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Abstract

Production of volatile organic compounds is often considered as an important
factor affecting food quality. Chemical analysis of these is not always simple, especially
in the meat. One of the more advanced ways to analyze these substances is to use the
SPME-GC-MS combination. This technique makes it possible to monitor the changes in
the chemical composition of volatile compounds from meat under different storage
conditions (temperature, time). In this work, SPME-GC-MS technique monitored the
volatile compounds profiles from fresh pork samples, stored at 25 °C and 8 °C for 1, 3,5
and 7 days. Chemical structures of the compounds were determined from their mass
spectra or by comparison of their Kovats indices. Chemical analysis has shown the
presence of many compounds, especially aldehydes and alcohols, then ketones, acids,
terpenic substances, hydrocarbons and others. These compounds are produced by
biochemical processes during ageing of meat and also by action of microorganisms. The
present study will give basic information on the acceptability of the meat under certain
storage conditions and open door for more future research on meat aroma and flavor. The
method can be used to study volatile substances from different types of meat, along with

post-mortem biochemical changes, and can be used in food analysis.

Keywords: volatile compounds, pork, storage conditions, SPME, GC-MS



Abstrakt

Produkce t€kavych organickych sloucenin je ¢asto povazovana za dilezity faktor
ovlivitujici kvalitu potravin. Chemickd analyza téchto latek v mase neni, ale vzdy
jednoduché. Jednou z modernéjSich moznosti, jak tyto latky analyzovat je pouziti
kombinace SPME-GC-MS. Tato technika umoziuje sledovat zmény v chemické slozeni
t€kavych latek z masa za riiznych skladovacich podminek (teplota, ¢as). V této praci byly
pomoci techniky SPME-GC-MS, sledovany profily t€kavych latek ze vzorku ¢erstvého
veprového masa, dale pak po skladovany pfi teploté 25 °C a 8 °C po dobu 1, 3, 5 a 7 dnil.
Jednotlivé slozky byly identifikovany z hmotnostniho spektra a srovnanim Kovacovych
indext. Chemicka analyza prokazala ptitomnost mnoha slouc¢enin, predevsim aldehydii a
alkoholu, dale pak ketonu, kyselin, terpenickych latek, uhlovodika a dalsi, které jsou
produkovany biochemickymi procesy béhem zrani, popt. kazeni masa a také ¢innosti
mikroorganismu. Piedlozend studie nabizi zakladni informace o pouzitelnosti masa za
urcitych skladovacich podminek a ukazuje moznost dalSich vyzkumut aromatickych latek
masa. Uvedena metoda muze byt pouzita ke studiu tékavych latek z riznych druhti a typt
masa, spolu s tim biochemickych zmén béhem zrani masa a mize byt vyuzita pfi analyze

potravin.

Klicova slova: tékavé latky, vepfové maso, skladovaci podminky, SPME, GC-MS
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1. Introduction

While meat is one of the main sources for human nutrition, pork is often referred
to as one of the red meat types which has been widely produced due to its low cost of
production. Over the last few decades, pork has become more favored by consumers in
the industrialized nations and thought to be healthier to eat (Warriss, 2000).
Correspondingly, the idea of storing meat in the refrigerator is getting more popular
owing to the workload of working people these days. Refrigerator has become an
important appliance that can keep our food safe because of its capacity to slow down
bacterial growth causing food poisoning (Foodsafety, 2010). During refrigerated storage,
it is well known that meat becomes tenderer. This commonly happens because of the
proteolytic changes occurring in the architecture of the myofibril and its associated
proteins (Huff-Lonergan, 2010).

The generation of volatile compounds in meat and meat products has been widely
studied due to its role of flavour in the overall acceptability (Mottram, 1998). Soncin et
al. (2007) and Estévez et al. (2003) have worked on volatile fraction in raw meat of pork
and under refrigerated storage by using solid-phase microextraction (SPME), which is an
inexpensive, easy and rapid technique (Brunton et al., 2001) offering chemical data
closely related to olfactory assessment (Pawliszyn, 1997), coupled with gas
chromatography and mass spectrometry (GC-MS). However, there still lacks research
working on the monitoring and comparison of volatile substances in pork at room
temperature and under refrigeration by using the aforementioned technique. This has led

to the idea of commencing this study.



2. Literature Review

2.1  Nutritional value of meat

Meat has played an important part in human diet because of its great source of
protein and main source of certain vitamins and minerals (Mottram, 1991; Biesalski,
2005). According to Warriss (2000) and Smil (2013), meat contains abundant amount of
protein whose composition matching closely to our own proteins and is rich in vitamin
B, vitamin A, iron, copper, zinc, and selenium. Meat is one of the best sources of dietary
iron because it supplies this essential mineral as haem iron, which is easily absorbed in
the upper small intestine and helps absorb non-haem iron present in plant food, and even
small amount of meat consumption can help prevent anemia (Bender, 1992; NZ Nutrition
Foundation, 2016). Iron deficiency is one of the well-known public health problems
which globally affects 1.62 billion people or more than a fifth of all humanity (WHO,
2008), and, even more tragically, in developing countries, it impairs brain development
of approximately half of all children and is associated with every fifth maternal death
(Micronutrient Initiative, 2009). Please refer to table 1 for the nutritional value of some

meats.

Table 1: Nutritional value of lean beef, lamb, and pork

Nutritional value Lean beef Lean lamb Lean pork
Protein (%) 20 21 21
Fat (%) 5 9 7
Energy content (kJ/100g) 517 679 615
Iron (mg/100Q) 2.1 1.6 0.9
Zinc (mg/100g) 4.3 4.0 2.4
Thiamine-B1 (mg/100g) 0.07 0.14 0.89
Riboflavin-B2 (mg/100g) 0.24 0.28 0.25
Niacin-B3 (mg/1009) 5.2 6.0 6.2
Pyridoxine-B6 (mg/100g) 0.32 0.25 0.45
Cobalamin-B12 (ug/1009) 2 2 3

(Source: McCance and Widdowson, 1997)



2.2  Types of meat
From the aspect of food legislation, meat is referred to as postmortem component
originating from live animals which is suitable for human consumption (Kauffman, 2012;

MAFF, 2016) and can be categorized as follows:

Pork : meat from pig (very young/5-7 months-old) — fairly soft consistency, fine fibred

with pale pink, pink or whitish-grey colour, and interspersed and entwined with fat.

Beef : The most important categories are:
» Young bull (18-22 months, live weight > 300 kg) — fine fibred, well-marbled.
» Cow (> 2 years, already calved) — medium red to brown red, moderately fine to
coarse fibred, yellow fat, marbled.

» Heifer (15-24 months, not calved) — red, fine fibred, white fat.

Poultry: The two main categories are:
» Dark meat — geese, ducks, and pigeons.
» Light meat — chickens, turkeys, and peacocks.
Colour varies based on age, breed, and body part (breast meat is light, thighs and
drumsticks are dark). Poultry fat tends to become rancid due to its high content of

unsaturated fatty acids.

Game : Wild game can be classified based on fur-bearing animals:
» Deer — antelope, caribou, elk, and white-tailed deer.
» Wild boars — wild pigs.
» Other wild game — hare, rabbit, badger, beaver, and bear.
» Birds or fowl — heathcock, partridge, pheasant, snipe, etc.
The meat of wild game consists of fragile fibres with a firm consistency and

colour ranging from red to red-brown.

Variety meats : meat of various animal organs — tongue, heart, liver, kidney, spleen,
brains, retina, intestines, tripe, bladder, pork crackling, cow udders, etc. Many of these
variety meats, such as liver, kidney or heart, are highly-valued foods because they contain

vitamins, trace elements as well as high quality protein (Belitz et al., 2009).
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Table 2: Proportional value of carcass meat and by-products from cattle, hogs, and lambs

Carcass meat and by-products C(aojot)le lz)/'og)’ ng)]b
Carcass meat 34 52 32
Bones 16 17 18
Organs 16 7 10
Skin and attached fat 6 6 15
Blood 3 3 4
Fatty tissues 4 3 3
Horns, hoofs, feet, and skull 5 6 7
Abdominal and intestinal contents 16 6 11
(Source: Goldstrand, 1988)
Table 3: Composition of different cuts of meat
Meat Cut of meat Pr(c;/tsin Mo(iozt)ure '(:Og '?;Z;‘ Cal/100g
Beef Chuck 18.6 65 16 0.9 220
Flank 19.9 61 18 0.9 250
Loin 16.7 57 25 0.8 290
Rib 17.4 59 23 0.8 280
Topside 195 69 11 1.0 180
Rump 16.2 55 28 0.8 320
Pork Ham 15.2 53 31 0.8 340
Loin 16.4 58 25 0.9 300
Shoulder 13.5 49 37 0.7 390
Spare rib 14.6 53 32 0.8 350
Lamb Breast 12.8 48 37 0.7 380
Leg 18.0 64 18 0.9 240
Loin 18.6 65 16 0.7 220
Rib 14.9 52 32 0.8 360
Shoulder 15.6 58 25 0.8 300

(Source: Sawyer, 1975)



2.3  Types of muscle

In living animals, there are three types of muscle whose functions are very
important to maintain life. They are smooth, cardiac, and skeletal muscles. While smooth
muscle locates in the skin and walls of tubular organs with their associated glands, cardiac
muscle is found only in the heart (Kisia and Onyango, 2005; Hill and Olson, 2012).
Distinct from the aforementioned, skeletal muscle is the most abundant type in the animal
body where its own tissue contributes generally between 50-70% of carcass weight and
most of the value (Weaver, 2012). The others are connective tissue, nerve tissue, and
vascular tissue (National Institutes of Health, 2016). In this type of muscle, contractile,
structural, and regulatory proteins are well arranged into a distinct striated pattern. Also,
it serves as a storage for lipids and contains considerable quantity of extracellular fluids,
mainly water (Kauffman, 2012). Refer to table 4 for the characteristics of each muscle

type and figure 1 for the structure of a skeletal muscle.

Table 4: Characteristics of muscle types

Muscle type Striated Nuclei per muscle fibre or cell Nervous control
Skeletal Yes Many Voluntary
Cardiac Yes 1-2 Involuntary
Smooth No 1 Involuntary

(Source: Weaver, 2012)

Perimysium

Blood vessel
Epimysium
Muscle fiber

Fascicle

Endomysium

Figure 1: Structure of a skeletal muscle (Source: National Institutes of Health, 2016)
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Because of the proportion of fibres, muscle varies in colours ranging from white
to red. Fibres can be classified on the basis of colour as red with higher content of
myoglobin and numbers of capillaries and mitochondria, white with low amounts of
myoglobin, and intermediate with intermediate properties (Moody and Cassens, 1968;
Warriss, 2000); and of metabolic characteristics or contraction speed as type | for slow-
twitch oxidative, type I1A for fast-twitch oxidative, and type 11B for fast-twitch glycolytic
(Pearson and Young, 1989; Body Building, 2007).

Skeletal muscle has a great number of fibres. Each fibre, which is enclosed with
connective tissue, has more than 1,000 parallel myofibrils embedded in sarcoplasm
(Toldra and Reig, 2012). When examining each myofibril, we can see dark lines known
as Z-lines where the distance between the two consecutive called a sarcomere containing
more than 65 proteins (Fraterman et al., 2007). Myofibrils are the contractile machinery
of the cell and comprise thick and thin filaments, partly overlapped and giving rise to
alternating dark (A band) and light (I band) areas (Huff-Lonergan, 2010).

Pan of fibre ' s i
!
I

=
=
Cut end =
showing E = ——
= _

Nucleus Sarcolemma

Sarcoplasm

60~100 pm

myofibrils

| N— =5
L N

o Zline M line Zline
Mitochondria Myofibrils surrounded by
sarcoplasmic reticulum

Part of one myofibril %

Cut end showing
i myofilaments 0 &5
1 pm J
; === — — 2 / \ —

| | /
. i /
% line Thick filament /
T Cross bridges Thin filament
l I formed from

1 sarcomere heanc:(s)]g:: Lnlgcs)sm

Figure 2: Schematic representations of a fibre and fibril with its banding pattern and

structure (Source: Warriss, 2000)



2.4  Muscle composition

Muscle composition varies considerably, and the accumulation of lipid is the most
influential on this variation. According to the U.S. Department of Agriculture (2008), the
largest constituent of mammalian muscle is water (65-80%) followed by protein (16-
22%), lipid (1-13%), carbohydrate (0.5-1.5%), non-protein nitrogenous compounds (1-
2%), and other non-protein substances; minerals, vitamins, etc. (0.5-1%). Additionally,
there is an inverse relationship between the percentage of protein and moisture and that
of fat, meaning, meats with high content of fat have lower amount of moisture and protein
(Toldra and Reig, 2012). Refer to figure 3 for fresh muscle composition and table 5 for

the approximate composition of pork muscle Longissimus Dorsi.

