day 2, 4, 8, 15 and 21.
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Figure 4.4.4AMonounsaturated fatty acid percentagedieA, TG andPL fractionsin

bisonLD muscle at storage day 2, 4, 8, 15 and 21.
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Figure 4.4.5Polyunsaturated fatty acid percentagesHieA, TG and PLfractionsin

bisonLD muscle at storage day 2, 4, 8, 15 and 21.
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4.4.3 Conclusion

Lipid content is not only important due to its canttion to overall flavour,
aroma and texture of bison kalso for its associated health benefithke Food and Drug
Administration (1992) regulations label a serving of food (100g of bison meat) that
contains less than 5 g of fat (5%) as low in(Fedod and Drug Administration, 1992)
Stearic acid which is shown not to be a cholestexising fatty acidKris-Etherton et aJ.
1993)was present in higamounts fronFFA, TG and PL fractions bisonLD muscle
during chilled storage conditioning over 21 days at 4°C. Myristic acid (C14:0) however
is known to be a cholesterol raising fatty a@dck et al, 1994)andwas present in low
amounts.

Changes in fatty acid content in tREA, TG and Pliractions during chilled
storage conditioning at 4°C over 21 days were almosermtent, with the exception for
a couple of fatty acids that were significantly different@m®s$) in theFFA andTG
fractions across chilled storage conditioniKgsavaRao et al. (1991), found similar
results in adult male buffaltriceps brachii(TB), LD andBF muscles, in that storage
period did not show any significant effect on total sateeot, unsaturated and
polyunsaturated fatty acids from phospholipids during refrigerated (4°C) storage from O
to 9 days. The predominant fatty acids in the phospholipids of the male buffaloes
included palmitic, stearic, oleic and linoleic acid which isikinto the results found in
bisonLD muscle. Evidence of hydrolysis of phospholipids in bisBrmuscle was not
observed during storage, which may suggest fittlespholipasectivity during chilled

storage conditioning. In thHeD muscle of feedlot bisqrRule et al. (2002) reported
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palmitic acidto be the highest which was also a major fatty acid contributor in the bison
samples represented in this study.

Based on results reported in other studies, the muscle type and feeding regime of
bisons are impoaint to note. Range bisons have been emphasized to be the leanest bison
meat and contain the lowest cholesterol concentration as well as most healthful fatty acid
profiles(Rule et al., 2002¢ompared to feedlot bisowhile grainfed bisons are low in
fat, grasginished bison contains on average 5% nsairatedatty acids 6% more
PUFAs and 11% less MUFAs than grdimished bisongMarchello, 2001)

A discussion of theverall water soluble and lipisoluble results as well as the
correlation ofFFA, TG and Plpercentage® sensory evaluation results will be

discussed in ChapteriSCorrelation Studies.
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Chapter 57 Correlation Studies

Correlations betweeredugng sugars and sugar phosphatese amino acids,
nucleotidesnucleosides anbasesas well adipid concentrations with sensory evaluation
results were performed using XLSTAT 2011 statistical analysis software (Addinsoft,
New York, NY, USA). Partialeast squares (PLS) regression was used to correlate
chemical analysis results with sensory evaluation results (P<0.05). PLS is a modeling
method that tries to find the fundamental relationship between two matridee case
of this study it takes theéependent variable which is the standardinedn sensory
evaluation resultrom three replications and eight panelists (Y) and tries to correlate it
with the explanatory variablgn this case the selected flavour precursors concentration
descriptors atite same storage dafPLS is an extension to the multiple linear regression
model;however it does not impose the restrictions employed by discritréamatysis,
principal componentegressionand canonical correlatigi$tatSoft, 2002)PLS takes
into account botlX andY variables, whereashenPCAwasused for sensory evaluation
analysis in section 3.6 only thevariable was taken into account. To help visualize the
results and get an overall understanding of theatran between watesoluble flavour
precursors as well as lipid results with sensory attributes across storage days 2, 4, 8, 15

and 21, PLS was used.