‘ Non-nitrogenous 79 w0 _ ‘ Nitrogenous 21 100 _ 7‘
compounds compounds
| |
Water 2 o __ 10 [on-proteins 2 10 ] Proteins 19 %0 10
Free 6 1 w1 [
Bound g 12 _ 13 Vitamins (water-soluble’ < < 100 Myofibrilla 11 4 60 100
Niacin = < _ 4 Myosin 5 B X% 43
Pantothenic acid < < 46 Actin 2 12 13 22
Lipids 3 71 1o Pyridosine < < _ 3 Titin 104 03 W
Triglycerides 5 i _ % Riboflavin = < _ 2 Tropomyosin 1 3 3 5
Phospholipids < < _ 1 Thiamine* < < _ 1 Troponin 1 3 3 5
Free fatty acids < = _ 1 B12 biotin, folic acid = < _ = Nebulin = 2 2 3
My BP-C = 1 1 2
Myomesin < 1 1 2
Minerals L1 1m Others 2 L 10 A-actinin < 1 1 2
Potassium 1 1 4 Creatine < 3 3 Others 1 4 5 ]
Phosphorus < = 2 Free amino acids = 2 2
Sodiuim < < 12 Carnosine, anserine < 2 0
Chlorine < = __ 8 Inosine mono- Sarcoplamic 6 26 29 100
Magnesium < < _ 3 phosphate < 2 18 Glyceraldehyde
Calcium < < __ 1 Other micleotides < 1 _ 6 phosphate
Tron < = _ 1 dehydrogenase 1 6 6 22
Zinc and other Aldolase 1 3 3 1
trace elements < = __ = Muscle amino acid Creatine kinase 1 2 3 9
composition Enolase 1 2 3 9
Essential Mole % L, dehydrogenase < 2 2 1
Carbohydrates 1 1 10 Arginine 7 Other glycolytic
Lactic acid 1 1 1B Histidine 3 enzymes 1 4 4 15
Glucose-6-phosphate < = _ 1 Isoleusine 35 Myoglobin = 1 1 4
Glycogen < < _ 38 Leucine 8 Extracellular < 2 3 8
Glucose, etc. < < __ 4 Lysine ] Others 1 4 4 15
Methionine 3
Phenylalanine 4
Vitamins (fat-soluble Threonine 4 Stroma 1 5 6 100
A D.EandK < < 100 Tryptophan 1 Collagen 1 3 ] 95
Valine 6 Elastin < < < 5
Subtotal 49 Reticulin = < < <
—% of fresh muscle
% of nitrogenous or non-nitrogenous compounds Non-essential
% of major subcomponents of proteins Alanine 7 Granular 1 5 5 100
% of each compound or element Aspartic acid and (Sarcoplasmic
within a subcomponent asparagine 9 reticulum, mitechondria,
Cystine and Cysteine 1 T-tubules, plasmalemma,
Glutamic acid and other membranes)
ghitamine 15
Glycine 7
Proline 5 Muscle elemental composition
Serine 4 Element WT, %
Tyrosine 3 Oxygen el
Hydroxproline < Carbon 14
<= less than 0.5% Subtotal 31 Hydrogen 10
Total 100 Nitrogen 3
* = Thiamine is about eight times higher in pork muscle. Sulfur and other
im-organic elements <
Total 100

Data are for mature, postrigor muscles representing various species. Each number following a part is its approximate percentage of larger parts by weight.
For example: Myosin represents about 5% of fresh muscle. 23% of nitrogenous compounds in muscle. 26% of all proteins and 43% of myofibrillar proteins.

Figure 3: Fresh muscle composition (Source: Kauffman, 2012)
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Table 5: The approximate composition of pork muscle Longissimus Dorsi

Average
Gross composition (g/100g)
Moisture 745
Protein 214
Lipid 2.7
Carbohydrate 0.5
Ash 0.9
Proteins (g/1009)
Myofibrillar 95
Sarcoplasmic 9.1
Connective 3.0
Lipids (g/100g)
Phospholipids 0.586
Triglycerides 2.12
Free fatty acids 0.025
Some minor compounds (mg/100g)
Cholesterol 46.1
Haem content 400
Dipeptides 347.6
Free amino acids 90.2

(Source: Aristoy and Toldra, 1998; Hernandez et al., 1998; Toldra, 1999, unpublished)

2.5 Biochemistry of meat
2.5.1 Biochemical processes in meat pre-slaughter

As long as the animal is alive, energy in the form of ATP is required for muscle
contraction and relaxation. To form ATP in pre-slaughter muscle tissue, glucose is
primarily used while fat or proteins are only utilized when no more carbohydrates
available. When needed for energy, glycogen, the muscular sugar and a polysaccharide
stored in muscle tissue and liver, is readily broken down to glucose which then undergoes
glycolysis producing pyruvate as the end point. To enter Krebs cycle, also known as the
tricarboxylic acid cycle or citric acid cycle, pyruvate is then transformed into acetyl CoA
with the help of enzyme pyruvate dehydrogenase. Unlike glucose, proteins and fat are
transformed directly into activated acetic acid or acetyl CoA. During Krebs cycle (figure
4), free hydrogen atoms are obtained producing reduced coenzymes NADH and FADH>
which contain more energy than their non-reduced state, and this energy is used in the last
step of oxidative phosphorylation to synthesize ATP from ADP. During oxidative



phosphorylation, reduced coenzymes NADH and FADH: are oxidized with the support
of oxygen, and since hydrogen is split into protons and electrons in this last step, electrons
are passed from one carrier to another which is known as the electron-transfer chain. For
the entire process of rebuilding ATP, 36 molecules are obtained in total per molecule of
glucose; 2 molecules of ATP from glycolysis, 2 molecules of GTP from the Krebs cycle,
and 32 molecules of ATP from oxidative phosphorylation (Feiner, 2006).

Pyruvate

Decarboxylation by pyruvate dehydrogenase

Acetyl CoA
wis by citrate synthase

Oxaloacetate > Citrate

Transformation by malate dehydrogenase

Reduction of NAD+ to NADH ool by mootitaac

Malate Iso citrate

* Decarboxylation by isocitrate dehydrogenase

Fiycintion by fmerase Reduction of NAD+ to NADH

Fumarate a-ketoglutarate
Oxidation by succinate dehydrogenase Transformation by a-ketoghitarate dehydrogenase
Reduction of FAD to FADH2 Reduction of NAD+ to NADH

Succinate < Succinyl CoA

Transformation by succinyl CoA synthetase
Obtaining guanosine triphosphate (GTP)

Figure 4: The Krebs cycle (Source: Feiner, 2006)

2.5.2 Biochemical processes in meat post-slaughter

Once the animal is slaughtered, oxygen concentration in the muscle will start
decreasing rapidly. At this point, whether oxygen is present or not, glycolysis still takes
place by converting glycogen into pyruvate as in the muscle of living animals (figure 5).
However, due to the unavailability of oxygen, the pyruvate obtained is no longer
transformed into acetyl CoA resulting no activated acetic acid enters the Krebs cycle to
produce reduced coenzymes, and oxidative phosphorylation will never happen. Instead,
pyruvate catalyzed by the enzyme lactate dehydrogenase is reduced mainly to lactic acid
which is not carried back to the liver as in live animals, and increases steadily after
slaughter resulting in the decrease of pH in muscle tissue. Under anaerobic glycolysis,

only 3 molecules of ATP, but 38 molecules of lactic acid are obtained from one molecule
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of glucose, and as the concentration of ATP drops below 1pumol per gram of muscle tissue,
actin and myosin are bound together to form the actomyosin complex leading to the rigor
mortis (figure 6). Then meat enters another stage called maturing or ripening, and is
tenderized by enzymes released from pH value decline (Feiner, 2006). Refer to figure 7

for the chemical and physical changes in pig muscle postmortem.

Glycogen

)
!

Fatty acids ]

v v

Amino acids Glycolysis

LN N—

Proteins J [ Glucose

Acetyl CoA

[ Oxidative phosphorylation ]

ADP — ATP

Figure 5: The process of obtaining ATP under aerobic conditions (Source: Feiner, 2006)

Muscle

Slaughter: Blood cireulation is stopped

[ Very fast decrease of oxygen concentration in the muscle

/ Lack of available o_rygex

Redox potential decreases . Cease of the activity
down to -50 mV ‘ Cell respiration stops F_ of the mitochondrial system
Glycolysis
Lactic acid is generated ‘ The enzymatic generation of ATP is reduced ‘

and accumulated

1

| pH drops down to around 5.6

Enzyme inhibition ATP consumption

‘ Actomyosin is formed ‘

ﬁmrmction

Decrease in water-binding capacity
Reduction in red color Rigor mortis

!

Release of water and soluble nutrients ‘

F
‘ Proteins are denaturated ‘—r

Figure 6: Summary of main changes during conversion of muscle to meat (Source:
Toldra and Reig, 2012)
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Figure 7: Chemical and physical changes in pig muscle postmortem (Source: Greaser
and Guo, 2012)

2.6  Storage life and spoilage of meat

Due to its biological composition, fresh meat is a highly perishable product
(Lambert et al., 1991). To prevent or delay quality deterioration, meat needs to be
packaged and stored properly. As stated by Gill and Harrison (1989), pork muscle cut
longissimus dorsi gets spoilt after 2 weeks under vacuum packaging and 5.5 weeks under
CO2 at 3°C by Brochothrix thermosphacta. However, the acidity of the meat and the
structure of the muscular tissue also play an important role in meat spoilage (Berkel et
al., 2004). As defined by Berk (2013), spoilage is any process contributing to the
deterioration of the safety, sensory quality or nutritional value of food and can be

classified as microbial, enzymatic, chemical, and physical.

2.7 Volatile compounds in meat

Immediately after slaughter, post-mortem biochemical processes start leading to
the generation of a large number of volatiles such as acids, aliphatic aldehydes, ketones,
and alcohols, and the formation of some others such as nitrogen- and sulfur-containing
compounds. According to Mottram (1998), this happens as the lipid fraction of meat,
particularly phospholipids, undergoes autoxidation phenomena. To Vinauskiene et al.
(2002), the production of volatile compounds is also associated with meat deterioration
during refrigerated storage while breed and farming system should not be neglected
(Elmore et al., 1999; Cameron et al., 2000). However, lipids are possibly the most
important precursor among different others (Gray et al., 1996; Ahn et al., 1997).
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Table 6: Main reactions of secondary aroma-active compound formation

Reactions Main classes of compounds produced
Hydrolysis Acids, alcohols

Oxidation Aldehydes, ketones, hydrocarbons, lactones
Pyrolysis Heterocycles, hydrocarbons

Fermentation
Decarboxylation
Strecker degradation

Maillard reactions

Esters, acids, acetals
Amines, hydrocarbons, ketones
Aldehydes, heterocycles

Heterocycles, aldehydes

(Source: Davidek et al., 1990)

Table 7: Main reactions producing hydrocarbons

Precursor

Type of reaction

Terpenes
Fatty acids, esters

Enzymatic reactions

Oxidation reactions

Various aromatic, alicyclic substances Pyrolysis

Secondary alcohols, sterols
Carboxylic acids

Dehydration
Decarboxylation

(Source: Davidek et al., 1990)

Table 8: Main reactions leading to aldehyde formation

Precursor

Type of reaction

Unsaturated lipids

Amino acids

Saccharides

Phenolic substances
Primary alcohols, cyclitols
Acetals

Hydroxy acids

Autoxidation and lipoxygenase-catalyzed oxidation
Strecker degradation, oxidative deamination
Non-enzymatic browning reactions, reverse aldolization
Enzymatic reactions

Free-radical or enzymatic oxidations

Hydrolysis

Decarboxylation

(Source: Davidek et al., 1990)
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Table 9: Formation of heterocyclic aroma compounds

Precursors Types of reaction Products

Monosaccharides, Pyrolysis (caramelization, Furans and pyrans
oligosaccharides roasting) Maillard reactions

Amino acids, Pyrolysis (frying, roasting) Pyrroles, pyrazines,
peptides, proteins Strecker degradation piperazines, imidazoles

Maillard reactions

Fatty acids, lipids Oxidation Furans and pyrans
Sulphur-containing Pyrolysis (frying, roasting) Thiophens, thiazoles,
amino acids thiolans, trithians

(Source: Davidek et al., 1990)

2.7.1 Lipid oxidation in meat

Lipid oxidation, which is also known as peroxidation or autoxidation, causes
quality deterioration of stored meat and meat products (Min and Ahn, 2005; Ladikos and
Lougovois, 1990). Lipid oxidation is associated with flavour deterioration (development
of rancidity or warmed-over flavour), loss of colour (redness), loss of nutritional value,
functional property changes, or the formation of toxic compounds, all of which influence
consumer acceptance of the meat (Addis, 1986; Frankel, 1984). Oxidation can occur
through auto-oxidation (which can occur in the dark and at room temperature through the
production of free radicals), photo-oxidation (occurs in the light when certain sensitisers
are present) and also can be induced by enzymes (such as lipase). The mechanisms have
been reviewed in detail by Saxby (1993) and Hamilton (2003). In animal tissues, the main
unsaturated fatty acids are oleic, linoleic, linolenic, and arachidonic (Ladikos and
Lougovois, 1990), all of which susceptible to oxidation. The other factors such as
processing and storage conditions of meat, antioxidants and additives, or pro-oxidants
(free iron) could also affect lipid oxidation development in meat. Considered as a major
catalyst for the initiation step of lipid oxidation, iron in meat is found in hemoglobin and

myoglobin, iron-containing enzymes, and transferrin (Min and Ahn, 2005).

2.7.2 Strecker degradation
The Strecker degradation (SD) plays several roles in the formation of flavour

compounds in processed foods. Primarily, it is the major pathway for conversion of amino
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acids into structurally related aldehydes of significant flavour value. Also, the SD
provides a relatively low energy route for mobilizing amino acids’ nitrogen and sulfur to
form ammonia, hydrogen sulfide and many flavour-significant S/N/O-containing
heterocyclic compounds. Finally, the SD provides a reduction mechanism for conversion
of dicarbonyls into acyloins thereby opening the door to still more diverse flavour
compound formation (Rizzi, 1999).

2.7.3 Maillard reaction

The Maillard reaction, which is also known as browning reaction, is one of the
most important flavour-producing reactions in cooking. The chemical mechanisms
involve the condensation of the carbonyl group of the reducing sugar with the amino
compound to give a glycosylamine. During thermal processing, this breaks down to
various sugar dehydration and degradation products. These compounds then interact with
other reactive components such as amines, amino acids, aldehydes, hydrogen sulphide,
and ammonia, and it is these reactions which provide the basis for the colours and aromas
which characterize cooked foods (Mottram, 2007).

Because the generation of volatile compounds in meat do influence the flavour, a
lot of researches have been conducted on both cooked and raw meat. Focusing on the
studies of volatile compounds in raw meat of pork, two main articles were reviewed; one
was done by Estevez et al. (2003) and the other by Soncin et al. (2007). In 2003, the
analysis of volatiles in meat from Iberian pigs and lean pigs after refrigeration and
cooking by using SPME-GC-MS was studied. The results showed that methyl alcohols
and ketones (such as 2-ethyl-hexan-1-ol, 2-methyl-butan-1-ol, 3-methyl-butan-1-ol, and
3-hydroxy-butan-2-one) were the most representative in refrigerated meat (Table 10) due
to the degradation of carbohydrates and proteins together with the Strecker degradation
pathway while lipid-derived volatiles were the most abundant in cooked meat and
refrigerated cooked meat. The other study conducted in 2007 was the preliminary study
of the volatile fraction in the raw meat of pork, duck, and goose. Among the three species,
different chemical compositions were detected. While alcohols, ketones, and 2-
pentylfuran were found in pork (Table 12), aldehydes and hexanoic acid were detected in
duck. These showed that endogenous compounds derived from lipid peroxidation were
predominant in pork and duck. Distinct from the two aforementioned, carbon disulphide

and a contaminant (p-dichlorobenzene) were found predominant in the goose.
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Olmo et al. (2014) studied the effect of high-pressure-processing and modified-
atmosphere-packaging on the volatile compounds and odour characteristics of sliced
ready-to-eat “lacOn”, a cured-cooked pork meat product. The results indicated that in
vacuum-packaged “lacon”, levels of esters, alcohols, acids, and benzenic compounds
increased until day 120 while ketones and sulphur compounds peaked on day 60 and
declined afterwards. In modified-atmosphere-packaged “lacon”, the levels of easters,
sulphur compounds, and alcohols were lower, and the levels of hydrocarbons were higher
than those in vacuum-packaged “lacon”. In high-pressure-processing “lacon”, the levels
of acids, alcohols, esters, and sulphur compounds were lower, and the levels of aldehydes
were higher than those in vacuum-packaged “lacon”. Kang et al. (2013) evaluated the
effects of high pressure processing on fatty acid composition and volatile compounds in
Korean native black goat meat. The results showed that the 9,12-octadecadienoic acid
and octadecanoic acid, well-known causes of off-flavours, were detected, and the volatile
compounds in the meat were affected by high pressure processing. Acevedo et al. (2012)
studied on modeling volatile organic compounds released by bovine fresh meat using an
integration of SPME and databases. Experimental data indicated that post-mortem
glycolysis is related with the release of volatile compounds in fresh meat. Therefore, the
proposed technique could be used to study possible sources of biochemical compounds
in meat. Vasta et al. (2011) worked on the volatile profile of longissimus dorsi muscle of
heifers fed pasture, pasture silage or cereal concentrate: implication for dietary
discrimination. The results revealed that some aldehydes, ketones, and furans derived
from lipid oxidation were affected by the treatments. While skatole, 3-undecanone,
cuminic alcohol, 1-butanol, and 2-methyl were accounted mostly for this dietary
discrimination, germacrene D, a terpenoid, was a maker of grass feeding. Ventanas et al.
(2008) analysed volatile compounds of Iberian dry-cured loins with different
intramuscular fat (IMF) contents using SPME-DED. The results demonstrated that the
amount of the main chemical families identified (hydrocarbons, aldehydes, alcohols,
ketones, and acids) increased with ripening time. In the headspace of high IMF loins,
higher content of some volatile compounds derived from lipid oxidative reactions and
others from the degradation of certain amino acids were displayed. Therefore, IMF
content could influence both the generation of volatile compounds and the transfer of

such compounds from the product matrix to the headspace.
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Table 10: Volatile compounds (AU x 10°) detected in the headspace of raw meat and
refrigerated meat from lean and Iberian pigs

compounds raw meat _ refrigerated m(_aat RT IM
lean Iberian lean Iberian
acetic acid 7.59 4.13 8.31 5.65 7.95 MS
butanoic acid 0.93 0.53 0.00 0.00 16.78 MS, KI
octanoic acid 1.09 0.00 1.82 1.61 28.04 MS
nonanoic acid 3.09 5.74 1.84 1.82 30.23 MS, KI
butane-2,3-dione 0.00 0.00 4.72 5.54 6.42 MS
3-hydroxy-butan-2-one 0.88 0.00 70.72 64.32  14.06 MS
heptan-2-one 0.28 0.08 5.60 2.42 20.80 MS, KI
octan-2-one 0.00 0.00 0.76 0.57 23.85 MS, KI
pentanal 0.00 0.00 2.61 0.75 12.29 MS, KI
hexanal 2.17 3.80 5.11 4.46 17.44 MS, KI
heptanal 0.00 0.00 0.16 0.50 21.17 MS, KI
octanal 3.87 1.75 2.29 3.68 24.21 MS, KI
oct-(E)-2-enal 0.00 0.00 0.71 0.98 25.72 MS, KI
nonanal 15.38 9.74 13.33 16.97 26.85 MS, KI
decanal 0.00 0.00 1.53 2.14 29.22 MS
dec-(E)-2-enal 0.00 0.00 3.50 2.06 30.5 MS, KI
undec-(E)-2-enal 0.00 0.00 2.24 2.69 32.62 MS, KI
3-methyl-butan-1-ol 0.00 0.00 7.43 2331 1435 MS, KI
2-methyl-butan-1-ol 0.00 0.00 0.98 8.20 14.55 MS, KI
pentan-1-ol 0.00 0.00 0.00 5.04 15.89 MS, KI
butane-2,3-diol 0.00 0.00 17.19 5.73 17.22 MS
hexan-1-ol 0.69 6.16 6.29 7.31 20.01 MS, KI
heptan-1-ol 6.89 4.37 2.52 4.84 23.19 MS, KI
oct-1-en-3-ol 1.62 2.01 2.52 2.39 23.5 MS, KI
2-ethyl-hexan-1-ol 70.81 7.96 232.19 17.33 24.87 MS
octan-1-ol 9.01 8.07 4.18 3.83 25.92 MS, KI
2-phenyl-ethanol 0.00 0.00 1.74 0.68 27.35 MS
dodecan-1-ol 0.00 0.00 1.26 1.19 34.62 MS, KI
acetic acid ethyl ester 0.00 0.00 3.94 3.80 7.36 MS
1,1,2,2-tetrachloro-ethane 4.82 0.00 0.00 0.00 17.98 MS
nona-(E,E)-1,3-diene 0.00 0.00 1.15 0.00 21.98 MS
2,2,4,6,6-pentamethyl-heptane 9.61 2.30 0.00 0.00 23.99 MS
decane 7.77 1.33 1.07 0.84 24.07 MS, KI
limonene 11.87 1.43 1.11 1.14 25.14 MS, KI
dimethyl-sulfide 0.00 0.00 1.19 0.95 15.00 MS, KI
dihydro-furan-2-one 0.53 1.63 0.00 0.78 21.73 MS
2-pentyl-furan 0.83 2.27 0.76 2.78 23.94 MS, KI
pyridine 2.08 2.50 0.00 0.00 15.09 MS
methyl-benzene 5.07 4.65 4.03 5.66 16.09 MS, KI
1,3-dimethyl-benzene 791 5.82 2.08 11.74 20.24 MS, KI

(Source: Estévez et al., 2003)
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Table 11: Volatile compounds found in fresh and marinated pork with different packaging
atmosphere (air, MAP, and vacuum)

fresh (n=27) marinated (n=27)

compounds

H AV  AIMAP VIMAP H AV  AIMAP  VIMAP
2,4-dimethyl-hexane 0.18 ns ns ns 319 ns ns ns
3-methyl-hexane 0.70 ns ns ns 097 ns ns ns
2,5-dimethyl-hexane 0.03 ns ns ns 134 ns ns ns
2,4-dimethyl-heptane 1.10 ns ns ns 095 ns ns ns
2-propanone 3.56 ns ns ns 176 ns ns ns
2-octene 3.43 ns ns ns 716 ns ns ns
ethyl ester acetic acid 0.17 ns ns ns 6.10 ns ns ns
2-butanone 1.19 ns ns ns 1.86 ns ns ns
_21-%;?:;2%/: ethoxy) 851 ns ns p<005 190 ns ns ns
gtr?;)/lld ;gt)é ¥propan0|c acid 0.68 ns ns ns 204 ns ns ns
2-pentanone 2.35 ns ns ns 1.48 ns ns ns
pentanal 1.75 ns ns ns 1.19 ns ns ns
acetic acid ethenyl ester 3.28 ns ns ns 058 ns ns ns
chloroform 1.55 ns ns ns 145 ns ns ns
2-butanol 1.58 ns ns ns 6.36  ns ns ns
ethyl ester butanoic acid 0.23 ns ns ns 311 ns ns ns
3,5,5-trimethyl-1-hexene 0.69 ns ns ns 936 ns p<001 ns
dimethyl disulphide 0.83 ns ns ns 039 ns ns ns
hexanal 0.13 ns ns ns 117 ns ns ns
2-beta-pinene 0.00 ns ns ns 1438 ns p<0.05 p<0.001
2-nitrobutane 0.00 ns ns ns 536 ns ns ns
3-carene 0.00 ns ns ns 0.02 ns ns ns
heptanal 0.11 ns ns ns 225 ns ns ns
dl-limonene 0.00 ns ns ns 375 ns ns ns
3-methyl-1-butanol 6.92 ns ns ns 865 ns ns p <0.05
2-pentyl-furane 0.71 ns ns ns 166 ns ns ns
ethyl ester hexanoic acid 3.01 ns ns ns 204 ns ns ns
1-(methylphenyl)-ethanone 7.41 ns ns p<005 412 ns ns ns
octanal 0.07 ns ns ns 251 ns ns ns
1-hexanol 2.57 ns ns ns 089 ns ns ns
nonanal 1.79 ns ns ns 1.45 ns ns ns
1-heptanol 0.27 ns ns ns 163 ns ns ns
decanal 084 ns ns ns 057 ns ns ns
2-ethyl-1-hexanol 0.00 ns ns ns 471 ns ns ns
1-octanol 0.02 ns ns ns 3.25 ns ns ns
432333)/:;:)(2%]??:] ylethyl) 243 ns ns ns 1.00 ns ns ns
2-decenal 0.05 ns ns ns 055 ns ns ns

(Source: Garcia-Marquez et al., 2013)
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Table 12: Volatile compounds detected in pork

compounds RT Samplel Sample2 Sample3  Sample 4
Alcohols
1-pentanol 10.402 9.2b n.d. n.d. 10.1
1-hexanol 11.80-12.33 50.9 4.1 18.5 25.0
1-heptanol 13.81-13.83 37 n.d. n.d. 13
1-octanol 15.37 2.4 n.d. n.d. n.d.
1-octen-3-ol 13.73-13.80 10.1 4.8 8.5 12.3
2-phenylethanol 19.92-19.95 3.4 4.3 6.0 n.d.
3-methyl-1-butanol 9.53 n.d. 48.0 n.d. n.d.
Ketones
3-hydroxybutanone 10.94-11.03 18.2 7.3 65.7 36.1
2-nonanone 12.80 n.d. 29.6 n.d. n.d.
Heterocyclic compound
2-pentylfuran 9.94 n.d. n.d. n.d. 13.1
Total unknown 21 1.9 1.3 2.1

aSingle value (if it is the same for the four samples) or extreme values (if different).
b Percent of the total area of the detected compounds.