5.1 Correlation betweeSugar and Sugar Phospha®mposition and Sensory Analysis

The model of qualityf number of components for the correlation betwsaegar
and sugar phosphatemposition and sensory ana/éshown in Figure 5.1.1) showed

low value for G cumulated index which is the measure of global goodness of fit and the
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predictive quality of te sensory evaluation resylisdicating that the quality of fit varied
considerably depending on the sensory attribute. The cumuldtivaril X
correspond to the correlations between the explanaXprgnd dependent] variables
and are very close th indicating that the 3 components generated by the PLS

regressions summarize well both KandY variables.

Components

HQ? cum OR2Y cum ER2X cum

Figure 5.1.1Model quality for number of components for correlatsugar and sugar

phosphateoncentrations and sensory evaluation resfitsndex close to 1 is ideal.

The correlation betweereducing and phosphasegarsand sensory evaluation
analysisvas59.9%%. Figure 5.1.2 shows the correlationofsugar$ andY (sensory
evaluation) variables' he vector t2 represents the most vawiain Y, while vector t1

represents the variation in X, howevedoes not necessarily explain the most variation
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in X. Figure 5.1.2 shows the score plot between t1 anistexpected, stage day 2

and 4 are clearly sepied from storage day 15 a@dl. Storge day 8 also appears to be
sepaated from both storage day 2 and 4 as well as 15 and 21 days. The sensory
evaluation attributes of chewiness and connective tissuetime dependent as seen in
Chapter 3and appeato be correlated with storagayl2 and 4 along with oily/fatty

aroma. Beef, sour, salty and oily/fatty flavour, vinegar/sour aroma as well as oily mouth
coating are correlated with storage day 15 and 21. lamidloveraltendernesas well as
juiciness are closely correlated witloistge day 8 and 15. These correlations of sensory

attributes to storage day are similar to those seen with PCA results shown in Figure 3.1.6.

¢ Compound

Attribute

Beef Aroma
0.75

* Storage Day

Beef Flavar
Qily Motth coating
X Day 21 Oily/fatty Flavor
0.5 Xylos T
Vinegaf/sour Aroma
. Day 15
D€ L Mannose X T
Fructos
Overall t¢nderness Day 2
Sour Flavor )
Ity Flavor ™, I } — Day-45¢ Qily/fatty Arotna

12
)

Initial tenderness

075 Juiciness

Brothy/salty Aroma

05 1 Conpfective tissue
: Glucose-6-Phosphate
-0.75 4
Mannose-6-
Phosphate ructose-6-
1 Phosphate
-1 -0.75 -0.5 -0.25 0 0.25 0.5 0.75 1

Figure 5.1.2Correlations of sugars and sugar phosphates with sensory attributes and

storage days on agél and t2.
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5.2 Correlation between Amino Acid Composition and Sensory Analysis

The model of quality of number of components for the correlation between amino
acid composition and sensagalysis is similar to that of sugand sugar phosphates
The corelation between amino acids and sensory evaluation res@its7/i®o. Figure
5.1.3 shows the correlation betweeandY variables and the five conditioning days.
The separation of between storage days and time dependent nature of the flavour, aroma
and exture attributes from sensogyaluations are similar to thoseen in Section 5.1
above. Once again the majority of amino acids are correlated with storage days 15 and
21. Alphaaminopimelic acid, ornithine and especially glutananenot correlated tany
one storage day in particular which is also supported by the mean results shown in Table
4.3.1 in which these three amino acids are not significantly different during storage days
at a significance level of 0.05. The PLS results show a strong carnetsiween proline
and storage day 21. The correlation with the majority of amino acids and storage day 15
and 21 may suggest that these amino acids contribute to the beef, oily/fatty, salt and sour
flavour, vinegar/sour and brothy/salty aroma as wellilgshnmouth coating, initial

tenderness, overall tenderness and juiciness of bison meat.
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Figure 5.1.3Correlations of amino acids with sensory attributes and storage days on axes

tl and t2.

5.3 Correlation between Nucleotidducleoside and Baseompositiom and Sensory

Analysis

The model of quality of number of components for the correlation between
nucleotide nucleoside and basemposition and sensory analysis is similar to that of
sugarsand amino acisl However the cumulative B and RX that correspnd to the
correlations between the explanatasy &nd dependent] variableswere closer to 1.

Therefore the 3 components generated by the PLS regressions summafiaadive
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