(Source: Soncin et al., 2007)

Table 13: Volatile compounds identified in raw pork

compounds RT IM evidence in the literature

acetone 193 MS, Kl Overland et al. (2011); Moon et al. (2006)

pentanal 3.19 MS, Kl  Overland etal. (2011); Calkins and Hodgen (2007); Moon et al. (2006)
hexanal 526  MS, KI  Overland et al. (2011); Soncin et al. (2007); Moon et al. (2006)
heptanal 7.72 MS, KI  Overland et al. (2011); Moon et al. (2006)

2-pentylfuran 8.64  MS, Kl  Soncin et al. (2007); Hodgen (2006); Moon et al. (2006)
pentanol 9.58 MS, KI  Soncin et al. (2007); Moon et al. (2006)

octanal 10.19 MS, Kl  Moon et al. (2006)

tridecane 10.50 MS, KI  Moon et al. (2006); Yuan et al. (2006)

2,3-octanedione  10.84 MS, KI  Moon et al. (2006); Yuan et al. (2006)

hexanol 11.75 MS, Kl  Soncin et al. (2007); Moon et al. (2006)

nonanal 12.13 MS, KI  Overland et al. (2011); Soncin et al. (2007); Moon et al. (2006)
Vosendol 1317 M.k Beetal GUZ el an T G011 Sonin el (007
heptanol 13.39 MS, KI  Soncinetal. (2007); Moon et al. (2006); Yuan et al. (2006)
octanol 15.21 MS, KI  Soncin etal. (2007); Moon et al. (2006); Arnold and Senter (1998)
2-octen-1-ol 1596 MS, Kl  Calkins and Hodgen (2007)

hexanoic acid 18.95 MS, Kl  Soncin et al. (2007); Moon et al. (2006); Yuan et al. (2006)
heptanoic acid 20.16 MS, Kl  Calkins and Hodgen (2007)
octanoic acid 2159 MS, Kl Calkins and Hodgen (2007)

(Source: Gasior and Wojtycza, 2016)
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2.8  Gas chromatography and mass spectrometry

Gas chromatography and mass spectrometry (GC-MS) is the combination of two
powerful analytical techniques, which can be further explored in many excellent books
(Habschmann, 2008; McLafferty and Turecek, 1993; McMaster, 2008; Sparkman and
Penton, 2011). While the gas chromatography separates the components of a mixture in
time, the mass spectrometer does provide information that aids in the structural
identification of each component (Larsen et al., 1996). GC-MS has been extensively used
to analyse complex organic and biochemical mixtures (Skoog et al., 2007) in the fields of
environmental science, forensics, health care, medical and biological research, health and
safety, the flavour and fragrances industry, food safety, packaging, and many others

(Penton et al., 2011). Please see figure 8 for a schematic diagram of a GC-MS system.
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Figure 8: A schematic diagram of a GC-MS system (Source: Ministry of Environment, 1991)
(O=0ven, I=Injector, W=WCOT Column, TL=Transfer Line, 1IS=lon Source,
E=Electron Beam, A=Analyser, D=Detector, CPU=Central Processing Unit,

T=Terminal, S=Data Storage Device)

Gas chromatography is a widely applied technique involving the distribution or
partitioning of a compound between a mobile phase and a stationary phase. In GC, the
mobile phase is a carrier gas, usually helium, nitrogen, hydrogen or argon, and the
stationary phase is an immobile, high molecular weight liquid which is deposited on or
chemically bonded to the inner walls of a long capillary tubing called a chromatographic
column. One of the most important characteristics of the GC column is its resolution or
the ability to separate components with very similar distribution constants between the

two phases (Stashenko and Martinez, 2014). During analysis, sample is swept through
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the column by a stream of carrier gas. Components in the sample are then separated from
each other based on the amount of time consumed to pass through the column — called
retention time which depends mainly on their chemical structure (Hussain and Magbool,

2014). Please see figure 9 for a gas chromatogram of a premium grade petrol.
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Figure 9: A gas chromatogram of a premium grade petrol (Source: Gas — Lipid
Chromatography, 2017)

Column bleed is the normal background signal generated by the column stationary
phase. Because column bleed originates from the phase, the level of bleed is proportional
to the amount of phase in the column. Therefore, thicker film columns bleed more than
thinner film ones. While column bleed levels may differ from column to column, all
columns bleed to a certain extent. The higher the temperature, the higher the level of bleed
and, at a constant temperature, the level of true column bleed should remain constant
(Kinesis, 2017).

Mass spectrometry is one of the most used techniques to obtain the fingerprint of
the molecule called a mass spectrum in food science. Once molecules enter the source
chamber of the mass spectrometer, they will be bombarded by electrons. Because of the
energy transferred during this process, ionization and fragmentation will happen. lons
will be detected by an extremely sensitive device called an electron multiplier after
travelling across the analyser section where they are separated according to their mass-
to-charge ratio (m/z). By plotting the abundance of ions detected versus their m/z, a mass
spectrum is obtained. Like a fingerprint, the mass spectrum of a compound consists of a

bar graph representation of the m/z of the ions and their abundance normalized to the
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most abundant ion (base peak) which can be used to identify the original organic structure.
To obtain a positive identification of the sample component, the GC retention time of a
sample component and its mass spectrum are used to match with those of a standard
reference compound analysed under the same conditions (Ministry of Environment,

1991). Please see figure 10 for a mass spectrum of methyl 5-oxo stearate (octadecanoate).
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Figure 10: A mass spectrum of methyl 5-oxo stearate (octadecanoate) (Source: AOCS
Lipid Library, 2014)

Quadrupole mass analyser, which is also known as quadrupole mass filter (QMF)
or quadrupole mass spectrometer, is one type of mass analyser used in mass spectrometry
and a key component of a modern mass spectrometer. A QMF uses direct current and
alternating current electric fields to analyse positive or negative ions by mass to charge
ratio. A QMF consists of 4 parallel rods spaced equidistantly, the ratio of the rod radius
to the radius of the inscribed circle is 1.148. Opposite pairs of rods are electrically
connected. Typical rod diameters are between 5 and 12 mm with rod lengths between 100
and 200 mm. The frequency of the alternating current component of the electric field is
typically in the range 1 to 10 MHz (Comsol, 2017). There are two types of QMF; single
and triple QMF. Mass range, sensitivity, abundance sensitivity, resolution, and
transmission are determined by the quadrupole mass filter rod size and the RF operating
frequency. Increasing the RF operating frequency increases the sensitivity, abundance

sensitivity, resolution, and the high energy ion transmission while increasing the
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quadrupole rod size increases ion transmission. Also, decreasing the quadrupole rod size
or the RF operating frequency increases the mass range (HennikerScientific, 2017).
Vasta et al. (2007) worked on mass spectrometry analysis of volatile compounds
in raw meat for the authentication of the feeding background of farm animals. According
to univariate and multivariate data treatments performed on virtual-DH-MS fingerprints,
volatile fraction of the meat was associated with the type of feeding of the living animals.
By using DH-GC-MS, 33 volatile compounds among the 204 detected in the muscle
enabled us to discriminate the feeding type of the lambs. In 2012, Fischer et al. determined
boar taint compound skatole in meat juice by using stable isotope dilution analysis — direct
immersion-SPME-GC-MS. The results revealed that the proposed technique is suitable

for such a research.

2.9  Extraction methods

Regarding the extraction of volatiles from meat, some methods have been
implemented worldwide by researchers based on time, money, sample, and solvent.
Choosing a suitable extraction technique is very important since its efficiency could
impact the chemical identification dramatically (Lin, 2014). Compared with other
extraction methods such as dynamic headspace extraction (DHE), simultaneous
distillation extraction (SDE), and purge and trap (P&T), solid-phase microextraction
(SPME) is one of the most significant developments in sample preparation (Xu et al.,
2016). Please see figure 11, 12 and 13 for a schematic diagram of DHE, SDE and P&T.
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Figure 11: A schematic diagram of DHE equipment (Source: Cafe and Stern, 1989)
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Figure 12: A schematic diagram of Likens-Nickerson apparatus for distillation —

extraction of volatiles (Source: Bankova et al., 2016)
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Figure 13: A schematic diagram of P&T technique (Source: ResearchGate, 2017)

SPME is a simple, sensitive, rapid, and solvent-free extraction method of analytes
from gaseous, liquid, and solid samples (Merkle et al., 2015) which can be routinely used
in combination with GC-MS (Vas and Vékey, 2004). SPME has been demonstrated to be
a useful technique to extract volatile compounds from meat and meat products on account
of its high flexibility and one-step combination of sampling, isolation, concentration, and
enrichment. However, coating material, the core of SPME technique and could directly
determine the sensitivity and selectivity of the method, should be taken into account.
Sorbent materials such as carbon materials, mesoporous nanomaterials, nano inorganic
oxides, ionic liquids, molecular imprinting polymers, and mesoporous organicinorganic
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hybrid materials are usually designed with larger specific surface area or controllable pore
size (Xu et al., 2016). Each SPME fibre type is limited by the number of injections. Over
usage of it might lead to fibre bleed resulting contamination from siloxanes (Elmore,
2014).

The efficiency of SPME is not only influenced by fibre stationary phase, but also
other chromatographic parameters. The two critical parameters that should not be
neglected and might impact the extraction efficiency are extraction temperature and time.
With the increasing extraction time before the equilibrium, the total analyte concentration
increases while increased temperature can transfer more energy to analytes, mainly the
high molecular weight compounds, from liquid to headspace. Once the high molecular
weight compounds are adsorbed by the fiber, the low molecular weight compounds will
be hardly adsorbed particularly at the higher temperature. Therefore, the recovery of
semi-volatile compounds is usually higher than volatile compounds when high
temperature and longer sampling time are adopted in volatile extraction. On the other
hand, high temperature will accelerate the equilibrium so as to shorten the required
extraction time, but as a result, analyte degradation may occur (Perestrelo et al., 2011).
Please refer to figure 14 for a schematic diagram of a commercial SPME device and its
types; and table 14-15 for SPME fibres and their temperature and conditioning
recommendations for GC use and pH guidelines.
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Figure 14: A schematic diagram of a commercial SPME device and its types (Source:
Sigma-Aldrich Co., 1999; Vas and Vékey, 2004)
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Table 14: Summary of commercially available SPME fibres

Film

. . ; . Coating Hub .

Fibre coating thl(ill<rrr11;ass Polarity method description Technique  Compounds to be analysed
Polydimethylsiloxane (PDMS) 100 Non-polar ~ Non-bonded  Red-plain GC/HPLC  Volatiles

30 Non-polar Non-bonded  Yellow-plain GC/HPLC  Non-polar semivolatiles

7 Non-polar Bonded Green-plain GC/HPLC  Medium- to non-polar
semivolatiles

Polydimethylsiloxane/Divinylbenzene (PDMS/DVB) 65 Bipolar Cross-linked  Blue-plain GC Polar volatiles

60 Bipolar Cross-linked  Brown-notched HPLC General purpose

652 Bipolar Cross-linked  Pink-plain GC Polar volatiles
Polyacrylate (PA) 85 Polar Cross-linked ~ White-plain GC/HPLC  Polar semivolatiles (phenols)
Carboxen/Polydimethylsiloxane (CAR/PDMS) 75 Bipolar Cross-linked  Black-plain GC Gases and volatiles

852 Bipolar Cross-linked Lt Blue-plain ~ GC Gases and volatiles
Carbowax/Divinlybenzene (CW/DVB) 65 Polar Cross-linked  Orange-plain GC Polar analytes (alcohols)

702 Polar Cross-linked  Yellow-green GC Polar analytes (alcohols)

plain

Carbowax/Templated Resin (CW/TPR) 50 Polar Cross-linked  Purple-notched HPLC Surfactants
Divinlybenzene/Carboxen/PDMS (DVB/CAR/PDMS) 50/30? Bipolar Cross-linked  Gray-notched GC Odours and flavours

a Stableflex type is on a 2 cm length fibre.

(Source: Vas and Vékey, 2004; Sigma-Aldrich Co., 1999)

25



Table 15: Temperature and conditioning recommendations for GC use and pH guidelines

Film Maximum Recommended  Conditioning

Fibre Thickness pH Temperature Operating Temperature ('Il'_::ze)
(um) (°C) Temp. (°C) (°C)
PDMS 100 2-10 280 200-280 250 0.5
30 2-11 280 200-280 250 0.5
7 2-11 340 220-320 320 1
PDMS/DVB 65 2-11 270 200-270 250 0.5
PA 85 2-11 320 220-310 300 2
CAR/PDMS 75 2-11 320 250-310 300 1-2
CW/DVB 65 2-9 260 200-250 220 0.5
DVB/CAR/PDMS 50/30 2-11 270 230-270 270 1

(Source: Sigma-Aldrich Co., 1999)

Argyri et al. (2015) evaluated meat spoilage through the evolution of volatile
compounds in the spoilage of minced beef. The volatile compounds of meat were isolated
HS-SPME with a 50/30 um DVB/CAR/PDMS fibre. They found that the HS-SPME-GC-
MS analysis provided useful information about a great number of volatile metabolic
compounds detected during meat storage. Rivas-Canedo et al. (2011) compared DHE and
SPME as extraction methods for analyzing volatile profile in cooked beef. They found
out that SPME with a 50/30 um DVB/CAR/PDMS fibre was more efficient in extracting
substances such as 1-alcanols, ethyl esters and acids. Rivas-Canedo et al (2012) assessed
the effect of high-pressure treatment on the volatile compounds of low-acid fermented
sausage “espetec” and sliced cooked pork shoulder by comparing DHE and SPME
methods. SPME was found out to be a more efficient extraction method for a large
number of chemical families, especially fatty acids. Watkins et al. (2012) used SDE and
SPME techniques to extract volatile compounds in heated beef and sheep fats. A 50/30
um DVB/CAR/PDMS fibre was used for extracting compounds. More than 100
compounds were characterized in the volatile profiles of the two techniques which
differences were observed. Acevedo et al. (2012) used GC-MS-SPME with four SPME
fibres to measure volatile organic compounds of bovine fresh meat samples. The 65 pum
PDMS/DVB and 50/30 um DVB/CAR/PDMS were found out to be the most suitable
fibres for extracting volatiles from beef. Liu et al. (2006) investigated volatile compounds
of traditional Chinese Nanjing water-boiled salted duck during its stages of processing by
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using HS-SPME coupled with GC-MS. A 75 um CAR/PDMS SPME fibre was selected
for extraction based on the previous research (Liu et al., 2004). The results showed that
the most volatiles identified were degradation products of fatty acids, which were
considered to be the typical flavour of duck meat. In 2007, another study on the flavour
profiles of traditional Chinese Nanjing marinated duck was conducted by comparing three
different extraction techniques; SPME with a CAR/PDMS fibre, P&T using Tenax-TA
absorbent, and SDE. Results indicated that SPME method was better than P&T method,
and SPME with SDE method may well complement each other. Ma et al. (2013)
optimized HS-SPME for GC-MS analysis of aroma compounds in cooked beef. The
results suggested that for optimal concentration, HS-SPME should be carried out for 25
minutes at 40 °C with 10 minutes equilibrium time. Please refer to figure 15 for SPME

procedure for GC and LC.
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Figure 15: SPME procedure for GC and LC (Source: Vas and Vékey, 2004)
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3.  Hypotheses and Objectives

There are a lot of researches working on the volatile compounds in cooked meat
and meat products. However, there still lacks information in the scientific papers on raw
meat, particularly pork. The generation of volatile substances in meat is believed to be
associated with lipid fraction undergoing autoxidation phenomena and deterioration
during storage. Pork muscle cut will take longer time to get spoiled under vacuum
package and refrigeration. Therefore, my hypothesis was that the chemical composition
of volatile compounds would change, under different storage conditions, and these
changes will be related to aging, later with decomposition of meat and with activity of

microorganisms.

The aims of the research were mentioned as follows:
e To monitor volatile substances and their composition under various conditions;
e To confirm of the usability of the method for analysis of volatile substances
from meat;

e To recommend good storage condition and duration of pork.

4.  Methodology

4.1 Sample and preparation

Organic pork shoulder of Prestice black-pied sow was obtained from the carcass
after being slaughtered at 80-180 kg live weight and an age of 8-10 months in Biofarma
Sasov’s slaughterhouse.

Raw meat was frozen at -18 °C for 2 weeks before being prepared by being freed
from visible fat and plastic contaminants; and cut into 9 pieces (50 g weight) which were

then treated as follows:

storage condition fresh 1 day 3 days 5 days 7 days
room temperature 1 1 1 1 1
refrigeration 1 1 1 1
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After being treated, samples were vacuum packaged and kept frozen at -80 °C

until required for analysis.

4.2 SPME analysis

Representative meat samples were left to defrost for 10-15 minutes before being
homogenized in an electrical meat grinder for approximately 1 minute. Three aliquots of
2 g from each treatment were placed in 4 ml vials. Each replicate was immersed in a 37
°C bath for 10 minutes before exposing a 50/30um DVB/CAR/PDMS SPME fibre to the
headspace equilibrated for another 30 minutes. Please see figure 16 for the SPME needle

SPNK

/ Plunger Z slot Hub-Viewing

used for the whole study.

Coated
Exposed
SPME Fiber

\

Septum Piercing
Needle

Plunger Retaining Adjustable Depth
Screw Gauge

Figure 16: Fibre holder for manual sampling

4.3 GC-MS analysis

Prior to analysis each day, the SPME fibre was preconditioned at 250 °C, and the
blank measurement was done for 45 minutes totally. Analyses were performed on the
Agilent 7890B/5977A GC/MSD System (figure 17) using a 5% phenyl methyl silox HP-
5 column (30 m x 250 pum x 0.25 pm). The carrier gas was helium with a flow of 1 ml/min
at 270 °C. The SPME fibre was desorbed and maintained in the injection port at 250 °C
during the whole chromatography run (28 minutes). The injector port was in the splitless
mode. The temperature program was isothermal for 5 min at 45 °C and then raised to 250
°C at a rate of 10 °C/min and to 300 °C at 20 °C/min. n-Alkanes (Sigma R-8769) were run
under the same conditions to calculate the Kovats Index (KI) values for the compounds.
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The MSD transfer line temperature was 270 °C with ionization energy of 70 eV and
collected data at a rate of 1 scan/s over a range of m/z 30-600. Data were treated by
MassHunter Workstation Software Qualitative Analysis Version B.07.00. Compounds
were tentatively identified by comparing their mass spectra with those contained in the
NIST/EPA/NIH library version 2.2 and by comparison of KI. The identifications of some
volatile compounds were only performed by using MS data because the retention index

was unavailable.

Figure 17: The Agilent 7890B/5977A GC/MSD System (Source: Agilent Technologies,
2013)

4.4  Data analysis

All data were saved and calculated in Microsoft Excel 2013 and analysed in SPSS
Win 19 software by using independent sample t-test and one-way ANOVA. Duncan was
used once P < 0.05 in order to compare the differences.

30



5.  Results

Based on GC-MS data obtained from volatile compounds analysis of fresh, room
temperature, and refrigerated meat samples, 34 compounds, categorized into 8 classes,
were detected in the extracts in total. All of them were tentatively identified (good match
of MS and coincidence of KI).

In fresh meat, only 12 compounds were identified, being the most abundant: acetic
acid, hexanal, and methoxy-phenyl-oxime. As we can see in Table 16 and 17, compounds
of aldehydes and terpenes classes were the most detectable. In comparison with room
temperature and refrigerated meat, the level of methoxy-phenyl-oxime was the highest
with significant difference (P < 0.05).

In room temperature meat, 34 volatiles were detected, being the most abundant:
acids (acetic acid), ketones (butanone), aldehydes (hexanal and 2-phenylacetaldehyde),
and alcohols (ethanol, 3-methyl-butan-1-ol, butanediol, and hexan-1-ol). Compared with
fresh meat, the number of volatile substances detected doubled, meaning, the longer meat
is stored, the more compounds generated. The quantity of most volatiles fluctuated over
time while others gradually increased (butanone, pentanal, 2-phenylacetaldehyde,
hexadecanal, ethanol, and heptan-1-ol) and decreased (guanidineacetic acid).
Surprisingly, 2,4-dimethyl-hexane was the only compound detected on day 7 under room
temperature condition. Please refer to Table 16 for details.

In refrigerated meat, 29 volatiles were detected, being the most abundant: acids
(acetic acid), aldehydes (hexanal), and alcohols (ethanol and hexan-1-ol). Compared with
fresh meat, the number of volatile substances detected also doubled. However, the number
was still lower than the one detected in the room temperature meat due to the absence of
some volatiles (butanone, 3-methyl-butan-1-ol, 2-methyl-butan-1-ol, 2-phenyl-ethanol,
and 2,4-dimethyl-hexane). The quantity of most compounds fluctuated over time while 3
substances (acetic acid, 2-phenylacetaldehyde, and ethanol) gradually increased, and 2
volatiles (6-methyl-5-hepten-2-one and hexadecanal) were detected on day 7. Dissimilar
to the room temperature meat, the quantity of terpenes (cymene and y-terpinen) were

statistically significant (P < 0.01). Please refer to Table 17 for details.
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Table 16: Volatile compounds (AU x 10°) detected in fresh and room temperature meat

compounds MW  fresh 1dRT 3dRT 5dRT  7dRT va?ue SEM RT IM
acids
acetic acid 60 079°  289° 8822 1045° 9818 0000 112 411 MS
guanidineacetic acid 117 0.00° 0.05*  0.03* 0.3 0.00° 0.002 001 13.48 MS
ketones
butanone 72 0.00°  0.00° 000° 1.83°  7.40° 0000 077  3.00 MS
3-hydroxy-butan-2-one 88 0.00°  0.00° 060® 0.10° 0.00° 0000 007 576 MS
octanedione 142 008> 029 010° 023  000° 0001 003 1134 MSKI
6-methyl-5-hepten-2-one 126 000°  000° 012° 0432  015° 0000 005 1142 MS,KI
aldehydes
3-methyl-butanal 86 0.00°  0.08® 031® 048  042® 0040 007 357 MS
pentanal 86 0.00° 020° 023° 039°  1.09° 0003 011 424 MS
hexanal 100 1.23° 6158 338" 7.89% 179° 0000 073 6.83 MS
heptanal 114 000°  014° 0278 035  012° 0000 003 95 MS,KI
2-heptenal 112 0.22 0.22 0.17 0.20 013 058 002 1079 MS,KI
benzaldehyde 106 0.00 0.02 0.26 0.23 025 0115 004 109 MS, KI
octanal 128 0.07¢ 021 032° 048  013% 0000 004 1173 MS,KI
2-phenylacetaldehyde 120 0.05° 031 050 159®°  495% 0000 051 1258 MS,KI
nonanal 142 023¢ 0.38*° 053 055* 028 0004 004 1361 MSKI
hexadecanal 240  000°>  000° 016® 0.16*  0.19% 0000 0.02 2299 MS,KI
alcohols
ethanol 58 0.00¢ 0554 7.90° 803" 970* 0000 110 220 MS
3-methyl-butan-1-ol 88 0.00°  0.00° 1.76° 5138 200" 0000 051 509 MS
2-methyl-butan-1-ol 88 0.00¢ 0.00°  0.18°  1.142 054° 0000 012 523 MS
pentan-1-ol 88 000> 058  037% 049 059 0016 007 602 MS
butanediol 90 0.00°  002° 0.04° 4428 090° 0002 051 7.02 MS
hexan-1-ol 102 0.00° 263°  289° 286" 4242 0000 037 872 MS,KI
heptan-1-ol 116 0.00°  0.26° 042 044® 048 0002 005 1106 MS,KI
octen-1-ol 128 008 076° 075 114 081° 0000 010 1126 MS
octan-1-ol 130 000°> 028 038 031* 027 0000 004 1297 MS,KI
2-phenyl-ethanol 122 000°> 000° 018" 082* 013" 0000 009 1388 MSKI
furans
2-pentylfuran 138 0.00°  0.09° 006™ 020* 009® 0001 002 115 MSKI
hydrocarbons
2,4-dimethyl-hexane 114 0.00°>  0.00° 000° 000° 056 0000 006 6.81 MS
dimethyldecane 170 000®> 003" 014® 000° 012 0000 002 1276 MS
undecane 156 0.02° 0.04° 0122  0.02° 006> 0001 001 1355 MS,KI
terpenes
cymene 134 0.27 0.14 0.26 0.19 007 0782 005 1219 MS,KI
y-terpinen 136 0.10 0.12 0.15 0.13 011 0934 002 1284 MS, KI
others
dimethyl-sulphide 62 0.00° 0219 231® 140" 075° 0000 023 260 MS
methoxy-phenyl-oxime 151 4222 145°  139® 161° 111> 0024 038 985 MS
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Table 17: Volatile compounds (AU x 10°) detected in fresh and refrigerated meat

compounds MW  fresh 1dR 3dR 5dR 7dR vaFI)ue SEM RT IM
acids
acetic acid 60  0.79% 054  1.60° 3.492 3.83% 0.000 038 411 MS
guanidineacetic acid 117 000° 009° 021®  014°  009® 0001 002 1348 MS
ketones
butanone 72 0.00 000  0.00 0.00 0.00 nfa 000 3.00 MS
3-hydroxy-butan-2-one 88 000 000 013 2.24 140 0285 040 576 MS
octanedione 142 008 117 2122 082 044« 0000 019 1134 MS,KI
6-methyl-5-hepten-2-one 126 0.00° 0.00°  0.00° 0.00° 0.09% 0000 001 1142 MS,KI
aldehydes
3-methyl-butanal 86 0.00° 0.02%® 003  0.00° 0.042 0040 001 357 MS
pentanal 86 0.00° 0.16® 0.322 0.23? 0312 0.024 004 424 MS
hexanal 100 1.23° 13.90° 1574  7.20° 751° 0000 145  6.83 MS
heptanal 114 0.00° 033 022%  0.11%® 0.28% 0.040 0.04 9.5 MS, Kl
2-heptenal 112 022° 037 0.30% 0.10° 0.12¢ 0001 003 1079 MS,KI
benzaldehyde 106  0.00° 0.00° 0.03° 0.062 002> 0000 001 109 MS KI
octanal 128 0.07° 018 0.16®  0.10% 0212 0.040 002 1173 MS, KI
2-phenylacetaldehyde 120 0.05° 0.05° 0.2° 0.17° 0422 0.000 004 1258 MS,KI
nonanal 142 023 0812 0.78 0.50° 043" 0000 006 1361 MS, KI
hexadecanal 240 0.00° 0.00° 0.00° 0.00° 0.042 0,000 000 2299 MS,KI
alcohols
ethanol 58 0.00° 083%  3.90° 4.13° 6.60° 0.000 064 220 MS
3-methyl-butan-1-ol 88 0.00 000  0.00 0.00 0.00 nfa 000 509 MS
2-methyl-butan-1-ol 88 0.00 000  0.00 0.00 0.00 nfa 000 523 MS
pentan-1-ol 88 0.00° 052®  106° 0.872 0992 0009 012  6.02 MS
butanediol 90 0.00° 003" 003" 1.152 0752 0.003 014  7.02 MS
hexan-1-ol 102 0.00° 043° 542b 8.792 577° 0000 092 872 MS,KI
heptan-1-ol 116 0.00° 0.05°  0.30° 0.562 029> 0000 006 11.06 MS, KI
octen-1-ol 128 0.08% 1.31%°¢ 2142 1.80% 0.94° 0.000 020 11.26 MS
octan-1-ol 130 0.00° 0.25°  0.50° 0.60° 030" 0000 006 1297 MS, KI
2-phenyl-ethanol 122 000 000 000 0.00 0.00 nfa 000 1388 MS,KI
furans
2-pentylfuran 138 000° 0.09% 014  008® 005® 0040 002 115 MS,KI
hydrocarbons
2,4-dimethyl-hexane 114 000 000  0.00 0.00 0.00 nfa 000 681 MS
dimethyldecane 170 0.00° 012  0.09° 0.00° 0.112 0000 001 1276 MS
undecane 156 0.02° 0.18* 0.8 0.08° 0158 0.000 002 1355 MS,KI
terpenes
cymene 134 027 112 178® 2182 1.14% 0005 020 1219 MS,KI
y-terpinen 136 0.10° 0.55° 050*  036® 029 0007 005 1284 MS,KI
others
dimethyl-sulphide 62 0.00° 1.20° 1532 0.36¢ 0.77° 0.000 015 260 MS
methoxy-phenyl-oxime 151 4222 273> 147° 0.52¢ 0.70° 0000 039 9.85 MS
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Table 18: Comparison between room temperature and refrigerated meat for day 1 and 3

compounds MW RTM R vaﬁ)ue RTMR vaFI)ue RT IM
acids
acetic acid 60 2.89 0.54 0.011 8.82 1.60 0.002 411 MS
guanidineacetic acid 117 0.05 0.09 0.195 0.03 0.21 0.007  13.48 MS
ketones
butanone 72 0.00 0.00 n/a 0.00 0.00 n/a 3.00 MS
3-hydroxy-butan-2-one 88 0.00 0.00 n/a 0.60 0.13 0.023 5.76 MS
octanedione 142 0.29 1.17 0.011 0.10 212 0.000 11.34 MS, KI
6-methyl-5-hepten-2-one 126 0.00 0.00 nla 0.12 0.00 0.162 11.42 MS, KI
aldehydes
3-methyl-butanal 86 0.08 0.02 0.000 0.31 0.03 0.027 3.57 MS
pentanal 86 0.20 0.16 0.654 0.23 0.32 0.378 4.24 MS
hexanal 100 6.15 13.90 0.000 3.38 15.74 0.014 6.83 MS
heptanal 114 0.14 0.33 0.320 0.27 0.22 0.427 9.5 MS, KI
2-heptenal 112 0.22 0.37 0.078 0.17 0.30 0.061 10.79 MS, KI
benzaldehyde 106 0.02 0.00 0.118 0.26 0.03 0.288 10.9 MS, KI
octanal 128 0.21 0.18 0.743 0.32 0.16 0.035 11.73 MS, KI
2-phenylacetaldehyde 120 0.31 0.05 0.000 0.50 0.12 0.001 12.58 MS, KI
nonanal 142 0.38 0.81 0.008 0.53 0.78 0.011 13.61 MS, KI
hexadecanal 240 0.00 0.00 nla 0.16 0.00 0.000 22.99 MS, KI
alcohols
ethanol 58 0.55 0.83 0.000 7.90 3.90 0.000 2.20 MS
3-methyl-butan-1-ol 88 0.00 0.00 nla 1.76 0.00 0.019 5.09 MS
2-methyl-butan-1-ol 88 0.00 0.00 nla 0.18 0.00 0.000 5.23 MS
pentan-1-ol 88 0.58 0.52 0.814 0.37 1.06 0.074 6.02 MS
butanediol 90 0.02 0.03 0.184 0.04 0.03 0.529 7.02 MS
hexan-1-ol 102 2.63 0.43 0.002 2.89 5.42 0.005 8.72 MS, KI
heptan-1-ol 116 0.26 0.05 0.000 0.42 0.30 0.307 11.06 MS, KiI
octen-1-ol 128 0.76 131 0.018 0.75 214 0.001 11.26 MS
octan-1-ol 130 0.28 0.25 0.587 0.38 0.50 0.113 12.97 MS, KiI
2-phenyl-ethanol 122 000  0.00 n/a 0.18 0.00 0.001  13.88 MS, KI
furans
2-pentylfuran 138 0.09 0.09 1.000 0.06 0.14 0.035 115 MS, KI
hydrocarbons
2,4-dimethyl-hexane 114 0.00 0.00 n/a 0.00 0.00 n/a 6.81 MS
dimethyldecane 170 0.03 0.12 0.001 0.14 0.09 0.190  12.76 MS
undecane 156 0.04 0.18 0.007 0.12 0.18 0.041 13.55 MS, KI
terpenes
cymene 134 0.14 112 0.014 0.26 1.78 0.001 12.19 MS, KI
y-terpinen 136 0.12 0.55 0.005 0.15 0.50 0.023 12.84 MS, KiI
others
dimethyl-sulphide 62 0.21 1.20 0.000 231 153 0.000 2.60 MS
methoxy-phenyl-oxime 151 1.45 2.73 0.137 1.39 147 0.933 9.85 MS
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Table 19: Comparison between room temperature and refrigerated meat for day 5 and 7

compounds MW RTMR varl)ue RTMR vaFI)ue RT IM
acids
acetic acid 60 10.45 3.49 0.024 9.81 3.83 0.001 411 MS
guanidineacetic acid 117 0.03 0.14 0.031 0.00 0.09 0.057  13.48 MS
ketones
butanone 72 1.83 0.00 0.000 7.40 0.00 0.000 3.00 MS
3-hydroxy-butan-2-one 88 0.10 224 0.342 0.00 1.40 0.201 5.76 MS
octanedione 142 0.23 0.82 0.067 0.00 0.44 0.014 11.34 MS, KI
6-methyl-5-hepten-2-one 126 0.43 0.00 0.001 0.15 0.09 0.399 11.42 MS, KI
aldehydes
3-methyl-butanal 86 0.48 0.00 0.177 0.42 0.04 0.021 3.57 MS
pentanal 86 0.39 0.23 0.171 1.09 0.31 0.071 4.24 MS
hexanal 100 7.89 7.20 0.746 1.79 751 0.006 6.83 MS
heptanal 114 0.35 0.11 0.000 0.12 0.28 0.169 9.5 MS, KI
2-heptenal 112 0.20 0.10 0.008 0.13 0.12 0.774 10.79 MS, KI
benzaldehyde 106 0.23 0.06 0.023 0.25 0.02 0.044 10.9 MS, KI
octanal 128 0.48 0.10 0.003 0.13 0.21 0.234 11.73 MS, KI
2-phenylacetaldehyde 120 1.59 0.17 0.041 4.95 0.42 0.004 12.58 MS, KI
nonanal 142 0.55 0.50 0.609 0.28 0.43 0.066 13.61 MS, KI
hexadecanal 240 0.16 0.00 0.000 0.19 0.04 0.115 22.99 MS, KI
alcohols
ethanol 58 8.03 4.13 0.000 9.70 6.60 0.000 2.20 MS
3-methyl-butan-1-ol 88 513 0.00 0.000 2.00 0.00 0.012 5.09 MS
2-methyl-butan-1-ol 88 1.14 0.00 0.005 0.54 0.00 0.003 5.23 MS
pentan-1-ol 88 0.49 0.87 0.214 0.59 0.99 0.021 6.02 MS
butanediol 90 442 1.15 0.073 0.90 0.75 0.726 7.02 MS
hexan-1-ol 102 2.86 8.79 0.023 4.24 5.77 0.063 8.72 MS, KI
heptan-1-ol 116 0.44 0.56 0.397 0.48 0.29 0.055 11.06 MS, KiI
octen-1-ol 128 1.14 1.80 0.156 0.81 0.94 0.414 11.26 MS
octan-1-ol 130 0.31 0.60 0.022 0.27 0.30 0.535 12.97 MS, KiI
2-phenyl-ethanol 122 0.82 0.00 0.026 0.13 0.00 0.061 13.88 MS, KI
furans
2-pentylfuran 138 0.20 0.08 0.102 0.09 0.05 0.441 115 MS, KI
hydrocarbons
2,4-dimethyl-hexane 114 0.00 0.00 n/a 0.56 0.00 0.006 6.81 MS
dimethyldecane 170 000  0.00 n/a 0.12 0.11 0826  12.76 MS
undecane 156 0.02 0.08 0.012 0.06 0.15 0.020 13.55 MS, KI
terpenes
cymene 134 0.19 2.18 0.012 0.07 1.14 0.049 12.19 MS, KI
y-terpinen 136 0.13 0.36 0.135 0.11 0.29 0012 1284 MS, KI
others
dimethyl-sulphide 62 1.40 0.36 0.000 0.75 0.77 0.091 2.60 MS
methoxy-phenyl-oxime 151 161 0.52 0.354 111 0.70 0.157 9.85 MS
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For day 1, 8 volatile compounds (butanone, 3-hydroxy-butan-2-one, 6-methyl-5-
hepten-2-one, hexadecanal, 3-methyl-butan-1-ol, 2-methyl-butan-1-ol, 2-phenyl-ethanol,
and 2,4-dimethyl-hexane) were not detected in either room temperature or refrigerated
meat. The dominant compounds in this storage length were acetic acid, hexanal, hexan-
1-ol, and methoxy-phenyl-oxime. Interestingly, hexanal was as high as 6.15 and 13.90 in
room temperature and refrigerated meat respectively. Acetic acid and hexan-1-ol was 2.89
and 2.63 in room temperature meat, but less than 1.00 each in refrigerated one. Among
the 26 volatiles detected, the quantity of 2 compounds (guanidineacetic acid and methoxy-
phenyl-oxime) was not significantly different in both conditions of storage (Table 18).

For day 3, 32 volatiles were detected except butanone and 2,4-dimethyl-hexane.
Hexanal with the increased amount was still the dominant compound in refrigerated meat.
In this storage length, acetic acid was abundant in the room temperature meat since the
amount had tripled up to 8.82. Remarkably, the amount of 3 compounds (octanedione,
octen-1-ol, and cymene) was still higher while that of the other 2 (ethanol and dimethyl-
sulphide) was lower in the refrigerated meat. 3-methyl-butan-1-ol, which was absent on
day 1, was detected in the room temperature meat during this storage time (Table 18).

For day 5, 2,4-dimethyl-hexane was still not detectable, and dimethyldecane
disappeared due to its small amount from day 3. In this storage length, the amount of
acetic acid was still higher in room temperature meat while there was no significant
difference for that of hexanal in both storage conditions. Interestingly, the amount of
ethanol, 3-methyl-butan-1-ol, and 2-methyl-butan-1-ol kept increasing in room
temperature meat whereas the later 2 was still absent in refrigerated meat. Butanone,
which had not been detected since day 1, was present only in room temperature meat
contrasting with the amount of hexan-1-ol which almost doubled in refrigerated meat
(Table 19).

For day 7, all 34 compounds were detected. Surprisingly, 2,4-dimethyl-hexane,
which had not been detected since day 1, was generated during this storage condition. In
room temperature meat, acetic acid (9.81) was still the dominant volatile followed by
ethanol (9.70) and butanone (7.40). Hexanal (7.51), however, was abundant in the
refrigerated meat followed by ethanol (6.60) and acetic acid (3.83). 3-methyl-butan-1-ol
and 2-methyl-butan-1-ol, which were not detected in the refrigerated meat on day 5, were

still not detectable during this period of storage (Table 19).

36



6. Discussion

The presence of acetic acid and hexanal in fresh Prestice black-pied meat of this
research is similar to the results found on Iberian and lean meat by Estevez et al. (2003),
but contrasting with those found on Large White meat by Soncin et al. (2007). Pig breed
and animal diet might be the main causes of this occurrence. The amount of hexanal, the
indicator of lipid oxidation (Chambers and Koppel, 2013) and meat flavour deterioration;
off-flavours and odors (Shahidi and Pegg, 1994), was quite high. This really reflected on
the frozen fresh meat which was reported susceptible to lipid oxidation (Love and
Pearson, 1971). Lactic acid bacteria which may give a sour note might be the precursor
of acetic acid present in the meat (Montel et al., 1998). According to Luck and Jager
(1997), acetic acid can be produced synthetically by oxidation of acetaldehyde or low
hydrocarbons, and all customary biological processes are based on the ability of
acetobacter to oxidize ethanol to acetic acid. Methoxy-phenyl-oxime, which is considered
as meat freshness indicator found in redspot swimming crab and prawn (Zhang et al.,
2010), was also identified with very high amount. Nonanal which is believed to give
rancid flavour note and be produced by anti-oxidant material from bacteria was also
present in the fresh meat. IMF in each pig breed not only has the effects on eating quality
traits but also can be influential in the generation of volatile compounds, therefore, low
fat content meat could be related to loss in flavour development (Cameron et al., 2000).
Due to low fat content of 1.93% in Large White pork (Jukna et al., 2013), only 10
compounds were detected in the study conducted by Soncin et al. (2007) while more
substances were found on Iberian pork with the average fat content of 3.68% (Serra et al.,
1998) in the research done by Estévez et al. (2003). Because Prestice black-pied pig breed
contains average fat content of 2.67% (Matousek et al., 2016), not more than 34 volatile
compounds were discovered in this study.

In the room temperature meat, the presence of acetic acid and hexanal was still
seen but with fluctuating trend. According to Dickens et al. (1994), the visual appearance
and microbiological quality of the meat at room temperature might be influenced by the
high concentration of acetic acid. Butanone, ethanol, and dimethyl-sulphide, which have
been found as markers of chicken breast spoilage confirmed by Miks-Krajnik et al.
(2015), were detected with higher amount. 3-methyl-butan-1-ol and 2-methyl-butan-1-ol,

which also contributed to the spoilage of the meat, appeared from day 3 because of amino
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acid metabolism by alcohol dehydrogenase while butanediol is generated from pyruvate
catabolism (Montel et al., 1998). Alcohols such as pentan-1-ol and hexan-1-ol have been
reported as being produced by reduction of corresponding aldehydes derived from lipid
oxidation (Garcia et al., 1991; Loury, 1972). Ketones and hydrocarbons, the breakdown
products of hydroperoxides, also appeared during this period of time but with only small
amount. The presence of 2-pentylfuran, which is an oxidation product from linoleic and
other n-6 fatty acids and has already been discovered in meat (Nonaka et al., 1967,
Greenberg, 1981), was also found. Therefore, hydrolysis and oxidation of lipid/fatty acids
seemed to be the main cause of volatile generation during room temperature storage.
Changes in volatile compounds during refrigerated storage can indicate chemical,
enzymatic, and microbial deterioration in meat (Vinauskiene et al., 2002) while desirable
meat flavour is achieved by cooking (Mottram, 1998). In general, raw meat refrigeration
caused a small increase in oxidation-derived aldehydes and a large increase in methyl
alcohols and ketones generated from branched chain amino acids and pyruvate
catabolism. Compared with the study conducted by Estévez et al. (2003), the results were
similar with most abundant substances (acetic acid, 3-hydroxy-butan-2-one, hexanal,
pentan-1-ol, butanediol, hexan-1-ol, and dimethyl-sulphide). The existence of 3-hydroxy-
butan-2-one, which has been reported to be a meat aging indicator (Mottram, 1998), was
not significant in this study. However, its amount was quite high compared with that of
the room temperature. The amount of octanedione, which is believed to be the cause of
warmed-over flavour and lipid-derived volatile, was high under refrigeration condition
and disagreed with the result illustrated by Estévez et al. (2003). The striking
concentration of hexanal under this storage condition showed that the refrigerated meat
had undergone lipid oxidation (Love and Pearson, 1971). According to Estévez et al.
(2002), enzymatic activity was the most important cause of meat deterioration during

refrigeration while oxidation phenomena had a secondary role.
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7. Conclusion

The GC-MS analysis of volatile substances developed by raw meat appeared to
clearly differentiate meat stored in different conditions and gave information on the
acceptability of the meat. This research indicated that storage condition and duration does
influence the number of volatile compounds generated and their composition while
animal breed and diet should not be neglected. From the point of view of the production
of volatile substances, it can be inferred from the results that storing Prestice black-pied
pig meat for 1 day at room temperature and 3 days in the refrigerator is good for
consumption. The amount of acetic acid, which is produced by lactic acid bacteria and
negatively affects the colour, texture and quality of the meat, was not quite high compared
with the fresh meat, but the microbial analysis was not done.

The results revealed in this study will give basic ideas of volatile compounds
generated under various storage conditions and open door for more future research.
Although the analytical data were obtained from only 1 individual animal, the usefulness
of SPME analysis to monitor volatile compounds generated in meat, under different
storage conditions, has been confirmed. Conducting a complete research on this topic by
including more individuals and pig breeds, the analysis of fat content, fatty acid
composition, and the monitoring of volatile substances in cooked meat after storing under
various conditions will further explain what the meat has undergone until consumption
and respond to the limitations of this study. By estimating volatile compounds in raw
meat, the presence of undesired substances could be monitored, and meat products

unsuitable for processing could be avoided.

39



References

Acevedo CA, Creixell W, Pavez-Barra C, Sanchez E, Albornoz F, Young ME.
2012. Modeling volatile organic compounds released by bovine fresh meat using
an integration of solid-phase microextraction and databases. Journal of Food
Bioprocess Technologies 5: 2557-2567.

Addis PB. 1986. Occurrence of lipid peroxidation products in foods. Food and
Chemical Toxicology 24: 1021-1030.

Agilent Technologies. 2013. Agilent 7890B/5977A GC/MSD integrated
intelligence boosts productivity and lowers cost of operation. Available at
http://hpst.cz/sites/default/files/attachments/5991-1840en-agilent-7890b-5977a-
gc-msd-integrated-intelligence-boosts-productivity-and-lowers-cost.pdf: Accessed
2017-02-02.

Ahn DU, Olson DG, Jo C, Chen X, Wu C, Lee JI. 1997. Effect of muscle type,
packaging, and irradiation on lipid oxidation, volatile production, and colour in raw
pork patties. Journal of Meat Science 49: 27-39.

AOCS Lipid Library. 2014. Methyl ester derivatives of oxo fatty acids. Available
at http://lipidlibrary.aocs.org/Analysis/content.cfm?ltemNumber=39513: Accessed
2017-04-12.

Argyri AA, Mallouchos A, Panagou EZ, Nychas G-JE. 2015. The dynamics of the
HS/SPME-GC/MS as a tool to assess the spoilage of minced beef stored under
different packaging and temperature conditions. International Journal of Food
Microbiology 193: 51-58.

Aristoy MC, Toldra F. 1998. Concentration of free amino acids and dipeptides in
porcine skeletal muscles with different oxidative patterns. Meat Science 50: 327-
332.

Arnold JW, Senter SD. 1998. Use of digital aroma technology and SPME GC-MS
to compare volatile compounds produced by bacteria isolated from processed
poultry. J. Sci. Food Agric. 78: 343-348.

Ba HV, Hwang I, Jeong D, Touseef A. 2012. Principle of meat aroma flavors and

future prospect, latest research into quality control, Dr. Mohammad SFN (ed.).

40



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Bankova V, Bertelli D, Borba R, Conti BJ, Silva Cunha IB, Danert C, Eberlin MN,
Falcao SI, Isla MI, Moreno MIN, Papotti G, Popova M. Santiago KB, Salas A,
Sawaya ACHF, Schwab NV, Sforcin JM, Simone-Finstrom M, Spivak M, Trusheva
B, Vilas-Boas M, Wilson M, Zampini C. 2016. Standard methods for Apis mellifera
propolis research. Journal of Apiculture Research: 1-49.

Baruth S, Ternes W. 2011. Volatile compounds of three types of roasted waterflow
(duck, mallard and goose) and of roasted duck marinated in orange juice. Arch.
Geflugelkd 75: 204-214.

Belitz HD, Grosch W, Schieberle P. 2009. Food chemistry. Berlin: Springer-Verlag
Berlin Heidelberg. 1070p.

Bender A. 1992. Meat and meat products in human nutrition in developing
countries. Rome: FAO. 122p.

Berk Z. 2013. Food science and technology: food process engineering and
technology (2). Saint Louis, US: Academic Press. 721p.

Berkel BM, Boogaard B, Heijnen C. 2004. Preservation of fish and meat.
Wageningen: Agromisa Foundation. 86p.

Biesalski HK. 2005. Meat as a component of a healthy diet — are there any risks or
benefits if meat is avoided in the diet? Journal of Meat Science 70: 509-524.

Body Building. 2007. Muscle fibres: How do they differ? Awvailable at
http://www.bodybuilding.com/fun/sclark20.htm: Accessed 2016-10-21.

Brunton NP, Cronin DA, Monahan FJ. 2001. The effects of temperature and
pressure on the performance of Carboxen/PDMS fibres during solid phase
microextraction (SPME) of headspace volatiles from cooked and raw turkey breast.
Flavour and Fragrance Journal 16: 294-302.

Cafe T, Stern W. 1989. Is it an accidental fire or arson? Available at
http://www.tcforensic.com.au/docs/article3.html: Accessed 2017-03-29.

Calkins CR, Hodgen JM. 2007. A fresh look at meat flavor. Journal of Meat Science
77: 63-80.

Cameron ND, Enser M, Nute GR, Whittington JC, Penman JC, Fiscken AC, Perry
AM, Wood JD. 2000. Genotype with nutrition interaction on fatty acid composition
of intramuscular fat and the relationship with flavour of pig meat. Journal of Meat
Science 55: 187-195.

41



22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

Chambers 1V E, Koppel K. 2013. Associations of volatile compounds with sensory
aroma and flavor: the complex nature of flavor — a review. Journal of Molecules
18: 4887-4905.

Comsol. 2017. Application gallery: quadrupole mass filter. Available at
https://www.comsol.com/model/quadrupole-mass-filter-12039: Accessed 2017-
04-01.

Davidek J, Velisek J, Pokorny J. 1990. Chemical changes during food processing.
Praha: Czechoslovak Medical Press. 448p.

Dickens JA, Lyon BG, Whittemore AD, Lyon CE. 1994. The effect of an acetic
acid dip on carcass appearance, microbiological quality, and cooked breast meat
texture and flavor 1. Journal of Poultry Science 73: 576-581.

Elmore JS, Mottram DS, Enser M, Wood JD. 1999. Effect of the polyunsaturated
fatty acid composition of beef muscle on the profile of aroma volatiles. Journal of
Agricultural and Food Chemistry 47: 1619-1625.

Elmore JS. 2014. Aroma extract analysis. Parker JK, EImore JS, Methven L editors.
Flavour development, analysis and perception in food and beverages. UK: Elsevier
Ltd, p78-92.

Estévez M, Morcuende D, Ventanas J, Cava R. 2002. Lipolytic changes in M.
Longissimus dorsi from three lines of free range reared Iberian pigs slaughtered at
90 Kg live weight and commercial pig under refrigerated storage. Proc. 48" Cong.
Meat Science Technology: 564-566.

Estévez M, Morcuende D, Ventanas S, Cava R. 2003. Analysis of volatiles in meat
from Iberian pigs and lean pigs after refrigeration and cooking by using SPME-GC-
MS. Journal of Agricultural and Food Chemistry 51: 3429-3435.

Feiner G. 2006. Meat products handbook: practical science and technology. North
America: CRC Press. 671p.

Fischer J, Brinkmann D, Elsinghorst PW, Wust M. 2012. Determination of the boar
taint compound skatole in meat juice by means of stable isotope dilution analysis -
direct immersion - solid phase microextraction - gas chromatography/mass
spectrometry. Journal of Meat Science 91: 261-265.

Foodsafety. 2010. Meat in the refrigerator: How long does it last? Available at
https://www.foodsafety.gov/: Accessed 2016-10-04.

42



33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Frankel EN. 1984. Recent advances in the chemistry of the rancidity of fats. In:
Recent Advances in the Chemistry of Meat, edited by Bailey A.J. The Royal Society
of Chemistry, Special Publication 47: 87-118.

Fraterman S, Zeiger U, Khurana TS, Wilm M, Rubinstein NA. 2007. Quantitative
proteomics profiling of sarcomere associated proteins in limb and extraocular
muscle allotypes. Molecular Cell Proteomics 6: 728-737.

Garcia C, Berdague JL, Antequera T, Lopez-Bote C. 1991. Volatile components of
dry-cured Iberian ham. Food Chemistry 41: 23-32.

Garcia-Marquez I, Narvaez-Rivas M, Gallardo E, Cabeza CM, Leon-Camacho M.
2013. Changes in the volatile compounds of pork loin (fresh and marinated) with
different irradiation and packaging during storage. Grasas Y Aceites 64: 250-263.
Gasior R, Wojtycza K. 2016. Sense of smell and volatile aroma compounds and
their role in the evaluation of the quality of products of animal origin — a review.
Ann. Anim. Sci. 16: 3-31.

Gas-Liquid Chromatography. 2017. Available at
http://www.4college.co.uk/a/Cd/Glc.php: Accessed 2017-04-12.

Gill CO, Harrison JCL. 1989. The storage life of chilled pork packaged under
carbon dioxide. Journal of Meat Science 26: 313-324.

Goldstrand RE. 1988. Edible meat products: their production and importance to the
meat industry. Advances in meat research (USA).

Gray JI, Gomaa EA, Buckley DJ. 1996. Oxidative quality and shelf life of meats.
Journal of Meat Science 43 (Suppl. 1): S111-S123.

Greaser ML, Guo W. 2012. Postmortem muscle chemistry. Hui Y.H., Aalhus J.L.,
Cocolin L., Guerrero-Legarreta I., Nollet L.M., Purchas R.W., Schilling M.W.,
Stanfield P., Xiong Y.L. editors. Handbook of meat and meat processing 2" edition.
New York: Taylor & Francis Group, p63-78.

Greenberg MJ. 1981. Characterization of poultry by product meal flavour volatile.
Journal of Agricultural and Food Chemistry 29: 831-34.

Hamilton RJ. 2003. Oxidative rancidity as a source of off-flavours. Baigrie B editor.
Taints and off-flavours in food. Cambridge: Woodhead Publishing Limited, p140—
158.

43



45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

HennikerScientific. 2017. UHV, plasmas, surfaces — systems & instruments.
Available at http://www.henniker-scientific.com/index.php/mass-
spectrometers/75-ion-guides/176-quadrupole-mass-filters: Accessed 2017-04-01.
Hernandez P, Navarro JL, Toldra F. 1998. Lipid composition and lipolytic enzyme
activities in porcine skeletal muscles with different oxidative pattern. Meat Science
49: 1-10.

Hill J, Olson E. 2012. Muscle 2 — volume set: fundamental biology and mechanisms
of disease. Saint Louis, US: Academic Press. 1468p.

Hodgen JM. 2006. Factors influencing off-flavor in beef [MSc.]. Lincoln:
University of Nebraska, 293p.

Hibschmann HJ. 2008. Handbook of GC/MS: fundamentals and applications,
second completely revised and updated ed. Hoboken, NJ: John Wiley & Sons.
Huff-Lonergan E. 2010. Chemistry and biochemistry of meat. Toldra F, editor.
Handbook of meat processing. U.S.: Blackwell Publishing, p5-24.

Hussain SZ, Magbool K. 2014. GC-MS: principle, technique and its application in
food science. International Journal of Current Science 13: E116-126.

Jukna V, Valaitiené V, Meskinyte-Kausiliene E, Jankauskas A. 2013. Comparative
evaluation of large white pigs and their crossbreeds meat nutritional value and
mineral content. Veterinarija Ir Zootechnika (Vet Med Zoot). T. 62: 44-49.

Kang G, Cho S, Seong P, Park B, Kim S, Kim D, Kim Y, Kang S, Park K. 2013.
Effects of high pressure processing on fatty acid composition and volatile
compounds in Korean native black goat meat. Journal of Meat Science 94: 495-499.
Kauffman RG. 2012. Meat composition. Hui Y.H., Aalhus J.L., Cocolin L.,
Guerrero-Legarreta 1., Nollet L.M., Purchas R.W., Schilling M.W., Stanfield P.,
Xiong Y.L. editors. Handbook of meat and meat processing. New York: Taylor &
Francis Group, p45-61.

Kinesis. 2017. Achieving low levels of GC column bleed. Available at
http://kinesis.co.uk/knowledgebase/achieving-low-levels-of-gc-column-bleed:
Accessed 2017-04-02.

Kisia S, Onyango DW. 2005. Muscular systems in vertebrates, volume 3. Enfield,
US: Science Publishing. 128p.

Ladikos D, Lougovois V. 1990. Lipid oxidation in muscle foods — a review. Food
Chemistry 35: 295-314.

44



58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

Lambert AD, Smith JP, Dodds KL. 1991. Shelf life extension and microbiological
safety of fresh meat: a review. Journal of Food Microbiology 8: 267-297.

Larsen BS, Kitson FG, McEwen CN. 1996. Gas chromatography and mass
spectrometry, 1% edition. London, UK: Academic Press, Inc. 395p.

Lin PC. 2014. Comparison of simultaneous distillation and extraction (SDE) and
headspace solid phase microextraction (SPME) for determination of volatiles of
Muscadine grapes (Vitis rotundifolia) [MSc.]. USA: Clemson University, 94p.

Liu Y, Zhou GH, Liu YM, Wang LP, Yuan SS. 2004. Study on volatile flavour
compounds of Nanjing water-boiled salted duck. Journal of Food Science 25: 142-
145.

Liu Y, Xu XL, Ouyang GF, Zhou GH. 2006. Changes in volatile compounds of
traditional Chinese Nanjing water-boiled salted duck during processing. Journal of
Food Science 71: S371-S377.

Liu Y, Xu XL, Zhou GH. 2007. Comparative study of volatile compounds in
traditional Chinese Nanjing marinated duck by different extraction techniques.
International Journal of Food Science Technology 42: 543-550.

Loury M. 1972. Possible mechanisms of autoxidative rancidity. Article in Lipids 7:
671-675.

Love JD, Pearson AM. 1971. Lipid oxidation in meat and meat products —a review.
Journal of the American Oil Chemist’s Society 48: 547-549.

Luck E, Jager M. 1997. Antimicrobial food additives: characteristics, uses, effects,
2" revised and enlarged edition translated from the German by Laichena S.F.
Berlin: Springer. 257p.

Ma QL, Hamid N, Bekhit AED, Robertson J, Law TF. 2013. Optimization of
headspace solid-phase microextraction (HS-SPME) for gas chromatography mass
spectrometry (GC-MS) analysis of aroma compounds in cooked beef using
response surface methodology. Microchemical Journal 111: 16-24.

Matousek V, Kernerova N, Hysplerova K, Jirotkova D, Brzakova M. 2016. Carcass
traits and meat quality of Prestice black-pied pig breed. Asian-Australas Journal of
Animal Science 29: 1181-1187.

McCance RA, Widdowson EM. 1997. McCance and Widdowson’s: the
compositions of foods, 5™ edition. South Gate: the Royal Society of Chemistry and

the Ministry of Agriculture, Fisheries and Food.

45



70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

McLafferty FW, Turecek F. 1993. Interpretation of mass spectra, fourth revised ed.
Herndon, VA: University Science Books.

McMaster MC. 2008. GC-MS: a practical user's guide. Hoboken, NJ: John Wiley
& Sons.

Merkle S, Kleeberg KK, Fritsche J. 2015. Recent developments and applications of
solid-phase microextraction (SPME) in food and environmental analysis: a review.
Journal of Chromatography 2: 293-381.

Micronutrient Initiative. 2009. A united call to action on vitamin and mineral
deficiencies. Ottawa: Micronutrient Initiative publications. 52p.

Miks-Krajnik M, Yoon YJ, Yuk HG. 2015. Detection of volatile organic
compounds as markers of chicken breast spoilage using HS-SPME-GC/MS-
FASST. Food Sci. Biotechnol. 24: 361-372.

Min B, Ahn DU. 2005. Mechanism of lipid peroxidation in meat and meat products
—areview. Food Science and Biotechnology 14: 152-163.

Ministry of Agriculture, Forestry and Fisheries. 2016. Law on animal health and
production. Phnom Penh, Cambodia. 48p.

Ministry of Environment. 1991. Techniques for the gas chromatography — mass
spectrometry identification of organic compounds in effluents. Ontario, Canada. 8p.
Montel MC, Masson F, Talon R. 1998. Bacterial role in flavour development.
Journal of Meat Science 49: S111-S123.

Moody WG, Cassens RG. 1968. Histochemical differentiation of red and white
muscle fibres. Journal of Animal Science 27: 961-968.

Moon SY, Cliff MA, Li-Chan ECY. 2006. Odour-active components of simulated
beef flavor analyzed by solid phase microextraction and gas chromatography-mass
spectrometry and olfactometry. Food Res. Int. 39: 294-308.

Mottram DS. 1991. Meat. Maarse H. editor. Volatile compounds in foods and
beverages. U.S.: Marcel Dekker, Inc, p107-178.

Mottram DS. 1998. Flavour formation in meat and meat products: a review. Journal
of Food Chemistry 62: 415-424.

Mottram DS. 2007. The Maillard reaction: source of flavour in thermally processed
foods. Berger, Gunter R editors. Flavours and fragrances. Springer-Verlag Berlin
Heidelberg, p269-283.

46



84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

National Institutes of Health. 2016. Structure of skeletal muscle. Available at
https://training.seer.cancer.gov/anatomy/muscular/structure.ntml:Accessed 2016-
10-21.

Nonaka M, Black DR, Pippen EL. 1967. Gas chromatographic and mass spectral
analysis of chicken meat volatile. Journal of Agricultural and Food Chemistry 15:
713-717.

NZ Nutrition Foundation. 2016. Iron. Available at
http://www.nutritionfoundation.org.nz/nutrition-facts/minerals/iron: Accessed
2016-11-28.

Olmo A, Calzada J, Nunez M. 2014. Effect of high-pressure-processing and
modified-atmosphere-packaging on the volatile compounds and odour
characteristics of sliced ready-to-eat “lacon”, a cured-cooked pork meat product.
Journal of Innovative Food Science and Emerging Technologies 26: 134-142.
Overland M, Borge GlI, Vogt G, Schoyen HF, Skrede A. 2011. Oxidative stability
and sensory quality of meat from broiler chickens fed a bacterial meal produced on
natural gas. Poultry Science 90: 201-210.

Pawliszyn J. 1997. Solid-phase microextraction: theory and practice. New York:
Wiley-VCH, Inc. 251p.

Pearson AM, Young RB. 1989. Muscle and meat biochemistry. San Diego:
Academic Press. 261p.

Penton ZE, Sparkman OD, Kitson FG. 2011. Gas chromatography and mass
spectrometry: a practical guide, 2" edition. Oxford, UK: Academic Press, Inc.
633p.

Perestrelo R, Barros AS, Rocha SM, Camara JS. 2011. Optimisation of solid-phase
microextraction combined with gas chromatography — mass spectrometry based
methodology to establish the global volatile signature in pulp and skin of Vitis
vinifera L. grape varieties. Talanta 85: 1483-1493.

ResearchGate. 2017. Diagram of analysis with online purge and trap-gas
chromatography-mass spectrometry (PT-GC-MS). Available at
https://www.researchgate.net/figure/274709453 figl_Diagram-of-analysis-with-
online-purge-and-trap-gas-chromatography-mass-spectrometry: Accessed 2017-
03-29.

47



94.

95.

96.

97.
98.
99.

100.

101.

102.

103.

104.

105.

Rivas-Canedo A, Juez-Ojeda C, Nunez M, Fernandez-Garcia E. 2011. Volatile
compounds in ground beef subjected to high pressure processing: a comparison of
dynamic headspace and solid-phase microextraction. Journal of Food Chemistry
124: 1201-1207.

Rivas-Canedo A, Juez-Ojeda C, Nunez M, Fernandez-Garcia E. 2012. Volatile
compounds in low-acid fermented sausage “espetec” and sliced cooked pork
shoulder subjected to high pressure processing: a comparison of dynamic headspace
and solid-phase microextraction. Journal of Food Chemistry 132: 18-26.

Rizzi GP. 1999. The Strecker degradation and its contribution to food flavor.
Teranishi, Roy, Wick, Emily L, Hornstein, Irwin editors. Flavor chemistry: thirty
years of progress. Springer US, p335-343.

Sawyer R. 1975. Composition of meat: analytical aspects. Proceedings.

Saxby MJ, ed. 1993. Food taints and off-flavours. London: Blackie Glasgow.
Serra X, Gil F, Pérez-Enciso M, Oliver MA, Vézquez JM, Gispert M, Diaz I,
Moreno F, Latorre R, Noguera JL. 1998. A comparison of carcass, meat quality and
histochemical characteristics of Iberian (Guadyerbas line) and Landrace pigs.
Journal of Livestock Production Science 56: 215-223.

Shahidi F, Pegg R. 1994. Hexanal as an indicator of meat flavor deterioration.
Journal of Food Lipids.

Sigma-Aldrich Co. 1999. Solid-phase microextraction fiber assemblies. Available
at https://www.sigmaaldrich.com/content/dam/sigma-
aldrich/docs/Sigma/General_Information/1/t794123.pdf: Accessed 2017-02-01.
Skoog, Douglas A, Holler FJ, Crouch SR. 2007. Principles of instrumental analysis.
Thomson Brooks/Cole.

Smil V. 2013. Should we eat meat? Evolution and consequences of modern
carnivory. GB: Wiley-Blackwell. 278p.

Soncin S, Chiesa LM, Cantoni C, Biondi PA. 2007. Preliminary study of the volatile
fraction in the raw meat of pork, duck and goose. Journal of Food Composition and
Analysis 20: 436-439.

Sparkman OD, Penton Z. 2011. Gas chromatography and mass spectrometry — A
practical guide, second ed. Oxford, United Kingdom: Elsevier Science &

Technology Books.

48



106.

107.
108.

109.

110.

111.

112.

113.

114.

115.

116.

Stashenko E, Martinez JR. 2014. Chapter 1: gas chromatography-mass
spectrometry. Licensee InTech.

Toldra. 1999. Unpublished.

Toldra F, Reig M. 2012. Biochemistry of raw meat and poultry. Simpson B.K.,
Nollet L.M.L., Toldra F., Benjakul S., Paliyath G., Hui Y.H. editors. Food
biochemistry and food processing 2" edition. UK: John Wiley & Sons, Inc, p287-
302.

U.S. Department of Agriculture. 2008. Composition of foods: raw, processed,
prepared. USDA national nutrient database for standard reference, release 21.

Vas G, Vékey K. 2004. Solid-phase microextraction: a powerful sample preparation
tool prior to mass spectrometric analysis. Journal of Mass Spectrometry 39: 233-
254,

Vasta V, Ratel J, Engel E. 2007. Mass spectrometry analysis of volatile compounds
in raw meat for the authentication of the feeding background of farm animals.
Journal of Agricultural and Food Chemistry 55: 4630-4639.

Vasta V, Luciano G, Dimauro C, Rohrle F, Priolo A, Monahan FJ, Moloney AP.
2011. The volatile profile of longissimus dorsi muscle of heifers fed pasture, pasture
silage or cereal concentrate: implication for dietary discrimination. Journal of Meat
Science 87: 282-289.

Ventanas S, Estevez M, Andrés Al, Ruiz J. 2008. Analysis of volatile compounds
of Iberian dry-cured loins with different intramuscular fat contents using SPME-
DED. Journal of Meat Science 79: 172-180.

Vinauskiene R, Venskutonis PR, Posthumus MA. 2002. Changes of volatile
compounds in poultry meat during storage. Proc. 48" Cong. Meat Science
Technology: 292-293.

Warriss PD. 2000. Meat science: an introductory text. London: CAB International.
320p.

Watkins PJ, Rose G, Warner RD, Dunshea FR, Pethick DW. 2012. A comparison
of solid-phase microextraction (SPME) with simultaneous distillation extraction
(SDE) for the analysis of volatile compounds in heated beef and sheep fats. Journal
of Meat Science 91: 99-107.

49



117.

118.

119.

120.

121.

Weaver AD. 2012. Muscle biology. Hui Y.H., Aalhus J.L., Cocolin L., Guerrero-
Legarreta I., Nollet L.M., Purchas R.W., Schilling M.W., Stanfield P., Xiong Y.L.
editors. Handbook of meat and meat processing 2" edition. New York: Taylor &
Francis Group, p35-44.

WHO. 2008. Worldwide prevalence of anemia 1993-2005. Geneva: WHO
publications. 51p.

Xu C-H, Chen G-S, Xiong Z-H, Fan Y-X, Wang X-C, Liu Y. 2016. Applications
of solid-phase microextraction in food anlaysis. Trends in Analytical Chemistry 80:
12-29.

Yuan L, Xing-Lian X, Gang-Feng O, Guang-Hong Z. 2006. Changes in volatile
compounds of traditional Chinese Nanjing water-boiled salted duck during
processing. Journal of Food Science 71: 371-377.

Zhang Z, Li G, Luo L, Chen G. 2010. Study on seafood volatile profile
characteristics during storage and its potential use for freshness evaluation by
headspace solid phase microextraction coupled with gas chromatography-mass
spectrometry. Analytica Chimica Acta 659: 151-158.

50



